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Editorial

� In continuation of the successful completion of National Symposium (AGMET 2016) on “Climate 

driven food production systems: Agro meteorological Interventions” at Tamil Nadu Agricultural University 

th ndfrom 20  to 22  December, 2016, full length research papers were invited from the registered participants. 

During the symposium, around 153 participants including members, non-members and student members from 

all over India had been participated. Though 230 research abstracts were received for the symposium, 100 oral 

papers and 23 poster papers were presented along with 10 lead papers in the 11 technical sessions chaired & Co-

chaired by eminent resource persons from the eld of agricultural meteorology & other related elds of 

agricultural meteorology across India.  Out of that 123, about 83 full length manuscript were received. The full 

length research papers from the participants were preliminarily scrutinized for the agro meteorological 

suitability and the 62 selected papers alone peer reviewed by specialist in the eld. Eminent TNAU scientists and 

retired scientist were reviewed the manuscripts with complete dedication. The principally selected 

62 manuscripts were sent to the authors for nal corrections like missing reference, addition of review, deletion 

of excess gures, tables and references, etc. Finally, 57 full length manuscripts papers were alone selected for 

publications along with one Dr. L.A. Ramdas Memorial lecture by Dr. B.V. Raman Rao, one special lecture paper 

by Dr. N.V.K. Chakravarty and seven lead papers of technical sessions. The special issue contains 66 papers in 

total, includes 20 on crop weather interaction, 13 papers on climate change and variability, 6 on live stock, 6 on 

crop weather model, 5 on remote sensing, 4 on weather pest dynamics, 4 on micrometeorology, 3 on climate 

change & water resources, 3 on green house gases, each one on astrometeorology and ITK. The Editors wish and 

thank all the authors those who submitted their research for the successful publication of this “Journal of 

Agrometeorology 19 (Special Issue-AGMET 2016): 30-31 (October 2017)”
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Dr. L.A. RAMDAS MEMORIAL LECTURE 

Meteorology in the service of agriculture revisiting research priorities 
B.V.RAMANA RAO  

Ex. Project Coordinator, ICAR-AICRP on Agrometeorology 

It makes every one of us feel proud that our Indian Scientist Dr. L.A.Ramdas is among the first ones in the 
world to initiate research on the weather effects in agriculture way back in 1932. His great foresight valuable 
contributions have led to the emergence of a new discipline ‘Agriculture Meteorology’ in the field of Agriculture 
Sciences. 

Dr. Ramdas has vastly contributed through his research work on 
• Microclimatological Characteristics of cropped soils in comparison with bare soils
• Crop weather relationships of some of the major crops to forecast crop fields
• Development of crop weather calendars for guiding farmers to carry out day to day agriculture

operations at field level
• Phenology of some of the tree species like mango, tamarind, neem etc. in relation to weather

parameters and
• Influence of weather parameters on the incidence and spread of insect pests in field crops.

Dr. Ramdas has earned international fame for his discovery that the minimum temperature does not occur 
at ground level but at a height of 20 to 50cm above the ground through his multi location studies carried out 
simultaneously at a number of places. The air layer at which the minimum temperature occurs above the ground is 
now popularly known as Ramdas layer. 

During the years 1965 and 1966, it was for the first time, there was failure of south west monsoon rainfall 
in two consecutive years leading to severe food shortages in the country. Subsequently, we all know how our legend 
in agricultural sciences Dr. M.S.Swaminanathan has transformed Indian agriculture through green revolutions and 
brought cheers to the farming community in the country. 

The National Commission on Agriculture (1976) has made a critical review on climate and agriculture in India 
and recommended that there should be more serious efforts for application of meteorology in planning and management 
of agricultural production system. They recommended that all the state agricultural universities and ICAR Institutions 
should have a division of agricultural meteorology to carry out teaching, research and extension activities. We all of us are 
now very much familiar about the efforts made by The Indian Council of Agricultural Research, India Meteorological 
Departments, Department of Science and Technology, Government of India and some of the state agricultural universities to 
promote teaching, research and extension activities in agricultural meteorology. 

Several important development have taken place from 1980’s onwards and resulted in increased awareness 
on agricultural meteorology from farmers to the policy makers of the country. The recent threats on global warming 
and climate change have triggered greater concern on agrometeorology and climate smart agriculture. I don’t think it is 
necessary for me to give an account of what has been accomplished till now for the learned gathering and distinguished 
scientist present here. Therefore I would like to put forth my views on the current issues in agricultural meteorology and 
possible approach we may collectively develop to meet the challenges in the near future. 
Mandate of Agrometeorology 

The ultimate goal of agrometeorology is to analyze and interpret the long, medium and short range weather 
forecast issued by the national meteorological services in planning at various levels and management of day to day 
agricultural operations at field level. We need strong research support to 

• Generate fairly accurate and reliable weather forecasts at national, regional, state, district and even at
village level ultimately and 

• Evolve scientific basis for agricultural planning at different levels and suggest action plans for carrying
out agricultural operations at field level. 

Journal of  Agrometeorology 19 (Special Issue - AGMET 2016) : 1-4 (October 2017)



Agroclimatic Characterization 
Agricultural climates are characterized by considering, 

• Climate of the region (arid, semi-arid, sub-humid, humid and per-humid types)
• Thermal regime of the region and
• Soil type and its water holding capacity

As on today there are three versions of agroclimatic maps generated in India. 
• A map with 16 agroclimatic zones followed by the erstwhile planning commission
• A map with 127 agroclimatic zones developed by NARP.
• Agroecological zones developed by NBSS & LUP.

There is need to produce an agroclimatic map of India which will lead to develop a national agricultural 
calendar to monitor progress of agricultural activities at state and national levels on uniform basis and help 
forecasters to serve the precise needs of all those connected with agricultural activities. 

We can think of four major agroclimatic regions in rainfed agriculture depending upon the start of the 
growing period as follows 

• Regions in which the sowing of crops is taken up earlier than the start of south-west monsoon season
using pre-monsoon thunder showers 

• Regions in which the sowing of crops is taken up with the commencement of south-west monsoon
rainy season 

• Regions in which the sowing of crops is taken up during the post monsoon season using conserved
soil moisture and 

• Regions in which sowing of crops is taken up during the north-east monsoon season
In each of the above regions the length of the growing seasons has to be assessed and the cropping zones 

have to be identified with potential for  
• Mono cropping
• Inter cropping and
• Double cropping

The major crops and predominant cropping systems have to be identified for each of the regions / zones. The 
weather forecast have to be interpreted for each of the cropping regions / zones to formulate agromet advisories. The 
cropping seasons in irrigated agriculture depend upon the availability of water and the cropping seasons may slightly 
differ from that of rainfed agriculture, Therefore similar exercise has to be taken up for irrigated areas depending 
upon water availability. 
Climate Variability and Climate Change 

We have to study the climate variability and climate change with respect to main cropping seasons and its influence 
on agroclimatic parameters such as  

• Start of the growing season
• End of the growing season
• Length of the growing season
• Water availability to the crops during critical stages of growth,
• Changes in temperature during thermally sensitive phases of crop growth and
• Biomass production and yield of the crops

The extreme weather conditions such as heat waves, cold waves, hail storms, strong winds, severe storms 
causing floods and prolonged dry spells leading to droughts may cause drastic reduction in yield or even crop failure 
at times. The historical weather data has to be analyzed to find the frequency and intensity of such events during 
different phenophases of crop growth on and its effect on the crop yields. Efforts have to be made to identify the 
management practices that will mitigate adverse effects of weather hazards. We have to examine the effects of climatic 
variability and climate change on the intensity and frequency of occurrence of extreme weather events. The effects of 
climate change may have greater impact on fragile ecosystems of the arid and semi-arid regions. 
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Crop Growth and Development 
The crop growth and development are very much influenced by the weather factors. The growth represents 

increase in weight and volume of the total plant while the development represents the consecutive phenological stages 
through which it passes before completing its life-cycle. The crop growth and development are interrelated. The factors 
influencing crop growth, ultimate biomass production and yield depends upon 

• Yield defining factors like radiation
• Yield limiting factors like water availability and nutrients
• Yield reducing factors like weeds, pests and diseases.

The development refers to the timing of critical events in the life-cycle of a plant. Duration of growth for a 
particular species or cultivar is usually almost directly proportional to the temperature over a wide range of 
temperatures. Though the development of crops is mainly driven by temperature, some plant species respond to photo 
period or day length. In case of crops grown under rainfed conditions the water availability to the crops may also have 
some effect on durations of crop growth. We are able to make an approximate prediction on phenology of crops. For 
monitoring crop growth and development accurately we need to develop reliable methods of predicting the occurrence of 
different phenophases of crop growth. These phenology models have to be applied to study the implications of climate 
change and variability. 
Forecasting Pests and Diseases on Field Crops 

This is one area that requires more intensive research. We have several studies conducted all over India to 
study the weather effects on occurrence of pests and diseases. Most of the studies are location specific. Some of the 
pests occur during a particular phenophase of the crop and therefore the prediction of their occurrence will be 
comparatively easier. There are certain type of pests which may occur during any time of the growth cycle. The third 
type of pests are those which are very sporadic in nature and may even assume epidemic proportions. It will be 
extremely helpful if the occurrence of the pests can be predicted in advance before their presence is noticed so that 
there will be adequate time to plan effective control measures. Some of these pests damage crops in extensive areas 
very quickly. In India we have not made much efforts to explain the spatial dynamics of insect pests based on 
movement of weather systems. 

Most of you are aware of the famous disease triangle involving the host, pathogen and environment. Some 
of the plant diseases are caused by nutrient deficiencies. Good disease forecasting systems must be reliable, simple, 
cost effective and applicable to many diseases. The models have to be developed for diseases that are irregular 
enough to warrant a prediction system rather than diseases that occur every year for which regular treatment should 
be applied. Forecasting systems can only be designed if there is an understanding on the actual disease triangle 
parameters. Plant disease forecasting models should be well tested and validated after being developed. It will be 
important to accurately predict where disease outbreaks may occur, since they may not be in the historically known areas. 

Many of our scientists have identified the conditions that might favor pests and disease outbreaks 
qualitatively and some of these could not be transformed into mathematical models to facilitate predictions more 
reliable and accurate. There is need to train a large pool of plant protection specialist in the area of modelling 
weather effects on pests and diseases and in developing forecast based on movement of weather systems. 

Until and unless we develop reliable mathematical models on the weather effects of pests and diseases we 
may not be able to visualize possible changes in the occurrence of pests and diseases in the context of climate 
change and variability. 
Crop Weather Relationships 

Attempts on pre-harvest forecasting of crop yields were made way back in 1940’s in India. Most of the studies 
are based on development of multiple regression models. It is difficult to explain cause and effects based on multiple 
regression equations. Unless we know the cause and effects, it is difficult to arrive at management principles that might 
help in increasing crop yields. Therefore, we need to focus more on developing crop weather relationships simple 
calculations 

Crop Growth Simulation Modeling 
Crop growth simulation models dealing with the two following situations are relevant in agricultural 

meteorology 
i. The crop is optimally supplied with water and essential nutrients and grows without interference

from weeds, pests and diseases. This gives maximum possible yield depending upon the type of
crop, level of solar radiation and thermal regime and
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ii. The crop optimally supplied with all nutrients and grows without interference from weeds, pests and
diseases but is subjected to moisture availability.

The models are found to be very useful in developing decision support systems and formulation of 
recommendations to the farmers. Modeling serves as a research tool to pin point areas of inadequate knowledge. The 
models are also found to be very useful to study the implications of climate variability and climate change on crop 
yields. 

We are aware that the variability in the crop yields under irrigated conditions is less than 10% in most 
cases. Therefore we have to ensure that the correlation between the simulated and the observed yields is at least 
0.95. Otherwise we may arrive at misleading conclusions if we apply models that are not accurate. 
Agricultural droughts 

There is need to compile information on cut off dates beyond which sowing of crops 
will lead to drastic reduction in yields for each of the agroclimatic region and sub-regions for implementing contingency 
plans for crop reduction. This will help in preparing a calendar for each state and the country for phasing contingency crop 
plans both under irrigated and rainfed conditions. The information is already available and needs to be synthesized. Such a 
document will be very useful to the forecasters to issue more specific weather forecast for different regions. 
Agromet advisories 

The farmer can take advantage of weather forecast when it can be translated to him in terms of an action 
plan. I am very happy that the government of India is going in a big way to promote agromet advisory services. We 
need well trained man power for implementation of agromet advisory services at district level. The agricultural 
universities should be strengthened with liberal financial grants to attract more talented and skilled students to 
specialize agricultural meteorology. 

It is time for us to carry out the mission of Dr. L.A.Ramdas in a bigger way. I do hope that many of our 
friends assembled here will debate on our future path of research to take the agromet research to meet the 
expectations of farmers and policy makers. 
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Agricultural meteorology as a discipline has been in existence in our country since 1932 and rapidly evolved 
from a descriptive science to a quantitative approach to the interactions between physical processes and biological 
systems. Yet lot needs to be explored to meet the ever changing challenges/demands of the farmers in India whose 
awareness about the weather and its impact on crops increased over the past two decades to a great extent. The role of 
Agrometeorologists is pivotal in helping the farmers to optimize the farm operations and increase profits in order to 
keep them stick to the farming, especially the next generation. 

Weather based agro advisories have been proved to be of immense value to the needy farmers and 
appreciable progress was made through the AMFUs/GKMS over the last two decades in this direction. Yet, a lot 
needs to be done in terms of improving the reliability/accuracy of the forecast and downscaling to the block or still 
preferably to the village level which every farmer is dreaming of, though it is far away from the sight. The farmers’ 
dependence also increased substantially on the efficient weather-based agroadvisory services and hence it becomes 
absolutely necessary to provide highly accurate weather forecast along with the most appropriate agroadvisory 
services to the farming community to minimize the weather-related or weather-influenced losses leading to higher 
farm production levels making them lucrative for the future generations to stick to the farming. Now, the immediate 
challenge is to balance the continuing need for increased productivity with new and growing concerns about climate 
change, climate variability and the associated environmental impacts. There is much to be gained from looking at the 
climate not only as a hazard, but also as a “resource”. Resources must be identified, assessed in quantitative terms and 
properly managed if they are to be used in a sustainable manner, and climate is no exception. Hence, it is clear that a 
fundamental shift is required in the way weather and climate are viewed relative to agricultural production.  

It would be worth reviewing Agricultural Meteorology curricula with an end-to-end structure (science to 
farmers). Probably a few on-farm interactive sessions with the farmers as a part of the curriculum may give the PG 
students the required impetus to identify the climate problems and develop appropriate tactical and strategic actions or 
programs to help the farmers reap a higher harvest.  

Weather-driven markets are among the most powerful of all markets, simply because the weather is the 
most powerful force on earth and hence, the next challenge is to address the needs of weather based 
commodities/futures trading which are gaining fast momentum for which, the entire agri-trading community is 
looking for possible accurate advisories. Also, weather based crop insurance agencies are looking forward for 
reliable agroadvisories along with the crop acreage estimation of the affected areas etc.  

Public Private Participatory approach is fast emerging as an efficient and effective way for some of the out-
reach programs in agriculture sector. Probably, it is the holistic approach integrating soil, weather and physiological 
aspects of crops with remote sensing/GIS techniques that may address these emerging issues in the next two decades 
which stand a great challenge to the Agrometeorologists. As an attempt to meet the future challenges, one step forward 
could be introduction of some of the weather based agribusiness topics in the curriculum of Agrometeorlogy. Food 
supplies ultimately depend upon the skill with which farmers can exploit the potential of good weather and minimize the 
impact of bad weather. Recent developments in instrumentation, data management systems, climate prediction, crop 
modelling, dissemination of agrometeorological information provide Agrometeorologists with the necessary tools to help 
the farmers improve such skills. The future for agricultural meteorological services appears bright, and could contribute 
substantially to promoting sustainable agriculture and alleviating poverty. 
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Impact of ENSO induced rainfall variability on maize production over Tamil Nadu 
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The study of Indian summer monsoon variability is one of the important scientific arguments that receive 
lot of attention (Webster et al., 1998) because of its complexity and impacts. El Niño is known to be the most 
important forcing of the Indian summer monsoon variability (Sikka, 1980; Webster et al. 1998). 
It is well recognized that El Niño –Southern Oscillation (ENSO) is the dominant mode of short-term climate 
variability and its impacts are felt worldwide. The direct impacts of ENSO on the monsoons of India are well 
understood (Sikka, 1980) and the India Meteorological Department incorporates ENSO information into the 
statistical model used for forecasting the monsoon rainfall. Recent studies on the linkage between ENSO and 
seasonal rainfall over Tamil Nadu stated that during summer monsoon (June through September) the relationship is 
negative, i.e., rainfall is less than normal during El Niño and vice-versa during La Niña years. In contrast, the 
relationship during Northeast monsoon (October through December) is positive, i.e., rainfall is more than normal 
during El Niño and vice-versa during La Niña years. 

Crop productivity is highly dependent on climate and weather, especially under rainfed agriculture 
(Krishna Kumar et al., 2004). ENSO often affects seasonal temperature, precipitation and thus crop yields in many 
regions, however, the overall impacts of ENSO on global yields are uncertain (Toshichi, 2014). Rainfed agro eco-
system has a distinct place in Indian agriculture, occupying 55 % of the net sown area (NRAA, 2012) and 
contributing to 44 % of the food grains (Singh et al., 2004). Tamil Nadu has a cultivated land area of about 4.954 
million ha which is 38 % of the total geographical area (Season and crop report Tamil Nadu 2010-11, Directorate of 
Economics and Statistics, 2012), of which 42% is rainfed and 58% is irrigated (Department of Economics and 
Statistics, Tamil Nadu, 2010). 

Cereals dominate India’s agricultural output, accounting for more than 90% of the food grains. Among all 
the major cereal crops cultivated under rainfed condition, maize is the most versatile emerging crop having wider 
adaptability under varied agro-climatic conditions. By 2020, demand for maize in developing countries is expected 
to exceed the demand for both wheat and rice crops (Pingali and Pandey, 2001).  Hence, a study was undertaken to 
investigate the linkage between ENSO and maize production in major maize growing districts of Tamil Nadu. 

MATERIALS AND METHODS 
The study was carried out over Tamil Nadu, India for assessing climatic variability due to El Niño/Southern 

Oscillation (ENSO) and its impact on the maize productivity. Tamil Nadu is located in the Southernmost tip of the 
Indian Peninsula between 8°5' and 13°35' North latitude and 76°15' and 80°20' East longitude (Fig. 1) with 960 km 
coastline that helps in moderating the summer (less hot) and winter (less cold) temperatures.  

El Niño is one of the important factors leading to climate 
variability. Operationally ENSO conditions are defined based 
on sea surface temperature variations and its associated 
pressure difference between Darwin and Tahiti, converted as 
an index, popularly known as Southern Oscillation Index 
(SOI). Sustained positive SOI values above about +8 indicate 
a La Niña event while sustained negative values below about 
–8 indicate an El Niño (BMRC, 2017). Historical monthly
SOI values were collected from www.bom.gov.au/ 
anon/home/ncc/www/sco/soi/ soiplaintext.html. In the 
present investigation, the phases of the SOI as defined 
by Roger Stone (1996), who used a statistical technique 
(cluster analysis) to group all sequential two-month pairs 
of the SOI into five clusters viz., consistently negative, 
consistently positive, rapidly falling, rapidly rising and 
consistently near zero were considered. Fig. 1 Location of Study Area 

Journal of  Agrometeorology 19 (Special Issue - AGMET 2016) : 66-10 (October 2017)



As maize is grown mainly during NEM season over Tamil Nadu, the study was undertaken only for the 
NEM season rainfed maize crop for the period between 1971 - 2013.  The years falling in different SOI bins are 
listed in Table 1. Daily rainfall and temperature data at district scale was obtained from India Meteorological 
Department (IMD) for a period of 43 years from 1971 – 2013.  

Table 1. Years with corresponding phases of SOI during the maize growing season 

Sowing time for rainfed cropping period was investigated with respect to SOI phases using the pentad 
analysis performed from 1st September to 10th October, considering first pentad with quantum of 10 mm of rainfall 
and four consecutive pentads records 10 mm of rainfall per pentad for NEM. Cessation of monsoon was calculated 
in the end of the season, when the last rainy day with rainfall amount of > 2.5 mm. LGP was arrived in each districts 
by estimating number of days between onset and cessation in addition to support from soil moisture for crop growth 
from the last spell of rainfall.  With the growing period, wet spell and dry spell weeks were computed. If a week (7 
days) received cumulative rainfall amount of 50 mm or more was considered wet spell week and if there is  
no rainfall continuously for 10 days or more, that period was considered as a dry spell. 

To study the impact of SOI phases induced climate variability on maize productivity, CERES-Maize model 
embedded in DSSAT 4.6 was employed. Soil information for creating the soil files was obtained from the Department of 
Remote Sensing and Geographical Information System, TNAU. Auto sowing rule was followed depending upon the 
receipt of rainfall. TNAU maize hybrid CO 6 cultivar was chosen and the genetic coefficients adopted are given 
below. 

Maize –TNAU maize hybrid CO6- Genetic Coefficients 
P1 P2 P5 G2 G3 PHINT
295 0.510 840 635 8.30 39.0 

Where, P1: Thermal time from seedling emergence to the end of the juvenile phase (expressed in degree 
days above a base temperature of 8°C) during which the plant is not responsive to changes in Photoperiod; P2: 
Extent to which development (expressed as days) is delayed for each hour increase in photoperiod above the longest 
photoperiod at which development proceeds at a maximum rate (which is considered to be 12.5 hours); P5: Thermal 
time from silking to physiological maturity (expressed in degree days above a base temperature of 8°C); G2: 
Maximum possible number of kernels per plant; G3: Kernel filling rate during the linear grain filling stage and 
under optimum conditions (mg/day); PHINT: Phylochron interval; the interval in thermal time (degree days) 
between successive leaf tip appearances 

RESULTS AND DISCUSSION 
Influence of SOI phases on rainfall characteristics 

SOI phases induced rainfall variability during rainfed cropping period over Tamil Nadu indicated that SOI 
phases influenced the rainfall quantity considerably over 43 years (1971-2013). Amount of rainfall received was 
more (650mm) with consistently negative phase and less (480 mm) with rapidly rising phase. Consistently near zero 
and consistently positive phase had the rainfall of 563 mm and 508 mm respectively. 

Analysis on the commencement of sowing rain at different SOI phases showed that there was no variation in 
the beginning of sowing rain between the phases and at all the five SOI phases sowing rain started on the 36th week. 
However, cessation of crop growing week varied between the phases ranging from 44th week to 50th week.  The 
length-growing period (LGP) was found to be more (15 weeks) with the consistently negative phase followed by 
consistently near zero phase (13 weeks). Rapid rising phase shortened the LGP to 9 weeks while rapid falling phase 
had the LGP of 11 weeks.  

Particulars Consistently negative Consistently 
positive 

Rapidly 
falling 

Rapidly 
rising 

Consistently near 
zero 

Years 1972,1977,1978,1979, 
1980,1982,1985,1987, 
1991,1992,1994,1997, 
2002,2003,2004 

1971, 1973, 
1975, 1976, 
1988, 1998, 
1999,2000, 

1986, 
2005 

1993, 1974, 1981, 1983, 
1984, 1989, 1990, 
1995, 1996,2001, 
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Rapidly falling phase resulted in more number of wet spells whereas rapidly rising phase led to more 
number of dry spells within the growing period. Among the consistent phases, negative phase had the highest wet 
spell week of 5 weeks and positive phase had the lowest wet spell week of 3 weeks. There was one-week variation 
in the dry spell week between the phases (Table 2).  
Influence of SOI phases on environmental condition during maize growing period 

Environmental condition prevailed during maize growing period at different SOI phases exhibited that air 
temperature had not much variation due to SOI phases. Rainfall showed notable differences between the SOI phases 
and rainfall received under consistently negative phase was higher (569.3 mm) than the rest of the phases. Rainfall 
amount of 496.7 mm was received under consistently near zero phases while consistently positive phase recorded 
452.5 mm, which was the lowest quantity over the consistent SOI phases. The rainfall quantity with rapidly rising 
phase has declined to 437.9 mm. solar radiations received during maize growing period showed not much variation 
between the phases. Consistently negative phase recorded low (343.7mm) evapo-transpiration (ET) than the other 
consistent SOI phases (Table 3).    
Influence of SOI phases on growth and yield maize 

In maize crop, SOI phases had very minimal influence on the days required for attaining the different 
phenological stages (anthesis and physiological maturity stages). Maize crop reached the anthesis and physiological 
maturity within 2 to 3 days differences between the SOI phases. Consistently negative phase registered higher yield 
attributing parameters such as single grain weight (g), number of grains at maturity (no/m2) and number of grains 
per cob (no/cob) over other phases. Thus maize crop produced higher grain yield under consistently negative phase. 
Higher rainfall with more LGP under consistently negative phase might have resulted in higher maize yield (4596 kg 
ha1) over other phases.  This was followed by the consistently neutral SOI phase (4064 kg ha1) wherein the LGP was 
higher next to the consistently negative phase. The lowest yield of 2633 kg ha1 was observed with rapidly rising 
phase, which had less LGP (9 days). Though the rapid falling phase recorded higher rain (535.1mm) than the 
consistently positive phase (452.5mm), both the phases produced the almost similar yield (3785 and 3666 ha1) due 
to the fact that both phases had same LGP (Table 4). As only two years fall under Rapidly falling and one year under 
Rapidly rising phase it could not be included in box plot (Fig 2).  

Table 2. Influence of SOI phases on rainfall characters during rainfed cropping period over Tamil Nadu 

Parameters Consistently 
negative 

Consistently 
positive 

Rapidly 
falling 

Rapidly 
rising 

Consistently 
near zero 

No. of events within the 
observational period 15 8 2 1 9

Onset week 36 36 36 36 36
Cessation week 50 46 46 44 48
LGP 15 11 11 9 13
Total rainfall 650 508 623 480 563
No. of wet spell weeks 5 3 6 3 4

Table 3. Environment of maize growing period at different SOI phases over Tamil Nadu 

Parameters Consistently 
negative 

Consistently 
positive 

Rapidly 
falling 

Rapidly 
rising 

Consistently 
near zero 

Tmax (oC) 29.9 30.2 30.0 30.3 29.9
Tmin (oC) 21.3 21.4 21.5 21.7 21.1
Rainfall (mm) 569.3 452.5 535.1 437.9 496.7
Solar radiation (MJ m-2 day-

1) 15.1 15.6 15.2 15.4 15.4

Evapotranspiration (ET) 
(mm) 343.7 368.4 365.4 314.0 345.6

Evaporation (mm) 109.8 108.9 105.7 114.3 109.1
Transpiration (mm) 234.2 260.2 260.5 199.2 236.8
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Table 4. Influence of SOI phases on growth and yield maize 

 Parameters Consistently 
negative 

Consistently 
positive 

Rapidly 
falling 

Rapidly 
rising 

Consistently 
near zero 

Days to Anthesis 53 55 55 54 54
Days to Physiological 
maturity 103 106 105 104 104

Single grain weight (g) 0.29 0.26 0.25 0.18 0.27
No. of grains at maturity 
(no/m2) 1559 1410 1495 1439 1505

Number of grains per cob 
(no/cob) 173 157 166 160 167

Harevest index (HI) 0.4 0.35 0.35 0.28 0.37
Tops weight at maturity 
(kg/ha) 11583 10493 10630 9244 11363

Grain yield (kg/ha) 4596 3666 3785 2633 4064
Stover yield (kg/ha) 6988 6826 6844 6611 7298

Influence of SOI phases on nutrient and water use of maize crop 
From the results it could be seen that SOI phases influenced the nutrient and water use of maize (Table 5), 

nitrogen uptake was higher (150 kg /ha) under consistently near zero compared to other phases. The lowest nitrogen 
uptake of 138 kg /ha was observed with rapidly rising. The same pattern has been followed by 
the SOI phases in registering the Tops N at maturity.  The highest Grain N at maturity of 79.5 kg /ha was observed 
under consistently negative phase.  Water use efficiency (WUE) was higher (13.4 Kg ha-1 mm-1) under consistently 
negative phase and WUE was lower in rapidly rising phase (8.4 Kg ha-1 mm-1) than the other phases. 

Table 5. Influence of SOI phases on the nutrient and water use of the maize crop 

Fig. 2 Influence of SOI phases on maize yield 

Parameters Consistently 
negative 

Consistently 
positive 

Rapidly 
falling 

Rapidly 
rising 

Consistently 
near zero 

N uptake during season (kg [N]/ha) 144.0 141.21 142.5 138.50 150.50 
Tops N at maturity (kg/ha) 140.1 137.07 135.5 133.00 145.63 
Grain N at maturity (kg/ha) 79.5 67.79 66.4 48.00 75.50 
Water use efficiency (Kg ha-1 mm-1) 13.4 10.0 10.4 8.4 11.8
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CONCLUSION 
Influence of ENSO events on rainfall variability and their impact on maize was evident from this study. Various 

phases of ENSO influences the amount of rainfall and length of the growing period, this ultimately affects the growth and 
productivity of Maize over Tamil Nadu. Maize crop produced higher grain yield under consistently negative phase with 
higher WUE. This information could be considered while fixing sowing dates for the maize crop to achieve better yield 
with high resource use efficiency. 
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Climate and cropping system in India: Agrometeorological approach
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Climates can be classified based on the ratio of normal annual values Precipitation to the 
potential evapotranspiration. The ratio can be used to have approximate duration for which the water received through 
precipitation is adequate for growing arable crops under rainfed conditions, provided thermal regime is favorable for crop 
growth. The regions with the ratio of annual precipitation to potential evapotranspiration up to 0.20 are considered as arid 
regions. The regions with the ratio more than 1.0 are known as humid regions. If all the water received through 
precipitation can be used for crop production, it will be just adequate only up to about 70 to 75 days in the arid regions and 
will be for all the 365 days in the humid regions. The actual water availability period for crop production depends the type 
of soil, clay content in the soil and depth of the soil.  

Ours being a tropical country with rainfall highly seasonal in character, the water availability can be 
estimated as 

 Length of rainy season + Period for which the soil moisture storage and the post rainy season rainfall, if 
any, can meet the evapotranspiration demand. 

The choice of the crops depends upon 
• Length of the growing season
• Thermal regime
• Nature and type of the soil and
• Humid period.

The Humid period can be considered as number of consecutive weeks with normal rainfall equal to or more 
than the normal potential evapotranspiration. The hyper humid period can be considered as the number of 
consecutive weeks with mean weekly rainfall more than twice the potential evapotranspiration. The thermal 
regime determines the number of days required for a particular crop to complete its life cycle from sowing to maturity. 

The biomass as well as economically relevant yield produced by the crop depends upon the amount of water 
used the crop for evapotranspiration during its growth period. The concern for using agrometeorological inputs for crop 
planning, crop growth monitoring and crop yield estimation is receiving greater attention all over the country. During 
recent years, the concern is much more due to challenges posed by global warming and climate change. In this 
context more efforts are required to 

• Identify whether the climatic shifts observed now are different from the kind of shifts that occurred in the
past and appear to be assuming irreversible  proportion 

• Quantify changes in different agrometeorological parameters / indices that forewarn management interventions
• Explore the possibility of exploiting the climate change for  improving production rather than considering

as a threat  and
• Develop methodologies to evaluate the performance of various production systems in transitional climate

zones which may be more severely affected by the spatial shifts and variability in the climate.
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Climate change and livestock production: Concept of multiple stresses 
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India holds the largest livestock population in the world, and among agriculture, livestock is the major 
subsector that has a great significance to the Indian economy and particularly for the welfare of the rural farmers in 
India (Shaji et al., 2016a). In India among the livestock population, small ruminants play an important role in the 
rural economy since most of the farmers are mainly poor and marginal farmers, they cannot afford the huge 
maintenance expenses on large ruminants compared to the small ruminants (Sejian, 2013). Within small ruminants, 
goat rearing is considered one of the backbone of the Indian farming industry as it provides gainful employment to 
the farmers especially in the rural area (Bagath et al., 2016). In the changing climatic scenario, goat is the most 
admirable animal for physiological and biomedical research especially in the field of establishing the impact of 
climate change on livestock production (Shaji et al., 2016a; Sophia et al., 2016). Hence, research efforts are needed 
to study the adaptive capability of goat to their natural environment in the extensive system of rearing. As a result of 
climate change in the extensive sytem of rearing, small ruminants are exposed to several environmental stresses. 
This chapter is therefore an attempt to collate and synthesis information pertaining to multiple stressors impact on 
small ruminant adaptation.   
Climate change and types of environmental stresses 

In Indian context, mostly extensive system of livestock rearing is being practiced. In this system of 
livestock rearing, efforts were made only to quantify the impact of heat stress on livestock production (Sejian and 
Srivastava, 2010). However, in the changing climate scenario apart from the usual suspect heat stress, there are 
numerous other environmental stresses which hamper livestock production. The projected climate change (CC) 
seriously hampers the pasture availability especially during the period of frequent drought in summer (Sejian et al., 
2014; Bagath et al., 2016). Thus, livestock suffer from drastic nutrition deficiency. Both the quantity and the quality 
of the available pastures are affected during extreme environmental conditions. Further, with the changing climate, 
animals have to walk a long distances in search of pastures. This locomotory activity also put the livestock species 
under enormous stress (Sejian et al., 2012a). Hence in the changing climate scenario, it’s not only the heat stress that 
need to be counteracted but the nutrition and walking stress are also of great concern.  
Concept of multiple stresses 

When exposed to one stress at a time, animals can effectively counter it based on their stored body 
reserves and without altering the productive functions. However, if they are exposed to more than one stress at a 
time, the summated effects of the different stressors might prove detrimental to these animals (Sejian et al., 2012b; 
Silva et al., 2016). Such a response is attributed to animal’s inability to cope with the combined effects of different 
stressors simultaneously. In such a case, the animal’s body reserves are not sufficient to effectively counter multiple 
environmental stressors. As a result their adaptive capabilities are hampered and the animals struggle to maintain 
normal homeothermy. Fig. 1 describes the concept of multiple stressors impacting livestock production.  

Experimental findings on impact of multiple stresses in goat 
The study was conducted for a period of 45 days. Twenty four adult bucks were used in the study. The 

bucks were randomly allocated into four groups of six animals each viz., C (n=6; Control), HS (n=6; Heat stress), 
NS (n=6; Nutritional stress) and CS (n=6; Combined stress). The animals were stall fed with a diet consisting of 60 
per cent roughage (hybrid napier) and 40  per cent concentrate (maize 36 kg, wheat bran 37 kg, soya bean meal 25 
kg, mineral mixture 1.5 kg and common salt 0.5 kg/100kg of feed). C and NS bucks were maintained in the shed in 
thermo-neutral condition while HS and CS bucks were exposed outside to summer heat stress between 10:00 h to 
16:00 h to expose them to heat stress. C and HS bucks were provided with ad libitum feeding while NS and CS 
bucks were provided with restricted feed (30 per cent of intake of C bucks) to induce nutritional stress. All four 
group animals were fed and watered individually throughout the study period. Body weight and diurnal pattern of 
physiological responses were recorded at fortnightly interval. Blood samples were collected at fortnightly interval. 
Fig. 2 describes the various effects of heat and nutritional stress on the adaptive capability of goat.  
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Fig.1 Pictorial representation of concept of multiple stressors on livestock production. If two or more stressors 
occur simultaneously, the total cost may have severe impact on biological function 

(Source: Sejian et al., 2012b) 

Fig. 2 Pictorial representation of two environmental stresses (heat & nutritional) affecting goat adaptation 
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An animal may react either by physiological or a behavioral responses, but most often a combination of 
both (Shaji et al., 2016). The treatments (HS, NS and CS) had significant influence on all behavioral parameter 
studied except urination frequency. Standing and lying time showed reverse trend between the groups. These 
behavioral adaptive mechanisms are to prevent additional heat load from ground as well as to facilitate effective 
heat dissemination. Both standing and lying time of CS group differed significantly with C and HS group. 
However, both NS and CS groups did not show significant difference between them. Standing can be 
characterized as a behavior that requires more energy than lying down. Further, standing diminishes the 
transmission of heat through direct contact with the ground and tends to decrease HS. The significantly lower 
level of standing time in CS as compared to HS group proves this in goat. This difference could be attributed to 
the difference in the level of feed intake between these two groups. This could be the adaptive mechanisms 
exhibited by HS group to reduce surface contact with the ground and minimize conductive heat transmission to 
the body. Since CS group is also under severe nutritional deficiency they did not had sufficient energy to support 
the standing process for a long time. This shows the importance of optimum level of nutrition for adaptation in 
goat as sufficient energy levels are needed to support the behavioral responses which will help an animal to adapt 
to heat stress condition. The highest drinking frequency was recorded in both CS and HS groups as compared to 
other groups. This shows the severity of HS in these animals. The lowest drinking frequency was recorded in NS 
group. This value in NS group was significantly lower than both CS and HS groups. This shows HS had more 
influence in these animals to consume water to get relieved from HS. The defecating frequency showed reverse 
trend to drinking frequency with lowest frequency recorded being CS group. This could be the adaptive 
mechanism of these animals to conserve the body water.  

The urinating frequency differed significantly only between C and CS groups. The non-significant 
difference in urinating frequency of individual stress groups (HS and NS) with C group showed the severity of 
CS in maintaining the water balance. The reason for reduced urination frequency in CS goats could be due to 
increased respiratory and cutaneous cooling mechanism which might lead to severe dehydration thereby leading 
to reducing their urination frequency (Shaji et al., 2016).  The highest water intake was recorded in both CS and 
HS group. This shows the severity of HS in these two groups. The increase of water intake in both CS and HS 
groups might have occurred to compensate for the deficit of body water, which was caused by the increase of 
evaporation through the respiratory tract and skin surface. Similarly in a study conducted on sheep, Sejian et al. 
(2010a) reported significantly higher water intake when the sheep were subjected to HS and NS simultaneously. 
This shows that the high water intake, which is utilized to combat HS, may be indicating that restricted fed 
animals are under more stress.  

The ability of an animal to withstand the rigors of climatic stress under warm conditions has been 
assessed physiologically by means of changes in RR and PR (Sejian et al., 2010a). This study is the first to report 
the influence of both HS and NS simultaneously on physiological response in goat. The treatments significantly 
influenced RR both during morning and afternoon. This shows RR is one of the important physiological 
parameter to assess the severity of HS, NS and CS (heat and nutritional) in goat. The RR of CS group was 
significantly lower as compared to HS in morning while in afternoon there was no significant difference in RR 
between CS and HS group. This shows the adaptive capability of CS group goats as generally the animals which 
face extreme stress during day time tend to keep themselves cool during early morning hours by altering their 
metabolic activities (Sejian et al., 2010a). Further, it was observed from the study that RR significantly increased 
in both HS and CS groups after subjecting to HS as compared to C group. The increase in RR observed in CS 
goats in afternoon may have more homeostatic relevance for the dissipation of excessive heat and the 
maintenance of a lower body temperature. This shows RR is a very good indicator of measuring the severity of 
HS in goats. In a similar study conducted on Malpura ewes, Sejian et al. (2010a) reported significantly reduced 
RR in CS group as compared to HS group. However, in the current experiment there were no significant 
differences in RR between CS and HS groups during afternoon. This shows the superior adaptive capability of 
goats for thermo-tolerance.  

The PR reflects primarily the homeostasis of circulation along with the general metabolic status (Sejian 
et al. 2010a). The highest PR was recorded in HS group while the lowest in NS group. The significantly higher 
PR in HS as compared to CS group shows the significance of appropriate nutrition for adaptation as HS group 
goats are under ad libitum feeding. Similar to RR, PR did not differ between HS and CS groups in morning while 
PR was significantly different between these groups in the afternoon. This also establishes the adaptive capability 
of CS group goats as they try to keep themselves cool by reducing their metabolic activity to cope up to increased 
temperature in the afternoon. RT also has been shown to be good indicators of the thermal stress and may be used 
to assess the adversity of the thermal environment (Shaji et al., 2016a).  
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Onset and degrees of thermal stress in an animal are best reflected by a rise in RT and rely heavily on 
respiratory evaporative cooling mechanisms by rapid and shallow respiration (Sejian et al. 2010a). RT also 
showed significant changes between the groups for the treatments both during morning and afternoon.  

The significantly lower RT in CS group as compared to HS group in morning shows the adaptive 
capability of CS goats to keep them cool during morning hours to cope up to high environmental temperature 
during afternoon. The ST recorded at head, scrotum and flank are significantly different among the groups only 
during afternoon but non-significant during morning. The highest skin temperature was recorded in CS group as 
compared to C, HS and NS groups. This shows the severity of HS in these animals during exposure to solar 
radiation.  In other words this reflects CS group inability to maintain homeostasis as their thermoregulatory 
mechanisms are compromised.  

The highest plasma cortisol concentration in CS group shows the severity of combined stress in CS 
group bucks (Shaji et al., 2016b). This indicates the much severity of physiological strain if bucks are subjected 
to two stresses simultaneously. The association between HS and increased secretion of cortisol, the principal 
glucocorticoid hormone in small ruminants is well documented (Sejian and Srivastava, 2010; Swejian et al., 
2010b; Shaji et al., 2016b). Further, cortisol is the principal stress reliever in ruminant species and hence its level 
is significantly higher in CS group in order to cope up to the both heat and NS condition. However, in a similar 
study conducted in Malpura ewes, Sejian et al. (2010b) reported significantly lower level of plasma cortisol in CS 
(heat and nutritional) group as compared to HS group. They identified that the ad libitum feeding in the HS group 
ewes provided them the capacity to synthesize more cortisol. But in the current study the level of plasma cortisol 
was significantly higher in CS group as compared to HS group. This indicates that the CS group goats possessed 
the inherent ability to synthesize sufficient concentration of cortisol to relieve the HS condition although their 
nutritional status is compromised.  This shows the superior adaptive capability of goats as compared to sheep 
when they are subjected to more than one stress simultaneously.  

Generally during heat stress, the blood concentration of aldosterone decreases as a result of dehydration 
leading to electrolyte imbalance and stimulates water intake (Sejian and Srivastava, 2010). However, in our study 
in both HS and CS groups the level of plasma aldosterone was significantly higher. This difference could be 
attributed to the ad libitum water availability to these bucks indicating the adaptive capability of these bucks to 
counter heat stress. As aldosterone concentration increases, more sodium is retained and more potassium is 
excreted, thereby increasing water re-absorption. Both plasma HSP70 and PBMC HSP70 mRNA expression 
showed similar trends for the treatments with higher level of plasma HSP70 and higher PBMC HSP70 mRNA 
transcript expression was reported in CS goats. The HSP70 mRNA expression was found to be significantly 
higher in all stress groups (CS, NS and HS) as compared to control group (C). There are reports which suggest 
key role for HSP70 during heat stress in goat (Shaji et al., 2016a). HSP70 is one of the most abundant and best 
characterized heat shock protein family that consists of highly conserved stress proteins, expressed in response to 
stress, and plays crucial roles in environmental stress tolerance and adaptation in goat (Shaji et al., 2016a). 
Within the stress groups, the highest PBMC HSP70 mRNA expression was also reported in CS group followed by 
NS and HS groups. The higher HSP70 mRNA expression in NS group as compared to C group indicates that in 
any stress condition HSP70 has a role to play. The higher expression of HSP70 in PBMC of CS group as 
compared to HS and NS groups indicates the higher requirement for HSP70 in these bucks to survive two stresses 
simultaneously. This indicates the animal’s subjected to more than one stress at a time exhibits a different 
adaptive behavior as compared to individual stresses. This shows the severity of cumulative stress on goat 
adaptation. The higher expression of HSP70 in adrenal of the CS group as compared to other groups could be the 
adaptive mechanism to counter both the heat stress and nutritional stress. The significantly higher expression of 
adrenal HSP70 in the CS as compared to the HS group could be attributed to additional NS in CS group (Shaji et 
al., 2016b). This shows that increased HSP70 expression in adrenal of CS group could be both due to restricted 
feeding as well as due to HS. The higher HSP70 expression in adrenal could also be attributed to the 
hyperactivity of adrenal cortex to synthesize more cortisol as evident from this study. The hepatic HSP70 down 
regulation in both NS and CS could be attributed to the nutrient deficiency in these bucks. The difference in 
HSP70 expression in CS of adrenal and HS of the liver could be attributed to the hyperactivity of the adrenal 
gland to relieve stress in CS group bucks as they are subjected to two stresses simultaneously (Shaji et al., 
2016b). This shows that HSP70 might play an important role both in HS and NS tolerance in goats against harsh 
environmental conditions in the changing climate scenario. 
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Experimental findings on impact of multiple stresses in sheep 
The experimental findings suggest that respiration rate significantly increased in both thermal as well 

as combined stress group (Sejian et al., 2010a). The increase in the respiration rate observed in these ewes may 
have more homeostatic relevance for the dissipation of excessive heat and the maintenance of a lower body 
temperature. The significantly lower RR in combined stress group as compared to thermal stress group might be 
due to less energy available in combined stressed ewes. When walking stress was added to the combined stress, 
the RR was much lower as compared to combined stresses. Walking stress should have imposed severe stress on 
these ewes which ultimately culminated in a severe energy crisis. The energy demand is more in these ewes as the 
locomotory activity requires substantial energy reserve to cope with walking, as these ewes are additionally under 
nutritional stress. As a result, the energy level could be low in these ewes for higher respiratory muscular activity. 

The decreased pulse rate in the combined stress group might be due to decrease in the metabolic rate as 
a result of restricted feeding in this group of animals. The rectal temperature in combined stress group, in the 
morning, is significantly lower as compared to control and individual stress groups. This could be the adaptive 
mechanism exhibited by these in order to cope with the water and feed scarcity (Wooden and Walsberg, 2002). 
This finding shows that the Malpura ewes have the capability to cope with feed and water scarcity and daily 
changes in rectal temperature, to adapt better to semi-arid tropical environment.   

The decrease in feed intake could be due to the adaptive mechanism of sheep to produce less body 
heat. The water intake of combined stress group was significantly higher as compared to ad libitum fed groups. 
The average body weight of thermal, nutritional, combined and multiple stresses groups significantly decreased 
as compared to control group (Sejian et al., 2010a). Multiple stresses showed highly significant influence on 
estrus duration and estrus cycle length in Malpura ewes (Sejian et al., 2011). This could be related to the high 
plasma progesterone concentration in multiple stressed ewes. Presumably, therefore, the longer estrus cycles were 
due to a slower rate of follicular maturation after CL regression. Combined stress had relatively more detrimental 
effect on the conception rate (Sejian et al., 2011). Plasma estrogen and progesterone showed reverse trend in 
individual, combined as well as multiple stresses groups (Sejian et al., 2011). The effect of thermal stress is more 
severe than nutritional stress on plasma estradiol 17-β level. This inverse relationship between level of feed 
intake and plasma progesterone concentration was attributed to difference in metabolic clearance rate of 
progesterone (Sejian et al., 2012).  

Both Hb and PCV significantly decreased in thermal, nutritional and combined stress groups (Sejian et 
al., 2010b). But the magnitude of difference was more in combined stress group as compared to individual stress 
groups. Further, ad libitum water availability could be the reason for reduced PCV due to more water intake in 
thermal stressed ewes even though the evaporation of water from the body increased. The reason for the highest 
magnitude of reduction in Hb and PCV in combined stress group could be both reduction in synthesis of Hb due 
to nutritional restriction as well as hemodilution and red cell destruction as a result of heat stress. However, both 
Hb and PCV increased significantly in multiple stresses group. The reason for this could be severe 
haemoconcentration as a result of multiple stresses. The difference between combined stress and multiple stress 
groups with respect to Hb and PCV could be attributed to the fact that in combined stress experiment the animals 
were allowed to get access to water ad libitum while in multiple stress experiment the water availability was 
restricted.  

The association between thermal stress and increased secretion of cortisol, the principal glucocorticoid 
hormone in small ruminants, is well documented (Sejian and Srivastava, 2010). The significant reduction in 
cortisol concentration in combined and multiple stresses groups as compared to thermal stress group indicates the 
difference in adaptive capability of Malpura ewes to these stresses. This difference could be attributed to the 
restricted feeding in combined and multiple stresses groups. Further, when walking stress was combined with 
heat and nutritional stress, the level of cortisol is much lower as compared to individual and combined stress 
groups. This emphasizes that multiple stresses had imposed a much higher detrimental effect on these ewes as 
compared to single and dual stress. This reduced cortisol concentration in multiple stress group as compared to 
single and combined stress ewes could be to adjust the cortisol level to minimum possible increase to elicit the 
stress relieving effects as cortisol is thermogenic in nature which could contribute to additional heat load (Sejian 
et al. 2010b). 

Both T4 and T3 showed similar trend when ewes are exposed to combined and multiple stresses. The 
level decreased significantly in all stress groups. But the magnitude of reduction in thyroid hormone levels is 
more in combined and multiple stresses group as compared to other groups. Following feed restriction or food 
deprivation, plasma thyroid hormone concentrations were reduced in sheep (Sejian et al., 2010b).  
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Besides endogenous and environmental climatic factors, nutrition influences thyroid gland activity and 
blood thyroid hormone concentrations (Shaji et al., 2016a). Hence combination of heat stress and nutritional 
stress could have brought in greater reduction in thyroid hormone concentration in combined stress group as 
compared to other groups. This could be attributed to the adaptive capability of combined stress ewes to avoid 
additional heat load due to metabolic activity.  Further, when walking stress was combined along with thermal 
and nutrition stress, the level of thyroid hormone concentration was much lower.  

CONCLUSION 
The series of studies conducted in both sheep and goat clearly establishes the severe impact of two or 

more stresses simultaneously on biological functions necessary to relieve stress. This is evident from the 
significant difference in all parameters studied in combined and multiple stresses groups both in goat and sheep. 
On individual basis, the animals were better able to adapt to nutritional stress than thermal stress. However, when 
both these stresses were coupled, it had severe impact on all the parameters studied in both sheep and goat. Hence 
a pertinent conclusion that may be drawn from these experimental findings is that when two or more than two 
stressors occur simultaneously, the total impact may be severe on biological functions necessary to both adapt 
and produce in the changing climate scenario.  
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Climate services for agriculture including ITK and ICT tools 
T. N. BALASUBRAMANIAN 

Founder Head, Dept. of Agricultural Meteorology (Rtd.), 
Technical Consultant to ACRC, Tamil Nadu Agricultural University, Coimbatore. 

Though climate is beyond human control, climate can be managed by the man to a little extent for the benefit of 
agricultural productivity by making farm decisions based on the information developed from the integration of scientific 
weather forecast and indigenous traditional knowledge that he has. Though climate is an independent physical factor of the 
atmosphere by itself, it is forced to get changed through human negative influence on the content of the atmosphere and 
this makes weather forecasting and preparation of agro-advisory still more be complicated. To meet this challenge, still 
Scientists work hard to pass through this challenge successfully.  

This lead paper has come with the carving out of the limitations from the ongoing project on 
"Gramin Krishi Mausam Seva (GKMS)" and some suggestions are given by the author though not complete based 
on his past experience on this project to sustain the outputs more effectively to reduce the climate related crop 
production risks.  
Present day scenario 

The present situation is to give weather forecast information for ensuing five days by IMD at district level 
resolution to AMFU's of SAU, ICAR and NGO's to prepare agro-advisory so as to communicate to the farmers in 
time by using different ICT tools. The question is whether the present system helps the farmers to take weather 
based farm decisions to reduce crop production risks or not?. The answer is only partly and the present project 
activity needs to be revisited / refined to meet the present day needs of the farmers across India. 
The constraints observed presently with the farming community and the on-going project on GKMS are; 

• Farmers face higher climate risks for crop and animal production with change in weather situations
presently as compared to earlier decades 

• At village and local level no longer the ITK's are valid under the changed weather
• Farmers need weather forecast not at the district level, but at the local level especially at block level,

considering the greater variability in the rainfall events
• Agro advisories mainly being addressed presently to only crop production and that too not addressing the

real cropping pattern / cropping systems being practiced by the farmers of the domain area of each AMFU
• Farmers seldom adopt agro advisory for their on-field weather based decision making
• Poor link between AMFU and farmers who receive agro advisory through SMS
• Poor extension support to AMFU's from SDA
• No State Government policy on practicing weather based farm decisions by the farmers at village level
• Non functioning of the scientific expert advisory group available at AMFU's level
• Lack of periodical monitoring of the project by the MOE / IMD at the AMFU's level
• No link between crop insurance and the present day project(GKMS) objectives
• No link between the AICRP on Agro-meteorology and the present project on weather forecasting under

GKMS
Suggestions 

a. Quantification of the present day climate risks especially under climate change scenario through research
to be carried out under ACRP on Agricultural Meteorology on important food crops, vegetables, fruit 
trees, animals etc.,. One publication on agro-advisory to each weather scenario may be prepared by 
AICRP on Agro-meteorology by combining their research findings over years along with collected 
information from review of literature at global level and validated ITKs. This publication must be made 
available to each AMFU to assist the expert committee to prepare agro advisory more effectively. 

b. Each AMFU must prepare four agro advisories for each bulletin namely one for important food crop of
the concerned season, one for dominated vegetable crop, one for dominated fruit tree and the fourth must 
address either animals or poultry. This approach not only sustain food production, but also provides 
balanced foods against malnutrition, which is seen across rural hoods. For preparing agro advisory ground 
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reality information (crop stage / live stock information, pest and disease load and other related information) must 
be collected from farmers or from block level extension unit regularly on weekly basis. The expert group of each 
AMFU must meet on every Tuesday and must consider this along with weather forecast information and advise 
the Technical officer to prepare agro advisory. For efficient functioning of the expert group, they must be honored 
at each AMFU level. 

c. Strong relationship with the block level extension officers must be made by each AMFU to get real time
information on crop stage, pest and disease load on weekly basis. Further for each revenue village one
scout farmer may be selected on voluntary basis and real ground information on agriculture activities may
be collected on weekly basis from him similar to that one proposed activity suggested for block level
extension officers. This will provide an opportunity to validate the received weekly information

d. Block level weather forecast information along with agro advisory must be established under automated
mode as suggested in the research article on " Designing agro-met advisories for selected weather
windows under automated weather based advisory system in Tamil Nadu-published in Journal of
Agrometeorology 18(1) , 34-40, (June 2016). Man made emotional errors will be avoided in this
processes.

e. Farmers needs skill to practice weather based farm decision at field level. At least 10 farmers at each
block level must be given capacity building on practicing weather based farm decision making and
confidence building on the agro advisory.

f. Simple tool must be developed to measure the economical benefit at farm level by the famer himself,
when he adopts weather based farm decision making

g. Presently the activities of the present project is reviewed annually. The activities must be evaluated at
AMFU at State level once in a season and refinement to issues must be addressed.
For this purpose one State level coordinator must be selected from the PI/s of the concerned State and he
must exercise his authority in coordination with the Project Coordinator of AICP on Agro Meteorology.

h. The PI's of AMFU must be involved in crop insurance programme to be implemented at his domain
districts.

i. The State Government must enact a policy to encourage weather based farm decisions making at village
level through local bodies.

j. The existing ICT tools are enough to communicate weather information and agro advisories to farmers.
k. The State coordinator of the GKMS must edit composite agro advisories of the State to be sent to DD, for

telecasting. This is to avoid duplication and wrong information on agro advisories to be passed
l. Each AMFU must be a unit of delivering integrated weather forecast information to the farmers. This

means that at the start of the season, they must communicate long range weather forecast information on
seasonal rainfall to be received and this is followed by information on medium range weather forecast and
short range forecast information.

20 October 2017



Application of remote sensing and GIS in agrometeorology

AJEET SINGH NAIN  
Department of Agrometeorology, G.B.P.U.A.&T., Pantnagar-263145, India 

The advent of Remote Sensing has added new vistas in the field of monitoring dynamic changes. These two 
advanced tools are the complement of each other; earlier is used to generate the information, while later is used to 
analyze the information for various applications and decisions. Remote sensing (RS) refers to obtaining information about 
objects or areas at the Earth’s surface without being in direct contact with the object or area. The best example of remote 
sensing is human eyes, which use to get the information about the different objects through the radiation being reflected from 
the surfaces / objects. The other very suitable example of the remote sensing is the camera, which develops the images of the 
object on the basis of reflected radiation from the different objects. Most sensing devices record information about an object 
by measuring an object’s transmission of electromagnetic energy from reflecting and radiating surfaces. 

Remote sensing techniques allow taking images of the earth surface in various wavelength region of the 
electromagnetic spectrum (EMS). One of the major characteristics of a remotely sensed image is the wavelength 
region it represents in the EMS. Some of the images represent reflected solar radiation in the visible and the near 
infrared regions of the electromagnetic spectrum, others are the measurements of the energy emitted by the earth 
surface itself i.e. in the thermal infrared wavelength region. The energy measured in the microwave region is the 
measure of relative return from the earth’s surface. This is known as active remote sensing, since the energy source 
is provided by the remote sensing platform. Whereas, the systems where the remote sensing measurements depend 
upon the external energy source, such as sun are referred to as passive remote sensing systems.  
Principles of Remote Sensing 

Detection and discrimination of objects or surface features means detecting and recording of radiant energy 
reflected or emitted by objects or surface material (Fig. 1). Different objects return different amount of energy in 
different bands of the electromagnetic spectrum, incident upon it.  

Fig. 1 The process of image generation through satellite based Remote Sensing 

The every object on the earth surface reflects unique set of electromagnetic radiation, which is known as the 
signature of the object (Figure 2). This depends on the property of material (structural, chemical, and physical), surface 
roughness, angle of incidence, intensity, and wavelength of radiant energy. The unique signature of the object helps in the 
discrimination of on object from the other. The Remote Sensing is basically a multi-disciplinary science which includes a  
combination of various disciplines such as optics, spectroscopy, photography, computer, electronics and telecommunication, 
satellite launching etc. All these technologies are integrated to act as one complete system in itself, known as Remote Sensing 
System. There are a number of stages in a Remote Sensing process, and each of them is important for successful 
operation. 
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Fig. 2 Typical Spectral Reflectance curves for vegetation, 
soil and water 

60

65

70

75

80

85

90

0 400 800 1200 1600 2000 2400 2800
Average particle size (micrometer)

R
ef

le
ct

an
ce

 (
%

)

Fig. 3 Percent reflectance vs particle size for incident 
radiation of 1.0 um wavelength (adopted from 
Bower & Handks, 1965). 

Application Of Remote Sensing In Agrometeorology 
Remote sensing in soil science is used in various manners from data generation to the diagnosis of the 

problems. The biggest advantage with remote sensing is that it can view the entire field or region instantaneously 
and data can be immediately used for various purposes. The major work on the use of remote sensing techniques in 
soil science began in 1960s with the measurement of spectral response of soil by the ground instruments like 
spectrometer. In January 1966 the Laboratory for Applications of Remote Sensing (LARS), Purdue University, was 
chosen by the U.S. Department of Agriculture, in cooperation with the National Aeronautics and Space 
Administration (NASA), to develop remote sensing, pattern recognition techniques for application to agricultural 
and forestry resources. Investigations were initiated to study the spectral, temporal, and spatial reflectance and 
emittance characteristics of plants, water and soils. Initially emphasis was given on organic carbon content as it 
strongly affects the spectral response of soils (Shields et al., 1968; Bowers and Hanks, 1965, Baumgardner et al., 
1970). Since then many studies were carried out to record the spectral response of different soil parameters. The soil 
reflectance increases as particle size decreases, when other factors remain constant. Bower and Hanks (1965) 
established a relationship between particle size and reflectance in spectral bands of 1 µm and suggested the strong 
inverse dependency of reflectance on a particle size less than 400 micrometer (Figure 3). The effect of particle size 
higher than 400 micrometer on reflectance is marginal. In India, also efforts have been made to monitor the soil 
parameters with remote sensing using single band, indices and combinations of the different bands of 
electromagnetic radiation (Ray et al., 2004). In some cases good relationship between soil quality indicators and 
remote sensing indices were achieved, while in other cases limited success was achieved. The empirical equations 
were developed using the combinations of different bands and indices for calculation of the soil quality indicators 
(Table 1). 

Table 1 Empirical equations between physical indicators and spectral parameters derived using stepwise regression 
technique (adapted from Ray et al., 2004). 

Soil Parameter Regression Equation Multiple R F value 
Sand (%) Sand = 103.9 -19.96*RI 0.540 4.1* 
Silt (%) Silt = 40.3 -52.8*Blue  0.599 5.6* 
Clay (%) Clay = 29.5 + 105.8*CI  0.495 3.3* 
Note: RI= Redness Index, Blue = Blue band, CI= Coloration Index. 
Table 2 Empirical equations between chemical indicators and spectral parameters derived using stepwise regression 

technique (adapted from Ray et al., 2004). 
Soil Parameter Regression Equation Multiple  R F value 

Organic Matter (%)  OC = 0.49 + 2.9*BNI - 3.4*Blue - 0.5*HI + 0.06*PC1 +
2.9*SI  0.733 6.3

Available N (ppm) N = -2844.8 - 866.5*Blue + 9960.5*VNIR - 10767.2*PC2 -
6811.1*Red + 1070.5*RI 0.532 2.14

Note: BNI= Brightness Index, HI= Hue Index, SI= Saturation Index, RI= Redness Index, VNIR= Very Near 
Infrared, Blue = Blue band, Red= Red Band, PC1= Principal Component 1, PC2= Principle Component 2. 
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In a detailed study, Shepherd and Walsh (2000) demonstrated the use of satellite based remote sensing in 
monitoring soil quality. They in controlled soil management experiments, correlated the soil reflectance convolved to Landsat 
5 wavelength band-passes with various soil quality attributes (R2 range, 0.26-0.82) (Table 2). Using Africa soils library, 
Landsat 5 simulated reflectance spectra provided significant (p < 0.001) relationships, albeit with generally poor fits (R2 < 
0.5). Even so, a moderately good fit (R2 = 0.6) for effective cation exchange capacity of the clay fraction was found, 
which is a good indicator of clay mineralogy, and hence useful for inferring many associated soil properties. Ray et 
al., 2004 also made efforts to establish relationship between the soil quality indicator and remote sensing indices and 
the empirical equations were developed using the combinations of different bands and indices for calculation of the 
soil quality indicators (Table 2). 
Plant disease management 

The farmers to decrease the loss of productivity due to the disease adopt different plant protection 
techniques. Approximately, 30% of Indian crop yield potential is being lost due to insects, disease and weeds, which 
in terms of quantity would mean 30 million tones of food grain. The value of total loss has been placed at Rs 50,000 
million, represents about 18% of the gross national agriculture production. The contribution of diseases to the total 
loss is about 25 %, while insects contribute 23 % loss to the total losses. On the basis of 2001 figure, India consumes 
nearly USD 630 million worth of pesticides annually in agriculture, the current figure would have increased 
considerably. Considerable loss of the productivity and the chemical can be saved by applying preventive measures 
in the field. However, there is strong need to provide early warning about the infestation of the pest and diseases in 
order to take necessary measures. The infestation of the diseases and insects modifies the physical and chemical 
properties of the plants. Thus, infected fields can be easily separated from the healthy fields. A classical way to 
detect the plant stress is to compare the plant reflectance in the visible and near infrared (NIR) region. Usually, the 
reflectance in the visible region increases due to the loss of chlorophyll, while the reflectance in NIR band decreases 
due to the changes in internal leaf structure (Figure 4). The increasing reflectance in red band and decreasing 
reflectance in NIR band will also lead to the reduced value of NDVI, which is again indicative of stress. 

Fig. 4 Response of diseased and healthy vegetation in 
different EMR region. 

Fig. 5 The FCC (left hand) and corresponding yield 
map (right hand) of a region. 

Estimation of crop productivity 
Remote sensing can provide valuable information on yield assessment and show spatial variation across a 

field. Imagery captured during the season is helpful in predicting field productivity levels. An image interpretation 
technique using a normalized difference vegetation index (NDVI) has been useful to measure differences in canopy 
cover and the relative vigor of that crop. An example how NDVI is related with yield has been given in figure 5. 
There are two approaches for yield estimation. The first is a direct method in which predictions are derived directly 
from remote-sensing measurements. The second is an indirect method in which remotely sensed data are 
incorporated into a simulation model for crop growth and development, either as intra-seasonal calibration checks of 
model output (LAI, biomass) or in a feedback loop used to adjust model starting conditions (Maas, 1988). The direct 
method for the prediction of yield using remote-sensing can be based on reflectance or on thermal parameters. Both 
methods have been applied successfully with various crops, such as corn, soybean, wheat and alfalfa (Tucker, 1979, 
Tucker et al., 1981; Idso et al., 1977; Pinter et al., 1981).  
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(a) (b)

Fig 6. Variability of organic matter and available phosphorous (a) and application of urea in the field (b). 

Fig 7. Snapshot of countries first Soil Information System (top) and information displayed by SIS after addressing 
user’s query (bottom). 

Precision farming 
The use of geospatial technology is fast increasing in precision farming. Precision farming, which is also 

known as site specific farming or varying rate technology (VRT) employ the application of the inputs as per the 
temporal and spatial variability in field. Variability in field may be either analyzed using multi-spectral / 
hyperspectral remote sensing images acquired through various sensors or by creating thematic layer in GIS 
environment by collecting soil / plant samples and employing suitable interpolation algorithm. Such a study has 
been carried out at Agricultural Field of CRC, GBPUAT, Pantnagar. A total number of 47 samples were collected at 
regular nested grid of 20 m, analyzed in the laboratory by following standard methods and developing thematic 
surface of different soil parameters (figure 6a). Thereafter, site specific requirement of different nutrients / fertilizers 
was computed considering soil test crop response (STCR) approach. A map of urea application shown in Figure 6b, 
shows that requirement of field varies from one point to other (Nain, 2016). 
Web Based Soil Information System (SIS) 

First Soil Information System (SIS) of the country was developed by blending advanced technology of the 
remote sensing, GIS, web technology, webserver and map server. Front-end user framework is web based, which 
receives user’s instructions in the textual form and recognizes mouse instructions as well and convert them in xml 
instructions. The xml instructions are passed on to the data server, thereafter data server answers the queries and 
instructions are passed on to the map server. Map server passes on the instructions to the web server and results are 
shown on the web in terms of map and texts. Figure 7 shows snapshots of the India’s first soil information system 
containing information related to entire state of Uttarakhand (Nain, 2016). 
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The production risk in agriculture owing to erratic and unpredictable weather is impediment for 
profitability and stability of agriculture at regional, national and global level. The decision makers need to be 
provided with necessary tools to better understand and quantify weather based risk associated with crop production 
as well as for developing suitable crop and soil management practices to enable them to reduce risks to acceptable 
levels. These risks were addressed traditionally by deriving crop production functions through conventional 
experience-based agronomic research. Here, the crop yields were expressed as mathematical functions by relating 
to some defined variables based on correlation and regression analysis and termed as models even before the 
invention of the computers. The correlation and regression analysis only provided mere relationships in terms of 
averages and failed to provide required information to assess the risk as it involved complex biological system. 
This made our scientist to move towards system approach by making use of dynamic simulation models of crop 
growth and of cropping system. The research comprising the disciplines of crop physiology, agro-meteorology, 
soil science and agronomy are now integrated for fully understanding crop growth and development which lead to 
the development of process based models. With inexpensive and powerful computers and involving computer 
programmers, these well-validated crop simulation models are now constructed in to a single framework. This is 
termed as Decision Support System (DSS) as it includes not only crop growth but also the economic considerations 
and environmental impact evaluation. 

Decisions and uncertainty 

The current technological platforms help us to gather a myriad of data on weather, soil parameters, crop 
development and growth and aids in finding the right crop management decisions like amount and timing of inputs, 
sowing and harvest date etc. The type of information gained, increases the level of uncertainty, because it 
emphasizes the apparent disorder, or in a physical sense the entropy, as is does not deliver the management 
decision itself, but rather provides information. Three levels of uncertainty can be categorized based on the 
relationship between the uncertainty, information and entropy. In the first level of uncertainty, e.g. a single soil 
texture map represents minimal information but low entropy. In a second level representing e.g. multiple layers of 
information from a given field like yield, soil water and soil nitrogen (N), more information is presented, but it is 
of high entropy. The uncertainty of decision-making is now realized and high. Finally, the third level reflects a 
decision support system, where the information content is high, so entropy is low leading to a reduced level of 
uncertainty in the taken management decision (Graeff et al., 2012). Thus, we need to provide to the farmers and 
other stakeholders a DSS, which will have minimum entropy, maximum information and a low level of uncertainty 
associated with the management decisions. Much of the uncertainty in management decisions cannot be removed 
easily, because of the biological complexity of a crop response to varying inputs like time and amount of N 
fertilizer. This is where the crop modelers need to play a major role so as to minimize uncertainty associated with 
management actions by integrating and considering multiple factors for the decision making process. 

Crop Simulation Model 

A model is a set of mathematical equations describing soil-plant-atmosphere system. It simulates or 
imitates the behaviour of the real crop by predicting the growth of its components such as leaves, roots, stems and 
grains. Thus, a crop growth simulation model not only predicts the final state of total biomass or harvestable yield 
but also contains quantitative information about major process in the growth and development of a plant. A typical 
crop growth model, such as the CERES-Wheat model (Godwin and Vlek, 1985) normally includes the major 
processes governing growth and development viz., phenologic development, canopy development, organ 
formation, photosynthesis, assimilate allocation, and carbon, water and nitrogen dynamics in the soil and in the 
plant. Thus, a sophisticated crop model can simulate the effects of weather, soil water, and nitrogen dynamics in 
the soil on growth and yield for the specified cultivar. A major difference between empirical crop production 
functions based on regression analysis and simulation approach is the reduction in the time interval involved. The 
former uses a crop season while the later uses a day or less. De Wit et al. (1970) developed some of early crop 
growth models in a program called BACROS (BAsic CROp growth Simulator) with an understanding of the 
underlying processes at the plant scale. The current process based models use daily time step to calculate the 
growth and development. Such models include CERES-Rice, CERES-Wheat, Oryza, CROPGROW -peanut, 
GOSSYM etc. Each of these process-based models developed worldwide provides an ample opportunity for 
calibration and validation. This is necessary because, practically we are still unable to bring all the complexity of crop 
growth in the model meaning models are limited imitations of real system. 
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Empiricism and Mechanism in crop simulation 

A crop growth model is normally compartmentalized into sub models, each involved with specific 
processes related to the growth of the plant. The complexity of the sub models depends on the objective of the 
model. In some cases, simple empirical functions can be used satisfactorily to describe the relationships among the 
variables involved in the process. On the other hand, mechanistic equations may be used to express the known or 
hypothesized theory that relates the variables and attempts to explain their observed behaviour. Thus, crop models 
may range from strictly empirical models that use only a few variables and involve only a few processes to predict 
crop yield, to very complex models that include detailed biochemical simulation of guard-cell control of stomatal 
opening and the influence this has on the photosynthetic process (Jame and Cutforth, 1996) Although the 
distinction between empirical and mechanistic models is useful, most crop growth models contain a mixture of 
empiricism and mechanism. All models become empirical at some level. An ultimate crop model would be one 
that physically and physiologically defines all relations between variables the model reproduces and universally 
real-world behaviour. This model cannot be developed because the biological system is too complex and many 
processes involved in the system are not fully understood. Even if an ideal crop model could be produced, the 
collection of the highly precise system parameters and of the input data for the crop environment would be a 
formidable task in itself.  

Crop model details depends on its end use and precision requirement 

Many crop models have been developed to help scientists understand the operation of various processes 
within the agronomic cropping system, e.g., soil water flow, photosynthesis, and nutrient balance. Such models 
strongly reflect the interests and strengths of the scientists who develop them and will often be weak in the areas of 
less interest. For example, LEACHM (Wagenet and Hutson 1987) is a process-based model of water and solute 
movement, transformations and chemical reactions in the unsaturated soil zone. Thus, the model has very 
comprehensive descriptions of water movement, as well as the basic physics and chemistry of salt, nitrogen or 
pesticide transport and transformation in agricultural soils. The effects of water and nitrogen stress on plant growth 
are not considered in the model. 

Decision Support System (DSS) 

Once a crop model has been validated it has numerous uses in agricultural management. In other words it 
can be integrated in a computer system that assist the user in complex problem solving or decision-making. It can 
be used to estimate potential yield in new location, to asses the adaptation of a new cultivar in a region, to estimate 
sensitivity of crop production to climate change, to forecast yields before harvest and to evaluate management 
options. The decision-making can be grouped in to two major categories such as operational decision-making and 
strategic decision-making. Agricultural decision makers at all levels need an increasing amount of information to 
better understand the possible outcomes of their decisions and assist them in developing plans and policies that 
meet their goals. The first integration of an expert system with a crop growth simulation model for daily use in 
farm management was GOSSYM/COMAX system. Similarly the EPIC model was extended as APEX. The wide 
and popularly used DSS, the Decision Support System for Agro-technology Transfer (DSSAT) was composed 
under IBSNAT to assess yield, resource use and risk associated with different crop production practices. The 
decision-making extends from individual farms to regional, national and global scale. Possible applications of 
some of the crop simulation model and DSS which are frequently used are discussed in this paper. 

APSIM (McCown et al.. 1996) 

The Agricultural Production Systems sIMulator (APSIM) software is a modular modelling framework 
that has been developed by the APSIM Initiative and its predecessor the Agricultural Production Systems Research 
Unit (APSRU) in Australia. The model was developed to simulate biophysical processes in farming systems, in 
particular where there is interest in the economic and ecological outcomes of management practices in the face of 
climatic risk (Keating, et al., 2003). APSIM has been developed in a way that allows the user to configure a model 
by choosing a set of sub-models from a suite of crop, soil and utility modules. The APSIM model is able to 
simulate yield of around 20 crops like corn, wheat, barley, pastures and forest, but not for rice (Keating et al., 
2003). Ahmed and Fayyaz-ul-Hassan (2011) compared APSIM and DSSAT models as decision support tools for 
wheat crop and opined that APSIM performs better than DSSAT in simulating wheat growth and yield in the arid 
region of Pakistan. Some of the publications made using APSIM can be seen at 
https://www.apsim.info/Portals/0/Documentation/ Relevant%20APSIM%20Papers.pdf. 

CropSyst (Stöckle et al., 2003)

The CropSyst model was developed to serve as an analytic tool to study the effect of cropping systems 
management on productivity and the environment. The model simulates the soil water and nitrogen budgets, crop 
growth and development, crop yield, residue production and decomposition, soil erosion by water, and salinity. The 
implementation of a generic crop simulation enables the simulation of both, yearly and multiple-year crops and crops 
rotations via a single set of parameters. 
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DSSAT (Hoogenboom et al., 2015) 

One of the most widely used modeling systems across the world is the Decision Support System for 
Agrotechnology Transfer model (DDSAT), which was initially developed under the auspices of the International 
Benchmark Sites Network for Agro technology Transfer (Hoogenboom, 2003). The DSSAT model includes 16 
generic simulation models, like the cereal model CERES for wheat, corn, barley, sorghum, millet and rice (Ritchie 
et al., 1998), the grain legume model CROPGRO for soybean, peanut, dry bean, and chickpea (Boote et al., 1998), 
the SUBSTOR model for potato, the CROPSIM model for cassava, OILCROP for sunflower and CANERO for 
sugarcane (Hoogenboom, 2003).  

These models are process-oriented, designed to have global applications, and work independent of 
location, season, crop cultivar, and management system. The models simulate the effects of weather, soil water, 
genotype, and soil and crop nitrogen dynamics on crop growth and yield (Jones et al., 2003). Several applications 
has been listed like Climate change impact assessment, Irrigation management, Fertilizer management, Crop 
improvement, Pest and disease management, Spatial analysis, Tillage simulation, Crop rotations. 

EPIC (Williams et al., 1983 & 1989) 

Environmental Policy Integrated Climate (EPIC) model is a cropping systems model that was developed 
to estimate soil productivity as affected by erosion as part of the Soil and Water Resources Conservation Act 
analysis for 1980. EPIC simulates approximately eighty crops with one crop growth model using unique parameter 
values for each crop.  It predicts effects of management decisions on soil, water, nutrient and pesticide movements, 
and their combined impact on soil loss, water quality, and crop yields for areas with homogeneous soils and 
management.  Besides crop yield simulations several studies involving different types of irrigation, climate change 
effects, nutrient cycling and nutrient loss, wind and water erosion, soil carbon sequestration, economic and 
environment analysis were documented by Gassman et al. (2005) and is available at 
http://www.card.iastate.edu/products/ publications/pdf/05wp397.pdf.  

GOSSYM/COMAX (McKinion et al., 1989) 

It is mechanistic cotton growth model and expert system that simulates cotton growth given selected 
weather, soil and management practices. The management options includes fertilizer and irrigation strategies. The 
model operates on daily time steps and calculates material balances for water and nitrogen using weather and soil 
data to predict crop growth and crop yield. The model is provided at free of cost and being used in research related 
cotton. The experiment with cotton conducted by Gertsis et al. (1997) in three different locations of Greece 
indicated that the simulation by GOSSYM followed the observed trends in the farmer's field 

InfoCrop (Agarwal et al., 2006) 

InfoCrop, a generic dynamic crop model, has been developed to provide integrated assessment of the 
effect of weather, variety, pests, soil and management practices on crop growth and yield, as well as on soil 
nitrogen and organic carbon dynamics in aerobic as well as anaerobic conditions, and greenhouse gas emissions. 
The model considers the key processes related to crop growth, effects of water deficit, flooding, nitrogen 
management, temperature and frost stresses, crop–pest interactions, soil water and nitrogen balance and (soil) 
organic carbon dynamics. Based on generic InfoCrop Krishnan et al. (2016) developed "Web InfoCrop" for wheat, 
hosted at http://infocrop. iari.res.in/wheatmodel/UserInterface/ HomeModule/ Default.aspx. One can register and 
login for creating project to find out best sowing date, best variety and for yield forecasting.  

Constraints and Confusions 

In any modeling the saying "Garbage in garbage out" holds good for crop simulation models and its DSS. 
Hence, the team who builds a DSS should be careful enough to incorporate the possible complex environment by 
which the crop is grown. Literature in agricultural science was replete with many empirical crop production 
functions not based on explicit theory, and their seemingly contradictory results often could not be reconciled 
because of the absence of a unifying concept. Consequence of advances in computer technology, capable handling 
complex systems, numerous theoretical crop models were developed but still there is no single DSS which can be 
considered as best.  

Many times interested team of scientists belonging to an institution develops a DSS and applies for their 
purpose but not utilised by others. Most models are virtually untested or poorly tested and hence their usefulness is 
unproven. It is easier to formulate models than to validate them. Often agronomists confused and discouraged by 
the complexity of the models, the lack of model testing, and the inevitable inaccuracies that arise when such testing 
is done. Consequently, they have seriously doubted the usability of crop models in agronomy. Unfortunately, this 
confusion is caused partly by those who are naively optimistic that crop modeling is the panacea for agricultural 
problems and apply crop models indiscriminately. Most agronomists do not fully understood the concept of crop 
growth modeling and systems-approach research. 
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Water is the primary medium through which climate change influences Earth’s ecosystem and thus the 
livelihood and well-being of societies. Higher temperatures and changes in extreme weather conditions are projected to 
affect availability and distribution of rainfall, snowmelt, river flows and groundwater, and further deteriorate water quality. 
The poor, who are the most vulnerable, are likely to be adversely affected. Water stress is already high, particularly in 
many developing countries; improved management is critical to ensure sustainable development. Water resources 
management affects almost all aspects of the economy, in particular health, food production and security; domestic water 
supply and sanitation; energy and industry; and environmental sustainability. 
Climate change and projections 

IPCC (2014) contemplate that warming of the climate system is unequivocal, and since the 1950s, many of 
the observed changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed, the 
amounts of snow and ice have diminished, and sea level has risen. Anthropogenic greenhouse gas emissions have 
increased since the pre-industrial era, driven largely by economic and population growth, and are now higher than ever. 
This has led to atmospheric concentrations of carbon dioxide, methane and nitrous oxide that are unprecedented in at 
least the last 800,000 years. Their effects, together with those of other anthropogenic drivers, have been detected 
throughout the climate system and are extremely likely to have been the dominant cause of the observed warming since 
the mid-20th century. In recent decades, changes in climate have caused impacts on natural and human systems on all 
continents and across the oceans. Impacts are due to observed climate change, irrespective of its cause, indicating the 
sensitivity of natural and human systems to changing climate.  

Changes in many extreme weather and climate events have been observed since about 1950. Some of these 
changes have been linked to human influences, including a decrease in cold temperature extremes, an increase in 
warm temperature extremes, an increase in extreme high sea levels and an increase in the number of heavy 
precipitation events in a number of regions. Changes in temperature and precipitation patterns consequent to climate 
change are expected to affect the spatial and temporal distribution of water resources. GCM predictions of 
rainfall and temperature changes are often associated with large uncertainties. GCMs predict a stronger effect of 
global warming in mountain regions compared to lowlands, due to a decreasing lapse rate. 

Evidence of observed climate-change impacts is strongest and most comprehensive for natural systems. In many 
regions, changing precipitation or melting snow and ice are altering hydrological systems, affecting water resources in 
terms of quantity and quality. Many terrestrial, freshwater, and marine species have shifted their geographic ranges, 
seasonal activities, migration patterns, abundances, and species interactions in response to ongoing climate change. Some 
impacts on human systems have also been attributed to climate change, with a major or minor contribution of climate 
change distinguishable from other influences. Climate change will add to the many economic and social challenges 
already being faced by water management in agricultural areas. While some aspects of climate change such as increased 
precipitation may bring some localized benefits, there will also be a range of adverse impacts, including reduced water 
availability and more frequent extreme weather. Climate change is reducing the availability of water resources due to 
increases in average temperatures, changes in rainfall levels and patterns, and the increasing frequency and intensity of 
extreme weather events. The paper describes the details situation of water resources in India in context to climate change. 
Impact on water resources 

Water is a very vital natural resource on which the survival of all living species is dependent. Since it is not 
spatially distributed in a way as to be able to meet the requirements of the population at a local level, proper management 
of water resources becomes extremely important so as to enable meeting the current and future demands as well as to 
ensure sustainability. About 97% of the World’s water resources are present in oceans. The remaining 3% of the water 
resources are present on land. Out of the 3 % of water available on land, 2% is on ice caps which can not be utilized. The 
remaining 1 % is only the available utilizable water on land.  About 97% of the available fresh water on earth is 
groundwater and India has 16% of world’s population while having only 2% of land and 4% of fresh water resources. 
Compared to average annual rainfall of Saudi Arabia  of about 150 mm, our Rain fall (1194 mm) is much higher i.e. 
almost 1.2 m height of water above the entire land The percent rainfall received due to South-west and North-east 
monsoons is 74 and 3 per cent, respectively. The remaining is received in pre & post monsoon periods and hence it needs 
storage.  
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Climate change is recognized as one of the most serious challenges facing the world today and is expected to 
impact hydrological processes such as precipitation, and evapotranspiration. This, in turn, may have direct impact on 
stream flow and groundwater recharge. Likely impacts of projected climate change on water resources, consequent to 
global warming due to increasing concentrations of greenhouse gases in the atmosphere, has emerged as a matter of grave 
concern to decision makers all over the globe. The impact of climate change on stream flow in arid and humid basins was 
investigated. Estimates of freshwater resources in the post climate change period are expressed in terms of mean annual 
river discharges. Climate change is expected to exacerbate current stresses on water resources resulting from population 
growth, economic factors and land use changes, including urbanization. On a regional scale, mountain snow packs, 
glaciers and small ice caps play a crucial role in freshwater availability. Widespread mass losses from glaciers and 
reduction in snow cover, reported in recent times, are projected to accelerate throughout the 21st century, reducing water 
availability, hydropower potential, and changing seasonality of flows in regions supplied by melt water from major 
mountain ranges, where more than one-sixth of the world population currently lives. Runoff is projected with high 
confidence to increase by 10 to 40% by mid-century at higher latitudes and in some wet tropical areas, including populous 
areas in East and South-East Asia due to increase in rainfall and lower rates of evapotranspiration. Also, it is projected to 
decrease by 10 to 30% over some dry regions at mid latitudes and dry tropics, due to decrease in rainfall and higher rates 
of evapotranspiration. There is also high confidence in the projection that many semi-arid areas will suffer a reduction in 
water resources due to climate change. Drought-affected areas are projected to increase in extent, with the potential for 
adverse impacts on multiple sectors, including agriculture, water supply, energy production and health. Regionally, large 
increase in irrigation water demand is projected as a result of climate change. 

Projected changes in the water cycle over the next few decades show similar large-scale patterns to those towards 
the end of the century, but with smaller magnitude. Changes in the near-term, and at the regional scale will be strongly 
influenced by natural internal variability and may be affected by anthropogenic aerosol emissions.   
• The high latitudes and the equatorial Pacific Ocean are likely to experience an increase in annual mean precipitation by

the end of this century under the RCP8.5 scenario. In many mid latitude and subtropical dry regions, mean precipitation
will likely decrease, while in many mid latitude wet regions, mean precipitation will likely increase by the end of this
century under the RCP8.5 scenario.

• Extreme precipitation events over most of the mid-latitude land masses and over wet tropical regions will very likely
become more intense and more frequent by the end of this century, as global mean surface temperature increases.

• Globally, it is likely that the area encompassed by monsoon systems will increase over the 21st century. While monsoon
winds are likely to weaken, monsoon precipitation is likely to intensify due to the increase in atmospheric moisture.
Monsoon onset dates are likely to become earlier or not to change much. Monsoon retreat dates will likely be delayed,
resulting in lengthening of the monsoon season in many regions.

• There is high confidence that the El Niño-Southern Oscillation (ENSO) will remain the dominant mode of interannual
variability in the tropical Pacific, with global effects in the 21st century. Due to the increase in moisture availability,
ENSO-related precipitation variability on regional scales will likely intensify. Natural variations of the amplitude and
spatial pattern of ENSO are large and thus confidence in any specific projected change in ENSO and related regional
phenomena for the 21st century remains low.

Water management for agriculture is becoming increasingly complex. The challenges of climate change will 
have to be met through adaptation. Agriculture is an important sector in India providing employment opportunities to rural 
population and supporting food security goals. However, agriculture requires water, an increasingly scarce resource. 
Choices for agricultural water management include a large range of technical, infrastructure, economic and social factors. 
Irrigated agriculture is protected to some extent from natural variability by hydraulic infrastructure, but the sector uses a 
major share of the available water resources in the world.  
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ABSTRACT 
Dynamical downscaling technique was employed for two global climate model (GFDL-ESM2M and 

HadGEM2-ES) to characterize the effects of large-scale climate processes at local scale using the Regional Climate 
Model (RegCM4.4) over Tamilnadu under Representative Concentration Pathways (RCPs) 4.5 and 8.5 scenarios. 
There exists difference in the projection of climate variables across time slices and between climate models. 
Irrespective of the models, scenarios and time slices, the maximum and minimum temperatures are projected to 
increase. The increase in maximum temperature per decade projected by GFDL-ESM2M will be up to 0.13°C and 
0.34°C for RCP4.5 and RCP8.5, respectively while HadGEM2-ES projected increase upto 0.24°C and 0.50°C for 
RCP4.5 and RCP8.5, respectively. Minimum temperature projected by GFDL-ESM2M found to increase about 
0.15°C and 0.37°C per decade for RCP4.5 and RCP8.5, respectively. HadGEM2-ES also projected increase in 
minimum temperature about 0.25°C and 0.53°C for RCP4.5 and RCP8.5 per decade, respectively. GFDL-ESM2M 
projected 6.58 mm and 9.07 mm increase in rainfall per decade under RCP4.5 and RCP8.5 scenario, respectively. In 
case of HadGEM2-ES, the same was 10.08 mm increase for RCP4.5 and 5.91mm decrease under RCP8.5. The solar 
radiation, wind speed and relative humidity projected by the models showed negligible variation over time scales.  
[ 

Keywords: Dynamical downscaling, RCP scenarios, Global climate model, Regional Climate Model 
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Projections of climate change are critical for 
assessing their potential impacts on natural systems. 
Quantification of climate system responses is crucial 
since climate change is unequivocal. The climate 
change studies are carried out around the world, 
mainly by employing climate models, which projects 
the future climate based on scenarios given by 
Intergovernmental Panel on Climate Change (IPCC). 
The Coupled Model Intercomparison Project (CMIP) 
is the multi-model experimental framework utilized 
by IPCC for bringing out information on changing 
climate. The present assessment report (AR5) 
released during 2013 was based on CMIP5 models. 
The CMIP5 set of experiments (Taylor et al., 2012) 
includes simulations of 20th century climate (referred 
to as historical experiments) and projection 
experiments of 21st century climate under the new 
greenhouse gas (GHG) emission scenarios termed 
“Representative Concentration Pathways” (RCPs) 
which consider a much wider variable input to the 
social-economic models, including population, land use, 
energy intensity, energy use and regional differentiated 
development (Maslin, 2013). Climate models are 
important tools for improving our understanding and 
predictability of climate behavior on seasonal, annual, 
decadal, and centennial time scales. The Global Climate 
Models (GCMs) are the primary tools for investigating 
global change, provide reasonable simulation accuracy 

of present climate when viewed from global, 
hemispheric, and continental scales. Data at the models' 
finest scale of representation (typically 2 to 4 degrees of 
latitude or longitude) are often found to be highly 
erroneous, especially in the important area of hydrology 
(Hewitson and Crane, 1996). This warrants downscaling 
which is necessary for agricultural impacts assessments 
because factors that affect crops (soil, surface, and 
farming practices) vary at finer scales than typical 
GCM spatial resolution which is greater than 100 km. 
Hence dynamical downscaling would be a feasible 
approach where high-resolution regional simulations 
are used to dynamically extrapolate the effects of 
large-scale climate processes to regional or local 
scales of interest by employing regional climate 
models (RCMs).  

MATERIALS AND METHODS 
A research work was carried out to analyze 

CMIP5 climate projections over Tamilnadu using 
RegCM4.4. The climate projections was studied for 
entire state of Tamilnadu, which is geographically 
located between 7.91°N to 13.65°N latitude and 
76.17°E to 80.82°E longitude. The climate of 
Tamilnadu is basically tropical. Due to its proximity 
to the sea the summer is less hot and winter is less 
cold. The maximum daily temperature rarely exceeds 
43°C and the minimum daily temperature seldom 
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falls below 18°C. The State is exposed to both 
Southwest and Northeast monsoons. The climate 
simulations for the future periods (2011-2100) was 
analyzed with the six extracted variables viz., 
rainfall, maximum temperature, minimum 
temperature, solar radiation, relative humidity and 
wind speed by ingesting two GCM boundaries 
(GFDL-ESM2M and HadGEM2-ES) in Regional 
Climate Model version 4.4  (RegCM4.4).

To study the variability with observation, 
the 30 year period from 1971 to 2000 was used as 
base year while 90 year period from 2011 to 2100 was 
used for analysis. The Representative Concentration 
Pathway (RCP4.5 and RCP8.5) scenario that describes 
anthropogenic forcings were used for the climate model 
simulations to compare the possible future climate in 
high emission scenario and medium stabilization 
scenario. RCP4.5 is a stabilization scenario under which 
greenhouse gas concentration stabilizes at about 540 
ppm by 2100 whereas under RCP8.5 warming is 
expected to continue seven times than pre industrial 
levels and stabilizes approximately at 2000ppm by 
2250. 
Lateral boundary conditions (GCM outputs) 

The output of GCM projections is normally 
run at coarse resolution, which is not sufficient to 
study small regions like Tamilnadu State. Hence, 
Regional Climate Models (RCMs) are employed to 
downscale the GCM outputs to finer resolution. The 
GCM outputs used to drive the RCM are termed as 
Lateral Boundary Conditions (LBCs) and in this study 
HadGEM (Met Office Hadley Centre HadGEM2-ES) 
with atmospheric resolution of N96 (1.875° ×1.25°) 
with 38 vertical levels, and GFDL (NOAA Geophysical 
Fluid Dynamics Laboratory ESM2M) with 1°×1° 
horizontal grid resolution outputs were used. The 
CMIP5 model outputs were accessed from Earth 
System Grid Federation (ESGF) gateways. 
Domain selection 

A domain covering most of the India was 
selected. The extent of the boundary of the domain 
was 2.00 to 25.61 °N and 66.45 to 90.96°E. This 
covers 112 EW and 112 NS points with a horizontal 
resolution of 25 km. 

RESULT AND DISCUSSION 
Projected trend in climate at the end century (Table 1) 

The decadal climate prediction was analyzed 
for the future evolution of variables viz., solar 
radiation, maximum temperature, minimum 
temperature, rainfall, relative humidity and wind 
speed in climate system encompassing forced 
components. The influence of forcing conditions at 
shorter and longer time scales is discussed here. The 
likely change in weather parameters by the end of the 

century, was analyzed by working out decadal trend 
from 2010-2100. Rainfall exhibited an increasing trend. 
For each decade, an increase in rainfall of 6.58 mm was 
projected by GFDL-ESM2M for RCP4.5 and an 
increase of 9.07 mm for RCP8.5. In case of HadGEM2-
ES, 10.08 mm increase was projected for RCP4.5 and 
decrease in 5.91 mm for RCP8.5. However HadGEM2-
ES projected a decrease in rainfall under RCP8.5 while 
GFDL-ESM2M projected considerable increase. 
Between the RCPs, RCP8.5 projected higher increase 
than RCP4.5 in GFDL-ESM2M while higher rate of 
increase in HadGEM2-ES was projected by 
RCP4.5(Fig.1e). Maximum temperature was projected 
by GFDL-ESM2M to the tune of 0.13oC for each 
decade of RCP4.5 and up to 0.34oC for RCP8.5. 
HadGEM2-ES projected an increase of 0.24oC for 
RCP4.5 and 0.50oC increase for RCP8.5. (Fig. 1b) 
Minimum temperature was also projected to increase, 
with an increase of 0.15oC for RCP4.5 and 0.37oC for 
RCP8.5 decade-1 was anticipated for the model 
GFDL-ESM2M. HadGEM2-ES projected an increase 
of 0.25oC decade-1 for RCP4.5 and 0.53oC decade-1

increase for RCP8.5 (Fig.1c). All other parameters 
such as solar radiation (Fig.1a), relative humidity 
(Fig.1d) and wind speed (Fig.1f) had very little 
change or no change at all. Inter-comparison between 
models made it clear that in both the models RCP8.5 
projected higher increase in maximum and minimum 
temperature than RCP4.5. Among the models 
HadGEM2-ES projected a higher increase. Minimum 
temperature was projected to increase with higher 
magnitude than that of maximum temperature. 
Interestingly, HadGEM2-ES projected increasing trend 
in rainfall under RCP4.5 and declining trend under 
RCP8.5 whereas, GFDL-ESM2M projected a 
considerable increase under both scenarios exhibiting 
the variations in model projections. 
Projections of solar radiation over Tamilnadu 

Solar radiation had its highest during the 
decade (2061-2070). Between the models 
HadGEM2-ES had projected higher increase in solar 
radiation than GFDL-ESM2M.It is reaffirmed from 
the study that there is no significant increase or 
decrease in solar radiation projected by the models 
for both scenarios (Fig.1a). The magnitude of 
dimming trends of solar radiation due to aerosol 
forcing was underestimated by the CMIP5 models 
(Allen et al., 2013). Altitude contributes to spatial 
variation (Blumthaler, 2012)(Fig.2).
Projections of maximum temperature over 
Tamilnadu 
The temperature increase was almost same for both 
the scenarios throughout 21st century. Maximum 
temperature projected by GFDL-ESM2M over 21st

century varied between 29.9oC to 31.4oC for RCP4.5 
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and 29.9oC to 32.6oC mm for RCP8.5(Fig. 1b). 
Maximum temperature projected by HadGEM2-ES 
over 21st century varied between 31.9oC to 33.9oC 
for RCP4.5 and 31.7oC to 35.5oC for RCP8.5.  RCPs 
of both the models had highest temperature during 
the same decades similar to solar radiation. The 
maximum temperature near coastal area is high 
owing to warm ocean currents on shore from Bay of 
Bengal helps to raise the temperature inland (Lal, 
2013) (Fig. 3). At longer time scales, the warming
rate begins to depend more on the specified green 
house gas concentration pathway and hence it is 
highest in RCP8.5 and significantly lower in RCP4.5 
particularly after mid century (IPCC,2013). Similar 
kind of increased projection under both the scenarios for 
two regions in Tamilnadu was observed by (Ramaraj, 
2014). For RCP4.5, warming in mid century is slightly 
less than at the end of 21st century. However for RCP4.5, 
warming at the end of the 21st century is remarkably 
higher than in mid century (Fig. 3). This is in agreement 
with the Xu and Xu (2012).  
Projections of minimum temperature over 
Tamilnadu 

Similar to maximum temperature, minimum 
temperature of both the models and RCPs had highest 
and lowest temperature during the same decades. 
Highest temperature for RCP4.5 in both the models 
was observed during 2061-2070 decade while highest 
for RCP8.5 occurred during 2091-2098. Between the 
models HadGEM had projected higher increase in 
minimum temperature than GFDL-ESM2M. 
Minimum temperature projected by GFDL-ESM2M 
varied between 19.1oC to 20.7oC for RCP4.5 and 
19.3oC to 22.1oC for RCP8.5. Minimum temperature 
projected by HadGEM2-ES over 21st century varied 
between 19.8oC to 21.9oC for RCP4.5 and 19.7oC to 
23.7oC for RCP8.5. The minimum temperature over 
Tamilnadu was projected (Fig. 1c) to increase by 
both the models studied as reported by IPCC in its 
AR5 report however the range of increase varied 
between the models (Fig. 4). The GCM boundaries 
used to drive and variation in the parameter used 
might have influenced the differences in projecting 
the minimum temperature as indicated for maximum 
temperature. There is less variation in minimum 
temperature within the time slices under RCP4.5 
compared to RCP8.5. 
Projections of rainfall over Tamilnadu

There is consistent increase in decadal mean 
rainfall over Tamilnadu. Both the models simulate 
stronger mean rainfall in future period of 21st century. 
Rainfall projected by GFDL-ESM2M over 21st 
century varied between 1993 mm to 2239 mm for 
RCP4.5 and 2083 to 2223 mm for RCP8.5. The 

maximum rainfall of 2239 mm for RCP4.5 occurred 
in the decade 2041-2050 while 2223 mm for RCP8.5 
occurred during the decade 2091-2098. Rainfall 
projected by HadGEM2-ES over 21st century varied 
between 1110 mm to 1255 mm for RCP4.5 and 1150 
to 1239 mm for RCP8.5. The maximum rainfall of 
1255 mm for RCP4.5 occurred in the decade 2081-
2090 while it was 1239 mm for RCP8.5 occurred 
during the decade 2061-2070. 

On comparing the RCPs of both the models, 
each had peak rainfall and least rainfall in different 
decades exhibiting its temporal variability. The 
increase in projection of rainfall along the coast is 
attributed to increased rainfall extremes of landfall 
cyclones on the coasts of the Bay of Bengal and 
Arabian Sea (IPCC, 2013) (Fig 5). There is no 
considerable difference in the amount of rainfall 
between the RCPs of both models. Between the models 
GFDL-ESM2M had projected high amount of rainfall 
than HadGEM2-ES.As projected by GFDL-ESM2M 
increase in mean rainfall is higher in RCP8.5 compared to 
RCP4.5. Menon et al. (2013) studied similar increase in 
seasonal mean rainfall over India using CMIP5 models. 
Although HadGEM2-ES projected decrease in mean 
rainfall under RCP8.5 scenario, there is increase in 
quantum of rainfall projected from near century to end 
century under RCP4.5 scenario (Fig. 5). Menon et al. 
(2013) found that HadGEM2-ES underestimated rainfall 
over all India region. GFDL-ESM2M projected more 
inter-annual variability in rainfall within time slices 
compare to HadGEM2-ES (Fig. 5). A study carried out 
by Dash et al., 2014 revealed that HadGEM2 
underestimated rainfall over most parts of India except 
Western Ghats and Arunachal Pradesh.  
Projections of relative humidity over Tamilnadu 

Similar to temperature and solar 
radiation, relative humidity also had showed its 
highest during 2061-2070 decade. Between the 
models GFDL-ESM2M had projected higher relative 
humidity than HadGEM2-ES irrespective of the 
decade studied. Relative humidity projected by 
GFDL-ESM2M over 21st century varied between 91.3 
per cent to 92.1 per cent for RCP4.5 and 91.4 per cent to 
92.3 per cent for RCP8.5. The maximum of 92.1 per 
cent for RCP4.5 and 92.3 for RCP8.5 occurred in the 
decade 2061-2070. Relative humidity over Tamilnadu 
was projected to vary positively by GFDL-ESM2M and 
negatively by HadGEM2-ES (Table 1), the range of 
increase or decrease was not consistent and the 
difference was also meager (Fig. 1d).  The reason may 
be attributed to the variability of atmospheric moisture 
storage is negligible under changing climate (IPCC, 
2013). 
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Table 1. Slope values per decade recorded for different weather parameters 

Parameters GFDL HadGEM
RCP4.5 RCP8.5 RCP4.5 RCP8.5

Rainfall (mm) 6.58 9.07 10.08 -5.91
Maximum Temperature (oC) 0.13 0.34 0.24 0.50
Minimum Temperature (oC) 0.15 0.37 0.25 0.53
Solar Radiation (MJ m-2) -0.01 0.02 0.00 0.02
Relative humidity (%) 0.06 0.06 -0.02 -0.05
Wind Speed      (Km h-1) -0.02 -0.04 0.00 -0.04
GFDL - GFDL-ESM2M;  HadGEM - HadGEM2-ES

Fig. 1: Decadal projections of weather parameters over Tamil Nadu

(d)(a)

(b) (e)

(c)
(f)
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Fig. 2a : Spatial variation  of Solar Radiation (MJ m-2)
for RCP4.5 over Tamil Nadu

Fig. 2b : Spatial variation  of Solar Radiation (MJ m-2) 
for RCP8.5 over Tamil Nadu 

Fig. 3a : Spatial variation  of Maximum temperature 
(oC)for RCP4.5 over Tamil Nadu 

Fig. 3b : Spatial variation  of Maximum temperature 
(oC)for RCP8.5 over Tamil Nadu 

Fig. 4a : Spatial variation  of Minimum temperature 
(oC)for RCP4.5 over Tamil Nadu 

Fig. 4b : Spatial variation  of Minimum temperature 
(oC)for RCP8.5 over Tamil Nadu 

Fig. 4a : Spatial variation  of Rainfall (mm)for 
RCP4.5 over Tamil Nadu 

Fig. 4b : Spatial variation  of Rainfall (mm)for 
RCP8.5 over Tamil Nadu 
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Projections of wind speed over Tamil Nadu 
Wind speed over Tamil Nadu was projected 

to vary negatively by both the models studied. There 
is no significant change in wind speed that was 
projected for the 21st Century (Table. 1). Wind speed 
projected by GFDL-ESM2M ranged between 13.6 kmh-
1 to 14.6 kmh-1 for RCP4.5 and 13.3 kmh-1 to 14.1 
kmh-1 in RCP8.5. The maximum of 14.6 kmh-1 for 
RCP4.5 and 14.1 kmh-1 for RCP8.5 projected in the 
decade 2061-2070.  Wind speed projected by 
HadGEM2-ES varied between 14.0 kmh-1 to 14.8 
kmh-1 for RCP4.5 and 13.7 kmh-1 to 14.8 kmh-1 for
RCP8.5. The maximum of 14.8 kmh-1 for RCP4.5 
and RCP8.5 was observed in the decade 2061-2070 
(Fig. 1f). The reason may be attributed to the 
downscaling skill of the model. Downscaling skill varies 
with location, season, parameter and boundary conditions. 
Since the model skill increases with higher resolution, it is 
noted that an increase in RCM resolution from 50 km to 6 
km, increased extreme wind speeds more than the mean 
wind speed (Pryor et al., 2012). Similar to temperature, 
solar radiation and relative humidity, wind speed also 
showed its highest during the same decades. Compared to 
GFDL-ESM2M, HadGEM2-ES had projected higher 
increase in wind speed. 
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ABSTRACT 
Climatic variability is a major cause of less productivity in the rainfed sub-tropical regions. The understanding of 

influence of climate variability on agricultural production is needed to cope with expected changes in rainfall and 
temperature. The vulnerability of maize production system to climate variability depends on its time of occurrence relative 
to the crop growth stages. Keeping in view of these facts, the present investigation was carried out to study the trends of 
climate variability and its impact on maize production under rainfed ecology. The impact of both annual and intra-
seasonal climatic variability on maize yield and their relations were measured using regression and correlation 
coefficient statistics. The results showed potential variability in intra-seasonal rainfall and maximum temperature as 
well as annual maximum temperature impact on maize crop. The reduction in rainfall especially during emergence 
and early growth stage and increasing trends of seasonal maximum temperature had negative impact on maize 
production. This study highlighted that in addition to shift in intra-seasonal rainfall pattern, variation in rainfall 
create a serious threat since rainfed cultivation of maize in the himalayan region. Thus to assure the moisture 
availability during emergence and early plant growth stage, early planting of maize in the region is advisable to 
minimize the future risk due to climate variability.  

Key words: Climate variability, maize, climate trend, correlation, sub-tropical mid hills 

Globally maize (Zea mays L) is wheat 
subordinate? Cereal in terms of area, production and 
productivity grown throughout tropical to temperate 
ecologies. In developing countries, about 75 percent 
of the total maize areas are under tropical 
environment (Zaidi and Singh 2005). In general, the 
productivity of tropical maize is comparatively lower 
than temperate maize. This is because of less 
favourable and marginal conditions in tropical 
ecology. In India, about 85 per cent of the total maize 
area come under tropical to sub-tropical ecology 
grown during summer-rainy season, which 
occasionally faces extreme, conditions i.e. drought 
and water logging or excessive moisture. These are 
the major limiting factors for maize production and 
productivity during the summer rainy season. So far, 
most studies have focussed on measuring the impacts 
of changes in climatic means on crop yield, whereas, 
climatic variability is a broad concept and rarely 
described clearly. The global climate change is under 
way and it is predicted to further increase, as realized 
in recent past. However, in addition to change in 
climatic condition, climatic variability is expected to 
increase in some regions in the future, including the 
frequency and intensity of extreme climatic 
conditions i.e. excessive and erratic distribution of 

rainfall (Rowhani et al 2011). It is generally believed 
that maize is almost versatile crop, adapts to different 
agro-ecological and climatic conditions due to its 
hardy nature. Although, the effects of short term 
climatic variability on maize production system have 
been well recognized for a long time but poorly 
studies. Long term climatic variability influences 
sowing dates, crop duration, management practices 
and crop yield. The degree of vulnerability of crops 
to climate variability depends mainly on the growth 
stages of the crop at the time of weather aberration. 
Similar results are in agreement with the findings of 
Lansigan et al (2000). 

The aim of present study was to investigate 
the trends in climate variability and its impact on
maize crop in sub-tropical rainfed areas. The data 
were analyzed to determine the trends in climate 
variables, if any and relate these to maize production 
for minimizing the risk under climate variability. 

MATERIALS AND METHODS 
 The study was conducted at Maize Breeding 

Research Sub Station (MBRSS), SKUAST-J, 
Poonch, India situated at Latitude 330 46’ 1.7” N and 
longitude 740 06’ 44.1” E with an altitude of 1002m
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above mean sea level (AMSL). The climatic data 
collected daily through meteorological observatory 
established at the station from 2006 to 2013 were 
scrutinized and compiled on annual, seasonal and 
intra-seasonal basis. Maize hybridPHM-12is a 
locally developed and well adapted in prevailing 
agro-climatic conditions was grown at the 
experimental farm of MBRSS Poonch during 
kharif2006 to 2013.  The data of date of sowing and 
grain yield obtained each year are shown in table 1. 

The climatic data sets were statistically 
analysed to investigate the general trend of rainfall 
and mean maximum temperature on annual as well as 
intra-seasonal basis. The data were subjected to linear 
regression analysis to establish the response of 
rainfall and temperature against years. The step wise 
multiple regressions was also analysed which showed 
reflection of inter and intra- seasonal total rainfall 
over the years. The regression constants on intercept 
and x-variables were obtained from the best fit lines 
in correlation with year and climate variables. Further 
the crop growth cycle was divided into six stages 
viz., pre-season (30 days before sowing, sowing to 
emergence (0-9 after sowing, DAS), early vegetative 
stage(10-30 DAS), late vegetative and flowing stage 
(31-60 DAS), grain filling stage (61-100 DAS), and 
whole growth cycle (0-100 DAS). Relationship between 
three climatic variables viz., total rainfall (mm), number 
of rainy days and maximum temperature oC were 
observed and grain yield were established for each of 
the six stages through correlation coefficient analysis. 

RESULTS AND DISCUSSION 
The data observed climate variables are 

depicted in Figure 1 b and Table 1. Total annual 
rainfall varied from minimum of 1186.5 mm (in 
2009) to maximum of 2615.7 mm (in 2006) (Fig.1B).
Mean annual rainfall for the study period was 
1818.59 mm (Table.1). Annual rainfall showed 
negligible trend at a statistically non-significant 
negative rate of -5.59 mm per year (Table.2, Fig.1B). 
There was almost no relationship between total 
annual rainfall and year (r2=0.0008), which was non-
significantly negative (-0.028) correlation (Table.2).
However, increase and decrease of annual rainfall
from average occurred at fairly regular interval years 
of study. The decrease in rainfall quantity occurred 
primarily in January, March, July (Table 2), October, 
November and December at the rate of 10.5 mm, 
18.86 mm, 45 mm, 6.63 mm, 14.48 mm and 13.03 
mm per year, respectively (Fig.3A-3G). However, 
trend of rainfall in May and June also had negative 
value but it was non-significant and negligible that 
showed near linear stable performance (Table.2).
There were gradual increase in rainfall occurred 

during month of February (Fig.3B), April (Fig.3D),
August (Fig.2F) and September (Fig.2G) at the rate 
of 19.5 mm, 24.21 mm, 27.5 mm and 36 mm per 
year, respectively (Table.2). The regression analysis 
showed the seasonal and intra-seasonal trend of 
rainfall and temperature. 

The analysis showed increasing trend of 
rainfall during maize growing season i.e. May to 
September at the rate of 14.28 mm rainfall per year 
(Table.2). A closer look at data showed that the total 
rainfall for these five months have been increased 
since 2010 mainly due to high increase trend of 
rainfall in month of August and September 
(Fig.2F&2G) where as the months May and June 
showed almost stable trend towards rainfall. Apart 
from May-June and August-September that had 
stable and increasing trend of rainfall respectively, 
the rest month of the maize growing season i.e. July 
was characterised by very high decreasing trend of 
rainfall (Table.2). The decreasing trends of rainfall in 
July have been particularly drastic since 2009 
(Fig.2E). The month of July is very important for 
maize grower as the period come under sowing to 
emergence and early vegetative stage of maize crop. 
The result of step wise multiple regression showed 
significant trend and correlation of climate variable 
over the years and months except for January, 
February, March, April and June (Table.3). The trend 
of total rainfall in month of June was non-significant 
and showed non-significant relation with years. 

Mean annual maximum temperature 
increased from 2006 to 2013 at the rate of 0.30C per 
year (fig.1C). It showed significant positive trend 
(r2=0.741) with strong positive correlation (0.854)
(Table.2). The mean maximum temperature during 
maize growing season showed increasing trend at the 
rate of 0.40C per year (Fig.2B) with significant 
positive correlation of 0.8762 (Table.2). 
The regression analysis of grain yield of the maize 
variety over the study period showed that trend of 
yield loss by 0.27 tons/ year due to variable climate 
conditions (Fig.1A). The low grain yield during 2008, 
2009 and 2011 contributed to the decreasing trend of 
yield. Analysis of regression revealed that positive 
relationship between the total annual rainfall and 
grain yield, which can be attributed to the sensitivity 
of maize crop to rainfall (Fig.1D) whereas, average 
annual maximum temperature showed negative 
association with grain yield (Fig.1E). Grain yield 
performance of the maize variety ranged from 5.4 t 
ha-1 in 2008 to 9.6 t ha-1 in 2007 (Table.4). 
Correlation coefficient analysis showed positive 
association of total rainfall at different stages of 
maize growth and development with grain yield 
except for late vegetative and grain filling stage. 
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The result showed significant positive 
association of total seasonal rainfall at early 
vegetative stage and whole crop cycle with grain 
yield (Table 4).
Thus, good amount of rainfall during emergence, 
early vegetative stage and whole crop cycle was 
favourable to maize yield. However, the number of 
rainy days during whole crop cycle showed a 
significant negative relationship with yield. Rain days 
at different crop growth stages were found non-
significant negative association with yield (Table 4). 

The intra and inter-seasonal climatic 
variability and its impact on maize yield were 
analysed. Apart from measuring the seasonal/annual 
climatic means variables capturing intra-seasonal 
variability in temperature and rainfall were also 
studied. The study reflected highly variable pattern of 
climatic means which could pose the agriculture 
practices in the region to a high level of uncertainty 
in terms of sustainable crop production. 
This variation in rainfall during study period had 
been manifested by shifting trend of rain. The total 
rainfall for the month of July was showed significant 
negative trend and gradually shifted to the month of 
August and September, which showed significant 
positive trend of rainfall. Conversely, the total 
rainfall for the four consecutive months of October, 
November, December and January were showed 
negative drift and shifted to the month of February 
and April which showed positive movement for total 
rainfall. However, the rainfall pattern in the month of 
March was highly unpredictable which had not 
showed any shifting behaviour rather than negative 
inclination. These results are in agreement with the 
findings of Rowhani et al (2011) and 
Guhathakurtaand Saji (2012). 

The trend of rainfall in the region during 
crop growth cycle i.e. May to September was linear 
and did not showed any significant trend. But there 
was a drastic variation of rainfall within crop growing 
season which adversely affect the grain yield. The 
decreasing trends of rainfall in the month of July 
were the major cause of low productivity. The total 
rainfall for the months of July decreased from and 
580.7 mm in 2006to 170 mm in 2011. The amount of 
rainfall during July in last four to five years is too 
minute for the maize growth stages to express its full 
genetic potential. However, this month has received 
some good amount of rainfall during 2013 which 
were reflected on grain yield of maize. The result is 
in general agreement with the findings of Challinor 
et al (2003) who had investigated the effect of intra-
seasonal rainfall variability on crop yield. 

The trend of total rainfall during maize 
growing season and intra-season were also found 

significant in multiple regression analysis except for 
month of June which showed non-significant trend 
and thus had stable climate variable. With the present 
trends in the early season, it was necessary to 
determine approximately when farmers could plant 
the maize crop with a reasonable certainty of crop 
survival.  

Zaidi and Singh (2005) also showed that the 
emergence and early vegetative stage of maize 
growth cycle require good amount of moisture. Water 
stress during these two stages had the most miserable 
effect on maize grain yield. The amount of rainfall in 
July at the site of investigation is not sufficient to 
support the good growth of the maize crop during the 
emergence and early vegetative phase. Therefore, 
farmers could plant maize crop as from early in June.
Sowing late in June is not sensible unless where 
irrigation facilities are available. The significant 
relationship between yield in maize and annual 
rainfall showed an increase in precipitation favouring 
yield. This highlighted the impact of intra-seasonal 
precipitation variability in the site of investigation. 

The climatic variation also evidenced by 
increasing trend of mean annual maximum 
temperature which showed drastic decline since 
2011. However, increasing trend of seasonal 
maximum temperature causes the low yield of maize 
in late relatively to the early season at this study site. 
Conclusively, the study showed both inter and intra-
seasonal changes in rainfall and temperature are 
associated with changes in maize yield. Cabas et al
(2009) showed that maize yields were increase with 
more intra- seasonal precipitation and decrease with 
higher temperatures. Many researchers have found 
both positive and negative association of rainfall at 
different stages of maize crop growth stages with 
respect to grain yield (Rowhani et al 2011). In this 
study, there was strong association of seasonal rainfall 
at early growth stages and whole growth cycle with 
yield. Contrarily, less water availability especially 
during emergence and early growth stage of plant
abridged the grain yield. 

It is clear that maize in the region closely 
linked to both intra-seasonal and annual climate 
variability and trends. Thus, simultaneous 
considerations of effective measures to ensure water 
availability during stress condition to sustainable 
improvement in the present trends of climate 
variability. However, the climate variability trends 
observed may or may not indicate permanent 
variability as it is based on only 8 years data, but it 
gives tentative trends that should be confirmed by 
further studies. 
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Fig. 1 The figures show the trend of annual maize grain yield (A), rainfall (mm) (B) and Max. Temperature (C) over 
years and relationship of grain yield with annual rainfall (D) and annual average max. Temperature (E). 

Table 1 Date of sowing and grain yield of maize variety PHM12 at MBRSS, Research Farm, Poonch, India during 
summer rainy season 2006-2013. 

Year Date of sowing Total Annual 
rainfall (mm)

Average annual Max. 
Temperature (oC)

Grain yield (t 
ha-1)

2006 June 24 2615.7 28.4 8.7 
2007 July 5 1571.0 28.4 9.6 
2008 July 4 1706.5 29.7 5.4 
2009 July 9 1186.5 30.1 5.8 
2010 June 25 1292.5 31.9 7.2 
2011 June 6 2156.0 31.7 6.2 
2012 June 8 1951.5 31.6 6.6 
2013 June 1 2069.0 31.7 7.0 
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Fig. 2 Figures show the seasonal (A-B) and monthly (C-G) trends of total rainfall (mm) and average Max. 
Temperature during maize growing period (May to September) in the region of investigation.   

Table 2 Linear regression model analysis for inter and intra seasonal climatic variables. 

Variables Regression Model (y)=(a+bx)
Regression coefficient t-value Probability R2 correlation

Total rainfall May -0.654x + 68.196 0.106 0.9418 0.0019 -0.0435
Total rainfall June -0.32x + 192.29 0.157 0.8805 0.0041 -0.0639
Total rainfall July -45.34x +531.51 2.42 0.0517 0.4943 -0.7031*
Total rainfall August 27.51x + 186.04 1.866 0.1112 0.3673 0.6061
Total rainfall September 36.01x – 9.382 2.831 0.0299* 0.5718 0.7562*
Total rainfall May to Sep., 14.29x + 968.65 0.396 0.7058 0.0254 0.1596
Total rainfall Annual/seasonal -5.59x + 1843.8 0.706 0.9459 0.0008 -0.0288
Average Max. Temp. May-Sep., 0.4059x + 779.9 4.454 0.0043** 0.7524 0.8762**
Annual Average Max. Tem. 0.3607x 694.86 5.522 0.0015** 0.7414 0.8541**
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Fig. 3 Figures show the month wise trend of rainfall for pre (A-D) and post (E-G) maize growing season in study area. 

Table 3 Stepwise multiple linear regression relating inter and intra-season to climatic variables. 
Variables Intercept a Bx t-Value Probability R² Correlation

Total rainfall January 19.218 +0.31298 x 0.630 0.552 0.062 0.249
Total rainfall February 22.776 -0.22309x 0.534 0.613 0.045 -0.212
Total rainfall March 27.299 +0.30560 x 0.489 0.642 0.038 0.195
Total rainfall April 30.779 +0.49071 x 1.949 0.099 0.387 0.622
Total rainfall May 32.415 +0.63119 x 4.636 0.004 ** 0.781 0.884** **
Total rainfall June 34.645 +0.46869 x 2.205 0.070 0.447 0.669
Total rainfall July 32.260 +0.81452 x 3.401 0.015 * 0.658 0.811 *
Total rainfall August 31.876 +0.63774 x 3.764 0.009 ** 0.702 0.838 **
Total rainfall September 31.138 +0.72750 x 3.836 0.009 ** 0.710 0.842 **
Total rainfall October 29.660 +0.55167 x 2.934 0.026 * 0.589 0.767 *
Total rainfall November 24.399 +0.97440 x 4.090 0.006 ** 0.736 0.857 **
Total rainfall December 19.699 +0.92238 x 5.337 0.002 ** 0.826 0.908 **
Average Max. Temp. May-Sep. 32.467 +0.65593 x 4.454 0.004 ** 0.767 0.876 **
Annual Average Max. Temp. 28.014 +0.55115 x 5.524 0.002 ** 0.835 0.914 **
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Table 4 Results from correlation coefficients analysis between grain yield of maize and climatic variables at 
different growth stages during the early season. 

Crop growth stages Average Max. Temp. (oC) Total rainfall (mm) No. of rainy days

Pre-season -0.241 0.131 -0.234

Sowing to emergence (0-9 DAS) -0.509* 0.073 -0.238

Early vegetative (10-30 DAS) -0.856** 0.706* -0.135

Late vegetative to flowering (31-60 DAS) -0.716* -0.20 -0.41

Gain filling (61-100 DAS) -0.713* -0.08 -0.1

Whole cycle (0-100 DAS) -0.747** 0.346 -0.598*

*, ** Significantly different from zero at 0.05 and 0.01 levels of probability. 

CONCLUSION 
This study was attempted to investigate the 

trends in climate variability and its impact on maize 
production in the north western himalayanregion of 
investigation. The vulnerability of maize production 
systems to climate variability depend on its time of 
occurrence relative to the growth stages of the crop. 
Maize production in sub-tropical rainfed area 
depends solely on natural precipitation and variability 
in rainfall and temperature affects its production. The 
results indicated that reduction in rainfall especially 
during emergence and early growth stages and 
increasing trend of seasonal temperature (Max.) have 
negative impact on maize production, which may 
pose a serious thread since maize is the staple food of 
the local farmers. Thus to escape the water stress 
during emergence and early growth stages, effective 
and efficient adoption measures should be promoted 
i.e. early planting of maize, irrigation facilities, 
drought tolerant varieties of maize etc. This will 
enhance their resilience and flexibility, when facing 
inevitable climate variability. 
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ABSTRACT 
An agroclimatic study was conducted to assess the climatic risks in fitting of rainfed crops based on weekly 

probabilistic values of Moisture Adequacy Index, (MAI) which is the ratio of actual evapotranspiration (AET) to 
potential evapotranspiration (PET). MAI was estimated at 50 and 75 per cent probability levels, compared to water 
demand of crops at different phases of growth and thereby to identify appropriate planting schedules for maize and rice 
based cropping systems in coarse, medium and fine textured soils in different districts under drought prone region 
(Zone IIIB) of Bihar. The AET was calculated by climatic water balance method using historical weather data. The 
results revealed that the crops grown in coarse textured soil had to endure greater water stress of different magnitudes at 
different phases of crop growth than those in medium and fine textured soils. During kharif season, maize could be 
successfully grown without water stress at any phases of growth across various districts and soils. Although adoption of 
crops during rabi season becomes risky, toria could be fitted in the cropping sequence for this drought prone region in 
fine textured soil. Results emanated from the study were of practical implication for field application and for breeding 
appropriate varieties matching with water availability period. The identification of water stress during different 
phenological phases of crops at varying risk levels could be useful for scheduling of irrigation.  
Key words: Water balance, climatic risk, moisture adequacy index, crop planning 

Rainfed agro-ecosystem plays a pivotal role 
in Indian agriculture (Venkateswarlu and Prasad, 
2012). Fulfilling water demand of crops is one 
important aspect for achieving potential productivity 
under rainfed condition. As several risks are involved 
in rainfed agriculture, it is necessary to slice down the 
climatic risks in crop production to achieve desired 
crop yield. Hence, correct evaluation of water 
availability and also water stress during different 
phonological stages is an important pre-requisite for 
crop planning under rainfed condition. The assessment 
of agro climatic potential and climatic risk at micro level 
needs urgent attention for resource allocation and 
management of rainfed agricultural system more 
efficiently. The evaluation of climatic risks in fitting of 
crops, based on probabilities of water availability in 
terms of the ratio of actual evapotranspiration (AET) to 
potential evapotranspiration (PET), compared to 
demand of crops has been recognized as a rational 
approach of practical utility to identify appropriate crops 
under rainfed condition in a region (Ramana Rao et al., 
1979a). The ratio AET/PET which indicates the rate at 
which water is supplied to the crop compared to its 
demand has been considered as an index of water 
availability to crops grown under rained condition 
(Ramana Rao et al., 1979a). Of all the agro climatic 
zones of Bihar, Zone IIIB, which comes under south 
Bihar alluvial plains is considered as chronically 
drought prone region and is traditionally regarded as 
the dry zone of Bihar. Apparently, the primary climatic 

constraint in this zone is the limited and variable 
moisture supply to the crops, due to low and variable 
rainfall, which hampers crop growth during growing 
period. In this paper, it has been attempted to assess 
climatic risks associated with rainfed crop production 
under water stressed environment and thereby to 
suggest suitable crops and cropping sequence in South 
Bihar Alluvial Plains (Zone IIIB) of Bihar for 
sustainable rainfed crop production based on moisture 
adequacy index.  

MATERIALS AND METHODS 
Climatic risks for fitting of rainfed crops 

during kharif and rabi seasons were assessed by 
employing the probabilistic values of AET/PET, i.e. 
index of moisture adequacy (Ima), estimated at 50 and 75 
per cent probability levels on weekly basis. The weekly 
values of Ima was worked out through water balance 
method of Thornthwaite and Mather (1955) using 
historical weekly rainfall, normal weekly PET and 
available water holding capacity (AWC) of coarse, 
medium and fine textured soils (Table 1). PET was 
calculated using PET Calculator software (V 3.0) 
developed by Central Research Institute for Dryland 
Agriculture, ICAR, Hyderabad (Bapuji Rao et al., 
2011). Monthly PET data were converted into weekly 
total values by interpolation method as followed by 
Ramana Rao et al. (1979a). AWC of soil was 
estimated considering the layer wise soil textural 
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classes up to one meter soil depth for each soil series. 
As reported by National Bureau of Soil Survey and 
Land Use Planning (NBSS & LUP), Indian Council of 
Agricultural Research (ICAR), Nagpur, all soil series 
falling under three selected districts viz. Gaya, 
Jahanabad and Patna were considered to calculate the 
water holding capacity for coarse-, medium- and 
fine-textured soils of individual district following the 
procedure of Saxton and Rawls (2006). AWC per 
meter depth was calculated as the difference between 
field capacity and permanent wilting point. 

The ratio AET/PET has been used as an 
index of crop water availability and for assessing the 
climatic risk associated with growing of rainfed crops 
in a region (Ramana Rao et al., 1979a; Dey, 2008). The 
most important kharif and rabi crops grown under 
rainfed condition have been considered for this analysis 
in coarse, medium and fine textured soils over different 
districts in south Bihar alluvial plains. Rice and maize 
during kharif season, and toria, yellow sarson and lentil 
during rabi season have been considered for this study. 
The optimal requirements of AET/PET (bar) for 
different growth stages of transplanted rice, kharif 
maize, toria and lentil have been superimposed in the 
water availability diagrams in terms of AET/PET (line) 
estimated at 50 and 75 per cent probability levels. The 
optimum water requirements in terms of AET/PET for 
vegetative, reproductive and maturity stages of 
transplanted rice were considered as 1.0, 1.0 and 0.75, 
respectively (Doorenbos and Pruitt, 1977; Patel et al., 
1986). For rainfed crops such as kharif maize, toria, 
yellow sarson and lentil, the optimum water requirement 
values for seedling, vegetative, reproductive and 
maturity stages were taken as 0.33, 0.50, 0.75 and 0.33, 
respectively (Ramana Rao et al., 1979a). Fitting of 
medium and short-duration varieties of rice in the 
cropping system has been considered. Different possible 
crop sequences under coarse-, medium- and fine-
textured soils were considered and based on the risks 
in water availability, the best fit crop and the best fit 
crop sequence have been identified. Ideal transplanting 
time of rice crop was considered one week after that 
week when 200 mm rainfall was accumulated at 50 per 
cent probability level (Dey, 2008). The sowing of 
kharif maize was considered in a week when 20 mm 
rainfall in a week was recorded at 50 per cent 
probability level (Ramana Rao et al., 1979a).  

RESULTS AND DISCUSSION 
Water availability risks for crops under coarse-
textured soil 

Water availability diagrams presented in 
Fig.1 revealed that kharif maize holds immense 
production potential in coarse textured soil since it 
faces no moisture stress at any growth phases. The 

available length of growing period (LGP) varied from 
129 (±23) to 134 days ((±18) [Table 1], thereby 
indicating the possibility of adopting mono-cropping 
under rainfed condition in coarse textured soil. 
However, due to poor availability of AET/PET values 
during rabi season at both 50 and 75 probability levels, 
lentil/toria/yellow sarson could not be included in the 
crop sequence as rainfed crop. Short duration rice 
encounters water stress in all districts during kharif 
season. However, the level of moisture stress was found 
to be the highest in Jahanabad district (Fig. 1).  The 
succeeding toria crop encounters various degrees of 
moisture stress at different growth phases, except at 
seedling stage. The reproductive stage of the crop was 
found to experience severe stress considering optimum 
moisture adequacy index. Patel et al. (1986) assessed 
agricultural drought at various growth phases of 
rainfed crops at Raipur based on AET/PET. 
Water availability risks for crops under medium-
textured soil 

The moisture scenario becomes better under 
medium textured soil with availability of higher 
AE/PET values and longer growing period (Fig. 2 & 
Table 1). The LGP was found to vary from 157 (±28) 
to 169 (±26) days in this soil across three selected 
districts. The water availability diagram (Fig. 2) 
revealed that although kharif maize could perform 
well, succeeding rabi crops like lentil, yellow sarson 
and toria still had to endure varying level of moisture 
stress, with greater stress being experienced during 
reproductive phase. The minimum moisture requirement 
(AET/PET>0.33) of the succeeding rabi crops (lentil, 
yellow sarson and toria) was satisfied during 
reproductive phase in terms of AET/PET values at 50 
per cent probability level. Considering short duration 
rice and toria sequence in medium textured soil, kharif 
rice in Jahanabad district faces greater moisture stress 
than Patna and Gaya districts (Fig. 2). The AET/PET 
requirements of toria for its all growing phases, except 
reproductive period, were nearly fulfilled at 50 per cent 
probability level and to a considerable degree at 75 per 
cent probability level. However at reproductive phase, 
water requirement was satisfied up to a level of 40 to 50 
per cent at 50 per cent probability level. At 75 per cent 
probability level, the AET was satisfied above 25 
percent of PET. Krishnan et al. (1980) defined moderate 
drought when AET/PET ratio was less than 0.50 and 
equals to or more than 0.25 (0.50>AET/PET≥0.25), 
severe drought when AET/PET ratio was less than 0.25 
(AET/PET<0.25) and drought free growing period 
when AET/PET ratio was equals to or greater than 0.50 
(AET/PET≥0.50).  
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Table 1: Names of rain gauge stations, rainfall data availability, average water holding capacity of soils along with 
average annual rainfall, potential evapotranspiration (PET) and length of growing period 

Districts Rain-gauge
Stations 

Data 
availability 

(years) 

Available water 
holding capacity 

(mm per m 
depth of soil) 

Average 
annual 
rainfall 
(mm) 

Annual 
PET 
(mm) 

Length of growing period (days) 
based on moisture adequacy 

index (Ima) 

CT MT FT SA CT MT FT 

Gaya Gaya, Atri 
Sherghati 1959-2013 58 132 165 997.0 1685.8 

Mean 128.7 157.2 178.9 
S.D. ± 23.1 27.8 35.6 

C.V. (%) 17.9 17.7 19.9 

Jahanabad 
Jahanabad, 

Makdampur, 
Kako 

1984-2013 64 143 170 891.8 1508.0 
Mean 129.7 168.0 184.6 
S.D. ± 15.9 27.1 31.3 

C.V. (%) 12.2 16.1 17.0 

Patna 
Barh, 

Paliganj, 
Patna Sadar 

1964-2012 65 139 172 1032.3 1487.8 
Mean 134.1 168.8 190.1 

S. D. ± 17.8 26.0 31.0 
C.V.(%) 13.3 15.4 16.3 

CT: coarse textured soil, MT: medium textured soil, FT: fine textured soil 

(a) Gaya (b) Jahanabad (c) Patna 

Maize-toria Maize-Lentil Maize-yellow sarson 

Medium duration rice-lentil Medium duration rice-lentil Medium duration rice-lentil 

Short duration rice-toria Short duration rice-toria Short duration rice-toria 
Fig. 1: Risks in crop water availability based on AET/PET during kharif and rabi seasons in (a) Gaya (b) Jahanabad 

and (c) Patna districts under coarse-textured soil 
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(a) Gaya (b) Jahanabad (c) Patna 

Maize-toria Maize-Lentil Maize-yellow sarson 

Medium duration rice-lentil Medium duration rice-lentil Medium duration rice-lentil 

Short duration rice-toria Short duration rice-toria Short duration rice-toria 

Fig. 2: Risks in crop water availability based on AET/PET during kharif and rabi seasons in (a) Gaya (b) Jahanabad 
and (c) Patna districts under medium-textured soil 

WWater availability risks for crops under fine-
textured soil 

The prospect of growing maize crop in kharif 
season followed by lentil/toria/yellow sarson in rabi 
season was observed to be brighter in this type of soil 
with availability of higher amount of moisture during 
different growth phases of crops. The LGP in this soil 
ranged from 179(±36) to 190(±31) days [Table 1]. The 
water requirement for different growth phases (except 
reproductive phase) of the succeeding rabi crop was 
available up to a satisfactory level at 50 per cent 
probability level and to a large extent at 75 per cent 
probability level (Fig.3). At reproductive phase of rabi 
crop, about 50 per cent of water requirement was met 
at 50 per cent probability level. Short duration rice in 
this soil too experiences water stress to a large extent 

at vegetative phase. However, during reproductive 
phase, the degree of water stress becomes narrower 
when compared to optimum crop water requirement 
(AET/PET=1.00). Although, water stress was still 
persisting in fine textured soil during reproductive 
period, toria could be fitted well in the crop sequence. 
Moreover, with the longest LGP available in this soil, 
longer duration rabi crops (lentil and yellow sarson) 
other than toria could be fitted in the cropping sequence 
with provision one irrigation during reproductive phase. 
Hence, short duration rice/maize and toria appears to be 
the promising crop sequence under rainfed condition in 
this zone. However, it would be a better option to grow 
maize in place of rice, considering lower AET/PET 
values in this dry agro climatic zone. 
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(a) Gaya (b) Jahanabad (c) Patna 

Maize-toria Maize-Lentil Maize-yellow sarson 

Medium duration rice-lentil Medium duration rice-lentil Medium duration rice-lentil 

Short duration rice-toria Short duration rice-toria Short duration rice-toria 
Fig. 3: Risks in crop water availability based on AET/PET during kharif and rabi seasons in (a) Gaya (b) Jahanabad 

and (c) Patna districts under fine-textured soil 

Climatic risk vs. crop prospect 
Lentil and yellow sarson undergo water stress 

in all the soils under study. Lentil, yellow sarson and 
toria confront with severe drought in coarse-textured 
soil and moderate drought when grown in medium- 
and fine-textured soils at different risk levels viz. 50 
and 75 percent levels. In coarse textured soil, except 
maize during kharif season, all other crops had to face 
moisture stress. As all the growth phases of maize 
undergo drought free period (AET/PET ratio ≥0.50), 
maize appears to be the most suitable kharif crop under 
rainfed condition. The seedling stage of toria crop also 
escaped water stress in medium and fine textured soils 
at both 50 and 75 per cent probability levels. However, 
subsequent toria crop was found to experience water 
stress during vegetative, reproductive and maturity 
phases with the maximum stress being observed during 
reproductive stage. Toria could be fitted successfully in 

the cropping sequence in fine textured soil. For rabi 
crops, the maximum water stress was observed during 
reproductive phase. Lentil/yellow sarson could be 
successfully grown with provision of one (reproductive 
phase) or two (vegetative and reproductive phases) 
irrigations in medium and fine textured soils. Ramana 
Rao et al. (1979b) estimated the probabilities of 
AET/PET ratio for identifying suitable kharif and rabi 
crops for different soils of the Gulbarga region of 
Karnataka. With increase in duration of previous kharif 
crops, the effective growing period for subsequent rabi 
crops was shortened and they were subjected to drought 
of greater intensity and periodicity. Hence, farmers 
should grow crop varieties according to length of water 
availability periods in their areas, which would help 
produce at potential rate and reduce the chances of 
crop failure due to moisture stress, leading to 
agricultural sustainability and food security in the 
vulnerable rainfed agro-ecosystem.  
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CONCLUSIONS 
The risks assessed through water availability 

diagrams provide a clear picture of water availability 
vis-a-vis water need of crops under the drought prone 
region of Bihar. Accordingly, crops and crop 
sequences based on water availability could be 
prioritized in order to avoid critical water stress on 
crop growth. The potential yield of maize could be 
achieved with good agronomic practices during kharif 
season under rainfed condition instead of rice. In this 
dry zone (Zone IIIB), toria could be successfully 
grown in fine textured soil, which is the dominant soil 
of the region. The study would be useful in scheduling 
irrigation at different growth phases of crops most 
vulnerable to water stress. 

REFERENCES 
Bapuji Rao, B., Rao, V.U.M., Sandeep, V.M., 

Shanthibhushan Chowdary, P. and 
Venkateswarlu, B. (2011). PET Calculator 
(V.3.0). All India Coordinated Research 
Project on Agrometeorology, Central 
Research Institute for Dryland Agriculture, 
Hyderabad-500059, A.P., India.  

Dey, S. (2008). An agroclimatic assessment of water 
availability for crop planning in the plains of 
West Bengal. Ph.D. thesis. Department of Agril. 
Meteorology & Physics, BCKV, Mohanpur. 

Doorenbos, J. and Pruitt, W. O. (1977). Guidelines for 
predicting crop water requirements. FAO 
irrigation and drainage paper No. 24 (revised) 
FAO. Rome. 144 pp. 

Krishnan, A., Ramakrishna, Y.K. and Sastry, 
A.S.R.A.S. (1980). System analysis for crop 
planning in Jodhpur district. Indian J. Agric. 
Sci. 50(5): 412-21. 

Patel, S.R., Sastri, A.S.R.A.S., Gupta, V.K. and 
Chandravanshi, B.R. (1986). Crop yields as 
influenced by agricultural drought- A water 
balance approach. Mausam. 37(3): 341-342. 

Ramana Rao, B.V., Biradar, B.R., Surpur, S.S., Rao, 
M.G. and Satyanarayana, T. (1979a). A study 
on water availability to the crops grown 
under rainfed conditions in different soils at 
Bijapur. Mausam. 30(4):469-472.  

Ramana Rao, B.V., Biradar, B.R., Surpur, S.S. and 
Rao, M.G. (1979b). A climatological study 
on water avialbility to crops in different types 
of soils in Gulbarga region. J. Indian Soc. 
Soil Sci. 27:441-445. 

Saxton K,E. and Rawls, W.J. (2006). Soil water 
characteristic estimates by texture and 
organic matter for hydrologic solutions. Soil 
Sci. Soc. Am. J. 70: 1569-1578. 

Thornthwaite, C.W. and Mather, J. R. (1955). The water 
balance: Publication in Climatology, Drexel 
Institute of Technology, New Jersey. 8: 1-104. 

Venkateswarlu, B. and Prasad, J.V.N.S. (2012). Carrying 
capacity of Indian agriculture: Issues related to 
rainfed agriculture. Current Sci. 102(6): 882-
888. 

50 October 2017



Effect of dates of planting on crop water requirement of rice in Kerala 
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ABSTRACT 

Field experiment was conducted at Agricultural Research Station, Mannuthy, KAU, Thrissur during the
kharif season of 2014 with rice variety Jyothi and five dates of planting viz., June 5 (D1), June 20 (D2), July 5 (D3),
July 20 (D4), and August 5 (D5). CROPWAT model was used to determine crop evapotranspiration and irrigation 
requirement at different dates of planting. The crop evapotranspitaion (ETc-mm/day) during the mid-season stage 
was found to be more and showing an increasing trend towards late plantings (4.14, 4.29 and 4.31 mm/day for D3, 
D4 and D5 respectively) compared to late-season stage. This may be due to increase in temperature during mid-
season stage for D3, D4 and D5 plantings. The irrigation requirement during mid-season stage was more for D3, D4 
and D5 (28.9, 28.9 and 31.5 mm/decade) plantings than that of D1 and D2 plantings and this may be due to low ETc 
(mm/day) and high effective rainfall for D1 and D2 plantings. The total gross irrigation requirement was showing an 
increasing trend from D1 to D5 planting.  Hence, the water requirement of rice varied with planting dates and the 
water stress at mid season stage may lead to the low grain yield for late planted crops. 

Keywords: Rice, Crop evapotranspiration, CROPWAT, irrigation requirement 

Rice is one of the major crops feeding the 
world population and is most important ingredient in 
food composition in South Asia. Large irrigation 
projects are often constructed to meet the water 
demand in rice production, as rice is one of the 
largest water consumers in the world. To effectively 
and efficiently use the available water sources to 
meet the possible variation of cropping pattern, 
studies of crop water requirements for upland and 
lowland paddy crops based on derived crop 
coefficient are crucial (Sheng et al, 2006). Irrigation 
is a vital input in the agricultural productivity and 
agricultural growth. More than 80 per cent of 
available water resources of world as well as in India 
are being presently utilized for irrigation purposes 
(Pradeep, 2015). One of the major practices adopted 
by the researchers for water requirement of crops is 
modelling. An irrigation management model 
simulating the complicated on-farm “crop-soil-
climate” phenomena will facilitate the estimate of the 
crop evapotranspiration and irrigation schedule and 
agricultural water requirements with different 
cropping patterns for irrigation planning (Sheng et 
al., 2001). To determine crop evapotranspiration and 
yield responses to water, CROPWAT model (FAO, 
1992) could be use, which was developed by the 
FAO Land and Water Development Division. Several 
researchers have used the CROPWAT model for 
analyzing crop water and requirements in different 
parts of the world (Kar and Verma, 2005).  

Gowda et al. (2013) reported that water 
requirement in maize varied with planting dates and 
water requirement was more for late planted crops as 
compared to early planted crops.  

MATERIALS AND METHODS 

Field experiment was conducted at 
Agricultural Research Station, Mannuthy, KAU, 
Thrissur during the kharif season of 2014 with  rice 
variety Jyothi and five dates of planting viz., June 5 
(D1), June 20 (D2), July 5 (D3), July 20 (D4), August 
5 (D5). CROPWAT model, a decision support system 
developed by the Land and Water Development 
Division of FAO, Italy, with the assistance of the 
Institute of Irrigation and Development Studies of 
Southampton, UK and National Water Research 
Centre, Egypt, was used to determine crop 
evapotranspiration and irrigation requirement of rice 
at different dates of planting. The model carries out 
calculations for reference evapotranspiration, crop 
water requirements and irrigation requirements in 
order to develop irrigation schedules under various 
management conditions. The reference 
evapotranspiration (ETo) was computed by Penman-
Monteith Model (Allen et al., 2003). Crop water 
requirements (ETcrop) over the Growing season are 
determined from ETo and estimates of crop 
evaporation rates, expressed as crop coefficients 
(Kc), based on well-established procedures (FAO, 
1977), according to the following equation:  

ETcrop = Kc × ETo 

Journal of  Agrometeorology 19 (Special Issue - AGMET 2016) : 51-544 (October 2017)



The total growing period for lowland rice 
cultivation is divided in three distinct stages as per 
the CROPWAT model viz. nursery, land preparation 
and growth stages. The growth stages comprises 
initial stage (from transplanting to 10% ground 
cover), development stage (10% ground cover to 
effective full cover), mid-season stage (effective full 
cover to start of maturity - critical stage for irrigation) 
and late-season stage (start of maturity to harvest). 

RESULTS AND DISCUSSION 

The duration, Kc values, crop 
evapotranspiration (ETc - mm d-1), effective rainfall 
(mm/dec) and irrigation requirement (mm/dec) for 
each growth stages were determined for all plantings 
(D1 to D5) and presented in Table 1. 

The duration for each stage was found to be 
decreased towards late plantings. The crop 
evapotranspitaion (ETc-mm/day) during the mid-
season stage was found to be more and showing an 
increasing trend towards late plantings (4.14, 4.29 
and 4.31 mm/day for D3, D4 and D5 respectively) 
compared to late-season stage except for D1 and D2 
plantings, where ETc (mm/day) at late season stage 
was more than that of mid-season stage (Table 1).
This may be due to high effective rainfall (263.6 and 
313.1 mm) and less maximum temperature (29.3 and 
29.7oC) at mid-season stage for D1 and D2 plantings 
respectively. The temperature was more and effective 
rainfall was less during the mid-season stage for D3, 
D4 and D5 plantings and this may lead to high ETc 
(mm/day) (Fig. 1 and Fig.2). Thus, the temperature 
and rainfall has a direct effect on reference 
evapotranspiration (ET0), crop evapotranspiration is 
also affected. The correlation between crop 
evapotranspiration (ETc), maximum temperature and 
effective rainfall during mid season stage showed 
that, ETc increases with maximum temperature and 
decreases with effective rainfall (Table 3). The 
irrigation requirement during mid-season stage was 
more for D3, D4 and D5 (28.9, 29.2 and 31.5 
mm/decade) plantings (Table 1) than that of D1 and 
D2 (irrigation requirement was nil) plantings and this 
may be due to low ETc (mm/day) caused by low 
maximum temperature and high effective rainfall for 
D1 and D2 plantings (Fig. 3). The total gross irrigation 
requirement was showing an increasing trend from D1 
to D5 planting. The highest total gross irrigation was 
required for D5 planting (300.4 mm) and the lowest was 
required for D1 planting (142.4 mm) (Table 2) and this 
may be due to increase in ETc (mm/day) as a result of 
increase in maximum temperature and decrease in total 
rainfall towards the late plantings. The grain yield was 
found to be reduced towards the delayed plantings 

compared to the early plantings. The reduction in grain 
yield in delayed plantings (4195, 4700 and 4070 kg ha-1

for D3, D4 and D5 plantings respectively) may be due 
to increased crop evapotranspiration (ETc) during mid 
season stage towards the late plantings (Fig. 4). Since 
the mid season stage is the critical stage of irrigation for 
rice, the water stress occurred at this stage, due to high 
crop evapotranspiration caused by high temperature and 
less rainfall may decline the grain yield. So the crop 
water requirement was found to be increasing with delay 
in planting and this is similar to the findings of Gowda 
et al. (2013) in maize. 

Fig.1. Effect of maximum temperature (Tmax) on 
crop evapotranspiration (ETc ) during mid season 

Fig.2. Effect of effective rainfall (Eff. RF) on crop 
evapotranspiration (ETc ) during mid season  

Fig.3. Effect of maximum temperature (Tmax) and 
effective rainfall (Eff. RF) on irrigation requirement 
during mid season 

Fig.4. Effect of crop evapotranspiration (ETc) during 
mid season stage on grain yield of rice 
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Table 1. Crop water requirements 

DOP Growth
stages

Length
(days) Kc ETc (mm d-1) Eff. Rain

(mmdec-1)
IR (mmdec-

1)

D1

Nurs 18 1.19 0.83 31.1 36.4
Init 0-15 1.09 3.39 59.3 65.0

Deve 15-36 1.14 3.45 160.1 0.0
Mid 36-67 1.20 3.09 263.6 0.0
Late 67-102 1.14 3.90 129.4 7.4

D2

Nurs 18 1.20 0.37 53.4 0.0
Init 0-15 1.11 2.98 109.8 83.1

Deve 15-38 1.13 3.07 122.0 0.0
Mid 38-68 1.20 3.40 313.1 0.0
Late 68-102 1.14 4.79 66.2 28.2

D3

Nurs 18 1.19 0.64 76.3 34.8
Init 0-15 1.09 3.32 50.3 65.0

Deve 15-37 1.14 2.60 217.8 0.0
Mid 37-66 1.20 4.14 191.5 28.9
Late 66-103 1.14 4.09 116.4 0.0

D4

Nurs 18 1.20 0.38 45.3 0.0
Init 0-15 1.11 2.27 151 62.6

Deve 15-37 1.14 3.18 112.6 0.0
Mid 37-64 1.20 4.29 237.6 29.2
Late 64-101 1.12 3.70 71.5 1.3

D5

Nurs 18 1.19 0.50 100.8 17.4
Init 0-15 1.09 2.35 66.8 0.0

Deve 15-35 1.12 3.69 115.3 0.0
Mid 35-64 1.20 4.31 207.0 31.5
Late 64-101 1.12 3.89 75.0 21.3

D1 – June 5th, D2 - June 20th, D3 – July 5th, D4 – July 20th, D5 – August 5th

Table 2. Irrigation schedule 
Date of planting

D1 D2 D3 D4 D5
Total gross irrigation (mm) 142.4 256.5 283.3 229.9 300.4
Total net irrigation (mm) 99.7 179.6 198.3 160.9 210.3
Total percolation losses (mm) 357.2 370.4 407.3 429.4 454.3
Total rainfall (mm) 1925.3 1755.1 1735.3 1572.5 1207.2
D1 – June 5th, D2 - June 20th, D3 – July 5th, D4 – July 20th, D5 – August 5th

Table 3. Correlation between ETc, maximum temperature and effective rainfall at mid season stage 

Growth stage Maximum temperature Effective rainfall
Mid season 0.82* -0.69*

CONCLUSION 

In this study, CROPWAT model was used to 
evaluate crop water requirement of rice at different 
planting dates in Thrissur district of Kerala. It was 
found that the crop water requirement of rice varied 
with planting dates. The crop water requirement was 
found to be increasing with delay in planting dates, 
due to increase in maximum temperature and 

decrease in effective rainfall. The late planted 
(after July 5th) rice has more water requirement than 
early planted crops especially in mid season stage, 
which is the critical stage of irrigation and the water 
stress at this stage may lead to the low grain yield for 
late planted crops. 
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ABSTRACT 
A field experiment was conducted at Pandit Jawaharlal Nehru College of Agriculture and Research 

Institute (PAJANCOA & RI), Karaikal to investigate the performance of seed hardening in aerobic rice at various 
dates of sowing during Rabi season in the coastal deltaic areas of Karaikal. The treatment combination comprised of 
four dates of sowing at weekly interval [September 12th (D1), September 20th (D2), September 27th (D3) and October 
4th (D4)] and three seed hardening techniques [one per cent KCl (H1), water (H2) and control (H3)]. 
The treatments were evaluated in factorial concept of RBD and replicated thrice. Phenophase studies were also 
conducted for all the treatments. Direct and derived weather parameters were correlated and regressed between grain 
yield and DMP of aerobic rice during the crop period. It was found from the present investigation that growth and 
yield attributes were higher in early sown crop (September 12th) (D1) coupled with seed hardening with water (H2).  

Key words: Aerobic rice, dates of sowing, seed hardening, direct and derived weather parameters. 

Rice deserves a special status among cereals 
as world's most important wetland crop. This global 
grain provides 35-80% of total calorie uptake to more 
than 2.7 billion people (Gorantla et al., 2005). The 
demand for higher production has placed heavy 
pressure on farmers and agricultural researchers to 
intensify rice production systems. Due to rapid 
population growth and urbanization, the availability 
of natural resources like land, water, etc., is gradually 
decreasing demanding increased output simply to 
keep pace with the population increase. Among the 
different components of agronomy packages for rice 
cultivation, the date of sowing is one of the important 
factors that decides the productivity of rice. Rice 
consumes more than 50 per cent of the water used for 
irrigation in Asia (Barker et al., 1999). The looming 
global water crisis threatens the sustainability of 
irrigated rice, which is the Asia’s biggest water user. 
Aerobic rice production is a revolutionary way of 
growing rice in well-drained, non-puddled and non-
saturated soil without ponded water. Main driving 
force behind aerobic rice is the economic water use. 
To make aerobic rice successful, new varieties and 
management practices must be developed. In aerobic 
rice cultivation, normally the seeds are directly 
seeded, may lead to germination failure and poor 
crop stand. To overcome this problem, seed 
hardening a common practice is followed to enhance 
seed performance with respect to rate and uniformity 
of germination (De Lespinay et al., 2010). Thus it is 
employed for better crop stand and higher yields in a 
range of crops including rice. In this context, this 
study was oriented towards establishing the proper 
sowing window of aerobic rice in Karaikal region 

along with ways and means to mitigate the climatic 
stress on rice during Rabi season. 

MATERIALS AND METHODS 
Field experiment in aerobic rice was 

conducted at Karaikal during Rabi season (September 
2014 –February 2015) with different sowing window. 
Karaikal is situated at 10o55’ N latitude and 79o49’ 
E longitude with an altitude of 4 meters above Mean 
Sea Level (MSL). The region comes under Eleventh 
Agro Climatic Zones of India and is classified as 
“PC2 Coastal Deltaic Alluvial Plains Zone” under 
fifteen All India Agroclimatic Zonal Classification. 
Karaikal enjoys a tropical climate and receives a 
normal rainfall of 1397 mm in a year with mean 
maximum and minimum temperature of 35.4oC and 
25.6oC respectively. During the trial period, a total 
rainfall of 1000 mm was received against the normal 
rainfall of 1069 mm. The mean maximum and 
minimum temperature were 30.3oC and 23.0oC, against 
the normal temperature of 30.4oC and 23.0oC, 
respectively. The mean morning and evening relative 
humidity was 92.6 and 72.1 per cent, respectively against 
the normal of 91.2 and 68.6 per cent. The total bright 
sunshine hour was 923.4 hours and the normal is 789.2 
hours. The total open pan evaporation was recorded 511.6 
mm against the normal evaporation of 406.3 mm. The 
average wind velocity was 4.2 kilo metre per hour against 
the normal wind velocity of 5.8 kilo metre per hour. The 
field was loamy sand in texture, taxonomically known as 
“Fluventic Ustropept”. 

The trial was conducted in factorial concept of 
Randomized Block Design (RBD) and replicated 
thrice. The treatments were framed based on two 
factors viz., date of sowing [D1: 37th Meteorological 
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Standard Week (MSW), D2: 38th MSW, D3: 39th 
MSW, D4: 40th MSW] and seed hardening with one 
per cent KCl (H1), hardening with water (H2) and 
control (H3). The combination of factors comprises of 
twelve treatments. Rice variety chosen for the study was 
ADT (R) 46. As per the recommendation, viable seeds 
of rice @ 80 Kg ha-1 were used for sowing. Initially, the 
seeds were soaked in either one per cent KCl or water as 
pretreatment for 12 hours and then allowed to shade dry 
for 24 hours to attain its original weight. The treated 
seeds were sown in line with spacing of 20x10 cm. The 
biometric observation on growth attributes was recorded 
on 30, 60 & 90 DAS and the yield attributes were 
recorded at the time of harvest. The crop was harvested 
at its physiological maturity.  

The major phenological stages of rice viz., 
Seedling, Vegetative, Reproductive and Maturity 
stages were identified from the treatment when 50 
per cent of the population exhibited the condition. 
The direct weather parameters like maximum 
temperature, minimum temperature, evaporation, soil 
temperature, rainfall and sunshine hours were 
recorded at various stages viz., Seedling, Vegetative, 
Reproductive and Maturity phases of the respective 
treatments, to study their influence on rice. Similarly, 
agrometeorological Indices/ derived weather 
parameters like Growing Degree Days (GDD), 
Diurnal variation of temperature (DVT), Heat Unit 
Efficiency (HUE), Helio-Thermal Units (HTU), 
Photo Thermal units (PTU), Relative Temperature 
Disparity (RTD) and Relative Humidity Disparity 
(RHD) were also computed for vegetative, 
reproductive and maturity stages of crop growth.  

RESULTS AND DISCUSSION 
Effect of date of sowing on growth attributes of 
aerobic rice 

The findings from the present investigation 
revealed that early sown crops treated with one per 
cent KCl grew taller throughout the crop growth 
phase. Similarly the LAI was also higher throughout 
the phenophases for the crops sown earlier especially 
on 12th September treated with one per cent KCl or 
plain water. It was also observed that late sown crop 
especially D3 (27th September) and D4 (4th October) 
without seed hardening did not result with higher dry 
matter production (DMP) almost in all the phases of 
investigation. The better performance of early sown 
crop especially September 12th and September 20th was 
possible because of the prevalence of favourable 
weather parameters such as relatively higher maximum 
and minimum temperature, solar radiation, total 
rainfall and lower morning and evening relative 
humidity as compared to other dates of sowing. 

Similar results of higher DMP with relatively higher 
maximum and minimum temperature was reported by 
Singh and Singh (2000). Also Goswami et al. (2003) 
narrated that the performance of relatively low 
temperature results in retarded growth in rice and 
thereby reduced the DMP. The crop treated with 
either one per cent KCl or plain water could attribute 
to the growth characters of rice and resulted in better 
exhibit of growth characters than the non treated 
crop.  

The studies conducted by Sunil (2000), 
Hoshikawa (1989) also revealed higher tiller 
production hill-1 due to the experiencing of the crop 
with relatively higher maximum temperature during 
its growth phases. Parera and Cantliffe (1994) also 
opined that crop treated with one per cent KCl 
produced better growth characters due to early 
establishment and fast growth rate as compared to 
non treated seeds.  

Effect of weather parameters on grain yield and 
harvest index of aerobic rice 

The production of grain yield in aerobic rice is 
controlled by various physiological and biochemical 
process that are involved in growth and development of 
crop. The potential yield of the crop is decided 
by appropriate sowing window as opined by Pillai 
(1958) and Singh et al., (1990). From the present 
investigation it was observed that crop raised on 12th 
September resulted in increased grain yield of 58 per 
cent higher over the crop raised on October 4th (Fig. 
1). Therefore a mere shifting of sowing window 
results in greater realization of higher remuneration 
by the farming community.  

It was also found that 20 per cent yield 
reduction was faced by the crop raised on 20th 
September just a week behind 12th September. 
Harvest index could be attributed as one of the reasons 
for higher grain yield for the crop raised on September 
12th which showed that source to sink movement was 
exhaustive and commendable (Table 1). It was also 
interesting to note that on an average 15 kg ha-1 of 
grain yield decreased per day due to delay in sowing 
from September 12th to October 4th. Direct weather 
parameters such as maximum temperature, evaporation 
and solar radiation positively attributed to the better 
performance of yield characters for early sown crops 
as compared to late sown crops. 

The findings of Kaladevi (1998), Haridasan 
(2006) and Kannedi raju (2014) supported that 
relatively higher maximum temperature and fall in 
RH resulted in more dry matter production and 
finally better yield attributes. Also rainfall is a natural 
phenomena of water supplying to aerobic rice 
showed a critical boosting of yield characters as 
experienced by early sown crops rather than later sown 
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crops. Rainfall during flowering phase affected the 
pollination especially for late sown crop (D4) which 
resulted in reduced grain yield. The other 
agrometeorological indices that could be reasoned out 
for better yield characters by D1 (September 12th) were 
GDD, HUE, PTU and DVT.  

The findings of Sandhu et al., (2013) 
showed that higher GDD, PTU and HTU were 
important to produce maximum yield characters in 
aerobic rice as evidenced in the present investigation. 
A dip in diurnal variation during maturity phase 
could be attributed as one of the reason for better 
source to sink movement and thereby resulted in 
higher rice grain yield (Table 2). Similar findings as 
that of the influence of weather parameters on rice 
grain yield was also reported by Tamilselvan (2008) 
and Kannedi raju (2014).  

Table 1: Effect of date of sowing and seed hardening 
on mean grain yield (kg ha-1) and harvest 
index (%) of aerobic rice 

Treatments Grain yield 
(kg ha-1) 

Harvest 
Index (%) 

Date of Sowing (D) 
D1 :12th September 
D2 : 20th September 
D3 : 27th September 
D4 : 4th October 

3972 
3190 
2010 
1685 

28 
29 
26 
27 

S Ed 
CD (P = 0.05) 

152.4 
316.1 

2.3 
4.8 

Seed Hardening (H) 
H1 : Hardening – 1%  KCl 2821 29 
H2 : Hardening with Water 2898 26 
H3 : Without hardening 2423 27 
S Ed 
CD (P = 0.05) 

132.0 
273.8 

2.0 
NS 

Interaction (D x H) S Ed 264.0 4.0 
CD (P = 0.05) NS NS 

Table 2: Mean Diurnal Variation Temperature (DVT) (degrees) prevailed at different phases of aerobic rice 

Seed hardening & phenophases 
Date of sowing (D) 

D1 D2 D3 D4 Mean 
Hardening with one per cent KCl 
(H1) 
Seedling phase 
Vegetative phase 
Reproductive phase 
Maturity phase 
Full life span 

9.25 
6.69 
5.24 
7.40 
7.09 

8.43 
5.84 
5.56 
7.89 
6.69 

7.80 
5.98 
5.76 
8.32 
6.87 

7.43 
5.90 
5.67 
8.24 
6.81 

8.23 
6.10 
5.56 
7.96 
6.87 

Hardening with water (H2) 
Seedling phase 
Vegetative phase 
Reproductive phase 
Maturity phase 
Full life span 

9.25 
6.23 
5.48 
7.93 
7.10 

8.43 
5.94 
5.55 
8.06 
6.85 

7.80 
5.98 
5.76 
8.32 
6.87 

7.43 
5.89 
5.98 
8.26 
6.86 

8.23 
6.01 
5.70 
8.14 
6.92 

Control (H3) 
Seedling phase 
Vegetative phase 
Reproductive phase 
Maturity phase 
Full life span 

9.25 
6.45 
5.45 
7.20 
7.08 

8.43 
5.94 
5.45 
7.85 
6.91 

7.80 
5.84 
5.38 
7.85 
6.76 

7.43 
5.94 
5.62 
8.09 
6.80 

8.23 
6.04 
5.48 
7.75 
6.89 

(Data statistically not analyzed) 
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Fig. 1 Correlation between date of sowing and grain yield of aerobic rice 

Fig. 2 Effect of date of sowing and seed hardening on duration of major phenophases of aerobic rice 

Effect of weather parameters on phenophases of 
aerobic rice  

The phenophase results revealed that though 
much variation could not be observed, a slight 
increase in duration of early raised crop to an extent 
of 3 days was visualized for September 12th sowing 
compared to late sowing on October 4th, that to this 
slight increase in the duration was reflected in the 
maturity phase which evidenced in the production of 

higher yield due to availability of longer period for 
transformation of photosynthates from source to sink 
(Fig 2). The total duration of the crop especially 
reproductive and maturity phase got shortened with 
respect to delayed sowing which may be one of the 
reasons for yield reduction. Similar reports of 
production of higher yield of rice was also reported 
by Narayanan (2004), Haridasan (2006) and Kannedi 
raju (2014). 
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CONCLUSION 
The study could be concluded that the early 

crop of rice achieved the nearly potential yield and 
the sowing window optimized for aerobic rice during 
Rabi season was September 12th for hardened seeds. 
Since temporal and spatial variation of rainfall was 
observed during the crop period hence water 
hardening technique provides an opportunity to 
mitigate the untoward incidence of drought in the 
coastal belt of Karaikal. 
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ABSTRACT 
Successful agricultural management essential by requires to know the sequence of dry and wet spells along 

with onset and withdrawal of monsoon season. With this view, an attempt has been made to analyze 30 years of 
rainfall (1987-2016) data of Jammu region to understand the south west monsoon characteristics. The rainfall 
probability analysis done by using Markov chain model for crop planning in the region revealed that the earliest and 
delayed week of the onset of the rainy season was found during the 25th Standard Meteorological Week (SWM) and 
27th SWM, respectively. Similarly, the cessation of rainfall (earliest and delayed week) was found in the 38th and 
40th SMW, respectively. The onset of monsoon was negatively significantly related and withdrawal is positively 
linearly related with total amount of rainfall received during this period. The duration of growing season was found 
87 ± 15 days with rainy days of 32 ± 7 days. Out of the total annual rainfall about 74 per cent was received during 
south-west monsoon and 14.4 per cent rainfall received in rabi season. The initial probability of the wet weeks (26th

- 34th SMW) varied between 60.6 and 90.9 percent, whereas, the conditional probability of wet week followed by 
another wet week (PWW) varied between 72.7 and 96 percent. The analysis of dry weeks are needed for supplemental 
irrigations and moisture conservation practices whereas, successive wet weeks gave an idea of excessive runoff 
water for rainwater harvesting and to take up suitable measures to control soil erosion in rainfed areas.  

Keywords: Rainfall, monsoon, characteristics, probability, rainfed, crop planning. 

In India, rainfall is the major weather element 
on which the whole scenario of rainfed as well as 
irrigated agriculture depends. But under rainfed 
conditions, rainfall plays an important role in production 
and productivity of crops. Rainfed ecosystem, which 
contributes about 45% of agricultural production is 
entirely at the mercy of the monsoonal activities over the 
country and is beast with problems of mid season and 
terminal drought and associated impacts on crop 
productivity (Singh et al. 2004). The rainfed agro-
ecology is characterized as vulnerable for agricultural 
operations which revolve around moisture availability 
due to rainfall pattern, amount, intensity and its uses 
for crop production (Deka and Nath, 2000). 
Nowadays, rainfed food production systems are under 
pressure due to changes in rainfall pattern and 
hydrological regimes and greater dependency on land 
and water resources (Khan and Hanjra, 2009). An 
understanding of the pattern of rainfall from year to 
year variations have a direct impact on the agricultural 
production, which influences Indian economy.  

Proper understanding of the amount, 
distribution, extreme values and its dependability is 
of utmost important for rainfed framing to minimize 
the risk toward sustainable production (Reddi and 
Reddy, 2004; Arulmozhi and Arulraj, 2017 ). The 
frequency of rainfall within a season exhibits higher 
predictability than the total seasonal or annual rainfall 

(Robertson et al., 2008). The degree of yield 
variability over time is changed not only by the 
amount of seasonal rainfall, but also by the pattern 
and frequency of the rainfall cycle (Adugna, 2005). 
Hence, farmers are more concerned about intra-seasonal 
characteristics (onset, cessation, and likelihood and 
severity of dry spells) of rain than inter seasonal 
rainfall, which will help farmers for plan properly in 
terms of timing of planting to avoids the crops 
reaching the critical stages at times when there are 
high probability of dry spells (Elijah and Adams,
2007). Reliable prediction of rainfall characteristics, 
especially onset date of the rain, is needed to 
determine a less risky planting date or planting 
method, or sowing of less risky types/varieties of 
crops in responsive farming (Stewart, 1991).  

The knowledge of dry and wet spells within 
the growing season also helps in the reduction of yield 
through proper mitigation measures. Rainfall water 
harvesting techniques such as improving the soil water 
retention capacity, building in situ moisture reserves to 
tide over the recurring dry spells, disallowing 
subsequent loss of soil profile stored moisture, 
permitting safe runoff disposal, its collection above or 
below ground and tactical recycling of harvested 
runoff. Several studies have laid stress on need for the 
quantification of variability of rainfall pattern across the 
Country.  
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The Markov chain probability model has been 
used by several researchers to study the occurrence of 
dry and wet spells on weekly basis of different duration 
for different purposes (Pandharinath, 1991; Dabralet al.,
2014; Joseph and Tamilmani, 2017). Hence, in 
present study, an attempt has been made to determine 
the seasonal distribution, the onset, withdrawal, 
length of rainy season, the initial and conditional 
probability of dry and wet spells and also the 
probability of 2 and 3 consecutive dry and wet spell 
weeks using Markov Chain model. 

MATERIALS AND METHODS 
Description of study site and data 

The rainfall data for 30 years (1987-2016)
were collected from Agril. Meteorological Observatory 
of Sher-e-Kashmir University of Agricultural Sciences 
and Technology-Jammu, Chatha, Jammu located at 
32o39'32.9"N latitude and 74o48'45.1"E longitude at an 
elevation of 293 m above mean sea level. The 
meteorological season wise rainfall data analyzed viz. 
pre monsoon (March-May), monsoon (June-
September), post-monsoon (October- December) and 
winter (January-February) season.  

In the present investigation, the monthly 
effective rainfall was calculated by the method used 
by Sharma et al. (2010) for analyzing different 
districts of India and also used by All India 
Coordinated Research Project for estimation of 
effective rainfall at different locations (AICRP-2009) 
by using below given equations. 1 and 2, following 
the USDA Soil Conservation Service method are as:  
Pe = Pt (125-0.2 Pt)/ 125 when Pt<250 mm (1) 
Pe= 125 + 0.1 Pt when Pt ≥ 250 mm (2) 
where Pe = monthly effective rainfall (millimeters) 
and Pt = total monthly rainfall (millimeters). 
Computation method for the onset and withdrawal 
of rainy season 

The onset and withdrawal of rainy season were 
computed from weekly rainfall data by forward and 
backward accumulation methods. Weekly rainfall 
summed up by forward accumulation (20 + 21+...+52 
weeks) until 75 mm of rainfall was accumulated. 
An accumulation of 75 mm of rainfall has been 
considered as the onset time for south west monsoon 
which helps in land preparation and sowing of crops 
and further, the forward accumulation of 200 mm 
from the critical week represent the week in which 
puddling is to be done for transplanting of rice 
(Pandarinath, 1991). The withdrawal of rainy season 
was determined by backward accumulation of rainfall 
(48 + 47 + 46+ ... +30 weeks) data. An accumulation 
of 20 mm of rainfall was chosen for the withdrawal 

of the rainy season, which is sufficient for ploughing 
of fields after harvesting the first crop (Swetha et al.,
2015). The percent probability (P) of each rank was 
calculated by arranging them in ascending order and 
by selecting the highest rank allotted for a particular 
week. The following Weibull’s formula was used for 
calculating percent probability: 
P = (m/N + 1) X 100 (3) Where m is the rank 
number and N is the number of years of data used. 
Computation of dry and wet spells using Markov 
chain probability models 

In this study, weekly rainfall was work out 
from daily values and used for initial, conditional and 
consecutive dry and wet spell analysis done by using 
Markov chain probability. In this study, 20 mm or 
more rainfall in a week was considered as wet week; 
otherwise, dry. Initial, conditional and consecutive 
dry and wet spell analysis for 52 SMWs were made 
by using Eqs. 4-13
Initial propability 
P (D) = F(D)/N (4) 
P(W) = F(W)/N (5) 
where P(D)= probability of the week being dry, F(D) 
= frequency of dry weeks, 
P(W)= probability of the week being wet, F(W)= 
frequency of wet weeks and N= total number of years 
of data being used 
Conditional probabilities 
P(DD)= F(DD)/F(D) (6) 
P(WW) = F(WW)/F(W) (7) 
P(WD) = 1- P(DD) (8) 
P(DW) = 1-P(WW) (9) 
where, P(DD) = probability of a week being dry preceded by 
another dry week, F(DD) = frequency of dry week preceded 
by another dry week, P(WW) = probability of a week being 
wet preceded by another wet week, F(WW) = frequency of 
wet week preceded by another wet week, 
P(WD) = probability of a wet week preceded by a dry 
week, P(DW) = probability of a dry week preceded by a 
wet week. 
Consecutive dry and wet week probabilities 
P(2D) = P(DW1) x P(DDW2) (10) 
P(3D) = P(DW1) x P(DDW2) x P(DDW3) (11) 
P(2W) = P(WW1) x P(WWW2) (12) 
P(3W) = P(WW1) x P(WWW2) x P(WWW3) (13)
where P(2D) = probability of two consecutive dry 
weeks starting with the week; P(DW1) = probability 
of 1st week being dry; P(DDW2) = probability of 
second week being dry, given the preceding week 
being dry; P(3D) = probability of three consecutive 
dry weeks starting with the week; P(DDW3) = 
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probability of the third week being dry, given the 
preceding week dry; P(2W) = probability of two 
consecutive dry weeks starting with the week; 
P(WW1) = probability of the first week being wet; 
P(WWW2) = probability of the second week being 
wet, given the preceding week being wet; P(3W) = 
probability of the three consecutive weeks starting 
with the week; P(WWW3) = probability of the third 
week being wet, given the preceding week wet. 

RESULTS AND DISCUSSION 
Average rainfall and effective rainfall 

Total annual rainfall in the Jammu district 
ranged between 754.6 mm and 1824.9 mm with an 
average of 1160.4 mm with a coefficient of variation of 
23.9 percent. If rainfall received in a year was equal to 
or more than the average rainfall plus standard deviation 
(i.e. 1160.4 + 254.4 = 1414.8 mm), it is considered as 
excess rainfall year. Out of 30 years five years viz: 
1990, 1996, 1997, 2003 and 2012, had received more 
than 1414.8 mm (16 percent) years considered as 
surplus rainfall years in the region out of total years of 
analyses under this study. Out of these about 70 percent 
years found deficit than average rainfall. Mean monthly 
rainfall and effective rainfall of the Jammu district for 
30 years were calculated and depicted in Fig1.The 
highest mean monthly rainfall (323.2 mm) which 
contributes about 27.9% of total annual rainfall 
observed in month of July and followed by August 
rainfall (310 mm) in the study area and the lowest 
rainfall was found in November month (Fig.1).Out of 
total annual rainfall (1160.4mm), the annual effective 
rainfall (ER) was found 775.7 mm (66.8 percent). It 
shows that about 384.7 mm (33.2 percent) of rainfall 
water was lost in the form of surface runoff, deep 
percolation and evaporation. 

Fig. 1 Monthly average rainfall and effective rainfall 
for the Jammu district; ER is the effective rainfall 
Distribution of seasonal rainfall 

The distribution of rainfall in different 
seasons showed that the southwest monsoon (June to 
September) season is also represents the kharif 
season of the areas for cultivation of rainfed crops is 

contributing about 73.6 percent (854.4 mm) of total 
annual rainfall (Table 1). Whenever, the erratic and 
uneven distribution occurs, it causes surface runoff 
and temporary water stagnation in agricultural fields. 
The other meteorological season contributes 9.1, 10.8 
and 5.0 per cent of the total annual rainfall during 
winter, pre and post season monsoon season in the 
region, respectively (Table1). Similar types of results 
reported by Rai et al., 2014 for Central India and 
Mandal et al., 2014 for Odisha region. 
Rainfall characteristics of monsoon season 

The long term meteorological data (1987-
2016) analyzed and find out the onset, withdrawal and 
duration of the growing season (between onset and 
withdrawal time) find out for sub tropical region of 
Jammu and are presented in Table 1. It revealed that the 
monsoon commencement in the region effectively from 
26th SMW (25th June to 1st July) and stayed vigorous up 
to 39th SMW (24-30 September) and thus mean duration 
of rainy season was found 14 weeks (98 days). The 
earliest and delayed week of onset of rainy season was 
the 25th SMW (18-24th June) and 27th SMW (2-8th July), 
respectively. Similarly, the earliest and delayed week of 
cessation of rainy season was observed during 38th

SMW (17-23th September) and 40th SMW (1-7th

October), respectively. 
Significant positive correlation between the 

duration and withdrawal of the growing season was 
recorded with accuracy of 63 percent (Fig. 2 B). While, 
negative correlation observed between the length of the 
growing season and the onset of monsoon with the rate 
of 1.025mm per Julian day with regression coefficient 
(R2) =0.65 (Fig. 2 A). It indicated that the extended 
monsoon give more amount of rainfall, while the 
delayed onset gave scanty rainfall which indicates that if 
the onset of the rains is early, crops with long length of 
growing season can be grown, but in the case of delayed 
onset crops with short length of growing season should 
be favoured in the region. Further, positive correlation 
with number of rainy days and length of monsoon 
season and rainfall amount during monsoon season with 
the accuracy of 56 and 52 percent, respectively (Fig. 3 
A& B) during the last 30 years.  
Markov Chain Model 

Results of initial and conditional probabilities 
of dry and wet spells and consecutive dry and wet spells 
during 52 standard meteorological weeks were derived 
and presented in Table 2. The initial probability of 
occurrence of dry week was found high up to 25th SMW 
with the probability of 60.6 to 97.0 percent. Whereas, 
conditional probability of occurrence of dry week 
preceded by dry week (PDD) and another condition of 
dry week preceded by wet week (PDW) during 
(1st – 25th SMW) varied from 64.3 to 96.8% and 30 to 
100%, respectively.  
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Fig. 2 Relationship between (A) onset, (B) withdrawal of monsoon with length of monsoon during last 30 years 

Fig. 3 Relationship between (A) length of growing season with number of rainy days and (B) number of rainy days 
with amount of rainfall during last 30 years 

Table 1 Characterization of rainy season and seasonal rainfall distribution of the Jammu district 

Particulars Week no & Dates
Mean week of onset of rainy season 26 25-1 July
Earliest week of onset of rainy season 25 18-24 June
Delayed week of onset of rainy season 27 2-8 July
Mean week of withdrawal of rainy season 39 24-30 Sept.
Earliest week of withdrawal of rainy season 38 17-23 Sept.
Delayed week of withdrawal of rainy season 40 1-7 Oct.
Longest duration of rainy season 128 days 15th June to 21st Oct.
Shortest duration of rainy season 66 days 08th July to 12th Sept
Seasonal rainfall distribution Avg rainfall (mm) % of total annual rainfall
Pre- monsoon (March-May) 138.6 11.9
Monsoon (June-September) 854.4 73.6
Post-monsoon (October-December)* 61.9 5.3
Winter (January-February) 105.5 9.1

* Post monsoon season data is upto 2015

Thereafter, initial probability of wet weeks (26th

- 34th SMW) has increased and it varies between 60.6 and 
90.9 per cent and conditional probability of wet week 
preceded by wet week (PWW) under Sub-Tropical Zone of 
Jammu during this period varied between 72.7 and 96 per 
cent, respectively. After 34th SMW, the chances of 
occurrence of dry spells were also high till 52nd SMW. 

The analysis of consecutive dry and wet 
spells revealed that there were 51.52 to 90.91percent 
chances that two consecutive dry weeks (P2D) would 
occur up to 24th SMW (Table 2). Similarly, the 
probabilities of occurrence of three consecutive dry 

weeks (P3D) were also very high (46.36 to 85.23per 
cent) from 1st to 23rd weeks. From 26th to 34th SMW, 
the chances of occurrence of two and three 
consecutive wet weeks were high varied from 39.39 to 
78.7 per cent and 27.08 to 70.64 per cent respectively 
which indicates that these weeks would get sufficient 
rain. The results showed that the last 12 weeks of the 
year, i.e. from 35th to 52th SMW, may remain under 
stress on an average, as there were 73 per cent chances 
of occurrence of two consecutive dry weeks. The 
corresponding value for three consecutive dry weeks
during the period was 62 per cent. 
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Table 2 Initial and conditional probabilities of dry, wet spells and consecutive dry and wet week probabilities of 
rainfall for Jammu district
SMW

mm days PD PW PDD PWD PWW PDW P2D P3D P2W P3W

1 9.1 0.6 84.4 15.6 80 20 0 100 69.31 54.56 0 0
2 12.2 0.6 84.9 15.2 82.1 17.9 0 100 66.67 48 6.06 0.76
3 10.4 0.9 75.8 24.2 78.6 21.4 40 60 54.55 50.18 3.03 0.76
4 9.9 0.8 75.8 24.2 72 28 12.5 87.5 69.7 48.07 6.06 1.52
5 9.6 0.4 87.9 12.1 92 8 25 75 60.61 52.7 3.03 2.12
6 13.2 1 69.7 30.3 69 31 25 75 60.61 44.8 21.21 8.48
7 11.9 1 69.7 30.3 87 13 70 30 51.52 40.32 12.12 4.85
8 16 0.8 69.7 30.3 73.9 26.1 40 60 54.55 40.91 12.12 1.35
9 12.1 1.1 72.7 27.3 78.3 21.7 40 60 54.55 41.96 3.03 0.87
10 8.8 0.5 78.8 21.2 75 25 11.1 88.9 60.61 43.64 6.06 2.27
11 15 1 75.8 24.2 76.9 23.1 28.6 71.4 54.55 52.17 9.09 1.82
12 26.3 1.1 69.7 30.3 72 28 37.5 62.5 66.67 62.22 6.06 2.02
13 7 0.8 90.9 9.1 95.7 4.4 20 80 84.85 65.05 3.03 0
14 7.2 0.6 90.9 9.1 93.3 6.7 33.3 66.7 69.7 64.34 0 0
15 8.1 0.6 78.8 21.2 76.7 23.3 0 100 72.73 67.71 6.06 1.52
16 3.3 0.4 87.9 12.1 92.3 7.7 28.6 71.4 81.82 73.64 3.03 0
17 5 0.5 90.9 9.1 93.1 6.9 25 75 81.82 76.36 0 0
18 6.7 0.6 90.9 9.1 90 10 0 100 84.85 79.19 3.03 0
19 7.3 0.7 90.9 9.1 93.3 6.7 33.3 66.7 84.85 82.11 0 0
20 4.5 0.5 93.9 6.1 93.3 6.7 0 100 90.91 85.23 0 0
21 4.2 0.4 97 3 96.8 3.2 0 100 90.91 76.25 0 0
22 6.3 0.5 93.9 6.1 93.8 6.3 0 100 78.79 50.65 0 0
23 7.3 0.8 84.9 15.2 83.9 16.1 0 100 54.55 46.36 9.09 5.59
24 26.6 1.2 60.6 39.4 64.3 35.7 60 40 51.52 23.42 24.24 17.63
25 18 1.3 66.7 33.3 85 15 61.5 38.5 30.3 11.66 24.24 20.61
26 45.5 2 39.4 60.6 45.5 54.6 72.7 27.3 15.15 9.47 51.52 49.45
27 57.2 2.1 24.2 75.8 38.5 61.5 85 15 15.15 2.53 72.73 64.65
28 75.3 2.9 18.2 81.8 62.5 37.5 96 4 3.03 0.76 72.73 65.2
29 82.5 3 12.1 87.9 16.7 83.3 88.9 11.1 3.03 0.76 78.79 70.64
30 65.3 3 12.1 87.9 25 75 89.7 10.3 3.03 0.76 78.79 62.49
31 101.5 2.9 12.1 87.9 25 75 89.7 10.3 3.03 0.43 69.7 64.34
32 89.5 2.8 21.2 78.8 25 75 79.3 20.7 3.03 1.01 72.73 55.76
33 55.9 2.4 9.1 90.9 14.3 85.7 92.3 7.7 3.03 1.89 69.7 36.24
34 80.7 2.5 24.2 75.8 33.3 66.7 76.7 23.3 15.15 8.91 39.39 27.08
35 47.8 1.9 51.5 48.5 62.5 37.5 52 48 30.3 12.12 33.33 18.52
36 54.3 2.1 45.5 54.6 58.8 41.2 68.8 31.3 18.18 15.58 30.3 11.16
37 34.7 1.3 42.4 57.6 40 60 55.6 44.4 36.36 30.3 21.21 7.07
38 15.2 0.9 72.7 27.3 85.7 14.3 36.8 63.2 60.61 55.94 9.09 1.3
39 25 0.7 78.8 21.2 83.3 16.7 33.3 66.7 72.73 60.61 3.03 1.01
40 5.5 0.2 90.9 9.1 92.3 7.7 14.3 85.7 75.76 64.53 3.03 0.51
41 2.8 0.2 81.8 18.2 83.3 16.7 33.3 66.7 69.7 67.21 3.03 0
42 9.3 0.6 84.9 15.2 85.2 14.8 16.7 83.3 81.82 81.82 0 0
43 1.1 0.1 97 3 96.4 3.6 0 100 96.97 96.97 0 0
44 0 0 100 0 100 0 0 100 100 90.91 0 0
45 1.6 0.2 100 0 100 0 0 0 90.91 90.91 0 0
46 1.2 0.1 90.9 9.1 90.9 9.1 0 0 90.91 85.4 0 0
47 1.5 0.2 100 0 100 0 0 100 93.94 87.88 0 0
48 2.2 0.2 93.9 6.1 93.9 6.1 0 0 87.88 76.54 0 0
49 2.3 0.2 93.9 6.1 93.6 6.5 0 100 81.82 76.18 0 0
50 3.2 0.3 87.9 12.1 87.1 12.9 0 100 81.82 63.34 0 0
51 4.4 0.3 93.9 6.1 93.1 6.9 0 100 72.73 - 0 -
52 11.2 0.4 78.8 21.2 77.4 22.6 0 100 - - - -

utive wet week ProbabilitRainy days Initial Probabilities (% ) Consecutive dry week Probabilities (% )Rainfall
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Application of rainfall for Crop planning 
Based on the above rainfall analysis the crop 

planning as per soil moisture storage and its 
variability with efficient moisture conservation and 
better management practices leads to increase and 
stabilize the crop production in the area. The 
probability of occurrence of wet week is more than 
35 per cent during 24th SMW (11th June -17th June), 
this pre monsoon rain can be utilized for summer 
ploughing and initial seed bed preparations for the 
sowing of maize crop in kandi area of Jammu district. 
The mean onset of rainy season is found to be 26th

SMW, with this onset the sowing operations can be 
taken up for good germination of seeds and helps in 
avoiding moisture stress during germination period. 
In the event of delayed onset of rainy season, the 
sowing operation can be taken up latest by 27th week 
and further delay in sowing may cause very low 
productivity and only the fodder crops are 
recommended. Under delayed monsoon by one or 
two weeks under such situation farmers can go for 
short duration crops of maize, moong, mash and 
fodder for better return.  

The probability occurrence of two or three 
consecutive wet weeks is high from 26th to 34th week. 
This indicates that there are chances of getting 
consecutive weeks of more than 20 mm rainfall in the 
area. With these results, the transplanting of rice with 
short and medium duration varieties in low land 
should be taken up during 26th week to efficiently 
utilize the maximum amount of rainfall received 
during this period under rainfed condition. Under 
upland, the long duration varieties may require one 
life saving irrigation at reproductive stage during last 
week of September or early October. The sowing of 
other crops like maize, moong, mash and fodder 
should adjust during 24th to 25th SMW in uplands 
region in order to avoid moisture stress during grain 
filling stage of crops. To increase the rain water use 
efficiency and productivity, maize can be substituted 
with other low water requiring high value crops 
through sole or intercropping of kharif pulses like 
cowpea and other intercropping of maize + 
moong/mash, maize + til/cowpea/ groundnut in the 
upland areas can be done during the first fortnight of 
July. If the monsoon extends, farmer can go for sowing 
of rabi oilseed and pulses in the second fortnight of 
September, i.e. 36th to 37th SMW in which there are 
ample chances of occurrence of rainfall sufficient for 
germination. The most crucial moisture sensitive stage 
in toria crop is flowering that comes at about 42nd SMW 
in which the probability of rainfall is about 15%. So 
there is need of supplementary irrigation at this stage. 

Since, winter rainfall in the area is received 
through the western disturbances so it is uncertain and 

erratic as compared to South-West monsoon. The 
rainfall received during October to December is only 5.3 
per cent of the total average annual rainfall, which is 
very low for the sowing of rabi season crops. 
Therefore, it is essential that the traditional water 
harvesting structures like ponds and tanks should be 
rejuvenated before the monsoon (before 23rd SMW) 
to enhance storage of runoff water and increase in 
ground water recharge. The significant contribution 
of rainwater during rainy season meets irrigation 
water demand by crops during post monsoon season. 
The greater probabilities of consecutive dry weeks 
after 44th SMW, hints for need of supplementary 
irrigation and moisture conservation practices are to be 
taken up. Even in the event of mid season dry weeks, 
mulching and other moisture conservation practices 
will help in reducing soil evaporation and conserve 
moisture in the top layer of soil.  

The sowing of wheat crop is adjusted in 
such a way that crown root initiation stage do not fall 
in the 47th SMW in which rainfall probability of dry 
is 100 percent. Otherwise a supplementary irrigation 
is to be applied from the conserve water without 
waiting for the rainfall. During 11th and 12th SMW, 
the normal sown wheat crop is at the anthesis stage in 
which the probability of wet spell is more than 20 
percent. But delay in sowing of wheat after late 
harvesting of basmati rice (44th& 45th SMW), the 
anthesis stage falls in 13th and 14th week, where, the 
probability of wet spell is very less (9 per cent).  

The Mustard crop is infested with aphid due 
the probability of wet followed by wet coupled 
during 3rd SMW. Thereafter in later stages similar 
type of problems occurs in late sown mustard as 
probability of wet followed by wet is more during the 
7th to 9th SMW and infestation coincides with the 
period when the mustard crop is almost full flowering 
stage to pod formation (Table 2). The continuous 
cloudy weather because of western disturbance 
during this period favours the infestation of crop with 
alternaria blight and white rust. Such information is 
of immense use to scientists for preparation of 
advisory for the farmers.  

CONCLUSION 
The analyses of rainfall for Jammu district 

using Markov chain model highlighted the 
knowledge of probable date of onset and withdrawal 
effective rainfall which helps in planning the 
agricultural operations in advance and contingency 
measures during the dry weeks can be taken up to 
avoid moisture stress at critical phenological stages 
of the crop. The critical growth stage of rice i.e. the 
reproductive stage (38 and 39 SMW) may face the 
period of drought as it fall during the receding phase 
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of monsoon. In such situation one life saving 
irrigation is required to get better yield. The 
considerable amount of rainfall about 384.7 mm lost 
during rainy season which implies that this excess 
rainfall can be stored in farm reservoirs or water 
harvesting ponds in order to provide life saving 
irrigation. Insect pests and diseases can also be 
predicted based on these sequences of dry/wet spells 
during the growing season.  
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Effect of climate variability on growth, yield and quality of Kinnow mandarin 
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ABSTRACT 
Two year experiment was carried out to study the effect of climatic factors on growth, yield and quality 

of Kinnow mandarin during 2014 and 2015.The results revealed that the plant height and plant volume were 
positively influenced by maximum (Max) and minimum (Min) temperature (Temp)at pre flowering stage (K1) 
andmin Temp at fruit set to maximum fruit stage (K3), while max and min relative humidity (RH)at K1 stage 
and Max RH at maximum fruit set to harvest stage (K4) showed positive correlation with all growth parameter. 
Similarly, all growth parameter and yield attributes were positively associated with evapotranspiration (EP) at 
flowering to fruit set (K2) and K3 stage, butK4 stage exerted negative effect on all growth parameters except 
fruit drop. Fruit set of kinnow mandarin were positively influenced by max and min Temp at K1 and K3 stage, 
whereas max and min RH at K1 stage and max Temp at K4 stage positively favoured the fruit set. Quality of 
kinnow mandarin except juice percent and acidity were positively favoured with max and min of Temp and RH
at K1 and K3 stage, and maxRH at K4 stage. Lastly, yield of kinnow mandarin were positively influence by 
max and min Temp at K3 and maxRH at K4 stage. Similarly, EP at K2 and K3 stage also exerted positive 
impact on fruit yield. 
[[

Keywords: Climate variability, yield, quality, Kinnow mandarin 

Climate on earth has changed many fold 
during the existence of our planet, ranging from the 
ice ages to periods of warmth. During the last 
several decades, climate variability has been 
continued to be the principal source of fluctuations in 
global food production in developing countries (Oseni 
and Masarirambi, 2011). Due to its importance around 
the globe, agriculture was one of the importance 
sectors to be studied in terms of potential impacts of 
climate change (Adams et al., 1990). Many 
alternatives have been proposed to growers aimed 
at minimizing losses in yield. However, few studies 
have addressed changes in fruits crops associated 
with these alterations. Environmental variables, 
especially temperature, are the key factor which 
affects plant growth, development and productivity 
(Kaleemet al., 2010). Temperature has a profound 
effect on all aspects of fruit tree growth and 
development. The response of the whole plant to 
temperature is the cumulative results of the specific 
effects of temperature on each part of the plant and the 
interactions among those tissues and organs. The 
increase in temperature affected the photosynthesis, 
causes alternation in sugar, organic acid, firmness as 
well as post harvest quality of the fruit (Moretti et al., 
2010) and higher temperature also resulted in 
physiological problems in flower and fruit 
development. Similarly due to rise in temperature, 
crops including citrus would develop more rapidly 
and would mature earlier by about 15 days. Climate 
is interrelated with citrus quantity and quality; in 
the subtropical region; the fruit growth rate is rapid, 
but the fruit quality of oranges and mandarins is 
poor, with peel color typically green and the juice 
color a pale, light yellow (Makinde et al., 2011). 

Moreover, the total soluble solids (sugars) and 
acids tend to be low due to high average 
temperatures throughout the year which cause 
respiratory metabolism of sugar and acids (Davies, 
1997). Zekri and Rouse (2002) reported that 
increased temperature due to global warming may 
reduce citrus yield by about 25%. Similarly, a 
decrease of 50% in crop evapotranspiration may 
reduce citrus yield by about 10% Garcia-Tejeroet 
al. (2010). 

Current and forecasted global warming is 
expected to change climate in the classic regions of 
fruit tree cultivation. Restricted air exchange and 
concomitant increase in humidity may cause 
changes in plant development, growth and diseases 
incidence, which could have adverse effects on crop 
yield (Grange and Hand, 1987). Hence, the recent 
investigation was carried out to find out the impact 
of climatic factors on growth, yield and quality of 
Kinnow mandarin under sub-tropical conditions. 

MATERIALS AND METHODS 
Experimental site

Field experiment was conducted for two 
consecutive year 2014 and 2015 at Research Farm,
Division of Fruit Science, Chatha, Sher-e-Kashmir 
University of Agricultural Sciences and Technology-
Jammu, India. The experimental orchard is situated 
in the sub-tropical zone at latitude of 32o 43' North 
and longitude of 74o 54' East. The altitude of the 
place is 332 meters above mean sea level. Annual 
rainfall is about 1110 mm, out of which most of the 
rains are received during July to October. The mean 
annual maximum and minimum temperatures are 

Journal of  Agrometeorology 19 (Special Issue - AGMET 2016) : 667-74 (October 2017)



29.7oC and 16.3oC, respectively. Summer months 
are hot with temperature and humidity ranging 
from 23.5oC to 35.5oC and 53.0 per cent to 73.5 per 
cent, respectively. The winter months experience 
mild to severe cold conditions with an average 
temperature ranging from 6.5oC to 21.7oC. 
December is the coldest month, when minimum 
temperature touches to 4oC. The highest temperature 
was recorded in the month of June (45oC). Daily 
maximum and minimum values of temperature and 
evaporation rate rises from February onwards up to 
June, drop during July to September with a slight 
peak in October and then drop progressively up to 
December. 
Experimental design and treatments 

The experiment was conducted on eight 
year-old plants, uniformly growing and bearing trees 
of ‘Kinnow’ mandarin, which were drip-irrigated 
from initial year of planting. The experiment was laid 
out according to randomized block design, plant to 
plant spacing in a row and within the row was 5 m
and 5 m, respectively. Three plants from each 
replication were selected randomly for periodic 
identification of phenological events. Stages were 
identified on the basis of external morphological 
characteristics of Kinnow mandarin which include (i) 
Pre-flowering stage (K1), (ii) Flowering to first fruit 
set (K2), (iii) First fruit set to maximum fruit set (K3) 
and (iv) Maximum fruit set to fruit harvest (K4).  
Plant sampling and analysis 

In the experiment, the phenophase wise 
correlation studies of growth, yield and quality 
with various parameters were carried out separately 
with the help of methodology described by Gomez 
and Gomez (1984) for the crop on first, second, 
third and four stages. The meteorological 
parameters included were maximum temperature 
(Max T), minimum temperature (Min T), 
maximum relative humidity (Max RH) and 
minimum relative humidity (Min RH), Rf and 
Evapotranspiration (Evapo) whereas growth, yield 
and quality parameters, viz. plant height, plant 
volume, stock girth, scion girth, fruit weight, fruit 
diameter, fruit volume, specific gravity, pulp 
percent, juice percent, TSS, acidity, total sugar and 
sugar: acid ratio. Plant height, trunk girth (20 cm 
above ground level) and tree spread were recorded 
with measuring tape. The plant volume was 
calculated as per the formula given below 
V = 4/3 πa2b 
where ‘a’, represent radius of the crown of plant 
which was found by measuring the maximum spread 
in North-South and East-West direction adding these 
values and dividing the sum by 4. ‘b’, denotes height 
of the plant (m). The length of each shoot was 
measured at the beginning and end of growing season 
between the points of initiation of new growth to the 
extremity of the shoot tip and expressed in 
centimetres. The diameter of selected fruits was 

measured by using a digital Vernier calliper. The 
fruits were weighed on electronic balance and mean 
weight per fruit was computed in grams. Total soluble 
solids (TSS) content of the juice were determined 
with the help of Erma-hand refractometer (0-
32oBrix). Titratable acidity (%) and sugars in fresh 
fruits were determined by the method as suggested 
by AOAC (1995). 
Data analysis 

The statistical correlation analysis of data 
was done using SPSS 16.0 software with the 
kinnow mandarin fruit crops of 2014 and 2015 with 
the weather parameter observed during this period. 
The test of significance was done at p<0.01, 0.05, 
0.005 level.  

RESULTS AND DISCUSSION 
Climate of particular region where crop is 

cultivated undoubtedly influence the growth, 
quality and yield. But its impact on crop was 
complex and combined with other factors and 
hence, it become very difficult to single out any 
particular meteorological parameters for describing 
its influence on growth, quality and yield of 
kinnow mandarin. These factors include maximum 
temperature, minimum temperature, maximum 
relative humidity and minimum relative humidity,
rainfall, evapotranspiration of both the seasons 
2014 and 2015, which are depicted in Fig 1 and 2. 

Fig. 1 Temperature and relative humidity recorded 
during the study period (2014 & 2015) 

Fig. 2 Rainfall and evaporation recorded during the 
study period (2014 & 2015) 

Effect of climatic factors on growth 
characteristics of kinnow mandarin fruit trees 

The data pertaining to the effect of 
different climatic factors (temperature, relative 
humidity, rainfall and evapotranspiration) at 
various growth characteristics were determined 
with different phenological stages of kinnow 
mandarin is presented in Table 1.  
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Table 1 Correlation between climatic factors and growth and yield attributes at different stage of kinnow 
mandarin fruit crops in pooled data (2014-2015) 

Significant at p< 0.01*, 0.05**, 0.005*** level ;  
K1: Pre-flowering stage, K2: Flowering to first fruit set , K3: First fruit set to maximum fruit set, K4: Maximum 
fruit set to fruit harvest; Max: maximum, Min: Minimum, Temp=Temperature, RH=Relative humidity, 
RF=Rainfall;  

Table 2 Correlation between climatic factors and qualityat differentstage of kinnow mandarin fruit crops in 
pooled data (2014-2015) 

Significant at p< 0.01*, 0.05**, 0.005*** level;  
K1: Pre-flowering stage, K2: Flowering to first fruit set, K3: First fruit set to maximum fruit set, K4: Maximum 
fruit set to fruit harvest; Max: maximum, Min: Minimum, Temp=Temperature, RH=Relative humidity, 
RF=Rainfall;  

Tree 
Height

Tree 
Volume 

North-
South

East-
West

Stock 
Girth

Scion 
Girth

Fruit 
Set

Fruit 
Drop Yield

Max Temp K1 0.675* 0.687* 0.701* 0.732* 0.689* 0.698* 0.724* -0.729* 0.658
Max Temp K2 0.235 0.209 0.183 0.157 0.242 0.225 0.234 -0.223 0.311
Max Temp K3 0.642 0.643 0.667* 0.672* 0.737* 0.729* 0.687* -0.691* 0.783*
Max Temp K4 -0.193 -0.226 -0.191 -0.197 0.029 -0.003 -0.004 0.040 0.122
Min Temp K1 0.705* 0.713* 0.721* 0.748* 0.704* 0.715* 0.734* -0.745* 0.656
Min Temp K2 0.549 0.531 0.516 0.502 0.564 0.550 0.567 -0.554 0.629
Min Temp K3 0.707* 0.710* 0.730* 0.738* 0.787* 0.781* 0.749* -0.753* 0.828**
Min Temp K4 -0.791* -0.813** -0.789* -0.791* -0.633 -0.657 -0.667* 0.686* -0.565
Max RH K1 0.701* 0.708* 0.716* 0.743* 0.702* 0.713* 0.736* -0.746* 0.661
Max RH K2 -0.149 -0.170 -0.1951 -0.226 -0.159 -0.174 -0.178 0.185 -0.092
Max RH K3 -0.114 -0.118 -0.106 -0.136 -0.050 -0.063 -0.151 0.157 -0.033
Max RH K4 0.686* 0.674* 0.705* 0.704* 0.825** 0.810** 0.8111* -0.782* 0.883**
Min RH K1 0.723* 0.727* 0.729* 0.752* 0.710* 0.722* 0.7422 -0.757* 0.656
Min RH K2 -0.106 -0.126 -0.147 -0.178 -0.110 -0.125 -0.128 0.140 -0.040
MIn RH K3 -0.006 -0.024 0.005 0.010 0.182 0.156 0.111 -0.108 0.276
Min RH K4 0.308 0.292 0.342 0.342 0.528 0.502 0.487 -0.449 0.615
Rain Fall K1 0.591 0.598 0.588 0.589 0.507 0.530 0.504 -0.535 0.380
Rain Fall K2 -0.359 -0.354 -0.345 -0.347 -0.320 -0.336 -0.308 0.336 -0.196
Rain Fall K3 -0.756* -0.791* -0.787* -0.781* -0.614 -0.638 -0.640 0.652 -0.586
Rain Fall K4 -0.796* -0.769* -0.775* -0.760* -0.900*** -0.886** -0.851** 0.848** -0.919***

Epan K1 0.571 0.589 0.616 0.653 0.610 0.614 0.662 -0.647 0.620
Epan K2 0.866** 0.849** 0.835** 0.829** 0.871** 0.866** 0.890** -0.883** 0.899***
Epan K3 0.759* 0.768* 0.787* 0.794* 0.810** 0.809** 0.774* -0.782* 0.833**
Epan K4 -0.716* -0.749* -0.735* -0.738* -0.558 -0.584 -0.579 0.598 -0.491

Fruit weight Fruit 
diameter 

Fruit 
volume 

Specific 
gravity 

Pulp 
percent 

Juice 
percent TSS Acidity Total 

sugar 
Sugar: 

acid ratio 
Max Temp K1 0.6744* 0.6802* 0.6915* 0.6839* -0.7021* 0.7490* 0.6667* -0.7120* 0.7157* 0.7104*
Max Temp K2 0.2483 0.2428 0.2535 0.2238 -0.1960 0.1586 0.2505 -0.1869 0.1501 0.1768
Max Temp K3 0.6849* 0.7635* 0.6668* 0.5996 -0.6796* 0.7112* 0.6496 -0.6298 0.7682* 0.7353*
Max Temp K4 -0.0914 -0.0261 0.0467 0.2865 0.1865 -0.1153 -0.1921 0.2260 0.0878 -0.0381
Min Temp K1 0.6769* 0.6820* 0.6934* 0.6886* -0.7234* 0.7667* 0.6729* -0.7212* 0.7021* 0.7048*
Min Temp K2 0.5792 0.5756 0.5812 0.5236 -0.5275 0.5021 0.5793 -0.5271 0.4977 0.5243
Min Temp K3 0.7476* 0.8159** 0.7271* 0.6514 -0.7424* 0.7718* 0.7172* -0.7019* 0.8124** 0.7899*
Min Temp K4 -0.7365* -0.6782* -0.6393 -0.4215 0.7871* -0.7295* -0.8027** 0.8192** -0.5640 -0.6775*
Max RH K1 0.6761* 0.6825* 0.6940* 0.6921* -0.7179* 0.7647* 0.6701* -0.7181* 0.7018* 0.7033*
Max RH K2 -0.1483 -0.1514 -0.1564 -0.1788 0.1901 -0.2304 -0.1401 0.2018 -0.2382 -0.2148
Max RH K3 -0.0669 -0.0285 -0.1067 -0.1785 0.0909 -0.1548 -0.0781 0.1440 -0.0256 -0.0473
Max RH K4 0.7830* 0.8176** 0.8513** 0.9112*** -0.7069* 0.7459* 0.7153* -0.6890* 0.8602** 0.8084**
Min RH K1 0.6787* 0.6811* 0.6969* 0.6978* -0.7317* 0.7740* 0.6759* -0.7254* 0.6862* 0.6961*
Min RH K2 -0.0897 -0.0968 -0.0978 -0.1266 0.1426 -0.1872 -0.0837 0.1488 -0.1782 -0.1552
Min RH K3 0.0595 0.1796 0.0930 0.1584 -0.0278 0.0898 -0.0095 0.0430 0.2450 0.1425
Min RH K4 0.4477 0.5154 0.5435 0.6739* -0.3466 0.4043 0.3507 -0.3147 0.6259 0.5171

RF K1 0.4814 0.4656 0.4622 0.4218 -0.5870 0.5838 0.5026 -0.5544 0.4331 0.4783
RF K2 -0.2543 -0.2526 -0.2653 -0.2931 0.3546 -0.3590 -0.2609 0.3106 -0.2575 -0.2695
RF K3 -0.7233* -0.6808* -0.6346 -0.4342 0.7559* -0.7334* -0.7685* 0.7830* -0.5692 -0.6711*
RF K4 -0.8100** -0.8614** -0.8542** -0.8803** 0.7951* -0.8088** -0.7613* 0.7279* -0.8450** -0.8159**
Ep K1 0.6426 0.6361 0.6602 0.6442 -0.6124 0.6557 0.6272 -0.6597 0.6979* 0.6832*
Ep K2 0.8764** 0.8675** 0.8876** 0.8367** -0.8478** 0.8372** 0.8727** -0.8464** 0.7941* 0.8274**
Ep K3 0.7847* 0.8438** 0.7493* 0.6470 -0.7944* 0.8176** 0.7647* -0.7567* 0.8290** 0.8221**
EpK4 -0.6750* -0.6221 -0.5592 -0.3134 0.7273* -0.6664 -0.7436* 0.7595* -0.5221 -0.6322
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It is evident from the data that plant height 
of kinnow mandarin was significantly affected by 
weather factors. Maximum temperature at K1 stage 
(r = 0.675**) and minimum temperature at K1 and 
K3 stage (r = 0.705* and 0.707*) was positively 
correlated with plant height of kinnow mandarin. 
Similarly, Higuchi et al. (1998) reported that shoot 
growth of Cherimoya trees was greater till two 
month of sprouting, however, decrease gradually at 
warmer temperature. While, minimum temperature 
at K4 stage (r =–0.791*) exerted negative impact 
on plant height, whereas maximum and minimum 
relative humidity at K1 stage (r = 0.701* and 
0.723*) and maximum relative humidity at K4 
stage (r = 0.686**) positively favoured plant height 
of kinnow mandarin. Evapotranspiration also 
associated positively with plant height at K2 and 
K3 stage (r =0.866** and 0.759*), whereas K4 
stage (r = –0.7160*) exerted negative effect. 
Similarly, rainfall also exerted negative effect on 
plant height at K3 and K4 stage (r = – 0.756* and –
0.796*). 

Maximum and minimum temperature at K1 
stage (r = 0.687* and r = 0.713*) and minimum 
temperature at K3 stage (r= 0.710*) positively 
influenced the plant volume of kinnow mandarin while 
minimum temperature at K4 stage (r = –0.813) exerted
negative with plant volume. Similar observation were 
also made by Singh et al. (1999) who observed that 
olive canopy volume was significantly higher at 
location which represented relatively lower 
temperature and higher rainfall at pre-bloom period. 
Maximum and minimum relative humidity at K1 
stage (r = 708* and 0.727*) and maximum relative 
humidity at K4 stage (r = 0.674*) positively 
favoured the plant volume of Kinnow mandarin.
This result are in accordance with Kour et al.
(2015) who reported that maximum relative humidity 
at P1 stage (bud break to full bloom)was positively 
related with plant volume. The study further revealed 
that plant volume of kinnow mandarin showed 
negative relation with rainfall at K3 and K4 stage (r = 
–0.791* and – 0.769*) and as well as 
evapotranspiration at K4 stage (r= – 0.749*) also 
negatively correlated with pant volume of kinnow 
mandarin. However, plant volume were positively 
correlated with evapotranspiration at K2 and K3 stage 
(r = 0.849** and 0.768*).

Plant spread from north to south direction 
were positively affected by maximum and minimum 
temperature at K1 and K3 stage (r = 0.7011; 0.721*
and 0.667*; 0.730*, respectively) but minimum 
temperature at K4 stage (r = – 0.789*) negatively 
affected the tree spread from north to south direction of 
kinnow mandarin. Further the maximum and minimum 
relative humidity at K1 stage (r = 0.7156* and 0.7291*) 
and maximum relative humidity at K4 (r = 0.7055*) 
also positively affect the plant spread. While, rainfall at 
K3 and K4 stage (r = – 0.787* and – 0.775*) exerted 
negative affect with tree spread from north to south 

direction, whereas evapotranspiration at K4 stage 
also exerted negative impact on plant spread from 
north to south direction. Similarly, Singh et al. 
(1999) while studying the effect of pre bloom,
temperature on growth, yield and productivity of 
different cultivars of olives at two different 
condition and observed that prevalence of lower 
temperatures coupled with a moderate rainfall 
during pre-bloom promote vegetative growth of 
olive. However, evapotranspiration at K2 and K3 
stage (r = 0.835** and 0.787*) positively impact on 
tree spread from north to south direction of kinnow 
mandarin fruit crops. 

Minimum temperature at K4 stage 
(r = – 0.791*), rainfall at K3 and K4 stage (r = – 0.781* 
and – 0.760*) and evapotranspiration at K4 stage (r = –
0.738*) were the only factor, which had exerted 
negative impact on the plant spread from east to west 
direction of kinnow mandarin fruit crops. However, 
maximum and minimum temperature at K1 and K3 
stage (r = 0.732*; 0.748 * and 0. 672*; 0.738*, 
respectively) positively influenced on the plant spread 
from east to west direction. Kour et al. (2015) also 
reported that temperature positively favoured the 
shoot extension growth of early grande cultivar of 
peach at P1 (Bud break to full bloom stage) and P3 
(Bud break to fruit maturity). Similarly maximum 
and minimum relative humidity at K1 stage (r = 
0.743* and 0.752*) and maximum relative 
humidity at K4 stage (r = 0.704*) correlated 
positively with plant spread from east to west 
direction. Further evapotranspiration at K2 and K3 
stage (r = 0.8293** and 0.7939*) also showed positive 
correlation with the tree spread from east to west 
direction of kinnow mandarin fruit crops. Singh et al. 
(1999) concluded that prevalence of lower 
temperatures coupled with a moderate rainfall 
during prebloom promote growth of olive. 

Rainfall at K4 stage (r = – 0.900***) was the 
only factor, which exerted negative impact on the stock 
girth of Kinnow mandarin whereas, positively favoured 
by maximum and minimum temperature at K1 and K3 
stage (r = 0.689*, 0.704* and 0.737*, 0.787*). 
Similarly, Mounzer et al. (2008) reported that in peach 
cv. “Flordastar” the maximal trunk growth rate being
reached approximate 30 days after full bloom. 
Maximum and minimum relative humidity at K1 
stage (r = 0.702* and 0.710*) and maximum 
relative humidity at K4 stage (0.825**) influenced 
positively on stock girth of Kinnow mandarin. 
Further evapotranspiration at K2 and K3 
(r = 0.871** and 0.810**) also showed positive 
correlation with stock girth of Kinnow mandarin. 

Scion girth of kinnow mandarin showed 
positive correlation with maximum and minimum 
temperature at K1stage and K3 stage (r = 0.6979*,
0.715* and 0.729*, 0.781*) while maximum and 
minimum relative humidity at K1 stage 
(r = 0.713* and 0.722*) and maximum relative 
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humidity at K4 stage (0.810**) positively favoured 
the scion girth. Further, the scion girth was positively 
affected by evapotranspiration at K2 and K3 stage 
(r = 0.866**and 0.809**) whereas, rainfall at K4 
stage (r = –0.886**) was the only factor, which had 
exerted negative impact on the scion girth of Kinnow 
mandarin. 
Effect of climatic factors on yield attributes of 
kinnow mandarin fruit 

Yield attributes of kinnow mandarin at 
various phonological stages under the effect of different 
climatic factors are presented in Table 2. Fruit set of 
kinnow mandarin were positively favoured by 
maximum and minimum temperature at K1 and K3 
stage (r = 0.7243*, 0.734* and 0.687*, 0.749*, 
respectively) but minimum temperature at K4 stage (r = 
–0.6668*) favoured negatively on fruit set, whereas
maximum and minimum relative humidity at K1 stage 
(r = 0.736* and 0.742*) and maximum relative 
humidity at K4 stage (r = 0.811**) was positively 
correlated with fruit set of kinnow mandarin. However 
rainfall at K4 stage (r = –0.851**) showed negative 
correlation with fruit set, while evapotranspiration at 
K2 and K3 (r = 0.890** and 0.774*) were 
positively correlated with fruit set of kinnow 
mandarin. Similar findings were made by Roversi and 
Ughini (1996) in cherry and Lyrene and Williamson 
(2003) in blueberry who stated that fruit set increased 
by high temperature and decreased by rainfall in 
cherry trees as rain negatively influenced the activity 
of pollinating bees and consequently the fruit set.  

Minimum temperature and rainfall at K4 
stage was the only factor that positively favoured 
the fruit drop of Kinnow mandarin, while fruit drop 
were negatively influenced by maximum 
temperature and minimum temperature at K1 and 
K3 stage (r = –0.729*, –0.745* and –0.6909*, –
0.7529*, respectively). Similarly, Tromp and 
Borsboom (1996) concluded that high temperature at 
post-bloom causes severe fruit drop in pear cv. 
Doyenne du Comice and apple cv. Golden Delicious. 
However, maximum and minimum relative humidity 
at K1 stage (r = – 0.746* and – 0.758*) and maximum 
relative humidity at K4 stage (r = –0.782*) exerted 
negative impact on fruit drop of kinnow mandarin 
fruit crop. Further, fruit drop of kinnow mandarin 
was negatively influenced by evapotranspiration at 
K2 and K3 stage (–0.883** and – 0.782*).  

Rainfall at K4 stage (r = –0.919***) was the 
only factor among all climatic factor that negatively 
influenced the fruit yield of kinnow mandarin, however 
maximum and minimum temperature at K3 stage 
(r = 0.783* and 0.828**) positive correlated with the 
fruit yield of kinnow mandarin whereas maximum 
relative humidity at K4 stage (r = 0.883**) also showed
positive correlation with fruit yield. Further, the 
evapotranspiration at K2 and K3 stage (r = 0.899*** 
and 0.833**) were positively related with the fruit yield 
of kinnow mandarin. Similarly, Kour et al. (2013)

reported that the yield of peach cv. Early Grande was 
positively influenced by temperature at P2 (Full 
bloom to fruit maturity stage) and P3 (Bud break to 
fruit maturity) and negatively influenced by rainfall 
during experimental period whereas Shan-e-Punjab 
cultivar of peach was positively associated with 
maximum relative humidity at P3 stage (Bud break 
to fruit maturity). 
Effect of climatic factors on quality of kinnow 
mandarin fruit 

The data pertaining to the effect of 
different climatic factors on quality of kinnow 
mandarin fruit at various phenological stage are 
presented in Table 2. The fruit weight of Kinnow 
mandarin was positively affected by maximum and 
minimum temperature at K1 and K3 stage (r = 0.674*, 
0.677* and 0.685*, 0.748*) and negatively correlated to 
minimum temperature at K4 stage (r = –0.736*). The 
data further showed that maximum and minimum 
relative humidity at K1 stage and maximum relative 
humidity at K4 stage were positively correlated with 
fruit weight of kinnow mandarin fruit crops. Higher 
fruit weight could be due to the transport of water into 
fruits by root pressure, stimulated by high humidity at 
night (Bradfield and Guttridge, 1984).  However 
rainfall at K3 and K4 stage (r = –0.723* and (r = –
0.810**) and evapotranspiration at K4 stage (r = –
0.675*) exerted negative impact on fruit weight of 
kinnow mandarin, while evapotranspiration at K2 and 
K3 stage (r = 0.8764** and 0.7847*) exerted positive 
impact on fruit weight of kinnow mandarin fruit crops 

Maximum and minimum temperature at K1 
and K3 stage (r = 0.668*, 0.671* and 0.677*, 0.747*) 
were positively associated with number seed per fruit of 
kinnow mandarin whereas minimum temperature at K4 
stage (r = –0.816**) was negatively associated with the 
number of seed per fruit. However maximum and 
minimum relative humidity at K1 (r = 0.674* and 
0.677*) and minimum relative humidity at K4 stage  
(r = 0.694*) exerted positive impact on number of seed 
per fruit. The data further showed that rainfall at K3 
and K4 stage (r = – 0.788* and (r = –0.739**) and 
evapotranspiration at K4 stage (r = –0.758*) exerted 
negative impact on number of seed per fruit, while K2 
and K3 stage (r = 0.863** and 0.794*) exerted positive 
impact on number of seed per fruit of kinnow
mandarin fruit crops. 

Fruit diameter of kinnow mandarin was 
positively influenced by maximum and minimum 
temperature at K1 and K3 stage (r = 0.680*, 0.682* 
and 0.763*, 0.816**) whereas minimum 
temperature at K4 stage (r = –0.678*) was 
negatively associated with the fruit diameter of 
kinnow mandarin because low temperature during 
spring was an optimum factor for photosynthesis 
and affected fruit development resulting in high 
fruit size (Kour et al., 2015) and negatively 
affected by minimum temperature at K4 stage (r = 
– 0.754*) decreased fruit size might be due to poor
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supply of resources to support the potential fruit 
growth rates associated with high rates of 
phonological development (Lopez et al. 2007).
However maximum and minimum relative 
humidity at K1 
(r = 0.682* and 0.681*) and maximum relative 
humidity at K4 stage (r = 0.818**) exerted positive 
impact on fruit diameter of kiinow mandarin fruit crop. 
The data further showed that rainfall at K3 and K4 
stage (r = –0.681* and (r = –0.861**) exerted negative 
impact on fruit diamter of kinnow mandarin, while 
evapotranspiration at K2 and K3 stage (r = 0.8675** 
and 0.8438**) exerted positive impact on fruit diameter 
of kinnow mandarin fruit crops. 

Fruit volume of kinnow mandarin was 
positively influenced by maximum and minimum 
temperature at K1 and K3 stage (r = 0.691*, 0.693* and 
0.667*, 0.727*) however, maximum and minimum 
relative humidity at K1 stage (r = 0.694* and 
0.697*) and maximum relative humidity at K4 stage (r 
= 0.851**) showed positive effect with fruit volume of 
kinnow mandarin. However rainfall at K4 stage (r = –
0.854**) exerted negative correlation with fruit volume 
whereas, evapotranspiration at K2 and K3 stage (r = 
0.888** and 0.749*) were positively correlated with 
fruit volume of kinnow mandarin. 

Maximum and minimum temperature at 
K1 stage (r = 0.684* and 0.689*) were positively 
associated with specific gravity of kinnow 
mandarin whereas maximum and minimum relative 
humidity at K1 and K4 stage (r = 0.692*, 0.698*
and 0.911***, 0.674*) exerted positive impact on 
specific gravity of kinnow mandarin fruit crop. 
However, rainfall at K4 stage (r = –0.880**) 
exerted negative effect on specific gravity of 
kinnow mandarin while evapotranspiration at K2 
stage exerted positive impact on specific gravity of 
kinnow fruit. 

Pulp percent of kinnow mandarin were 
positively influenced by minimum temperature at 
K4 stage(r = 0.787* and negatively influenced at 
K1 and K3stage by both maximum and minimum 
temperature (r= –0.702*, –0.723* and –0.680*, –
0.742*).Maximum and minimum relative humidity 
also showed negative correlation with pulp per cent 
at K1 stage (r = –0.717* and –0.731*) and 
maximum relative humidity at K4 stage (r = –
0.707) however, positively influence by rainfall at
K3 and K4 stage (r = 0.756* and 0.795*). 
Evapotranspiration at K4 stage (r = 0.727*) showed 
positive correlation with pulp percent while K2 and 
K3 stage (r = –0.848** and – 0.794*) showed 
negative correlation with pulp percent of kinnow 
mandarin fruit crop. 

Maximum and minimum temperature at 
K1 stage and K3 stage (r = 0.749*, 0.767* and 
0.711*, 0.772*) exerted positive impact on the 
juice per cent of kinnow mandarin fruit but 
negatively favoured by minimum temperature at 

K4 stage (r = –0.729*) whereas maximum and 
minimum relative humidity at K1 stage (r = 0.765*
and 0.740*) and maximum relative humidity at K4 
stage (r = 746*) positively influenced the juice 
percent in kinnow mandarin fruit crop. However 
rainfall at K3 and K4 stage (r = –0.733* and –
0.809*) were negatively associated with juice 
content, while evapotranspiration at K2 and K3 
stage (r = 0.837** and 0.818**) exerted positive 
impact on percent of juice content of kinnow 
mandarin fruit crop.

Total soluble solid (TSS) was positively 
favoured by maximum and minimum temperature 
at K1 stage (r = 0.667* and 0.673*) and minimum 
temperature at K3 stage (r = 0.717*) but negatively 
favoured by minimum temperature at K4 stage (r = 
–0.803**), whereas maximum and minimum
relative humidity at K1 stage (r = 0.6701* and 
0.6759*) and maximum relative humidity at K4 
stage (r = 7153*) positively influenced the total 
soluble solid content in the kinnow mandarin fruit 
crop. The resultare in accordance with Mowat et al.
(1997) who reported higher soluble solids content 
in persimmon cv. Fuyu fruit in a warm-subtropical 
region of Australia. However rainfall at K3 and K4 
stage (r = –0.768* and –0.761*) were negatively 
associated with TSS content of kinnow mandarin, 
similarly Chelong and Sdoodee (2013) reported 
that high level of rainfall in maturation phase caused 
a decrease in the TSS as the start of new vegetative 
growth utilized a part of reserved carbohydrates and 
thus the TSS of fruit might be decreased. While 
evapotranspiration at K2 and K3 stage (r = 0.873** 
and 0.765*) exerted positive impact on content of 
total soluble solid but K4 stage (–0.744*) exerted 
negative impact on total soluble solid content of 
kinnow mandarin fruit crop. 

The acidity content in fruit was positively 
affected by minimum temperature at K4 stage (r = 
0.819**) however, maximum temperature at K1 stage 
(r = –0.712*) and minimum temperature at K1 stage 
and K3 (r = –0.721* and –0.702*) negatively 
influenced the acid content of the kinnow mandarin 
fruit crop. Redalen et al. (1993) observed that titratable 
acids contents were highest in ‘Katja’ apple fruits from 
normal Stockholm climate (at about 60°N), and lowest 
in fruits from Frankfurt climate (at 50°N). Further, the 
acidity content was negatively affected by maximum 
relative humidity at K1 and K4 stage (r = –0.718* 
and –0.689*) and minimum relative humidity at K1 
stage (r = –0.725*), whereas rainfall at K3 and K4 
stage (r = 0.783* and 0.728*) were positively 
associated with the acidity content of kinnow fruit 
crop. High precipitation near harvest increased 
titratable acidity in plum reported by Vangdal et al.
(2007). Similarly, acidity content of kinnow 
mandarin fruit was also positively influence by 
evapotranspitration at K4 stage (r = 0.759) but 
negatively influence at K2 and K3 stage 
(r = –0.846** and –0.757*). 
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Maximum and minimum temperature at 
K1 and K3 stage (r = 0.716*, 0.702* and 0.768*,
0.812**) were positively associated with the total 
sugar content of kinnow mandarin fruit crops. 
Similarly, maximum relative humidity at K1 and K4 
stage (r = 0.702* and 0.860**) and minimum relative 
humidity at K1 stage (r = 0.686*) also exerted 
positive impact on total sugar content, while rainfall at 
K4 stage (r = –0.845**) negatively influenced the 
total sugar content of kinnow mandarin fruit. 
However, evapotranspiration at K1, K2 and K3 stage 
(r = 0.697*, 0.794* and 0.829**, respectively) were 
positively correlated with sugar. 

Sugar acid ratio was positively favoured 
by maximum and minimum temperature at K1 and 
K3 stage (r = 0.710*, 0.705* and 0.735*, 0.790*) 
but negatively influenced by minimum temperature 
at K4 stage (r = –0.677*), whereas maximum and 
minimum relative humidity at K1 stage (r = 0.703* 
and 0.696*) and maximum relative humidity at K4 
stage (r = 808**) positively influenced the sugar 
acid ratio of the kinnow mandarin fruit crop. 
However, rainfall at K3 and K4 stage (r = –0.671* 
and –0.816**) were negatively associated with sugar 
acid ratio of kinnow mandarin, while 
evapotranspiration at K1, K2 and K3 stage (r = 
0.683*, 0.827** and 0.822**) exerted positive impact 
on sugar acid ratio of kinnow mandarin fruit crop. 

CONCLUSION 
On the basis of above study, it can be 

concluded that there was a strong relationship 
between climatic factors and vegetative growth of 
kinnow mandarin fruit crops. Further, the climate 
of a particular region is a decisive factor to have 
quality fruit with marketable size. 
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ABSTRACT
Present investigation intended at probing the impact of rainfall, rainy days, temperature (maximum and 

minimum), relative humidity (morning and evening) and bright sunshine hours on winter rice productivity at Jorhat 
and Dibrugarh districts situated in the Upper Brahmaputra Valley Zone (UBVZ) of Assam, over a dataset of 31 
years from 1984 to 2014.Number of rainy days at ripening phase, maximum temperature at vegetative and total 
growth phase, morning relative humidity at vegetative phase, evening relative humidity at ripening and total growth 
phase and bright sunshine hours at vegetative, ripening and total growth phase revealed significant correlation with 
winter rice yield. Among the selected weather parameters, rainfall and minimum temperature did not show any 
significant association with the yield which possibly highlights the availability of the same as per requirement of the 
crop during its different phases in the zone. The coefficient of variation was found to be the highest for rainfall and 
rainy days precisely during ripening phase. Multiple linear regression studies revealed that in Jorhat and Dibrugarh, 
out of 21 generated weather variables, 11 were the most important, which explained 70.4 per cent and 68.8 per cent 
of the total variation in the yield of the respective locations and exhibited highest Adjusted R2 of 53.2 per cent and 
50.71 per cent, respectively. 

Key words: Phenophase, correlation, multiple linear regression, Adjusted R2. 

Rice (Oryza sativa L.) is the paramount cereal 
crop after wheat belonging to the grass family, poaceae, 
extensively cultivated in most parts of the world and is 
the major staple food for more than half of the global 
population (FAO, 2013). About 90 percent of the global 
rice production takes place in the tropical regions of 
Asia, where China and India alone accounts for 
approximately 50 percent of the total rice grown and 
consumed (Sharma, 2003 and Muthayya et al., 2012). In 
the backdrop of a burgeoning population and an era of 
climate variability, where food security is a constant 
challenge, increasing the production of rice to meet 
human demands from the ever shrinking land resources 
have emerged as a vital component for the growth of 
Indian economy. Rice, alike other crops, also exhibits 
nonlinear relationships with various weather parameters, 
particularly temperature (Yoshida, 1981). If water is not 
the limiting factor, the most important weather 
parameters affecting growth and development of rice are 
temperature and solar radiation, whereas, the influence 
of relative humidity and wind velocity are considered 
only up to some extent (Sridevi and Chellamuthu, 
2015). Rainfall (spatial and temporal variation) is the 
direct critical weather parameter in rainfed ecologies. 
While considering the phenophases of rice, reproductive 
and ripening phase are the most sensitive to weather, 
and adjusting the cropping schedule to reduce the risk of 
unfavorable weather condition during these stages will 
ultimately help to put forth the best performance in 
obtaining the genetic yield dictated (Sridevi and 
Chellamuthu, 2015). 

Assam situated in the northeast region of 
India and belonging to the Eastern Himalayan Agro-
climatic Region is well known for its diverse climatic 
conditions favourable for rice cultivation. Wide 
variation of physiographic features and climatic 
characteristics have resulted in three distinct growing 
seasons of rice viz., Ahu or autumn (Feb/Mar - 
Jun/Jul), Sali or winter (Jun/Jul - Nov/Dec) and Boro 
or summer (Nov/Dec - May/Jun) (Ahmed et al., 
2011) covering 9 per cent, 75 per cent and 16 per 
cent areas of the state, respectively(Government of 
Assam, 2014). Agriculture in this region is by and 
large traditional in nature, characterized by marginal 
food production and heavy dependence on weather 
conditions and hence, the study of crop weather 
relation is a basic step in agro-climatic planning and 
policy decision making. Therefore, an attempt has 
been made to analyze the effect of weather on winter 
rice productivity in Upper Brahmaputra Valley Zone 
(UBVZ) of Assam. 

MATERIALS AND METHODS 
Long term data from 1984 to 2014 of the 

selected meteorological parameters viz., rainfall
(RF), rainy days (RD), maximum temperature
(Tmax), minimumtemperature(Tmin), morning 
relative humidity (RH-1), eveningrelative humidity 
(RH-2) and bright sunshine hours (BSSH) were 
collected frommeteorological observatory stations of
two districts viz., Jorhat(Lat: 26º47´N, Long: 94º12´E 
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& Alt: 87 m) and Dibrugarh(Lat: 27º 29´N Long: 
95º01´E & Alt: 111 m), which were considered as 
the representative of the UBVZ of Assam.
Productivity of winter rice of the respective locations 
was collected from Directorate of Economics and 
Statistics, Government of Assam.The normal 
growing season of Sali rice in Assam i.e., from July 
to November (27th to 48th SMW) has been divided 
into three phases namely, vegetative, reproductive 
and ripening, considering the postulations of Yoshida 
(1981) and Counce et al. (2000) and a total growth 
phase has also been analysed. A well-established 
thumb rule was considered for rice crop based on its 
genetic character that, its reproductive and ripening 
phase strictly require one month each for its 
completion and the remaining duration of the crop is 
utilised by the vegetative phase. Phase-wise 
association of weather parameters with average yield 
of Sali rice was carried out using Karl Pearson’s 
correlation technique and t-test was used to 
understand the statistical significance of the relations.
Coefficient of Variation (CV) of the weather 
parameters at different phases was also calculated for 
both the locations.Identification of meteorological 
parameters playing major role in determining yield 
was done by applying multiple linear regression 
techniques. The best fit regression equation has been 
obtained using XLSTAT software and was selected 
on the basis of Adjusted Coefficient of 
Determination (Adjusted R2).

RESULTS AND DISCUSSION
Trend analysis of historical winter rice yield in 
UBVZ, Assam

The past actual yields for the two 
representative districts of UBVZ, Assam viz.,Jorhat 
and Dibrugarh were regressed against time to develop 
a linear predictive model to assess the rate at which 
winter rice yields have increased over time (Fig. 1). 

Fig. 1 Trend Analysis of historical winter rice yield 
in Jorhat and Dibrugarh districts of UBVZ, Assam
Over the past three decades rice yields at Jorhat and 
Dibrugarh have increased at the rate of 17.232 and 
15.804 Kg / ha respectively. The inter-seasonal yield 
variation would presumably be due to a combination 

of variations in the weather conditions and 
fluctuations in the degree to which the farmers’
practices are optimized during each crop season. 
Although technological advancement such as, 
improvement in farmers’ management practices, crop 
cultivars, machinery etc., have led in the gradual 
increase of yield, but, abrupt changes in year-to-year 
yields are more due to intra-seasonal weather variations. 
The negative deviation in the actual yield compared to the 
technology model predicted yield indicates that the intra-
seasonal weather was probably unfavourable in some part 
of the crop season. Thus, to delineate the major intra-
seasonal weather parameters required at the different 
phases of the winter rice crop in Assam, correlation and 
regression techniques were used.
Correlation analysis

The correlation analysis revealed no 
significant relation between winter rice yield and 
rainfall in any of the phases for both the locations
(Table 1). This was most probably because UBVZ of 
Assam is a high rainfall area (2125 mm annually) 
with high ground water table which helps to meet the 
water demand of rice and was sufficient to assure 
irrigation facility during the critical stages of the 
crop. This possibly highlights the availability of
water in the UBVZ as per requirement of the crop 
during its different phases. Further, in some part of 
the crop season such as during the ripening phase in 
Jorhat and vegetative phase in Dibrugarh,non-
significant negative correlations may possibly 
suggest that the rainfall was higher than the required 
quantity which might have caused flooded condition 
of the croplands resulting in some degree of damage 
to the crop. Rainy days showed significant (p = 0.01)
negative correlation (r= -0.499) with the yield during 
the ripening phase at Jorhat. Significant negative 
correlation results most probably suggest that, dry 
weather with reduced number of rainy days is 
beneficial for the rice crop during the ripening phase 
which ensures proper grain development and drying. 
Further, increase in the number of rainy days results 
in higher rainfall which may cause lodging of the 
crops along with the grains that may decay in 
standing water resulting in a reduced yield.The 
correlation between the yield and maximum 
temperature revealed positive values during all the 
phases for both the locations with significant (p = 
0.05) association with r = 0.360 and 0.358 during the 
vegetative and total growth phase respectively at 
Dibrugarh. Such results were in close proximity with 
the findings of Ramdoss and Subramaniam (1980) and 
Sandhu et al. (2013) which revealed that rice grain 
yield was positively correlated with maximum 
temperature during entire growth period.
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Table 1 Phenophase wise correlation between winter rice yield and weather parameters for Jorhat and Dibrugarh 
districts of UBVZ, Assam 

PHENOPHASES
Vegetative

(27th-39th SMW)
Reproductive

(40th-43th SMW)
Ripening

(44th-48th SMW)
Total Growth

(27th-48th SMW)
Jor Dib Jor Dib Jor Dib Jor Dib

RF 0.054 -0.080 0.028 0.108 -0.244 0.149 0.033 -0.029
RD -0.016 -0.207 -0.088 0.012 -0.499** 0.013 -0.215 -0.167

Tmax 0.213 0.360* 0.121 0.120 0.161 0.205 0.284 0.358*
Tmin 0.165 0.248 0.023 0.059 -0.010 0.272 0.104 0.247
RH-1 0.365* -0.061 0.239 0.033 0.344 -0.158 0.335 -0.088
RH-2 0.105 -0.282 0.050 -0.252 -0.103 -0.471** -0.082 -0.389*
BSSH 0.258 0.378* 0.330 0.043 0.366* 0.244 0.365* 0.223

*shows significance at p = 0.05, **shows significance at p = 0.01, Jorhat is abbreviated as Jor and Dibrugarh is
abbreviated as Dib 

Table 2 Phenophase wise Coefficient of Variation (%) of weather parameters during the period 1984-2014 for 
Jorhat and Dibrugarh 

PHENOPHASES
Vegetative

(27th-39th SMW)
Reproductive

(40th-43th SMW)
Ripening

(44th-48th SMW)
Total Growth

(27th-48th SMW)
Jor Dib Jor Dib Jor Dib Jor Dib

RF 17.25 15.84 65.79 52.94 102.92 92.03 18.05 15.35
RD 7.65 17.19 33.97 48.84 62.63 79.56 7.66 17.67

Tmax 1.71 2.00 3.59 3.63 2.74 3.30 1.56 1.87
Tmin 2.69 2.33 5.28 4.18 7.31 8.90 2.97 2.45
RH-1 2.41 2.12 2.64 4.76 2.19 5.20 2.14 2.24
RH-2 3.60 2.45 5.76 4.88 7.86 4.99 3.93 2.91
BSSH 12.68 12.16 13.97 13.72 14.52 12.06 7.53 7.35

Jorhat is abbreviated as Jor and Dibrugarh is abbreviated as Dib

Table 3 Major weather parameters affecting winter rice yield in Jorhat and Dibrugarh districts of UBVZ, Assam 

District Best Fit Regression Equation MSE RMSE R² Adj. R²

Jorhat

Yield (t/ha)= -9.8872 -0.0929*RD_M+ 
0.2473*Tmax_V+ 
0.1106*Tmax_M+0.3229*Tmin_V-
0.0497*Tmin_R+0.1179*RH1_V+ 
0.0309*RH1_R+0.0933*RH1_M-
0.0357*RH2_V+0.3059*BSSH_M +
0.3112*BSSH_T

0.0369 0.1921 0.7037 0.5321

Dibrugarh

Yield (t/ha) = -4.97985 + 0.0090*RF_M -
0.0167*RD_V + 0.0278*RD_R + 0.0935*RD_M 
+ 0.2695*Tmax_V + 0.0896*Tmax_M +
0.0811*RH1_V -0.0255*RH1_M -
0.0309*RH2_R - 0.0662*RH2_M + 
0.2041*BSSH_V

0.0286 0.1692 0.6879 0.5071

Most possibly higher temperature during the 
vegetative phase was congenial for the growth and 
development of the rice crop which resulted in an 
increased number of tillers (Yoshida, 1973) and tiller 
number per plant determines panicle number which is 

a key component of grain yield (Yoshida, 1981). 
Further, according to the growing degree-day 
concept, plant activity or growth increases linearly 
with the increase in the daily average temperature. 
However, no such significant association was 
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observed in between winter rice yield and minimum 
temperature in the UBVZ of Assam. With respect to 
relative humidity (RH), significant (p = 0.05) positive 
correlation with r = 0.365 was found with morning 
RH during the vegetative phase at Jorhat and 
significant (p = 0.05 and 0.01) negative correlation 
with r = -0.471 and -0.389, with evening RH, during 
ripening and total growth phase, respectively at 
Dibrugarh. These results highlight the fact that the 
rice crop probably requires comparatively higher 
humidity during the vegetative phase and 
comparatively dry weather during the ripening phase 
for the proper growth of the crop and development of 
grains. Winter rice yield depicted positive association 
with bright sunshine hours in both the locations of the 
UBVZ, Assam with significant (p = 0.05) values of r 
= 0.366 and 0.365 during ripening and total growth 
phase in Jorhat and r = 0.378 during vegetative phase 
in Dibrugarh. Panicles per unit area increased in 
crops which received more sunshine hours during the 
tillering stage and thus, resulted in an increased grain 
yield (Mahajan et al.,2009). Increased sunshine hours 
during the ripening phase enhances rice grain yield 
(Thangaraj and Sivasubramanian, 1990), because, 
higher BSSH accounting for higher radiation 
enhances both the percentage of well filled grains and 
weight per grain. At low irradiance, the 
photosynthetic rate gets inhibited and grain filling 
becomes jeopardized which may result in lower grain 
filling rate and grain weight (Lur et al.,2006). 

Fig. 2 Predicted vs. Actual Yield (t/ha) for Jorhat 

Fig. 3 Predicted vs. Actual Yield (t/ha) for Dibrugarh 

Coefficient of Variation (CV) 
The phenophase-wise coefficient of 

variation (Table 2) for Jorhat was found to be highest 
for rainfall(102.9%) followed by rainy days(62.6%)
and bright sunshine hours (14.5%) precisely during 
the ripening phase. But in Dibrugarh,CV was highest 
for rainfall (92.03%) followed by rainy days (79.5%)
during ripening phase and bright sunshine hours 
(13.7%) during reproductive phase. 
Regression analysis 

The multiple linear regression technique 
applied for Jorhat and Dibrugarh generated best fit 
regression lines (Fig. 2 and 3) based on the criteria of 
Adjusted R2 which contained 11 numbers of weather 
parameters for each location out of the total 21 
generated weather variables (Table 3).  It was 
observed that in Jorhat,rainy days during ripening 
phase (RD_M), maximum temperature during 
vegetative phase (Tmax_V), maximum temperature 
during ripening phase (Tmax_M), minimum 
temperature during vegetative phase (Tmin_V),
minimum temperature during reproductive phase 
(Tmin_R), morning relative humidity during 
vegetative phase (RH-1_V), morning relative 
humidity during reproductive phase (RH-1_R),
morning relative humidity during ripening phase 
(RH-1_M), evening relative humidity during 
vegetative phase (RH-2_V), bright sunshine hours 
during ripening phase (BSSH_M) andbright sunshine 
hours during total growth phase(BSSH_T) were the 
major weather parameters which affected the yield of 
Sali rice. These 11 parameters exhibited the highest 
Adjusted R2 of 53.2 per cent and explained 70.4 per 
cent of the total variation occurring in the Sali rice 
yield of Jorhat. Moreover, the mean square error 
(MSE) and root mean square error (RMSE) was 
0.0369 and 0.192l respectively for this line of 
regression. In Dibrugarh, it was observed that rainfall 
during ripening phase (RF_M), rainy days during 
vegetative phase (RD_V), rainy days during 
reproductive phase (RD_R), rainy days during 
ripening phase (RD_M),maximum temperature 
during vegetative phase (Tmax_V), maximum 
temperature during ripening phase (Tmax_M),
morning relative humidity during vegetative phase 
(RH-1_V), morning relative humidity during ripening 
phase (RH-1_M), evening relative humidity during 
reproductive phase (RH-2_R), evening relative 
humidity during ripening phase (RH-2_M) and bright 
sunshine hours during vegetative phase (BSSH_V) 
were the major weather parameters which affected 
the yield of sali rice. These 11 parameters exhibited 
the highest Adjusted R2 of 50.7 per cent and 
explained 68.8 per cent of the total variation 
occurring in the Sali rice yield of Dibrugarh. 
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Moreover, the mean square error (MSE) and root 
mean square error (RMSE) was 0.0286 and 0.1692 
respectively for this line of regression. 

CONCLUSION 
The phenophase wise association between 

yield and weather parameters in Jorhat revealed 
significant positive correlation (r = 0.365 and 0.366) 
with bright sunshine hours during the vegetative and 
total growth phase, respectively. The association with 
morning relative humidity quantified significant 
positive correlation (r = 0.365) during the vegetative 
phase, whereas, significant negative relation (r = -
0.499) with rainy days during the ripening phase. In
Dibrugarh correlation between yield and weather 
parameter exhibited significant positive values (r = 
0.378) with bright sunshine hours during the 
vegetative phase. The association with maximum 
temperature during the vegetative and total growth 
phase quantified significant positive correlation (r = 
0.360 and 0.368, respectively), whereas, evening 
relative humidity during the ripening and total growth 
phase revealed significant negative correlation (r = -
0.471 and -0.381 respectively). However, rainfall and 
minimum temperature did not show any significant 
association with the yield which possibly highlights 
the availability of the same as per requirement of the 
crop during its different phases.Multiple linear 
regression studies done to identify the major weather 
parameter effecting winter rice yield revealed 11 
weather variables for each location, out of 21 
generated variables. The selected weather variables 
exhibited highest Adjusted Coefficient of 
Determination (Adj. R2) of 53.2 per cent and 
50.71per cent with RMSE value of 0.1921 and 
0.1692, which explained 70.4 per cent and 68.8 per 
cent of the total variation in the yield of Jorhat and 
Dibrugarh, respectively. 
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ABSTRACT 
Rice (Oryza sativa L.) is a staple food for more than 50 per cent of the world’s population and is very 

important from food security point of view in India. Sunlight and temperature are the important natural resources 
which affects the rice productivity. Therefore, in order to evaluate the efficacy of rice genotypes and date of sowing 
to efficiently utilize these natural resources an experiment was conducted at Tamil Nadu Agricultural University, 
Coimbatore during kharifseason of 2014. Twelve different maturity groups of rice genotypes were sown at three 
dates viz., 9th June, 23rd June and 7th July. The heat units or temperature summation or photothermal indices, i.e., 
Growing degree days (GDD), Photothermal units (PTU)and  Heliothermal units (HTU) were computed using the 
base temperature of 10˚C. The results revealed that among the genotypes used in this study, the long duration 
genotype CB-05-022 accumulated more heat units than other rice genotypes due to which the grain yield of CB-05-
022 was higher. Among the sowing dates, the rice genotypes sown on 9th June accumulated more heat units to attain 
physiological maturity leads to produce higher grain yield as compared to 23rd June and 7th July sown rice 
genotypes. 

Keywords: Growing degree days, photothermal units, helio thermal units, pheno thermal index, heat use efficiency. 

Rice (Oryza sativa L.) is a staple food of 
more than 50 per cent of the world’s population 
(Anonymous, 2011). India will need 112 million 
tonnes of rice in 2020, which is 23 million tonnes 
more than the present production. During 2013-14 in 
India, rice is cultivated in an area of 46 million ha 
with a production of 106.5 million tonnes and yield 
2424 kg ha1(Agricultural statistics at a glance, 2014). 
However, productivity of rice in India is much lower 
than that of other rice producing countries. Rice 
productivity is highly dependent upon prevailing 
weather conditions. Some of the weather parameters 
like sunshine hours, rainfall and temperature are 
important natural resources which affect the rice 
productivity to a greater extent. The optimum 
utilization of these resources can also vary among 
different rice genotypes. To study the extent and 
comparative utilization of these resources some 
weather based agro indices had been developed were 
growing degree days (GDD), photothermal units 
(PTU), heliothermal units (HTU)and heat use 
efficiency (HUE). GDD is the most common 
temperature index used to estimate plant 
development (Qadir et al., 2006). Therefore, it is 
better to calculate efficiency of utilization of heat in 
terms of dry matter accumulation depends on crop 
type, genetic factors and sowing time and has great 
practical application (Rao et al., 1999).  

MATERIALS AND METHODS 
Experimental site 

The experiment was conducted at Tamil 
Nadu Agricultural University, Coimbatore, India, 
during Kharif season of 2014. During cropping 
period in 2014, the average maximum and the 
minimum temperature were 33˚C and 20˚C, 
respectively. The data indicates that the crop received 
below normal maximum temperature and above 
normal minimum temperature during its cropping 
period. The total rainfall received during the cropping 
period was 508 mm. The day length during the 
cropping period ranges from 11.28 hrs – 12.46 hrs 
and the average bright sun shine hour was 11.48 
hours 
Experimental treatments and procedures 

The experiment was conducted in Split plot 
design with three replications. The main plot 
treatment was different dates of sowing [9th June 
(D1), 23rd June (D2), 7th July (D3)] and the sub plot 
treatment was twelve rice genotypes having different 
maturity groups. Statistical analysis and 
interpretation of results were done by calculating 
values of critical difference through analysis of 
variance technique as described by Gomez and 
Gomez (1984).  
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Short duration 
Group A 

(110 – 125 days) 

Medium duration 
Group B 

(125 – 135 days) 

Long duration 
Group C 

(135 – 145 days) 

IET 23299 
(Genotype 5) 
MTU 1010 
(Genotype 7) 
CB – 08 - 513 
(Genotype 9) 
CO 51 
(Genotype 12) 

IET 22569 
(Genotype 2) 
IET 22580 
(Genotype 3) 
IET 23324 
(Genotype 6) 
CB – 08 – 504 
(Genotype 8) 

IET 20924 
(Genotype 1) 
IET 23275 
(Genotype 4) 
CB – 06 - 123 
(Genotype10) 
CB – 06 - 022 
(Genotype11) 

The data on crop phenology was taken by 
visual observations and the crop yield was recorded 
at maturity. Growing degree days (GDD) were 
determined as per Nuttonson (1955) and GDD was 
expressed in (˚C day). Photothermal Units (PTU), the 
product of GDD and corresponding day length for 
that day were computed on daily basis following as 
reported by Hundal et al. (2003). PTU was expressed 
as (˚C day hour). Heliothermal Unit (HTU) was 
calculated by the product of GDD and corresponding 
daily actual sunshine hours were computed on daily 
basis (Rajput et al., 1987). HTU expressed as (˚C day 
hour). Heat use Efficiency (HUE g m-2 ˚C day-1) for 
seed and total dry matter was calculated by Hundal et 
al. (2003). HUE is expressed as g m-2 degree day-1. 

RESULTS AND DISCUSSION 
Growing degree days (GDD˚C day) 

In case of our study, maximum GDD was 
accumulated when the rice genotypes were sown on 
June 9th (D1) than June 23rd (D2) and July 7th (D3) for 
all the crop growth stages viz., active tillering, panicle 
initiation, 50 per cent flowering, grain filling and 
physiological maturity (table 1). The GDD 
accumulated by other sowing dates D2 and D3 were 
lower by 9.6 per cent and 2.1 per cent respectively 
than that accumulated by D1 (June 9th). The earlier 
sown June 9th rice genotypes accumulated more GDD 
as compared to late sowing July 7th particularly in the 
case of the genotype G11 (CB-05-022) and the 
difference of 343 was observed between maximum 
and minimum value at physiological maturity.  

Accumulation of GDD used to estimate the 
expected time of flowering. The deficit GDD at the 
time of flowering leads to early flowering. The 
excess GDD accumulation at flowering causes 
delayed flowering. Buildup of GDD and PTU are 
good estimators to study rice phenology and can be 
used as reliable tool to optimize the sowing period for 
different rice genotypes (Prabhakar et al., 2007).  

Despite this flaw, the GDD is recognized 
around the world as one of the best heat unit system 
to quantify the effect of temperature on crop 
development (Parthasarathi et al., 2013). The GDD is 
a simple tool to find out the relationship between 
plant growth and development and mean temperature 
(Mishra et al., 2007).  

On the other hand in case of the genotype 
G12 (CO 51) the difference between the GDD 
accumulated was smaller among the dates of sowing 
and it was recorded as 167. Early sowing resulted in 
absorbing sufficient GDD in relatively more time 
because of the long duration for each growth phases. 
While in late sown (July 7th) crop experienced higher 
temperature during later stage in less time. This 
indicated the variation in temperature prevailed under 
different sowing dates. These results were also 
confirmed by Pandey et al. (2010) who reported the 
lower GDD consumption under delayed sowing. G11 
(CB-05-022) took longer time to attain the various 
phenological phases and accumulated sufficient heat 
units. Present results were matched with the findings of 
Alam et al. (2004). 
Photothermal units (PTU ˚C day hour) 

Different phenological growth stages of 
twelve rice genotypes required different heat units, 
with the lowest PTU requirement for active tillering 
stage followed by an increasing trend for other stages 
till maturity under all the three sowing. The highest 
PTU requirement was observed at all the growth stages 
in D1 (June 9th) genotypes than other sowing dates and 
decreased with delay in sowing D3 (July 7th).  

Among the genotypes having different 
maturity groups, G11 (CB-05-022) required more PTU 
when compared to other genotypes because of its 
longer duration i.e. it was exists in field for longer 
time to accumulate more sunlight for better crop 
performance while the genotype G12 (CO 51) 
recorded lowest PTU for its growth and development 
since it was a short duration genotype. These findings 
are in line with Gill et al. (2014) in wheat crop.  

The shifting of sowing dates corresponds to 
fluctuations in temperature causing either lengthening 
or shortening of the growth periods. It was also found 
that in general progressive delay in sowing causes a 
decrease in GDD and PTU requirements of 
constituent phenophases as well as crop duration 
(table 2). Temperature fluctuations shorten the 
duration of late sown (July 7th) rice genotypes leads 
to lower GDD and PTU accumulation. The results 
were agreement with the findings of Prabhakar et al. 
(2007) in wheat crop.  

List of the genotypes used in this study 
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Table 1  Effect of sowing dates on Growing Degree Days (GDD: ˚C day) at Active Tillering, Panicle Initiation, 50% 
flowering, Grain filling and Physiological maturity stages of rice genotypes 

Table 2 Effect of sowing dates on Photothermal units (PTU: ˚C day hour) at Active Tillering, Panicle Initiation, 
50% flowering, Grain filling and Physiological maturity stages of rice genotypes 

Table 3 Effect of sowing dates on Heliothermal units (HTU: ˚C day hour) at Active Tillering, Panicle 
Initiation, 50% flowering, Grain filling and Physiological maturity stages of rice genotypes 

Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean
G1(IET 20924) 2092 1913 1839 1948 2768 2491 2477 2578 3550 3340 3207 3366
G2(IET 22569) 2066 1862 1867 1931 2768 2517 2400 2561 3525 3315 3231 3357
G3(IET 22580) 2041 1862 1738 1880 2603 2465 2502 2523 3500 3315 3231 3348
G4(IET 23275) 1991 1862 1839 1897 2658 2517 2660 2612 3626 3366 3381 3457
G5(IET 23299) 2041 2092 1867 2000 2527 2438 2295 2420 3189 3166 3256 3203
G6(IET 23324) 1805 1836 1814 1818 2375 2543 2554 2491 3241 3266 3305 3270
G7(MTU 1010) 1578 1708 1839 1708 2170 2410 2268 2283 3004 3141 3231 3125
G8(CB-08-504) 1705 1862 1949 1839 2375 2592 2477 2481 3346 3366 3305 3339
G9(CB-08-513) 1780 1888 1745 1804 2375 2356 2502 2411 3189 3241 3207 3212
G10(CB-06-123 1910 2040 2138 2029 2603 2727 2862 2730 3346 3587 3601 3511
G11(CB-05-022 2041 2040 2240 2107 3085 2934 2837 2952 3525 3563 3601 3563
G12(CO51) 1578 1499 1432 1503 2221 2329 2295 2281 3004 3115 2837 2985
Mean 1885 1872 1859 2544 2527 2511 3337 3315 3283

Genotypes
Panicle Initiation 50% Flowering Physiological maturity

Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean
G1(IET 20924) 25899 23606 22601 24036 34096 30614 30263 31658 43452 40748 38933 41044
G2(IET 22569) 25571 22990 22945 23835 34096 30934 29346 31459 43146 40443 39218 40936
G3(IET 22580) 25261 22990 21377 23209 32095 30295 30574 30988 42869 40443 39218 40843
G4(IET 23275) 24669 22990 22601 23420 32773 30934 32452 32053 44340 41059 40972 42124
G5(IET 23299) 25261 25836 22945 24681 31183 29963 28091 29746 39155 38682 39489 39109
G6(IET 23324) 22382 22675 22294 22450 29331 31228 31184 30581 39761 39872 40090 39908
G7(MTU 1010) 19593 21105 22601 21100 26843 29643 27754 28080 36949 38377 39218 38182
G8(CB-08-504) 21159 22990 23934 22694 29331 31830 30263 30475 41016 41059 40090 40722
G9(CB-08-513) 22072 23311 21429 22270 29331 28979 30574 29628 39155 39573 38933 39220
G10(CB-06-123) 23665 25153 26206 25008 32095 33427 35139 33554 41016 43648 43572 42745
G11(CB-05-022) 25261 25153 27440 25952 37915 35906 34555 36125 43146 43362 43572 43360

G12(CO51) 19593 18558 17650 18600 27468 28641 28091 28066 36889 38065 34668 36541
Mean 23366 23113 22835 31380 31033 30691 40908 40444 39831

Genotypes
Panicle Initiation 50% flowering Physiological Maturity

Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean Jun 9th Jun 23rd Jul 7th Mean
G1(IET 20924) 12097 10514 10449 11020 16819 15216 14960 15665 21366 19913 18339 19873
G2(IET 22569) 12095 10282 10688 11022 16819 15367 14523 15570 21281 19719 18471 19824
G3(IET 22580) 11885 10282 9574 10580 15504 14961 15110 15192 21104 19719 18471 19765
G4(IET 23275) 11592 10282 10449 10775 15961 15367 16009 15779 21714 19958 19154 20275
G5(IET 23299) 11885 12048 10688 11540 14831 14794 13894 14506 19803 18931 18526 19087
G6(IET 23324) 10207 10220 10230 10219 13564 15590 15474 14876 20029 19469 18729 19409
G7(MTU 1010) 7945 9668 10449 9354 12411 14574 13693 13559 18554 18846 18471 18624
G8(CB-08-504) 8512 10282 11332 10042 13564 15897 14960 14807 20706 19958 18729 19797
G9(CB-08-513) 9986 10345 10046 10126 13564 14149 15110 14274 19803 19280 18339 19141
G10(CB-06-123) 11026 11589 12737 11784 15504 16878 16654 16345 20706 20962 20138 20602
G11(CB-05-022) 11885 11589 13486 12320 19124 18105 16499 17909 21104 20774 20138 20672

G12(CO51) 7945 8332 7398 7892 12646 13958 13894 13499 18554 18669 16499 17908
Mean 10588 10453 10627 15026 15405 15065 20394 19683 18667

Genotypes
Panicle Initiation 50% flowering Physiological Maturity
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The accumulated heliothermal units (HTU) 
for different phenological stages of twelve rice 
genotypes required different heliothermal units, with 
lowest HTU requirement for active tillering stage 
followed by an increasing trend for other stages till 
physiological maturity under all dates of sowing. The 
highest requirement of HTU was observed in 
physiological maturity for all the genotypes. Similar 
to PTU, the HTU requirement was maximum in D1 
(June 9th) among the sowing dates and decreased with 
delay in sowing followed by D2 (June 23rd) and D3 
(July 7th) (table 3). Similar results in rice were also 
obtained by Hari Ram et al. (2012). The genotype, 
G11 (CB-05-022) recorded maximum HTU which is a 
long duration genotype and the lowest HTU by G12 
(CO 51). HTU decreased with delay in sowing as the 
late sown plants suffered from high temperature later 
in the growing stages. Late sowing compelled the 
plants to complete its life cycle with a short period of 
time resulting in decreased HTU. Decreased HTU for 
different phenological stages due to delay in sowing 
was also reported by Masoni et al. (1990). Although 
the days taken to complete grain formation was high 
in early sown crop but short days and foggy weather 
resulted in extreme short possible sunshine hours 
leading to reduced HTU in D3 (July 7th sowing).  
Heat use Efficiency (HUE g m-2 ˚C day-1) 

The HUE values were also calculated for 
different phenological stages of rice genotypes and 
are shown in table 4. D1- June 9th sowing maintained 
its superior value on HUE (9.22) was noticed 
followed by D2 (June 23rd) (9.06) and D3 (July 7th) 
(8.83). Bearing in mind on genotypes, the long 
duration genotype G4 (IET 23275) recorded highest 
value on mean HUE (11.26) and lowest mean HUE 
(6.92) was noticed in both the genotypes G6 (IET 
23324) and G12 (CO 51). Taking into consideration of 
interaction effects, D1G9 (June 9th sowing + CB-08-504) 
recorded highest value on HUE (11.56) followed by 
D2G4 (June 23rd sowing + IET 23275) (11.52). The 
minimum value of HUE was obtained in D1G3 (June 
9th sowing + IET 22580) (5.68) followed by D3G3 
(July 7th sowing + IET 22580) (6.05). The heat use 
efficiency went on decreasing from active tillering to 
grain filling stage then it was shown that sudden 
increase at physiological maturity stage of the crop. 
The D2 - June 23rd sown rice genotypes shown 
highest HUE followed by D1 (June 9th). Highest HUE 
efficiency in the early sown rice genotypes could be 
attributed to the highest grain yield obtained under D1 
sowing. As the temperature is optimum for D1 
throughout the growing periods, it accumulated heat 
more efficiently and increased biological activities 
that confirmed higher grain yield. Similar results 
were also reported by Hague (2000). Optimum 

temperature and shorter day length resulted in higher 
grain yield via optimum metabolic activities and 
thereby the early sown rice genotypes had higher 
HUE. In contrast, high temperature and water 
deficiency hampered normal metabolic activities 
resulting in lower grain yield as well as lower HUE 
in the late sown crop D3 (July 7th sowing). 
Table 4 Effect of sowing dates on Heat Use 
Efficiency (HUE: g m-2 oC day-1) at different 
growth stages of rice genotypes 

Treatments AT PI F GF Mean

Sowing dates

D1-Early 10.01 8.14 8.65 10.09 9.22

D2-Mid 10.19 7.98 8.09 9.98 9.06

D3-Late 9.81 7.92 7.71 9.88 8.83

Mean 10 8.01 8.15 9.99

SEd 0.0217 0.0132 0.0544 0.0118

CD (P=0.05) 0.0602 0.0367 0.1511 0.0328

Genotypes

G1 - IET 20924 11.93 8.07 9.22 11.76 10.24

G2 - IET 22569 13.48 9.25 9.05 12.61 11.09

G3 - IET 22580 5.16 4.63 6.4 7.79 5.99

G4 - IET 23275 13.47 9.78 9.22 12.57 11.26

G5 - IET 23299 12.51 8.2 8.7 12.05 10.36

G6 - IET 23324 6.89 5.43 7.7 7.67 6.92

G7 - MTU 1010 9.33 9.77 8.51 11.32 9.73

G8 - CB-08-504 11.56 8.79 8.9 9.83 9.77

G9 - CB-08-513 13.66 9.97 9.51 11 11.04

G10 - CB-06-123 6.41 7.93 6.92 6.97 7.06

G11- CB-05-022 9.53 8.25 6.55 7.89 8.05

G12- CO51 6.11 6.08 7.13 8.38 6.92

Mean 10 8.01 8.15 9.99

SEd 0.2134 0.1201 0.08 0.1434

CD (P=0.05) 0.426 0.2398 0.15976 0.2864

D1G1 11.17 7.73 9 11.13 9.76

D1G2 11.88 8.82 9.25 11.93 10.47

D1G3 4.81 4.09 6.27 7.56 5.68

D1G4 13.62 9.32 9.94 12.65 11.38

D1G5 13.26 8.15 9.16 11.63 10.55

D1G6 7.16 5.53 8.19 8.11 7.25

D1G7 9.78 10.9 9.26 12.31 10.56

D1G8 11.75 9.59 10.34 10.44 10.53

D1G9 14.01 10.23 10.56 11.45 11.56

D1G10 7.15 8.69 7.54 7.52 7.72

D1G11 9.09 8.7 6.54 7.64 7.99

D1G12 6.39 5.95 7.8 8.73 7.22

D2G1 12.25 8.26 9.52 12.08 10.53

D2G2 14.86 9.55 8.98 12.77 11.54

D2G3 5.75 4.7 6.54 8.03 6.25

D2G4 13.87 9.82 9.5 12.9 11.52

D2G5 12.78 7.88 8.29 12.09 10.26

D2G6 6.75 5.37 7.71 7.64 6.87

D2G7 9.25 9.57 8.14 10.69 9.41

D2G8 11 33 8 72 8 18 9 49 9 43

Heliothermal Units (HTU ˚C day hour) 
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AT – Active Tillering PI – Panicle Initiation 
F – 50 percent flowering GF – Grain filling 

Table 5 Effect of sowing dates on yield and yield 
components of rice genotypes 

Yield and yield components 
Grain yield was significantly affected by 

different sowing dates and genotypes. In this study, 
the rice genotypes sown on earlier (D1 – June 9th) 
gave the highest value on 1000 grains weight (28.84 
g), grain yield (8127 kg ha-1), straw yield (14483 kg 
ha-1) and harvest index (40.98) was due to optimum 
photoperiod availed by early sown D1 (June 9th) rice 
genotypes for growth and development (table 5). 
While late sown (D3 – July 7th) rice genotypes gave 
the lowest value on all previous attributes. The long 
duration rice genotype, G11 (CB-05-022), G10 (CB 
06-123) and G1 (IET 20924) surpassed other varieties 

D2G8 11.33 8.72 8.18 9.49 9.43

D2G9 13.69 9.52 9.74 11.34 11.07

D2G10 6.22 7.73 6.97 6.79 6.93

D2G11 9.51 8.58 6.5 7.96 8.14

D2G12 6.02 6 6.96 8.06 6.76

D3G1 12.37 8.21 9.13 12.06 10.44

D3G2 13.69 9.37 8.9 13.13 11.27

D3G3 4.92 5.1 6.39 7.78 6.05

D3G4 12.93 10.21 8.21 12.16 10.88

D3G5 11.48 8.58 8.64 12.42 10.28

D3G6 6.76 5.38 7.19 7.27 6.65

D3G7 8.95 8.84 8.13 10.96 9.22

D3G8 11.59 8.07 8.18 9.57 9.35

D3G9 13.29 10.15 8.24 10.21 10.47

D3G10 5.85 7.36 6.26 6.61 6.52

D3G11 9.98 7.48 6.61 8.07 8.03

D3G12 5.91 6.29 6.63 8.36 6.8

Mean 10 8.01 8.15 9.99

D at G SEd 0.3545 0.1996 0.1434 0.2382

CD (P=0.05) 0.7088 0.3992 0.3025 0.4759

G at D SEd 0.3695 0.208 0.1386 0.2484

CD (P=0.05) 0.7378 0.4153 0.2767 0.496

1000 
grain 

weight 

Grain 
yield 

Grain 
yield 

Straw 
yield 

(g)  (g plant- (kg ha-1) (kg ha-1)
Sowing dates
D1-Early 28.84 35.36 8126.7 14483.3 40.98
D2-Mid 26.31 35.41 7675.8 11850 37.87
D3-Late 23.3 28.4 6412.5 11225.8 33.34
Mean 26.15 33.06 7405 12519.7 37.4
SEd 0.3181 0.461 101.57 197.633 0.4392
CD (P=0.05) 0.8833 1.28 282.02 548.728 1.2195
Genotypes
G1 - IET 20924 26.22 35.03 7323.3 13630 34.85
G2 - IET 22569 25.21 34.34 6690 12410 41.99
G3 - IET 22580 26.02 39.29 8406.6 14010 37.27
G4 - IET 23275 28.63 37.15 7886.6 11840 40.05
G5 - IET 23299 27.84 33.4 6410 12640 35.84
G6 - IET 23324 25.9 30.16 6873.3 12330 35.11
G7 - MTU 1010 24.18 34.24 8076.6 12426.6 38.91
G8 - CB-08-504 28.15 35.71 7936.6 10190 44.01
G9 - CB-08-513 25.14 35.03 7166.6 17066.6 32.68
G10 - CB-06-123 26.34 31.95 5900 13353.3 30.82
G11- CB-05-022 28.82 38.25 8696 10256.6 45.01
G12- CO51 23.3 31.1 7910 10083.3 44.01
Mean 26.15 33.05 7404.9 12519.7 37.4
SEd 0.1394 0.3485 75.783 137.616 0.3354
CD (P=0.05) 0.2782 0.6957 151.31 274.762 0.6697

Treatments Harvest 
Index

1000 
grain 

weight 

Grain 
yield 

Straw 
yield

(g) (kg ha-1) (kg ha-1)
D1G1 28.84 43 8400 14280 37.91
D1G2 28.23 31.7 9490 17150 45.9
D1G3 30.1 33.7 9650 16140 42.14
D1G4 29.62 41.63 8400 13350 42.65
D1G5 31.08 37.37 6400 14770 37.21
D1G6 28.05 29.47 8340 13480 41.41
D1G7 28.7 41 7760 14430 43.83
D1G8 30.25 41.7 8330 12140 44.31
D1G9 28.33 31.27 7610 19550 31.77
D1G10 29.69 36.2 6300 15250 32.84
D1G11 28.68 47.1 9764 12240 48.37

Treatments
Grain 
yield (g 
plant-1)

Harvest 
Index

1 11

D1G12 24.52 34.2 8280 11020 45.45
D2G1 25 35.73 7630 13760 37.26
D2G2 24.65 39.2 8910 10390 42.47
D2G3 28 46.27 9380 13010 37.42
D2G4 28.17 40.47 8010 11400 38.87
D2G5 28.65 35.07 6080 11760 34.08
D2G6 28 30.2 8120 12020 38.22
D2G7 23.17 31.87 7020 11560 40.35
D2G8 28.1 36.3 7900 9630 44.04
D2G9 24.87 33.77 7200 16190 29.24
D2G10 28.96 41.03 5790 12970 30.39
D2G11 23.87 33.93 8280 9630 38.39
D2G12 24.39 31.1 7790 9880 43.67
D3G1 24.81 26.37 5940 12850 29.38
D3G2 22.75 32.13 7670 9690 35.62
D3G3 25.96 37.9 6190 12880 32.24
D3G4 28.1 29.37 7250 10770 38.62
D3G5 23.8 27.77 6750 11390 30.23
D3G6 21.65 18.83 4160 11490 29.71
D3G7 20.67 29.87 5450 11290 32.56
D3G8 26.1 29.13 7580 8800 40.69
D3G9 22.23 25.07 6690 15460 28.02
D3G10 20.36 25.63 5610 11840 29.23
D3G11 22.23 30.73 6000 8900 34.89
D3G12 20.99 28 7660 9350 42.9
Mean 26.15 33.06 7405 12519.7 37.4

D at G SEd 0.3932 0.7392 161.588 301.893 0.7087
CD (P=0.05) 0.9858 1.7001 372.422 703.65 1.6274
G at D SEd 0.2414 0.6036 131.26 238.35 0.581
CD (P=0.05) 0.4819 1.2051 262.071 475.903 1.16
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under study on yield attributes while the short 
duration genotype G12 (CO 51) and G7 (MTU 1010) 
gave the lowest on yield and yield related parameters 
due to shortening of the growth period reduced the 
leaf area, affects photosynthetic process finally 
reduction in number of grains panicle-1. These results 
are in agreement with those reported by Pirdashry et 
al. (2000). 

CONCLUSION 
The Present findings imply that higher grain 

yield along with photothermal indices viz., Growing 
degree days, Photothermal units, Heliothermal units, 
Heat use efficiency were recorded maximum in rice 
genotypes sown on D1 (June 9th) as compared to on 
June 23rd and July 7th sown. With respect to 
genotypes having different maturity groups, the long 
duration genotypes (G11 – CB-05-022, G10 – CB-06-
123, G1 - IET 20924 and G4 - IET 23275) recorded 
maximum grain yield along with photothermal indices 
were maximum especially in the genotype G11 (CB-05-
022). Thus, selecting a desirable sowing date and using 
suitable rice cultivars for different agro climatic 
conditions are specifically important in order to provide 
sufficient time for input residue distribution, yield 
improvement and prevention from climate damage. 
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ABSTRACT 
Field experiments were conducted during 2010-12 and 2011-13 to evaluate the performance of sugarcane 

genotypes planted in autumn, spring and summer season. Seven sugarcane cultivars (CoJ 64, CoJ 85, CoJ 88, CoH 
119, CoS 8436, CoJ 89 and CoPb 91) were planted during autumn and spring whereas, five varieties (CoJ 64, CoJ 
88, CoH 119, CoS 8436 and CoJ 89) were planted in summer season. Results indicated that germination, number of 
tillers and millable canes, cane weight and cane yield were higher in autumn followed by spring and summer planted 
crop. During 2010-12 and 2011-13, mean cane yield in autumn, spring and summer season was 95 and 101 t/ha, 
87.2 and 82.1 t/ha and 71.1 and 51.0 t/ha, respectively. In comparison of autumn, the spring and summer crop 
recorded less cane yield by 19 and 46 % and reduced plant height by 1 to 27% and 10 to 58%, respectively. Cultivar 
CoH119 produced high tillers per plant. Maximum cane weight (1130 g) was recorded in autumn followed by 1034 
g in spring and 827 g in summer crop. During grand growth stage (July to September, in autumn planting) of 
sugarcane the high relative humidity and rainy days significantly contributed for higher yield. Sugarcane varieties, 
CoJ 88 and CoH 119 did not show much difference in the cane and sugar yields under different seasons hence, these 
genotypes can be promoted for late (summer) sowing. 

Key words: sugarcane, correlation, growth, seasons, weather, yield, etc. 

Sugarcane (Saccharum officinarum spp. 
complex) is one of the most important sugar producing 
crops contributing nearly 78% to the global sugar pool. 
At present, with increasing human population, the 
demand for sugar is consistently increasing and it is 
estimated that by 2020, the total sugar requirement of 
our country would be nearly 625 mt (Manimaran et al., 
2009). It needs 40 per cent increase over the current 
production. Although, sugarcane area and production in 
India have been increased by 110.39 and 214.69%,
respectively from 1960-61 to 2011-12 (Anon., 2012)
but, still India is hardly able to meet only 75% of the 
projected sugar requirement. Therefore, it is required 
to increase the productivity per capita land through 
adoption of effective resource conservative 
technology. Sugarcane is a long duration crop hence, 
requires different sets of climatic conditions during 
its long life cycle. In vegetative phase, long duration 
of bright sunshine, warm season with optimum 
rainfall and high humidity favour the rapid growth 
and good yield. Whereas, the ripening season requires 
clear sky without rainfall, warm days and dry weather 
conditions. Temperature is directly linked with the plant 
growth, photosynthesis and other biochemical 
processes. Gawander (2007) reported that photo-
synthetic efficiency of sugarcane increases in a linear 
manner with temperature range of 8°C to 34°C. 
Although, autumn (September-October) and spring 
(February-March) are main planting seasons, but in 

north India, it is also planted in summer (April-May) 
after harvesting the wheat crop. The crop planted in the 
autumn season gets longer period for phasic 
development that results in higher cane yield and 
sugar recovery over spring and summer crop. 
However, late planting gets short time for 
physiological development and reduced production.
The performance of genotypes may vary under 
different planting environments mainly due to seasonal 
weather variation. Hence, selection of suitable planting 
time is key component for determining the production
potential of sugarcane. Looking to the difference in the 
varietal performance of sugarcane under varying 
environments, the present study was undertaken to 
compare the quantitative and qualitative characteristics 
of different sugarcane varieties planted during autumn, 
summer and spring season in western Punjab.

MATERIALS AND METHODS 
Field experiments were conducted during 

2010-12 and 2011-13at Punjab Agricultural 
University, Regional Research Station, Faridkot (lat.
30°40′N, long. 74°44′E and Alt. 200m amsl) that lies 
in Trans-Gangatic agro-climatic region of south 
western Punjab having semi-arid, sub-tropical climate. 
The soil of the experimental site was sandy loam of 
Indo-Gangetic alluvial origin and well drained with 
pH: 7.9 and 8.1; EC: 0.28 and 0.32 m mhos/cm for 
the first and second year, respectively.
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Both years, seven sugarcane cultivars (viz.,
CoJ 64, CoJ 85, CoJ 88, CoH 119, CoS 8436, CoJ 89 
and CoPb 91) were planted during autumn and spring 
whereas, five varieties (viz., CoJ 64,CoJ 88, CoH 119, 
CoS 8436 and CoJ 89) were planted in summer season.
During 2010-12, autumn, spring and summer planting 
was done on 21stOctober, 2010, 20th March, 2011 and 
26th April 2011, and was harvested in January 2012.
While, during 2011-13 under respective seasons 
planting was completed on 03rdOctober, 2011, 05th

February, 2012 and 02nd April, 2012 and harvested in 
January 2013. Standard package and practices were 
adopted for raising the crop. 

Weather data were collected from automatic 
weather station (AWS) installed near the 
experimental field. Monthly means for temperature, 
humidity and total of rainfall and rainy days were 
calculated from daily data. Apart from monthly and 
annual mean, three subsequent months were averaged 
and found groups viz., January, February and March 
(JFM), April, May and June (AMJ), July, August and 
September (JAS) and October, November and 
December (OND). Relationship among sugarcane 
yield and growth attributes with weather variables was 
also studied.

Annual mean temperature observed was 
23.7°C and 24.1°C, respectively during first and 
second year. During 2010-11, maximum (morning) 
relative humidity was higher during OND and JAS 
than 2011-12 while, inverse results appeared for JFM 
and AMJ. In 2010-11, afternoon (minimum) relative 
humidity was higher than 2011-12 during peak 
monsoon period (July to October) whereas, for 
remaining periods it was always lower in previous 
year. On annual scale, minimum and maximum 
relative humidity was 45 to 76% and 50 to 69%, in 
respective years. Total rainfall during 2010-11 and 
2011-12, was 613.0 mm and 144.0 mm received from 
31 and 9 rainy days, respectively. 

RESULTS AND DISCUSSION 
Relationship between weather parameters and 
sugarcane performance 

The growth of production efficiency of 
sugarcane genotypes Relationship were closely 
related with weather parameters. Under late planting, 
reduced germination may be due to existence of high 
heat stress around the crop seasons. Increased 
germination in second year may be due to lower 
temperature at emergence stage of summer 
sugarcane. Average maximum temperature of JAS 
and relative humidity during April and May had 
strong negative correlation with number of millable 

canes. During grand growth stage (July to September, 
in autumn planting) of sugarcane high relative 
humidity and rainy days significantly contributed for 
higher yield. High maximum temperature during JAS 
may reduce the growth and yield of summer 
sugarcane but, during AMJ it was beneficial for good 
growth and development of autumn crop. Fageria et
al. (2010) also described that minimum mean 
temperature of 20°C is congenial during active 
growth phase of sugarcane. Warm weather with 80-
85 % relative humidity favoured the rapid growth of 
sugarcane. During ripening phase, a moderate 
humidity with limited water supply is favorable (SC, 
2012). Morning humidity during April and AMJ and 
afternoon humidity during May benefited the crop.
Rainfall and rainy days during July and JAS, were 
also associated with high yield. Sucrose content was 
inversely related with weather parameters suitable for 
sugarcane growth and vice-versa (Table 2).  
Germination (%) 

Among all seasons, lowest germination was 
observed during summer 2010-12 whereas, it was highest 
in autumn during 2011-3.Optimum temperature for 
sugarcane germination ranges from 30ºC to 35ºC 
Ingamells (1989). That coincides with the summer 
planted crop. Minimum temperature of January and 
February was significantly correlated (r= 0.87* and r= 
0.67) with germination in autumn planted sugarcane 
(Table 2).Whereas, the spring crop obtained sub-
optimal thermal conditions at emergence therefore, 
autumn sugarcane needed relatively more duration 
for emergence. In summer, crop emerged rapidly but, 
it was highly prone to shoot mortality that led to less
number of millable canes. Similarly, Singels and 
Smit (2002) recorded only 40% sugarcane emergence 
on67 days after 28th May planting. Our study also 
confirmed that high temperature stress under late 
planting restricted the sugarcane germination.
Number of tillers 

Poor germination also led to lower tillers 
population and restricted vegetative growth of 
summer sugarcane. In India, among different growth 
stages, tillering phase largely contributes in the cane 
yield (Shukla, 2003). The tillering potential of 
sugarcane also differs on the nature of varieties. The 
varietal efficiency to produce tillers was similar to 
that of germination. Under delayed planting from 
spring to summer, the tillering phase got shortened 
and productivity decreased (Pandey and Shukla, 
2003). Verma et al. (1996) reported that under 
different planting seasons of planted sugarcane the 
tillers mortality ranged from 25 to 62per cent. 
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Table 1: Existing weather conditions over experimental site 

Table 2: Correlation between weather variables and sugarcane yield attributes 

88 October 2017



Table 3: Seasonal variation of yield and quality parameters of sugarcane varieties 

Summer crop experienced high mortality of tillers 
than crop sown on spring season. During 2011-13, 
tillers number was significantly higher than 2010-12
(Table3). The significantly more tillers (220.4) were 
recorded in CoH 119 that were statistically at par 
with CoJ 89 (217.3) and CoS 8436 (207.3). 
Consistently, high tillers per plant were produced by 
CoH 119 while, CoJ 88 and CoS8436 were in 
subsequent order. The autumn planted crop produced 
more tillers possibly due to attainment of longer 
phasic duration than delayed planting (from October 
to February and February to April/May).Higher 
temperature by 3.9°C in January and 0.2°C in JAS 
during 2011-12 than 2010-11 responded into higher 
tillers in autumn sugarcane. Morning relative 
humidity (r= 0.88*) and rainy days (r = 0.90**) 
during JAS favoured the good tillering in summer 
sugarcane.

Number of millable canes 
The number of millable canes (NMC)was 

highly influenced by the planting seasons(Table 3).
NMC was higher in 1styear crop. During 2010-12 and 
2011-13, NMC ranged between 101.9 and 95.1 
thousand, 99.7 and 90.0 thousand, 88.2 and 81.2 
thousand during autumn, spring and summer seasons, 
respectively. During 2010-12, it was significantly 
high in CoJ 89 (134.7) followed by CoJ 88 (118.5) 
however, it was lowest in CoJ 85 (72.7). Likewise, in
2011-13, NMC was highest in CoS 8436 (108.0), 
followed by CoH 119 (103.3) and CoJ 85 (67.3). 
Both years, noticeable variation in NMC was 
recorded by interaction of seasons and genotypes.
Average maximum temperature of JAS reduced the 
NMC whereas, relative humidity during April and 
May favoured to increase the quantity of millable 
canes.
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Cane weight (g) 
Cane weight was highest (1474 g) in CoPb 

91 during spring season 2010-12 followed by 1430 g 
in CoJ 85 (autumn season, 2011-13). During 2011-
13, nearly 36% more cane weight was recorded in 
CoJ64 than 2011-12. Equal cane weight (894 g) of 
CoJ 64 was observed during autumn and spring 
seasons that was decreased by 6.4% during summer
season. Both years, CoJ 88 recorded almost constant 
cane weight among all seasons (Table 3).  
Cane yield(t/ha) 

Higher cane yield is the function 
of higher genetic potential of a variety 
Nazir et al. (1997). Kathiresan et al., (2001) reported 
that selection of improved variety can increase the 
cane yield by 28-60%. Both years, mean cane yield 
of different genotypes during autumn spring and 
summer season was 95.0, 87.2 and 71.1 t/ha and 
101.0, 82.1 and 51.0 t/ha, respectively. Autumn 
sugarcane produced 19% more cane yield than spring 
and 46% than summer. The sugarcane yield may be 
enhanced by 10 to 53% only by planting the crop 
during February instead of April. CoJ 88 and CoJ 89 
performed well in summer planting hence, these 
genotypes may be promoted for planting after wheat 
harvesting. During 2010-12 and 2011-13, CoPb91
yielded 107.2 and 127.5 t/ha followed by CoH 119 
(91.7 and 109.8 t/ha), CoJ 89 (103.3 and 94.7 t/ha) 
and CoJ 88 (90.6 and 99.6 t/ha), respectively (Table 
3). Though, yield of CoJ 8436 is comparatively less 
than other genotypes but, due to its versatile and 
constant yielding nature, it may be suitably planted in 
any season. During grand growth stage (July to 
September) of sugarcane high relative humidity and 
rainy days significantly contributed to higher yield of 
sugarcane in every seasons. Sucrose content (%) 

The ability of sugarcane varieties to attain 
different stages differed from each other hence, for 
making the harvesting decisions varietal variation in 
growth and maturity rates must be considered (Donaldson 
et al., 2008). During 2010-12, mean sucrose content in 
autumn, spring and summer planted crop was 18.7, 18.1 
and 17.8% whereas, during 2011-13 it was 17.4, 17.7 and 
18.0%, respectively for corresponding seasons (Table 3). 
The sucrose content varied between 16.8 (CoH 119) and 
19.4 (CoJ 64) in autumn, 17.1 (CoJ 89) and 18.8 (CoJ 
88), in spring whereas, 17.1 (CoJ 89) and 18.9 (CoJ 88) 
in summer. The sugarcane varietiesCoJ 64 and CoJ 88 
performed best in all seasons with 18-19.4% and 18.9-
19.7% sucrose yield. Performance of CoJ 89 and CoPb 
91 was good under autumn and spring. Surprisingly, 
CoS 8436 contained more sucrose in summer (17.7%) 
followed by spring (17.4%) and least in autumn 
(17.0%). Among the seasons, performance of CoJ 64, 
CoJ 85, CoH 119 and CoPb 91 was consistently high. 

The adverse effect of high temperature can alter 
reversion of sucrose into fructose and glucose as well as 
enhanced photorespiration may reduce sugar 
accumulation (Binbol et al., 2006; Gawander, 2007). 
More number of rainy days in July and JAS along with 
higher maximum temperature during, JAS and were 
significantly correlated with sucrose content (Table 2).  

CONCLUSION 
Maximum cane yield was recorded in 

autumn followed by spring and summer planted crop. 
The growth and yield of sugarcane is profoundly 
influenced by the weather elements. It may be due to 
large growing season for good phenological 
development, high germination, more tillers and 
maximum millable canes. The congenial temperature, 
sunshine duration, humidity rainfall etc. were favourable 
for germination, tillering and cane formation. Both year, 
mean cane yield during different seasonswas95 and 101 
t/ha, 87.2 and 82.1 t/ha and 71.1 and 51.0 t/ha, 
respectively. Sugarcane yield could be enhanced by 10 
to 53% by planting the crop in February (spring) instead 
of April (summer). CoJ 88 and CoJ 89 performed well 
in summer planting hence, these can be popularized 
among farmers who want to grow sugarcane crop 
after wheat harvesting. CoJ 64, CoJ 85, CoH 119 and 
CoPb 91 also produced consistently high sucrose 
yield among all planting seasons. 

REFERENCES 
Anonymous (2012). Indian Sugar Mills Association. 

Indian Sugar. 62 (4):110-12.
Binbol, N. L., Adebayo,A. A. and Kwon-Ndung 

E.H.(2006). Influence of climatic factors on 
the growth and yield of sugarcane at Numan, 
Nigeria. Climate Res., 32, 247–252.

Donaldson, RA, Redshaw, KA, Rhodes, R and van 
Antwerpen, R. (2008). Season effects on 
productivity of some commercial South 
African sugarcane cultivars, I: Biomass and 
radiation use efficiency. Proc South African 
Sugar Technologists' Association 81:517-527.

Fageria, N.K., Virupax, C., Baligar, C.A. andJones 
(2010). Growth and mineral nutrition offield 
crops. 3rd Eds. CRC Press, 437-456.

Gawander, J. (2007). Impact of climate change on 
sugarcane production in Fiji. WMO Bull 56 
(1): 34-39. Ingamells, J.L. (1989). Nursery 
practices for sugarcane transplants. Ann Rep 
Haw. Sug. Tech.18-21.

Kathiresan, G., Manoharan, M.L., Duraiswamy,K. and 
Paneerselvan,S. (2001). Yield gap bridging in 
Sugarcane. Kissan world, 28(2): 25-26.

90 October 2017



Manimaran, S., Kalyanasundaram D., Ramesh,S. and 
Sivakumar, K. (2009).Maximizing 
sugarcane yield through efficient planting 
methods and nutrient management 
practices.Sugar Tech.11(4):395-397.

Nazir, M.S., Ali, H. Saeed, M. Ghafar,A. and 
Tariq,M. (1997). Juice quality of different 
sugarcane genotypes as affected by pure and 
blend plantation. Pak. Sugar J. 12:4, 12-14.

Pandey, M.B. and Shukla S.K.(2003). Growth-cum 
tillering pattern and its effect on productivity 
of sugarcane (Sacharum spp Hybrid 
complex) genotypes under different planting 
seasons and nitrogen levels in subtropical 
India. Ind. J. Agril. Sci. 73 (1): 23-28.
SC (2012).

Shukla, S K. (2003). Tillering pattern, growth and 
productivity of promising sugarcane 
genotypes under various planting seasons 
and nitrogen levels in subtropical India. Ind. 
J. Agron.  8(4):312-315. 

Singels, A. and Smit, M.A. (2002).
The effect of row spacing on an irrigated 
plant crop of sugarcane variety NCo376. 
Proc: S. Afr. Sug. Technol. Assoc. 76: 94-
105.

Verma, R.S., Shukla, S.K., Singh,G.B. and Lal,  J. 
(1996). Agro techniques to enhance sugar 
productivity of mid late varieties for early 
crushing. Ind. J. Sug. Tech. 11: 38-41.

91Vol. 19, Special Issue (AGMET 2016)
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ABSTRACT 
Field experiments were conducted during rabi seasons of 2010-11 to 2012-13, to study the influence of 

weather conditions on phenology, thermal indices and yield of wheat cultivars under sub-tropical conditions of 
Jammu. Treatments comprised of three sowing dates (1st November, 22nd November and 13th December) and two 
cultivars of wheat (RSP-561 than DBW-17), arranged in randomized block design. The results revealed that wheat 
crop sown on 1st November required more number of days to attain various phenophases as compared to the crop 
sown on 2nd and 3rd dates. High mean minimum temperature shortened the vegetative growth period in early sown 
crop but its reproductive period was longer. Early sown wheat crop accumulated more GDD, HTU and PTU as 
compared to normal and late sown crop. Cultivar RSP-561 accumulated more GDD, HTU and PTU than DBW-17. 
Wheat crop during vegetative phases showed positive relation with maximum and minimum temperature during 
vegetative phase. Whereas, grain yield was adversely affected by higher day temperature during the reproductive phase 
of crop. A unit increase in temperature during reproductive period reduced the yield by 4.6 and 3.4 q/ha in RSP-561 
and DBW-17, respectively. The regression model showed that grain yield of RSP-561 recorded highly significant 
relationship with weather parameters at all the phenological stages than variety DBW-17. Multiple regression analysis 
revealed that reproductive and seed development stages are highly sensitive to weather parameters.  

Keywords: Wheat cultivars, sub tropical weather, thermal indices 

Weather parameters play major role in 
determining the growth, development and yield of a 
particular crop because weather strongly influences the 
physical expression of genetic potential of the crop. Any 
significant deviation of these parameters from the 
optimum value becomes detrimental for the crop 
productivity. Generally about 67 per cent variation of any 
crop is governed by prevailing weather conditions and 33 
per cent by other crop management factors (Khavse  
et al., 2014). Temperature is one of important 
environmental factors influencing growth and 
development of crop plants. It influences the crop 
phenology and yield of crop (Bishnoi et al., 1995). 
Though weather parameters are least manageable, its 
interaction with crop growth can be used as an aid for 
weather based management of crop.   

Crop development and its ultimate productivity 
is the resultant of many physical and physiological 
processes, each of which are affected individually or 
jointly, by environment factors. The principal weather 
factors, which exert a strong effect on crop growth and 
yield, are precipitation, air, temperature, moisture content 
of air, duration and quality of solar radiation, wind, 
cloudiness, etc. In India, Wheat (Triticum aestivum L.) is 
the second most important cereal crop being  grown in an 
area of about 31.0 mha with an annual production of 88.9 
mt and a productivity of 28.72 q/ha (Anonymous, 2016). 

In Jammu and Kashmir state, it is grown under both 
irrigated as well as rainfed conditions on 290.99 thousand 
hectares with an annual production of 5820 thousand 
quintals and a productivity of 20.0 q/ha (Anonymous, 
2015) which is about 43 per cent less than the national 
productivity. The lower levels of wheat yield and 
productivity owe to several agronomic and climatic 
factors which currently prevent exploitation of the 
full intrinsic yield potential of different wheat 
cultivars in a particular region. Various adverse 
climatic effects like terminal heat stress and 
excessive rainfall during reproductive stage reduce 
wheat yield to a great extent in this area. These 
fluctuations in climate enhance the vulnerability of 
crop yield to the vagaries of various weather factors. 
Delay in sowing by each day causes a remarkable 
yield loss in wheat according to various field 
experiments (Ortiz-Monasterio et al., 1994). 

 Adaptation to this trend requires a capacity 
to investigate the relationships between crop 
management practices (such as cultivar selection, 
planting date and nutrient management), and the 
environmental factors (essentially soil properties and 
weather conditions), which ultimately determine final 
crop yield. Singh et al., 2003 studied response of 
wheat varieties to dates of sowing and found that the 
yield potential of any variety depends upon the 
prevailing climatic conditions, which can be modified 
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to some extent by the adjustment in sowing time of 
the crop. The sowing dates significantly influenced 
grain and straw yield. Significant interactive effects 
between the dates of sowing and wheat varieties were 
also noted. 

Adapting to latest developments must be given 
priority for use in better agricultural planning and 
weather based management to enhance the productivity 
in the state against climate variability and climate 
change (Khushu et al., 2010). Advance or delay in sowing 
date, increasing N fertilizer application, optimization of 
irrigation management, reduced plant density and choice of 
crop or cultivar with the best thermal requirement represent 
the main agronomic adaptation technique able to maintain 
current levels of crop production in future and consequently 
to limit potential damage to climate change (Ventralla  
et al., 2012). Keeping the above facts in mind, the 
present study aimed to find the effect of weather 
variables at different growth stages and finally on yield 
of wheat crop under sub-tropical irrigated conditions of 
Jammu region. 

MATERIALS AND METHODS 
Field experiments were conducted for three 

consecutive rabi seasons from 2010-11 to 2012-13 at 
Research Farm of Agromet Research Centre, 
SKUAST-J, Chatha, Jammu. The geographical 
location of station is 32o39’32” North latitude and a 
longitude of 74o48’45” East at an elevation of 293 
meters above mean sea level.  The experimental site 
soil was sandy loam in texture with 67 % sand, 21 % 
silt and 12.5 % clay having low moisture retention 
capacity with 7.49 pH, low organic carbon content of 
3.46 g/kg, low available nitrogen (218 kg/ha) and 
medium in available phosphorus (16 kg/ha) and 
potassium (221 kg/ha).The experiment was laid in a 
randomized block design with six treatments 
comprising of three sowing dates (Early D1-1st 
November, normal D2- 22nd November and late D3-
13th December) and two varieties (RSP-561 and 
DBW-17), replicated four times under irrigated 
condition. The row to row spacing for both the 
varieties of wheat was 20 cm. Wheat crop was 
fertilized with recommended dose i.e. 100:50:25 
kg/ha of N: P2O5: K2O. Half of the N and full amount 
of P and K were applied at the time of sowing and the 
remaining N was top-dressed in two splits at 30 and 
60 days after sowing (DAS) which coincides with 
tillering stage and flag leaf stage. The NPK nutrients 
were supplied through urea, diammonium phosphate 
(DAP) and muriate of potash (MOP). Data on various 
yield attributes, grain and straw yield were calculated 
as per the standard procedures. The crop was irrigated 
as and when required. The plot size was 5 x 3 m. 
Statistical analysis was carried by using computer 

software SPSS. Different phenophases i.e PS1-
emergence to tillering; PS2-jointing to 50 % 
flowering; PS3-beginning of grain filling to 
Physiological maturity were recorded by visual 
inspection of the tagged plants at an interval of 2-3 
days. Meteorological data viz. rainfall, relative 
humidity (morning & evening) maximum and 
minimum temperature were recorded at Agromet 
Observatory of Sher-e-Kashmir University of 
Agricultural Sciences & Technology of Jammu, 
Chatha, and the following agro-meteorological 
indices were calculated: 

Accumulated heat unit (∑HU): The accumulated 
heat units (HU) were calculated by adopting the 
formula given by Nuttonson, 1955. 

HU = ∑a
b [T max + T min– T b     

 2 
where, T max = Maximum temperature (ºC) during a day; 
T min = Minimum temperature (ºC) during a day and Tb 
= Base temperature; (5ºC for sub tropical wheat )  
a starting date of phenophase of interest; 
b ending date of phenophase of interest. 
Photothermal units (PTU) = Accumulated 
GDD X maximum day length (0C hrs) 
Heliothermal units (HTU) = Accumulated 
GDD X bright sun shine hrs (0C hrs) 

RESULTS AND DISCUSSIONS 
Effect of temperature on Phenology 

Based on three years experimental data of 
wheat, the days taken from sowing to attain various 
phenophases increased with delay in sowing. 
However, the crop duration decreased with delayed 
sowing, thereby decreasing the length of crop 
growing period (Table1). The crop sown early on 
1st November required more number of days (140) to 
attain physiological maturity as compared to 2nd (D2) 
and 3rd (D3) sowing dates. It was also observed that 
the delay in sowing decreased the number of days 
required for maturity. The reproductive period of 1st 
November sown crop was longer (97 days) as 
compared to other two sowing dates. Thus, the 
reproductive period reduced drastically with delay in 
sowing. The reproductive period was shortened by 17 
days when sowing was delayed by 
42 days. It was observed that low mean temperature 
during early growth period resulted in longer 
vegetative phase in late sown crop. While, high mean 
minimum temperature shortened the vegetative 
growth period in early sown crop. However, during 
the reproductive period, the duration decreased with 
increase in mean minimum temperature.  
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Heat Units 
Accumulated growing degree days (AGDD), 

heliothermal units (AHTU) and photothermal units 
(APTU) of different stages of wheat crop varied both 
with sowing dates and cultivars (Table 2). 
The accumulated heat units (GDD) in wheat crop 
varied from 1756 to 1844 growing degree days at 
physiological maturity under different dates of 
sowing. The cultivar RSP-561 accumulated 1866 
growing degree days than 1777 in variety DBW-17. 
The heliothermal units (HTU) varied from 10664 to 
10916 0C day in three dates of sowing. The 

photothermal unit accumulated under various dates of 
sowing to attain physiological maturity varied from 
20109 to 20415 0C day. RSP-561 accumulated more 
heliothermal and photothermal units than DBW-17 to 
attain physiological maturity. At PAU, Ludhiana, 
Ram et al., (2012) also found higher growing degree 
days, photo-thermal units and helio-thermal units for 
earing and maturity in early sown crop than normal 
sown crop. It was generally observed that the early 
sown wheat crop (D1) accumulated more GDD, HTU 
and PTU as compared to normal (D2) and late sown 
(D3) crops. 

Table 1 Effect of sowing dates on vegetative and reproductive period of wheat in relation to mean minimum 
temperature at Chatha 

Sowing date Vegetative stage Reproductive stage 
Days taken Mean Tmin (0C) Days taken Mean Tmin (0C) 

1st Nov 43.0 17.8 97 15.3 
22nd Nov 49.0 14.2 89 16.7 
13th Dec 54.0 11.5 80 18.6 

Table 2 Effect of sowing time and cultivar on thermal of wheat (pooled data of 3 years) 
Treatment Emergence Tillering Anthesis Phy. Maturity 

Growing Degree Days (0C) 
D1 119 406 1148 1844
D2 94 280 1033 1785
D3 72 184 943 1756
V1 96 293 1045 1866
V2 95 289 1061 1778

Heliothermal units (0C days) 
D1 870 2887 6425 10916
D2 595 1902 5360 10698
D3 409 997 4666 10664
V1 625 1840 5530 11137
V2 621 1823 5625 10698

Photothermal units (0Cdays) 
D1 1160 3190 11801 20415
D2 946 2793 10821 20202
D3 731 1819 10225 20109
V1 946 2628 10992 21217
V2 942 2587 11189 20175

Table 3 Correlation coefficients between weather parameters during different phases of crop growth and seed yield 
of wheat cultivars. 

PPhenological Stages MMax T (0C) MMin T (0C) RRF (mm) RRH1 (%) RRH2 (%) 
RSP-561 

PS1 0.909** 0.790* -0.770* 0.104 -0.777*
PS2 -0.594 -0.820** -0.437 0.447 -0.386
PS3 -0.837** -0.703* 0.686* 0.543 0.711*

DBW-17 
PS1 0.711* 0.713* -0.615* 0.035 -0.570*
PS2 -0.378 -0.720* -0.369 0.068 -0.510
PS3 -0.703** -0.683* 0.819** 0.321 -0.127

*Significant at 5 % **Significant at 1 %      PS1-Emergence to tillering,   PS2-Jointing to 50 % flowering, PS3-Beginning of
grain filling to physiological maturity 

94 October 2017



Table 4 Multiple regression models developed for yield determination based on weather variables in wheat cv. RSP-
561 and DBW-17 under irrigated sub-tropical conditions of Jammu 

Variety Growth stages Multiple regression equation R2 
RSP-561 Vegetative stage (PS1) 

(Sowing to tillering) 
Y = -59.663 + 1.963X1 + 1.987X2 + 0.323X3  
       + 0.959X4 - 0.690X5 - 0.034X6 

0.95** 

Reproductive stage (PS2) 
(Tillering to 50 % flowering) 

Y = 226.848 - 6.838X1 + 1.902X2 - 0.049X3 + 
      0.564X4 - 1.208X5 - 0.494X6 

0.97** 

Seed development stage (PS3) 
(50 % flowering to physiological maturity) 

Y = 737.068 - 27.794X1 + 19.105X2 -0.497X3  + 
1.097X4 - 4.354X5 - 0.103X6 

0.98** 

DBW-17 Vegetative stage (PS1) 
(Sowing to tillering) 

Y = -2.796 + 5.226X1 - 3.322X2  - 0.101X3 -       
       0.877X4 + 1.463X5 - 1.944X6 

0.83** 

Reproductive stage (PS2) 
(Tillering to 50 % flowering) 

Y = 32.877 + 5.830X1 - 13.366X2 - 0.147X3   
      - 1.112X4 + 1.891X5 + 0.390X6 

0.80** 

Seed development stage (PS3) 
(50 % flowering to physiological maturity) 

Y = -290.084 - 9.361X1 + 19.329X2 +1.783X3 
+ 0.109X4 - 4.932X5 + 1.390X6 

0.95** 

X1-Max T; X2-Min T; X3-Rainfall; X4-RH (Morning); X5-RH (Afternoon); X6-Evaporation 
** Significant at (P = 0.01) level of significance; * Significant at (P = 0.05) level of significance 

Table 5  Multiple regression models developed irrespective of dates and varieties for yield determination based on 
weather variables under different growing environments at Jammu (2010-2013) 

Growth stages Multiple regression equation R2 

Vegetative stage (PS1) 
(Sowing to tillering) 

Y = -74.414 + 3.351X1 - 1.081X2 - 0.047X3 + 
       0.497X4 + 0.519X5  -0.445X6 

0.72** 

Reproductive stage (PS2) 
(Tillering to 50 % flowering) 

Y = 79.505 - 1.243X1 - 2.907X2 - 0.016X3 + 
      0.820X4 - 0.711X5 - 0.270X6 

0.81** 

Seed development stage (PS3) 
(50 % flowering to physiological maturity) 

Y = 25.532 - 1.078X1 - 1.126X2 + 0.209X3 + 
      0.0577X4 - 0.88X5 + 0.447X6 

0.82** 

X1-Max T; X2-Min T; X3-Rainfall; X4-RH (Morning); X5-RH (Afternoon); X6-Evaporation 
** Significant at (P = 0.01) level of significance; * Significant at (P = 0.05) level of significance 

Fig. 1: Effect of maximum temperature at reproductive stage on seed yield of wheat varieties RSP-561 and DBW-17. 
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Yield and weather relationship 
Grain yield of the two cultivars (RSP-561 

than DBW-17) grown under three different dates viz. 
1st November, 22nd November and 13th December 
revealed that early sowing gave higher grain yield than 
later sowing dates. These were related with temperature 
during reproductive periods of the crop (Fig.1). The 
higher yield in case of early sowing over delayed could be 
attributed to availability of optimum environmental 
conditions for growth and development of crop which 
would have enhanced accumulation of photosynthates 
from source to sink. Similar results were reported at by 
Ram et al., (2012). Yield showed highly significant 
negative relationship with temperature during 
reproductive period of the crop. The adverse 
relationship of yield with temperature at reproductive 
period was significant in variety RSP-561 than DBW-17. 
A unit increase in temperature during reproductive period 
reduced the yield by 4.6 and 3.4 q/ha in RSP-561 and 
DBW-17, respectively. Andarzian et al. (2015) found that 
delaying the sowing date beyond the optimum sowing 
date led to reduced grain weight because of the existence 
of high temperatures during grain filling which decreases 
the length of the grain filling period. It also coincides with 
the findings of Ortiz-Monasterio et al. (1994), who found 
that the post anthesis temperature was most important in 
determining grain weight of wheat crop. 
Correlation analysis for wheat genotypes 

Data from the three years of experimentation 
(Table 3) were analyzed through statistical methods. 
Correlation coefficient between yield of each variety 
i.e. RSP-561 and DBW-17 and the weather 
parameters in three phenophases viz., PS1-emergence 
to tillering, PS2-jointing to 50 % flowering PS3-
beginning of grain filling to physiological maturity 
revealed that both varieties RSP-561 and DBW-17 
were positively correlated with maximum and 
minimum temperature at vegetative stage and 
negatively at PS3 stage (beginning of grain filling to 
physiological maturity). However, rainfall at 
vegetative stage (PS1) is negatively correlated with 
yield and positively at PS3 stage in both the varieties. 
Among all the weather parameters rainfall and yield 
relationships during  this stage was highest and 
proved to be critical stage for rainfall in both the 
varieties of wheat. This indicated that lower night 
temperature during vegetative phase is favourable 
and higher day temperature during beginning of grain 
filling to physiological maturity (PS3 stage) is not 
favourable for wheat yield. Rainfall during PS3 phase 
is highly beneficial for higher yield.  
Yield prediction model in wheat 

The regression model of wheat based on 
three years data (Table 4) was developed variety-wise to 
study the influence of weather parameters viz., maximum 

temperature, minimum temperature, rainfall, relative 
humidity (morning & afternoon) and evaporation on the 
growth and yield potential of wheat crop under the 
climatic conditions of Jammu. Both the varieties viz., 
RSP-561 and DBW-17 were sown under the different 
dates. Regression models were developed separately for 
different phases (Table 5). The results revealed that grain 
yield of wheat variety RSP-561 recorded highly 
significant relationship with weather parameters and 
at all the phenological stages than variety DBW-17. 

Multiple regression analysis in wheat (Table 5) 
was done irrespective of dates and varieties for   yield 
determination and the results revealed that the weather 
parameters are highly sensitive during reproductive and 
seed development stage as coefficient of determination 
(R2) values were found highly significant, whereas, 
during vegetative phase, these weather parameters 
showed less contribution towards seed yield.  

CONCLUSION 
Wheat crop sown on 1st November required 

more number of days as compared to the crop sown 
on 2nd and 3rd dates also its reproductive period was 
longer. High mean maximum temperature shortened the 
vegetative growth period in early sown crop. The lower 
night temperature during vegetative phase is favourable 
and higher day temperature during beginning of grain 
filling to physiological maturity (PS3 stage) is not 
favourable for wheat crop. Significant relationship has 
been found between the weather parameters and seed 
yield at all the phases in of both the genotype RSP-561 
and DBW-17. The reproductive and grain development 
stages are highly sensitive to weather parameters as 
coefficient of determination (R2) values was found highly 
significant. 
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Effect of temperature variation on phenology and heat units of 
summer groundnut cultivars 
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ABSTRACT 
In order to study the effect of variation in temperature on summer groundnut, field experiments were 

carried out at College farm, B. A. College of Agriculture, Anand Agricultural University, Anand, with treatment 
consisting of four groundnut cultivars viz., (V1: GG-2, GG: 20, V3: GJG-31 and V4: TG-26) and three dates of 
sowing (D1- 31st January, D2- 15th February and 03rd March) during summer seasons 2015 and 2016. The purpose of 
dates of sowing was to expose the crop to different environmental conditions during its life cycle, resulting in 
variation in different phenological stages. The results revealed that the duration of maturity decreased with delay in 
sowing in both the years irrespective of the variety.  The duration of the crop decreased due to higher accumulation 
of heat units during life cycle. Overall days from sowing to physical maturity varies between 100-119 in year 2015 
and 106 to 114 in the year 2016. Similarly the total heat unit (GDD, HTU and PTU) accumulated during life period 
of crop up to maturity varies in year both the years was 2156 to 2236oC day, 21386 to 22307oC day hour and 27134 
to 28089oC day hour respectively. 
[ 

Key words: Groundnut, phenology, temperature, dates of sowing, GDD, HTU and PTU. 

Temperatures the prime weather variable 
which affects plant life. The duration of particular 
stages of growth is directly related to temperature and 
the duration of a particular stage of growth is directly 
related to temperature and this duration of particular 
species could be predicted using the sum of daily air 
temperature Wang (1960).The occurrence of different 
phenological events during crop growing season of 
any crop and the effect of temperature on growth can 
be inferred using heat units or growing degree days 
(GDD). Heat units required for the groundnut crop to 
progress from one phase to other has been reported 
earlier by Leong and Ong (1983) and Ghadekar 
(1988). However, information about heat units 
requirement of summer groundnut cultivars in middle 
Agro ClimaticZone of Gujarat. Hence, the present 
study was conducted to determine amount of heat 
units required to completion of different phenological 
stages of summer groundnut under different sowing 
dates with different cultivars. 

MATERIAL AND METHODS 
A field experiment was conducted with three 

cultivars of groundnut (V1: GG-2, V2: GG-20,V3: 
TG-26 and V4: GJG-31) sown under three dates (D1: 
31stJanuary; D2: 15th February and D3: 02th March) 
during summer season in 2015 and 2016 at 
Agronomy Farm, B. A. College of Agriculture, 
Anand Agricultural University, Anand (22°35′ N and 
72°55′E, 45.1m above mean sea level). All the 
recommended package practices for spring season 
were followed and care was taken against biotic 
stresses. The number of days from sowing to 

occurrences of different phenological phase was 
recorded. To study the phenology, three groundnut 
plants from each treatment were uprooted carefully, 
from the area earmarked for sampling at 3 days 
interval and phenological events like (emergence, 1st 
flower, 50% flowering, peg initiation, 100% 
flowering, pod initiation, pod development, pod 
maturity and physiological maturity) were recorded. 
Daily weather data recorded in Class A observatory 
situated in adjoining field were used. The growing 
degree days were computed by subtracting the base 
temperature of (10oC) from daily mean temperature 
as suggested by (Nuttonson, 1955). Heliothermal 
units are the product of GDD and actual sunshine 
hours (Rajput, 1980) whereas Photothermal units 
(PTU) are the product of GDD and possible sunshine 
hours. These indices were accumulated over the 
phenological duration of the crop. 

RESULTS AND DISCUSSION 
Effect of temperature on phenology 

The crop growth varied between early sown 
and late sown crops (Table 1). In both years number 
of days taken from sowing to emergence phase 
morein early sown crop due lower average temperature 
(20°C) but in late sown crop D3it took 7days due to 
additional average temperature (25°C) as camper to 
D1(fig. 1&2). Similarly lower average temperature (22°C 
to 24°C) in D1 delay 1st flower phase by 2 day(23 days) 
and in D3 same phase due to more average temperature 
(27 to 29°C)required only 21days.Also duration of other 
phenophases in D1 sown crop was more by (1 to 2 days) 
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as camper to D2and D3due to continuous increasing 
temperature. Patra, et al (1981) also reported that number 
of days to maturity was reduced with delayed sowing. 
Buttar and Uppal (1998) reported that later sowing 
shortened the crop duration. 
Growing Degree Days (GDD) 

Growing degree-days required for different 
phenophases of groundnut for two crop seasons 
(Summer 2015 and 2016) have been shown in Table 
3.TotalGDD, from emergence to physiological 
maturity were higher in D2 (2265) andD3 (2228) than` 
D1 (2096).However, different cultivars were more or 
less similar requirement of total GDD (2000 ± 260). 
Similarly in both year (2015 and 2016) total GDD 
from emergence to physiological maturity did not 
differ much more (2100±100). In case of different 
phenological stages fluctuation of GDD in different 
dates of sowing and cultivars was less. In all 
treatments, highest GDD was shown in pod maturity 

stage as compered to other stages ranged from 655 to 
720 oC). 
Photo Thermal Units (PTU) 

The PTU required to attain different 
phenological stages in groundnut cultivars have been 
shown in Table 3.The higher total PTU from 
emergence to physiological maturity was in 
D2(28479) and minimum in D1 (25962). However, 
different cultivars higher value of totalPTU in V3 
(29177) and minimum in V4 (27303). Similarly in 
both year (2015 and 2016) total PTUvalue from 
emergence to physiological maturity did not differ 
much more (27000±1000). Different phenological 
stages higher PTU value in cultivar V2 at pod 
maturity stage (9191) as compeer to rest of cultivars, 
in different date of sowing more PTU in D3 sowing at 
similar phenological stage (9458) compeer to D2 
(9075) and D1 (8234). 

Fig. 1. Average temperature over different phenophases of groundnut crop sown on different dates in year (2015) 

Fig. 1. Average temperature over different phenophases of groundnut crop sown on different dates in year (2015) 
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Helio ThermalUunits (HTU) 
The HTU required to attain different 

phenological stages in groundnut cultivars have been 
shown in Table 4.Total HTU number was more in D2 
sowing (22593) followed by D3 (22318) and D1 
(20628). Among the cultivars total HTU value higher 
in V4 (23258) and minimum in V1 (22008). In both 
year total HTU more or less same (21386±950). 
However, in different phenological stages highest HTU 
values in all treatment shown in pod maturity stage 
(7858). 

COCLUSTION 
Present study conclude that sowing after 15 

February, shortened the crop duration due to 
continuous increase in average temperature. It is very 
clear that the estimation of heat unit’s consumption at 
different phenological stages of the crop useful for 
predicting the occurrence of different phenophases 
and harvesting time of the crop. 
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Trends of moisture regime and intensity of droughts in three agro climatic zone of 
Chattisgarh state 

SANJAY BHELAWE, G.K. DAS, N. MANIKANDAN, and J. L. CHAUDHARY 
Dept. of Agrometeorology, IGKV Raipur – 492 012 

ABSTRACT 

Three set of data collected from representative three agro climatic zone of Chhattisgarh state viz., 
Chhattisgarh Plain (Raipur), Northern hills (Ambikapur) and Bastar plateau (Jagdalpur) were analyzed to obtained
trend of moisture regime and intensity of drought in the respective zone. Results of present investigation revealed 
that significant increasing trend has been observed in aridity index especially since 1981 onwards. In case of 
moisture index, negative trend was observed in all the three stations, during the three periods (1951-80, 1981-2010 
and 1951-2010) except at Jagdalpur station where slight rising trend is observed during 1981-2010 period which 
indicates that the climate of these stations are slowly moving towards drier climate. Chhattisgarh State experienced 
water deficiency during November-May of normal years and surplus water condition was observed during June to 
September months of wet year at Raipur and Ambikapur and up to October month at Jagdalpur station. Occurrence 
of disastrous drought was not experienced in all three stations during the past five decades (1951 – 2000) but in the 
most recent decade (2001 – 2010) disastrous drought is being observed.  

Key words: Water balance, aridity index, humidity index, moisture index, droughts, climatic shifts.

Knowledge on total rainfall, its distribution 
and drought studies are extremely useful and 
important for better planning of cropping pattern, 
developing irrigation and drainage plans for an area. 
Studies on rainfall on different timescale play a great 
role in understanding weather phenomena in tropical 
countries and help to determine the agricultural land 
use potential and hydrological investigations. 
Pisharoty (1987) reported that in India, most of 
precipitation occurs between June to September and 
about 50 per cent of rainfall occurs within 20-30
hours, which is hardly accounts for 1% of total rainy 
season. Whenever there is a digression in water 
balance components temporarily in a particular 
region that lead to water surplus or deficit. The water 
balance approach in climatic studies is a basis for 
understanding the wetness and dryness of a place, 
based on the evaluation of water need. In India, 
Subrahmanyam (1958) followed water balance 
approach proposed by Thronthwaite and Mather 
(1955) and did poineering research based on aridity 
and humidity index. Similar studies were reported by 
several workers across the country Subramaniam 
et al., 1984). At the same time, many studies have 
been undertaken related to climatic variability / 
change using water balance approach (Karl & 
Riebsame 1989, Ayers et al., 1994, McCabe  and 
Wolock, 2002). Results of these investigations 
indicated that significant trend have been noticed in 
important hydro climatic variables and have 
presented potential hydrologic consequences of 
climate change.  In the view of above, an attempt has 

been made to find out trends in climatic water 
balance parameters (aridity index, humidity index 
and moisture index) and also to find out frequency 
and intensity of droughts based on water balance 
approach over three selected locations of 
Chhattisgarh state. 

MATERIALS AND METHODS 

Monthly rainfall, maximum and minimum 
temperature data of Raipur, Jagdalpur and Ambikapur 
representing three agro climatic zones of Chhattisgarh 
State viz., Chhattisagarh Plains, Bastar Plateau and 
Northern Hills zone, respectively for the period 1951 - 
2013 were collected from the climatological data of 
important cities from IMD website. The available 
water holding capacity of soils of three stations were 
retrieved from the old thesis of post graduate students 
of department of Agrometeorology, Indira Gandhi 
Krishi Vishwa vidyalaya, Raipur. Potential 
Evapotranspiration was worked for three stations 
using PET v3 software (Bapuji Rao et al., 2013). 
Yearly water balance for above three stations were 
computed for a period of 63 years (1951-2013) using 
the Thronthwaite and Mather (1955) book keeping 
water balance procedure. Water balance computation, 
Aridity Index (Ia), Humidity Index (Ih) and Moisture 
Index (Im) were computed on annual basis using the 
formulae as given below: 

Ia = Water Deficit / Potential Evapotranspiration x 100 

Ih = Water surplus / Potential Evapotranspiration x 100 

Im = Ih – Ia
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 Climatic shift in three stations during the study 
period was done through time series analysis of 
aridity, humidity and moisture index, by following 
Mann-Kendall statistical test using trend detection 
software (Chiew et al., 2005). Frequency and intensity 
of drought was worked out as per the procedure given 
by Subrahmanyam and Subramaniam (1964) and later 
modified by Subrahmanyam and Sastri (1969). It is 
classified on the basis of the percentage departure of 
aridity index from the median as moderate, large, 
severe and disastrous according to the following 
category, where ‘s’ is the standard deviation: 

Departure of la from median Drought intensity
<1/2σ Moderate 
1/2σ to σ Large
σ to 2σ Severe
>2σ Disastrous

RESULTS AND DISCUSSION 

Trends of climatic indices during the study period : 
Results of trend analysis of climatic indices 

for three different periods (1951-1980, 1981-2010 and 
1951-2013) for Raipur, Jagdalpur and Ambikapur 
stations furnished in Table 1. It could be very well 
observed that Aridity Index (Ia) has shown significant 
increasing trend during 1981-2010 for Raipur as well 
as during 1951-2013 period and at Ambikapur during 
1981-2010 period. Though increasing tendency was 
noticed in aridity index at Jagdalpur but not 
significant. From this it could be inferred that water 
deficit condition was evident from 1981 onwards at all 
three stations. At the same time declining trend (non-
significant) was seen for humidity index at all three 
stations during 1951-2013 and mixed results were 
found during 1951-1980 and 1981-2010 periods, 
which indicated that over a period of years the 
strength of humidness was slowly moving to lower 
side. Moisture index, based on which climatic type of 
a place had determined were shown negative trend at 
Raipur and Ambikapur three stations during the three 
periods, except at Jagdalpur station where slight rising 
trend was observed during 1981-2010 period. 
Normally, these three stations falls under dry 
subhumid climate and fluctuates towards humid or 
semi arid climate depends on water surplus / deficit 
during a particular year. From the trend results, it was 
clear that the climate of these stations were slowly 
moving towards drier climate.  

Increasing tendency of aridity index during 
recent decades in these stations also confirmed this 
results. Studies of Sastri and Urkurkar (1996) and 
Sastri (2009) inferred that due to change in rainfall 

pattern, general climate of Mahasamund and Kanker 
districts have changed which is in support to present 
study.  They further stated that such changes in the 
rainfall have influenced the agriculture in the state and 
farmers are adopting the climate change by shifting 
from long duration local rice varieties to short 
duration high yielding varieties (HVY) of rice. 
Krishnakumar and Prasada Rao (2006) studied 
climatological drought over Kerala State and they 
opened that climate of state shifted from B4 humid to 
B3 climate type and it was more evident from 1951 to 
2000. 

Water balance parameters over most dry year, least 
dry year and climatic normal year: 

Water balance parameters of Raipur, 
Ambikapur and Jagdalpur stations during normal, most 
dry and least dry year is furnished in Table 2, 3 and 4. 
ChhattisgarhState experiences water deficiency mainly 
duing the period of November-May. This could be 
inferred from values of water deficit for Raipur, 
Ambikapur and Jagdalpur stations as per the climatic 
normal (1951-2013). Accumulation of soil moisture 
starts from second half of May / first week of June 
depending upon summer showers and onset of 
southwest monsoon. Appriciable amount water surplus 
across the three stations were noticed from July to 
September only due to southwest monsoon. Soil 
moisture deficiency was started from October month 
and it looms large if there was no rainfall due to 
cyclonic effect from Bay of Bengal sea / post monsoon 
rainfall. High soil moisture deficit may affect the rice 
yield as reproductive / grain development stage 
coincide during this month. Studies of Sastri (2009) 
supported this statement and he reported the the 
farmers of Chhattisgarh started to cultivate early / 
medium duration rice varieties as a consequence of 
decresing rainfall trend in October month.     

Raipur and Jagdalpur stations were 
experienced their most dry year in 2009 and at 
Ambikapur by 2010 with a water deficit (WD) of 
1220, 1037 and 1097 mm, respectively. Most wet year 
was noticed in the years of 1970, 1956 and 1990 at 
Raipur, Ambikapur and Jagdalpur stations, 
respectively. During most wet year too, water surplus
condition was observed during June to September 
months at Raipur and Ambikapur. At the same time, at 
Jagdalpur water surplus situation was seen up to 
October month owing to influence of post monsoon 
rainfall / late withdrawl of sothwest monsoon season. 
High soil moisture status due to water surplus 
condition facilitate better crop establishment and 
growth of rabi season crops and lead to reap good 
harvest.   
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Table 1: Slope value of linear trend and Mann-Kendall trend results of climatic indices for three selected stations 

Climatic water 
balance indices

Stations
Raipur Ambikapur Jagdalpur

1951-
1980

1981-
2010

1951-
2013

1951-
1980

1981-
2010

1951-
2013

1951-
1980

1981-
2010

1951-
2013

Aridity index (Ia) 0.107 0.251* 0.062 * -0.034 0.346 ** -0.017 -0.049 0.077 0.053
Humidity index (Ih) -0.005 0.052 -0.129 -0.300 -0.560 -0.210 -0.066 0.023 -0.135
Moisture index (Im) -0.112 -0.402 -0.192 -0.266 -0.907* -0.193 -0.017 0.048 -0.188*

* Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level

Table 2: Water balance parameters of most dry, most wet and climatic normal year at Raipur during 1951-2013

Table 3: Water balance parameters of most dry, most wet and climatic normal year at Ambikapur during 1951-2013
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Table 4: Water balance parameters of most dry, most wet and climatic normal year at Jagdalpur during 1951-2013

Fig. 1 Decade-wise frequency and intensity of 
droughts over Raipur district during 1951-
2013.

Fig. 2 Decade-wise frequency and intensity of 
droughts over Ambikapur district during 
1951-2013. 

Fig. 3 Decade-wise frequency and intensity of 
droughts over Jagdalpur district during 1951-
2013.

Fig. 4 Percentage intensity and occurrence of 
droughts over Raipur during 1951-2013. 
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Fig. 5 Percentage intensity and occurrence of 
droughts over Ambikapur during 1951-2013.

Fig. 6 Percentage intensity and occurrence of 
droughts over Jagdalpur during 1951-2013. 

Decadewise frequency and intensity of droughts: 

It can be very well observed that there were 
variations at three stations representing three agro-
climatic zones of the state with regard to frequency 
and intensity of drought during the study period. By 
histograms, it can be very well observed that 
frequency of drought had increased and during the 
decade 2000-10, there was higher frequency of 
droughts at Raipur station (Fig.1). At Ambikapur 
number of droughts was less during the mid-decades 
and droughts was more frequent during 1951-1960 as 
well as in the recent decade of 2000-10 (Fig.2). In the 
same way, at Jagdalpur also incidence of droughts 
(Fig.3) was more during 1951-1960 decade when 
compared to other decades. One significant 
observation is noticed that in the past five decades 
(1951 – 2000) occurrence of disastrous drought was 
not experienced at all three stations. But in the most 
recent decade (2001 – 2010), at all stations across 

Chhattisgarh, disastrous drought was being observed. 
Percentage of occurrence of different droughts over 
Raipur, Ambikapur and Jagdalpur has been shown in 
Fig. 4, 5 and 6. It was evident that moderate drought 
accounts for 47, 41 and 50 percent of years followed 
by large drought around 32-37 percent of years 
during the period 1951-2013.   

CONCLUSION
Investigation on climatic water balance 

revealed that there was significant increasing trend 
observed in aridity index especially since 1981 
onwards. In the case of moisture index negative trend 
was observed in all the three stations during the three 
periods (1951-80, 1981-2010 and 1951-2010) except 
at Jagdalpur station where slight rising trend was 
observed during 1981-2010 period which indicates 
that the climate of these stations are slowly moving 
towards drier climate. Water balance parameters 
during climatic normal year indicated that 
ChhattisgarhState experiences water deficiency 
mainly during the period November-May.  

During most wet year water surplus 
condition was observed during June to September 
months at Raipur and Ambikapur. where as in 
Jagdalpur water surplus situation was up to October 
month, due to post monsoon rainfall / late withdrawl 
of soth west monsoon season. In the past five decades 
(1951 – 2000) occurrence of disastrous drought was 
not experienced at all three stations but in the most 
recent decade (2001 – 2010) disastrous drought was 
observed. moderate drought at  Raipur, Ambikapur 
and Jagdalpur accounts for 47, 41 and 50 percent of 
years followed by large drought around 32-37 percent 
of years during the study period 1951-2013. 
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ABSTRACT 

Global food security could be under threat due to the impact of climate change on regional grain 
production. With the threat of climate change looming large on crop productivity, the most vulnerable regions of the 
world are the tropics. Maize (Zea mays L.) is one of the most important cereals of the tropics. Available evidence 
showed a significant drop in yields of important cereal crops like rice, wheat and maize under climate change 
scenarios. Hence, it is necessary for us to empathize the changing climate over a period of time to feed the growing 
population. In this paper the impact of climate change on maize was studied through climate and crop model 
integration. To reduce impacts, altering the sowing dates was also attempted as an adaptation. Results revealed an 
increase in maximum and minimum temperature over decades in both the models. Unvaryingly in both the models 
the rate of increase of minimum temperature was higher than that of maximum temperature. Between the models 
PRECIS projected higher rate of increase than RegCM4. In case of rainfall, both the models projected an increase 
with variation in their magnitude. RegCM4 projected a higher increase in rainfall than PRECIS. Under DSSAT crop 
simulations, both models exhibited a reduction in yield while PRECIS showed higher yield than RegCM4. In future 
under CO2 enriched conditions, the sowing on 20th September showed better results under PRECIS climate while 
10th August proved beneficial for RegCM4 climate projections. 

Key words: Climate change, Regional climate models, Maize, DSSAT and Integration 

The prospects of future climate changes from 
green house warming have caused concern over their 
possible consequences for the production of food and 
fiber. Agriculture is heavily impacted by present climate 
change, and potential reduction of harvest may lead to 
decline of food security worldwide (Schmidhuber and 
Tubiello, 2007; Strzepek and Boehlert, 2010; Supitet al., 
2010). Since the most immediate impacts will be on crop 
growth and economic yield (Tegartet al., 1990), 
considerable attention has focused on developing 
methods of predicting such impacts and their 
adaptation.  

In recent years, several benchmark studies 
have relied on coupling models of varying forms to 
estimate these changes for adaptation. At multi-
decadal timescales, the general approaches to 
adaptation took a ‘top-down’ perspective, moving 
from global climate model scenarios to sector impact 
studies and then to assessments of adaptation options 
(Challinoret al., 2013).  

A climate scenario is a reasonable 
description of the future climate based on a range of 
climatological relationships and assumptions of 
radioactive forcing. It can be visualized by global 
climate models (GCMs) and regional climate models 
(RCMs), which are complicated three-dimensional 

mathematical representations to show the processes of 
interactions between the atmosphere, land surface, 
oceans and sea ice which resulted from climate (Mearns, 
2000). Climate projections should be considered as 
efficient methods to figure out the possible futures under 
given particular emission scenarios rather than a 
forecasting tool (Suppiah et al., 2007).  

Modeling tools, including crop models, are 
necessary because they mimic crop  production from 
agricultural sites under specific climate conditions  
(Richter et al., 2010), and can be later used to assess 
potential effect of climate variations (Soussana 
et al., 2010).  

A crop simulation model consists of non-
linear mathematical equations and logic to provide a 
systematic analysis of the crop production system. 
They have been developed with different levels of 
biological details (Thornton et al., 1991) and run for 
different environmental conditions such as soil type, 
weather and management to simulate dynamic 
processes of crop growth and development. The 
purpose of this paper is to demonstrate the potential 
of integrating climate and crop models for 
understanding climate impacts. Along with impact 
assessment, possible case of adaptation was also 
explored. 
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MATERIALS AND METHODS 

Study area 

The study area covered the State of Tamil 
Nadu in southern Peninsular India lies between 
7.91°N to 13.65°N latitude and 76.17°E to 80.82°E 
longitude, an agriculturally predominant region and 
its climate favors majority of the crops cultivation. 
This covers 220 grid points in PRECIS and 218 grid 
points in RegCM4 models. 

Climate change projections 

The climate change impact assessments 
were made using A1B scenario future climate data 
made available from Agro Climate Research Centre, 
TNAU. The future predictions were made by running 
two regional climate models (PRECIS and RegCM4) 
driven by the boundary data from Global Climate 
Models (HadCM3 and ECHAM5, respectively). The 
weather data retrieved from the model outputs for the 
prediction from 1971 to 2100 used for simulating 
yields of maize. As the model outputs were in grids, 
the grid points of both models that falls within 
agricultural area of Tamilnadu state were selected 
and simulations were made. A total of 139 grids from 
PRECIS output and 141 grids from RegCM4 outputs 
were used. The future projections of the RCMs were 
used in DSSAT for crop yield simulation.  

Domain selection 

PRECIS 

The PRECIS model used rotated latitude 
map projection and was run with 0.22 × 0.22 degree 
resolution (~25 km). Domain selected covered 101 
grids on EW direction and 104 grids on NS direction 
encompassing southern and central part of India. The 
extent of the boundary for the domain was 3.25 to 
22.71°N latitude and 69.56°E to 89.81°E longitude 
(Fig. 1a).  

1a) Domain of PRECIS 1b) Domain of RegCM4 

RegCM4 

For RegCM4, a domain covering most of the 
India was selected. The extent of the boundary for the 
domain was 2.00°N to 25.61°N latitude and 66.45°E 
to 90.9628°E longitude. The domain used was 
depicted in (Fig. 2b). This covered 112 EW and 112 
NS points. The horizontal resolution was 25 km.  

Parameter retrieved for crop model integration 

Large numbers of data were generated as 
output from the model. However, only the following 
four parameters were retrieved for simulating DSSAT 
model  

S.N Parameters 
Units 

Time 
PRECIS Converted 

1 Solar radiation W m-2 MJ m-2 Mean 
2 Temperature k oC Max 
3 Temperature k oC Min 
4 Rain Kg m-2 s-1 mm Mean 

Crop Model Integration 

To simulate the impact of projected climate, 
DSSAT crop simulation model was used. To 
integrate the climate projections into crop simulation 
the following files were prepared and utilized in this 
study. Pre-calibrated genetic coefficients of NK 6240 
through CERES under DSSAT were utilized in the 
study. 

Weather file 

The PRECIS RCM uses 30 days calendar 
per month and conversion was made to Gregorian 
calendar as suggested by Minguez et al. 2007. 
RegCM4 daily data were in Gregorian calendar and 
hence directly used in weather file preparation. 
The weather files of both RCMs for the respective grid 
points were converted into DSSAT weather file format 
using Weatherman tool available in DSSAT.  

Soil file 

The soil database for the Tamil Nadu at 
1:50,000 scale is being maintained at the Department 
of Remote Sensing and GIS of TNAU. The profile 
details as required in DSSAT was culled out from the 
above database using ArcGIS and the soil files were 
prepared to run DSSAT.  

Crop file 

Crop Estimation Resource and Environment 
Synthesis (CERES) for maize within DSSAT v4.5 was 
used for crop yield simulation of maize hybrids. The 
simulations were made for all the three hybrid using 
the calibrated and evaluated in CERES-Maize. 
However, the following were the assumptions made 
for the simulations.  

a. The chemical fertilizers and water were
considered as not limiting.
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b. There was no major pest and disease.

c. Normal date of sowing was second fortnight of
August as suggested by Karthikeyan, 2002.

d. Five dates of sowing viz., August 10, August 20,
August 30, September 10 and September 20
were assumed as possible sowing dates.

Crop simulations 

The effect of CO2 fertilization was included in 
the study by keeping two environmental modification 
treatments as with and without CO2 enrichment. The 
control (CTL) treatment simulation was made with 
default value of 380ppm CO2 for all years (1971 to 
2100). The CO2 augmented over the study period is 
presented in Table 1. The treatments were fixed as per 
the atmospheric CO2 concentration projection given by 
ISAM carbon cycle models used in IPCC’s Third 
Assessment Report (IPCC, 2001) (http://www.ipcc-
data.org/ancillary/tar- iam.txt)  

A total of 1,77,920 simulations (139 grids x 
128 years x 5 sowing dates x 2 CO2 levels) for 
PRECIS outputs and 1,80,480 simulations (141 grids 
x 128 years x 5 sowing dates x 2 CO2 levels) for 
RegCM4 outputs were made for the hybrid and a 
grand total of 3,58,400 simulations. 

RESULTS AND DISCUSSION 

Climate projection of PRECIS and RegCM4 

Projections of continuous parameters 

The decadal variation in projected weather 
parameters were studied for both the RCMs (Table 
2). Solar radiation showed very less reduction over the 
years in case of RegCM4 (17.4 to 18.4 MJm-2) while 
projections for PRECIS (21.2 to 21.7 MJm-2) had no 
appreciable difference at all. The maximum temperature 
(RegCM4: 31.0 to 34.3 °C; PRECIS: 33.0 to 36.8 °C) and 
minimum temperature (RegCM4 19.7 to23.4 °C; 
PRECIS: 22.2 to 26.2 °C) was projected to have a 
consistent increase over decades in both the models. 
Unvaryingly in both the models the rate of increase of 
minimum temperature was higher than that of maximum 
temperature. This was in agreement with the findings of  
Rajalakshmi et al. (2011) for Tamil Nadu. 

Interestingly, between the models, PRECIS 
projected a higher range of temperatures than 
RegCM4. Relative humidity over the decades had no 
consistent change however, between the climate 
models it showed a wide variation. This wide range 
of temperature projection by various climate models 
might be attributed to the difference in the model 
physics and the parameters considered by individual 
models (Diallo et al., 2012). Relative humidity 
projected by RegCM4 varied between 89.6 to 90.7 

per cent while in PRECIS it varied between 63.3 to 
65.9 per cent. Wind speed projections also had no 
definite change over the decades but exhibited a wide 
variation between the models. The wind speed 
projected by RegCM4 ranged between 13.6 to 14.0 
Kmph, while PRECIS it was 4.7 to 4.8 Kmph. 

Projections of discrete parameter 

Rainfall was projected to increase by both the 
models with variation in their magnitude. RegCM4 
projected a higher increase in rainfall than PRECIS. 
Moreover, RegCM4 projected a high range for 
precipitation (1162.6 to 1503.4 mm) compared to 
PRECIS (603.4 to 803.4 mm). The increase in rate of 
precipitation might be due to increased cyclonic 
activity and changes in monsoon circulation that is 
expected to enhance moisture supply over Bay of 
Bengal, which becomes conducive for deep convection 
to increase the precipitation.  Similar opinion was also 
expressed by Ashfaq et al. (2009).This dissimilarity 
in climate projections was due to the difference in the 
respective model physics, methods and scenarios 
employed in GCMs. 

Yield Impact projected by DSSAT coupled with 
climate projections 

Impact on decadal yields 

NK 6240 showed highest yield 
(Table 3) in 1971-1980 decade and lowest yield in 
2091-2100 decade under both the control and CO2 

treatments. PRECIS projections simulated highest 
yield (control 3121 kgha-1; elevated CO2 4001 kgha-1) 
during the period 1971-1980, while the lowest yield 
(control 2138 kgha-1; elevated CO2 3380 kgha-1) was 
obtained for the decade 2091-2100. The decreasing 
trend in the yield was noticed with different time 
period. Similar results were observed for RegCM4 
projections, as highest and lowest yield were 
simulated during 1971-1980 and 2091-2100, 
respectively (Fig. 2). It is evident from the yield of 
both control and CO2 enrichment that climate change 
will have a negative impact on yield (-13.2 to -35.9 
per cent reduction for PRECIS and -12.3 to -38.4 per 
cent reduction for RegCM4). The magnitude of 
reduction varied for control and CO2 enrichment and 
also varied based on the weather data injected. 
Percentage deviation between control and CO2 
enrichment for PRECIS and RegCM4 had a steep 
increase. By the end of decade 2100 an increase of 
66.2 per cent was achieved than control for PRECIS 
and 66.1 per cent for RegCM4. Interestingly both the 
models predicted a same increase in their yield levels. 
The differential response of hybrids employed here 
might be attributed to the inherent capacity of hybrids. 
Such variation over different regions of India was also 
pointed out by Naresh Kumar et al. (2011).  
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Table 1 Carbon dioxide reduced / augmented over 380ppm as per A1B scenario for yield simulations 

Decades 1971-80 1981-90 1991-00 2001-10 2011-20 2021-30 2031-40

CO2 projected (ppm) 337 353 369 391 420 454 491 

CO2 reduced/ Augmented (ppm) -43 -27 -11 11 40 74 111 

Decades 2041-50 2051-60 2061-70 2071-80 2081-90 2091-2100

CO2 projected (ppm) 532 572 611 649 685 717 

CO2 reduced/ Augmented (ppm) 152 192 231 269 305 337 

Table 2 Decadal climate analysis of RegCM4 and PRECIS models over Tamil Nadu 

Table 3 Future yield of maize simulated for NK 6240 

Table 4  Percent relative difference of NK 6240 for PRECIS projections 

Century 

10-Aug 20-Aug 30-Aug 10-Sep 20-Sep Mean 

CTL CO2 CTL CO2 CTL CO2 CTL CO2 CTL CO2 CTL CO2 

Near -7.2 -6.5 -10.1 -3.3 -11.3 -5.1 -7.0 -8.1 -6.3 -2.9 -8.4 -5.2 

Mid -17.8 -10.0 -19.3 -7.6 -18.9 -7.0 -16.5 -11.3 -18.5 -3.5 -18.2 -7.9 

End -31.3 -16.6 -29.0 -15.3 -28.4 -10.1 -27.7 -16.7 -25.3 -10.1 -28.3 -13.8 

Mean -18.8 -11.0 -19.5 -8.7 -19.5 -7.4 -17.1 -12.0 -16.7 -5.5 -18.3 -8.9 

Note: CTL: 380 ppm CO2 CO2: CO2 augmented with expected increase 
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Table 5 Percent relative difference of NK 6240 for RegCM4 projections 

Century 

10-Aug 20-Aug 30-Aug 10-Sep 20-Sep Mean 

CTL CO2 CTL CO2 CTL CO2 CTL CO2 CTL CO2 CTL CO2 

Near -8.4 -0.2 -6.1 -4.6 -4.4 -4.0 -10.3 5.5 -4.6 3.7 -6.8 0.1 

Mid -15.4 -0.7 -15.9 -9.6 -20.5 -5.1 -25.2 -4.1 -21.8 -7.9 -19.8 -5.5 

End -20.2 -6.0 -26.1 -11.9 -32.4 -9.6 -36.6 -9.3 -26.8 -13.8 -28.4 -10.1 

Mean -14.7 -2.3 -16.0 -8.7 -19.1 -6.2 -24.0 -2.6 -17.8 -6.0 -18.3 -5.2 

Note: CTL: 380 ppm CO2  CO2: CO2 augmented with expected increase 

Fig. 3 Yield Projections of NK 6240 

Response to sowing treatments 

In PRECIS, the mean yield (Table 4) from 
different dates of sowing indicated its superior 
performance under 10th September for control and 
10th August for CO2 treatment, while the lowest yield 
was registered under 10th August for control and 10th 
September for CO2 treatment. For RegCM4, among 
sowing dates, the highest yield (Table 5) was noticed 
under 20th September and 10th August for control and 
CO2 treatments, while the lowest yield was observed 
during 20th August and 10th September sowings for 
control and CO2 enriched conditions. Between 
climate models in all cases PRECIS showed higher 
yield than RegCM4 irrespective date of sowings 
used for simulations. NK 6240 also showed (Table 
4 and 5) negative Relative Difference (RD%) 
irrespective of sowing treatments and RCMs. 
PRECIS revealed highest mean yield reduction of 
19.5 per cent (20th and 30th Aug.) and lowest yield 
reduction of 16.7 per cent (20th Sep.) for control 
CO2. Yield reduction in CO2 enrichment showed 
highest yield reduction of 12.0 per cent (10th Sep.) 
and lowest reduction was 5.5 per cent (20th Sep.). 
In RegCM4, RD per cent from control years 
showed a highest yield reduction of 24.0 per cent 
(10th Sep.) and lowest reduction of 14.7 per cent 

(10th Aug.) for control. In case of CO2 treatment the 
highest yield reduction was 8.7 per cent (20th 
August) and lowest yield reduction was observed to 
be 2.3 per cent (10th August). 

CONCLUSION 

The pre-calibrated genetic co-efficient 
NK6240 hybrid under CERES could be successfully 
used for simulating future maize yield under changing 
climate. The simulated yield showed a reduction as the 
decade advances with CO2 enrichment it showed 
lesser reduction, which favorably respond for 
increased levels of CO2. Between climate models, 
in all cases PRECIS showed higher yield than 
RegCM4 irrespective date of sowings used for 
simulations. In future under CO2 enriched 
conditions, the sowing on 20th September showed 
better results under PRECIS climate while 10th 
August proved beneficial for RegCM4 climate 
projections. These uncertainties between climate 
model response needs detailed study and forms a 
future research area.  
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ABSTRACT 

Rainfall is a nature’s gift carrying certain essential plant nutrients from atmospheric reactions. Rainfall 
contribute considerable amount of Nitrogen as equal parts of nitrate (NO3) and ammonical (NH3) forms and sulfur 
(SO4) for plant use. These nutrients in the rainfall had good impact in agricultural production during those days, 
when environmental conditions was better with less toxic substances in atmosphere. The throughfall, precipitation 
that drips from the foliage and runs down the boles of trees are substantially enriched with leached bio elements and 
which are mostly essential plant nutrients. Study during North East Monsoon 2015 (NEM) and Summer 2016 (SUM) 
inferred that, both the rainfall and through fall are potential source of plant nutrients and the amount of nutrients 
delivery varies with type of vegetation. It is quite interesting to note that the amount of nitrogen (both nitrate and 
ammoniacal form) delivered by rainfall and throughfall were worked out to nearly 33 and 68 kg/ha which is sufficient 
for the most of rainfed crops. Among the agro forestry tree species, throughfall from Azadirachta indica had higher N, 
K and Mg, throughfall from Casuarina equisetifolia had Ca which resulted in higher pH and EC, throughfall from 
Peltophorump terocarpum had P2O5 and Na and throughfall from Cassia fistula had more SO4.The study periods 
imputes collection, conservation and recycling of rainfall to sustain the productivity of crop, particularly rainfed 
agriculture.  

Key words: Nutrients in Rainfall, Throughfall, agroforestry trees, North East Monsoon, Summer 

[

India is an agrarian country and about 65 per 
cent of people depend on agriculture for their lively 
hood. The food security of India is crucially dependent 
on the timely availability and adequate amount of 
rainfall. In addition to its importance as a water 
resource, rainfall also contains essential plant nutrients. 
Rainfall is a nature’s gift carrying certain essential 
plant nutrients as a result of atmospheric reactions. 
Rainfall contribute considerable amount of Nitrogen 
(N) and sulfur (SO4) for plant use.Nitrogen in rainfall 
present as equal parts of nitrate (NO3-N) and 
ammonium (NH4-N). The small amount of N supplied 
by rain was very useful in those years when 
environmental conditions were better than average and 
the crop could use just a little extra N to push it above 
an average yield (Bruijnzeel, 1991). The rainfall 
chemistry varies with space, time and event. This 
principally depends on the availability of aerosols or 
particles in the atmosphere for rain out and washout 
processes. Naturally, the main sources of atmospheric 
particles are sea-spray and terrestrial dust.  

Anthropogenic sources especially from 
industries and land use activities also contribute a 
significant amount of atmospheric solutes (Lewis, 
1981). The temporal and spatial distribution of 
precipitation is modified before reaching the ground 
(Kohler et al., 2006). Atmospheric deposition 
contributes to chemistry of plants, soils surface water 
and nutrient cycling in the ecosystem and is the most 

important nutrient input into natural forests as well as 
adjacent ecosystems such as wetlands (Talkneret al., 
2010). The rainfall which passes through the tree 
canopies, dripped from the foliage and flow down 
through the tree trunk is known as through fall, which 
also carries leached out nutrients of the tree canopy. In 
general, nitrate and ammonium are strongly retained, 
while chloride, potassium, calcium and magnesium are 
released from the canopy. The nutrient content of 
throughfall is altered in two ways as it passes through 
a canopy: 1).Nutrients contained in dust and gases 
that are present on leaf surfaces are solubilized and 
become part of the throughfall. 2). Nutrients that are 
leached from the interior of foliage rather than from 
leaf surfaces are also added to precipitation as it 
passes through the canopy.  Further, precipitation 
which drips from the foliage and runs down the boles 
of trees are substantially enriched with leached bio 
elements. Some amount of nutrients may also be 
absorbed from the precipitation by the canopy.  

Traditional rainfed crops like sorghum and 
maize are cultivated with scattered trees. As irrigation 
facilities are increasing, people are retaining exotic 
species like Casuarina equisetifolia, Leucaena 
leucocephala, Sesbania grandiflora, and other trees on 
the bunds. In addition to their main purpose of fodder and 
wind break, they also become good contributor of nutrient 
recycling. Though there is good number of studies on 
forest trees, the contribution of nutrients from both 
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rainfall and throughfall from these agro forestry and trees 
on bunds are yet to be studied. In view of the above facts, 
a study on the impact of rainfall and throughfall in soil 
nutrient enrichment was conducted at Tamil Nadu 
Agricultural University (TNAU), Coimbatore during 
2015 - 2016. The experiment was conducted as 
completely randomized block design (CRD) with three 
replications. 

MATERIALS AND METHODS 

The study area was Tamil Nadu Agriculture 
University, Coimbatore farmslocated at 11o N latitude and 
77o E longitude and altitudes of 426.72 m above mean sea 
level. The long term mean annual rainfall of study location 
is 657 mm, which is distributed in 47 rainy days. Heavy 
rains are likely to occur during North East Monsoon 
(NEM). The experiment was conducted with eight 
treatments of which seven were throughfall and one was 
rainfall. Seven tree species, which are usually grown in 
tropical agro forestry and field bunds were selected 
randomly from cluster of trees.The trial was conducted in 
Completely Randomized block Design with three 
replications. The list of tree species used and treatment 
details are given in Table 1. 

Rainfall and Throughfall sample collector 

The sample collector was self-designed 
specifically for throughfall collection. It contains a 
polythene funnel with 15.9 cm diameter fitted to the 
low density plastic reservoir with a capacity of two 
liter and a polythene hose. A 0.25 mm mesh nylon 
filter was inserted in the connecting stem between 
funnel and reservoir to prevent dust particles from 
entering into reservoir. The funnel diameter was 
resembled to 100 mm rain gauge. The rainfall was 
measured with regular rainfall measuring cylinder. 
The design of collector was given in Figure 1.  

Rainfall: The term rainfall is defined as the amount 
of precipitation of any type, primarily liquid, and 
quantity is measured by a rain gauge. (WMO, 1992). 
Rainfall was measured in three collection flasks. 
These flasks were placed in open areas well away 
from the influence of the plant canopy. Measurement 
was taken at the end of each rain shower. 

Throughfall: Throughfall is defined as water that 
reaches the soil either directly through canopy gaps or 
indirectly after running off the canopy. (Rowe, 1983; 
Crockford& Richardson 2000). Throughfall was 
measured by placing rainfall sample collector beneath 
the canopy of each marked tree.  

Fig. 1 Over view of self designedrainfall and 
throughfall sample collector 

Laboratory analysis: Rainfall and throughfall 
samples were collected and transferred into high-
density polyethylene bottle for chemical analysis. 
The samples collected were analyzed as immediately 
as possible to avoid change in the chemical content of 
the nutrient in the rain water. These samples were 
analyzed for Nitrate nitrogen (by Devarda’s alloy 
reduction), Ammoniacalnitrogen (Kjeldahl distillation), 
Sulphate (Turbidimetric method), Phosphorous 
(Molybdenum blue colorimetric method), Potassium 
(Flame photometer), Sodium (Flame photometer), 
Calcium and Magnesium (Versenate  method). Nutrient 
contents of precipitation components were calculated by 
multiplying the mean concentration with respective 
volumes. 
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RESULT AND DISCUSSION 

The average rainfall during the study period 
(Oct. 2015– May 2016) was 345 mm and received in 
24 rainy days. In present study, throughfall were 
ranged between 73 and 97 per cent of the rainfall 
received during that day. There was no correlation 
observed between rainfall and throughfall ratio. 
Raich (1983) noted that the throughfall values for a 
wide variety of forests were ranging from 46 to 97% 
of total rainfall. The variation in throughfall may be 
due to meteorological and vegetative factors of the 
study sites.  

North East Monsoon: The chemical properties of 
rainfall and throughfall of NEM is depicted in Table 1. 
The pH of rainfall (7.4) received during this study was 
higher than the pH (6.9 - 7.1) of throughfall. Similarly 
EC of rainfall (0.01) is lower than EC (0.04-0.07) of 
throughfall water. This might be due to large 
percentage of the hydrogen ions were leached from the 
canopy as the precipitation passed through. Among the 
through fall collected the EC were significantly higher 
EC and lower pH were observed in asuarina 
equisetifolia. The results clearly demonstrated the 
nutrients are carried by rainfall and throughfall, which 
includes N, P, K, Ca, Mg, S and Na. The quantities were 
varies with season and type of canopies of plant species. 
During North East Monsoon (NEM), the rainfall had 
higher nitrate nitrogen content (24.43 kg/ha) than through 
fall of all other tree species, except the throughfall from 
Azadiracta indica (28.67 kg/ha). The ammoniacal 
nitrogen content was higher in throughfall of all the tree 
species (Maximum in Peltophorum pterocarpum 60.16 
kg/ha) compared to rainfall (22.42 kg/ha), except Cassia 
fistula. Throughfall was showed the higher content (0.41 
kg/ha) of sulphate than the rainfall (0.27 kg/ha) in NEM. 
Among the tree species, the sulphate content was highest 
in Cassia fistula (0.47 kg/ha) and the phosphate content 
was highest in Peltophorump terocarpum (0.29 kg/ha). 
Higher content of potassium had recorded with 
throughfall (2.60 kg/ha) than the rainfall (1.41 kg/ha) 
during NEM. Throughfall has the higher (2.08 kg/ha) 
content of sodium compared to the rainfall (2.03 kg/ha) in 
NEM. The highest content of potassium was recorded in 
Azadirachta indica (2.6 kg/ha) and Cassia fistula was 
recorded with highest (2.08 kg/ha) sodium content. 
Throughfall(4.18 kg/ha) showed the higher content of 
calcium compared to the rainfall (4.11 kg/ha) in NEM. 
This result might be due to that the calcium is the more 
vulnerable to the leaching process. Pongamia pinnata 
recorded the highest (4.18 kg/ha) calcium content. The 
magnesium content was highest (2.42 kg/ha) in rainfall.  

Summer season: The chemical properties of rainfall and 
throughfall of Summer season is depicted in Table 2. The 
pH of rainfall (7.4) received during this study was higher 

than the pH (68 - 7.4) of throughfall. The EC of rainfall 
(0.11) was lower than EC (0.09-0.16) of throughfall 
water. Between the rainfall and throughfall higher nitrate 
nitrogen content was observed in throughfall (19.58 
kg/ha) compared to rainfall (16.65 kg/ha) and 
ammoniacal nitrogen content was recorded in throughfall 
(41.92 kg/ha) compared to rainfall (15.79 kg/ha). Among 
the trees, the highest content of nitrate nitrogen was 
observed in Azadirachta indica (19.58 kg/ha) and 
Peltophorum pterocarpum (41.92 kg/ha) recorded the 
highest for ammoniacal nitrogen. During summer S 
content was 0.47 kg/ha in throughfall and 0.30 kg/ha in 
rainfall. Among the tree species, the sulphate content was 
highest (0.41 kg/ha) in Cassia fistula and Delonixregia 
recorded the highest (0.30 kg/ha) phosphate content. 
Throughfall was recorded with higher (0.30 kg/ha) P2O5 
than the rainfall (0.10 kg/ha) in both seasons. In summer 
also throughfall (1.90 kg/ha) was significantly higher in 
potassium content than rainfall (1.04 kg/ha). This result 
might be due to the high mobility and foliar leaching of 
potassium. During summer, the throughfall sodium 
content was 1.69 kg/ha and rainfall was with 1.47 kg/ha. 
The highest potassium content was recorded in 
Azadirachta indica (1.9 kg/ha) and sodium content was 
highest in Samanea saman (1.69 kg/ha). In summer, 
calcium content 0f throughfall was 3.43 kg/ha in 
Pongamia pinnata and rainfall was 3.22 kg/ha. The 
magnesium content was highest in Delonixregia (3.46 
kg/ha). The throughfall had high leaf nitrogen 
contents and a high capacity for leaf nitrate 
assimilation and responded to the increase in soil 
nitrogen availability. The results indicated no 
significant different between season in N forms.The 
chemicals (sulphate) have a natural source in marine 
aerosols and in the condensation nuclei of clouds and 
are incorporated by the throughfall through the 
washout of the vegetation. The atmospheric 
deposition of phosphorus represented a recycling of 
local input rather than an external source and is 
injected into the atmosphere by such activities as 
agriculture, mining and burning. The potassium in 
leaves is adsorbed by the rainfall and leached from 
the leaf surface. The sodium is most frequently 
deposited as sodium chloride (NaCl) the primary natural 
resource of sodium, which was easily soluble. The 
amount of washed off, dissolved and leached sodium 
depends on the stand species composition, 
meteorological conditions, season, as well as on the 
precipitation amount entering the forest ecosystem. 
High levels of calcium in throughfall of all the trees 
may have been caused by senescence and higher 
leaching rates. The increasing trend of Ca2+ 
concentration could be due to contribution of dust 
fall, which bears little relationship with rainfall 
amounts. The magnesium is the more vulnerable for 
the leaching process.  
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Table 1 List of tree species used and treatment details 

Treatments Crop Scientific name Family

T1 Neem Azadirachtaindica Meliaceae

T2 Pungam Pongamia pinnata (L),  Derris indica (Lam.) Fabaceae 

T3 Gulmohar Delonixregia Fabaceae 

T4 Casuarina Casuarinaequisetifolia Casuarinaceae 

T5 Raintree Samaneasaman Fabaceae 

T6 Peltophorum Peltophorumpterocarpum Fabaceae 

T7 Golden shower Cassia fistula Caesalpiniaceae 

T8 Control Rain water 

Table 2 Effect of Rainfall and Throughfall on nutrient content (kg/ha) during NEM 

S.N Treatment pH EC NO3-N NH4 N SO4 P K Na Ca Mg 

1. Azadirachta indica 7.07 0.05 28.67 27.20 0.18 0.26 2.60 1.96 4.14 1.88 

2. Pongamia pinnata 7.01 0.04 21.38 22.34 0.17 0.18 0.81 1.91 4.18 1.64 

3. Delonixregia 6.97 0.05 9.73 22.10 0.19 0.20 1.36 2.00 3.15 2.06 

4. Casuarina equisetifolia 6.89 0.07 23.11 33.82 0.16 0.18 1.54 1.79 3.66 1.56 

5. Samanea saman 6.98 0.04 11.18 57.41 0.34 0.18 0.65 2.03 3.94 1.36 

6. Peltophorum pterocarpum 7.11 0.06 10.35 60.16 0.39 0.29 1.81 2.07 3.96 1.60 

7. Cassia fistula 7.10 0.04 15.40 16.75 0.47 0.15 1.84 2.08 3.94 1.64 

8. Rain water 7.36 0.01 24.43 22.42 0.30 0.12 1.41 2.03 4.11 2.42 

Table 3 Effect of Rainfall and Throughfall on nutrient content (kg/ha) during summer season 

S.No Treatment pH EC NO3-N NH4 N SO4 P K Na Ca Mg 

1. Azadirachta indica 6.70 0.14 19.58 20.44 0.17 0.29 1.90 1.46 3.34 3.38 

2. Pongamia pinnata 6.97 0.10 16.49 15.22 0.23 0.19 0.71 1.39 3.43 1.84 

3. Delonixregia 7.21 0.10 8.87 15.59 0.21 0.30 1.15 1.42 1.45 3.46 

4. Casuarina equisetifolia 6.62 0.12 16.25 31.47 0.20 0.20 1.33 1.40 1.92 3.08 

5. Samanea saman 7.40 0.16 12.42 39.80 0.29 0.20 0.68 1.69 2.62 2.57 

6. Peltophorum 
pterocarpum 6.78 0.12 14.67 41.92 0.32 0.29 1.29 1.60 2.64 1.84 

7. Cassia fistula 7.19 0.09 13.84 11.92 0.41 0.10 1.50 1.60 2.06 1.58 

8. Rain water 7.38 0.11 16.65 15.79 0.27 0.10 1.04 1.47 3.22 3.02 

118 October 2017



Among the different season, more amount of 
nutrient was received in NEM season compared to 
summer season. This may be due to more amount of 
rainfall received in north east monsoon than summer 
season.  

CONCLUSION 
The conclusion derived from the experiment 

on nutrient enrichment by rainfall and throughfall is 
as followed 
• The study has shown that both the rainfall and

through fall are potential source of plant
nutrients and the amount of nutrients delivery
varies with type of vegetation.

• Among the tree species, throughfall from
Azadirachta indica had supplemented higher N, K
and Mg.

• Throughfall from Casuarina equisetifolia
provide Ca, rssulted in higher pH and EC.

• Through fall from Peltophorum pterocarpum
supplement P2O5 and Na.

• Throughfall from Cassia fistula supplement SO4

• It is quite interesting to note that the amount of
nitrogen (both nitrate and ammoniacal form)
delivered by rainfall and throughfall were
worked out to nearly 33 and 68 kg/ha which is
sufficient for the most of rainfed crops and the
crop could be fully with the amount of rainfall
itself.

• The study periods imputes collection,
conservation and recycling of rainfall to sustain
the productivity of crop, particularly rainfed
agriculture.
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Effect of varying temperature humidity index on the plasma volume of crossbred cattle calves 
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ABSTRACT 
Present study was conducted to assess the influence of varying temperature humidity index prevalent in 

central midlands of Kerala on the plasma volume of castrated crossbred cattle calves. Six castrated male cross 
bred calves between four to seven months of age were selected from the University Livestock Farm and Fodder 
Research and Development Scheme, KVASU, Mannuthy, for the study. Daily ambient temperature and relative 
humidity inside and outside the shed were recorded for one year at hourly intervals on all days of the experiment 
using HOBO data logger. Temperature humidity index was calculated using the equation, THI = dboF- (0.55 –
0.55 x RH) x (dboF – 58), where dboF is the dry bulb temperature in Fahrenheit and RH is the relative humidity 
(RH%)/100. Rectal temperature was recorded daily throughout the study period. Plasma volume was determined 
at fortnightly intervals using indicator dilution technique. The temperature humidity index was varied from 76.5 
to 82.0 throughout the year. No significant correlation was observed between temperature humidity index and 
rectal temperature (r=0.409) in crossbred cattle calves at P<0.01 level. THI was positively correlated 
(r=0.913)with the plasma volume of crossbred cattle calves at P<0.01 level. It was concluded that crossbred 
cattle calves were adapted to temperature humidity index from 76.5 to 80.0 in the central midlands of Kerala as 
the rectal temperature remained constant throughout the period of experiment and alterations in plasma volume 
is one of the mechanism by which the animal tries to maintain thermal balance. 

Keywords: Temperature humidity index, Plasma Volume, cattle, thermoregulation 

Climate changeis one of the most 
important factors affecting the growth and 
production of livestock. Temperature humidity 
index represents the combined effect of air 
temperature and humidity associated with the level 
of thermal stress. (Bohmanova et al., 2007).Kerala 
is a tropical state having hot and humid climate 
with fluctuating weather conditions throughout the 
year. Crossbred cattle are the main livestock kept 
by the people for milk and meat. The present study 
was undertaken to investigate the adaption capacity 
of crossbred cattle calves to the varying 
temperature humidity prevalent in central midlands 
of Kerala using plasma volume as an adaptation 
parameter 

MATERIALS AND METHODS 
Six castrated male crossbred cattle calves 

between four to seven months of age were selected 
for the study from the University Livestock Farm 
and Fodder Research and Development Scheme, 
KVASU, Mannuthy. The period of experiment was 
one year. Daily ambient temperature and relative 
humidity were recorded at hourly intervals, inside 
and outside the shed using HOBO data logger. 
Temperature humidity indexwas calculated using 
the equation, THI = dboF - (0.55 – 0.55 x RH) x ( 
dboF – 58), where dboF is the dry bulb temperature 

in Fahrenheit and RH is the relative humidity 
(RH%)/100 (LPHSI, 1990). Rectal temperature was 
recorded daily at 09:00 am and 15:00 pm. Plasma 
volume was determined by the method of Kennedy 
and Millikan (1938) by injecting Evan’s blue dye.
The data obtained on various parameters were 
statistically analysed as per the method of Snedecor 
and Cochran (1994) using Pearson’s correlation.
The whole data was analysed using computerized 
software programme SPSS Ver. 20.0.  

RESULTS AND DISCUSSION 
The values obtained are summarized in 

Table 1 and 2. The lowest temperature humidity index
of 76.5 ± 0.20 was recorded in the second half of 
December, while the highest temperature humidity 
index of 82 ± 0.36 was observed in the month of 
March. The temperature humidity index recorded 
throughout the year varied from 76.5 to 82. 

No significant correlation was observed 
between temperature humidity index and rectal 
temperature (r=0.782) in crossbred cattle calves at 
P<0.01 level. This was in agreement with the 
findings of Zecchini et al. (2003) .This invariable 
maintenance of RT in varying THI throughout the 
experimental period observed in the current study 
might be due to high level of heat tolerance (Alam 
et al., 2011). 
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Table 1 Rectal temperature and Plasma Volume of crossbred cattle calves in varying THI  

Period THI
Parameter

Rectal Temperature 
(0F) Plasma volume (mL/Kg)

1st half of January 77.5 ± 0.34 102.0 ± 0.01 33.73 ± 0.78

2nd half of January 78.5 ± 0.64 102.1 ± 0.01 34.18 ± 0.83

1st half of February 78.5 ± 0.57 102.1 ± 0.03 33.17 ± 1.21

2nd half of February 77.5 ± 0.63 101.9 ± 0.03 33.17 ± 0.76

1st half of March 80.0 ± 0.39 102.1 ± 0.01 35.89 ± 0.77

2nd half of March 82.0 ± 0.44 102.0 ± 0.04 38.24 ± 1.07

1st half of April 82.0 ± 0.36 102.0 ± 0.03 38.76 ± 1.50

2nd half of April 80.0 ± 0.45 102.0 ± 0.03 37.50 ± 1.04

1st half of May 81.0 ± 0.23 102.2 ± 0.02 36.91 ± 0.46

2nd half of May 81.0 ± 0.39 102.1 ± 0.02 36.43 ± 0.62

1st half of June 80.0 ± 0.39 102.1 ± 0.04 35.78 ± 0.88

2nd half of June 79.0 ± 0.22 101.9 ± 0.01 34.62 ± 0.56

1st half of July 79.5 ± 0.40 102.1 ± 0.01 35.04 ± 0.39

2nd half of July 77.5 ± 0.45 101.9 ± 0.02 34.13 ± 0.74

1st half of August 78.0 ± 0.20 102.0 ± 0.02 34.00 ± 0.29

2nd half of August 79.0 ± 0.34 102.0 ± 0.04 34.87 ± 0.68

1st half of September 79.5 ± 0.32 102.1 ± 0.04 35.21 ± 0.54

2nd half of September 80.0 ± 0.34 102.2 ± 0.04 35.99 ± 0.76

1st half of October 79.4 ± 0.30 102.1 ± 0.01 35.46 ± 0.82

2nd half of October 80.5 ± 0.60 102.0 ± 0.01 35.89 ± 0.87

1st half of November 78.5 ± 0.36 102.0 ± 0.01 34.20 ± 0.59

2nd half of November 78.5 ± 0.40 102.1 ± 0.05 34.35 ± 0.83

1st half of December 78.5 ± 0.36 102.0 ± 0.02 34.11 ± 1.54

2nd half of December 76.5 ± 0.20 101.9 ± 0.02 33.62 ± 0.86

Table 2 Pearson’s correlation coefficients (r) of 
Rectal temperature and Plasma Volume of 
crossbred cattle calves with varying THI

Parameters Cattle

Rectal temperature 0.409

Plasma Volume 0.913**

Note: ** Correlation is significant at 0.01 level 

In the current study, THI was positively 
correlated with the plasma volume of crossbred 
cattle calves which is comparable with the findings 
of El-Sherif et al. (1996). The increase in plasma 
volume with increase in THI in the present study 
might be due to shifting of water from other 
compartments into the circulatory system for 
effective evaporative cooling in order to maintain 
thermal balance (El-Nouty et al., 1990). 
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CONCLUSION 
Thus we can conclude that the Crossbred 

cattle calves were adapted to temperature humidity 
index from 76.5 to 82.0 in the central midlands of 
Kerala as the rectal temperature remained constant 
throughout the period of experiment and alteration 
in plasma volume is one of the mechanism by 
which the animal tries to maintain thermal balance. 

REFERENCES 
Alam, M. M.; Hashem, A.; Rahmam, M. M.; 

Hossain, M. M.; Haque, M. R.; Sobham, 
Z. and Islam, M. S. (2011). Effect of heat 
stress on behavior, physiological and 
blood parameters of goat.Progress Agric.
22 (1&2): 37-45.

Bohmanova, J.; Misztak, I. and Cole, J. B. (2007).
Temperature humidity indices as 
indicators of milk production losses due   
to heat stress. J. Dairy Sci.90: 1947-1956. 

El-Nouty, F.D., Al-Haidary, A. A. and Salah, M.S. 
(1990).Seasonal variations in 
haematological values of high and average 
yielding Holstein cattle in semi-arid 
environment.King Saud University of 
Agriculture. 2: 172-173. 

El-Sherif, M. A., Azamel, A. A. and El-Sayed, N. 
A. (1996).Effect of natural shading on 
some adaptive traits of hydrated and 
dehydrated ewes during breeding under 
semi-arid conditions.Proceeding of 4th

scientific congress “Veterinary Medicine 
and Human health”3-5th April 
1996.Faculty of veterinary medicine, Cairo 
University, Egypt. 

Kennedy, J. A. and Millikan, G. A. (1938).A micro 
blood volume method using a blue dye and 
photocell.Journal of  Physiology.93: 276-
284.

LPHSI.(1990). Livestock and poultry heat stress 
indices. The livestock and poultry heat 
stress indices for cattle, sheep and goats. 
Cited in the Agriculture Engineering 
Technology Guide, Clemson University, 
Clemson, SC, USA. 

Snedecor, G. W. and Cochran, W. G. 
(1994).Statistical Methods.(8th

Ed.).Oxford and IBH publishing 
corporation, Calcutta. 564p.  

Zecchini, M., Barbieri, S.; Boureima, K. and 
Crimeila, C. (2003). Heat stress 
parameters in Azawak cattle (Bosindicus): 
four seasons of data collection. Ital. J. 
Anim Sci. 2: 142-144.

122 October 2017



Seasonal influence on conception rate in Vechur and Kasargod dwarf cows 

M. MANOJ*, G.S.L.H.V. PRASADA RAO** and T.V. ARAVINDAKSHAN*

*Department of Animal Breeding and Genetics **Centre for Animal Adaptation to Environment and Climate Studies
College of Veterinary and Animal Sciences, Mannuthy, Kerala Veterinary and Animal Sciences University 

Email:manojm@kvasu.ac.in

ABSTRACT 
An investigation was conducted to evaluate the influence of various factors on the fertility problems in an 

organised herd of indigenous cattle maintained in the tropical climatic conditionsin vechur and kasargod dwarf cows 
the average number of heats and subsequent breeding during the project period was 26 with minimum in September 
(12) and maximum in July (34), followed by December (33) and January (30). The overall conception rate in the 
herd during the whole period was 64.4per cent. Lower conception rates (below 50%) were observed during August 
and September and better conception rates (above 70%) were observed during February, March, June and November 
months.  The average conception rates during different years were 59 per cent (2015) to 79 per cent (2013). The bull 
wise conception rate was 35.7 per cent to 89.5 per cent. Even though, the conception rates during different seasons 
were not significantly different statistically, the minimum was reported during monsoon season (60.40%) and 
maximum was reported during Post-Monsoon and winter seasons (66.7% each). The variability in reproductive 
performance of indigenous cattle can be exploited for evolving more adapted herds. 
[ 

Key words: Heat Adaptability, Dwarf Cows 

In India, being predominantly an agricultural 
country, livestock is emerging as a driving force in 
the growth of agricultural sector. To make dairying a 
successful and profitable business, the animals should 
not only be high producing, but also healthy with 
optimum reproductive performance. However, 
incidence of various fertility problems causes huge 
economic losses in terms of reduced replacement 
rate. Repeat breeding and anoestrus are the 
substantial problem in dairy animal breeding leading 
to increased calving interval culling rate and 
decreased profitability of farm (Bartlett et al., 1986, 
Lafi et al., 1992). Various non-genetic factors are 
influencing the reproductive performance in animals. 
Hence, an investigation was conducted to evaluate 
the influence of various factors on the fertility 
problems in an organised herd of indigenous cattle 
maintained in the tropical climatic conditions.  

Most of the indigenous breeds of cattle have 
evolved over generations and possess unique genes or 
gene combinations for better adaptability to harsh 
climate, tropical diseases, heat tolerance and 
utilization of locally available poor quality 
roughages. However, many of these breeds already 
subjected to genetic degradation and dilution because 
of the large scale cross breeding policy and 
introduction of exotic germplasm. Adaptability of the 
native cattle of Kerala with respect to the 
reproduction performance was not documented 
systematically and thus the present investigation was 
conducted to assess the seasonal influence on 
conception rake of vechur and kasargod cows. 

MATERIALS AND METHODS 
The present study used the data on 312 

breeding records of indigenous cattle (254 Vechur 
and 58 Kasargod dwarf) of Kerala maintained at 
Vechur Cattle Conservation Project, Centre for 
Advanced Studies in Animal Genetics and Breeding 
(CASAGB), Mannuthy under Kerala Veterinary and 
Animal Sciences University and spread over a period 
of five years (2011-15). To assess the effect of season 
the whole year was divided into four seasons (Rao, 
2015), i.e. Winter (December-February), Summer 
(March-May), Monsoon (June-September) and Post-
Monsoon (October-November) according to India 
Meteorological Department on the basis of prevailing 
climatic conditions (temperature and humidity) of the 
farm. The data over a period of five years were 
divided in to five classes each of one year duration to 
examine the effect of possible changes in 
management practices over the years. The data were 
analysed using Chi squares method (Snedecor and 
Cochran, 1994).  

χ

where, O was the observed frequencies andE was the 
expected frequencies
Expected frequencies were calculated as: 

where, Eij was the expected frequency belongs to ith

row and jth column, Ri.was the ith row total, C.j was 
the jth column total and GT was the grand total.  
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The association between two variables was 
studied using Chi-Square statistics. If the observed 
frequency was equal to the expected frequency there 
was no association between those two variables. 

RESULTS AND DISCUSSION 
The average number of cows exhibited 

oestrus during different months was 26, recording 
relatively high (34) in July, December (33) and 
January (30) while minimum (12) in September. The 
reproductive performance of the herd was measured 
as the average conception rate during the study period 
and was 64.4 per cent  The conception rates during 
different seasons were 60.4 to 66.7 per cent. Even 
though, the conception rates during different seasons 
were not statistically the minimum was reported 
during monsoon season (60.4%) and maximum was 
reported during post-monsoon and winter seasons 
(66.7% each). The influences of season of breeding 
on conception rates of indigenous cows are scanty. 
Manoj et al., (2012) and Preeti Ekka et al., (2014) 
reported non-significant influence of season of 
calving on subsequent reproductive performance in 
Sahiwal and Kankrej cows, respectively. The non-
significant variation of conception rates during 
different seasons reveals the better adaptability of
Vechur and Kasargod dwarf cattle to different 
seasons. 

The influence of month of breeding on 
conception rate was evaluated using Chi-Squares 
method and which revealed highly significant (p < 
0.01) variation among different months (Table 1). 

Significantly lower conception rates were observed 
during September (41.7%) and August (48.3%) 
months. Better conception rates of above 70 per cent 
were observed during February (75.0%), March 
(71.4%), June (73.1%) and November months 
(73.1%). The variability in reproductive performance 
of Vechur and Kasargod dwarf cows during different 
months may be due to the variability in the 
availability of green fodder and changes in the 
climatic conditions. The ideal calving interval 
proposed in cattle is 365 days and this also 
contributes to the seasonality in conception rates. The 
variability in conception rate during different years of 
study was not statistically significant. This may be 
due to the uniform management practices followed 
during different years of the study. The bull-wise 
conception rates were also estimated for the Vechur 
(14) and Kasargod (4) bulls to evaluate the variability 
in bull fertility among different seasons. The average 
conception rates of Vechur and Kasargod dwarf bulls 
were 63.7 and 68.5 per cent, respectively. The bull-
wise conception rates among different Vechur bulls 
ranged from 35.7 per cent to 87.5 per cent (Table 2), 
but the Chi-Squares deviation was not statistically 
significant. Among the four Kasargod bulls used over 
the period of study, the bull-wise conception rates 
were significantly different. One Kasargod bull (K 
450) revealed significantly lower conception rate 
(37.5%) and another bull (K 530) showed 
significantly higher conception rate (89.5%) in 
comparison to the average conception rate of 68.5 per 
cent  (Table3). 

Table 1 Number of native cows conceived during different months 
Sl
No Month Total breeding Positive Negative

No % No %
1 JANUARY 30 20 66.67 10 33.33
2 FEBRUARY 24 18 75.00 6 25.00
3 MARCH 28 20 71.43 8 28.57
4 APRIL 25 17 68.00 8 32.00
5 MAY 20 11 55.00 9 45.00
6 JUNE 26 19 73.08 7 26.92
7 JULY 34 23 67.65 11 32.35
8 AUGUST 29 14 48.28 15 51.72
9 SEPTEMBER 12 5 41.67 7 58.33
10 OCTOBER 25 15 60.00 10 40.00
11 NOVEMBER 26 19 73.08 7 26.92
12 DECEMBER 33 20 60.61 13 39.39

TOTAL 312 201 64.42* 111 35.58*
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Table 2 Bull-wise conception rate of Vechur bulls 

SN Bull no Total 
breeding Positive Conception 

rate (%)

1 631 34 24 70.59

2 659 39 23 58.97

3 673 14 11 78.57

4 692 21 13 61.90

5 739 5 3 60.00

6 756 21 17 80.95

7 776 11 8 72.73

8 794 14 7 50.00

9 867 17 11 64.71

10 890 16 14 87.50

11 907 18 10 55.56

12 913 14 5 35.71

13 924 5 3 60.00

14 929 18 7 38.89

TOTAL 247 156 63.16

Table 3 Bull-wise conception rate of Kasargod dwarf  
bulls 

Sl
No

Bull 
no

Total 
breeding Positive Conception 

rate (%)

1 450 8 3 37.50

2 485 7 5 71.43

3 530 19 17 89.47

4 552 20 12 60.00

TOTAL 54 37 68.52*

CONCLUSION 
The variability in reproductive performance 

of Vechur and Kasargod dwarf cattle can be exploited 
for evolving more adapted herds. In the changing 
climatic conditions indigenous farm animal products 
are getting acceptability over the exotic products, and 
thus our animals adapted and evolved for the 
optimum production performance under the tropical 
conditions needs to be conserved for long-term 
benefits. Even though crossbreeding has contributed 
significantly towards the enhanced milk production in 
Kerala, the increased reproductive disorders, 
susceptibility to the tropical diseases, poor 
adaptability of crossbreds to tropical hot and humid 
climate etc. demand the long term conservation of 
adaptive native breeds with marginal production 
performance. The changing climate also necessitates 
the conservation of locally adapted breeds of cattle 
and thus the characterization of these native breeds 
for thermo-tolerance needs to be initiated to explore 
their innate potential for performing under adverse 
climatic conditions.  
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Impact of climate change on biomass productivity of rice and maize 
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ABSTRACT 
An investigation was undertaken to understand the impact of climate change on biomass availability and no 

assess the pressure of livestock on available total feed and fodder. Biomass productivity of both rice and maize was 
simulated using DSSAT model. The average biomass productivity of maize single and double cropping system 
under baseline was 8708 kg/haand 9441 kg/ha and for rice was 4810 kg/ha and4737 kg/ha respectively for baseline 
period (1980-2009). Simulation of future biomass productivity under changing climatic conditions indicated that it 
was decreasing in both maize and rice. A decrease of 27.6 and 22 per cent was expected in maize and by 27.2 and 
26.5 per cent in rice single and double cropping system, respectively. The results revealed that the livestock 
production systems need to be adjusted through adoption of possible feed and forage management strategies to 
reduce the vulnerability to climate change. 

Key words: Climate change, Biomass availability, DSSAT model. 

[[

In India livestock production is the major 
source of employment and ultimate livelihood  for 70 
per cent population in rural areas contributes 4.11 per 
cent of the national GDP 25.6 per cent of the 
agricultural GDP (Economic survey, 2014).There is 
tremendous pressure of livestock on available total 
feed and fodder, as land available for fodder 
production has been decreasing. Hardly five per cent 
of the cropped area is utilized to grow fodder. At 
present, the country faces a net deficit of 61.1 per cent 
green fodder, 21.9 per cent dry crop residues and 64 
per cent feeds. The demand for green fodder and dry 
forage will reach to 1207 million tonnes and 671 
million tonnes, respectively. At the current level of 
growth in forage resources, there would be 66 per cent 
deficit in green fodder and 25 per cent deficit in dry 
fodder (GOI, 2009). The performance of livestock 
grown under tropical climate is affected by both 
quantity and quality of feeds. Livestock fed on tropical 
forages have registered lower productivity due to poor 
feeding value. Livestock derive major part of their 
energy requirement from agricultural by products and 
residues.  

Rice straw is one of the important dry fodder 
which contributes 68 per cent of total feed requirement 
of livestock. Another important fodder is Maize which 
contributes 59 per cent in manufacturing concentrate 
feed for livestock. Unfortunately, total area under grain 
and fodder maize had declined in last one decade and 
will continue to decrease.Apart from land availability, 
the production as well the quality of fodder are 
comparatively diminishing in recent decades because of 
the change in climate and the economic status of the 
farmer’s also getting burden due to the failure in fodder 

production due to monsoon failure. Crop simulation 
models are one of the best tools, which is used to 
understand the effects of climate change on crop 
development, growth and yield. Hence an investigation 
was undertaken to assess the impact of climate change on 
biomass availability by using DSSAT simulation model. 

MATERIALS AND METHODS 
A preliminary survey was carried out with a 

sample size of 210 (70 farmers growing maize alone; 
70 farmers growing rice alone; 70 farmers growing 
both maize and rice) at the study area of Vaiyampatti 
block in Trichy district to collect the details of crop 
management details. The collected details were used 
to prepare the input files required to run the crop 
simulation model (DSSAT). Simulations were carried 
out for baseline climate scenario (1980-2009) and future 
climate scenario (RCP 8.5 mid-century - 2040-2069). A 
total of 29 GCMs were used to simulate the climate of the 
future and among them five were selected to represent 
hot/wet (CanESM2), cool/dry (inmcm4), hot/dry (IPSL-
CM5A-MR) cool/wet (MIROC 5) and neutral 
(HadGEM2-AO) climate conditions. Biomass 
productivity was simulated for all this GCMs. 

RESULT AND DISCUSSION 
 Biomass simulation - Baseline 

Calibrated DSSAT models were forced with 
the historical baseline weather data (1980 - 2009) for 
maize, rice and rice + maize farming system, taking 
inputs from the farm survey for the management 
options.    
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Biomass productivity of maize as single crop 
The average biomass productivity was 8708 

kg/ha for the period of 1980-2009. The maximum 
average yield of 9908 kg/ha was recorded during 
2002 followed by9797 kg/ha and 9657 kg/ha during 
2003and 2006, respectively.The minimum average 
yieldof 7053 kg/ha was recorded during 1994 followed 
by 7904 kg/ha and 7918 kg/ha during 1980 and 1990, 
respectively (Table 1). 
Table 1 Baseline (1980-2009) simulation of Biomass 

Productivity 

Year Maize Rice Maize + Rice 
Maize Rice 

1980 7905 3948 8914 4086 
1981 9427 4920 9798 4901 
1982 8228 4890 9943 4761 
1983 9263 4606 9759 4439 
1984 8384 5114 8945 5065 
1985 8104 4641 9299 4664 
1986 8183 4602 9713 4420 
1987 7992 4543 9163 4525 
1988 8503 5037 10476 4913 
1989 9424 4826 9655 4831 
1990 7918 4789 9289 4646 
1991 9399 4925 9898 4821 
1992 8297 4871 8813 4711 
1993 7980 4849 8846 4652 
1994 7054 4589 9019 4540 
1995 8799 4711 9548 4701 
1996 8071 4551 8043 4622 
1997 9290 4700 9678 4550 
1998 8222 5144 9336 4952 
1999 8738 5125 9298 5135 
2000 9222 5527 9315 5427 
2001 9129 5145 9782 4955 
2002 9908 4808 10165 4643 
2003 9797 5051 10277 4952 
2004 8580 5157 8631 4957 
2005 9206 4960 9460 4826 
2006 9657 5021 9936 5013 
2007 9060 4684 9652 4713 
2008 8828 4543 9377 4601 
2009 8688 4035 9208 4089 

Biomass productivity of maize under double crop 
system 

The average biomass productivity recorded 
was 9441 kg/ha for the period of 1980-2009. The 
maximum average yield of 10475 kg/ha was recorded 
during 1988 followed by,10277 kg/ha and 10164 kg/ha 
during 2003 and 2002, respectively.At the same time, the 
minimum biomass productivity of 8043 kg/ha 
wasrecorded during 1996 followed by8630kg/ha and 
8812 kg/ha during 2004 and 1992, respectively (Table 1). 

From the analysis, it could be noticed that 
there is a considerable variation in irrigated maize 
biomass yield under single crop system over farms as 
it ranged between 7691 kg/ha and 10415 kg/ha with 
an average biomass yield of 8709 kg/ha. The 
observed maize biomass yield at 25th and 75th 
percentiles was 8289 and 9011 kg/ha, respectively 
(Fig 5.2). In double crop system also the maize biomass 
varied between the farms and it ranged from 8209 
kg/ha and 10528 kg/ha with an average biomass yield 
of 9441 kg/ha. The observed maize biomass yield at 25th 
and 75th percentiles was 8999 kg/ha and 9778 kg/ha, 
respectively (Fig.1). The variation in the yield is 
mainly due to management practices followed by the 
farmers over time and space. The lowest yield 
indicated poor management strategies whereas the 
good management resulted in better yields. It was 
also noted that there a positive relationship between 
rainfall and biomass availability. Almost 70 per cent 
of the years, this had lower yield, received below 
average rainfall. The same trend was also noticed in 
good yielding years as the rainfall recorded was 
above average and there was a negative relationship 
between temperature and biomass availability also 
noted. This might be due to the negative impact of 
increased temperature with drier condition on the 
growth and yield of maize (Panda et al., 2012). 
Biomass productivity of rice under single crop system 

The average biomass productivity is 4810 
kg/ha which was recorded during 1980-2009. The 
maximum biomass productivity of5527kg/ha was 
recorded during 2000 followed by5156kg/ha and 
5144 kg/ha during 2004 and 2001, respectively. The 
minimum average yield of 3948kg/ha was recorded 
during 1980 which was followed by 4034 kg/ha and 
4543kg/ha during 2009 and 1987, respectively (Table 1). 
Biomass productivity of rice under double crop 
system 

The average biomass productivity was 4737 
kg/ha for the period of 1980-2009. The maximum 
biomass productivity (5427 kg/ha) was recorded during 
1988. It was followed by 5135 kg/ha and 5065 kg/ha 
during 2003 and 2002, respectively.The averagebiomass 
productivity recorded was minimum (4085 kg/ha) 
during 1980 followed by 4089 kg/ha and 4420kg/ha 
during 2009 and 1986, respectively (Table 1). There 
were variations in the rice biomass yield between the 
farms. The maximum rice biomass yield was 5508 
kg/ha and minimum was 4065 kg/ha with an average of 
4810 kg/ha. The observed rice biomass yield at 25th and 
75th percentiles was 4552 and 5021 kg/ha, respectively 
in single crop system (Fig2). It was also found that the 
rice biomass yield reached to the maximum of 5960 
kg/ha and the minimum yield of 3888 kg/ha under 
double crop system.  
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Maize single cropping system Maize double cropping system 

Fig 1. Base line maize biomass yields simulated under single and double cropping system 

Rice (single crop system) Rice in rice + maize cropping system

Fig 2. Base line rice biomass yield simulated under single and double cropping system 

The average biomass yield over the farm 
was 4736 kg/ha. Biomass yield recorded at 25th 
and75th percentiles was4361 kg/ha and4995 kg/ha 
(Fig2). The variation in the biomass yield is mainly 
due to management practices followed by the farmers 
over time and space. Spatial variability of rice yield 
in a paddy field results from inhomogeneity of 
management practice and soil properties and their 
complex interaction (Casanova et al., 2002). 
Biomass simulation – Future (Mid-century RCP 8.5) 

DSSAT models were then forced with future 
projected climate change scenarios of RCP 8.5 mid-
century generated from selected five GCMs for the 
same 210 farmers by keeping all other model 
parameters constant (variety, soil, management 
practices, sowing time and population). It was carried 
out to simulate impact of future climate on the 
biomass productivity of irrigated maize and rice. 

DSSAT simulations indicated a differential response 
of maize and rice biomass productivity to the future 
climate generated by five selected GCMs 
viz.,CanESM2, inmcm4, IPSL-CM5A-MR, MIROC5 
and HadGEM2-AO representing Hot/wet, Cool/dry, 
Hot/dry, Cool/wet, and middle, respectively. The 
average of five GCMs was taken as the yield.  
Biomass productivity of maize under single 
cropping (Future) 

The average biomass productivity recorded 
for the RCP 8.5 mid-century for the selected five 
GCMs was 7090 kg/ha, which is 18.5 per cent lesser 
when compared to the baseline biomass productivity. 
The results generated by using all the five models 
have indicated that there was a decrease in biomass 
productivity in the future with different magnitude. 
The lowest decrease of (-) 6.5 per cent was predicted 
by MIROC 5 model (cool/wet) whereas the IPSL-
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CM5A-MR model (hot/dry) had predicted a 
reduction of 27.6 per cent in the biomass 
productivity. The other models viz., HadGEM2-AO, 
CanESM2 and inmcm4 model scenarios have predicted a 
reduction of 25, 21 and 12.5 per cent, respectively. 
The average yield indicated that among the 30 years 
representing mid-century, the lowest biomass 
productivity simulated was 5074 kg/ha and the highest 
biomass productivity was 8422 kg/ha (Table 2).  
Biomass productivity of maize under double 
cropping (Future) 

The average biomass productivity for the 
selected five GCMs was 7566 kg/ha which was 19.9 
per cent lesser when compared to the baseline 

biomass productivity. The results generated by using 
all the five models have indicated that there was a 
decrease in productivity in the future with varying 
magnitude. The lowest decrease of 17 per cent was 
predicted by MIROC 5 (cool/wet) model whereas the 
HadGEM2-AO (middle) had predicted a reduction of 
22 per cent in the biomass productivity of maize. The 
other models viz., inmcm4, IPSL-CM5A-MR 
andCanESM2 models have predicted a reduction of 
18.6, 20.7 and 20.9 per cent, respectively. The 
predicted yield indicated that the lowest biomass 
productivity was 6442 kg/ha and the highest was 
8527 kg/ha (Table 2). 

Table 2. Future biomass productivity (kg/ha) for future (Mid-century RCP 8.5) simulations 

YYear 
MMaize single 

Cropping 
RRice single 
Cropping 

MMaize Double 
Cropping 

RRice Double 
Cropping 

AAverage DDeviation AAverage DDeviation AAverage DDeviation AAverage DDeviation 
2040 5897 25.4 2958 25.1 6701 24.8 3186 22.0 
2041 7918 16.0 3882 21.1 8080 17.5 3929 19.8 
2042 6586 20.0 3962 19.0 8093 18.6 3850 19.1 
2043 7638 17.5 3431 25.5 7994 18.1 3444 22.4 
2044 6796 18.9 4096 19.9 7059 21.1 3910 22.8 
2045 6033 25.6 3664 21.0 7090 23.8 3573 23.4 
2046 6806 16.8 3626 21.2 7886 18.8 3312 25.1 
2047 6411 19.8 3617 20.4 7340 19.9 3614 20.1 
2048 6537 23.1 3937 21.8 8332 20.5 3754 23.6 
2049 7775 17.5 3905 19.1 7660 20.7 3663 24.2 
2050 6407 19.1 3834 19.9 7639 17.8 3708 20.2 
2051 7866 16.3 3880 21.2 8075 18.4 3749 22.2 
2052 6745 18.7 3916 19.6 7119 19.2 3661 22.3 
2053 6665 16.5 3836 20.9 7155 19.1 3452 25.8 
2054 5075 28.1 3557 22.5 6886 23.7 3434 24.4 
2055 6998 20.5 3645 22.6 7553 20.9 3506 25.4 
2056 6489 19.6 3533 22.4 6442 19.9 3498 24.3 
2057 7775 16.3 3644 22.5 7970 17.6 3467 23.8 
2058 6740 18.0 4117 20.0 7600 18.6 3752 24.2 
2059 7286 16.6 4192 18.2 7437 20.0 4032 21.5 
2060 7634 17.2 4471 19.1 7396 20.6 4368 19.5 
2061 7642 16.3 4245 17.5 7905 19.2 3842 22.5 
2062 8422 15.0 3949 17.8 8424 17.1 3734 19.6 
2063 8377 14.5 4040 20.0 8527 17.0 3824 22.8 
2064 7050 17.8 4157 19.4 6829 20.9 3988 19.5 
2065 7910 14.1 3940 20.6 7751 18.1 3680 23.8 
2066 8129 15.8 3988 20.6 8096 18.5 4040 19.4 
2067 7394 18.4 3661 21.8 7644 20.8 3575 24.1 
2068 7222 18.2 3448 24.1 7488 20.1 3439 25.2 
2069 6506 25.1 2802 30.6 6833 25.8 3122 23.7 

Average 7091 18.6 3798 21.1 7567 19.9 3670 22.5 
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Under RCP 8.5 scenario, DSSAT predicted 
decrease in maize biomass yield with varying 
magnitude for the five different future climatic 
conditions over farms in Trichy district. Percentage 
of reduction had varied between models and cropping 
system. Highest reduction was predicted with IPSL-
CM5A-MR GCM (27.6 per cent) and HadGEM2-AO 
(22 per cent) in single and double cropping system, 
respectively. Forcing CanESM2 (Hot and Wet) 
model with DSSAT showed a deviation in maize 
biomass by (-8.1) to (-0.8) and (-35.6) to (-0.4) per 
cent under different farm conditions in single and 
double crop systems, respectively. The inmcm4 
model representing cool/dry conditions indicate a 
deviation of +2 to (-1.4) per cent for single crop and 
+2.7 to (-9.7) per cent for double crop system. The 
IPSL-CM5A-MR (Hot/dry) forcing showed (-15.7) to 
(-4.1) per cent deviation in maize biomass yield for 
single crop and (-26.0) to 1.3 per cent for double crop 
system.  Forcing of the cool and wet climatic 
condition (MIROC 5) model showed -3 to 8 per cent 
deviation in maize yield for single crop system and (-
8.8) to +2 per cent deviation for double crop system 
model. The HadGEM2 model representing the 
middle quadrant indicated (-17) to (-1.4) per cent 
deviation in maize yield for single crop system model 
and for double crop system (-26.4) to (-0.1) per cent 
deviation (Fig. 3).The reduction in the biomass 
productivity might be due to the increase in 
maximum temperature which affected the growth and 
development of maize crop. Research investigations 
conducted by Sivakumar (1990) revealed that 
maximum and minimum temperature had a negative 
correlation with maize growth and development. 
Lobell et al. (2011 a, b) also have estimated that the 
changes in climate have decreased the global maize 
and wheat production by 3.8 per cent and 5.5 z of rice 
under single cropping (Future) 

The average biomass productivity for the 
selected five GCMs was 3798 kg/ha, which was 21.5 
per cent lesser when compared to the baseline 
biomass productivity. The results indicated that there 
was decrease in biomass productivity in the future 
with different magnitude in all the model scenarios as 
observed in maize. The lowest decrease of 13.3 and 
13.6 per cent was predicted by inmcm4 and MIROC 
5 models, respectively. At the same time, highest 
decrease of 27.2, 26.4 and 24.7 per cent was 
predicted by IPSL-CM5A-MR (hot/dry), CanESM2 
(hot/wet) and HadGEM2-AO (middle), respectively. 
The average yield of five GCMs revealed that the 
lowest rice straw yield (2802 kg/ha) and the highest 
straw yield (4471 kg/ha) was recorded among the 30 
years representing mid-century (Table 2). 

Biomass productivity of rice under double cropping 
(Future) 

The average biomass productivity for the 
selected five GCMs was 3670 kg/ha, which was 22.5 
per cent lesser when compared to the baseline 
biomass productivity. The results indicated that there 
was a reduction in biomass productivity in the future 
with varying magnitude. The lowest decrease of 14.3 
per cent was predicted by inmcm4 (cool/dry) and the 
highest reduction as predicted by CanESM2 
(hot/wet). At the same time, remaining models viz., 
IPSL-CM5A-MR,HadGEM2-AO and MIROC 5 have 
predicted a straw yield reduction of 25.9, 25.3 and 
17.9 per cent, respectively. The average yield of five 
GCMs hadrevealed that the lowest rice straw yield 
(3122 kg/ha) and the highest straw yield (4368 kg/ha) 
was recorded among 30 years representing mid-
century (Table 2).  

Fig 3. Impact of climate change on maize biomass 

Fig.4 Impact of climate change on rice biomass yield 

Future simulation of biomass productivity of 
the rice single and double crop by different GCMs 
indicated a reduction in the biomass productivity. 
Percentage of reduction had varied between models 
and cropping system.  
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Highest reduction was predicted with IPSL-
CM5A-MR GCM (27.2 per cent) and CanESM2 
(26.5 per cent) in single and double cropping system, 
respectively. The IPSL-CM5A-MR (Hot and dry 
climatic condition) forcing showed (-11.9) to (-2.6) 
per cent deviation in maize biomass yield for single 
crop and -10.5 to 0.5 per cent for double crop system. 
Forcing of the cool and wet climatic condition (MIROC 
5) model showed -0.8 to 6.7 per cent deviation in maize
yield for single crop system and (-2.5) to +7.6 per cent 
deviation for double crop system model. The HadGEM2 
model representing the middle quadrant indicated (-10.5) 
to (-1.1) per cent deviation in maize yield for single crop 
system model and for double crop system (-8.6) to (-2.0) 
per cent deviation (Fig 4). Forcing CanESM2 (Hot and 
Wet) model with DSSAT showed a deviation in rice 
biomass by (-14.9) to (-2.8) and (-13.5) to (-4.8) per cent 
under different farm conditions in single and double crop 
systems, respectively. This might be due to the negative 
effect of higher temperature (3- 4oC) on rice yield in the 
tropical conditions where the ambient temperatures are 
already in the higher side of optimum temperature.  
Penget al. (2004) estimated a possible 10 per cent decline 
of rice productivity from 10C rise in minimum 
temperature in dry season.  

In addition, time (Technological factors) also 
affected the rice yield to a greater extent which was also 
reported by Hossain et al. (2003).The magnitude of 
deviation in the inmcm4 model representing cool/dry 
conditions is lesser than the CanESM2 (Hot/Wet) model, 
indicating a deviation of (-2.6) to 7.6 per cent for single 
crop and (-3.0) to 9.1 per cent for double crop system. 
This might be due to the lesser increase in 
temperature (1-20C) in the future time scale.  

CONCLUSION 
Simulation of future biomass productivity under 

changing climatic conditions indicated that it was 
decreasing in both maize and rice. A decrease of 27.6 and 
22 per cent was expected in maize and by 27.2 and 26.5 
per cent in rice single and double cropping system 
respectively. Hence, Livestock production systems need 
to be adjusted through adoption of possible strategies to 

reduce vulnerability of forage production to climate 
change. It is also recommended to include some grass 
forage (Cumbu Napier) to manage the forage deficit 
which is expected to be more in future due to changing 
climate. 
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Prevalence of coccidiosis in cattle in different agro ecological zones and seasons of Kerala 
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ABSTRACT 
Coccidiosis is protozoan disease which mainly affects the lining epithelium of the gastrointestinal tract of 

milch animals. Even though it is a common disease causing diarrhoeain calves, the adult cows may show only 
production loss. A total of 883 faecal samples from cattle in six agro-ecological zones viz. Central midland, Coastal 
sandy, Chittoor black soil, Palakkad plains, Malappuram type and Malayoram were screened for studying the 
prevalence of cocidiosis during pre-monsoon, monsoon, post-monsoon season. The study area encompassed the four 
central districts of Kerala, viz., Ernakulam, Thrissur, Palakkad and Malappuram. Coccidiosis had an overall 
prevalence rate of 15.3 per cent. It was significantly high in all zones and the highest prevalence was noted in 
Palakkad plains (35.9 %).Monsoon showed maximum prevalence of 19.9 per cent.  Zone season wise interactions 
were also studied. The monsoon of Palakkad plains (50.9%) was congenial to the development of coccidia. 

Key words: Coccidiosis, cattle, agro-ecological zones, seasons, Kerala 

Coccidiosis is a protozoan disease caused by 
Eimeriaspp. in cattle. Outbreaks of disease occur 
mainly when young calves are reared in large 
numbers along with the adult stock.The Eimeria spp. 
that commonly affecting cattle are E.bovis
andE.zuernii.Infection is by ingestion of water and 
feed sources contaminated with the oocysts of 
coccidia. These parasitize the lining epithelium of the 
gastrointestinal tract and thus causing diarrhoea in 
cattle. Young calves may show foul smelling bloody 
diarrhoea.Even though coccidiosis is a disease in 
calves, it can affect production in adult animals 
without showing much clinical signs.Hence this study 
on the prevalence of the disease in different 
agroecological zones and in different seasons was 
undertaken. 

MATERIALS AND METHODS 
Faecal samples from cattle of different age 

groups were collected randomly for a period of two 
years from the six agro-ecologicalzones in three 
different seasons of the central districts of Kerala.
The six zones studied were Central midland, Coastal 
sandy, Chittoor black soil, Palakkad plains, 
Malappuram type and Malayoram. The  four central 
districts of Kerala studied were, Ernakulam, Thrissur, 
Palakkad and Malappuram. The period of study was 
divided into three seasons namely pre-monsoon, 
monsoon, post-monsoon seasons (Rao, 2003). A total 
of 883 samples were collected directly from the 
rectum of animals. They were examined on that day 
itself or kept in the refrigerator at -4oC. Samples were 
examined by direct microscopic method as well as 

floatation (saturated salt solution) and sedimentation 
methods (Soulsby, 1982). Floatation was found to be 
the best method for concentration of oocysts of 
coccidia. 

RESULTS AND DISCUSSION 
In the present study, Coccidiosis had an 

overall prevalence rate of 15.3 per cent in dairy cattle. 
This was almost similar to the prevalence rate of 
coccidiosis (12.0%) observed in dairy cattle in 
Guwahati, Assam, India by Das, et. al. (2015). 
High prevalence of coccidialoocysts was detected in 
all the zones (Fig1). Palakkad plains recorded a 
maximum of 35.9 per cent.  A significantly lower 
prevalence rate of 12.4, 12.1, 10.4, 9.9 and 7.4 per 
cent were observed for Malayoram, Central midlands, 
Chittoor black soil, Malappuram type and Coastal 
sandy respectively that were statistically similar.  

It was noticed that the red loam soil type of 
Palakkad plains favoured the development and 
sporulation of coccidia.  The peculiar climate 
prevailing over Palakkad plains, also could prolong 
the survival of coccidian oocysts in the environment. 
Laterite soil of Malayoram, Central midlands and 
Malappuram type also favoured the development of 
coccidia. The present study established the fact that 
black soil zone also favoured the development of 
coccidia while the sandy loam of Coastal sandy was 
found least favourable for this organism 

Coccidia was also significantly high in all 
seasons (Fig2). Monsoon showed maximum 
prevalence of 19.9 per cent. Similar records of high 
prevalence in cattle during the rainy season were 
observed byRehmanet al. (2011).
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Post-monsoon recorded a prevalence of 16.8 
per cent. These two seasons had statistically similar 
prevalence rate. A prevalence rate of 7.9 per cent was 
seen during pre-monsoon. Coccidia was significantly 
high during most seasons in the different zones 
studied (Fig3). High prevalence rate of 50.9 per cent 
was seen in the monsoon of Palakkad plains. It 
reduced to 39.2 per cent and 3.1 per cent in the post 
and pre-monsoon respectively. 

Malappuram type had highest prevalence of 
21.9 per cent during pre-monsoon while monsoon 
showed a reduction to 9.3 per cent. Malayoram 
recorded a high prevalence of 18 per cent during 
monsoon which reduced to 12.9 and 3.2 per cent 
during post-monsoon and pre-monsoons respectively. 
Central midlands recorded a prevalence rate of 16.7 
per cent during post-monsoon which reduced to 11.3 
and 8.9 per cent in pre-monsoon and monsoon 
respectively.Chittoor black soil recorded a prevalence 
of 16.2 per cent during monsoon, which showed a 
drop to 12.1 per cent during the post-monsoon.   
There was drastic reduction to 2.8 per cent in the pre-
monsoon.Monsoon favoured the prevalence of 
coccidia in the Coastal sandy showing a prevalence 
of 12.5 per cent, which further reduced to 7.5 and 4.1 
per cent in the post and pre-monsoon respectively. 

Fig. 1 Zonewise prevaence of coccida

Fig. 2 Seasonwise prevalence of coccida

Prevalence of the protozoan coccidiawas 
significantly high in many seasons in the various 
zones studied. The monsoon season of Palakkad 
plains was congenial to the development of coccidia. 
It is seen that the poorly distributed rainfall pattern, 
with south-west monsoon having maximum rainfall 
in July concentrating over 3-4 months, and the red 

loam soil of Palakkad plains along with its peculiar 
topography viz., less extensive valleys and hills with 
table tops and steep slopes were certain factors 
contributing to the smooth development of coccidia. 

Fig. 3 Season and zonewise prevalence of coccida 
Swarnakar et. al. (2015) studied the 

prevalence of gastrointestinal parasites in cows and 
buffaloes of Udaipur district, Rajastan, and found a 
prevalence rate of 1.2 per cent for coccidia. They 
reported a higher prevalence of coccidia species in 
cows than buffaloes. The high prevalence of 
Eimeriaspp. (31.9%) was considered as one of the 
important infection in cattle farms in the study by 
Alemayehuet. al. 2013in Kombolcha district of South 
Wollo, Ethiopia.

CONCLUSION 
Coccidia with an overall prevalence of 15.3 

per cent was significantly high in all zones and the 
highest prevalence was noted in Palakkad plains 35.9 
per cent. Monsoon season also favoured the 
prevalence of coccidia (19.9%). Season-wise 
interactive prevalence in different zones revealed a 
high prevalence of coccidia in the monsoon of 
Palakkad plains (50.9%).Results from this study 
indicate the coccidiosis caused by Eimeriaspp. has a 
great significance for the livestock producer. 
Therefore, further epidemiological investigation in 
different seasons and agroecological zones of Kerala 
would be helpful in sorting out a preventive regimen. 
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Effect of anti stress herb Withania somnifera (Ashwagandha) and growth promoter synbiotics on 
broiler breast meat quality under semi-arid climatic conditions 
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ABSTRACT 
The present study was conducted for the first time in heat stressed broilers chickens to explore the 

antistressor, hypolipidemic and anabolic effect of Withania somnifera and their synergistic role with synbiotics on 
breast meat. A feeding trial was conducted on 360 broiler chicks randomly divided into 8 treatment groups with 
three replicates. The T1 group was kept as control whereas T2-T4 were supplemented with 0.5%, 1% and 1.5% 
Withania root powder; T5 and T6 were supplemented with 0.025% and 0.050% synbiotic and T7 and T8 were fed on 
diet containing 0.25% Withania+0.025% synbiotic and 0.50% Withania+0.05% synbiotic, respectively. Three 
broilers from each replicate were sacrificed to estimate the crude protein, ether extracts and ash content of the breast 
muscle on dry matter basis. Significantly higher crude protein values and lower ether extract values were observed 
in 1.5% Withania supplemented group (T4) alone or group supplemented with 0.50% Withania and 0.05% synbiotic 
(T8).  The ash content of the breast meat was non-significant in T1-T4 groups however the inclusion of synbiotics in 
T5-T8 groups significantly raised the ash contents. The study concluded that inclusion of 0.5% Withania with 0.05% 
synbiotic exerts an anabolic and health promoting effect on the heat stressed broilers.  

Keywords: Withania, synbiotics, broiler, breast meat quality 

Poultry meat is an excellent source of high 
quality protein, vitamins and minerals to balance the 
human diet. India ranks 5th in broiler meat production 
and contributes nearly 2.53 per cent of world’s 
chicken meat production (FAO, 2010). The poultry 
sector contributes one per cent of gross domestic 
product (GDP) and 11% of livestock GDP in India. 
However, despite this impressive contribution in 
nation economy, huge economic losses often occur in 
broiler farming due to higher ambient temperature 
and erratic climatic pattern. The impact of global 
warming has further worsened the situation. The 
semiarid region of Bikaner in Rajasthan is known for 
its harsh, extreme climate with scanty and erratic
rainfall.  

Broilers chickens are particularly more 
sensitive to temperature-associated environmental 
challenges as they are devoid of sweat glands and are 
fully covered with feathers. Reduced feed intake 
(16.4%), impaired growth performance, higher feed 
conversion ratio (25.6%), reduced dietary 
digestibility, decreased plasma protein and calcium 
levels have been reported in broilers that were 
subjected to chronic heat stress (Sohail et al., 2012). 
Vencobb strain of broiler developed for faster growth 
and production are particularly more vulnerable to 
environmental stress due to their greater metabolic 
activity and more body heat (Deeb and Cahaner, 
2002). The breast muscle is well developed in broiler 
lines and constitutes about 22-25 per cent of the 

whole carcass weight (Wang et al., 2009). The 
production of quality breast meat I was affected by 
the levels of environmental stress. Variations in 
environmental temperature and humidity alter the 
metabolic system and reduce the meat quality 
through impaired antioxidant status in vivo and 
altered adrenal or physiological response (Teusan et 
al., 2009). Heat stress induced oxidative damage of 
tissues was one of the possible reasons for the 
alteration in the chemical composition of chicken 
meat and its sensory quality (Li, 1999; Lin 
et al., 2006). Heat stressed broilers produce pale, soft 
and exudative (PSE) like breast meat with low 
protein and ash content (Bianchi et al., 2005). In 
addition, the production of quality poultry meat 
without any chemical residues in an economic 
manner is also an order of the day. A number of 
studies have reported the negative impact on the 
carcass quality of broiler when the temperature 
humidity index (THI) exceeds the thermal comfort 
zone (Borges et al., 2004).It was reported that (Gu et 
al., 2008) as the ambient temperature exceeds  33°C
with or without high relative humidity, crude protein 
content of breast meat decreases markedly (p<0.05) 
with significant increase in crude fat. Baziz et al.
(1996) reported that the heat-stressed broilers had 
higher level of abdominal fat compared to broilers 
raised under normal temperature.  
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Several methods to alleviate the negative 
effects of high environmental temperature and heat 
stress on performance of poultry have been 
documented (Ogunwole et al., 2012). The Withania 
somnifera or Indian Ginseng root powder is one such 
well known antistressor, antioxidant, adaptogenic, 
hypolipidemic and anabolic phytoherb (Varma et al., 
2012)) having homeostatic role in the body. The 
alkaloids found in the roots of Withania such as 
withaferin and withanolides are responsible for most 
of its biological properties (Pal et al., 2012). 

The synbiotics function as an organic 
growth promoter substance and consists mainly of 
prebiotic and probiotic substances. Limited 
information suggests that synbiotics could provide 
more additive benefits in growth performance (Abdel 
et al., 2009) and could increase the digestibility and 
availability of many nutrient elements such as 
proteins, vitamins and mineral elements (Ai et al.,
2011). 

Thus the present study was undertaken for 
the first time in the semi arid climatic condition to 
observe the antistressor and antioxidant efficacy of 
Withania somnifera on broiler breast meat 
composition and the nutrient sparing effect of 
synbiotics in heat stressed broilers during the 
transition month of March-April.

MATERIALS AND METHODS 
Procurement of experimental material: 

Vencobb broiler chicks of 360, day old 
similar body weight and in good condition were 
procured from commercial hatchery. The Withania
root powder and synbiotic in sufficient quantity were 
procured from local market. The readymade broiler 
starter and finisher feed were procured from reputed 
poultry feed manufacturers. The proximate 
composition of broiler starter, broiler finisher, 
Withania and synbiotic is presented in Table 1. 
Table  1 Proximate composition of broiler starter, 
finisher, Withania and symbiotic 

Experimental design: 
Broilers were randomly divided into 8 

treatment groups (T1-T8) with three replicates of 15 
chicks each. The T1 group was kept as control without 
any supplementation whereas T2, T3 and T4 were 
supplemented respectively with 0.5, 1 and 1.5 per cent 
Withania somnifera root powder; T5 and T6 were 
supplemented with 0.025 and 0.050 per cent synbiotic 
and T7 and T8 were fed on diet containing 0.25 per 
centWithania+0.025per cent synbiotic and 0.50 per 
cent Withania+0.05 per cent synbiotic, respectively.  
Feeding and Management: 

A 42 day experimental feeding trial was 
conducted from February 29, 2016 to April 10, 2016 in 
the Poultry Farm of College of Veterinary and Animal 
Sciences, Bikaner, Rajasthan under standard feeding 
and managemental conditions with broiler starter (0-21 
days) and broiler finisher (21-42 days) ration. The 
chicks were vaccinated against ND and IBD at the age 
of 4th and 14th day, respectively. All the birds were 
maintained in deep litter pens and the management 
practices adopted were similar except the experimental 
diets. Broilers were offered free access to feed and 
water during the trial period. 
Collection of weather information: 

The weather information related to ambient 
temperature and relative humidity was collected from 
the Gramin Mausam Vibhag, Agricultural Research 
Station of Swami Keshwanand Rajasthan Agricultural 
University, Bikaner, Rajasthan. The THI values for 
different weeks were calculated as per formula 
suggested by Kelly and Bond (1971). 
THI = Ta - (0.55-0.55XRH) X (Ta-58.8) where 
Ta=ambient temperature in Fahrenheit, RH= relative 
humidity divided by 100. 
Parameters studied: 

Three broilers from each replicate were 
sacrificedat the end of trialwith minimum stress. The 
breast meat portion was harvested after evisceration 
and kept under refrigerated condition at 4ºC for 24 
hours. Breast meat samples were analyzed for total 
crude protein, ether extracts and ash content as per 
standard Association of Official Analytical Chemists 
Procedure (AOAC, 1990) and wereexpressed on dry 
weight basis. 
Statistical analysis:  

One way analyses of variance were 
performed using the GLM procedure of SPSS to test 
the effects of different level of Withania and synbiotic 
or their combination on breast meat quality. Means of 
different groups were compared using Duncan’s 
multiple range tests. 
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RESULTS AND DISCUSSION
The values and trends of mean weekly 

temperature, relative humidity and THI are depicted 
in Fig 1. The mean weekly temperature was observed 
to be higher in all the weeks except second week. The 
temperature fluctuation was found to be erratic in 
nature. Higher ambient temperature indicated the heat 
stress condition. The boilers were exposed to 
gradually declining relative humidity till fourth week 
that suddenly dipped in fifth week and again 
increased in the last week of study. The erratic 
pattern of climate change in terms of temperature and 
humidity particularly during the fifth and sixth week 
suggest the sudden stress on the body condition of 
broilers. However, the continuous high THI value 
above thermo comfort zone except second week of 
trial indicates the high level of environmental stress 
during the whole trial period.   

The proximate composition of broiler breast 
meat (Table 2) revealed significant (P˂0.05) 
difference in mean crude protein (CP) content of 
breast meat over all the treatment. The mean CP (dry 
matter basis) was highest in the broiler group 
supplemented with 1.5 per cent Withania however 
comparable performance was observed in T8 group 
supplemented with 0.5% per cent Withania+0.05 per 
cent synbiotic. The CP in different treatments ranged 
from 86.8 to 90.1 per cent with lowest value observed 
in non-supplemented control (T1) group. The study is 
in agreement with the findings of Yalcın et al. (1999) 
who observed that high ambient temperatures  >34ºC 
after three weeks of age resulted in significantly low 
breast protein content in control broilers group. The 
broilers in the non supplemented group (T1) were 
failed to respond to high ambient temperatures and 
showed lowest CP content in breast meat through 
decreased protein synthesis (Lin et al., 2006). Fig. 1 Temperature, relative humidity and THI trend 

over the weeks 
Table 2 Proximate composition of breast meat of broilers under different treatments (gram/100gram of meat) 
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The comparative reduction in breast meat 
protein in control group following exposure to 
continuous heat stress above 34°C is in line with the 
findings of Akit et al. (2005) who also observed 8% 
reduction in breast meat protein when the broilers were 
exposed to heat stress at 34°C. However, the inclusion 
of graded level of Withania in the broiler diet gradually 
enhanced the protein content of breast meat at the same 
temperature. The study also revealed the synergistic 
effect of synbiotic on Withania supplementation in 
improving the protein content of muscle.  

Mean ether extract of breast meat also 
exhibited significant (P<0.05) differences among 
different treatments. A downward trend in ether extract 
value was observed with increase level of Withania
supplementation. The combined feeding approach 
through Withania and symbiotic supplementation at 0.5 
and 0.05 per cent level, respectively showed the lowest 
ether extract value. The results indicate the health 
promoting synergistic effect of herb Withania and 
synbiotic substances in reduction of fatty substances. 
The highly significant ether extract value was observed 
in the control group (T1). The low CP and high ether 
extract content in the breast muscle of control group is 
supported by the trial findings of Gonzalez and Leeson 
(2005). The ash content of the breast muscle was found 
to be highest in 0.05 per cent symbiotic supplemented 
group (T6) whereas the treatment groups T5, T7 and T8
showed comparable ash content. Comparable ash 
content was observed in control and Withania
supplemented groups (T1- T4). The study is in agreement 
with Akit et al. (2005) who also observed non-
significant increase in breast meat ash content of broilers 
raised on 34ºC.  The higher ash values observed in the 
synbiotic supplemented groups might have occurred due 
to contributory effect of synbiotic.  

Climate induced heat stress is a worldwide 
problem particularly in broiler lines and affects the meat 
quality through direct effects on organ and muscle 
metabolism when the ambient temperature reaches 
above 27ºC. The difference in the ultimate nutritive 
quality of broiler meat depends upon the severity of the 
environment stress and the complex interactions 
between the genotype and the environment (Debut  
et al., 2003). The oxidative stability and protein 
functionalities such as gelation of broiler muscle protein 
are reduced under heat stressed condition and the broiler 
meat is susceptible for development of off-flavour 
(Smith et al., 2012). Several studies have shown that 
heat stress is associated with depression in meat 
chemical composition and quality in broilers particularly 
breast meat (Yalcin et al., 2001).  

The broilers in different treatment groups 
exhibited significant differences in meat composition 
values when exposed to similar climatic stress during 

the whole trial which is suggestive of antistress and 
antioxidative effect of Withania and synergistic effect of 
nutrient sparing action of synbiotics. The heat stress 
alleviation effect of Withania observed in the present 
study revealed the similar observation made by Vasant 
Kumar et al. (2015) who found significant effect of 1 
per cent Withania supplementation on alleviation of heat 
stress in broilers during the hot months of April and 
May through enhanced antioxidant status in terms of 
glutathione peroxidase and ascorbic acid level. 

CONCLUSION 
 It can be concluded that heat stress had 
significant effect on the nutritive composition of broiler 
breast meat. The supplementation of Withania on could 
be useful in alleviation of heat stress in broilers and 
subsequent improvement in meat quality.  The 
synergistic effect of Withania and synbiotic at 0.5 and 
0.05per cent respectively proved to be more beneficial. 
The study also corroborated the fact that dietary in vivo 
effect of herbal antioxidants and antistressor will not 
only enhance the health and welfare of broilers, but also 
improve the performance and meat quality of broilers 
particularly in intensive production systems.  
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Comparative performance of coloured shade net house and open field condition on growth and 
yield of cluster bean varieties 
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ABSTRACT 
A research was carried out to study the comparative performance of coloured shade net house and open 

field condition on growth and yield of cluster bean varieties at MPKV.,Rahuri, Maharashtra during summer season 
2013. The red shade net colour (35 % shading intensity) found more suitable to obtain significantly maximum 
growth, yield attributes and pod yield of green cluster bean (118.9 q/ ha) followed by green + white colour  (118.4 q/ 
ha). The open field condition recorded significantly minimum growth, yield attributes and pod yield of green cluster 
bean (96.8 q/ ha) compared to different shade net colours. The photosynthetic rate, CO2 concentration, stomatal 
conductance and transpiration rate were significantly higher under local variety, whereas stomatal resistance and leaf 
temperature in NCB 12 variety. Maximum chlorophyll content was recorded in local variety than NCB 12 variety. 
Maximum and significantly higher gross monetary returns (Rs.35952)and net monetary returns (Rs.11272) obtained 
from each colour red shade net. 

Key words: Shade net, open field, green cluster bean yield, net monetary returns 

Cluster bean (Cymopsis tetragonoloba (L.) 
Taub) locally known as gaur, guar bean and guarpalli, 
is multipurpose, annual, legume vegetable. It is an 
important legume crop mainly grown under rainfed 
condition in arid and semiarid regions of tropical 
India during kharif as well as in summerseason. 
Cluster bean being leguminous annual its primary use 
in soil health enrichment through atmospheric 
nitrogen fixation. It can fix nearly 30 kg / ha N. 

In India the acreage might be slightly above 
3.6 million hectares while production of guar was 
marginally above 8.4 to 9.0 MT in 2012 
(Anonymous, 2012). It is a challenge to technological 
processes and resources of agricultural production to 
produce vegetable several times in a year to meet the 
need of fast increasing population. Shading nets are 
used in agriculture to protect crops from either 
excessive solar radiation (i.e. shading), or 
environmental hazards (e.g. hail, strong winds, sand 
storms) or flying pests (birds, fruit-bats, insects). 
Different coloured nets represent a new agro-
technological concept which aims at combining the 
physical protection together with differential 
filtration of the solar radiation for specifically 
promoting desired physiological responses which are 
light regulated. The target responses are those 
determining the commercial value of each crop, 
including yield, product quality and rate of 
maturation. Coloured shading nets differentially and 
specifically modify the incident light in either the 
ultra-violet (UV), the visible, or the far red (FR) 
spectral regions, and at the same time enhance the 
relative content of scattered vs. direct light, and/or 
absorb part of the infra-red (IR) radiation.  

Additional potential benefits relate to 
photoselective effects on plant pests, beneficial 
insects, or diseases.The photoselective and light-
dispersive shadenet provide a unique tool that can be 
further implemented within protected cultivation 
practices (Shahaket al., 2008). 

The cluster bean is a warm season crop; 
yield potential is more in kharif season. So tried to 
take this crop in summer season as off season crop to 
fetch more market prices under different shade net 
colours with 35 % shading intensity. 

MATERIALS AND METHODS 
Field experiment was carried out at Post 

Graduate Institute Research Farm, Mahatma 
PhuleKrishiVidyapeeth, Rahuri during summer 
season of 2013.The shade net with 35 per cent 
shading intensity were used for shading with different 
colours (White, blue, green+ white, green, red, black) 
imparting different light wavelengths on the crops 
grown underneath. The two drip line was arranged on 
each bed along the crop row and drippers were placed 
to each plant at the spacing of 45 cm. The shadenet 
house was provided foggers to protect the crop from 
excessive heat and to control the humidity. The soil 
used for the experiment in shadenet house was red 
sandy clay in texture and well drained having low in 
available nitrogen (172.7 kg/ha), medium in available 
phosphorus (18.8 kg/ha) and high in available 
potassium (432.6 kg/ha) with neutral in reaction (pH 
7.1) and low in electrical conductivity (0.32 dS/ m).
The field capacity, permanent wilting point and bulk 
density were 24.2 per cent, 12.9 per cent and 
1.40 g /cm3 ,respectively.
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The experiment consists of treatment 
combinations of six shadenet coloursviz. white, blue, 
green+ white, green, red and, blackwith open condition 
and two varieties (Local and NCB 12). The treatments 
were replicated three times in factorial randomized 
block design.Raised beds of 45 cm height, 18 m length 
and 1.20 m width were prepared along the shadenet 
house with walking space of 30 cm between the 
beds.Nutrient, water and pest management were done as 
per university recommendation. Total 11 pickings were 
carried out at an interval of eight days during the period 
of investigation. The micrometeorological observations 
viz., photosynthesis rate, CO2 concentration, stomatal 
conductance, transpiration rate, stomatal resistance and 
leaf temperature were measured with the Infra Red Gas 
Analyzer (IRGA) LI-COR make LI-6400 Portable 
Photosynthesis System at an interval of 30 days. The 
observations were recorded on the five randomly 
selected tagged plants on the upper, middle and lower 
leaves and then average value were considered for 
recording. The Absorbed photosynthetically Active 
Radiation (APAR) was measured on a clear sky 
between 11.00 am to 1.00 pm with the LI 191SA Line 
Quantum sensor (Li-COR make). The incident PAR 
(PARo) was measured 1 foot above the canopy by line 
quantum sensor facing towards sky. The transmitted 
PAR (TPAR) was measured by placing the line 
quantum sensor at ground level facing upwards. 
Reflected PAR by soil (RPARs) was measured at 1 ft. 
above the ground by facing line quantum sensor towards 
soil. The reflected PAR by canopy + soil (RPARc) was 
measured by holding line quantum sensor 1 ft. above the 
canopy facing towards canopy. The absorbed 
photosynthetically active radiation (APAR) was 
calculated using the following formula given by Gallo 
and Daughtry (1986).

APAR = (PARo + RPARs) – (TPAR + RPARC) 
Growth parameters, yield attributes, yield of 

cluster bean were statistically analysed using the f test. 
(Panse and Sukhatme, 1967). The net realization was 
calculated by deducting the total cost of cultivation from 
the gross realization for each treatment. The benefit: cost 
ration was then calculated.  

RESULTS AND DISCUSION 
Effect on growth, yield attributes and yield 

The red colour shade net was significantly 
increased the growth attributes viz., plant height 
(173.4cm), plant spread (45 cm) number of leaflets 
plant-1 (43.7), leaf area per plant(6.11dm2), dry matter 
per plant(172.3 g) at last picking and important yield 
contributing characters viz., number of  pods/ cluster 
(8.6), number of  clusters / plant (29.2), pod weight /
plant (123.0 g). The number of days required to 50 per 
cent flowering was not affected significantly due to

different colour shade net, however numerically black 
colour showed earlier flower initiation than rest of the 
colours (Table 1).

 The pod yield of green cluster bean was 
significantly higher under red shade net colour (118.9 q / 
ha. The green+ white colour found second best 
treatment for achieving the higher yield of green cluster 
bean (118.4q / ha). Among the shade net colours, black 
colour registered minimum growth and yield attributes 
as well as fruit yield of green cluster bean (108.9q / ha). 
The per cent increase in yield over open field condition 
was 23.0 in red shade net followed by green + white 
and green shade net (22.3 and 21.8 per cent,
respectively). The open field condition was recorded 
significantly minimum growth, yield attributes and fruit 
yield of green cluster bean (96.8q / ha) compared to 
different shade net colours. It may be due to red colours 
shade net regulate relative humidity and canopy 
temperature leads to increase in vegetative growth. The 
red colour shade net recorded higher number of leaflets /
plant might be due to differing optical properties of the 
covering material. Since the scattered light penetrates 
better into dense canopies, red shade net might have 
favoured better scattering of light resulting into more 
availability of PAR favouring conversion of 
photosynthates into higher growth attributes.These 
results are in conformity with Swagatika et al. (2006),
YanQinyanet al. (2011) and Rajasekaret al. (2013). 

The growth attributes of cluster bean viz., 
plant height (165.3cm), plant spread (47.4 cm) number 
of leaflets/ plant(49.5), leaf area per plant(6dm2), dry 
matter /plant (251.9 g) at last picking and important 
yield contributing characters viz., number of  pods/
clusters (8.4), number of  cluster plant (28.8), pod 
weight plant (120.6 g) were significantly higher in local 
variety as compared to NCB 12 variety (Table 1). The 
local variety exhibited significantly higher pod yield of 
green cluster bean (116.6 q/ ha) than NCB 12 variety 
(108.8 q /ha).  
Effect on physiological parameters 

Red colour shade net recorded significantly 
higher photosynthetic rate, CO2 concentration, stomatal 
conductance and chlorophyll content at all the growth 
stages except at 30 DAS which was at par with green+ 
white shadenet colour followed by green shadenet 
colour. In case of stomatal resistance, blue colour was 
also at par with red colour shade net. Significantly 
highest transpiration rate, stomatal resistence, leaf 
temperature and photosynthetitically active radiation 
was registered in in open field conditions. Among the 
shade net colours, red colour shade net showed 
significantly higher values of transpiration rate  followed 
by green+ white colour. In case of stomatal resistance 
and leaf temperature blak colour shade net recorded 
higher values at all the growth stages.  
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Absorbed photosynthetically active radiation 
was also significantly higher in red shade net colour 
among different shade net colours (Table 2 to 4). 
Local variety have registered significantly higher 
photosynthetic rate, co2 concentration, stomatal 
conductance, transpiration rate, absorbed 
photosynthetically active radiation and total 
chlorophyll content over NCB 12 variety while in 
case of stomatal resistance and leaf temperature 
reverse trend was observed. These results are 
inconfirmityof Wanget al. (2008), Zoranet al. (2011) 
and Andhale (2012). 
Effect on economics 
Table 5 Economics of cluster bean as affected by 

shade net colours and varieties 

The red colour recorded maximum and 
significantly higher gross monetory returns (Rs. 
35952 per unit of shade net), net monetary returns 
(Rs.11272 per unit of shade net) and B:C ratio (1.46) 
than rest of shade net colours. The cluster bean crop 
grown in open field reported significantly minimum 
gross monetory returns (Rs. 29263), net monetary 
returns (Rs. 7238) and B:C ratio (1.32) than different 
coloured shade net (Table 5). The local variety 
obtained significantly higher gross monetary returns 
(Rs.35245 per  unit of shade net), net monetary 
returns (Rs.10905 unit of shade net ) and B:C ratio 
(1.44) than variety  NCB-12.

CONCLUSION 
The results concluded that red shade net colour 

(35 % shading intensity) found more suitable to 
obtain significantly maximum growth, yield attributes 
and pod yield of green cluster bean (118.9 q/ha) 
followed by green + white colour  (118.4 q/ha). 
Maximum and significantly higher gross monetary 
returns (Rs.35952) and net monetary returns 
(Rs.11272) obtained from each colour red shade net. 
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Response of sowing windows on microclimate and yield of cowpea genotypes 
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ABSTRACT 
A field experiment was conducted to know the response of four sowing windows (D1 - II FN of June, 

 D2 - I FN of July,  D3 - II FN of July, D4 - I FN of August)on microclimate and yield of four cowpea genotypes 
(DC-15, DC-16, DCS47 and C-152) at College of Agriculture, UAS, Dharwad, laid out in split plot design in three 
replications. At the time of 60 days, with maximum canopy, Relative Humidity (RH) in all the sowing windows was 
more at 06.30 hrs than 14.30 hrs which was more at bottom than at top of the canopy. The bottom canopy was, RH 
decreased in the morning from 90.2 to 73.2 per cent and in the afternoon from 64.0 to 50.2 per cent by delayed in 
sowing from II fort night of June. Canopy temperature was more in afternoon (14.30 hrs) at the top than at bottom of 
canopy and increased with delay in sowing at both the timings. Wind speed was more at the top than at bottom of 
the canopy and not much influenced by sowing dates. Also, soil temperature at 10cm depth was higher in after noon 
(26.40-30.80C) than at morning (24.5-27.40C) which increased with delay in sowing from II FN June. Delay in 
sowing decreased the LAI (3.94 to 3.17), leaf duration (87.7 to 65.7 days), TDMP (56.14 to 37.53 g/plant) and seed 
yield (1548 to 1128 kg /ha). At harvest, delay in sowing from II fort night June to I fort night August decreased the 
GDD (1410.8 to 1206.5), PTI (47.03 to 40.22) and HUE (3.49 to 3.03). Genotypes did not have any appreciable 
effect on RH, canopy temperature, wind speed and soil temperature. GDD and PTI were lower in DC-15 and DC-16 
genotypes. But DC-15 and DC-16 recorded higher HUE, LAI, LAD, TDMP and seed yield (1534 and 1453 kg, 
respectively). The lowest growth characters and seed yield (1127 kg /ha-1) was recorded in delayed sowing in I fort 
night of August. They were higher in DC-15 and DC-16 cowpea genotypes and lowest in C-152 (Check). Early 
sowing of DC-15 in II fort night of June recorded maximum growth, yield (1700 kg/ha) and yield parameters.   
[ 

Keywords: microclimate, sowing window, Cowpea 

Majority of the population in India being 
vegetarian, the demand on pulses is increasing to 
meet the every increasing population. Now the per 
capita availability of pulses in India has decreased 
from 60 g during 1960’s to less than 40 g per day. 
Therefore to meet the protein requirement of vast 
population, there is an urgent need to increase the 
pulse production by adopting various agronomic 
technologies and using new genotypes. Among the 
various pulses, cowpea is an important pulse crop and 
rich in protein. Crop performance under a given 
climatic conditions is dependent on microclimate 
within the crop canopy which has the direct effect on 
various physiological process like photosynthesis, 
respiration and transpiration etc. 

MATERIAL AND METHODS 
A field experiment was conducted 

understand relation ship between sowing widows, 
microclimate and yield of cowpea genotypes at 
College of Agriculture Dharwad, Karnataka 
involving four dates of sowing in main plots (II fort 
night June, IFN July, II FN July and I FN August) 
and four genotypes in sub plots (DC-15, DC-16, 
DCS-47-1 and C-152) laid out in split plot design in 

three replications. Observations on soil temperature, 
relative humidity (%), canopy temperature (oC) and 
wind speed (km hr-1) within the canopy were 
recorded by using weather tracker (Model-Kestrel 
4500). GDD, PTI and HUE were calculated as 
follows: 
Growing Degree Days (GDD) 

GDD  = Σ        - Tb 

where Tb is 10 0C for Cowpea) 

Pheno Thermal Index (PTI) 
 PTI  =                GDD 

        No. of days taken but 2 phenophases 

Heat Use Efficiency (HUE) 
HUE =      Total Day matter (kg ha-1) 

   GDD  
Leaf Area Index (LAI) 
LAI     =  leaf area (cm2) 

Land area occupied by the plant (cm2) 
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Leaf Area Duration (LAD) 
LAD    =    L1+L2 x (t2-t1) (days)        
L1 = LAI at time t1    L2 = LAI at time t2

t2 - t1 = Time interval in days 

RESULTS AND DISCUSSION 
During the time of maximum canopy 

development at 60 DAS, due to the transpiration 
cooling effect and absorption of radiant energy for 
photosynthesis by the canopy, temperature at the 
bottom of the crop canopy was lower than the top of 
the canopy (Table 2). Canopy temperature was higher 
in after noon 14.30 hrs than morning 06.30 hrs due to 
increased intensity of solar radiation with increased 
in sun angle. Canopy temperature at the top increased 
in morning (20.3 to 23.2 0C) and afternoon (31.42 to 
33.2 0C) with delay in sowing from II FN June to I 
FN August. Similar results were reported by Begg et 
al (1964), in Bull rush millet, Ram Niwas (1986) in 
brassica and Mohammad et al. (2008) in Pearl millet/ 
soya bean inter cropping. 

Relative Humidity (RH). showed a reverse 
trend than that of canopy temperature in all 
treatments throughout crop growing period which 
was higher at bottom than at top of the canopy (Table 
1). Delay in sowing from II FN June to IFN August, 
decreased the RH at the bottom from 90.2 to 73.2 per 
cent in the morning and 64.0 to 50.2 per cent in the 
afternoon. The top RH was 89.3to 72.6 per cent in the 
morning and 61.2 to 48.9 % in the afternoon. It might 
be due to lower air movement as a result of higher 
canopy and higher water vapour from Evapo 
Transpiration (ET). RH was higher in morning than 
at noon which was due to low temperature during 
morning and higher temperature during afternoon as 
a result of increased solar radiation, these result are in 
close agreement with the results of Ram Niwas 
(1986). The RH was not influenced by genotypes. 

Wind is important for air movement inside 
the canopy to bring more CO2 from outside. It is 
higher at the top of canopy and decreased towards 
bottom of canopy.  (Table-3). It may be because, of 
easy and free movement of air at the top of canopy 
but in inside the crop canopy stem and leaves act as a 
barrier for air movement. Wind speed was higher at 
the top of canopy in delayed sowings and afternoon 
than early sowing and morning hours. 

Also, soil temperature at 10cm depth (Table 
4) was higher in after noon than at morning. Soil
temperature in the morning increased from 24.5 to 
27.4 0C and afternoon 26.40-30.80C with delay in 
sowing from II FN June to I FN August respectively. 
It might be due to increased sun angle and intensity 
during the day and reduced number of cloudy days, 
lesser shading as a result of lower LAI and LAD 
reaching more radiation into soil. Similar result was 
obtained by Stewart et al. 2003. Compared to II FN 
of June, delayed sowing in I FN of August decreased 
the LAI from 3.94 to 3.17, LAD from 87.7 to 65.7 
days (Table 5) due to reduced growth which might be 
resulted  from unfavourable microclimate for growth 
and yield and favourable conditions for increased 
pest and disease incidence during delayed sowing.    

The total dry matter production (TDMP) and 
seed yield were decreased from 56.14 to 37. 53 
g/plant and 1548 to 1128 kg /ha with delay in sowing 
from II FN June to I FN August (Table 5). DC-15 
genotype recorded significantly higher TDMP (50.32 
g/plant) and seed yield (1534 kg/ha).  DC-15 which 
sown early in II FN June recorded the highest TDMP 
(59.32 g/plant) and seed yield (1700 kg/ha).   

Early sowing in June II FN took more heat 
load (GDD) to attain maturity 1410.8 (Table 6), 
higher phenothermal index (PTI) 47.03 
and heat use efficiency HUE (3.49 kg), compared to 
delayed sowings (1328.4 – 1206.5; 44.25 – 40.22 and 
3.33–3.03, respectively). Similarly Murthy et al. 
2008 reported that GDD at maturity decreased as 
sowings were delayed in Amaranthus. In mustard 
reduced PTI and HUE in delayed sowings was due to 
less biomass production and GDD (Kar1993). 
Genotypes did not have much effect on RH, canopy 
temperature, wind speed and soil temperature. 
Whereas, DC-15 and DC-16 genotypes recorded, 
lower GDD and PTI but at harvest, but recorded 
higher HUE LAI, LAD, and yield than other two 
genotypes.   

CONCLUSION 
It can be concluded that early sowing in II 

FN of June is more beneficial for growth and yield, 
while delayed sowing adversely affect the 
microclimate and growth parameters to a greater 
extent , where as genotypes had less or no effect. DC-
15 genotype recorded the highest seed yield (1700 
kg/ha) by sowing in II FN June followed by DC-16 
genotype sown in I FN July.  
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Seasonal variation in evapotranspiration for rice and wheat crop seasons during different time 
slices under climate change scenarios in central Punjab 
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ABSTRACT 
Calculating crop water requirements has a special economic importance in rationalization of water 

consumption in the agricultural field under current and future climate conditions. Crop water requirements were 
estimated from daily potential ET at ambient and projected air temperature by using Papadakis method and then by 
multiplying with crop coefficients. In the present study responses to future climate scenarios of 21st century 
projected by the GCM (ECHam5) and RCM (PRECIS) given by Intergovernmental Panel on Climate Change 
Special Report on Emission Scenarios (IPCC SRES) A1B emissions were investigated. The ECHam5 and PRECIS 
data were taken to calculate the ET for present time slice (PTS), mid century (MC) and end century (EC)at four 
different dates of transplanting/sowing rice and wheat crop. It has been observed that by ECHam5model,the most 
suitable time for rice transplanting during PTS is 16thJune while it will be on 6th July during MC as well as EC.
According to RCM model,the most suitable time for rice transplantingis 16th June for PTS, MC and EC. In wheat 
crop, it has been observed that 2nd December is suitable time for sowing during PTS, MC, and EC. Annual crop 
water requirement during PTS, MC and EC were 997.6, 908.1and 1020.3 mm, respectively. 

Keywords: Evapotranspration(ET), GCM, RCM, climate change, Papadakis method, crop water requirement. 

Evapotranspiration (ET) is the mainpath of 
water loss from both plant and soil surface. The main 
goal of irrigation is to supply plant withwater as 
needed to obtain optimum yield and qualityof a 
desired plant constituent. Due to this inagricultural 
lands, AET measurement is needfulfor developing more 
efficient and sustainable watermanagement techniques 
as well as for irrigationscheduling of crops (Attarodet 
al., 2005). Measurement of ET from surfaces is also 
importantfor purposes such as regional water 
studies,field irrigation practice, description of 
atmosphericboundary layer and weather 
forecasting(Amarakoonet al., 2000).With the climatic 
scenarios of four General Circulation Models (GCMs), 
the ET from 2001 to 2060 was predicted by the 
statistical model and the difference of rising rate 
between maximum temperature and minimum 
temperature determines the change trend of ET. 
Compared to the period of 1961-2000, the water 
consumption by ET will increase greatly in the future 
(Wang et al., 2006).The best applicable strategy to 
optimize water use on large scale is achieved through 
spatially explicit and accurate estimates of crop water 
demand and supply in a region.  

Over last two decades, considerable 
progresses have been made to understand key factors 
controlling crop water requirement and consequently led 
to development of new techniques of evapotranspiration 
(ET) estimation (Patel et al.,2005) but operational 
applications of ET estimates yet heavily rely on the 
FAO-56 model because of minimum requirement of 

phenological and standard meteorological inputs 
(Evettet al.,1995; Kite and Droogers 2000; Allen 2000; 
Eitzingeret al. 2002). In FAO-56 approach, actual ET is 
calculated by combining reference evapotranspiration 
(ETo) and Kc. The adoption of exact or correct amount 
of water and correct timing of application is very 
essential for scheduling irrigations to meet the crop’s 
water use demands and for optimum crop production. 
Estimation of crop water requirements (ETc) is one of 
the main components used in irrigation planning, 
design and operation (Rowshonet al., 2013).  

The main aim of the present study was to 
find out the seasonal variation in evapotranspiration 
for rice and wheat crop season during different time 
slices under climate change scenarios in central 
Punjab. 

MATERIALS AND METHODS 
Daily weather data for past 42 years were 

collected from the meteorological observatory 
situated at the research farm of PAU, Ludhiana. The 
future weather data for maximum and minimum 
temperature and rainfall under A1B scenario for 
Ludhiana at daily interval for MC (2020-2050) and 
EC (2070-2098) was extracted from ECHam5-GCM 
model provided by Marksim DSSAT weather 
generator in Google earth and from the RCM-
PRECIS model. 
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Bias correction of modelled data 
Leander and Buishand(2007) approach was 

employed to bring the modelled data closer to the 
observed in respect to time trends and magnitude. 
The corrected daily temperature T (cor.) was obtained 
from the following equation:  

Where, T (uncor.) is the uncorrected modelled daily 
temperature for a scenario. T (obs.) and T (mod.) is 
the observed and modelled daily temperature 
obtained from the baseline reference scenario.  

In this equation an over bar denotes the 
average over the considered period. 
Evapotranspiration i.e. consumptive use of crops was 
calculated for irrigated areas and unirrigated areas. In 
this study, Papadakis method has been adopted for 
computing potential evapotranspiration for observed 
as well as futuristic data. The meteorological data 
needed for this method was obtained from 
Agrometeorological Observatory situated at research 
farm at Punjab Agricultural University, Ludhiana, 
Punjab and for MC and EC, weather data was 
downscaled from the google earth. The monthly crop 
evapotranspiration for rice and wheat has been 
computed. 

RESULTS AND DISCUSSION 
The evapotranspiration forms the major loss 

of water in water balance components and was 
estimated for different years in PTS, MC and EC.
Evapotransirationlosses for rice and wheat were 
calculated and explained under different sub headings 
as given below. 
ECHam5 -GCM model 
Evapotranspiration for rice crop 

Evapotranspiration for rice crop transplanted 
on different dates for different time periods i.e. PTS,
MC and EC was calculated by Papadakis method and 
presented as Fig. 1. During present time slice, the 
minimum evapotranspiration losses were observed in 
crop transplanted on 16th June (560.3 mm) which 
needs least irrigationsand maximum evapo-
transpiration loss was recorded in rice crop 
transplanted on 6th June (696.6 mm)so needs more 
irrigations. So, the analysis showed that crop 
transplanted on 16th June is suitable time for the rice 
crop. The evapotranspiration loss for MC and EC was 
calculated and the results indicated that the crop 
transplanted on 6th July (471.3 mm in MC and 468.2 
mm in EC) showed least evapotranspiration as 
compared to other dates of transplanting and 
maximum evapotranspiration losses were recorded 

when rice transplanted on 6th June,(630.2 mm in MC 
and 696.7 mm in EC) which needs more number of 
irrigations. Thus the analysis showed that crop 
transplanted on 6th July is suitable transplanting time 
for rice crop during both MC and EC. The 
evapotranspiration losses will be expected to increase 
for all transplanting dates under study with small 
increase during year 2028 and 2029 in MC. 
Evapotranspiration for wheat crop 

Evapotranspiration for wheat crop sown on 
different dates for PTS, MC and ECwere calculated 
and shown as Fig. 2. The minimum 
evapotranspiration loss for PTS was observed for 
wheat sown on 2nd December (350.2 mm) followed 
by maximum loss by the crop sown on 28th October 
(412.5 mm) and least irrigation will be required by 
the crop sown on 2nd December and 25th November, 
which were at par to each other. So the analysis 
showed that second fortnight of November is also 
suitable sowing time for wheat crop.  

The minimum evapotranspiration loss has 
been observed in crop sown on 2nd December (361.2 
mm in MC and 448.4 mm in EC) and maximum ET 
loss in the crop sown on 28th October (388.0 mm in MC 
and 474.3 mm in EC) which needs more number of 
irrigations.The above analysis indicated that crop sown 
on 2nd December will be the best date of sowing as it 
needs less number of irrigations. During MC the 
evapotranspiration losses are expected to increase 
continuously under all the sowing dates but under this 
study it showed small decrease during the period 
2027-28.
Annual Evapotranspiration 

The annual maximum evapotranspiration 
was calculated for present time slice (PTS) for the 
year 1987-88 (1175.5 mm) and minimum during the 
year 2011-12 (885.8 mm) (Fig.3). The annual 
maximum evapotranspiration calculated for MC was 
928.1 mm (2029-30) and minimum during the year 
2034-35 (892.5 mm). The annual maximum 
evapotranspiration calculated for EC was 1070 mm 
for the year 2094-95 and the minimum was 978 mm 
for the year 2071-72. The total losses in ET during PTS, 
MC and EC were 997.6, 908.1 and 1020.3 mm, 
respectively. 
PRECIS –RCM model 

Present time slice was taken same for 
ECHam5-GCM and PRECIS-RCM models. The data 
pertaining to time period 1971-2013 was taken as 
present time slice, which was used for both GCM and 
RCM models. But for MC and EC, weather data is 
different for both the models.  
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Fig. 1 Variation in evapotranspiration by ECHam5 model for rice crop during PTS, MCand EC 

Fig. 2 Variation in evapotranspiration by ECHam5 model for wheat crop during PTS 

Fig. 3 Variation in annual evapotranspiration by ECHam5 model during PTS,MC and EC  
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Fig. 4 Variation in evapotranspiration by PRECIS model for rice crop during PTS, MCand  EC

Fig. 5 Variation in evapotranspiration by PRECIS model for wheat crop during PTS, MC and EC

Fig. 6 Variation in annual evapotranspiration by PRECIS model during PTS,MC and EC
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Evapotranspiration for rice crop  
Evapotranspiration for rice crop duringMC and EC 
was calculated and presented as Fig. 4. The results 
showed minimum evapotranspiration loss during MC 
in crop transplanted on 16th June (628.7 mm) and 
maximum evapotranspiration loss was recorded in 
rice transplanted on 6th June (811.7 mm).The analysis 
showed that the crop sown on 16th June will be 
suitable transplanting time for rice crop. 
Evapotranspiration for rice crop transplanted on 
different dates during EC was calculated and minimum 
evapotranspiration loss was observed in crop 
transplanted on 16th June (681.8 mm) followed by 6th

July (718.6 mm), 26th June (805.4 mm) and 6th June 
(873.8 mm) which explained that crop transplanted on 
16th June will be suitable transplanting time for rice 
crop. Yeet al.,(2015) studied that the regional water 
requirement of rice during the growing season decreased 
from 720 mm (1951–1980) to 700 mm (1981–2010) as 
a result of solar radiation and ET.However, the water 
requirement was predicted to increase from 1027mm
(2011–2040) to 1150mm (2071–2100). 
Evapotranspiration for wheat crop  

ET for wheat crop sown during MC and EC
was analysed and represented as Fig. 5. During MC 
and EC Theminimum ET loss was calculated in crop 
sown on 2nd December (327.5 mm during MC and 
373.5 mm during EC) followed by maximum ET loss 
in wheat sown on 28th October (421.9 mm during MC 
and 480.8 mm during EC) which required more 
number of irrigationsand least irrigation will be 
required by the crop sown on 2nd December. Pandey 
et al.,(2008) reported that less crop water requirement 
of wheat was 265 to 347 mm in Narmada canal 
command area of Gujarat. Liu et al., (2004) presented 
the observed seasonal ET values of 400 to 480mm for 
wheat measured by a large scale weighing lysimeter.  
Annual Evapotranspiration 
The annual ETlosses were 1071.2 mm and 1192.9 
mm during MC and EC was calculated and presented 
as Fig. 6. The maximum annual ET during MC was 
determined for the year 2047-48 (1325.5 mm) and 
minimum during 2024-25 (880.1 mm). The 
maximum annual ET was calculated for EC was 
1585.9 mm for the year 2088-89 and the minimum 
was 1031.3 mm for the year 2074-75. However, the 
water requirement was predicted to increase from 
1027 mm (2011–2040) to 1150 mm (2071–2100). 

CONCLUSION 
The above study established precise 

estimation of ETwhich was the only beneficial water 
loss from the field. The annual ET was increased during 
MC and EC but the annual ET slightly decreased by 

ECHam5 model during MC. The ET for rice crop was 
higher during PTS and decreased during MC and EC by 
ECHam5 model. The ECHam5 and PRECIS modeled 
data showed that for wheat cropET decreased but ET 
losses were higher duringkharifseason (MC and EC) by 
PRECIS data. The information generated can be useful 
for irrigation scheduling. But due to uncertainties 
associated with climate forecast and downscaling, it is 
suggested to use climatic model ensembles future 
climate scenarios (A1B). 
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Plant water relations and photosynthetic efficiency for evaluating wheat (Triticum aestivum l.) 
genotypes under restricted soil moisture  
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ABSTRACT 
The experiment was conducted in concrete drought plots during Rabi seasons 2014-15 and 2015-16 at CCS 

Haryana Agricultural University, Hisar on wheat genotypes to find out the suitable genotypes for restricted irrigation 
application. The experiment was designed as split plot consisting of three irrigation schedules viz., normal irrigated 
(Control), three irrigations at 25, 85 and 105 DAS (moderate stress) and two irrigations at 25 and 85 DAS (Severe 
stress) in the main plots and five genotypes namely WH 1080, WH 1126, WH 1142, WH 1164 and WH 1181 in the 
sub-plots replicated thrice. Water stress conditions compared to normal irrigated condition decreased significantly 
all the plant water relation parameters viz. leaf water potential(LWP), relative water content (RWC), canopy 
temperature depression(CTD) and physiological parameters like transpiration rate, photosynthetic rate and stomatal 
conductance. RWC, photosynthetic rate and CTD were found highest and lowest with WH1164 and WH1142, 
respectively. Among the wheat genotype tested WH1164 was recorded with maximum grain yield (4265 kg/ha) due 
to maximum number of tillers , better plant water status and higher rate of photosynthesis of flag leaf at anthesis 
compared other genotypes under restricted soil moisture conditions. Hence WH1164 found best wheat genotype to 
improve the wheat productivity under water limited conditions of Hisar. 

Key words: Wheat, relative water content, leaf water potential, photosynthetic rate and restricted irrigation. 

Water has always been considered as most 
precious natural resource to sustain the agriculture 
production at global level but due to increased 
population pressure, industrialization over drafting 
and miss use of available water due to faulty 
practices and adverse effect of global warming it is 
expected that in near future water is going to become 
a most scarce natural resource to sustain the survival 
of human beings and agriculture production. So, 
judicious and precise use of available water is the 
need of hour in context of this aggravated problem 
which we are facing. Wheat is the most important 
and widely cultivated food crop of the world. In India 
its production increased from a mere 11.0 million 
tones during 1960-61 to 86.5 million tones during 
2014-15 due to adoption of high yielding nutrient and 
irrigation responsive varieties (Anonymous, 2014-15). 
In India only one third wheat sown area receives full 
irrigation facilities while rest of wheat is cultivated 
under restricted irrigated conditions. Wheat crop 
exposed to water stress conditions particularly during 
peak vegetative, flowering and grain growth period 
results in drastic yield reduction. The response of 
plants to water stress depend upon morphological 
traits (yield attributes and plant height),ability to
maintain plant water status (LWP,RWC and CTD) 
and physiological traits (photosynthetic rates, 
transipirational rate and stomatal conductance 
(Aminzadeh, 2010; Sharma and Kumar,2014). Thus 
proper selection of suitable variety is one of the way 
for attaining higher yield and water use efficiency 

under moisture deficit conditions (Richards 
etal.,2010). Hence, keeping in mind these facts 
present experiment was conducted to screen the 
wheat genotypes on the basis of plant water status 
and physiological traits under restricted soil moisture 
conditions. 

MATERIALS AND METHODS 
The experiment was conducted on wheat 

(Triticum aestivum L) during two consecutive Rabi
seasons of 2014-15 and 2015-16 at Crop Physiology 
Field Laboratory of Agronomy Research Farm, CCS 
Haryana Agricultural University, Hisar (290 – 10′N
latitude, 750 – 46′E longitude and 215 m altitude), 
India, in concrete drought plot (30m length x 6m 
width x 2m depth). The experiment was designed as 
split plot consisting of three irrigation schedules viz., 
normal irrigated (Control), three irrigations at 25, 85 
and 105 DAS (moderate stress) and two irrigations at 
25 and 85 DAS (Severe stress) in the main plots and 
five genotypes namely WH 1080, WH 1126, WH 
1142, WH 1164 and WH 1181 in the sub-plots and 
replicated thrice. Ten rows of 2.5 m length with row 
to row spacing of 22.5 cm of each genotype were 
sown in first week of November during both years of 
study. The soil was light textured dunal sand with 
low in organic carbon (0.07%), alkaline in reaction 
(pH7.9) and low in soil fertility status (available N 
66.3 kg/ha, P2O5 8.8 kg/ha and K20 150 kg/ha).  

Journal of  Agrometeorology 19 (Special Issue - AGMET 2016) : 156-159 (October 2017)



All other agronomical practices were 
followed as per the recommended package and 
practices given by CCS Haryana Agricultural 
University, Hisar. The plant water relation 
parameters were recorded at anthesis stage between 
12.00-14.00 h. The leaf water potential was measured 
by Pressure Chamber (PMS Instrument Co., Oregon, 
USA),relative water content was estimated with 
formula given by Kumar and Elston (1992).Canopy 
temperature depression was measured by using Infra- 
red thermometer(Model- AG- 42 Tele-temp 
Corp.CA). The photosynthetic rate was measured on 
flag leaf using Infra- red Gas Analyzer 
(IRGA,CIRAS-1,PP Systems, UK). Stomatal 
conductance and transpirational rate were also 
determined with IRGA. The observations were taken 
from the portions of leaves exposed directly to 
sunlight on five plants randomly in each plot. Grain 
yield was recorded from each plot and expressed in 
kilogram per hectare. During both the years of study 
results were similar hence pooled data was analyzed 
using online Statistical Analysis Package (OPSTAT, 
Computer Section, CCS Haryana Agricultural 
University, Hisar India. 

RESULTS AND DISCUSSION 
Perusal of data given in Table 1 showed that 

percent reduction in grain yield under two irrigation 
and three irrigation was 28.9 and 8.9 over normal 
irrigation, respectively. These reductions in grain 
yield were due to similar reductions in plant height 
(17.0 and 6.8 %), tillers per metre row length (25.3 
and 6.0%) and test weight (15.9 and 5.2%) under two 
irrigation and three irrigations compared to normal 
conditions, respectively.  

Among the genotypes significantly higher 
grain yield was recorded in WH 1164 closely 
followed by WH 1126 due to higher number of tillers 
per metre row length, better plant water status and 
physiological traits over other genotypes. Restricted 
irrigation decreased the CTD,LWP and RWC(Fig 1) 
better for plant health under restricted irrigations. 
Wheat genotype WH 1164 & WH 1126 have better 
plant health as indicated by CTD much cooler than 
other genotypes.  

The percent decrease in LWP,RWC, CTD,
Photosynthetic rate, transpiration rate and stomatal 
conductance under two irrigations over normal irrigation 
condition was 84.2,22.4,193.3,47.6, 52.4 and 34.9, 
respectively (Fig. 1 & 2). Whereas corresponding 
decrease in the above plant water and physiological 
traits were 30.4, 9.3, 40.0, 22.3, 23.6 and 14.7, 
respectively under three irrigations compared to normal 
irrigated conditions.  

Sharma and Pannu (2008); Siddique et al
(2001); Parba et al (2009) and Sharma and Kumar 
(2014) also reported similar decrease in plant water 
status and physiological traits under restricted 
moisture conditions. The grain yield had significant 
positive linear association with RWC and 
Photosynthesis rateand change in CTD have less 
effect on grain yield(Fig 3). The reason for best 
performance of WH 1164 might be due to better water 
uptake and water status for longer period facilitating 
better opening of stomata which induces higher 
transpiration rate and finally better opportunity for CO2
fixation through photosynthesis under restricted 
irrigation conditions. These results confirm the earlier 
finding of Sharma and Kumar (2010) and Pannu and 
Sharma (2004).

Fig. 1 Effect of soil moisture deficit on 
(a) canopy temperature depression, (b) leaf water 
potential, (c) relative water content of wheat 
genotypes 
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Fig. 2 Effect of soil moisture deficit on  
(a) transpiration rate, (b) stomatal 
conductance, (c) photosynthetic rate of wheat 
genotypes 

Fig.3 Relationship between seed yield and  
(a) relative water content (b) photosynthetic 
rates, (c) canopy temperature depression. 
RWC, CTD and Pn recorded at anthesis stage 
and seed yield recorded at harvest were used 
for establishing the relationships.          

  
Table1: Yield attributes and yield as influenced by irrigation and genotypes in wheat 

Treatments Plant height 
(cm)

Tillers /mrl
(numbers)

Biomass yield 
(kg/ha)

Grain yield 
(kg/ha)

Test wt.
(g)

Irrigation Levels
Normal irrigations 91.7 84.7 11175 4590 41.9

Three Irrigations 85.5 79.6 10267 4179 39.7
Two Irrigations 76.1 63.3 8461 3292 35.2
CD (P=0.05) 2.40 1.51 742 283 0.60

Genotypes
WH 1080 85.6 74.4 9520 3762 39.9
WH 1126 85.0 77.7 10164 4133 38.0
WH 1142 83.0 73.8 9542 3860 36.5
WH 1164 86.4 78.1 10542 4265 39.1
WH 1181 82.2 75.0 10068 4083 41.3
CD (P=0.05) 2.12 1.30 426 116 NS
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CONCLUSION 
On the basis of two years study, it is

concluded that plant water status and physiological traits 
had direct association with yield formation by effecting 
yield attributes and overall vegetative growth of plant. So 
measurement of RWC,LWP and CTD could be used as a 
easy and rapid tool to evaluate the relative performance 
different wheat genotypes under variable irrigation 
conditions. The genotype WH 1164 and WH 1126 should 
be grown under restricted irrigation conditions to get the 
higher production and better economic return in semi arid 
tracts of Haryana. 
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ABSTRACT 
A study was conducted to understand the characteristic behavior of two wheat varieties over spectral range 

of 400 nm to 2500 nm during 2014-15 at University Seed Farm of Punjab Agricultural University at Naraingarh, in 
district Fathegarh Sahib, Punjab. The data was collected from two wheat varieties PBW 621(V1) and HD 3086 (V2) 
sown on 24th November 2014. Various spectral indices such as GI, NDVI, NBNDVI, NRI, PRI, TCARI, SIPI, PSRI, 
PhRI, NPCI, ARIC, TVI, CARI, MCARI  were computed using the  hyperspectral data measured at 87 and 123 days 
after sowing corresponding to ear emergence and soft dough stages of the crop using field based spectro radiometer. 
The analysis of variance was performed in order to differentiate the statistical difference among computed indices 
for two wheat varieties. The results showed that PRI, TCARI and MCARI differed significantly, while ARI was 
statistically at par among the varieties at both the crop stages. Wheat variety HD 3086 exhibited statistically higher 
degree of reflectance in the visible to near infra red band as compared to variety PBW 621 at all the wavebands 
(average of 25 nm band). The results of the study indicate that hyperspectral indices and level of reflectance have a 
capability to differentiate wheat varieties.  

Key words:  Wheat, cultivars, vegetative indices, hyperspectral remote sensing 
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Wheat (Triticum aestivum L.)  is a dominant 
crop in temperate countries used for human food and 
livestock feed. India is the second largest wheat 
producer and produced 12.96 per cent (94.48 million 
tonnes) of the world’s total wheat from 14.07 per 
cent (31.18 million hectares) of global area during 
2014 (FAO 2016). In Punjab, it occupied an area of 
3.51 million hectares with production of 17.62 
million tonnes and productivity of 5.02 tonnes per 
hectare during 2014-15. Monitoring of agricultural 
areas is important for land utilization mapping and to 
study the extent of varietal diversification prevalent 
in an area. To study varietal diversification using 
ground measurements is very difficult involving 
problems of identification of variety, extensive use of 
man and machinery, time lag in data collection and 
compilation, etc.  

Mapping using satellite or airborne high 
resolution spectral scanners is becoming increasingly 
important within agriculture and nature management 
in order to monitor vegetation parameters such as 
biomass and leaf area index (LAI) or to detect and 
classify varieties of different crops by spectral 
discrimination. The major applications in the field of 
agriculture are for the management of land and water 
resource, crop production forecasting and to disaster 

assessment such as flood, drought, insect pest and 
disease epidemics etc. which seriously affect the 
agriculture. The operational models are based on the 
fact that each crop has a unique spectral signature. 
Spectral response of a crop canopy is influenced by leaf 
area index, per cent ground cover, growth stages, 
difference in cultural practices, stress conditions, attack 
of pest and diseases, canopy architecture etc. (Sompal, 
1999). Spectral reflectance properties in different 
wavelength bands are utilized in crop identification, 
yield forecasting and crop condition assessment (Bauer, 
1985). Studies have demonstrated the usefulness of 
optical indices from hyperspectral remote sensing in the 
assessment of vegetation biophysical variables in 
agriculture. These indices are, however the combined 
response to variations of several vegetation and 
environmental properties, such as leaf-area index (LAI), 
leaf chlorophyll content and background of soil 
reflectance. The different hyperspectral indices can 
provide useful information on crop growth, discriminate 
crop varieties and can predict grain yield well in 
advance. Keeping these facts and problems of on 
ground varietal discrimination in view, an attempt was 
made to evaluate the hyperspectral indicies and spectral 
reflectance to discriminate wheat varieties at different 
growth stages. 
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MATERIAL AND METHODS 
Hyperspectral data was collected over wheat 

crop during rabi season of 2014-15 from the University 
Seed Farm of Punjab Agricultural University at 
Naraingarh, district Fathegarh Sahib, Punjab. The data 
was collected from two large fields (approximately 100 
m x 100 m) having two different wheat varieties PBW 
621(V1) and HD 3086 (V2) sown on 24th November 
2014. The data on spectral reflectance for wheat 
varieties was collected using a spectro radiometer 
(Fieldspec® Pro 2000) with a range of 325 to 2500 nm. 
The instrument acquired hyper spectral data at the 
spectral resolution of 1 nm. The target reflectance is the 
ratio of energy reflected off the target (e.g. crop) to 
energy incident on the target (measured using BaSO4 
white reference). The special software ASDPro was 
used to convert the measured data from spectro 
radiometer to surface reflectance. The spectral 
measurements were made about one meter above the 
crop canopy with the sensor facing the crop and oriented 
normal to the crop plane. Ten measurements were 
collected for each variety at each crop stage.  

The leaf area index was measured with LICOR 
canopy Analyser (LICOR-3100) and chlorophyll 
measurements were taken with SPAD 502 DL Plus 
Chlorophyll meter. The field data was recorded during 
cloud free days at around solar noontime (1030 IST to 
1400 IST). The data was collected at 87 and 123 days 
after sowing (DAS), corresponding to ear emergence 
and soft dough stages of crop growth. The various 
hyperspectral indices as listed in Table.1 were computed 
using the measured spectral reflectance data. The 
spectral measurements of wheat varieties were averaged 
to represent 25 nm wide measurements between 400-
900 nm, in order to represent the spectral bands 
commonly detected by commercial satellites. 
Reflectance data were also averaged to represent 
multispectral broad wavebands (blue, B: 400–500 nm; 
green, G: 500–600 nm; red, R: 600–700 nm; and near-
infrared, NIR: 750–900 nm). All the reflectance and 
indices data was further statistically analyzed using 
analysis of variance (ANOVA) to find the statistical 
difference at 5 per cent level of probability.  

Table 1. Hyperspectral indices computed for the present study 

Rabc
 refer to the reflectance at (abc) wavelength 
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RESULT AND DISCUSSION 
Hyperspectral vegetative indices 

The hyperspectral vegetation indices as shown 
in Table 2 were used to differentiate the two wheat 
varieties under study. At ear emergence stage (87 DAS) 
the values of Green Index (GI), Modified Simple Ratio 
(MSR), Normalized Difference Vegetation Index 
(NDVI), Narrow-band Normalized Difference 
Vegetation Index (NBNDVI), Nitrogen Reflectance 
Index (NRI), Structural Independent Pigment Index 
(SIPI), Plant Senescence Reflectance Index (PSRI), 
Normalized Pigment Chlorophyll Index (NPCI) and 
Anthocyanin Reflectance Index (ARI) were statistically 
at par among both the varieties. However, the values of 
Photo-chemical Physiological Reflectance Index (PRI), 
Transformed Chlorophyll Absorption and Reflectance 
Index (TCARI), Physiological Reflectance Index 
(PhRI), Triangular Vegetation Index (TVI), Chlorophyll 
Absorption Ratio Index (CARI) and Modified 
Chlorophyll Absorption Ratio Index (MCARI) were 
significantly higher in case of wheat variety HD 3086 
than PBW 621.  At milky grain stage (123DAS) the 
values of Physiological Reflectance Index (PhRI), 
Anthocyanin Reflectance Index (ARI), Triangular 
Vegetation Index (TVI), and Chlorophyll Absorption 
Ratio Index (CARI), were statistically at par among 
both the varieties. However, the values of Green Index 
(GI), Modified Simple Ratio (MSR), Normalized 
Difference Vegetation Index (NDVI), Narrow-band 
Normalized Difference Vegetation Index (NBNDVI), 
Nitrogen Reflectance Index (NRI), Photo-chemical 
Physiological Reflectance Index (PRI), Transformed 
Chlorophyll Absorption and Reflectance Index 
(TCARI), Structural Independent Pigment Index (SIPI), 
Plant Senescence Reflectance Index (PSRI), Normalized 
Pigment Chlorophyll Index (NPCI) and Modified 
Chlorophyll Absorption Ratio Index (MCARI) were 
significantly different among both the varieties of 
wheat. This may be due to difference in chlorophyll 
content, vegetation vigour which has been reflected 
in terms of leaf area index within two varieties. The 
all indices represent the change in physiological and 
morphological characteristic of two varieties in terms 
of pigment and leaf area index and leaf angle. Hence 
change at pigment level or leaf area index among two 
varieties was well captured through different 
hyperspectral indices.   
 Hyperspectral band analysis 

Wheat reflectance values at Naraingarh, 
Punjab was steadily increased as the wavelength 
increased. The spectral signature of PBW 621 and HD 
3086 exhibited the characteristic peak at 550 nm (G) 
due to green band and having maximum reflectance in 
this region due to greenness of the crop plant. Further a 
jump in reflectance values was observed in between 760 

to 900 nm (NIR) (Figure 1 a). This is due to internal 
refraction and reflection with in leaf due to internal 
structure of leaf layers. The measured spectral signature 
follows the typical vegetation response over a 
electromagnetic spectrum. Average reflectance values 
were of about 0.43 and 0.65 and 0.28 and 0.32 for 
PBW-621 and HD-3086, on 87 and 123 DAS, 
respectively for NIR region. This demonstrates that both 
wheat varieties still were in an active growing phase. 
Reflectance differences between both wheat varieties 
were statistically different at all wavelengths at 87 DAS 
and 123 DAS except in 501-525 nm on 123 DAS, 
indicating potential for discrimination on the basis of 
their hyperspectral characteristics. Hyperspectral 
reflectance curves decreased abruptly at 123 DAS in the 
range 851 to 900 nm (NIR) (Figure 1b). This may due 
to decrease in leaves activity at lower region of plant 
as compared to leaves activities at 87 DAS. The 
wheat variety PBW 621 showed lower spectral 
reflectance as compared to HD 3086 in the visible to 
NIR (400 nm -900 nm) region. Thus, in this location 
both wheat varieties can be differentiated from each 
other. Torres (2006) also used the hyperspectral 
signature to distinguish wild oat, canary grass and rye 
grass using visible and NIR region.  From Table 2 it 
is quite evident that due to change in LAI maximum 
difference is observed in NIR region. The red region 
also showed a difference due to absorption 
phenomenon of red wavelength in green leaves.  

At different growth stages, the hyperspectral 
reflectance of the PBW 621 and the HD 3086 wheat 
varieties were different. Figure 2 a and 2 b shows that 
the curves were similar but reflectance values were 
higher for wheat variety HD 3086 as compared to 
PBW 621 at both the stages. These findings can be 
supported by Wang et al (2008). 
Chlorophyll index and Leaf area index 

Leaf area index and chlorophyll index effects 
the canopy reflectance, particularly in the spectral region 
from the blue (400-500 nm), green (500-600 nm) to red 
(600-700 nm) and NIR (750-900 nm) region. Among 
the wheat varieties the chlorophyll index of PBW 621 
was higher as compared to HD 3086 during both the 
stages of measurement. The chlorophyll index was 
higher at 87 DAS but was statistically at par among the 
varieties and it decreased with age (at 123 DAS) but at 
123 DAS it differed significantly among the varieties. 
The decreased chlorophyll index might be due to 
senescence of leaves. Similarly leaf area index (LAI) 
was also different among the wheat varieties at different 
stages. The leaf area index was found to be higher in 
wheat variety HD 3086 as compared to PBW 621which 
was statistically different only at later stage of crop 
growth. Leaf area index was also decreased with age in 
case of both varieties. 
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Fig.1 Mean reflectance curves of wheat varieties i.e PBW 621 and HD-3086 at 87  (a) and 123 (b) days after sowing 

Fig. 2 Hyperspectral  difference of wheat varieties (PBW 621 and HD 3086) at 87 (a)  and 123 (b)days after sowing 

Table 2. Vegetation index mean values for PBW 621 and HD 3086 of wheat during 2015 

a b 

a b 
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Table 3. Chlorophyll and leaf area index of PBW 
621 and HD 3086 wheat varieties at 
different stages 

Varieties Days after sowing 
87 123 

Chlorophyll index 
PBW 621 48.47 40.88 
HD 3086 43.60 33.33 

CD(0.05%) NS 5.31 
Leaf area index (LAI) 

PBW 621 3.92 3.41 
HD 3086 4.20 3.84 

CD(0.05%) NS 0.41 

CONCLUSION 
The results of present study indicated that it 

is possible to discriminate wheat varieties from one 
another, on the basis of their hyperspectral 
characteristics through hyperspectral sensors. This 
approach if followed can save a lot of time and other 
resource involved in data collection on varietal 
diversification of wheat. 
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ABSTRACT 
Monthly rainfall data for 90 years from 1911 to 2000 were collected from India Meteorological Department 

for Coimbatore, Dharmapuri and Thoothukudi districts. Monthly, seasonal and annual analysis was done for whole 
90 years data set. Potential Evapotranspiration (PET) was calculated using Blaney and Criddle method. The 
Thornthwaite and Mather (1955) book keeping procedure has been used to work out the PET, Actual 
Evapotraspiration (AET), water deficit, water surplus, Aridity Index and Moisture Index. The water balance analysis 
indicated that annual AET was 1197 mm for Coimbatore district 879 mm for Dharmapuri district, and 611 mm for 
Thoothukudi districts. Annual water deficiency was 711 mm for Coimbatore district, 1045 mm for Dharmapuri 
district and 1770 mm for Thoothukudi district. Water deficit of Coimbatore District during SWM season and NEM 
season were 46 mm and 17 mm respectively. In respect to Dharmapuri district, during SWM and NEM season water 
deficit were 351 mm and 24 mm respectively. In respect of Thoothukudi district, Water deficit (7 mm) was 
negligible during NEM season and found higher during SWM season (1041 mm). Hence, farmers must attempt to 
conserve the rain water during SWM season. From this study, it was concluded that NEM was favourable for all the 
three districts in dryland crop production. Coimbatore district also had water deficit during SWM season and crop 
production can be done with supplementary irrigation. In Dharmapuri district, latter part of SWM season and entire 
NEM could be exploited for crop production under dryland condition. 
[ 

Key words: Potential Evapotranspiration, Actual Evapotranspiration, Water surplus, Water deficit, Aridity Index 

Water balance is a basic technique and gains 
importance in various fields of water and agriculture 
management. With increasing population and 
decreasing per-capita availability of water, optimum 
utilization and conservation of water has become 
vital importance in which water balance plays an 
important role. 

The concept of book-keeping procedure of 
water balance was introduced by Thornthwaite 
(1948)to solve many soil moisture problems. He 
employed it as a basis of a new improved and rational 
climatic classification. Since then, further studies 
based on this approach had led to many revisions and 
extensions of the procedure itself and had resulted in 
numerous applications in various fields.This concept 
of water balance was introduced in India by 
Subrahmanyam (1956) who used the derived 
parameters of water balance for climate classification 
of India. Water balance or water budget was a 
monthly, weekly or daily comparison of water supply 
in the form of precipitation with the water demand or 
potential evapotranspiration, where the soil moisture 
acted as a sort of reserve available for use to a limited 
extent for the purpose of evapotranspiration during 
the period of water shortage.  
The book-keeping procedure of water balance, based 
on such comparison provided comprehensive 

information on many parameters such as amount of 
water stored in the soil, actual evapotranspiration, 
water surplus, water deficit etc., at a place in a 
quantitative manner. Since accurate measurement of 
these parameters especially actual evapotranspiration 
and soil moisture were not generally feasible on a 
continual basis due to technical difficulties, the book 
keeping procedure of water balance was extensively 
used in various fields. Research studies relating to 
Potential evapotranspiration (PET), soil water 
balance, water balance indices and its application to 
agriculture as well as hydrology had been carried out 
by many researchers (Subba Rao and 
Subrahmanyam.,1961; Sastri,1969; Kayne, 1971; 
Srinivasa Murthy, 1973; Suryanarayana and 
Gopinatha Rao, 1986; Sarma and Narayana Swamy, 
1986; Kesava Rao et al.,2006; Verma et al., 2012) 

MATERIALS AND METHODS 
Purposeful sampling based on the spread of 

the dryland areas was used to select three 
agroclimatic zones among seven agro climatic zones 
of Tamil Nadu and accordingly North western, 
Western and Southern agroclimatic zones were 
selected. Within these three zones random sampling 
procedure was adapted to select one district for each 
zone. Dharmapuri from North western zone, 
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Coimbatore from Western zone and Thoothukudi 
from Southern zone were selected. The co-ordinates 
are 11° N latitude and 77° E longitude for 
Coimbatore district, 12°07' N latitude and 78°09' E 
longitude for Dharmapuri district and 8°48' N latitude 
and 78°08' E longitude for Thoothukudi district. 

Monthly rainfall data for 90 years from 1911 
to 2000 were collected from India Meteorological 
Department in respect of Coimbatore, Dharmapuri 
and Thoothukudi districts and used for computing 
monthly, seasonal and annual water balance. Water 
balance was computed by using the revised book-
keeping procedure of Thornthwaite and Mather 
(1955). For computing water balance, precipitation, 
potential evapotranspiration and field capacity of the 
soil were taken as inputs. Field capacity values were 
collected from concerned research station and it was 
100 mm for Dharmapuri, 150mm for Coimbatore and 
250 mm for Thoothukudi based on the mechanical 
composition of the soils, which was obtained from 
concerned research station. Potential evapo-
transpiration was computed by Blaney and Criddle 
method (1950). 
Model used for computation 

 Water balance was computed for each 
individual 90 years by taking twelve months using 
software developed from Central Research Institute 
for Dryland Agriculture, Hyderabad (CRDA). 
Outputs obtained from Thornthwaite and Mather 
(1955) water balance were soil moisture, actual 
evapotranspiration (AET), water surplus (WS), water 
deficit (WD) and moisture availability index (MAI). 
Actual evapotranspiration (AET) 

Actual evapotranspiration was the amount of 
water that was actually available for evaporation and 
transpiration and depends on PET and the actual 
moisture content of the soil. When there is sufficient 
amount of available soil moisture, then AET = PET 
and in dry situation, when precipitation was lesser 
than PET, the AET=rainfall + Δ soil moisture 

AET= PET (when P>PET) 
AET= P+Δ ST (when P<PET) 

Where, P is precipitation 
ΔST is change in soil storage 
Water surplus (WS) 

Water surplus represented the excess of 
precipitation after meeting the demand for AET and 
the recharge of the soil storage. This factor was very 
important in the assessment of water resource for 
maximum utilization. 

Water surplus  WS = P-AET 
WS was used to calculate humidity index (Ih). 

Humidity index = WS/PET X100 
Where, WS = water surplus  

     PET = Potential evapotranspiration 
Water deficit (WD) 

Water deficiency was the amount by which 
precipitation (P) and soil moisture together fail to 
meet the AET or in other words, the amount of water 
needed for supplemental irrigation in agriculture for 
the most efficient growth of crops. 

 WD = PET-AET 
Water deficit obtained from this method was used for 
calculating aridity index (Ia). 
Aridity index = WD/PET X100 
Where,  WD = water deficit 

      PET = Potential evapotranspiration 
RESULTS AND DISCUSSION 

Potential EvapoTranspiration (PET) 
Calculated values of monthly, seasonal and 

annual Potential evapotranspiration for Coimbatore, 
Dharmapuri and Thoothukudi are given in the Table 
1. The annual PET was around 1908 mm for
Coimbatore and 1924 mm for Dharmapuri districts, 
while it was 2381 mm for Thoothukudi district. 

In respect of seasons, the PET was more 
during South west monsoon seasons as compared to 
North east monsoon season, while it was 3.3 times 
more for Thoothukudi districts 
Actual EvapoTranspiration (AET) 

The potential yield of dryland crops is 
decided by the AET that happened in a particular 
crop season. When crop required evapotranspiration 
was met by AET, then under dryland it is possible to 
harvest 100 per cent potential yield. But this will not 
happen under ground reality in dryland areas of 
Southern Peninsular India, might be due to spatial 
and temporal variability of rainfall and presence of 
different soil types with varying slopes and water 
holding capacities. The data on monthly, seasonal 
and annual actual evapotranspiration derived from 
water balance study in respect of Coimbatore, 
Dharmapuri and Thoothukudi are given in Table 2.  

Comparison of mean rainfall (mm), PET 
(mm), Effective rainfall (mm) and AET (mm) of the 
study districts is given in Table 2(a). It indicated that 
for 90 years data analysis, the AET was 1197 mm for 
Coimbatore district while it was 879 mm and 611 
mm respectively for Dharmapuri and Thoothukudi 
districts. Comparing PET values presented in Table 1 
and AET presented in Table 2 it was observed that 
the AET was lesser than PET. In respect of 
Coimbatore district the AET was 711 mm lesser than 
PET, while it was 1045 mm and 1770 mm lesser than 
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PET respectively for Dharmapuri and Thoothukudi 
districts.For North east monsoon and South west 
monsoon seasons for all the three districts the AET 
was lesser than PET for 90 year data analysis. 

For Coimbatore district AET was 617 mm 
for South west monsoon season and 321 mm for 
North east monsoon season. Though the mean rainfall 
for this district was 655 mm for South west monsoon 
and 368 mm for North east monsoon, the deciding 
factor for crop productivity was effective rainfall. 
Hence the productivity during South west monsoon 
was always questionable based on the availability of 
antecedent soil moisture. But the scenario for North 
east monsoon was something different, wherein the 
AET, PET and mean rainfall were 321 mm, 337 mm, 
and 368 mm respectively. Thus proving the potential 
validity of season for crop production under dryland. 

In respect of Dharmapuri district, the AET 
was 338 mm and 311 mm respectively for South west 
monsoon and North east monsoon against the mean 
rainfall of 375 mm and 316 mm respectively. The 
PET alone was double the value of mean rainfall for 
South west monsoon season and hence the 
productivity during South west monsoon season was 
facing moisture stress as compared to North east 
monsoon season.  For Thoothukudi district, AET (66 
mm) was more or less equal to mean rainfall (64 mm) 
during South west monsoon season and hence with 
AET of 66 mm it was not possible to raise any crop 
during South west monsoon season. Interestingly the 
AET, PET and mean rainfall during North east 
monsoon season were 330 mm, 337 mm and 429 mm 
respectively and hence crop production was possible 
during North east monsoon season in dryland of 
Thoothukudi district. Seasonal values of AET were 
reflected in monthly AET data of the three districts 
studied. 
Water deficit and Aridity Index 

The data on monthly, seasonal and annual 
water deficit and annual aridity index from water 
balance study of Coimbatore, Dharmapuri and 
Thoothukudi are given in Table 3 & Table 4, 
respectively. 
 For Coimbatore district, when water balance was 
analysed using 90 years mean data, nine months 
showed deficiency.  Months with zero water 
deficiency were July, October and November. Annual 
deficiency was 711mm and aridity index was 37 per 
cent. In respect to Dharmapuri district, nine months 
showed water deficiency. Months with zero water 
deficiency were September, October and November. 
Annual deficiency was 1045mm and aridity index 
was 54 per cent. In respect of Thoothukudi district, 

10 months showed water deficiency. Months with 
zero water deficiency were October and November. 
Annual deficiency was 1770 mm and aridity index 
was 74 per cent.  
From the result of water deficit (mm) and aridity 
index ( per cent) given from 90 years data set in 
respect of South west monsoon season and North east 
monsoon season of the three districts, the water 
deficit was 46mm and aridity index was seven per 
cent for Coimbatore district followed by 351 mm 
water deficiency and 51 per cent aridity index for 
Dharmapuri district and 1041 mm water deficiency 
and 94 per cent aridity index for Thoothukudi district 
for South west monsoon season indicating severe 
water stress for Thoothukudi district. While the stress 
was minimum at Coimbatore district among the three 
districts studied. Medium deficit was noticed for 
Dharmapuri district in respect of South west 
monsoon season. On the contrary, negligible water 
deficit was noticed in all the three districts of study 
during North east monsoon season and it was in order 
Thoothukudi < Coimbatore < Dharmapuri.  

Table 1. Potential evapotranspiration (mm) for 
Coimbatore, Dharmapuri and Thoothukudi 
districts 

Coimba
tore 

Dharma 
puri 

Thoothu 
kudi 

January 127.1 161.2 173.6 
February 168.0 162.4 165.2 
March 201.5 179.8 192.2 
April 204.0 195.0 198.0 
May 207.7 201.5 207.7 
June 165.0 204.0 282.0 
July 164.3 207.7 282.1 
August 192.2 158.1 275.9 
September 141.0 120.0 267.0 
October 124.0 120.9 120.9 
November 108.0 105.0 108.0 
December 105.4 108.5 108.5 
Season 
Jan-Feb 295.1 323.6 338.8 
Mar-May 613.2 576.3 597.9 
SWM 
(Jun.-Sep.) 662.5 689.8 1107 

NEM 
(Oct.–Dec.) 337.4 334.4 337.4 

Total 1908.2 1924.1 2381.1 
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Table 2a. Comparison of mean rainfall (mm), PET (mm), Effective rainfall (mm) and AET (mm) of the study area 
Coimbatore Dharmapuri Thoothukudi

Season Mean 
rainfall PET ER AET Mean 

rainfall PET ER AET Mean 
rainfall PET ER AET

SWM 655 663 211 617 375 690 363 338 64 1107 - 66 
NEM 368 337 313 321 316 334 321 311 429 337 335 330 

Table 2 Actual evapotranspiration (mm) for 
Coimbatore, Dharmapuri and Thoothukudi 
districts (Computed from water balance) 

Table 3. Water deficit (mm) for Coimbatore, 
Dharmapuri and Thoothukudi districts 

Table 4 Aridity index (%) for Coimbatore, 
Dharmapuri and Thoothukudi districts 

Water surplus and Humidity index 
Surplus was found in both October and 

November months wherein the precipitation was 
more than AET. Since there was no surplus for 
Thoothukudi district it was not represented. 
Thornthwaite (1948) reported that surplus months 
from one to three could be seen in semi-arid and sub 
humid climate regions, confirming the present study 
result. Water surplus in one season cannot prevent a 
deficiency in another except as moisture may be 
stored in the soil to a certain extent one may 
compensate for the other. 

CONCLUSION 
Based on the result it was concluded that 

North east monsoon was favourable for all the three 
districts for crop production in drylands since water 
deficit (24 mm for Dharmapuri district, 17 mm for 
Coimbatore district and seven mm for Thoothukudi 
district) was minimum during this season. During 
South west monsoon season the moisture deficit was 
greater for Thoothukudi district (1041 mm) and 
hence crop production was impossible.  
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Hence, farmers must attempt to conserve the rain 
water during South west monsoon season. Though 
Coimbatore had 46 mm of water deficit during South 
west monsoon season due to less effective rainfall 
(211 mm) crop production could not be undertaken. 
With supplementary irrigation crop production can be 
done during South west monsoon season. For 
Dharmapuri district latter part of South west 
monsoon season and full season of North east 
monsoon could be exploited for crop production.  
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ABSTRACT 

The current study investigated the potential of multi-temporal polarimetric Synthetic Aperture 
Radar (SAR) data of RISAT-1 for monitoring and discrimination of cotton and groundnut area where special 
emphasis was given to the signature analysis of the crop for two consecutive years viz., kharif2013-14 and 
2014-15. The study area was selected in major cotton and groundnut producing districts of Gujarat state 
which accounts for 85-90% of total area. The SAR (C -band) backscatter is the function of temporal behavior 
due to interaction of microwave radiation with soil moisture, soil roughness, soil type and other  crop 
parameters  including crop canopy and volume scattering increasing from the early vegetative stage to 
harvesting stage and the backscattering of different region for both HH and HV polarizations. The change in 
backscatter of the order of 2 to 4 dB in C-band was observed.  Cotton and groundnut crops were classified 
based on backscatter values and cotton was further classified in desi (indigenous) cotton, early sown, timely 
sown and late sown category for hybrid cotton depending on its time of sowing. Variation in backscatter 
profile with respect to sowing time was observed depending on rainfall availability in different regions. 
Hierarchical decision rule model based on the temporal evaluation of SAR backscatter was attempted to 
classify cotton, groundnut and other land covers achieved about 89 per cent accuracy in the case of cotton 
and about 85 per cent for groundnut. This output was very consistent in the irrigated tracts of Gujarat for 
cotton crop. This methodology would be crucial for monitoring and early estimation of cotton area in the 
country and cotton-groundnut discrimination when cloud free optical data is a major hindrance to the crop 
inventory. 

Keywords: crop monitoring, crop classification, multitemporal, SAR, backscatter, polarimetric. 

Cotton (Gossypium sps) is an important 
cash crop of world. Nearly one fourth of world 
area under cotton crop lies in India. Cotton is a 
fiber crop grown during kharif season under 
irrigated or assured water conditions which 
requires fertile and well drained black and light 
textured alluvial soils. In 2013-14, India produced 
9.67 million tonnes of groundnut which makes 
India second largest producer after China. Top 
three states producing ground nut are Gujarat, 
Andhra Pradesh and Tamil Nadu. As per 
statistical data from Cotton Corporation of India, 
Gujarat is one of the highest contributing states in 
cotton production.  Crop identification, 
discrimination and early estimation play crucial 
role for planning delivery estimates, harvest and 
storage requirements. However, operational 
productivity and yield monitoring activities that 
rely solely on optical imagery which are 
vulnerable to data gaps during critical crop growth 
stages as a result of unfavorable atmospheric 
conditions. Synthetic Aperture Radar (SAR) is 
unaffected by atmospheric haze and clouds. In 
addition to this oft-quoted advantage, SAR data 
also provide complementary and unique 
characterizations of vegetation due to its 

sensitivity to canopy geometry when compared 
with the information provided by optical 
imagery(Jiao et al. 2010). Chakraborty et al. 
2005, Hoekman 1987,Macelloni et al. 2001, 
Moran et al. 1997, Shao et al. 2001, Jia et al. 
2012, and Haldar et al 2011 reported that as the 
plant develops the RADAR backscatter increases 
due to volume scattering. These details are 
captured by decision rule based model and cotton 
and groundnut  crops are  identified and 
discriminated from the other major land cover, 
where the use of multi-temporal SAR data seems 
to be promising, as the crop backscatter 
throughout the growth stages is dynamic. The 
signature of cotton crop vis a vis other crops using 
C-band HH Radarsat-1 data have been reported 
(Patnaik et al. 2005). 

The present investigation specifically 
comprises the following objectives: (1) To 
evaluate the potential of the dual polarized SAR 
signature to identify and discriminate  cotton and 
groundnut crops from other land covers. (2) To 
examine the temporal variation in cropping 
pattern of cotton and groundnut crops and other 
land covers based on backscatter values using a 
logical and hierarchical decision rule approach. 
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MATERIALS AND METHODS 

Study area 

The present investigation covers seven 
districts (Surendranagar, Bhavnagar, Rajkot, 
Amreli, Ahmedabad, Vadodara and Bharuch) of 
Gujarat that contribute nearly 80 per cent of 
cotton yield of whole state (Fig.1). Cotton is the 
dominant crop in these areas during kharif season 
which has a sowing period extending from end of 
May to end of July. More than 60 per cent of 
sowing is completed by the end of June and rests 
are sown latest by end of July. Approximately 80 
per cent of the total area is irrigated and rest of 20 
per cent area is rainfed. 

Presently most part of the State 
cultivates Bt cotton which is resistant to boll 
worm and some non-irrigated part of the State 
cultivates desi (indigenous) cotton with wider 
spacing in between plants. The first picking starts 
from mid-October up to end February with total 
7-8 pickings. Out of seven districts of study area 
Rajkot and Junagadh are contributing highest in 
total kharif groundnut production of State. Sowing 
of groundnut starts from onset of monsoon which 
is third week of June for Saurashtra (IMD) region 
and lasts up to end October. 

Fig. 1 : Selected districts of Gujarat as study area 

Dataset 

Multitemporal RISAT-1 systematic 
MRS data [C- band, HH/HV polarization, 115 km 
swath, 18 m pixel spacing, and level-2 geotiff 
product] of consecutive two years (June-
September, 2013 and June-October, 2014) was 
acquired. Dataset was acquired for minimum of 
three dates with additional four dates wherever 
required for different districts (Table1). MRS data 
was chosen due to its appropriate resolution and 
repeativity (25 days) which is sufficient to 
monitor the crop growth profile and establish its 

unique signature. The three or four acquisitions 
were made coincident to important crop stages or 
important cultural practices.  

Table 1 RISAT-1 MRS (level 2 Geotiff) data used 
for the study 

Districts 2013 data 2014 data 

Vadodara 28/06/2013 

23/07/2013 

17/08/2013 

11/09/2013 

08/07/2014 

02/08/2014 

27/08/2014 
Bharuch 

Ahmedabad 22/07/2013 

16/08/2013 

10/09/2013 

07/07/2014 

01/08/2014 

26/08/2014 
Surendranagar 

Amreli 

Bhavnagar 

Rajkot 09/07/2013 

03/08/2013 

28/08/2013 

24/06/2014 

13/08/2014 

07/09/2014 

02/10/2014 

Junagadh 

Ground data collection 

Synchronous to satellite data acquisition 
field/ground data with coordinates of the specific 
field site were collected using Global Positioning 
System (GPS) receiver. Selection of field was 
based on crop type, crop area approximately more 
than 2-3 hectares in proximity and observations of 
different crop parameters viz. plants per m2, leaf 
dimension (cm), leaves per plant, crop stage, 
branches, plant height(cm), crop vigor, crop cover 
and soil parameters viz. soil type, soil moisture, 
soil roughness were collected. Along with this 
collateral data of rainfall were also procured from 
India Meteorological Department (IMD) and 
Gujarat State Disaster Management Authority 
(GSDMA). 

SAR data processing 

Pre-processing of RISAT-1 data was 
carried out using PCI Geomatica 9.1 image 
processing software. The data was downloaded, 
imported, speckle suppression (5x5 window size) 
done, filtered, calibrated, co registered and 
georeferenced. Red (Channel 1) was assigned to 
first date (D1), green (Channel 2) to second date 
(D2)  and blue (Channel 3) to third date (D3)  to 
generate a multi-date false color composite 
(FCC)-calibrated georeferenced image data set 
(Fig. 2). Field data points were overlaid on study 
image and analyzed (Fig.2). 
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Fig. 2 : FCC composition of three dates and Multitemporal RISAT-1 Dataset for Gujarat 

Signature generation and classification 

Step 1: Based on the understanding of radar 
backscatter interaction with various ground features 
viz. cotton, groundnut, vegetation, urban area and 
water body, an approach was developed to 
investigate the SAR signatures. Maximum and 
minimum values of radar backscatter for cotton, 
groundnut and other land covers were identified for 
selected number of pixels of specific location for 
each date of data acquisition. To examine the 
behaviour of SAR signatures, ground information 
collected during ground truth and collateral 
information were utilized to separate out cotton and 
groundnut area from other features (Chaudhary and 
Chakraborty 2006).

Step 2: The pixel intensity values were converted 
to a physical quantity called the backscattering 
coefficient(σ˚) or normalized radar cross-section 
measured in decibel (dB) units using calibration of 
8 bit (0 - 255) with values ranging from 0 dB for 
very bright objects to-25.5 dB for very dark 
surfaces which contains all information required 
for agriculture and other land-cover classes.  The 
dB thus recorded can be read out from the 8-bit-
coded digital number (DN) and HH and HV values 
for cotton crop were extracted. 

Step 3: The agricultural zone segments were 
overlaid on the SAR images which falls in the area 
with more than 25 per cent agricultural area. In Fig. 
3 (a) the red squares represents agricultural 
segments. In the present study, a knowledge-based 
decision rule was designed, (Haldar et al. 2011) 
using the information provided by each pixel in 
each image with its typical temporal behavior of 
crop phenology and interaction mechanisms of 
SAR –Vegetation and the corresponding 
backscattering. Agricultural crops showed 
significant temporal behavior whereas that of 
natural vegetation, forests, homesteads and water 
remained almost constant. Using this logic, 

hierarchical decision rule model coded in EASI 
modeling of Geomatica was used to classify cotton 
and other land covers (Chaudhary and Chakraborty, 
2004). 

Fig. 3: (a) 3-date HH C-band FCC with agricultural 
segments (b) Classified image of cotton and rice 
(Pink: cotton Green: rice) (c) Cotton crop classified 
image 

Fig. 4:(a) 3 Date FCC-2013 (b) 3 Date FCC-2014 

Classified area was represented by 
patches of different colors on the image. The cotton 
crop is represented by pink color and paddy is 
represented by green color (Fig. 3(b)).  The Fig. 
3(c) is the zoom in part of one agriculture segment 
in which pink pixels represent cotton crop. 
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RESULTS AND DISCUSSION 

Signature study and analysis 

Signature study of multi-temporal SAR 
backscatter from cotton crop was governed by 
various crop and soil parameters during its growth 
stages and phenological development. Land 
preparation, sowing, vegetative phase, squaring, 
flowering and boll formation are the main stages to 
affect the specific backscatter of cotton crop. Fig. 
4(a) is FCC composite of 22nd July, 16thAugust and 
10th September of year 2013 and Fig.4(b) is FCC 
composite of 7th July, 1st August and  26th August of 
2014. In both images the difference between timely 
sown and late sown cotton is remarkably visible. In 
previous year the sowing was normal compared to 
year 2014.The cyan tone in Fig. 4 (a) represents the 
cotton crop of high age as green and blue channels 
are assigned to second and third date respectively 
which coincide with peak vegetative stage in 
August and September. Compared to year 2013 the 
image of year 2014 shows more red tone which is 
assigned to first date which in term represents early 
vegetative stage of late sown cotton crop.  

For the freshly sown cotton crop, the 
backscatter was mainly from the soil surface in the 
field. During this stage soil roughness and moisture 
status play dominant role in affecting the 
backscatter. Medium to high moisture and 
roughness manifest in terms of high backscatter. As 
the plant develops, the radar backscatter increased 
due to volume scattering from the vegetation.  

There was dynamic variation in time changing 
targets like crop and vegetation where as non-
changing land covers like urban areas, road etc. had 
the constant backscatter value.   

Classification 

Based on the backscatter signature study 
of multi-temporal SAR backscatter, value between 
cotton, groundnut  and other land covers was used 
to separate other crops, urban, homestead and water 
body. The comparative study of two years has been 
carried out for cotton and groundnut crops and 
change in cropping pattern is extracted from nature 
of SAR backscatter.  

i.)  Other land covers: High backscatter of -3 dB 
characterized the urban areas and homesteads in 
SAR data. These areas appeared bright in all the 
dates with very little variation in mean 
backscatter throughout the entire study 
period(Chaudhary and Chakraborty 2004). In 
case of water, as it is a very smooth surface acts 
as specular reflector and hence, showed very 
low backscatter of around -12 to -14 dB(Fig. 5). 
However significant variation in backscatter 
was observed from the water bodies on 
different dates. This was mainly due to change 
in roughness of the surface caused by variation 
in wind speed and change in water content due 
to rain. Because of the less sensitivity of HH 
polarization with wind induced roughness of 
water the variation is low compare to HV 
polarization. 

Fig. 5: Multidate backscatter values for different land covers (a) HH backscatter and (b) HV backscatter 

ii.) Groundnut: Rajkot and Junagadh districts are 
major producers of groundnut in addition to 
cotton crop. Rigorous study was carried out in 
year 2014 as area of groundnut crop found 
remarkably more in Junagadh and Rajkot 
districts in 2013. Groundnut crop was identified 
from SAR multitemporal backscatter signature. 
Data was analyzed for different dates of 
acquisition as crop season is coinciding with 
cotton crop. Dual polarized (HH &HV) temporal 
backscatter coefficients were extracted based on 

signature study and groundnut crop growth 
profile was analyzed. (Fig.6). 

iii.) Backscatter coefficient value varies from -5 to -
12 dB for HH polarization and -12 to -19dB for 
HV polarization. Low backscatter was observed 
for first date indicating early vegetative stage 
followed by high backscatter value in second and 
third dates which represents peak vegetative 
stage and declining nature in last date was 
observed due to harvesting stage in the month of 
October which coincides with first picking stage 
of cotton.  
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(a) 

 (b) 

(c) 

 (d) 

Fig. 6 (a) HH backscatter for 2013 (b) HH 
backscatter for 2014 (c) HV backscatter for 
2013 (d)  HV backscatter for 2014 

Cotton: Cotton crop growth profile with the 
backscattering time series (2013-14 and 2014-15) 
of different study areas for both HH and HV 
polarizations was analyzed. Le Vine et al. in 1996 
reported that attenuation through vegetation was 
proportional to vegetation water content. Macelloni 
et al. in 2002 also found similar results in modeling 
the backscatter for the wheat crop during its 
various growth stages. The change in the 
backscatter in C-band was observed in all the sites 
as the crop growth progresses from June to 
October. Once the crop biomass was at its highest 
stage the back scatter values remain constant. As 
the peak stage attains cotton crop starts declining 

and the backscattering also starts decreasing 
because of dry biomass and less scattering from 
soil. Different study areas were having different 
date of acquisition of SAR data according to 
satellite pass. Depending on weather conditions and 
availability of resources, varied crop growth profile 
was observed in different districts in consecutive 
years and therefore cotton is categorized in early 
sown, timely sown and late sown categories. 

a.)  Early sown: Sowing in mid-May was observed 
in some study areas (Surendranagar, Amreli, 
Bhavnagar) by ground data collection and radar 
backscatter values from image data. Backscatter 
response for early sown cotton is dominated by 
soil response of high backscatter in the early 
stage due to high moisture(sowing) and 
roughness.(Fig. 7)  

Fig. 7: (a) HH backscatter (b) HV backscatter of 
early sown cotton 

b.)  Timely sown: The HH and HV backscatter 
values of cotton for different districts showed 
that at the early stage of cotton growth the 
backscatter values were low. The first date in 
month of July was coincided with its 
germination stage where backscatter values 
were mainly due to soil exposure. Increased 
backscatter value represents volume scattering 
due to vegetative growth and gives sharp peak 
for both HH and HV in the month of August-
September.  After attaining peak vegetation 
stage plant biomass starts reducing which 
reflects decreased backscatter values in both 
HH and HV. Fig. 8 is representative of timely 
sown cotton signature. It was evident from the 
temporal profile of backscatter coefficient for 
different study sites that there is 2-4 dB 
difference in HH polarization and 5-7 dB 
difference in HV polarization in both the years. 
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(a) 

(b) 

(c) 

 (d) 

Fig.8:  (a) & (b) HH backscatter and (c)& (d) HV 
backscatter for 2013-14and 2014-15 for 
Surendranagar, Amreli and Bhavnagar districts  

Fig. 9 shows two years comparison of Vadodara 
and Bharuch districts for three dates and four dates 
respectively for both the years and backscatter 
values are analyzed from end of June to mid-
September. Though it was timely sown in both the 

years it shows sharp fall from the peak in year 2013 
due to heavy rainfall in September( Fig. 12) which 
lead to water logging condition and growth of 
plants was deteriorated.  

(a) 

(b) 

(c) 

 (d) 

Fig. 9: (a) &(b) HH backscatter of Vadodara and 
Bharuch district for 2013-14 and 2014-15 (c)& (d) 
HV backscatter of Vadodara and Bharuch district 

for 2013-14 and 2014-15 

Fig. 10: Rainfall departure for study area in year 2013 and 2014 
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c.)  Late sown: As shown and elaborated in Fig. 4, 
late sown was observed in cotton crop during 
2014 compared to 2013 and it was verified by 
backscatter signature for some parts of study 
districts. High backscatter values represent soil 
backscatter in first date as the sowing was done 
in mid-July due to less rainfall in the June month 
for all districts ( Fig. 11).  

Fig. 11 (a) HH (b) HV backscatter for late sown 
cotton in year 2014 

Separability study was shown by 
confusion matrix (Table 2) for cotton, groundnut and 
other major land covers for kharif 2013-14 and 
2014-15.  

Table 2 Confusion matrix for all the land cover 
classes for  2013-14 and  2014-15 

Land cover 2013-14 2014-15 

Cotton 89.6 92.31

Groundnut 87.0 92.83

Other Vegetation 87.4 85.23 

Urban 96.0 100

Fallow 92.3 93.6

Water 98.4 100

Average Accuracy 91.78% 92.32% 

Overall accuracy 91.13% 94.86% 

Kappa coefficient 0.901 0.923 

The overall accuracy for cotton crop was 
found to be 89.6 per cent and 92.3 per cent in the 
year 2013-14 and 2014-15, respectively. Groundnut 
was classified with accuracy of 87 per cent and 
82.8 per cent in consecutive years. Though cotton 
and groundnut are the same season crop, the wide 
difference in their crop calendar distinguishes them 
in the SAR image. The long crop season of cotton 
and harvest of the groundnut crop are well picked 
up by the dual –polarized SAR data. 

CONCLUSION 

The SAR signature investigations for identification 
of cotton  and groundnut crops using RISAT-1 data 
had shown promising results for crop growth 
profile by backscatter signature study during the 
critical period of growth. Analysis of multi-
temporal SAR signatures of cotton, groundnut and 
other land cover classes of study area led to viable 
classification output. Two years’ temporal  analysis 
shows temporal variation in backscatter signature 
and by studying this variations cotton crop can be 
classified in early sown, timely sown and late sown 
area using knowledge based decision rule model. 
This resulted in cotton being classified from 
groundnut and other land covers with more than 89 
per cent of accuracy. Groundnut can be classified 
with approximately 85 per cent accuracy. The 
methodology demonstrated in this article forms 
basis for early area estimation of cotton crop by 
mid-September when optical channel data remains 
unavailable to the remote sensing community. 
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ABSTRACT 
Remotely sensed satellite data by Resource Sat-I (IRS-P6) and IRS 1D, LISS-III was used to 

estimate the potential of power generation from available forest biomass in Haryana state of India. The 
geometric correction of digital data was done using geo-referenced master image as reference with 
uniformly distributed Ground Control Points (GCPs). The assessment of biomass resources had been 
done on 1:50,000 scale using satellite data and Arc GIS software. Biomass resources in sufficient amount 
are available to meet the world’s energy demand. These resources are available on cost competitive rates 
for labour inputs and transportation. Therefore, biomass based power generation is an attractive option to 
meet the growing energy demands. The study revealed that, twelve districts of northern and ten districts of 
southern zone of the state contributes nearly 78.3 per cent and 21.7 per cent biomass of the total in the 
state, respectively. The total biomass from forest and plantation was calculated as 7971.07 x 103 tons 
including 61 per cent good forest, 29 per cent degraded forest and 10 per cent plantation biomass. 
 Moreover, of the total potential of power generation of 981.58 MW per year, maximum contribution 
was computed in District Panchkula (37%) followed by Yamunanagar (16%), Kaithal (7.8%) and 
Mahendergarh (5.8%) in the state. 

Keywords: satellite data, Power generation, Energy, Forest, Biomass 

All living and non living activities in 
the universe directly or indirectly depend upon 
energy. India has a large potential for 
harnessing renewable energy sources and ranks 
fifth in the world in terms of installed 
renewable energy capacity, with more than 5 
percent of the world’s capacity in 2008. The 
Haryana state is ranked fourth in terms of 
proportion of electrified with 80.5 per cent 
after Himachal Pradesh, Goa and Punjab in the 
country. The growing population and small 
scale industries are pushing the use of 
traditional sources of energy (forest and 
agricultural biomass) beyond the sustainable 
generation capacity of the existing forest and 
farm lands. One of the non-conventional sources 
of energy is biomass that is available mainly as a 
by-product of crop production, and from forest 
wastes as agro processing or wood based industry 
(Chauhan et al, 2010). According to Lohan et al, 
(2012), the average growing stock volume 
density and average biomass density in Indian 
forests is about 74.42 m3 ha-1 and 135.6 tones ha-1 
respectively. This biomass can be very 
effectively converted into energy using pyrolysis 
and gasification technologies. The estimation of 
biomass is a challenging task, especially in the 
areas with complex forest stand structure and 
environmental conditions (Lu, 2006) and requires 
accurate and consistent measurement methods 
(Thenkabail et al, 2006). According to Overman 
et al, (1994), Traditionally, two methods are 
available for determination of biomass.  

The first method is destructive 
sampling, which involves the complete 
harvesting of plots and subsequent extrapolation 
to a unit area of hectare (Klinge 
et al., 1975). The second method was developed 
based on the functional relationship that 
approximates the biomass of the tree component 
or the total biomass of single trees according to 
more easily measured variables, such as diameter 
at breast height or height. Both these traditional 
methods are accurate but destructive in nature, 
extremely time consuming, costly and generally 
limited to small areas and small tree samples 
sizes (Ketterings et al, 2001 and Hyde et al, 
2001) and would be difficult to implement at 
regional or national level (Keller  et al, 2001). 

As an alternative to traditional field 
methods, remote sensing techniques have been 
examined and a number of studies have been 
conducted (Nelson et al, 1988). Zachary et al, 
(2005) suggested that the advantages of remote 
sensing include the ability to obtain 
measurements from every location in the forest, 
the speed with which remotely-sensed data can 
be collected and processed, the relatively low 
cost and the ability to collect data easily in areas 
which are difficult to access on the ground. 
However, according to Steininger et al, (2000) 
and Lu, (2002), the estimation of forest biomass 
using optical satellite data is very common and 
many researchers have evaluated the capability of 
optical satellite data for biomass estimation using 
different types of data and image processing 
techniques.  
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This study emphasized on the key 
issues of converting the biomass into power 
generation, which would be useful for various 
biomass stalk holders such as farmers, agro 
industry owners, NGOs, policy formulators and 
decision makers. The study will also expected to 
provide some lead to Government to plan for the 
future prospects for utilizing surplus biomass for 
energy generation in eco-friendly manner and 
sustainable energy development. 

MATERIALS AND METHODS 
Profile of Haryana State 

Haryana is a small state situated 
between 27o29’ to 30o56’ N latitudes and 
74o27’ to 77o36’ E longitudes, covering an 
area of about 44,212 sq. km (1.4 % of total 
geographical area of India). The location map 
of the study area is shown as Fig.1.  

Fig.1. Location map of Haryana state 

It occupies 1.35% of the total area of 
the country having seventeenth position in area as 
compared with other states and Union Territories 
(Annoy, 2011). Most of the land of Haryana is 
flat, covered with loamy soil which is very 
suitable for agriculture. It is fertile and slopes 
from north to south with a height above the sea 
level averaging between 200 and 300 m. The 
Aravali hills are dry hilly areas and are one of the 
world's oldest hill ranges and are considered to be 
the last natural barrier preventing the western 
desert. Haryana has four main geographical 
features: Shivalik hills, Ghaggar Yamuna plain, 
semi-desert sandy plain and Aravali hills. 
Shivaliks hills are the source of the rivers like 
Saraswati, Ghaggar, Tangri and Markanda; parts 
of Panchkula, Ambala and Yamunanagar 
districts. Two major type of natural forests are in 

the state i.e. Tropical dry deciduous forest 
(northern zone in Shivaliks) and Tropical thorn 
forest (southern arid and semi arid zone). In 
the northern part of the state, vegetation of 
subtropical broad leaves forest type is found 
and subtropical pine forests are found in 
Shivaliks. 

For comprising the study the state 
was divided into two zones on the basis of 
dominant species and agro climatic conditions. 
Zone–I includes Ambala, Faridabad, Jhajjar, 
Jind, Kaithal, Karnal, Kurukshetra, Panchkula, 
Panipat, Rohtak, Sonipat and Yamunanagar 
districts whereas zone- II comprises Bhiwani, 
Fatehabad, Gurgaon, Hisar, Mahendergarh, 
Mewat, Palwal,  Rewari and Sirsa districts.  

The foliage or looping biomass was 
taken from the trees with different time 
intervals depending upon the species growth 
pattern. The above ground biomass without 
falling the trees was assumed on the basis of 
equations given by Tiwari, (1986). As per the 
canopy cover, forest was divided in two 
categories i.e. Good forest (canopy cover more 
than 40%) and open/degraded forest (canopy 
cover below 40%). Plantations biomass of 
private/farmers land was estimated separately.  
Data Used

The study aimed at deriving maximum 
possible information of biomass using the 
remotely sensed data. Multi-temporal optical 
data of ResourceSat-1 (IRS-P6) and IRS 1D 
LISSIII Sensor was used for the present study. 
The detail of LISS-III sensors is presented in 
Table 1. LISS-III sensor has the capability of 
providing data at 24/25 days interval with a 
swath of 141 km. The data acquired for July to 
October 2007 and December 2007 to March 
2008 to estimate total biomass of forest as well 
as plantations in the state. Satellite data which 
was available in raster form needed to be geo-
referenced to a map coordinate system so as to 
generate spatial information to be used 
subsequently in a GIS environment.  

The process of geo-referencing 
involves assigning a coordinate system & 
transforming raster image to input coordinates 
system which enables viewing, querying & 
analyzing the geographic data. The geometric 
correction of digital data was done using geo-
referenced master image as reference with 
uniformly distributed Ground Control Points 
(GCPs). The assessment of biomass resources 
has been done on 1:50,000 scale using satellite 
data and Arc GIS software. 
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Table 1  Specifications of LISS-III sensor 
Parameter Specifications

Spectral Band (nm) B2: 520-590 (Green); B3: 620-680 (Red); 
B4: 770-860 (NIR);  
B5: 1550-1700 (SWIR) 

Spatial Resolution 23.5m 
Radiometric Resolution 7 bit 
Temporal Resolution 24 days 
Swath-width 141 km

Table 2  Image interpretation key 
Interpreted units Tone Size Shape Texture Association 

Build up land Bluish Grey Varying Definite Coarse Streets 

Plantations Dark red Varying Definite/ 
Irregular 

Coarse with 
mottling 

Agricultural land, 
common land 

Dense Dark red Varying Irregular Coarse with 
mottling 

Notified forest 
areas, hills 

Open Dark grey Varying Irregular Coarse with 
dark mottling 

Notified forest 
areas, Hills 
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Study area 
The study was conducted to obtain 

information on forest biomass at the level of 
possible managerial limits. The interpretation of 
the satellite data was done by using on-screen 
digitization technique based on image 
characteristics such as color, texture, tone, 
pattern, shape and association etc. as shown in 
Table 2. The methodology flow chart is also 
shown as Fig 2. Ground truth survey was carried 
out to cross check and verify doubtful and 
confusing signatures. The biomass of the area 
under Municipal Council, military area, 
Institutes, Industries and golf course was not 
included in the present study. However LISS-III 
digital data has its own limitations like strip 
plantations and minimum mappable unit area in 
block plantation could not be identified.  Ground 
truth and in-situ measurements are important 
inputs for remote sensing data analysis. These are 
used to classify the data as well as to verify the 
accuracy of the outputs obtained. Ground truth 
was collected during different seasons by visiting 
the fields and noting down the forest cover 
information at selected sites. The geographical 
locations were also recorded by using Global 
Positioning System (GPS) of ground truth sites.  
Potential of Power Generation 

The agricultural and forest residue/biomass 
has growing potential for electricity and 
combined heat and power (CHP) generation. 
Although six different energy conversion 
technologies are available worldwide in principle 
for power generation directly or indirectly viz. 
combustion, gasification, pyrolysis (bio-oil), 
carbonization, biomethanation and hydrolysis 
followed by fermentation. However, according to 
Gadde et al,  (2008), only the combustion 
technology is currently commercialized and other 
technologies are at different stages of 
development. The advantage of combustion is 
that the technology used is similar to that of a 
thermal plant based on coal with steam 
generation. The net power cycle efficiencies that 
can be achieved are between 23-25% (MNRE, 
2013). Potential to electrical power generation is 
computed by multiplying total biomass 
availability with energy content of biomass and 
net power cycle efficiency. This projection 
assumes that the total biomass residue is 
restricted for electrical output in its end use. 
Potential for power generation from biomass is 
calculated as follows 

Power generation potential (MWe) = 
Total available biomass (kilo-tons/yr) x 
Energy content of biomass (MJ/kg) x 
Net power cycle efficiency. 

The energy content of biomass (on a 
dry, ash-free basis) is similar for all plant species, 

lying in the range 17–21 MJ/kg. For calculation 
work, lower range values had been taken with an 
assumption of taking minimum possible power 
generation potential on yearly basis. 

RESULTS AND DISCUSSION 
Availability of forest Biomass in the state 

The pure plantations of Poplar sp., 
Eucalyptus sp. and Acacia sp. in different 
districts are available. Total forest and plantations 
above ground biomass of Haryana is 7917.07 × 
103 tons. The good forest biomass contributed 
about 61% including 8.2 % foliage biomass of 
the total biomass available from forest in the 
state. The degraded forest contributed about 29 % 
total which includes about 3.94 % foliage 
biomass; however plantation biomass contributed 
about 9.9 % of the total available biomass. 
District wise foliage and total biomass of good 
forest, degraded forest and plantation is depicted 
in Fig 3 and Table 3. Districts of northern (zone-
I) and southern (zone –II) parts in the state
contributed nearly 78.27 % and 21.73 % biomass 
of the total in the state, respectively. Most of the 
forest is available on Shivalik hills of northern 
part of the state. Panchkula & Yamunanagar 
districts have favorable climate for the growth of 
rich and abundant vegetation due to reasonably 
good rainfall and elevation. Out of 21 districts in 
the state these two districts i.e. Panchkula 
(35.81%) and Yamunanagar (16.37%) 
contributed maximum forest and plantation 
biomass, whereas rest of the 19 districts 
contributed about 47.3 % of total biomass (Fig 
3). From good forest the foliage biomass (annual 
letter fall) comprises maximum in District 
Panchkula (37.6%) followed by Kaithal (12.0%) 
and Yamunanagar (11.75%). From degraded 
forest the maximum foliage biomass was 
contributed by District Panchkula (39.6%) 
followed by Yamunanagar (20.5%) and 
Faridabad (16.2%). However the plantation 
biomass was maximum contributed by District 
Yamunanagar (31.5%), Ambala (17.4%) and 
Karnal (10.8%). Panchkula district has abundant 
plantations of Eucalyptus sp. and Poplar sp. 
which are planted near tabar, sarkpur, mauli, 
golpur, sultanpur and sarkpur villages. The 
transitional location of the Yamunanagar district 
between the outer Himalayas and the Yamuna 
upland plain has enriched it with a topographical 
variety. The dominant species available in both 
districts are  Grevilla robusta, Albizia lebbeck, 
Tectona grandis, Eucalyptus spp., Shorea 
robusta, Acacia nilotica, Acacia catechu, 
Dalbergia sissoo Termanlia arjuna, Acer 
apecies, Anogeissus latifolia, Cassia fistula, 
Butea monosperma and Bauhinia purpurea 
(Singh, 1996). 
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Fig. 3. District wise biomass of forest & plantation 
The south western part (zone-II) of 

Haryana is dry with sandy with sandy soils. 
Particularly in southern arid belt of the state, 
forest cover is very less and the vegetation is 
scanty, xerophytic and widely dispersed. Most 
of the forest is available on the Aravalli hills 
and contributed about 22 % of the total 
biomass in the state. In this zone, maximum 
biomass was found in Mahendragarh 522 × 103 

tons (8.8%) followed by Mewat with 499 × 103 

tons (6%) biomass. Fatehabad, Hisar, Plawal, 
Sirsa and Faridabad are the districts which 
contributed least biomass i.e. 0.15%, 0.22%, 
0.38%, 0.39% and 0.50%, respectively. Open 
forest biomass was not available in Jind, 
Fatehabad, Sirsa districts. The adverse 
environmental factors in this zone of the state 
create a problem of seedling establishment and 
plantation. As a result of this, the seedling 
mortality is high and forest area is less. The 
species dominant in Aravalli hills are 
Salvadora oleoide, Acacia Arabica, 
Azadirachta indica, prosophis cineraria, 
Acacia tortilis, prosopis juliflora, Acacia 
nilotica, and Zizphus spp. (Singh, 1996). 
Potential of Power Generation 

Potential of power generation from 
forest and plantation biomass was calculated as 
1070 MW per year. Maximum contribution 
potential of power generation was computed in 

District Panchkula (35.8%) followed by 
Yamunanagar (16.3%), Kaithal (7.8%) and 
Distt. Mahendergarh (5.8%) in the state. 
However, Fatehabad, Hisar, Palwal Sirsa and 
Rohatak are the districts that contributed least 
percentage (<0.5%) of power from the net surplus 
biomass in the State (Table 4). Due to over 
exploitation of trees, the region has been facing the 
shortage of fuel, fodder and timber. There are 
many factors like increasing demand of fuel wood, 
fodder and timber resulting in depletion of forest 
area. The unawareness of local people, faulty 
agricultural practice, increasing human and 
livestock population are the major factors of 
deforestation. With the improved technology, the 
available biomass has the potential to provide 
sufficient energy (CHP), especially to the rural 
areas in an environmental friendly way. 
Production of bio-energy from forest residues 

The collected forest residues can 
be  efficiently  utilised  as  a  source  of energy 
using anaerobic digestion, pyroloysis and 
gasification technologies which  is  of  interest 
worldwide because of its environmental 
advantages. The usage of forest residue for 
energy production and as substitute for fossil fuels 
offers  an  immediate  solution  for  the  reduction  
of  CO2  content  in  the  atmosphere. However, 
residue is characterized by low bulk-density and 
low energy yield per weight basis.  
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The forest biomass can be used for 
production of biogas. The process yields good 
quality of gas with 55-60% of methane and the 
spent slurry can be used as manure (Lohan et al, 
2015 and Koopman and Koppejan, 1997). This 
process promises a method to utilize forest 
residues in a non-destructive way to extract high 
quality fuel gas and produce manure to be 
recycled in soil. One ton of biomass can be used 
for generation of 300 kWh of electricity through 
gasification. The gasification process breaks 
down biomass completely to yield energy rich 
gaseous products after initial pyrolysis (Lohan 
and Sharma, 2012). The conversion of ligno-
cellulosic biomass into bio-based alcohol 
production is of immense importance and is a 
researchable issue as ethanol can be either 
blended with gasoline as a fuel extender and 
octane-enhancing agent or used as a neat fuel in 
internal combustion engines (Lohan et al, 2013).  

It has got advantages in terms of its 
efficiency as an energy source, its use as a 
fertilizer when mixed with soil, its ability to 
stabilize as well as reduce emissions of 
harmful gases in the atmosphere. Biochar is 
high carbon material and can be produced from 
the slow pyrolysis (heating in the absence of 
oxygen) of biomass. Biochar can also 
potentially play a major role in the long-term 
storage of carbon. Biochar increases the 
fertility, water retention capability of the soil 
as well as increasing the rate of mineral 
delivery to roots of the plants. Fast pyrolysis of 
forest residues requires the temperature of 
biomass to be raised to 400-500 oC within few 
seconds. This results in a remarkable change in 
the thermal disintegration process. The 
residues can be composted by using it as 
animal bedding and then heaping in dung pit. 
Each kg of straw absorbs about 2-3 kg of urine 
from the animal shed. It can also be composted 
by alternative methods on the farm itself. The 
residues of rice from one hectare give about 
3.2 tons of manure as rich in nutrients as 
farmyard manure. 

CONCLUSION 
Districts of northern zone and southern zone 

of the Haryana state contributed nearly 78 per 
cent and 22 per cent biomass of the total in the 
state, respectively. Of the total biomass from 
forest and plantation (7917 x 103 tons), the good 
forest, degraded forest and plantation biomass 
contributed about 61, 29.1 9.9 per cent 
respectively. The maximum biomass from the 
forest was assessed in the district Panchkula, i.e. 
38 per cent from good forest, 40 per cent from 
degraded forest, however plantation biomass was 
maximum in district Yamunanagar (31.5%). Of 
the total potential of power generation (981.58 

MW) per year, district Panchkula (35.8%) has 
contributed maximum followed by Yamunanagar 
(16.3%), Kaithal (7.8%) and Mahendergarh 
(5.8%) in the state. 
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ABSTRACT 

A factorial experiment was laid out in split- split plot design at the Research Farm of School of Climate 
Change and Agricultural Meteorology, Punjab Agricultural University, Ludhiana to study spectral response and 
understand relationships between growth parameters and spectral characteristics under varying nitrogen levels. The 
experiment comprised of three temperature regimes (D1=October 30, D2=November 15 and D3= November 30) in 
main plot, three nitrogen levels {N1=RDF (Recommended dose of N), N2=125% RDF (25% more than 
recommended N), N3=150% RDF (50% more than recommended N)} in sub-plot and four post-anthesis strategies 
(P0=Control, P1=Water sprayed, P2=Foliar spray of ZnSO4.7H2O (0.5%), P3= Thiourea (10 mM) at anthesis and 20 days 
after anthesis in sub-sub plot during 2013-14 and 2014-15. The values of spectral vegetation indices were lower under 
RDF and highest 150% RDF. The maxima of spectral reflectance and indices were observed at 90 days after sowing 
coinciding with peak LAI under all the nitrogen levels. The significant correlations were observed between growth 
parameters and vegetation indices at booting stage of wheat. Crop nutrient conditions assessed from spectral reflectance 
and vegetation indices can prove highly beneficial for taking appropriate crop management decisions and improve input 
use efficiency in agriculture. 

Key words: Wheat, spectral reflectance, vegetation indices, nitrogen management 

Wheat is the most important crop of India 
and largest cultivated cereal crop in world. Among 
the various inputs used during crop growing season, 
fertilizer (nutrients) used for the crop is one of the 
important inputs which contribute to wheat 
productivity. The major constraint for low 
productivity of wheat is nitrogen stress during 
different stages of crop growth. Nitrogen has 
traditionally been considered as one of the most 
important nutrients. Nitrogen deficiencies can 
seriously reduce economic returns for farmers. 
Detection of nitrogen stress during crop growth 
period is most important for timely and required 
amount of nitrogen application to the plant. Remote 
sensing techniques can be used to detect nitrogen 
deficiency in crops by calculating vegetation indices 
at different growth stages using reflected radiation from 
crop canopy (Mirik et al., 2012). Important reflectance 
wavelengths can be identified using the different 
vegetation indices (NDVI, GNDVI, DVI, RVI and GI) 
for the prediction of N concentration changes at different 
growth stages (Osborne et al., 2002).  

The spectral region between the red 
absorption and NIR reflectance, termed as ‘‘red 
edge’’ is correlated with nitrogen deficiency (Zhu et 
al., 2008). Therefore, measurements of reflected 
energy from crop canopies can be used to estimate N 
deficiency (Haboudane et al., 2002). The vegetation 
indices derived from reflectance data can be related to 

canopy variables such as biomass, leaf area index (LAI), 
plant height and finally to yield. Keeping these facts in 
view, an attempt has been made to study the spectral 
indices for detection of nitrogen stress detection and 
their relationship with crop growth parameters. The 
present study was conducted for developing the 
relationships between spectral reflectance and different 
growth parameters under variable nitrogen levels to 
investigate their effect on wheat yield. 

MATERIAL AND METHODS 
Field experiment 

A factorial experiment was laid out in split- 
split plot design at the Research farm of School of 
Climate Change and Agricultural Meteorology, Punjab 
Agricultural University, Ludhiana with three temperature 
regimes (D1=October 30, D2=November 15 and D3= 
November 30) in main plot, three nitrogen levels 
(N1=RDF (Recommended dose of N), N2=125 per cent 
RDF (25% more than recommended N), N3=150 per cent 
RDF (50% more than recommended N) in sub plot and 
four post- anthesis strategies (P0=Control, P1=Water 
sprayed, P2=Foliar spray of ZnSO4.7H2O (0.5%), P3= 
Thiourea (10 mM) at anthesis and 20 days after anthesis 
in sub-sub plot during both years.  The Nitrogen was 
applied in two splits i.e. half of N was applied at the time 
of sowing and remaining after first irrigation.  
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Measurement of crop biometric parameters 
The data on various crop biometric 

parameters like leaf area index (LAI), plant height and 
dry matter accumulation were recorded at different 
crop growth stages starting. The leaf area index was 
recorded at 30 days interval with the help of calibrated 
Plant Canopy Analyzer (LICOR-make). Grain yield 
and yield contributing characters were recorded at the 
time of harvest of crop. 
Measurement of spectral reflectance 

Multiband spectral data was recorded with 
the help of multiband ground truth radiometer (Model-
41) developed by Space Application Centre (SAC)
Ahmedabad. The spectral reflectance were measured 
in four IRS bands viz., MSS4 (0.44 -0.50 m); MSS5 
(0.52 to 0.58 m), MSS6 (0.62 - 0.69 m) and MSS7 
(0.77 to 0.81 m) at one meter height above the canopy 
at 30 days intervals on cloud free days between 1000-
1200 hrs through-out the growing season. Various 
vegetation indices viz. Normalized difference 
vegetation index (NDVI) (Rouse et al., 1974), 
Difference vegetation index (DVI) (Tucker 1979), 
Ratio vegetation index or Simple ratio (RVI) (Jordan 
1969), Green normalized difference vegetation index 
(GNDVI) (Gitelson et al., 1996) and Greenness index 
(GI) (Zarco-Tejada et al., 1999) were calculated. The 
relationship of growth parameters (plant height, dry 
matter and leaf area index), yield and yield 
contributing characters with different vegetation 
indices were studied under different thermal regimes, 
nitrogen levels and post anthesis strategies. 

RESULTS AND DISCUSSION 
Spectral vegetation indices and nitrogen levels 

The indices derived in V-NIR region like 
NDVI, GI, RVI, GNDVI and DVI increased in the 
early vegetative period up to full vegetative growth at 
90-105 DAS and declined thereafter in all the 
treatments. It was found that the values of NDVI, DVI, 
GNDVI, RVI and GI in pooled analysis were 
significantly higher in 150% RDF treatment as 
compared to 125% RDF and RDF treatments (P<0.05) 
(Fig. 1). As application of higher doses of the fertilizer 
kept the crop greener for a longer time in addition to 
its profuse canopy and vigour resulting. As plant 
senescence affects the reflectance properties of plants 
thus vegetation indices viz., NDVI, GI, RVI, GNDVI 
and DI have decreased towards maturity. Similar 
results were also obtained by Prasad et al., (2007). 
Relationship between spectral vegetation indices and 
plant growth parameters 

Spectral indices recorded at booting stage 
were significantly better correlated with plant 

parameters (R2 values varied between 0.41 and 0.88) 
as compared to other phenological stages (Table 1). It 
also confirms the results presented by Rama chandiran 
and Pazhenivelan 2017. This might be due to more 
ground coverage by the crop at this stage as compared 
to other growth stages (Jayshree 
et al., 2013). Normalized difference vegetation index 
(NDVI) was having best correlation with all the plant 
growth parameters (Fig. 2). At the booting stage, leaf 
area index (LAI), dry matter accumulation and plant 
height depicted significant value of coefficient of 
determination (R2) of 0.88, 0.85 and 0.76 respectively 
with NDVI. Kadam et al., (2015) also reported the 
similar findings. 
Yield and yield contributing characters as influenced 
by thermal regimes, nitrogen levels  

The thermal regimes had a significant effect 
on the number of effective tillers production, ear 
length, number of grains per ear and 1000 grain weight 
with highest values in crop sown on 30th October 
(Table 2). The increase in ear length resulted in higher 
number of grains per ear and 1000 grain weight under 
early sown crop. An increase in number of effective 
tillers, ear length, number of grains/ear and 1000 grain 
weight were recorded with increasing N-levels from 
RDF to 150 per cent RDF treatments which might be 
due to application and availability of more nutrients. 
Iqbal et al., (2012) also reported similar findings. 

Among the thermal regimes, October 30 
sown crop recorded the highest biological, straw and 
grain yields as compared to November 15 and 
November 30 sowing (Table 2). Similar results were 
also reported by Gill et al., (2011).The maximum 
biological yield (126.04 q/ha) was recorded under 150 
per cent RDF followed by 125 per cent RDF (123.24 
q/ha) and RDF (116.34 q/ha) during pooled analysis. 
The significant increase in yield might be due to better 
nutrient availability in 150 per cent RDF as compared 
to 125 per cent RDF and RDF treatments.  
Relationship between spectral vegetation indices with 
yield and yield contributing characters 

The significant values of correlations 
coefficients of different spectral indices with yield and 
yield contributing characters were obtained.  Amongst 
the various indices studied, the best correlations were 
noticed between NDVI with effective tillers, ear 
length, number of grains per ear, 1000 grain weight 
and grain yield having R2 value of 0.65, 0.56, 0.63, 
0.77 and 0.74 respectively (Kaur et al., 2016). 
However correlation of all other indices (GNDVI, 
DVI, GI and RVI) with yield and yield attributing 
characters were also found good and can be used in 
decision support system for yield forecasting models. 
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Fig. 1: Spectral vegetation indices under variable N-levels at different 
phenological stages of wheat (Pooled analysis) 

Table 1: Correlation coefficients between plant growth parameters and spectral vegetation indices at 
different growth stages of wheat (Pooled analysis) 
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Table 2 Effect of thermal regimes, nitrogen levels and post-anthesis strategies on yield and yield contributing 
characters of wheat (Pooled analysis) 

Treatment Yield and yield contributing characters 
Effective 
tillers per 

m2 

Ear length 
(cm) 

No. of 
grains per 

ear 

1000-grain 
weight (g) 

Biological 
yield 

(q/ha) 

Straw 
yield 

(q/ha) 

Grain 
yield 

(q/ha) 
Thermal regimes 

October 30 418 12.0 45.7 40.0 130.52 81.80 48.72 
November 15 389 11.3 39.6 34.4 121.59 76.93 44.66 
November 30 353 10.7 32.6 28.5 113.51 72.50 41.00 
CD (p=0.05) 40.9 0.9 2.8 2.2 9.81 5.22 2.73 

Nitrogen levels 
RDF 355 10.8 33.0 25.5 116.34 73.83 42.51 
125% RDF 379 11.1 38.7 35.1 123.24 78.04 45.20 
150% RDF 426 12.0 46.1 42.3 126.04 79.36 46.68 
CD (p=0.05) 31.7 0.4 2.5 1.7 5.39 3.13 1.85 

Post- anthesis strategies 
Control 385 11.3 38.6 31.6 120.85 77.58 43.26 
Water sprayed 386 11.3 39.2 33.6 121.25 77.40 43.84 
ZnSO4.7H2O (0.5%) 388 11.4 40.2 36.9 123.27 76.98 46.29 
Thiourea (10mM) 387 11.3 39.1 35.2 122.13 76.35 45.77 
CD (p=0.05) NS NS NS 2.4 NS NS NS 

Table 3: Correlation coefficients between yield and yield contributing characters and spectral vegetation indices 
(pooled analysis) 

Vegetation 
indices 

Yield and yield contributing characters 
Effective tillers per 

m2 
Ear length 

(cm) 
No. of grains per 

ear 
1000-grain 
weight (g) 

Grain yield 
(q/ha) 

NDVI 0.65 0.56 0.63 0.77 0.74 
DVI 0.47 0.53 0.48 0.57 0.62 
RVI 0.59 0.51 0.64 0.72 0.70 
GNDVI 0.50 0.47 0.61 0.75 0.58 
GI 0.43 0.51 0.57 0.63 0.55 

Values significant at p < 0.05 and p < 0.01 

Fig. 2 Relationship between different growth parameters and NDVI at booting stage of wheat 
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CONCLUSIONS 
Strong correlation between leaf chlorophyll 

and leaf nitrogen content in green vegetation, remote 
sensing techniques have the potential to evaluate 
spatial variability over large agricultural fields with 
lower costs than the traditional plant destructive 
methods. Spectral data of V-NIR region can be used 
for estimation of different plant growth parameters of 
wheat crop. Among the different phenological phases 
of crop growth, best correlation between different plant 
growth parameters and vegetation indices were 
observed at booting stage of crop. Therefore, it can be 
concluded that among all indices, NDVI and RVI are 
equally good for estimation of different growth 
parameters and in future these can be used for 
improving the nitrogen use efficiency in crops. 
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ABSTRACT 
Brown planthopper (BPH),(Nilaparvata lugens (Stål.) Hemiptera: Delphacidae), is one of the notorious 

insect-pestsresponsible for large-scale devastation in rice crop. Scientists monitoring and modeling agriculture insect-
pest patterns generally use informationfrom in-situ meteorological stations which are sparsely distributed in a region 
and therefore,leads to a gap in the observation dataset. The present study involved developing brown planthopper 
fore-warning model for peak population, utilizing ground based weather parameters and remote sensing derived 
vegetation indices (NDVI, EVI, LSWI) and land surface temperature. Weather indices based regression model 
involved computation of two indices viz., accumulated and distribution index. Predictor variables were first lag-
correlated with the peak brown planthopper population for eight years (2002-2004 & 2007-2011). Significant 
variables were then selected with the help of stepwise regression technique. Results showed that 38th week is the best 
time for prediction of peak population of brown planthopper in rice, supported by high coefficient of determination 
(0.98) and less MSE (0.054) where relative humidity (morning and evening) and Land Surface Wetness Index 
(LSWI) are responsible for build-up or decline of BPH population to peak level.  

Keywords: Prediction modeling, brown planthopper, weather indices based model, insect-pestand weather 

Among several insect-pests of rice, brown 
planthopper (BPH), (Nilaparvata lugens (Stål.) 
Hemipterans: Delphacidae), is responsible for large-
scale devastation in rice crop and results in economic 
crop losses which can be as high as 60 per cent. It has 
been a cause of great concern since green revolution, has 
led to outbreaks and crop failure throughout the country 
for example, in North India, in 2008. Understanding of 
pest-weather relationship is of paramount importance 
for effective pest suppression. Besides, knowledge of 
the seasonal abundance and pest build up trend is 
essential to ensure timely preparedness to tackle 
impending pest problems and prevent crop losses (Das 
et al., 2008). 
Role of remote sensing derived weather parameters in 
the insect-pest modeling  

Scientists monitoring and modelling 
agriculture insect-pest patterns generally use 
information from in-situ meteorological stations which 
are sparsely distributed in a region and therefore, leads 
to a gap in the observation dataset (Baoet al., 2011). 
Weather parameters when retrieved from satellite data 
having fine spatial and temporal resolution has an 
advantage of recording spatial variability of weather 
parameters, and this can be advantageous in terms of 
predicting insect-pest population with respect to its 
temperature and other development thresholds. Brown 
plant hopper population fluctuates according to dynamic 
conditions of biotic and abiotic factors such as 
temperature, rainfall and relative humidity (Heong et al., 
2007). Studies have already been conducted for 

developing afore-warning model of brown plant hopper 
for different regions using information from the ground 
weather station and few studies have been conducted 
incorporating remote sensing for prediction of an insect-
pest population. However, involving both ground based 
weather station data and satellite data for developing 
afore-warning model for brown plant hopper is quite 
new. The present study was an attempt of developing 
brown plant hopper fore-warning model for predicting 
outbreak of the pest in advance, utilizing ground based 
weather parameters and remote sensing derived 
vegetation indices (NDVI, EVI, LSWI) and land surface 
temperature (day, night and day and night difference). 

MATERIALS AND METHODS 
Study area and data required 
Remote sensing derived parameters and 

meteorological data, entomological data were used for 
developing a fore-warning model for Ludhiana region of 
Ludhiana district.Materials used for the research work 
included remote sensing data where NASA Terra 
MODerate-resolution Imaging Spectroradiometer 
(MODIS) product was utilized for deriving land surface 
temperature. MODIS MOD11 A2 is the eight-day 
composite land surface temperature data of 1-Km day 
and night (10:30 AM/PM) LST product.The MOD 
11A2 eight-day data are an average of clear-sky values. 
Eight-day composite values have the advantage over 
daily LST data as eight-day LST data minimizes the loss 
of data due to clouds to a larger extent. Besides this, 
MODIS derived surface reflectance (MOD09 A1) Terra 
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product for deriving vegetation indices viz. NDVI, EVI, 
land surface wetness index. Ten years’ (2002-2004 & 
2007-2013) historical weather parameters data from 
Ludhiana was also procured. Entomology data including 
BPH population survey data (pest intensity and counts) 
for the past eight (2002-2004 & 2007-2011) years, for 
Ludhiana region was utilized for developing a fore-
warning model of BPH with respect to weather data. 
Brown planthopper population was monitored using 
light trap at 75.80277 longitudes and 30.90083 latitude 
region, weekly. For validation, 2012 & 2013 years’ 
BPH and weather data were used. Source of entomology 
data of Brown planthopper: ICAR, New Delhi. 
Brown planthopper fore-warning model 

Before developing a fore-warning model, 
MODIS MOD11 A1 satellite data from which land 
surface temperature was retrieved, was pre-processed to 
convert from Kelvin to Celsius. To calculate vegetation 
indices and LST at rice fields in Ludhiana region, rice 
mask map was extracted by first creating NDVI of all 
images and then by classifying further using land use 
map of the district as the major cropping pattern of the 
region is wheat-rice.  

After generation of rice mask, vegetation 
indices and LST were computed of those regions of 
Ludhiana region where rice crop was grown using 
‘extract by the mask’ and ‘zonal statistic option’ in 
ArcGIS, and weighted mean was computed for all 8-day 
composite images from 2002 to 2004 & 2007 to 2011 
yearsduring rice season. The vegetation indices (NDVI, 
LSWI, and EVI) and land surface temperature (day, 
night and day-night difference) were computed from 
MODIS MOD09A1 surface reflectance data and 
MODIS MOD09A2 data (2002-2004 & 2007-2011) 
respectively, after re-projection and scaling. Land 
surface wetness index (LSWI) is sensitive to the total 
amount of vegetation liquid and also for soil 
backgroundand gives the status of moisture in and 
around rice canopy while Normalized difference 
vegetation index (NDVI)is a linear combination of NIR 
and RED bands, suggested by Tucker (1979) was used 

to estimate vegetation cover. Enhanced vegetation index 
(EVI) is an optimized vegetation index intended to 
improve the vegetation signal with enhanced sensitivity 
in high biomass regions and improved vegetation 
monitoring due to the reduction in atmospheric 
influences. The extent of weather influence on crop pest 
depends not only on the intensity of weather variables 
but also on the distribution behavior of weather 
parameters over the particular crop season. Therefore, in 
the present investigation, Weather Indices (WI) based 
regression model was utilized for developing the fore-
warning model where, for each predictor variable, two 
indices were developed, one as total of values of 
predictor variables in different weeks and the other 
oneas weighted total, weights being correlation 
coefficients between variable to forecast and weather 
variable in respective weeks. The first index gives the 
total amount of predictor variable received by the crop 
over the season while the second one takes care of the 
distribution of the predictor variable with reference to its 
significance in different weeks in relation to the variable 
to forecast (Agrawal, Mehta, Kumar, and Bhar, 2004). 
Ground weather station derived parameters included 
maximum temperature, minimum temperature, relative 
humidity (morning and evening), and rainfall. Thus, 
ground weather station derived parameters along with 
vegetation indices from satellite data, were stepwise 
regressed for selecting significant predictor variables to 
be included in the fore-warning model using SAS 
software. 

RESULTS AND DISCUSSION 
Analysis forthe development of a fore-warning model 
of brown planthopper 

The independent variables of eight years were 
lag correlated (up to five weeks) to the peak population 
of BPH population. Firstly, the lag-correlated 
independent variables were stepwise regressed with 
respect to brown planthopper peak incidence for a 
specific week without any interaction among the 
predictor variables. This approach has been used earlier 
by workers especially, in computing yield of field crops. 
However, the models developed had a very high value 
of RMSE coupled with large differences in the observed 
and predicted values which rendered them as failures as 
they were misleading and deterring the main purpose of 
the model i.e. prediction. Kumar et al. (2016) reported 
that for insect-pest development, instead of an individual 
variable, the cumulative effect of two or more variables 
and their distribution is more important and more related 
to the pest incidence than individual weather variables. 
Therefore, models were developed involvingan 
interaction of different predictor variables with respect 
to brown planthopper population was computed for 
different weeks.  
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The predictor variables were stepwise 
regressed in relation to peak brown planthopper 
population incidence using SAS software. As peak 
brown planthopper population in all the years occurred 
between September 4th week and October 3rd week, so, 
observations only up to October 2nd week were 
considered for model development. Among various 
models developed, the final fore-warning model was 
selected based on the highest coefficient of 
determination and other statistic measures.  
The final fore-warning model of brown planthopper 

Table 1 shows the result of stepwise regression 
for 38th-week model, which showed the highest 
coefficient of determination, least mean square error. All 
variables in the model were found to be significant, 
Z341, which indicates the interaction of morning and 
evening relative humidity with respect to peak BPH 
population in eight years, contributed the maximum to 
the model at 73.74 per cent and significant at 0.0030. 
Also, Z41 (evening relative humidity) contributed 13.62 
per cent variability to the model, significant at 0.0005. 
Z451 which showed the interaction of evening relative 
humidity and land surface wetness index contributed 
11.58 per cent to the model. Thus, 38th-week model is 
significant (F = 154.18, p < 0.0001) indicating that the 
model accounts for a significant portion of variation in 
the data (R2 = 0.98) and thus, was found to be the best 
fit model for the prediction of peak BPH population.  
Table 1 Result of final fore-warning model for brown 

planthopper (38th SMW) 

Hence, relative humidity and land surface 
wetness index were found to be important factors in the 
present investigation in influencing the progression and 
peak BPH population. Studies on diseases like fungal 
and bacterial also show relation of plant disease 
epidemiology and leaf surface wetness (Huber and 
Gillespie, 1992). The present investigation concurs with 
previous findings in a way that relative humidity is an 
important factor to influence the population levels of 
brown planthopper (Yadav et al., 2010). It was observed 
while investigation that land surface wetness index 
affects peak brown planthopper population and was 
more than 0.30 on an average for all years for few 
weeks before, and during peak population of the insect 
while relative humidity fluctuated between 70 to 90 per 
cent during September and thereafter, having influence 
on the hoppers’ population. 

Fig. 2 Observed and predicted graph in different years 
for brown planthopper 
Figure 2 shows observed and predicted pattern 

for peak brown planthopper population. Forecast values 
followthe observed pattern very closely, also depicted 
by a very high coefficient of determination of 0.98 and 
mean square error, 0.02. 
Table 2 Observed and forecast in years based on 

weather indices based regression model 

Table 3 shows the per cent deviation of 
forecast values from observed in different years. The 
observed values varied from 6.14 to 6571 while 
predicted values ranged between 8 and 10596. There 
was a close association between observed and predicted 
values for peak brown planthopper population count in 
the 38th standard meteorological week model. The 
lowest peak population was observed in 2004, the value 
being 6.14 average counts per light trap per week and 
the predicted value for this year was 8.00 per light traps. 
There was a surge in the peak BPH population from 
2010. The peak BPH population showed minimum 
deviation in forecasting in 2010, where both observed 
(539) and forecasted (538.50) population were quite 
close. As observed from the table, maximum deviation 
in the forecast values was observed in 2009 (40.68%) 
while minimum deviation was found in 2010 (0.09%). 
Validation of the fore-warning model 

Validation of the final fore-warning model for 
BPH was done for 2012 and 2013, for the same location 
by incorporating the relationship derived from the fore-
warning model, of the significant parameters and peak 
BPH population. Fore-warning model was validated 
with peak BPH light trap catch for 2012-2013 (Fig. 3). 
As compared to observed population, both in 2012 and 
2013, predicted peak BPH population was 
overestimated by the model. The observed peak 
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population was found to be 3.0 in 2012 whereas the 
forecasted was 3.72. There was very large scale 
infestation of BPH in 2013 in Ludhiana as the peak 
population reached 17685 BPH/light trap, for this 
predicted peak BPH population was 22357. 

Fig. 3 Validation of the fore-warning model 

Table 3 MAPE and RMSE of validation of the fore-
warning model 

MAPE MPE RMSE (%) R2 

11.51 7.01 7.37 0.98 
In some years, there was an overestimation of 

peak BPH population viz., 2004, 2007, 2009, 2012, and 
2013 while in others, under-estimation (2002, 2003, 
2008, and 2011) though very less difference was there 
and R2 was 0.98 (Table 3). As reported in annual report 
ofIARI, (IARI, 2014) in 2013, high humidity conditions 
created due to early onset of rains in June month, 
favoured fast multiplication of BPH resulting in 
outbreak of the pest. More vegetation to feed on, 
favorable conditions of humidity and moderate 
temperature resulted in the outbreak of BPH in 
Ludhiana district in 2013. This was validated from the 
fore-warning model. Validation showed very less value 
of mean absolute percentage error (MAPE), being 11.51 
and mean percentage error of 7.01. Observed RMSE 
from validation was 7.37 per cent. 

CONCLUSION 
Weather parameters greatly influence the 

growth, development and thus, progression or decline of 
the insect-pest population. This study involved 
utilizingobservations from both, ground- based weather 
station and remote sensing, for developing the 
prediction model of outbreak of brown planthopper in 
rice. Remote sensing derived LSWI along with an 
interaction of evening relative humidity had negative 
relationship with the peak BPH population while 
evening and morning relative humidity significantly 
affects the peak BPH population and its outbreak, as 
was seen in 2013.38th week is the best time for 
prediction of peak population of brown planthopper in 
rice by which the outbreak of this pest could be known 

in advance, so that timely control measures can be taken 
up to curtail the problem. The present study concurs 
with earlier studiesthat the interaction of parameters 
gives better results in the prediction of an insect-pest 
population. The study of developing afore-warning 
model using both ground-based weather station and 
remote sensing data was relatively new in India. 
Therefore, basic model was developed. More advanced 
modeling techniques involving machine learning tools 
can be explored for early warning prediction. Another 
parameter, growing degree days for particular insect-
pest, computed from the satellite data can be 
incorporated in the model which requires detailed 
investigation. 
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ABSTRACT 
Rice is the most important staple food in India, which play crucial role in daily requisite of diet. In the 

Gujarat state, rice occupies about 7-8 per cent of the gross cropped area and accounts for about 14 per cent of the 
total food grain production. In the present study statistical forecasting models were employed to provide forecast 
before harvest of crop for taking timely decisions. In this paper Multiple Linear Regression (MLR) technique was 
utilized for estimating average rice production in Valsad district of South Gujarat. The weather indices were 
developed utilizing week number as weight by weekly weather parameters for the year 1975 to 2010 and for the 
cross-validation of the developed forecast models were tested by utilizing data from 2010 to 2014. It is observed that 
value of Adj. R2 varied from 55.8 to 61.6 in different models. Based on the findings in the present study, it was 
observed that model-5 found to be better than all other models for pre harvest forecasting of rice crop yield. 

Keywords: Weather indices, MLR techniques, Forecast 

Indian economy is mainly based on 
agriculture and rice is the most important staple food 
in India as well as Asia. More than 90 per cent of the 
world’s rice is grown and consumed in Asia, where 60 
per cent of the world’s population lives. India ranks 
second with 154.6 million tonnes of paddy (FAO, 
2015). In the Gujarat state, rice occupies about 7 - 8 per 
cent of the gross cropped area of the state and accounts 
for around 14 per cent of the total food grain production. 
About 90 per cent of area under rice is confined to 
South and middle Gujarat. 

The productivity of the crop was highly 
influenced by weather parameters. Thus, development 
of forecasting models based on weather parameter for 
rice crop is very important role and developed pre-
harvest forecast models were utilized in making policy 
decision regarding export and import, food procurement 
and distribution, price policies and exercising several 
administrative measures for storage and marketing of 
agricultural commodities. Thus, the use of statistical 
models in forecasting food production and prices for 
agriculture hold great significance. Although no
statistical model can help in forecasting the values 
exactly but by knowing even approximate values can 
help in formulating future plans. 

MATERIALS AND METHODS 
The investigation was carried out in Navsari 

Agricultural University, Navsari. The study utilized 
secondary yearly yield data (Kharif season) and weekly 
weather data for 39 years (1975-2014) which were 
collected from the Directorate of Economics and 
Statistics, Government of Gujarat, Gandhinagar and 
Indian Meteorological Department (IMD), Pune
respectively. Five weather parameters were included in 

investigation viz. maximum temperature (X1), minimum 
temperature (X2), relative humidity (X3), wind speed (X4)
and rain fall (X5). However, weekly weather data related 
to kharif crop season starting from one month before 
sowing up to one month before harvest of crop (22nd to 
37th Standard meteorological week (SMW)) was utilized 
for development of statistical model. The data of last 
one month of crop season was excluded keeping in view 
that forecast crop yield at least one month before 
harvest. The association between yearly crop yield and 
different weekly weather parameters were studied by 
Karl-Person correlation coefficient approach.

Multiple Linear Regressions (MLR) are widely 
suitable for short or intermediate term forecasting. In 
present study, MLR was used for developing 
forecasting models using predictors as appropriate 
un-weighted and weighted weather indices (Agrawal 
et al., 1980; Jain et al., 1980; Agrawal et al., 1986; 
Garde et al., 2012; Rajegowda et al., 2014; Singh et 
al., 2014; Dhekale et al., 2014; and Singh and 
Sharma, 2017). Weather indices were developed by 
using week number as weight. 

Development of weather indices 
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Where,   Zij is the developed weather indices 
of ith weather parameter for jth weight. Zikj is the 
developed weather indices of product of ith and kth

weather parameter for jth weight.   Qij is un-weighted 
(for j=0) and weighted (for j=1) weather indices for ith
weather parameter Qikj is the un-weighted (for j=0) and 
weighted (for j=1) weather indices for interaction 
between ith and kth weather parameters.  Xiw is the value 
of the ith weather parameter in wth week. m is week of 
forecast. k=i= 1,2,...,p,  j=0,1. and w=1,2,...,m.
Development of models 
1. Model-1

This model was developed by using original
variables and interaction between original variables. 
The developed model was 

0
1 1

p p

i i ik i k
i i k

Y A a X a X X cT e

Where,  Y is the observed rice yield. A0 is the general 
mean.Xi and Xk are the weather parameters. p is 
number of weather parameters used. T is the trend 
parameter and c is the regression coefficients of trend 
parameter, e is the error term. 
2. Model-2

This model was developed by using first and
second developed weather indices, only weighted 
variables were used to develop the model. The 
developed model was 

0 1 1 1 1
1 1

p p

i i ik ik
i i k

Y A a Z a Z cT e

Where,  Y is the observed rice yield. A0 is the general 
mean. Zij and Zikj are the weather indices. 
aij and aikj are the regression coefficients of Zij and Zikj 
weather indices. p is number of weather parameters 
used. T is the trend parameter and c is the regression 
coefficients of trend parameter. e is the error term. 
3. Model-3

This model was developed by using third and
fourth developed weather indices, only weighted 
variables were used to develop the model. The 
developed model was 

0 1 1 1 1
1 1

p p

i i ik ik
i i k

Y A a Q a Q cT e

Where,  Y is the observed rice yield. A0 is the general 
mean. Qij and Qikj are the weather indices. 
aij and aii'j are the regression coefficients of Qij and Qikj 
weather indices. p is number of weather parameters 
used. T is the trend parameter and c is the regression 
coefficients of trend parameter. e is the error term. 

4. Model-4
This model was developed by using first

and second developed weather indices, both 
un-weighted and weighted variables were used to 
develop the model. The developed model was 

1 1

0
1 0 1 0

p p

ij ij ikj ikj
i j i k j

Y A a Z a Z cT e

Where,  Y is the observed rice yield. A0 is the general 
mean. Zij and Zikj are the weather indices. 
aij and aikj are the regression coefficients of Zij and Zikj 
weather indices. p is number of weather parameters 
used. T is the trend parameter and c is the regression 
coefficients of trend parameter. e is the error term. 
5. Model-5
This model was developed by using third and fourth 
developed weather indices, both un-weighted and 
weighted variables were used to develop the model. 
The developed model was 

1 1

0
1 0 1 0

p p

ij ij ikj ikj
i j i k j

Y A a Q a Q cT e

Where,  Y is the observed rice yield. A0 is the general 
mean. Qij and Qikj are the weather indices. 
aij and aikj are the regression coefficients of Qij and Qikj 
weather indices. p is number of weather parameters 
used. T is the trend parameter and c is the regression 
coefficients of trend parameter. e is the error term. 
Comparison and Validation of Models 
The models were compared on the basis of Forecast 
error:  

Forecast Error 100i i

i

O E
O

Where, Oi the Ei are the observed and forecasted 
values of crop yield, respectively. 
The models were compared on the basis of adjusted 
coefficient of determination R2

adj as follows: 

Where, ssres/(n-p) is the residual mean square 
sst/(n-1) is the total mean sum of square. 

From the fitted models, rice yield were forecasted for 
the years 2011-12 to 2014-15 and were compared on 
the basis of Root Mean Square Error (RMSE).  
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Table 1 Yield Forecasting Models 
Model Name Week No. Model Adj. R2

Model-1 36 250 350 103644.0 19.64 0.042 0.009 5.24Y T Z Z Z 55.8

Model-2 32 451 21 1212011.50 36.56 0.005 3.53 0.06Y T Z Z Z 60.5

Model-3 32 451 21 1212011.45 36.57 0.317 233.23 3.60Y T Q Q Q 60.5

Model-4 32 451 20 11975.05 35.22 0.004 11.02 1.46Y T Z Z Z 61.6

Model-5 32 451 20 11975.05 35.22 0.29 121.25 96.54Y T Q Q Q 61.6

Table 2 Comparison between yield forecasting models 

Model SMW Year Forecast 
Yield

Actual 
Yield

Forecast 
error (%) RMSE Adj. R2

Model-
1 36

2010 2058 2634 21.87

644.10 55.8
2011 1965 2575 23.70
2012 1915 2364 18.97
2013 2003 2431 17.60
2014 1896 2292 17.26

Model-
2 32

2010 1987 2634 24.56

659.10 60.5
2011 1949 2575 24.28
2012 1836 2364 22.32
2013 2032 2431 16.42
2014 2055 2292 10.34

Model-
3 32

2010 2255 2634 14.39

352.27 60.5
2011 2216 2575 13.96
2012 2100 2364 11.16
2013 2258 2431 7.10
2014 2297 2292 -0.23

Model-
4 32

2010 2227 2634 15.44

394.80 61.6
2011 2175 2575 15.53
2012 2058 2364 12.93
2013 2213 2431 8.96
2014 2257 2292 1.52

Model-
5 32

2010 2239 2634 15.00

381.45 61.6
2011 2185 2575 15.14
2012 2063 2364 12.72
2013 2235 2431 8.04
2014 2281 2292 0.49

Where, Oi and the Ei are the observed and forecasted 
values of crop yield, respectively and n is the number 
of years for which forecasting will be done. Selection 
of model was made based on highest Adjusted R2

value and lowest RMSE and forecast error value 
among the method.

RESULT AND DISCUSSION
The best model was identified on the basis of 

adjusted coefficient of determination, (Adj. R2). The 
forecasting models were developed at different time 
periods i.e. 32th week onwards at weekly interval which 
shown in Table 1. The values of adj. R2 were varied 

from 55.8 per cent in model-1 to 61.6 per cent for 
model-4 and model-5 which indicates model-4 and 
model-5 are best among all other models. This 61.6 per 
cent variation accounted by weather indices T, Z451, Z20 
and Z11 for model-4 and T, Q451, Q20 and Q11 for model-
5. Thus, the model using un-weighted and weighted 
indices was found to be appropriate in 32th SMW (ten 
weeks before harvest of crop).  

Comparison of models was made by using 
values of root mean squared error (RMSE) and 
forecast error (Fig. 5). The validation of the models 
was done only for those showed meaningful results 
(for all models). The comparison of results given in 
Table 2 showed that for forecasting rice yield, model-
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3 was better with lower RMSE value of 352.27 as
compared to all other models. But Adj. R2 was less 
compared model-4 and model-5 with RMSE value of 
394.80 and 381.45 which slight difference with 
mode-3. Both model-4 and model-5 yields same Adj. 
R2 but model-5 has lower RMSE and forecast error 
(0.49 to 15.14) value compared to model-4 hence 
model-5 was suitable for Valsad district of South 
Gujarat.   

Fig1: Comparison of expected and actual rice yield 
using model-5 

CONCLUSION
Using the forecast model, pre-harvest 

estimates of rice crop yield for Valsad district could 
be computed successfully before ten weeks of actual 
harvest i.e. during panicle initiation stage of the crop 
period. The weather variables involved in models 
were interaction between wind speed and rainfall, 
minimum temperature and maximum temperature.  
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Sugarcane growth and yield simulation under varying planting dates in sub tropical India 
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ABSTRACT 
In sub - tropical India, the late planted sugarcane in April-May records drastic yield reduction than the crop 

planted in February - March. The harsh weather conditions cause to the poor germination, less tillers, reduced 
millable canes and low sucrose content. The growth, yield and quality attributes of high yielding sugarcane variety 
(CoPb 91) planted in spring and summer season were simulated with experimental data at Faridkot using 
CANEGRO module of DSSAT (v. 4.6). Simulation was made for 10 planting dates of sugarcane falling between 1st

February and 1st May at 10 days intervals. Results revealed that emergence completed between 20 to 58 days. Among 
the planting seasons, days taken to emergence decreased gradually from early to late planting. Planting around early 
February recorded maximum cane yield of 96.61 and 96.97 t/ha during 2012 and 2013, respectively but, drastic 
reduction in delayed planting. Model simulated 91 t/ha and 77 t/ha millable cane yield respectively for 1st February 
and 1st May planting. The shifting of planting from February to March and April resulted into respective cane yield 
loss of 4% and 11.1% from mean February cane yield (92.3 t/ha). Thus for high productivity, the spring sugarcane 
should be preferably planted in February-March. 

Key words: CANEGRO, DSSAT, planting, simulation, sugarcane 

Sugarcane is one of the important cash crops 
of the country and world. In India, approximately 6 
million farmers are engaged in sugarcane cultivation 
(Mall et al., 2016) and millions of Indian population 
depend on the employments generated from other sugar 
based industries like sugar mills. In sub - tropical India, 
February and March is considered as optimum time of 
sugarcane planting but, farmers do not want to sacrifice 
the wheat crop therefore, sugarcane is usually planted in 
April/May. Sugarcane productivity in Punjab (59.6 t/ha) 
is lower than the national average (70.1 t/ha) primarily 
because of late planting. The crop performance in 
various stages of growth and development is largely 
affected by the temporal and spatial variability of 
weather. During germination, tillering, grand growth 
and ripening phases of sugarcane the maximum, 
minimum temperature and atmospheric moisture plays 
the most important role (Mall et al., 2016). Higher 
temperatures during April and May are not suitable for 
germination of sugarcane. A ttillering phase,
temperature and solar radiation play major role but, 
water availability, spacing, manuring, weed control 
and other management practices considerably affect 
on tillers count. 

The delayed planting reduces the tillering 
phase and does not produce enough tillers, which 
adversely affect the final cane yield, because the 
elongation phase of the sugarcane starts earlier due to 
the increased air temperature and high atmospheric 
humidity. Under delayed planting from February to 
April/May, productivity of sugarcane decreases 
mainly due to the shortened tillering phase (Pandey 
and Shukla, 2001; 2003).  

Crop growth simulation modeling is an 
important tool in modern agricultural research. The 
decision support system for agro-technology transfer 
(DSSAT) developed by International Benchmark 
Sites Network for Agro technology Transfer (Tsuji et 
al., 1994) has been extensively explored in various 
agricultural decisions making. The CANEGRO 
sugarcane model was originally developed by the 
South African Sugar Association Experiment Station 
(SASEX) to determine optimal harvest age (Inman 
Bamber, 1995; Jones et al., 2003). The model 
contains carbon simulation, crop development, 
energy and water simulation components (Jones and 
Singels, 2008).The present study was undertaken to 
calibrate and validate the CANEGRO module of 
DSSAT (v 4.6) model for simulating the various 
growth and yield attributes of sugarcane genotype 
(CoPb 91) planted in wide environmental range of 
spring and summer season.

METHODS AND MATERIALS 
DSSAT model was calibrated for the 

sugarcane (cultivar CoPb91) growth and yield data 
collected from field experiments carried out during 
2012 to 2015 at Punjab Agricultural University, 
Regional Research Station, Faridkot (lat. 30°40′N, 
long. 74°44′E and alt. 200m amsl) that lies in Trans-
Gangatic agro-climatic region of south western 
Punjab having semi-arid, sub-tropical climate with 
dry hot summer and cold winter. The soil of the 
experimental site was sandy loam of Indo-Gangetic 
alluvial origin and well drained with pH: 7.9 and 8.1; 
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EC: 0.28 and 0.32 m mhos/cm, in different years. 
Daily weather data was recorded from Agro-
meteorological observatory installed near the 
experimental field. Every year, simulation was made 
for 10 planting dates (viz., P1 = 01 February, 
P2 = 11 February, P3 = 21 February, P4 = 2 March, 
P5 = 12 March, P6 = 22 March, P7 = 1 April, P8 = 11 
April, P9 = 21 April and P10 = 1 May). 

Validation of the model was done by 
comparing the simulated outputs with ground truth 
data of field experiments. Beyond comparisons, 
different test criteria viz., mean of observed and 
simulated values, standard deviation (SD), mean 
absolute error (MAE), mean bias error (MBE), root 
mean square error (RMSE) and mean percent error (PE) 
were used to evaluate the performance of model (Mishra 
et al., 2010; 2013 and 2015)  

RESULTS AND DISCUSSION 
Calibration of CANEGRO model 

DSSAT-CANEGRO model was calibrated 
for sugarcane cultivar (CoPb 91) under Faridkot 
conditions. Ground truth data on phenology, growth, 
yield and quality parameters were collected from field 
experiments. Calibration was done by running the 
model repeatedly until simulated phenology, growth 
and yield reached very close to the observed values, 
following Singh et al. (2010). The calibrated genetic 
coefficient of DSSAT-CANEGRO model for 
sugarcane variety CoPb 91 is presented in Table 1.

Table 1 Calibrated coefficient of CANEGRO model 

Definitions of genetic coefficients of cultivar CoPb 91
PARCEmax: Maximum (no stress) radiation 
conversion efficiency expressed as assimilate 
produced before respiration, per unit PAR. 
(g/MJ).

10.0

Maximum (no stress) radiation conversion 
efficiency expressed as assimilate produced 
before respiration, per unit PAR. (g/MJ).  
(PARCEmax)

1.0

Maximum fraction of dry mass increments 
that can be allocated to aerial dry mass (t/t) 
(APFMX)        

1.15

Fraction of daily aerial dry mass increments 
partitioned to stalk at high temperatures in a 
mature crop (t/t on a dry mass basis) 
(STKPFMAX)

0.60

Sucrose partitioning: Temperature at which 
partitioning of unstressed stalk mass 
increments to sucrose is 50% of the maximum 

22

Definitions of genetic coefficients of cultivar CoPb 91
value (TBFT)
Thermal time to half canopy (0Cd)  (Tthalfo) 260
Base temperature for canopy development 
(0Cd) (Tbase)

15

Maximum number of green leaves a healthy, 
adequately-watered plant will have after it is 
old enough to lose some leaves (LFMAX).   

12

Max leaf area assigned to all leaves above leaf 
number MXLFARNO (cm2)

350

Leaf number above which leaf area is limited 
to MXLFAREA 

15

Phyllocron interval 1 (for leaf numbers below 
Pswitch,0Cd (base TTBASELFEX))

70

Phyllocron interval 2 (for leaf numbers above 
Pswitch,0Cd (base TTBASELFEX)) (PI2)

170

Leaf number at which the phyllocron changes 
(PSWITCH)

14

TTPLNTEM: Thermal time to emergence for 
a plant crop (°C days, base TTBASEEM)

428

CHUPIBASE: Thermal time 
(baseTTBASEEM) from emergence to start of 
stalk growth

1000

TT_POPGROWTH: Thermal time to peak 
tiller population (°C days, TTBASEPOP)

700

Maximum tiller population (stalks/m2) 
MAX_POP     

30.0

Stalk population at/after 1600 degree days 
(/m2) (POPTT16) 

14

Validation of CANEGRO model for sugarcane 
germination 

Sugarcane germination was simulated by 58
days in early planting as compared to the late planting (20 
days). Temperatures (maximum, minimum and mean) 
linearly increased from early to late planting that 
accelerated the germination in delayed and late 
plantings. Due to different edapho-climatic and 
management factors, days required to sugarcane 
emergence decreased by around 4 days at every 10
days interval (Fig.1). Simulated results described that 
minimum, maximum and mean temperatures 
gradually decreased the days of cane emergence at 
the rate of 2.8, 2.4 and 2.6 days, respectively from 
spring to summer plantings considered under present 
study (Table 2). 
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Table 2 Sugarcane emergence day affected with 
different environmental variables

S.N Parameters Trend Slope R²
1. Min. temp. (°C) -2.817 82.7 0.890

2. Mean temp.
(°C) -2.634 96.98 0.907

3. Solar radiation 
(Mj/m2) -3.263 102.5 0.628

4. Maximum temp.
(°C) -2.409 107.5 0.896

5.
Count of days 
with max. temp.
>30 °C

-1.627 56.62 0.851

6.
Count of days 
with max. temp.
>32 °C

-1.540 50.31 0.778

7.
Count of days 
with max.temp.
>34 °C

-1.573 44.28 0.662

Aerial biomass and millable cane yield 
Simulated aerial biomass was 102.9 t/ha in 

early spring (mean February), 100.2 t/ha in late 
spring (mean March) and 94.1 t/ha in summer (mean 
April) crop. In 1st May planting, about 15 t/ha 
reduced aerial biomass was simulated than early 
planting. Observed mean aerial biomass in different 
plantings was 97.15 t/ha with standard deviation of 
8.02 t/ha however, mean aerial biomass simulated by 
model was 97.44 t/ha (Fig. 3a). Lower RMSE (0.48) 
and PE (0.36) confirmed good association between 
observed and simulated values (Table 3). The critical 
evaluation of simulated results showed that number 

of millable canes may be reduced by 1.0 t/ha at every 
10 days delay in planting from 1st February. 
Simulated mean cane yield by CANEGRO model for 
the month of February and March was 89.8 t/ha and 
87.6 t/ha, respectively. Errors like, MAE, MBE, 
RMSE and PE between observed and simulated 
millable cane yield was 2.09, 0.61, 0.37 and 0.85 
t/ha, respectively (Table 3). Thus, over summer 
planted crop 11-14 t/ha (~15%) millable cane yield 
can be saved only by planting of sugarcane in 
February. Similarly, cane yield may be decline by 
~12% when planting is further delayed from March 
to 1stMay. The regression line for biomass 
(Y= -1.174X + 106.4, R² = 0.88) and millable stalk 
yield (Y= -0.920 X + 92.63, R² = 0.84) is evidence of 
decline in simulated biomass and millable cane 
production among different dates of planting (Fig. 2). 

Table 3 Test criteria for evaluation of CANEGRO 
model 

Yield
(t/ha) NMC (t/ha) Sucrose (t/ha)

Mean_obs 97.15 85.36 12.51
SD_obs (±) 8.02 5.65 0.74
Mean_sim 97.44 85.96 14.52
SD_sim (±) 7.87 3.76 1.04

r 0.91 0.93 0.97
Student't' 0.861 0.629 0.05

MAE 3.03 2.09 2.01
MBE 0.29 0.61 2.01

RMSE 0.48 0.37 0.32
PE 0.36 0.85 16.03

Fig. 1 Simulated days to emergence of sugarcane in 
different plantings

Fig. 2 Simulated Aerial biomass, millable canes and 
sucroce content in different plantings
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Sucrose mass
The observed sucrose 

mass in different plantings ranged 
from 13.49 t/ha to 15.5 t/ha 
however, it simulated value 
ranged from 11.4 to 13.1 t/ha. 
Mean observed and simulated 
sucrose mass was 12.51 t/ and 
14.52 t/ha, respectively (Table 
3).The simulated sucrose in 
February, March and April 
plantings ranged from 13.2 (P1) 
to 13.0 t/ha (P3), 12.9 (P4) to 
12.7 t/ha (P6) 12.7 (P7) to 11.9 
t/ha (P9), respectively (Fig. 2). 
Simulated sucrose always 
remained above than that was 
observed (Fig. 3c). The simulated 
results also depicted that in spring 
planting sucrose production was 
higher than summer plantings. Its 
variation among intra-planting 
environments was maximum 
during late (summer) planting 
and least was in the early (spring) 
planting of crop. The shift of 
plantings from February - March
to April- May lead to linear 
decrease in length of cropping 
season that negatively influenced
the biomass, millable canes and 
sucrose productivity. All the 
yield attributes followed similar 
trend under spring to late 
planting but, with the varying 
magnitudes.

Fig 3 Observed and simulated (a) millable stalk mass, (b) cane yield and (c) sucross content

CONCLUSION 
DSSAT-CANEGRO model was calibrated 

and validated using field experimental data for 
popular sugarcane variety CoPb 91. Different growth 
and yield parameters were simulated and their trend 
was determined under different planting 
environments of spring and summer season. Both, 
observed and simulated aerial biomass and millable 
cane were significantly high in February – March 
over April – May plantings. A well calibrated and 
validated model can be used for making various farm 
level decisions. It also can be useful to understand the 
effects of changes in time of application and dose of 
costly inputs, soil properties, management system 
and climatic variability on phenology, growth and 
productivity of sugarcane. 
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Astrometeorology: An option to improve the accuracy of 
numerical daily rainfall forecast of Tamil Nadu  
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ABSTRACT 
A study was conducted at Agro Climate Research Centre, Tamil Nadu Agricultural University, 

Coimbatore, during 2015–16 to improve the accuracy of numerical model rainfall forecast using astrometeorological 
principles. Daily rainfall forecast were developed for each one location from seven agro climatic zones of Tamil 
Nadu, through different source and methods viz., WRF (numerical model), astrometeorology (planet), probability, a 
private agency forecast and hybrid forecast (superimposing astro and probability forecast on WRF) and were 
compared using forecast accuracy ratio and critical success index. In general, irrespective locations and seasons, the 
hybrid forecast had higher forecast accuracy (0.75 to 0.88) and critical success index (0.56 to 0.76). Among the 
different individual forecasts, the astrometeorological forecast had highest forecast accuracy (0.74 to 0.87) and 
critical success index (0.52 to 0.71). The study concluded that, astrometeorology could be a good option for alternate 
forecasting method to numerical weather forecast and hybrid forecast developed by integrating astrometeorology, 
numerical and probability methods will improve the rainfall forecast accuracy and critical success index, in turn will 
increase the usability of forecast in agriculture.  
[ 

Keywords: Astrometeorology, Numerical weather prediction, integrated forecast 

Medium range weather forecast, particularly 
rainfall information for next few days have greater 
impact in agricultural operations of India, where 
more than 55 per cent of agriculture is rainfed.The 
forecast with higher accuracy could help the farmer to 
plan their farm operation in advance and make necessary 
arrangements accordingly, would reduce the weather 
based risks. In Tamil Nadu, North East Monsoon (NEM) 
is the major rainy season, is mostly associated with, 
formation of trough of low, easterly waves, low pressure 
area, cyclonic circulation and cyclonic storms. Unlike 
South West Monsoon, the rainfall forecast during NEM 
become critical and lesser accuracy in forecast cause 
severe economic loss to resource poor farmers.  

At present, numerical weather prediction 
(NWP) models are being used popularly for the 
development of medim range forecast. Even with the 
use of advanced modelling, the accuracy of NWP is 
nearly 60 to 70 per cent as India is nearer to the 
equator where as, in sub tropical regions the 
forecasting accuracy meets above 90 per cent. In 
India, our fore fathers used natural phenomenon like 
animal behavior, wind movement, cloud patterns, 
planetary positions, nakshatra (star) to predict 
weather. Astrometeorology is a great science relating 
weather and position of astronomical bodies like stars 
and planet. The astrology methods enshrined in 
ancient texts are being followed till date in some 
places to guesstimate the mysterious trends of rainfall 
and on the whole of the weather. Weather lore has 
thus remained an important form of local forecasting 
in many areas through centuries (Burghart, 2000). 

Varahmihir postulated different principles for the 
prediction of rainfall during 505-587 AD. Among various 
astrometeorological methods for rainfall forecasting, the 
Antariksha (sky observation), Parashara’s (position ofsun 
and  moon), BrihatSamhita’s seasonal rainfall forecast 
(occurance of full moon)techniquesare most popular. Rig 
Veda and Upanishadas contain discussion about the cloud 
formation and rain. (Varshneya et al., 2011). 

A great deal of trustworthiness is still placed 
by some individuals on astrology even today. The 
astrometeorological calendars were already developed 
in Gujarat, Maharashtra, Andhra Pradesh and Kerala 
and they are very useful in precisely predicting seasonal 
rainfall.The higher seasonal forecast accuracy (50 - 
85%) of astrometeorology were prooven by many 
scientist (Tripathi, 1996 and Varshneyaet al., 2009).The 
astrometeorological calendars are already developed in 
Gujarat, Maharashtra, Andhra Pradesh and Kerala and 
they are useful in precisely predicting seasonal rainfall. A 
preliminary study on astrometeorological forecast using 
ephimerides (planet position from the earth) during 2012 
to 2015 by first authorof this paper had resulted with an 
activity chart of planet, provides a great opportunity 
for astrometeorology in daily weather forecast with 
higher accuracy.  

Recently, many scientific forums have 
suggested to integrate output of two or more weather 
forecasting methods to increase the forecast 
accuracy.Mechanisms of integrating both traditional 
and scientific weather forecast systems would 
improve understanding of uncertainties, as well as 
form a basis for fitting scientific forecasts into 
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existing decision processes of farmers (Robinson 
KnuthiaNaugi, 2002). In this context, a study was 
conducted at Agro Climate Research Centre, Tamil 
Nadu Agricultural University, Coimbatore, during 2015 - 
2016 to improve the accuracy of medium range rainfall 
forecast bydeveloping a hybrid forecast through 
integration of numerical model, astrometeorological and 
probability method rainfall forecasts. 

MATERIALS AND METHODS 
Daily rainfall forecast for the study period 

from October 2017 to May 2016 were developed through 
different source and methods viz., Weather Research 
Forecast (WRF, numerical model), astrometeorological 
forecast (planet influence on weather) and probability 
(chance of occurrence of rainfall over the past) methods. 
Output from these three methods were super imposed on 
one another to develop hybrid forecast.  

Daily rainfall forecast were developed for 
each one location of seven agro climatic zones of Tamil 
Nadu viz., Cauvery Delta zone (CDZ, Thiruverumbur, 
10.7516° N x 78.8291 °E), Hilly Zone (HZ, 
Udhagamandalam, 11.4064°Nx 76.6932°E), High 
Rainfall Zone (HRZ, Thiruveattaru, 08.4430° N x 
77.3060° E), North Eastern Zone (NEZ, Sriperumbudur, 
12.9670° N x 79.9420°E), North Western Zone (NWZ, 
Pappireddipatti, 11.9120° N x78.3700°E), Southern Zone 
(SZ, Aruppukottai, 09.5030oN x 78.0500oE), Western 
Zone (WZ, Coimbatore, 11.0200oN x 76.9710°E). 
Numerical Weather Forecast (NWF) 

Medium range rainfall forecast for next six 
days of selected locations were developed daily from 
GFS data input in WRF model with 3 nested domain 
@ 27km, 9km and 3km resolutions. Though the 
NWF was developed for 6 days, rainforecast of next 
day was considered for this study. 
Probability method 

Chance of daily rainfall occurrence of the 
seven selected locations were calculated by using 
past 35 years rainfall data in TNAU weather soft. The 
daily data for 35 years were arranged sequentially 
day as row and year as column. The percent of 
chances for rainfall occurrence was calculated as 
detailed below and the results were expressed in per 
cent. The day was considered for calculation only 
when rain day was above 50 per cent and rainy day 
was above 30 per cent. 

Percent of 
rainday 

occurrence 
= 

No. of years with rainfall >0.0 
mm on particular day 

Total Number of Years 

Astrometeorology 
Rainfall prediction using astrometeorology 

were done once in a week for next seven days and all the 
seven locations. The position of planets from the observer 
location and the conjunction between two or more planets 
were taken into account for rainfall prediction.Alcyone 
Ephemeris software was used for calculating the 
ephemeris or planet position from each location. 
Information on planetary influence on rainfall were 
collected from many literatures and major information 
were taken from “A basic guide to Astro 
Meteorology” of Kim Farnal (2005) at http:// 
www.skyscript.co.uk/meteorology1.htmla and  “Weather 
forecasting course” of Carolyn Egan (2014) at 
http://www.weathersage.com. In general, the planets viz., 
Venus, Neptune and Saturn are considered as positive for 
rainfall, the Mars and Uranus are considered as negative 
for rainfall, where as the Mercury and Jupiter have varied 
influence depending on its position to the earth. The 
azimuth and strength of planet were super imposed with 
activeness chart developed by the first author of this 
research paper during the preliminary study period of 
2012-15. Theprinciple of the activeness chart is that 
“planet are not always have influence on the weather of a 
location and the influence may be positive or negative or 
restricted due to its angle to that location”. According to 
their angle, the activeness of planet on weather of 
particular location is classified as negative, inactive, 
active, highly active and rule. For example Venus, 
the rain influencing planet has positive activeness in 
angle ranged between 1 and 90, 181 and 360. It has 
negative activeness in angle between 91and 180. 
During that positive period it has more influence on 
rainfall process of particular location, accordingly to 
their strength. It can be easily observable that, if the 
sun is negative for a location, that period we could 
observe the lesser brightness than normal. 
Hybrid weather forecast 

Hybrid weather forecast is developed by 
combining different source and method of forecastsvis., 
probability method, numerical weather forecast and 
astrometeorological method. This was done to identify the 
possibility of increasing the accuracy of forecast. In this 
process, the rule for forecasting rain was “atleast two 
methods must had given with rain in forecast”. After 
receiving forecast from all the three methods, hybrid 
forecast was developed daily and compared for its 
accuracy with other individual forecasts. 
Verification of weather forecast 

The accuracy of rainfall forecast of different 
methods viz, probability, numerical weather forecast, 
astrometeorological forecast and hybrid forecast were 
verified with actually observed rainfall. Each location 
was varified individually. During this study, the total 
duration of eight months from October 2015 to May 
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2016was divided into three season viz., North East 
Monsoon (NEM, Oct’15 – Dec’15), winter (Jan.’16 – 
Feb.‘16) and summer (Mar.‘16 – May ‘16) and the 
forecast was verified seasonally. The forecast accuracy 

ratio score (Hit score) and critical success index (threat 
score)developed through contingency table approach 
were used to verify the forecast accuracy. 

Contingency table approach 
A daily contingency table was formed as 

below for further analysis using methodology described 
by Wilks (2006). 

Observed 
Predicted 

No rain Rain 

No rain Z(NN) F(NY) 

Rain M(YN) H(YY) 

Where,  
Y = Yes rain; N 
= No rain; Z = 
No of correct 
predictions of no 
rain;  
F = No. of False 
alarms; M = No. 
of misses,  
H = No. of hits 

Forecast accuracy ratio score or Hit score It is the 
ratio of correct forecasts to the total number of forecasts. 
It varies from 0 to 1 with 1 indicating perfect 
forecast.The score was expressed between 0 and 1 and 
higher value, more will be accuracy. 

Forecast accuracy ratio = 
Correct Forecast (CF) 

Total Forecast (N) 

H + Z 
= 

YY + NN 

Z+F+M+H NN+NY+YN+YY 

Critical success index or the Threat Score 
It is a measure of relative forecasting accuracy. 

It varies from 0 to 1 and the 1 indicates perfect forecast. 
It is defined as the ratio of the number of hits (correct 
event forecast) to thecorrect and incorrect events. 

Critical success index = 
Correct Forecast (CF) 

Correct + In correct 

H 
= 

YY 

F+M+H NY+YN+YY 

The results obtained from the studies were 
detailed and discussed in the following chapter. 

RESULTS AND DISCUSSION 
Skill score viz., forecast accuracy score and 

critical success index of different rainfall forecast 
sources and methods observed during NEM, winter and 
summer for all the seven Agro Climate Zones were 
depicted in Table 1 to 2 and figure 1 to 8. The mean 
forecast accuracy index observed during the major 
agricultural season of Tamil Nadu, NEM was 0.73, 0.80, 

0.64and 0.82 in WRF, Astrometeorology, probability 
and hybrid forecast, respectively. The mean critical 
success index during NEM was 0.58, 0.62, 0.31 and 
0.67 in WRF, Astrometeorology, probability and hybrid 
forecast, respectively. The results inferred that, among 
the three individual forecast methods, the 
astrometeorological forecast recorded highest forecast 
accuracy (74 to 87%) and critical success indices (52 to 
71%). This higher accuracy of astrometeorological 
forecast was supported by many earlier research and the 
accuracy obtained by the earlier researches were 
between 53 and 86.4 per cent (Tripathi, 1996; 
Ramakrishna, 2006; Sivaprakasam and Kanakasabai, 
2009) 

Skill scores observed from the study indicatted 
that, irrespective location and seasons, the hybrid 
forecast was resulted with higher forecast accuracy (75 
to 88%) and critical success indices (56 to 76%). This 
confirmed the advantage of integration of different 
methods of forecast increased the accuracy over other 
individual forecast. Being a component in hybrid 
forecast, astrometeorology was the main reason for 
increased accuracy of hybrid forecast. This was 
supported by the output of one day workshop on 
“Relevance of Ancient wisdom on weather forecasting 
for improving agro advisories” held at CRIDA during 
2006. The workshop was concluded with a note that by 
combining the effects of both indigenous and scientific 
weather forecast methods will improve the opportunities 
towards their application.  

Among the three seasons, the accuracy was 
higher during the winter or summer than the NEM. This 
was due to more number of non rainy days during 
winter and summer and right prediction of non rainy day 
by all the forecast. Forecast of these periods were 
insignificant to agriculture purpose, except extreme 
events and soil water conservation. Whereas, the critical 
success indices were higher in NEM than summer and 
winter, which confirmed the increased correct rainfall 
prediction during NEM and decreased false alarms. The 
increased critical success indices are most wanted for 
agriculture purpose than higher forecast accuracy. The 
improvement in critical success indices in hybrid 
forecast is mainly due to integration of astrometeorology 
with WRF, and this encourages the usability of 
astrometeorological forecast. This was well said before 
by Robinson KnuthiaNaugi (2002) that, integration of 
both traditional and scientific weather forecast systems 
would improve understanding of uncertainties, as well 
as form a basis for fitting scientific forecasts into 
existing decision processes of farmers.  
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Table 1 Forecast accuracy of different rainfall forecast methods and sources 

Season & Method 
Agro Climate Zones 

Mean CDZ HZ HRF NEZ NWZ SZ WZ 
North East Monsoon 
WRF 0.73 0.66 0.73 0.83 0.75 0.68 0.75 0.73 
Astrometeorology 0.79 0.75 0.80 0.87 0.85 0.74 0.77 0.80 
Probability 0.68 0.60 0.64 0.68 0.55 0.61 0.71 0.64 
Hybrid 0.79 0.78 0.82 0.88 0.88 0.75 0.84 0.82 
Mean 0.73 0.69 0.73 0.79 0.75 0.69 0.75 0.73 
Winter 
WRF 1.00 0.92 0.90 0.97 1.00 0.87 0.97 0.95 
Astrometeorology 1.00 0.88 0.83 0.97 1.00 0.87 0.95 0.93 
Probability 1.00 0.87 0.97 0.98 1.00 1.00 0.98 0.97 
Hybrid 1.00 0.92 0.95 1.00 1.00 0.97 1.00 0.98 
Mean 1.00 0.89 0.89 0.97 1.00 0.91 0.95 0.95 
Summer 
WRF 0.90 0.65 0.70 0.96 0.89 0.89 0.78 0.82 
Astrometeorology 0.89 0.71 0.75 0.94 0.89 0.87 0.86 0.84 
Probability 0.86 0.64 0.63 0.92 0.86 0.88 0.90 0.81 
Hybrid 0.93 0.70 0.75 0.98 0.91 0.93 0.92 0.88 
Mean 0.90 0.67 0.71 0.94 0.89 0.88 0.84 0.83 

Table 2 Critical Success Indices of different rainfall forecast methods and sources 

Season & Method 
Agro Climate Zones 

Mean CDZ HZ HRF NEZ NWZ SZ WZ 
North East Monsoon 
WRF 0.50 0.54 0.62 0.67 0.63 0.50 0.57 0.58 
Astrometeorology 0.56 0.62 0.67 0.71 0.71 0.52 0.57 0.62 
Probability 0.46 0.42 0.50 0.19 0.05 0.31 0.25 0.31 
Hybrid 0.60 0.68 0.70 0.74 0.76 0.56 0.65 0.67 
Mean 0.49 0.56 0.59 0.56 0.54 0.47 0.51 0.53 
Winter 
WRF 0.00 0.38 0.25 0.00 0.00 0.00 0.33 0.14 
Astrometeorology 0.00 0.36 0.17 0.00 0.00 0.00 0.25 0.11 
Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hybrid 0.00 0.38 0.40 0.00 0.00 0.00 1.00 0.25 
Mean 0.00 0.30 0.16 0.00 0.00 0.00 0.34 0.11 
Summer 
WRF 0.47 0.40 0.40 0.50 0.33 0.41 0.29 0.40 
Astrometeorology 0.50 0.43 0.43 0.50 0.38 0.44 0.32 0.43 
Probability 0.09 0.31 0.21 0.00 0.00 0.00 0.00 0.09 
Hybrid 0.54 0.43 0.43 0.60 0.38 0.50 0.42 0.47 
Mean 0.39 0.38 0.34 0.39 0.29 0.31 0.25 0.33 
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Figure 1- 4 Forecast accuracy and critical success indices of CDZ, HZ, HRZ and NEZ 
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Figure 5 - 8 Forecast accuracy and critical success indices of NWZ, SZ, WZ and TN 
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Though the probability method had lesser 
forecast accuracy and critical indices, inclusion of 
probability method has improved the hybrid forecast 
accuracy and critical success indices during NEM 
monsoon. 

Among the different locations, during NEM, 
the astrometeorological forecast’s accuracy and 
critical indices were higher in Sriperumbudhur (NEZ, 
0.87 & 0.71), followed by Pappiredipatti (NWZ, 0.85 
& 0.71), Thiruvattaru (HRZ, 0.80 & 0.67), 
Thiruverumbur (CDZ, 0.79 & 0.56), Thondamuthur 
(WZ, 0.77 & 0.56), Udhagamandalam (HZ, 0.75 & 
0.62) and Aruppukottai (SZ, 0.74 & 0.52). Where as, 
the hybrid forecast’s accuracy and critical indices 
were higher in Pappiredipatti (NWZ, 0.88 & 0.76), 
followed by Sriperumbudhur (NEZ, 0.88 & 0.74), 
Thondamuthur (WZ, 0.84 & 0.65), Thiruvattaru 
(HRZ, 0.82 & 0.70), Thiruverumbur (CDZ, 0.79 
&0.60), Udhagamandalam (HZ, 0.78 & 0.68) and 
Aruppukottai (SZ, 0.75 & 0.56). The variation in the 
forecast accuracy due to location could not be 
supported at present and need to be studied in future. 

CONCLUSION 

Study on the forecast accuracy of different 
methods of forecast concluded that, astrometeorology 
had high rainfall forecast accuracy (0.74 to 0.87) and 
critical success index (0.52 to 0.71), could be a good 
option for alternate forecasting method to numerical 
weather forecast. And also, the hybrid forecast 
developed by integrating the astrometeorology with 
numerical weather forecasting and probability 
method had improved rainfall forecast accuracy (0.75 
to 0.88) and critical success index of the forecast(0.56 
to 0.76). Hence, by combining the astrometeorology 
with other methods of forecast will increase usability 
of forecast in agriculture by reducing the false 
alarms. 
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ABSTRACT
In India, agriculture sector provides the largest livelihood support and contributes by 17.3 percent 

to the Gross Domestic Product (GDP). Maize is the third most important food crop after rice and wheat, 
occupying about 7.5 million hectares of land area in India. In Tamil Nadu maize is cultivated mainly as 
rainfed crop during Rabi season. Requirement of maize is growing fast and given the importance, a study 
was carried out at Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore during 
2015-2016 to assess the impact of climate change on rainfed maize productivity over Tamil Nadu during 
mid-century (2040 to 2069) period. The Representative concentration pathway 4.5 and 8.5 was selected to 
represent the stabilization and over shoot pathways of emission. Maximum temperature was expected to 
increase to a maximum up to 4.7°C while minimum temperature to 5.7°C. Rainfall is anticipated to vary 
from a decrease of -33.0 percent to and increase of +45.1 percent.The future climate projected by these 
models was integrated with DSSAT to simulate the impact on rainfed maize productivity over Tamil Nadu. 
Under changing climate, rainfed maize productivity is expected to decline to a maximum of 30 percent
from the current yield levels. 

Keywords: Climate change, Rainfed maize, Impact, Tamil Nadu. 

Climate change is one of the most 
urging global problems of recent times and its 
impact are manifold and multidimensional felt by 
the human society mainly on regional to local 
scales (IPCC, 2007). Scientific community has 
proved that increase in green house gas 
concentration in the atmosphere will continue to 
warm the atmpsphere and in turn will influence 
the hydrological pattern at regional to local scale 
(Fowler, 1995).  

Agriculture is inherently sensitive to 
climate conditions, and is one of the sectors most 
vulnerable to the risks and impacts of global climate 
change (Reilly 1995; Smith and Skinner 2002). 
Climate change impacts vary from location to 
location and from crop to crop (Muller et al., 2011).  

India’s food grain requirement is 
projected to be 300 million tonnes by 2020 to meet 
the needs of the growing population against the 
current food grain production of 273million times 
(Ministry of Agriculture, 2017) indicating that in 
another 2 – 3 years of time period,27 million tonnes 
more food grain production must be produced over 
and above the current level. Indian agriculture is 
already facing the trauma of vagaries in monsoon 
and in the recent past drought and flood are hitting 
different parts of the country leading to the risk of 
food insecurity. 

Maize (Zea mays L.), is the third most 
important food crop after rice and wheat, 
occupying about 7.5 million hectares of land area 
in India. It is known as ‘Queen of Cereals’ 
because of its special characteristics that include its 
carbon pathway (C4), wider adaptability, higher 
multiplication ratio, desirable architecture, superior 
transpiration efficiency, high versatile use etc.
In Tamil Nadu, maize is grown as irrigated crop in 
kharif season and mainly as rainfed crop in rabi
season. Maize productivity under rainfed condition is 
highly varying due to climate variability and expected 
to be more vulnerable for the changing climatic 
conditions (Stone et al., 1999).

To analyse the impact of climate on crops 
productivty, mainly crop simulation models are 
employed by the scientific community 
(Hoogenboom, 2000; Wilby et al, 2006; 
Challinoret al, 2009). Studies conductred over 
Indian sub continent have generally indicated the 
negative impact of climate change on crop
production (Hundal and Kaur, 1996; Aggarwal, 
2004). The strong dependence on maize as a food 
and cash crop is however of great concern and there 
is a need to understand the climate change impacts 
on its productivity at local scale. The current study 
aimed to address the impacts of changing climate 
on rainfed maize productivity over Tamil Nadu. 
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MATERIALS AND METHODS
Entire Tamil Naduhad been considered 

for the investigation. The choice of variety for 
the study is TNAU Maize Hybrid CO-6, 
popularly grown by the farmers. 

To understand the climatic conditions 
prevailing over Tamil Nadu, gridded rainfall data 
from India Meteorological Department (IMD) 
with a spatial resolution of 0.25 x 0.25 degree 
was used. For maximum and minimum 
temperatures, district level temperature data at 
daily time steps for a period from 1980 to 2009 
was obtained from IMD and the same had been 
integrated with respective grid’s rainfall data 
falling in the district. The solar radiation data 
was generated through weather generator tool 
available in DSSAT crop simulation model using 
maximum and minimum temperatures as input. 

Future climate projections were 
madefor the mid century (2040 – 2069) time 
slice through the mean and variability approach 
using 29 Global climate Models (GCMs) listedin 
CMIP5 for RCP 4.5 (stabilization scenario where 
total radiative forcing is stabilized before 2100 
and CO2 equivalents is expected to reach more 
than 650-ppm) and RCP 8.5 (overshoot scenario 
where CO2 equivalents is expected to reach more 
than 1370-ppm) scenarios (Moss et al., 2010). 
Among the 29 GCMs, five GCMs were selected 
to represent future Cool-Wet, Cool-Dry, Hot-
Wet, Hot-Dry and Middle conditions for 
addressing the uncertainty issuein projecting the 
future climate using scatter lpot technique.
Absolute change in temperature was plotted on the 
horizontal axis while the change in precipitation 
was plotted on vertical axis. In rainfall, 100 per cent 
indicate no change, 80 per cent indicate -20 per cent 
change and 120 per cent indicate +20 per cent 
change in the future compared to baseline rainfall. 
The plot consisted of five boxes; four boxes which 
were formed as the partitions of the vertical and 
horizontal lines dissect (similar to 2x2 matrix). The 
fifth one was a central overlapping box.The box on 
the top left of the plot represented models that 
projects higher percent increase in precipitation 
with lesser increase in temperature among the 29 
models and thus termed as cool/wet. In the same 
way the box on the top right of the plot represened 
models that projects higher percent increase in 
precipitation also with higher increase in 
temperature, termed as hot/wet model. The box
on the bottom left projected lesser percent 
increase in precipitation as well as temperature 

and was termed as cool/dry models. The box on 
the bottom right had models that projects higher 
increase in temperature and lesser percent 
increase in precipitation and thus termed as 
hot/dry. The central box was a one standard 
deviation box, containing models that had 
changes in temperature and precipitation within 
one standard deviation from the average values 
of all the 29 models in this ensemble. The 
ensemble values of each of the boxes were 
represented by a prominent dot/full stop while 
the models were represented with their notations 
(alphabets and numerals).  

Impact of current climate variability and 
future climate changes on rainfed maize 
productivity was assessed using DSSAT, a 
dynamic crop simulation model.The input files 
used for running DSSAT model were weather, 
soil, crop management and genetic coefficients 
of the selected cultivar. The soil profile data was 
obtained from the Department of Remote Sensing 
and GIS of TNAU from the 1:50,000 scale 
database using ArcGIS and were fed into S Build 
tool in DSSAT to create soil file.District level data 
on crop management including planting 
geometries, irrigation and water management, 
fertilizer management details, organic residue 
application, chemical applications, tillage 
operations, environmental modifications, harvest 
management were collected from representative 
farmers and crop management file was constructed.

Model calibration or parameterization is 
the adjustment of genetic parameters so that 
simulated values compare well with observed 
values. Data obtained from the experiments 
conducted in Department of millets were used to 
estimate genetic parameters. The genetic 
coefficients that influence the occurrence of 
developmental stages in the CERES – Maize 
model were derived iteratively, by manipulating 
the relevant coefficients to achieve the best 
possible match between the simulated and 
observed number of days to the phenological 
events and yield of the test cultivar TNAU Maize 
Hybrid CO 6.  Genetic coefficients used in the 
study for the test cultivar are in Table 1. 

Simulation controls (specification of 
simulation options e.g. starting dates, on/off 
options for water and nitrogen balances, 
symbiosis) and output options are given in 
DSSAT.  The outputs from the model are 
analysed for assessing the impact of climate 
change on maize crop over Tamil Nadu.
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Table 1. Genetic Coefficients used for TNAU 
Maize Hybrid CO6 in DSSAT model

Param
eters

Genetic 
Co-

efficient 
Description

P1 295

Thermal time from 
seedling emergence to the 
end of the juvenile phase 
(in degree days above a 
base temperature of 8°C)   
during which the plant is 
not responsive to changes 
in photoperiod.

P2 0.510

Extent to which 
development (days) is 
delayed for each hour 
increase in photoperiod 
above the longest 
photoperiod at which 
development proceeds at a 
maximum rate (which is 
considered to be 12.5 
hours).

P5 840

Thermal time from silking 
to physiological maturity 
(expressed in degree days 
above a base temperature 
of 8°C).

G2 635
Maximum possible 
number of kernels per 
plant.

G3 8.30

Kernel filling rate during 
the linear grain filling 
stage and under optimum 
conditions (mg/day).

PHINT 39.0

Phylochron interval; the 
interval in thermal time 
(degree days) between 
successive leaf tip 
appearances.

RESULTS AND DISCUSSION 
Climate of Tamil Nadu 

Normal average annual maximum 
temperature of Tamil Nadu varies both in space and 
time. Annual maximum temperature varied from 
29.0°C (Cuddalore) to 33.9°C (Karur). Among the 
seasons, cold weather period (CWP) maximum 
temperature ranged from 29.3°C (Cuddalore) to 
32.1°C (Kanyakumari) while hot weather period 
(HWP) ranged from 32.1°C (Cuddalore) to 37.0°C
(Chennai). During southwest monsoon Tamil Nadu 
witnessed maximum temperature from 27.5°C
(Cuddalore) to 35.3°C (Ariyalur, Villupuram, Karur, 

Vellore, Nagapattinam, Trichy, Perambalur and 
Thanjavur), while in northeast monsoon it ranged 
from 27.7°C (Cuddalore) to 31.2°C (Kanyakumari). 

Annual minimum temperature ranged 
between 18.8°C (Cuddalore) and 24.4°C (Vellore 
and Nagapattinam). Among the seasons, cold 
weather period (CWP) had a range from 16.5°C
(Cuddalore) to 22.1°C (Kanyakumari) while hot 
weather period (HWP) ranged from 20.2°C
(Cuddalore) to 25.7°C (Vellore and Nagapattinam).  
During southwest monsoon, Tamil Nadu witnessed 
minimum temperature from 19.6°C (Cuddalore) to 
25.8°C (Vellore and Nagapattinam) while northeast 
monsoon witnessed  from 18.0°C (Cuddalore) to 
23.2°C (Vellore and Nagapattinam) 

Normal annual rainfall was studied grid 
wise with data from 183 points that covered the 
entire state of Tamil Nadu. The percent of grids 
segregated under the devised rainfall   category   
well   indicates the spatial variability, while, its 
coefficient of variation explains its temporal 
variability (CV) (Figure1). A maximum of 38.8 per 
cent (71 grids) of grids receive 801 to 1000 mm of 
rainfall annually with CV ranging between 20 to 52 
per cent while 30.1 per cent (55 grids) of grids 
receive 601 to 800 mm with 22 to 50 per cent CV. 
Thus a majority of (68.8 %) grids receives 601 
to1000 mm. Above 1000 mm of rainfall was 
received over 27.9 per cent of grids, 14.2 per cent (26 
grids) of grids receive 1001 to 1200mm with 22 to 
44 per cent of CV, 9.8 per cent (18 grids) of grids 
receive 1201 to 1400mm of rainfall with 22 to 39 per 
cent CV and 2.2 per cent (4 grids) receives 1401 to 
1600 mm (25 to 103 % CV) and 0.5 per cent or 1 
grid each receive 1601 to 1800mm (35 % CV), 2001 
to 2200mm (54 % CV) and above 2200 mm (26 % 
CV) respectively. The least of 401 to 600 mm of 
rainfall was received over 3.3 per cent (6 grids) of 
grids with CV ranging from 31 to 57 per cent.  
Selection of representative climate model for 
future impact assessment 

As rainfed maize crop is grown during 
northeast monsoon period over Tamil Nadu, the 
scatter plot for northeast monsoon season is 
presented in Figure 2. Models were selected under 
each box that was around the ensemble value. The 
models selected under RCP 4.5 were BNU-ESM, 
CanESM2, CMCC-CMS, CCSM4 and CMCC-
CM under cool/wet, hot/dry, middle, cool/dry 
and hot/wet bins respectively. Under RCP 8.5, 
the models MIROC5, CanESM2, HadGEM2-
AO, GFDL-ESM2 and CMCC-CM represent the 
five bins as above.   
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1a. Rainfall distribution over Tamil Nadu

1b. Rainfall Variation over Tamil Nadu

1c. Rain days over Tamil Nadu

1d. Rainy days Variation over Tamil Nadu
Fig 2. Spatial distribution of rainfall and rainy 

days represented as percentage of grids

Figure 2. Change in Precipitation and 
temperature during Northeast Monsoon 

Future Climate projections over Tamil Nadu 
Temperature projection for northeast monsoon 
and its spatial distribution

Maximum and minimum temperatures of 
Tamil Nadu were projected to increase invariably 
by the entire models studied. Though variations 
exist among the models and scenarios, all of 
them projected an increment invariably for 
maximum and minimum temperatures during 
mid century time scale, probably due to 
increased concentration of green house gases in 
the atmosphere as indicated by IPCC(2014). 

Future climate projected for the rainfed 
maize growing (Northeast monsoon) season 
indicated that the maximum temperature of the 
selected five climate models BNU-ESM, 
CanESM2,  CCSM4, CMCC-CM, CMCC-CMS 
under RCP 4.5 projected 0.1°C (CCSM4) to 
4.7°C (CMCC-CM) increase in NEM season, 
while the Climate models MIROC5, CanESM2, 

215Vol. 19, Special Issue (AGMET 2016)



GFDL-ESM2, CMCC-CM, HadGEM2-AO 
selected under RCP 8.5, projected an increase of 
0.3°C (MIROC 5) to 5.5°C (CanESM2) in the 
mid century time slice.Similar increase in 
temperature for the respective scenarios was 
projectedover India by Rajiv Kumar et al.(2012). 
Wide range of temperature projection by various 
climate models might be attributed to the 
difference in the model physics and the 
parameters considered by individual models 
(Diallo et al., 2012). 

Similar to maximum temperature, 
minimum temperature was also projected to 
increase by all the models studied over Tamil 
Nadu. The selected five climate models under 
RCP 4.5 projected 0.5°C (BNU-ESM) to 4.9°C
(CMCC-CM) increase and 1.3°C (MIROC 5) to 
5.5°C (CMCC-CM) increase in minimum 
temperature by RCP 8.5.A similar increase in 
temperature was reported by Rupakumar et al.
(2006) over India; Ramaraj et al. (2009) over 
Tamil Nadu and Geethalakshmi et al. (2011) 
over Cauvery delta zone. The magnitude of 
increase in temperature was lesser in RCP 4.5, as 
it is a stabilization scenario without overshoot 
pathway and it reached a maximum of 4.5 Wm-2

by the end of the century with 650 ppm CO2 eq. 
In contrast, the RCP 8.5 has little effort to reduce 
emissions and represents a failure to curb 
warming by 2100 and the radiative forcing leads 
to 8.5 Wm-2 with 1370 ppm CO2 eq. by the end 
of century leading to higher magnitude of 
increase in temperature.

Relative magnitude of change in maximum 
and minimum temperature was compared. 
Interestingly, both the RCP scenario had projected a 
higher range of increase for minimum temperature 
than that of maximum temperature over Tamil Nadu 
during mid century. These findings were well in 
agreement with the findings of Houghton et al. 
(2001); Ramaraj et al. (2009); Balet al. (2015) for
Tamil Nadu; Krishna Kumar et al. (2011) for India; 
Geethalakshmi et al. (2011) for Cauvery Basin and 
Lakshmanan et al. (2011) for Bhavani basin.
Rainfall projection for northeast monsoon and 
its spatial distribution 

Monsoon rainfall projections over Tamil 
Nadu were studied as it plays vital role in rainfed 
agriculture of Tamil Nadu.  Change in rainfall 
expected for the mid century is presented in 
Table 2. 

Table 2. Spatial representation of change in NEM rainfall over Tamil Nadu
Per cent 
change 

in Rainfall

% of the grids over Tamil Nadu
Cool/Dry Cool/Wet Hot/Wet Hot/Dry Middle

RCP 
4.5

RCP 
8.5

RCP 
4.5

RCP 
8.5

RCP 
4.5

RCP 
8.5

RCP 
4.5

RCP 
8.5

RCP 
4.5

RCP 
8.5

-21 to - 40 - - 1 - - - 1 38 - -
0 to - 20 8 - 85 1 35 3 93 60 2 2
1 to 20 92 26 13 85 58 65 6 1 86 33
21 to 40 - 63 1 14 7 31 1 1 11 64
41 to 60 - 11 - - 1 1 - - 1 1

Rainfall during NEM was projected to vary 
between a decrease of -28.4 per cent (BNU-ESM) to 
an increase of 57.5 per cent (CMCC-CM) by RCP 
4.5 while RCP 8.5 projected a variation of -31.6 per 
cent (CanESM2) to 60.2 per cent (GFDL-ESM2). In 
RCP 4.5, all the models had projected major number 
of grids with increase in rainfall except BNU-ESM 
and CanESM2. CCSM4 (Cool-Dry) had projected 
92 per cent of grids to have increase in rainfall up to 
20 per cent while 8 per cent of the grids had decrease 
in rainfall up to 20 per cent. CMCC-CM (Hot-Wet) 
projected 58 per cent of grids with 1 to 20 per cent 
increase in rainfall while 35 per cent of grids were 
projected to have decrease in rainfall up to 20 per 
cent. Least of 7 and 1 per cent of grids had 21 to 40 
and 41 to 60 per cent increase in rainfall respectively. 
CMCC-CMS (middle of four quadrants) projected 

86 per cent of grids with increase in rainfall from 1 to 
20 per cent followed by 11 and 1 per cent of grids 
with 21 to 40 and 41 to 60 per cent increase in 
rainfall, respectively.Typically, the model BNU-
ESM (Cool-Wet) had projected 85 per cent of grids 
to have decrease in rainfall up to 20 per cent 
followed by 13 per cent of grids to have increase in 
rainfall up to 20 per cent. Least of one per cent of 
grids each had 21 to 40 per cent increase and 
decrease, respectively. CanESM2 (Hot-Dry) had 
projected 93 per cent of the grids to have decrease in 
rainfall up to 20 per cent while one per cent of grids 
had decrease from 21 to 40 per cent. Least of 6 and 1 
per cent of grids was projected to have increase in 
rainfall from 1 to 20 per cent and 21 to 40 per cent, 
respectively.  
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In RCP 8.5, all the representative models 
projected increase in rainfall over maximum 
number of grids over Tamil Nadu except 
CanESM2. GFDL-ESM2 projected an increase in 
rainfall for all the grids. About 26 per cent of grids 
were projected to have increase in rainfall up to 20 
per cent and maximum of 63 per cent of grids were 
projected to have 21 to 40 per cent increase. Least 
of 11 per cent had 41 to 60 per cent increase in 
rainfall. MIROC5 (Cool-Wet) projected 99 per cent 
of grids to have an increase in rainfall while only 
one per cent was alone had decrease in rainfall from 
no change to 20 per cent. About 85 per cent of the 
grids were projected to have 1 to 20 per cent 
increase in rainfall followed by 14 per cent of grids 
with 21 to 40 per cent increase in rainfall. CMCC-
CM (Hot-Wet) had projected 97 per cent of grids to 
have increase in rainfall while 3 per cent of grids 
were projected to have decrease up to 20 per cent.  

About 65 per cent of the grids had one to 
20 per cent increase followed by 31 and one per 
cent of grids with 21 to 40 and 41 to 60 per cent 
increase in rainfall. HadGEM2-AO (middle of four 
quadrants) projected 98 per cent of grids to have an 
increase in rainfall while two per cent grids were 
projected to have decrease up to 20 per cent. About 
64 per cent grids had 21 to 40 per cent increase 
followed by 33 per cent grids with one to 20 per 
cent increase and least of one per cent grid had 41 
to 60 per cent increase in rainfall. Typically, 
CanESM2 (Hot-Dry) alone had projected 98 per 
cent of grids to have decrease in rainfall while one  
percent of grids each were projected to have one to 
20 and 21 to 40 per cent increase in rainfall. Out of
98 per cent, 60 percent of grids had 0 to 20 per cent 
decrease while 38 per cent grids were projected to 
have 21 to 40 per cent decrease in rainfall.   

Spatial variation in rainfall over Tamil 
Nadu as projected by these models might be 

attributed to the orography of Tamil Nadu with 
western ghats over the western boundaries and 
coast on the east. The eastern coastal region might 
witness increased cyclonic activity and changes in 
monsoon circulation that is expected to enhance the 
moisture supply over Bay of Bengal, which 
becomes conducive for deep convection and 
increased precipitation. Similar opinion was also 
expressed by Ashfaq et al. (2009). The spatial 
variation could also be attributed to the increased 
temperatures and subsequent increase in 
evaporation that intensifies the hydrological cycle 
(Ramanathan et al., 2001). 
Spatial variation on maize productivity 

Spatial variation in rainfed maize 
productivity simulated using DSSAT model over 
Tamil Nadu for the current climate (mean 
productivity of 1981 – 2010) is depicted in figure 3.
From the analysis, it could be noticed that there was 
high spatial variability in rainfed maize productivity 
as it ranged between 5161 kg/haand 2046 kg/hawith 
an average productivity of 3958 kg/ha. The observed 
maize productivity at 25th and 75thpercentiles was 
3514 and 4541 kg/harespectively.  

Mean productivity of more than 5000 
kg/hawas noted in 5 points spread near to western 
ghats and near the coastal region. Out of 182 grids, 
81 grids located along the east coast region and 
southern region registered the mean productivity 
between 4000 and 5000 kg/ha. Around 51 grids 
spread in the north eastern, north western and 
southern region recorded the productivity of 3500 
kg ha-1 to 4000 kg/ha. Most of the western and 
southern region (36 grids) produced the yield 
between 3000 – 3500 kg/ha. The yield lower than 
3000 kg/ha (2500 to 3000 kg/ha) and the yield 
below 2500 kg/ha was noticed in six and three grids 
respectively spread in different parts of the state. 

Figure 4 Spatial variation in maize yield over Tamil Nadu
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To understand the relationship between the 
rainfall and maize productivity, percentage change 
in yield over 1981 – 2010 was plotted against the 
percentage change in total seasonal rainfall of the 
corresponding growing season (Fig. 5). The 
rainfall –yield relationships showed fairly high 
and significant correlations across Tamil Nadu 
(Pearson’s r =0.53) indicating that increase in 
rainfall increases the maize productivity. Similar 
results were reported by Munodawafa (2012). The 
analysis made for temperature yield relationship 
across the state is presented in Figure 5. 

Fig 5 Rainfall yield relationship for base line 
period

Impact of climate change on rainfed maize 
productivity 

The responses to future changes 
inclimate as projected by the five GCMs depicting 
Cool/Wet, Cool/Dry, Middle, Hot/Dry and 
Hot/Wetunder RCP 4.5 and RCP 8.5 scenarios 
over Tamil Nadu showed notable differences in 
maize yield. Among the five future climate 
conditions, forcing CanESM2 (hot/dry scenario) 
model under RCP 4.5 with DSSAT showed 
negative deviation in rainfed maize productivity in 
73.2 per cent of the grids analyzed over Tamil 
Nadu (-20.01 to -30.0 % deviation in 10.6 % 
grids; -10.01 to -20.0 %in 35.8 % grids and - 0.01 
to -10.0 % deviation in 26.8 % grids). The same 
hot-dry (CanESM2) condition under RCP 8.5 
scenario showed a negative deviation in rainfed 
maize productivity in 70.9 per cent of the grids 
analyzed(-20.01 to -30.0 % deviation in 30.7% 
grids; -10.01 to -20.0 % in 24% grids and - 0.01 to 
-10.0 % deviation in 16.2 % grids). Compared to 
RCP 4.5, the strong negative yield deviation of –
20 to -30 per cent was more in RCP 8.5. This 
might be due to the negative impact of increased 
temperature with drier condition on the growth 
and yield of maize (Kumar Panda et al., 2012). 

Forcing BNU-ESM (Cool/Wet scenario) 
model with DSSAT showed a negative deviation 
(- 0.01 to-10.0 %) in maize productivity in 46.9 

per cent of the grids and a positive deviation up to 
10 per cent in 15.1 per cent of grids under RCP 
4.5 scenario indicating mixed response of positive 
and negative deviation. Similarly, under RCP 8.5 
scenario forcing MIROC5 (Cool/Wet scenario) 
model with DSSAT showed a negative deviation 
(<10 %) in maize productivity in most of places
(38.5 % grids) and with the positive deviation of 0 
to 10 per cent in 39.7 per cent of grids compared 
to other climatic conditions. This less negative 
effect found with cool/wet scenario might be due 
to lowest temperature increase and a relatively 
moderate increase in rainfall projected by climate 
models (BNU-ESM and MIROC5) under cool/wet 
scenario (Waha et al.,2013). 

The yield decrease with cool and wet 
scenario under RCP 8.5 was less compared to 
RCP 4.5 scenario. This might be increase in
rainfall quantity under RCP 8.5 scenario with 
increase in CO2 (enhanced CO2 to 571 ppm which 
is 72 ppm higher than the RCP 4.5 scenario) 
concentration in the atmosphere that would 
increase the photosynthetic efficiency.  
Enhanced CO2 would increase the water use 
efficiency due to decrease in stomatal conductance 
of the leaves that would reduce the rate of 
transpiration and help in maintaining the leaf 
water potential.  Under future warmer condition, 
enhanced leaf water potential would further 
increase the photosynthetic efficiency. In support 
of this, Morison (1987) and Rosenberg et al.
(1988) found a positive relationship between 
elevated CO2 and stomatal resistance and the 
resultant decreases in transpiration 

CONCLUSIONS 
Impact of change in climatic parameters 

in the future on rainfed maize yield would 
dependent on the interplay of the agro-climatic 
variables, as well as other non-climate variables, 
but such analyses can help the scientists to 
identify the most important variables to consider 
under future climate change.Rainfall received 
during the crop growing period had a direct 
positive correlation with rainfed maize 
productivity. Irrespective of the models and 
scenarios, the maximum and minimum 
temperature over Tamil Nadu was projected to 
increase by the mid century. Rainfall was
anticipated to vary, showing decrease in few grids 
and increase over other grids. Among the two 
climate scenarios, the magnitude of decline in 
rainfed maize yield would be more in RCP 8.5 
(30.7 % spread across Tamil Nadu) over RCP 4.5
(10.6 % of Tamil Nadu).
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Impact of climate change scenarios on the growth duration and yield of maize crop by 
the end of 21st century in central irrigated zone of Punjab 
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ABSTRACT 
Future simulated climatic data (temperature and rainfall) from the regional climate model viz. 

PRECIS (Providing Regional Climates for Impact Studies) for Ludhiana district (Central irrigated 
zone) of Punjab was corrected by deriving the correction factor with the Leander and Buishand method 
and modified difference method for the mid and end of 21st century under different SRES scenarios 
(A1B, A2 and B2 scenario). The analysis of the corrected data on annual/seasonal basis revealed that 
we may experience hotter days and warm nights by the end of 21stcentury in Punjab. The trend analysis 
of these parameters revealed that here would be positive linear increasing trend under different 
scenarios in the central region of Punjab state. The CERES-maize model (v 4.5) was employed to 
simulate the growth duration and yield of maize by mid and end century. The simulation results under 
projected climate scenarios showed the significantly decreasing duration and grain yield of maize crop 
in the state. The reduction in the maturity period and grain yield is more under the A1B and A2 
scenario (high emission scenario) followed by B2 scenario (low emission scenario). In central irrigated 
zone of Punjab state, the years 2073, 2074, 2078, 2079, 2081, 2083 to 2088, 2093 to 2096 and 2098 
under A1B scenario; years 2073, 2074, 2079, 2091, 2094 and 2096 under A2 scenario; and years 2086 
and 2093 under B2 scenario may experience failure of maize crop (duration ≤ 70 days and grain yield < 
500 kg/ha) by the end of 21st century. The higher temperatures under the A1B scenario may be the 
cause behind more grain yield reduction as compared to other scenarios as the physiology of the crop is 
adversely affected under high temperature conditions. 
Keywords: Maize, temperature, climate change scenario, crop duration, yield, Ludhiana 

Human activities such as deforestation, 
burning fossil fuels etc. have resulted imbalance in 
the atmospheric composition by continuously 
rising concentration of greenhouse gases (GHGs). 
The global average CO2 concentration at Earth’s 
surface in 2014 was 397.2 ± 0.1 ppm, an increase 
of 1.9 ppm over the 2013 global mean 
(Dlugokencky et al., 2015). The globally averaged 
combined land and ocean surface temperature data 
has shown a warming of about 0.85°C during 
1880 to 2012 (IPCC, 2013). Increasing 
temperature, shifts in rainfall patterns, and extreme 
climate events are becoming more common 
(Easterling et al., 2000) which may cause risks to 
human health, agriculture, economy and 
environment (EPA, 2015). 

The rainfall and annual temperature 
over India are projected to increase by 10-12 
per cent and 3-5°C by the end of 21st century 
(Aggarwal et al., 2010). The occurrence of 
short events of high temperature at critical 
growth stages can cause yield reduction 
(McKeown et al., 2005) which could be a 
threat to the food security (Araya et al., 2015) 
and resultant price rise. Due to uncertainty 
about the expected rates of the climate change 
in the future, IPCC has suggested a set of 
scenarios based on technological change, 
demographic change, social, economic change 

and GHGs emission in the Special Report on 
Emissions Scenarios (SRES) (Nakicenovic et 
al., 2000). Rupakumar et al., (2006) simulated 
the local climatic conditions of India by using 
PRECIS model for the baseline 1961–1990 as 
well as 2071-2100 under the SRES scenarios 
A2 and B2.The crop growth simulation model 
can be used as a tool for strategic management 
evaluation (such as irrigation or fertilizer 
management) to find out the effect of crop 
responses to the changing climate (Bhusal and 
Timsina, 2010). The CERES-Maize (Jones et al., 
2003) model has been used for decision making 
in crop production under varied environments as 
it simulates daily crop growth from sowing to 
maturity by using weather, soil and crop 
management factors. Many climate change-
related studies have been done at the global and 
national scale, but the literature for the regional 
scale analysis is limited. In this context to analyze 
the simulated changes in the temperature and 
precipitation using outputs from the PRECIS 
model for mid and end of the 21st century was 
analysed with the objectives of simulating maize 
yield under futuristic climate change scenarios 
(under A1B, A2 and B2) by employing CERES-
Maize model in Punjab.  
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MATERIALS AND METHODS 
Observed and projected climate data 

The daily data on maximum 
temperature, minimum temperature and rainfall 
was used from 1971-1990 Ludhiana (30°54’ 
33” N, 75°48’ 22” E) district (Fig 1) in the 
central zone. The daily simulated data for 
maximum temperature, minimum temperature 
and rainfall for the baseline period (1961-1990); 
data under A1B scenario for mid century (2021-
2050); and under A1B (2071-2098), A2 and B2 
(2071-2100) scenarios for the end of 21st 
century were downscaled using PRECIS model 
prepared by IITM, Pune.  

Fig. 1 Location of Ludhaina (Central irrigated 
zone) in Punjab state 

Bias correction of projected data 
The actual historical data (as per 

availability) and baseline data from 1971-1980 
for Ludhiana was used to derive the correction 
functions. Leander and Buishand method 
(Leander and Buishand 2007) for temperature 
and modified difference method for rainfall 
were used to derive the correction factors. These 
correction functions were then used to correct 
the model data for the mid and end century 
under the different scenarios for Ludhiana 
district.  
Leander and Buishand method and modified 
difference method 

In this method of bias correction for 
temperature mean and standard deviation were 
added which aimed at shifting and scaling to 
adjust the mean and variance (Leander and 
Buishand 2007). The daily corrected 
temperature was obtained as: 

Tuncorr = Uncorrected modeled daily temperature 
from PRECIS model 
Tobs = Historical observed daily temperature 
Tmod= Baseline modeled daily temperature 
obtained from PRECIS model 

The over bars in equation indicate 
average over the considered period and STD is 
standard deviation. In case of rainfall, modified 
difference method was used and the daily 
corrected rainfall was obtained as: 

Then the corrected futuristic daily 
weather data was analyzed on annual, kharif 
season (May-October), and rabi season 
(November-April) basis to quantify the changes 
in maximum temperature (ºC), minimum 
temperature (ºC) and rainfall (mm) from the 
baseline period. The calibrated and validated 
CERES-Maize model was then employed for 
simulating the growth duration and yield of 
maize during the present time period (1990 – 
2015). The simulations were done for the recent 
15 year time period as it can be safely assumed 
that the contribution of technological 
advancement is uniform during that period. 
Further to assess the changes in growth duration 
and yield of maize, the simulations were done 
under futuristic A1B scenario (2021-2050), 
A1B scenario (2071-2098), A2 scenario (2071-
2100) and B2 scenario (2071-2100) for 
Ludhiana district in central zone. 

RESULTS AND DISCUSSION 
Changes in temperature and rainfall on 
annual/seasonal basis and their trends 
analysis under different scenarios 

The corrected data on annual/seasonal 
basis for the mid and end of 21st century has 
been given in Table 1. The deviation in the 
maximum and minimum temperature from the 
baseline would be higher in the Central irrigated 
zone (Ludhiana). By using the Leander and 
Buishand method, the change in maximum 
temperature on annual, kharif and rabi basis is 
projected to be higher than baseline by 3.2 to 
5.7ºC, 3.4 to 7.3ºC and 2.7 to 5.3 ºC, 
respectively, at Ludhiana under different 
scenarios by the end of 21st century. The 
corrections from Leander and Buishand method 
reveal that the rise in annual, kharif and rabi 
minimum temperature would be by 3.1 to 5.5ºC, 
3.6 to 6.4ºC and 2.6 to 4.6 ºC, respectively, at 
Ludhiana under different scenarios by the end of 
21st century. As per corrections by the modified 
difference method, the deviations in annual, 
kharif and rabi rainfall is expected to be 37 to 
68 %, 54 to 66 % and -47 to 71% , respectively, 
at Ludhiana under different scenarios. 

The trends in projected climate data on 
temperature and rainfall under different climate 
change scenarios were worked out which show 
that there would be warmer climate than 
baseline by the end of the 21st century. The 
trend analysis of maximum temperature, 
minimum temperature and rainfall for Ludhiana 
(Central zone) district of the Punjab state under 
different scenarios shows that there would be 
increase in maximum temperature by 0.06, 0.05 

221Vol. 19, Special Issue (AGMET 2016)



and 0.03 oC/year under A1B, A2 and B2 
scenario, respectively; in minimum temperature 
by 0.05, 0.04 and 0.03 oC/year under A1B, A2 
and B2 scenario, respectively; and in rainfall by 
4.63, 2.64 and 3.44 mm/year under A1B, A2 
and B2 scenario, respectively (Fig 2). This rise 
in temperature may have profound effect on the 
crop production. Because higher temperatures 
accelerate the crop development and shorten 
crop duration which is associated with lower 
crop yield. The effects of rising temperatures on 
the maturity period and grain yield of maize 
crop are described below: 
Projected changes in maturity period of maize 

The projected changes in the maturity 
period of the maize crop under different 
scenarios of climate change during the mid and 
end of 21st century for the different locations of 
the Punjab state has been given in Fig 3. The 
simulation results indicated that maturity period 
of the maize is expected to decrease during the 
mid and end of the 21st century under different 
scenarios of climate change. Various regression 
relationships were worked out for the maturity 
period starting from present time till the end of 
century. The negative and linear trend was 
observed for the maturity period of the maize 
crop under different scenarios over the 21st 
century. It means that there will be decline in 
the days taken by the maize crop to mature in 
the mid and end century than the present time of 
1990 to 2015. The decline in maturity period by 
the end of 21st century will be higher under the 
A1B scenario followed by the A2 and B2 
scenario. The duration of maize will be ≤70 
days during the crop years 2078 to 2080, 2082 
to 2086, 2089, 2090, 2092 to 2098 under high 
emission A1B scenario; crop years 2075, 2079, 
2084, 2090, 2091, 2093, 2095 to 2099 under 
high emission A2 scenario; and crop years 2084 
and 2093 under low emission B2 scenario at the 
Ludhiana district of the central zone. The 
reduction in the duration of the maize crop may 
be due to the increase in temperatures as 
compared to the baseline under the different 
scenarios. The A1B and A2 scenario (high 
emission scenario) predict more decrease in the 
duration of the crop as temperatures are 
relatively higher than baseline under this 
scenario as compared to other scenarios which 
may result in shortening to the various 
phenophases of the maize crop by the end of the 
21st century. The reduction in duration has also 
been expected for the B2 scenario 
(low emission scenario) by the end century, but 
at a lesser rate as compared to A1B and A2 
scenario. Vucetic (2011) and Wang et al. (2011) 
also reported shortening of the growing period 
of the maize crop by one month and 15-20 days 
respectively during 2070s. 

Projected changes in yield of maize crop 
The results of the trend analysis for the 

grain yield of the maize crop under different 
scenarios of climate change during the mid and 
end of 21st century for the different locations of 
the Punjab state has been given in Fig 4. The 
negative and linear trends was observed for all 
the districts under study indicating that the grain 
yield may decline during the mid century and 
end century period under the different scenarios 
of the climate change. The simulation results of 
the present study using CERES-Maize indicated 
that the yield of maize would be ˂ 500 kg/ha 
(near crop failure) during the crop years 2073, 
2074, 2078, 2079, 2081, 2083 to 2088, 2093 to 
2096 and 2098 under high emission scenario 
(A1B); during 2073, 2074, 2079, 2091, 2094 
and 2096 under A2 scenario; and 2086 and 2093 
at Ludhiana.  

The failure of maize crop might be 
attributed to the high temperature environments 
predicted during these crop years. The poor 
growth and development of maize crop was due 
to the high temperature stress. High 
temperatures could cause an array of 
morphological, anatomical, physiological and 
biochemical changes within maize. The crop 
duration was reduced due to the high 
temperature stress. Heat stress during kernel 
development affected cell division,  sugar 
metabolism  and  starch  biosynthesis,  reducing 
subsequent  dry  matter accumulation within  
kernels  (Commuri and  Jones, 2001). 
Similarindings on the reduction in grain yield of 
maize due shortening of the growing period had 
also been reported by Makadho (1996) and 
Vucetic (2011).  

It was clear from the figures for the 
grain yield by the end of the century under 
different climate change scenarios that among 
all the climate change scenarios, more decrease 
in grain yield had been predicted under A1B 
scenario followed by A2 and B2 scenario. This 
was due to the fact that the A1B is the high 
emission scenario with higher temperatures as 
compared to the other scenarios. The yield 
losses under B2 scenario were lesser as 
compared to the others because it is a low 
emission scenario and the temperature 
deviations from the baseline under this scenario 
are less as compared to the A1B and A2 
scenario. The reduction in grain yield of maize 
hybrids by 15-20 % with increasing temperature 
of 2 °C was also observed by Shrestha et al., 
(2015).  
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Table 1 Changes in maximum and minimum temperature and rainfall on annual and seasonal basis for the mid 
and end century for different scenarios and their deviation from baseline period 

Time period 
Baseline 
(1961-
1990) 

Mid century 
(2021-2050) 

End century 
(2071-2100) 

A1B A1B A2 B2
Maximum temperature (oC) 

Annual 29.8 32.7 (+2.9) 35.5 (+5.7) 35.0 (+5.2) 33.0 (+3.2) 

Kharif 35.1 39.1 (+4.0) 42.4 (+7.3) 40.1 (+5.0) 38.5 (+3.4) 

Rabi 24.5 26.1 (+1.6) 28.5 (+4.0) 29.8 (+5.3) 27.2 (+2.7) 
Minimum temperature (oC) 

Annual 16.0 18.9 (+2.9) 21.5 (+5.5) 20.5 (+4.5) 19.1 (+3.1) 
Kharif 22.6 25.8 (+3.2) 29.0 (+6.4) 27.7 (+5.6) 26.2 (+3.6) 
Rabi 9.3 11.9 (+2.6) 13.9 (+4.6) 13.3 (+4.0) 11.9 (+2.6) 

Rainfall (mm) 

Annual 741.4 1066.9 (+325.5) 1244.8 (+503.4) 1012.3 (+270.9) 1102.7 
(+361.3) 

Kharif 613.9 860.7 (+246.8) 1020.1 (+406.2) 944.7 (+330.8) 998.9 
(+385.0) 

Rabi 127.5 208.4 (+80.9) 218.2 (+90.7) 68.0 (-59.5) 105.9 (-
21.6) 

* Significant at 1% level of significance
Fig 2 Trend analysis for PRECIS-model simulated changes in maximum temperature, minimum temperature 

and rainfall under different scenarios of climate change in Ludhiana district of central zone 
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* Significant at 1% level of significance
Fig 3- Trends in days taken to the maturity of 

the maize crop during present time, 
mid century and end century under 
different scenarios for Ludhiana  

* Significant at 1% level of significance
Fig 4  Trends in grain yield of the maize crop 

during present time, mid century and 
end century under different scenarios 
for Ludhiana  

CONCLUSION 
Projections of maize yield under climate 

change conditions indicate decrease in production 
over the end of the 21st century. There would be the 
years with crop failure (crop duration ≤ 70 days and 
grain yield < 500 kg/ha) under different scenarios 
of climate change by the end of 21st century. It is 
expected that this study will encourage similar 
analyses for other crops and regions to determine 
what patterns exist in climate change impacts on 
different crops, and to develop strategies for 
overcoming the harmful impacts of climate change. 
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ABSTRACT 
Wheat is a very important crop for food security point of view for India. The total duration of wheat crop varies 

from year to year owing to seasonal fluctuations in weather conditions. It is a well known fact, that during past the weather 
parameters have gone a significant change in Punjab. In order to determine the effect of change in weather parameters on 
wheat crop duration a simulation study was conducted using CERES-Wheat model available in DSSAT 4.5. The model 
was calibrated using crop data recorded at meteorological observatory installed at PAU, Ludhiana, Punjab, India. The 
model was used to simulate the crop growth using weather data recorded at Ludhiana from 1970 to 2015. Three dates viz. 
25th October, 15th November and 7th December corresponding to early, timely and late sowing conditions were used for 
determining the effect of climate change on duration of wheat crop.  The five yearly moving averages of the simulated 
crop durations were worked out and were regressed against time to study the trend.  The results of simulation study 
revealed that from 1970 to 2015 days taken for anthesis have decreased significantly from 111 to 107.8, 107.9 to 104.7 
and 97.6 to 93.5 in case of early, timely and late sown wheat crop, respectively. Maximum reduction of 4.1 days was 
noticed in case of late sown wheat, whereas the reduction in case of early and timely sown wheat was 3.2 days. The results 
also revealed that grain filling duration of the wheat crop has decreased significantly from 48.6 to 44.5, 41.6 to 38.3 and 
38.2 to 35.4 for early, timely and late sown crop, respectively. Maximum reduction of 4.1 days in grain filling duration 
was noticed in case of early sown wheat, whereas minimum reduction 2.8 days was noticed in case of late sown wheat. 
The results further revealed that wheat crop duration had decreased significantly from 159.7 to 152.2, 149.9 to 143.3 and 
135.8 to 128.9 for early, timely and late sown crop, respectively. Maximum reduction of 7.5 days in crop duration was 
noticed in case of early sown wheat, whereas minimum reduction (6.6 days) was noticed in case of timely sown wheat. 
During the period under consideration the crop duration decreased by 0.182, 0.160 and 0.169 days per year in case of 
early, timely and late sown crop, respectively. These results clearly indicated that climate change has adversely affected 
the wheat crop by reducing its duration in central Punjab.  
Keywords: Climate Change, crop modeling, wheat, reduced, duration. 

Wheat (Triticum aestivum L.) is the second 
main source of world’s food energy and nutrition. It 
supplied about 19 and 21per cent of the total calories 
and proteins, respectively, required by the world‘s 
population (Anonymous, 2011).  India is the second 
largest wheat producer and produced 14 per cent
(94.5 million tonnes) of the world’s total wheat from 
13per cent (31.2 million hectares) of global area 
during 2014 (FAO, 2016). Although wheat can be 
grown in a wide range of climatic conditions, but 
many abiotic and biotic factors limits its yield. 
Amongst abiotic factors, high temperature is one of 
the most important factors in limiting wheat 
production in the world. Global climate models 
predict an increase in mean ambient temperatures 
between 1.8 and 5.8°C by the end of this century 
(IPCC, 2007). Future, climates will also be affected 
by greater variability in temperature and increased 
frequency of hot days. The analysis of historical 
weather data (Prabhjyot-Kaur, 2013) recorded at 
Punjab Agricultural University, Ludhiana, Punjab, 

revealed that weather parameters has under gone a 
significant change as highlighted below:

A significant increase in annual minimum, kharif
season minimum, rabi season maximum, and 
rabi season minimum temperatures. 
A significant decrease in average kharif season 
maximum temperature. 
A significant increase in annual, kharif and rabi
morning and evening relative humidity 
A significant decrease in annual, kharif and rabi
sunshine hours and pan evaporation. 
A significant increase in annual and kharif
season rainfall. 

Crop duration being an important biometric 
parameter having direct influence of productivity of 
the crop. Any reduction in crop duration can lead to 
reduction in productivity. The major parameters 
affecting the crop duration are genetic makeup, crop 
management, weather, etc.  
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Among these the weather is most dynamic 
and can change from year to year. In Punjab weather 
parameters has undergone a significant change as 
discussed earlier. These changes in weather 
parameters could have resulted in creation of more 
favorable or unfavorable weather conditions for the 
wheat crop which in turn could alter the crop 
duration. Keeping these changes in view, the present 
study was planned to investigate the effect of climate 
change on the duration of wheat crop. 

MATERIALS AND METHODS 
The crop and meteorological data required 

for calibration and validation of the model was 
recorded at Ludhiana, Punjab. The CERES-Wheat 
model, available in the DSSAT v 4.5.0.0 simulates 
the growth, development and yield of wheat using 
daily time steps was used for the study. The model 
was calibrated using the field experimental data 
generated during crop season of 2010-11 for the 
wheat variety DBW 17 using the agronomic practices
recommended by Punjab Agricultural University,
Ludhiana, Punjab. The experiment from which the 
data was used consisted of six (28th October, 4th, 11th,
18th, 25th November and 2nd December) dates of 
sowing. 

The genetic coefficients (Table 1) were 
derived by repeated iterations until a close match 
between simulated and observed phenology and yield 
was obtained. The performance of the model was 
validated (Table 2) with the experimental data from 
the two crop seasons (2011-12 and 2012-13) other
than that used for calibration of the model and was 
used for calculation of these parameters/ indices and 
for validation of the model. 

Table 1 Genetic coefficients wheat variety DBW17

Parameter Value
P1V: Days, optimum vernalizing 
temperature, required for vernalization

14

P1D: Photoperiod response (% reduction in 
rate/10 h drop in pp)

40

P5: Grain filling (excluding lag) phase 
duration (°C.d)

660

G1: Kernel number per unit canopy weight 
at anthesis (#/g)

16

G2: Standard kernel size under optimum 
conditions (mg)

44

G3: Standard, non-stressed mature tiller 
weight (including grain) (g dwt)

3.2

PHINT: Interval between successive leaf tip 
appearances (°C.d)

110

The root mean square error (RMSE) provides 
the weighted variations in errors (residual) between the 
predicted and observed values. Its value equal to zero 
shows a perfect fit between the observed and predicted 
data. It was calculated by using Equation (1): 
RMSE = [∑n

i=1(Pi – Oi)2 / n]0.5  (1) 
Where, P is value predicted by the model, O

is observed value and n is total number of 
observations. Normalized root mean square error 
(NRMSE) provides a measure (%) of relative 
difference of predicted versus observed data (Equation 
(2)). NRMSE was calculated as follow
NRMSE = [∑n

i=1(Pi – Oi)2 / n]0.5 x 100/Ō (2) 
Where, P is value predicted by the model, O is 
observed value, n is total number of observations and 

 is mean of observed values. Jamieson et al., (1991) 
reported that, the simulation is considered excellent, 
good, fair and poor if NRMSE is less than 10, 10-20, 
20-30 and more than 30%, respectively. 

The d-stat or index of agreement 
(D-index) was estimated as in Equation (3). According 
to the d-statistic, the closer the index values to unity, 
the better the agreement between the two variables that 
are being compared and vice versa.  

(3) 

where n is the number of observations, Pi the predicted 
value, Oi is a measured value, 

 and , , and  is mean of the 
observed values.

After validation the CERES-Wheat model 
was used as a research tool to study the effect of 
climate change on change in crop duration. The model 
was used to simulate the crop growth using weather 
data recorded at Ludhiana from 1970 to 2015. Three 
dates viz. 25th October, 15th November and 7th

December corresponding to early, timely and late 
sowing conditions were used for determining the effect 
of climate change on duration of wheat crop.  The five 
year moving averages of the simulated crop durations 
were worked out and were regressed against time to 
study the trends.  

RESULTS AND DISCUSSION 
Validation of the CERES-Wheat model 

The results (Table 2) showed that the 
phenological events matched quite well. The 
difference between mean days taken for anthesis and 
maturity were zero. The d-Sstat values were 
acceptable. The NRMSE values for days taken for 
anthesis and maturity, were in excellent range (<10%) 
for model calibration as proposed by Jamieson et al.,
(1991).  
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Table 2 Results of validation of CERES-Wheat V4.5 

Variable Name
Mean Std. Dev. Mean

Diff.
Mean

Abs. Diff.
RMSE NRMSE 

(%) d-Stat.
No. of
Obs.Observed Simulated Observed Simulated

Anthesis (DAS) 106 106 3.59 4.38 0 3 3.72 3.51 0.758 12

Yield (kg ha-1) 4047 4121 832 729 74 349 440 10.68 0.915 12

Maturity (DAS) 145 145 6.12 7.25 0 4 4.55 3.14 0.874 12

The grain yield for wheat crop was simulated 
quite satisfactorily and the mean difference between 
observed and simulated values was 74 kg ha-1. The 
values of NRMSE for most of the locations were in the 
good range as proposed by Jamieson et al., (1991).
The value of d-Stat was near to one. The validation 
results showed that the model was calibrated quite 
satisfactorily and may be used for further applications. 
Application of model 

The calibrated model was used to study the 
effect of climate change on crop duration and the results 
are presented in the following sections. 
Change in days taken to reach anthesis stage 

Anthesis stage is very important stage in the 
life cycle of plants. During this stage number of 
grains is determined and after anthesis grains begin to 
develop, through transfer of carbohydrates stored in 
vegetative parts to developing grains. Before anthesis 
plants must get sufficient time to synthesize sufficient 
quantity of carbohydrates to produce a good 
economic yield. Any reduction in the time period 
from sowing to anthesis will result in reduction in 
yield. The results (Figure 1) of present simulation 
study revealed that from 1970 to 2015 days taken for 
anthesis have decreased significantly from 111 to 
107.8, 107.9 to 104.7 and 97.6 to 93.5 in case of early 
(25th October), timely (15th November) and late (7th

December) sown wheat crop, respectively. Maximum 
reduction (4.1 days) was noticed in case of late sown 
wheat, whereas the reduction in case of early and 
timely sown wheat was 3.2 days.  
The rate of decrease in days taken for reaching 
anthesis stage was 0.077, 0.079 and 0.100 day year-1.  
Thus, indicating that the late sown wheat was more 
adversely affected in terms of days taken to reach the 
anthesis stage due to climate change. Aggarwal and 
Sinha, (1993) also observed that in wheat the rise in 
temperature reduces the days taken to reach the anthesis 
stage. 
Change in grain filling duration of wheat 

After anthesis grain filling stage starts and the 
length of this stage had a direct bearing on the crop 

productivity. The results (Figure 2) of the present 
study revealed that grain filling duration of the wheat 
crop had decreased significantly from 48.6 to 44.5, 
41.6 to 38.3 and 38.2 to 35.4 for early, timely and late 
sown crop, respectively. Maximum reduction (4.1 
days) in grain filling duration was noticed in case of 
early sown wheat, whereas minimum reduction (2.8 
days) was noticed in case of late sown wheat. Lesser 
reduction in late sown crop may be due to shorter 
duration of late sown wheat crop. The rate of decrease 
in grain filling duration was 0.104, 0.081 and 0.068 
day year-1.  Thus, the results again points that grain 
filling duration of wheat crop has decreased with 
time/climate change.   
Days taken for physiological maturity 

The days taken to reach physiological 
maturity of crop is a very important parameter having 
direct impact to crop’s productivity. Any reduction in 
crop duration (sowing to physiological maturity) will 
affect the crop yield adversely. The analysis of the 
simulation studies showed that the crop duration at 
Ludhiana had decreased significantly from 159.7 to 
152.2, 149.9 to 143.3 and 135.8 to 128.9 for early, 
timely and late sown wheat crop, respectively. 
Maximum reduction (7.5 days) in crop duration was 
noticed in case of early sown wheat, whereas 
minimum reduction (6.6 days) was noticed in case of 
timely sown wheat. During the period under 
consideration the rate of decrease of crop duration 
was 0.182, 0.160 and 0.169 days per year in case of 
early, timely and late sown crop, respectively. Thus, 
the results clearly indicated that the weather is 
becoming less favorable for wheat. As the significant 
increase in wheat season temperature (both maximum 
and minimum) and relative humidity coupled with 
significant reduction in bright sunshine hours during 
the period (1970-2015) under study were the factors 
which might be responsible for reducing the duration 
of wheat crop. Increased temperature caused 
reduction in the crop duration due to increased 
growth rates. 
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Figure 1. Change in days taken to reach anthesis stage 
by wheat due to climate change

Figure 2 Change in grain filling duration of  wheat due 
to climate change

Figure 3 Change in days taken to reach physiological maturity by wheat due to climate change
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CONCLUSION 
Thus, it can be concluded that the weather 

has became adverse in comparison to earlier time 
(1970) for the wheat crop as it resulted in reduction 
of crop duration.  Wheat crop duration has decreased 
significantly from 159.7 to 152.2, 149.9 to 143.3 and 
135.8 to 128.9 days for early, timely and late sown 
crop, respectively. Maximum reduction (7.5 days) in 
crop duration was noticed in case of early sown 
wheat, whereas minimum reduction (6.6 days) was 
noticed in case of timely sown wheat. During the 
period under consideration the crop duration 
decreased by 0.182, 0.160 and 0.169 days per year in 
case of early, timely and late sown crop, respectively. 
Thus, climate change has adversely affected the 
wheat crop in central zone of Punjab by decreasing 
its duration. 
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ABSTRACT 
The first incidence of safflower aphid [12.5 (on A-1) to 31.0 (on SSF-658) aphids/5 cm apical twig/plant]

was noticed during the 46thmeteorological week (MW).The aphid population showed an increasing trend thereafter 
and finally reached the peak level[130.6 (on A-1) to 168.8 (on SSF-658) aphids/5 cm apical twig/plant] during 
January first week i.e. 1stMW. During this week, the maximum and minimum temperatureswere29.7oC and 
14.6oCand the morning(RH-I) and afternoon relative humidity (RH-II) was 86 % and 41 %,respectively. Theaphid 
population showed a declining trend thereafter and recorded 8.3(on A-1) to12.8(on SSF-658) aphids/5 cm apical 
twig/plant during 7th MW and disappeared thereafter. The correlation studies of average data of two years showed 
that the maximum (r= -0.701, -0.756) and minimum temperatures(r= -0.763, -0.739) hada highly significant negative 
correlation with aphid population on A-1 and SSF-658 varieties, respectively. The RH-I (r= +0.427, +0.447) and 
RH-II (r= +0.217, +0.245) showed non-significant but positive correlation with aphid population on A-1 and SSF-
658varieties, respectively while the rainfall, wind velocity and pan evaporation had a non-significant negative 
correlation with the aphid population in both the varieties. The period from 51st MW to 3rd MW was the most 
congenial for the aphid build-up when the minimum and maximum temperatures ranged from 11.6 to 14.9oC and 
29.6 to 31.2oC, respectively. Thus, the plant protection measures need to be taken up during this period to avoid or 
to reduce the crop losses due to the aphid. Due to the increased temperatures and also with the crop advancing 
towards maturity, the aphid population disappeared from the 8th MW onwards. 

Key words: Carthamus tinctorius, safflower, Uroleucon compositae, weather parameters. 

Safflower (Carthamus tinctorius L.) is one of 
the important oilseed crops in the world. In India, it 
occupies an area of 1.78 lakh ha with the production of 
1.14 lakh metric tons and productivity of 641 kg/ha 
(Anon., 2015). Maharashtra state is the largest producer 
of safflower in India with 1.07lakh ha area (60.1% of 
area in India), 0.61lakh metric tons production(53.5% of 
production in India) and the productivity of 570 kg/ha. 
Safflower aphid, Uroleucon compositae theobald has 
been reported as major sucking pest of safflower in
different parts of the country (Akashes et al., 2013a). 
It causes 52.14 and 92.77 per cent losses in yield in
the spiny and non-spiny cultivars, respectively 
(Anon., 2014). The severity of aphid infestation on 
safflower is noticed during winter season only as the 
abiotic factors viz., maximum and minimum 
temperatures play important role in deciding its 
population. The control of aphid is difficult due to its fast 
development rate and higher production potential under 
congenial weather conditions. Efforts were, therefore, 
made to study the effect of different weather 
parameters on Uroleucon compositae population in 
safflower under dryland conditions and to know its 
seasonal incidence as well so as to find out a critical 
period for adoption of crop protection measures to 
minimize the losses due to this pest. 

MATERIALS AND METHODS 
The experiment was conducted during Rabi

2013-14 and 2014-15 with two safflower varieties 
viz.,aphid tolerant variety, A-1 and aphid susceptible 
variety, SSF-658 on the research farm of the All 
India Coordinated Research Project on Safflower, 
Zonal Agricultural Research Station, Solapur-413
002, Maharashtra, India under untreated condition. 
The sowing was done during the normal 
recommended period i.e. 2ndfortnight of September to 
first week of October (30.09.2013 and 06.10.2014).The 
plot size of 200 m2was employed for each variety. The 
crop was grown following all the recommended 
package of practices except the use of insecticides for 
aphid control. The data on actual aphid count on 5 cm 
apical twigs per planton five randomly selected plants in 
each variety were recorded weekly commencing from 
46 MW to 7 MW and correlated with the weather 
parameters of the corresponding standard meteoro-
logical weeks. The harvesting of safflower was done on 
08.03.2014 and 20.02.2015 for the 2013-14 and 
2014-15 rabi seasons, respectively. The weekly average 
weather data comprising eight different parameters 
(maximum and minimum temperatures, morning and 
afternoon relative humidity, rainfall, wind velocity, pan 
evaporation and bright sunshine hours) were collected 
separately for 2013-14 and 2014-15 from the 
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Agrometeorological observatory located at the Zonal 
Agricultural Research Station, Solapur, Maharashtra, 
India. The average aphid population of both the years 
from 46th MW to 7th MW was correlated with all the 
average eather parameters to study the impact of 
different weather parameters on the development of 
safflower aphid so as to find out a critical period for the 
adoption of crop protection measures and minimize the 
yield losses due to the pest. 

RESULTS AND DISCUSSION 
The data regarding average aphid population 

on two safflower varieties viz., A-1 and SSF-658 and 
the average weather parameters viz., maximum and 
minimum temperature, morning and afternoon 
relative humidity, rainfall, wind velocity, pan 
evaporation and the bright sunshine hours of two
years i.e. 2013-14and 2014-15 are depicted in Table 
1. The first incidence of safflower aphid [12.5 (on A-
1) to 31.0 (on SSF-658) aphids/5 cm apical twig/plant] 
was noticed during the 46th meteorological week (MW) 
which showed an increasing trend thereafter and finally 
reached the peak level [130.6 (on A-1) to 168.8 (on 
SSF-658) aphids/5 cm apical twig/plant] during January 
first week i.e. 1stMW. During this week, the maximum 
and minimum temperatures were 29.7oC and 14.6oCand 
the morning (RH-I) and afternoon relative humidity 
(RH-II) was 86 % and 41 %, respectively.  The aphid 

population showed a declining trend thereafter and 
recorded 8.3 (on A-1) to 12.8 (on SSF-658) aphids/5 cm 
apical twig/plant during 7th MW and disappeared 
thereafter. The correlation studies conducted using two 
years average data showed that the maximum (r =-
0.701, -0.756) and minimum temperatures (r=-0.763,-
0.739) had highly significant negative correlation with 
aphid population on A-1 and SSF-658 varieties, 
respectively. The RH-I (r= +0.427, +0.447) and RH-II 
(r= +0.217, +0.245) showed non-significant but 
positive correlation with aphid population on A-1 and 
SSF-658 varieties, respectively. While the rainfall (r= 
-0.178, -0.163), wind velocity (r= -0.350, -0.207) and 
pan evaporation (r= -0.495, -0.455) showed non-
significant negative correlation with the aphid 
population on A-1 and SSF-658 varieties 
respectively, the bright sunshine hours had very weak 
positive or almost no correlation with the aphid 
population in both the varieties (r= +0.055, +0.003). 
The average data also indicated that the period from 
51st MW to 3rd MW was the most congenial for the 
aphid build-up when the minimum and maximum 
temperatures ranged from 11.6 to 14.9oC and 29.6 to 
31.2oC, respectively. Thus, the plant protection 
measures need to be taken up during this period to avoid 
or to reduce the crop losses due to the aphid. Due to the 
increased temperatures and also with the crop advancing 
towards maturity, the aphid population disappeared 
from the 8th MW onwards. 

Table1.Correlation of different weather parameters with safflower aphid (Average data of 2013-14and 2014-15) 

MW
No.

No. of Aphids/5 
cm twig/plant on Temperature (oC) Relative

humidity (%) Rainfall 
(mm)

Wind 
velocity 
(km/hr)

E Pan 
(mm)

Sunshine 
(hrs)A-1 SSF-658 Max. Min. RH-I RH-II

45 0.0 0.0 32.4 16.9 75 37 8.0 2.6 5.1 7.9
46 12.5 31.0 30.8 16.6 82 43 20.7 3.2 4.4 7.4
47 35.5 39.6 32.5 15.5 78 33 0.15 2.3 4.3 7.1
48 31.5 30.3 31.7 16.2 73 37 0.25 2.6 4.8 6.8
49 37.0 66.5 31.6 15.0 77 33 0 2.8 4.8 8.4
50 50.6 69.8 30.4 13.8 79 35 2.6 2.5 4.1 7.6
51 73.3 91.0 29.7 11.6 70 30 0 2.6 4.5 8.6
52 102.8 119.8 29.6 13.0 74 37 0 3.2 4.6 8.9
1 130.6 168.8 29.7 14.6 86 41 6 2.4 3.7 7.1
2 120.6 145.5 30.8 11.8 73 24 0 3.0 5.2 9.3
3 67.5 109.5 31.2 14.9 72 31 0 4.8 5.5 8.6
4 34.8 80.5 30.6 15.8 73 31 0 5.6 5.8 6.6
5 27.1 74.5 31.4 14.7 67 30 0 4.1 5.6 8.6
6 25.7 32.5 33.6 14.5 58 18 0 4.6 7.0 9.6
7 8.3 12.8 32.7 18.2 58 21 0 4.6 6.1 9.4
8 0.0 0.0 35.1 18.2 60 21 0 5.2 6.8 8.7

Correlation (r ) 
with aphid 

population on

A-1 -0.701 ** -0.763 ** +0.427 +0.217 -0.178 -0.350 -0.495 +0.055

SSF-658 -0.756 ** -0.739 ** +0.447 +0.245 -0.163 -0.207 -0.455 +0.003

** Significant at 1 % level of significance.
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The results of the present investigation are in 
agreement with observations reported by earlier workers 
(Akashe et al., 1995,Akasheet al., 2008 and Akashe et 
al., 2010). They concluded that high temperature, low 
humidity and rainfall had an adverse effect on the 
population development of safflower aphid. They also 
noticed that the safflower aphid (Uroleucon compositae
T.) was active during 47th to 1st MW on elongation and 
branching stages of the crop because of succulence of 
the crop for aphid attack, but its appearance on crop 
totally depends upon prevailing climatic conditions. 
However, low temperature and high humidity were 
conducive for the multiplication of this pest. The 
weather-based forewarning models have been 
developed by Akashe et al. (2013b) for safflower aphid 
(Uroleucon compositae T.) in the scarcity zone of 
Maharashtra. Similar study for woolly aphid (Ceratova 
cunalanigera Zehntner) on sugarcane in Maharashtra 
was undertaken by Galande et al.(2014). The seasonal 
incidence of mealy bugs on custard apple 
(Annonasquamosa L.) in relation to weather parameters 
was reported by Raut et al. (2013). Similarly, seasonal 
dynamics of wheat aphid complex and predator 
Coccinella septempunctata  in relation to abiotic and 
biotic factors was also studied by Soni et al.(2013), who 
reported that the alate form of aphids appeared on the 
crop during the 1st week of December and colony 
buildup of aphid complex started during the 2nd week of 
January and peak was observed in the 1st week of 
March.
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ABSTRACT 
Bacterial blight, caused by Xanthomonas axonpodis pv malvacearum is one of the most important cotton 

diseases in south western Punjab which leads to heavy losses especially at early crop phonological stages. An 
experiment was conducted on a cotton genotype (RS 921) at PAU, Regional Research Station, Faridkot to find out 
relationship between incidence of bacterial blight with weather parameters during Kharif 2014 and 2015. Disease 
incidence (DI) was recorded weekly. Correlation results revealed that temperatures (maximum, minimum and mean)
were negatively correlated with disease whereas, temperature range (maximum temperature – minimum 
temperature) was highly favorable (r= 0.86* and 0.78** during 2014 and 2015, respectively). Likewise, increase of 
DI was positively associated with morning relative humidity. Both years, rainfall did not favoured the disease 
incidence (r = -0.35 and r = -0.07). Similarly, increase in the duration of bright sun shine hours also adversely 
affected the disease development. The regression model accurately estimated the disease incidence during different 
standard weeks of Kharif 2014 and 2015 which was validated in Kharif 2016. Results of present study are supposed 
to provide basis for forecasting of disease development which will help to develop advance warning system for 
timely management of bacterial blight.  
Key words: Bacterial blight, correlation, cotton, regression, weather, etc.

Cotton (Gossypium spp.) is India’s one of 
the most widely cultivated commercial crop which 
provides the most important natural fiber for the 
textile industry. In India, 17 million farmers are 
dependent on cotton cultivation for their livelihood in
India; cotton was cultivated in 11.72 million hectares 
with production of 31.95 million bales and 
productivity of 515 kg lint/ha during 2015-16
(AICRP, 2016). Among the most important factors 
affecting the agricultural productivity, plant disease 
are of vital importance. In worldwide, plant diseases 
are estimated to cause almost 20% of yield reduction 
in major food and cash crops, (Thind, 2012). The 
cotton crop is sensitive to diseases and pest that 
necessitate the use of highly concentrated chemicals 
creating unhealthy environment for flora and fauna,
hence degrading natural resources. Besides various 
insect pests, cotton crop is also prone to several viral,
fungal and bacterial diseases that cause severe yield 
losses (Khan, 1996).  

Bacterial blight is a seed and residue borne 
disease caused by bacterium Xanthomonas 
axonopodis pv malvacearum (Smith, 1920). In 1965, 
this disease was firstly recorded in Multan, Pakistan 
(Ali, 1968). It attacks on the vascular system of 
plants. Its distinguished symptoms appear on the 
foliar parts of plant resulting the significant yield and 
economic losses (Hillocks, 1992). Prevalence of 
different weather conditions with respect to rainfall, 
humidity and temperature during the crop period has 

differential effects on the incidence and spread of this 
disease which in turn affects the seed cotton yield.
Secondary spread of bacterial blight is favoured by 
high humidity following regular periods of light rainfall 
which distribute the bacteria over the entire crop 
canopy. Nahunnaro et al., (2007) reported that nearly 
85% relative humidity and around 35ºC temperature is 
highly favorable for development of bacterial blight. Its 
appearance in the susceptible varieties/ hybrids of cotton 
crop may change with the changes in climatic factors as 
well as in the current phyto sanitary scenarios 
(Chakraborty and Pangga, 2004).  

Under congenial environmental conditions,
this disease has the potential to decrease the cotton yield 
approximately by 60%. The uncertain losses in the 
growth and productivity of cotton crop due to periodical 
occurrence of this disease require the timely availability 
of accurate forecasting system effective on regional 
scale. For cotton farming communities, the advance 
disease information can be beneficial to save their crops 
from this disease at initial level (Pangga et al., 2006; 
Agrawal and Mehta, 2007; Magarey. et al., 2007; Soon 
Sung Hong et al., 2010 and Gholve and Kurundkar, 
2010). Looking to the importance of the timely disease 
management, the efforts were made to determine the 
relationship with the weekly weather parameters and 
incidence of bacterial blight in cotton crop and to 
develop statistical model for prediction of cotton 
bacterial blight disease for south-west Punjab region.  
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MATERIALS AND METHODS 
Field experiment was conducted during 

kharif 2014 and kharif 2015 at Punjab Agricultural 
University, Regional Research Station, Faridkot (lat.
30°40′N, long. 74°44′E and alt. 200m amsl) that lies 
in Trans-Gangatic agro-climatic region of south 
western Punjab having semi-arid, sub-tropical 
climate with dry hot summer and cold winter. Ten 
lines of cotton variety (RS 921) were sown in 200.0
m2 plot size having 51hills/line. Standard package 
and practices recommended for raising the cotton 
crop in the region were followed. The observations 
on disease development were recorded from 100
randomly selected plants at weekly intervals. The 
disease incidence (DI) from 0 to 4 scale (Sheoraj, 
1989) was calculated by using the formulae:

Data on disease progress were recorded at 
weekly intervals from 35 standard meteorological weeks 
(SMW). Likewise, daily weather variables viz.,
temperature (maximum, minimum and mean), relative 
humidity (maximum, minimum and mean), rainfall and 
bright sun shine hours were collected from 
Agrometeorological observatory situated near the 
experimental field. Using the average and total values, the 
daily weather data were converted into weekly intervals. 
Relationship between weather factors and bacterial blight 
disease was assessed using the standard statistical 
techniques. Weekly weather and disease data of kharif
2014 and kharif 2015 was used for model development 
whereas; data recorded during kharif 2016 was used for 
validation of model.  

RESULTS AND DISCUSSION 
Existing weather conditions 

Weekly weather data of Faridkot (Table 1) 
depicted that during kharif 2014, highest maximum 
temperature was ranged from 30.6°C (37 MSW) to 
35.7 °C (35 MSW) that was 28.7 °C (44 MSW) to 
36.8 °C (37 MSW) during kharif 2015. However, 
during kharif 2016 it was from 30.2 °C 
(44 MSW) to 35.2 °C (40 MSW). These observations 
confirmed that over the years, the highest maximum 
temperature was gradually shifting from 35.7 °C (in 35 
MSW), 36.8 °C (in 37 MSW) and 35.2 °C (in 40 
MSW) during kharif 2014, kharif 2015 and kharif
2016, respectively. Highest mean temperature was 
recorded during 35 MSW (kharif 2014 and kharif
2015) while, it was 38 MSW during kharif 2016. 
Likewise, relative humidity ranged by 41-81% in 

kharif 2014, 35-85% in kharif 2015 and 
27 – 91% in kharif 2016. Hence high range of 
relative humidity was recorded during kharif 2016.  
In kharif 2014, total 213.5 mm rainfall was recorded 
within two consecutive weeks (i.e. 37 and 38 MSW). 
Similarly, in kharif 2015 41.4mm and 1.9 mm rainfall 
was recorded during 39 and 44 MSW. However, 88.5 
mm total rainfall was observed in 35 MSW during 
2016. Duration of bright sun shine hour was held 
between 2.9 and 10.4 hours, 4.3 to 9.5 hours and 1.4 
to 7.3 hours during, kharif 2014, kharif 2015 and 
kharif 2016, respectively. Hence, plenty of sun shine 
duration was recorded during first two years while, 
least was observed during 2016. 
Correlation between bacterial leaf blight and 
weather variables 

During kharif 2014, initial disease incidence 
(DI) of 0.4 % was noticed in 35th SMW that reached 
to 2.4% in 43rd SMW. However, in the corresponding 
weeks of second year, it was comparatively higher 
with DI value of 1.7% and 2.5 %. Difference of 
temperatures and relative humidity was found to be 
beneficial for disease development with correlation 
coefficients of r = 0.86** and r = 0.88** respectively. 
But, it was negatively related with minimum 
temperature (r = -0.73*), minimum relative humidity 
(r = -0.73) and bright sun shine (r = -0.67). In kharif
2015, difference of temperature and relative humidity 
as well as maximum relative humidity benefited the 
disease development (r = 0.78*, r = 0.75* and r = 0.77*, 
respectively). Whereas, disease incidence with 
maximum temperature (r = -0.64), minimum 
temperature (r = - 0.86) and duration of bright sunshine 
(r = -0.63) affected negatively. The findings of Sheroaj 
et al. (1991) also confirmed that relative humidity >75 
% and temperature range between 32 and 37ºC were 
congenial for disease development.  

Similarly, Dang et al. (1994) observed that 
relative humidity >90% during cropping period along 
with 34ºC temperature enhanced the disease 
development. Venkateswarlu et al. (2006) also 
concluded that maximum and minimum temperatures, 
rainfall and bright sun shine duration exhibited strong 
negative association with this disease. The increase in 
morning relative humidity was associated with the 
increase of disease severity. Our study also confirmed that 
in both years minimum and mean temperature, relative 
humidity minimum and bright sun shine hour were 
negatively associated with the increase in disease. 
However, differences of temperature and relative 
humidity were found to be favorable. Using the 
significant variable, the step wise regression model 
(Y=4.50-0.0003*Tmax-0.126*Tmin+0.016*Rhmax-
0.011*Rhmin-0.0041*Rain-0.1188*BSS, R2=0.74, 
SEE =0.592, Sig F = 0.0029) was developed. 
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Table 1 Correlation between bacterial leaf blight of cotton (DI) and weather variables at Faridkot in the year 14-

Parameters
Year

Standard Meteorological Weeks (SMW) Cor. Coeff.

35 36 37 38 39 40 41 42 43 44

T
em

pe
ra

tu
re

 (°
C

)

Maximum

2014 35.7 32.0 30.6 32.9 34.5 34.6 35.3 31.9 30.7 31.6 -0.10

2015 35.7 35.4 36.8 31.5 33.0 35.1 35.4 32.1 30.0 28.7 -0.64

2016 31.5 34.0 34.8 34.8 34.2 35.2 34.7 34.5 32.7 30.2 -0.50

Minimum

2014 26.1 25.0 24.2 24.2 25.0 23.7 24.1 18.4 14.7 16.9 -0.73*

2015 26.7 24.0 25.1 22.8 21.6 20.4 21.7 18.9 15.6 13.7 -0.86*

2016 25.2 24.9 25.2 25.8 24.7 24.6 19.9 15.6 16.7 13.5 -0.97**

Mean

2014 30.9 28.5 27.4 28.5 29.7 29.2 29.7 25.2 22.7 24.2 -0.57

2015 31.2 29.7 30.9 27.2 27.3 27.7 28.5 25.5 22.8 21.2 -0.80*

2016 28.4 29.4 30.0 30.3 29.5 29.9 27.3 25.0 24.7 21.9 -0.95**

Range

2014 9.6 6.9 6.4 8.7 9.5 10.9 11.2 13.5 16.0 14.6 0.86**

2015 9.0 11.4 11.7 8.7 11.4 14.7 13.7 13.2 14.4 15.0 0.78*

2016 6.3 9.1 9.6 9.1 9.5 10.6 14.8 18.9 16.0 16.7 0.90**

R
el

at
iv

e 
hu

m
id

ity
 (%

)

Maximum

2014 68 64 78 54 72 67 81 67 72 78 0.41

2015 77 75 75 85 81 81 79 84 84 84 0.76*

2016 91 83 79 84 85 89 85 87 89 90 0.55

Minimum

2014 57 53 69 49 56 48 46 43 41 46 -0.73*

2015 53 47 45 69 48 41 43 47 35 41 -0.46

2016 76 59 55 59 57 53 35 27 32 41 -0.78*

Mean

2014 62 58 74 52 64 58 63 55 57 62 -0.22

2015 65 61 60 77 65 61 61 65 60 62 -0.12

2016 83 71 67 71 71 71 60 57 61 65 -0.65*

Range

2014 11 11 9 5 16 19 35 24 31 32 0.87**

2015 24 28 30 16 34 40 36 37 49 43 0.75*

2016 15 24 23 25 28 36 50 60 57 49 0.87**

Rainfall
(mm)

2014 0 0 1.5 212 0 0 0 0 0 0 -0.27

2015 0 0 0 0 41.4 0 0 0 0 1.9 0.04

2016 88.5 0 0 0 0 0 0 0 0 0 -0.31

Bright
sunshine hours

2014 10.4 9.6 8.2 8.4 9 9.3 7.1 6.9 7.1 2.9 -0.67

2015 9.1 9.5 9.4 5.1 9 9 7.4 5 6.1 4.3 -0.64

2016 3.1 5.5 7.2 5.8 5.8 2.6 7.3 6.9 4.8 1.4 -0.37
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Table 2 Slope, intercept and coefficient of 
determination of different weather 
parameters and bacterial leaf blight disease

Table 3 Percent error between observed and 
forecasted bacterial blight in kharif 2016

Fig. 1 Validation of bacterial leaf blight forecast 
model for year 2016

The slope intercept and coefficient of 
determination (R2) is related to bacterial blight of 
cotton is mentioned in (Table 2) It is clearly depicted 
from Fig. 1 that model satisfactorily estimated the 
disease incidence during kharif 2016.  

It is also cleared that model accuracy is quite 
high for prediction of high disease incidence while, 
model was relatively less efficient for low disease 
incidence. The statistical evaluation of model also 
confirmed the accuracy of disease forecasting model. 
The trend of observed and estimated bacterial blight 
was similar.

CONCLUSION 
Bacterial leaf blight is an important disease 

of cotton crop that causes significantly yield losses 
under prevalence of congenial weather conditions. It 
appears in the field during the middle of September 
and remains in the field till the maturity of the crop. 
This disease increase with large difference of day and 
night temperature, high diurnal range of relative 
humidity and relative humidity of morning hours. It
is important to provide its timely and accurate 
forecast using standard procedure for save the crop 
from this disease. The regression model (Y=4.50-
0.0003* Tmax-0.126* Tmin+0.016* Rhmax-0.011* 
Rhmin-0.0041* Rain-0.1188* BSS, R2= 0.74, SEE = 
0.592, Sig F = 0.0029) had sufficient strength to 
forecast the incidence and progress of this disease 
during different meteorological standard weeks. The 
per cent error between 0 to 15% is evident (Table-3)
of the accuracy of the model. The model strength is 
limited for regional scale.
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Acclimatization capacity of bermuda grass (Cynodon dactylon) under future climate scenarios 
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ABSTRACT 
Weeds are one of the important biotic factor, compete the crop for its resources and difficult to eliminate 

completely from agricultural system. Weeds respond very quickly to stress and adopt easily than crops to climatic 
stress. In this context, a pot culture experiment in climate control chamber with three temperature levels (0oC, +2oC 
and +4oC increase over the ambient) and two moisture levels (supply of moisture at 100 %, and 60 % ET of previous 
day) was carried out at Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore during 2015 -16 to 
understand weeds response to future climate scenarios. The results inferred that, the problematic weed Cynodon 
dactylon had high acclimatization capacity and produced more growth under elevated temperature up to +4oC with 
sufficient moisture. The C4 pathway of bermuda grass helps that weed to utilise the moisture and temperature more 
efficiently even during stress and produce more growth. Moisture stress with increased temperature had negative effect on 
growth, but induced the early flowering and more seed production in Cynodon dactylon. It is concluded that, in near 
future with elevated temperature, the crop production in both dry and wet seasons would suffer from severe Cynodon 
dactylon menace. Hence, necessary precaution measures against Cynodon dactylon have to be included in climate change 
adaptation technologies.  

Keywords: Temperature, Moisture, Climate, Weed, Crops  

Weeds, the unwanted plants in the cropped 
area reduce the efficiency of fertilizer and irrigation, 
enhance the population of other pest and finally reduce 
the crops yield and quality. The yield losses due to 
weeds (33%) are more than those from insect pest 
(20%), diseases (26%), miscellaneous pest (8%), stored 
pest (7%) and rodent (6%) (Kulshreshta and Parmer, 
1992 and Labrada and Parker, 1994). In India, weed 
management consume 30–50 per cent share of the total 
cost of cultivation (Bhan, 1997). Cynodon dactylon, 
popularly known as “Bermuda grass” is a serious weed 
its affect in 57 countries and 40 crops. Bermuda grass 
has good drought tolerance because of a deep root 
system, is well adapted to sandy soils and can tolerate 
close continuous grazing (Burton and Hanna, 1995). 
They are establishing vegetatively because of very poor 
seed production (Taliaferro et al., 2004). Cynodon 
dactylon is very drought tolerant by virtue of rhizome 
survival through drought-induced dormancy over a 
period up to 7 months. Cynodon dactylon recovers 
quickly after fire and can tolerate at least several weeks 
of deep flooding (Cook et al., 2005). This species is a C4 
grass included in the Global Compendium of Weeds and 
it is listed as one of the most “serious” agricultural and 
environmental weeds in the world (Holm et al., 1977). 

The recent Intergovernmental Panel on 
Climate Change (IPCC, 2013) AR V indicated an 
increase of annual mean temperatures by 1.5 – 40C by 

the end of 21th century. As a consequence of climate 
change, plants may be more often subjected to high 
temperatures and low soil moisture during the growing 
season in spring and summer (Knapp et al., 2008). There 
is increasing evidence that climate change will result in 
more extreme weather events including an increased 
frequency of severe droughts and extreme rainfall 
(Walck et al., 2011). 

Physiological plasticity of weeds and their 
greater intraspecific genetic variation compared with 
most crops could provide weeds with a competitive 
advantage in a changing environment. Weeds with high 
reproduction capacity and efficient seed dispersal 
mechanisms gives advantages to overcame calamities 
like cyclones and floods. Controlling weeds is likely to 
be more difficult and expensive under climate change 
(Otte et al., 2006 and Naidu, 2015). The reviews 
confirmed that weeds have more adaptability to stress 
conditions than crops. Hence, it is important to 
understand the thriving capacity of weeds under future 
projected climate, particularly to elevated temperature 
and moisture stress.  

In this context, the study titled “Assessing 
acclimatization capacity of problematic weeds under 
future climate scenarios and results pertaining to the 
“Bermuda grass” is alone described in this paper. 
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MATERIALS AND METHODS 
Pot culture experiments was conducted at 

Climate Control Chamber (CCC) of Agro Climate 
Research Centre, Tamil Nadu Agricultural University, 
Coimbatore during 2015 – 2016 to evaluate the 
acclimatization capacity of problematic weed (Cynodon 
dactylon) under elevated temperature and moisture stress. 
The latitude and longitude of the experiment location are 
110N and 770E, respectively. The mean altitude is 427 msl 
and Coimbatore comes under Western agro climate zone 
of Tamil Nadu. Coimbatore is climatically categorized as 
Semi-Arid Tropic (SAT) climate with an average annual 
rainfall of 696 mm distributed in 46 rainy days. The long 
period average annual mean maximum and minimum 
temperatures are 31.70C and 21.30C respectively. The 
study was conducted as pot culture experiment in climate 
control chamber with 10 treatments (table 1) and three 
replications in Completely Randomized Design for three 
generations. Each treatment was a combination of three 
temperature levels (0oC, +2oC and +4oC increase over the 
ambient) and two moisture levels (supply of moisture at 
100 %, and 60 % ET of previous day).  

Table 1 Treatments details of all the three-generation 
Treat 
ment 

1st

Generation 
2nd 

Generation 
3rd

Generation 
T1 +20C + M100 +20C + M100 +20C + M100 
T2 +20C + M100 +20C + M100 +40C + M100 
T3 +20C + M100 +40C + M100 +40C + M100 
T4 +40C + M100 +40C + M100 +40C + M100 
T5 00C + M100 00C + M100 00C + M100 
T6 +20C + M60 +20C + M60 +20C + M60 
T7 +20C + M60 +20C + M60 +40C + M60 
T8 +20C + M60 +40C + M60 +40C + M60 
T9 +40C + M60 +40C + M60 +40C + M60 
T10 00C + M60 00C + M60 00C + M60 

Moisture stress 
The loss of water through evaporation was 

calculated every day and equal water was poured in the 
pots for 100 per cent moisture level. In 60 per cent 
moisture stress treatment, quantity of water equal to 
60 per cent of open pan evaporation was poured. The 
calculation method was as followed.  Diameter of pot 
- 25 cm; Area of pot: 0.049 sqm. 1mm of water in 
1square meter =1 litre. Hence, for 1mm in 0.049sq m 
= 49 ml. If pan evaporation reading is 5 then water 
required for 100 % level pots =5 x 49ml =245ml and 
for   60 % = 147 ml. 

RESULTS AND DISCUSSION 
Growth parameters 

The data observed on plant height (cm), number 
of branches, leaf area (sq.cm) per plant at 45 Days after 
Planting/Cutting (DAP/C) for the effects of different 
treatments on Cynodon dactylons plant height (cm) are 
depicted in table 2. It was observed that, the treatment T4 
(+40C with M100) had significantly higher plant height 
(65.7 to 80.5cm), number of branches (42.4 to 63.7) and 
leaf area (214 to 270 sq.cm) than all other treatments. The 
growth of Cynodon dactylon was significantly lower in 
control (T5, +00C with M100) and T10 (+00C with M60). 
There was a decline in plant height in all the treatments 
during the 3rd generation. The data on leaf, stem and total 
dry matter production per plant observed at 45 
DAP/C are depicted in table 3. The total and 
partitioned dry matter production by the Cynodon 
dactylon was significantly lower in T10 (+00C with 
M60) than all other treatments and significantly higher 
dry matter production had observed in T4 (+40C with 
M100) during all the season. Among the three 
temperature levels (+00C, +20C and +40C), till 2nd 
generation the treatments which were received +20C 
for all the three generations (T1 and T6) produced 
significantly lesser dry matter production than the 
treatments T3, T4, T8 and T9, which had received 40C 
either for all its generations or from 2nd generation 
onwards.  During 3rd generation, the treatments that 
received +4oC for the 3rd generation alone, suffered 
much and produced lesser dry matter production. 

The results inferred that, the growth factors 
of Cynodon dactylon were induced by increase in 
temperature (+20C or +40C) and the growth was 
significantly more if the plant had no moisture stress 
(M100). The re was significantly lower growth observed 
in the treatment number T10, which was ambient 
temperature (00C) with moisture stress (M60) followed 
by T5, ambient temperature without moisture stress 
(M100). The studies of Singh and Singh Ohe (2000) and 
Ohe et al. (2007) in rice, supported this phenomenon 
that the plant grew taller when temperature was more 
beyond threshold level of crop requirement due to 
triggered mechanism of plant enzymes with higher 
temperature and the energy of the plant was oriented 
towards increasing the plant height. On other hand, 
Kanno et al. (2009) and Kima et al. (2011) reported 
that the rice plant had more number of tillers with 
higher dry matter production when the crop was 
grown under open condition as compared to growing 
rice under controlled chamber with the elevated 
temperature. But in this study, the Cynodon dactylon, 
at elevated temperature (+40C) and no moisture stress 
condition recorded dry matter production, plant 
height, leaf area higher than the controlled condition.  
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Hence, the Cynodon dactylon would have 
better opportunity than rice in future climate scenario 
of increasing temperature. Even under moisture stress 
condition, the elevated temperature of +40C produced 
more growth than the ambient +20C and ambient 
temperature conditions, which confirmed the more 
tolerence of Cynodon dactylon to increased temperature 
level. Mahasneh et al., 2014, has also reported that the 
Bermuda grass (Cynodon dactylon) is a fast-growing, 
popular turf grass widely grown in warm climates all 
over the world and the grass is a highly suitable turf 
grass in Saudi Arabia due to its high tolerance to hot and 
dry conditions.  

In general, the generation in which the plant was 
exposed to elevated temperature of +4oC, from there 
onwards, the plant produced more growth than earlier 
generation and lower temperature exposed treatments. 
Carter and Peterson (1983) and Ziska and Bunce (1997) 
reported that the C4 plants are more effective compared to 
that of C3 plants at higher temperatures and C4 is always 
getting more advantage at elevated temperature. Hence, 
being a C4 photosynthetic pathway plant, the Cyodon 
dactylon has produced more growth than at ambient 
temperature. 

Among the moisture levels, the moisture 
stress condition (M60) recorded significantly lower 
plant growth parameters viz., plant height, branches, 
leaves, leaf area and dry matter production per plant than 
100 per cent moisture supplied treatments. The study by 
Akram et al., 2007, also confirmed that the growth 
decreasing effect was more at the lowest water regime in 
Cynodon dactylon. Ares et al. (2000); Heschel and 
Riginos (2005) reasoned that despite drought conditions, 
the plants avoid drought by maintaining high fitness 
through decreasing leaf size and stomatal conductance to 
water vapor in response to limited water availability. 
Flower production 

The data recorded during 1st, 2nd and 3rd 
generation for the effects of different elevated 
temperature and moisture stress combinations on flower 
production were depicted in figure 1.  

Figure 1. Effect of elevated temperature and moisture 
stress on number of flowers per plant of Cynodon 
dactylon (number/plant) 

During the first generation the treatments that 
received +20C + M60 (T6, T7 and T8) produced 
significantly more flowers than +20C + M100 (T1, T2 and 
T3). During the 2nd generation mixed response was found 
and more number of flowers than 1st generation.  Where 
as in the 3rd generations, number of flowers per plant 
was decreased drastically than 2nd generation, but the 
treatment T10 which received ambient temperature with 
moisture stress (M60) produced significantly more number 
of flowers than other treatments followed by other 
moisture stressed treatments.  

In contrast to the growth parameters, Cynodon 
dactylon had produced significantly more flowers under 
elevated temperature with moisture stress condition. This 
was confirmed earlier by Heschel and Riginos (2005) 
that, the Impatiens capensis and other weeds involve 
rapid phenological development such as early 
reproduction, flowering and maturity as a drought 
escaping mechanism.  

CONCLUSION 
Climate change impact study on the 

problematic weed Cynodon dactylon revealed that the 
Bermuda grass had high acclimatization capacity to 
elevated temperature and moisture stress. The weed 
growth was more under elevated temperature up to +4oC 
with sufficient moisture due to its C4 pathway, which 
helps the weed to utilise the moisture and temperature 
more efficiently even during stress and produce more 
growth. Moisture stress with increased temperature had 
negative effect on growth, but induced the early flowering 
and more seed production in Cynodon dactylon. It is 
concluded that, in near future with elevated temperature, 
the crop production in both dry and wet seasons would 
suffer from severe Cynodon dactylon menace. Hence, 
necessary precaution measures against Cynodon dactylon 
have to be included in climate change adaptation 
technologies. There is option for genetic engineers to 
introduce this temperature and moisture stress tolerance 
capability of Cynodon dactylon in to agricultural crops. 
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ABSTRACT 
The oil production in oilseed Brassica (OSB) crop is adversely affected by mustard aphids significantly. The 

population dynamics of these sucking pests seems to be highly influenced by prevailing weather parameters especially 
thermal conditions. Keeping this hypothesis, an attempt had been made to study the effect of weather parameters on aphid 
population dynamics at Bharatpur and Hisar.  Many location-specific empirical forewarning models have been constructed 
so far, but there exists a considerable gap in their operationalization and forewarning on real-time basis on a large scale. 
The weekly aphid population on timely sown crop and daily weather parameters recorded at ICAR-Directorate of 
Rapeseed–Mustard Research, Bharatpur and Hisar stations, during rabi seasons, between standard meteorological weeks: 
51 and 8, of 2003-04 to 2013-14 were used for the study, as in most cases, the beginning of population and its reaching of 
peak happens within these weeks.  The daily weather parameters included were maximum and minimum temperature, 
relative humidity, rainfall, bright sunshine hours and wind speed.  The study revealed that the thermal time or growing 
degree days (GDD) significantly contributes to the build up of aphid population.  The impact of other weather parameters 
on pest population was insignificant. In general, the aphid nymph population grew exponentially with increase in GDD, 
and the rate of increase in population was inversely proportional to rise in GDD.  Further, the exponential coefficient 
varies among the varieties.  The functions developed for var. YST-151 fitted well with normal duration (125+days) 
varieties, while functions for var. PCR-7 were found satisfactory for short duration varieties in Bharatpur, whereas the 
functions developed for PCR-7 variety were found suitable for both RH-30 and BSL-1 varieties at Hisar.  The findings 
were successfully validated for aphid nymph population during 2012-13 and 2013-14 on PCR-7 and during 2013-14 on 
YST-151 at Bharatpur to assess for possibilities of issuing aphid forewarnings to the farmers. Models for corrections 
involving rainfall as a mechanical damage factor, had also been constructed, yet it requires further improvement in the 
accuracy of bio-model.  In conclusion, since the population growth of insect -pests predominantly depend upon thermal 
time, its function could be used to predict the build-up of the aphid population and for real-time issue of forewarnings on a 
large scale, for better pest management. 

Key words: Aphid, nymph, thermal time, model. 

Lipaphis erysimi Kalt. (Mustard Aphid) is an 
important pest constraint in crop husbandry of 
Oilseed Brassicas in India causing between 20 to 50 per 
cent of avoidable yield losses in mustard (Chakravarty 
and Gautam, 2002). In extreme conditions, the losses 
may go up to 90 per cent. There exists a lot of gap 
between the yield potential and the present actual yields 
in Oilseed Brassicas which can be mainly attributed to 
the aphid pest infestation. Tracking the economic 
threshold level of the pest is an essential task in our 
Indian scenario, where there has been an unprecedented 
use of pesticides. Thereby a real- time forewarning may 
be useful to the farming community for judicial use of 
pesticides. Hence an attempt has been made to track the 
rise of nymph population of the aphid pest, on large- 
scale basis, which can be operationalised in future.

MATERIALS AND METHODS
Experiments conducted on rapeseed- mustard

crop varieties at two stations, Bharatpur and Hisar were 
considered. The weekly mustard aphid (Lipaphis 
erysimi Kaltenbach) nymph data from Directorate of 
Rapeseed and Mustard Research (DRMR) had been 
collected for 11 consecutive rabi seasons from 2003-
2004 to 2013-2014, for mustard- rapeseed varieties 
cultivated at two stations: Bharatpur (27°12’N; 77° 27’
E) and Hisar (29.15° N, 75.7° E). Selection of centres of
study was based on the area of crop and importance of 
Mustard Aphid as serious pest problem in the region. 
All the data relied on natural population dynamics of the 
average aphid nymph infesting the 10 cm tip of central 
twig over timely sown crop in each station. No pest 
protection measures were taken against Aphid pest in 
the study area. 
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Varieties under study 
A total of six varieties at Bharatpur station and 

three varieties at Hisar station were considered for the 
study. The varieties of Brassica carinata and Eruca 
sativa were not considered, on the grounds that these 
species were highly resistant to aphid pest attack. The 
varieties considered at Bharatpur were: 1. PCR-7 (Rajat) 
(Brassica juncea) 2. BSH-1 (B. rapa ssp. sarson) 3. 
YST-151(B.rapa var trilocularis) 4. GSC-06 (B. napus 
ssp. oleifera var. annua) 5. TERI (0E)-R-9301(B. napus 
ssp. oleifera var. annua) 6. NUDB-09 (B. napus ssp.
oleifera var. annua). The varieties considered at Hisar 
were 1. RH-30 (Brassica juncea) 2. HNS-9605 (B. 
napus ssp. oleifera var. annua); 3. BSH-1 (B. rapa ssp.
sarson). (Botanical names are referred from Handbook 
of Agriculture, 2006.) 

The model construction was begun over the 
population dynamics of aphid nymph on two varieties 
at Bharatpur station: PCR-7 and YST-151. The contrast 
between the two varieties was considered on the basis of 
duration taken for maturity and varietal aphid pest 
resistance. The maturity period for PCR-7 variety is 134 
days at Bharatpur (Misra and Kumar, 2009) and that of 
YST-151 is 150-155 days. Chakravarty and Gautam 
(2002) observed that the occurrence, peak, decreasing 
and dispersal of aphid population are dependent on the 
plant phonological events. Hence a difference in days to 
maturity between two varieties selected may provide a 
deep insight into development of forewarning model. 
The two varieties selected also differ in pest resistance 
capabilities. Sachan and Purwar (2007) stated that 
cultivars of B.rapa var dichotoma (Toria), brown sarson 
and yellow sarson are highly susceptible to aphid as
compared to B.juncea. 
Weather data analysis 

The station weather data of AMFU 
Bharatpur and AMFU Hisar, covering entire cropping 
season of 26 weeks: beginning from 42 SMW to 15 
SMW of each year was considered. The daily weather 
data comprising of maximum temperature (Tmax°C), 
minimum temperature (Tmin°C), morning relative 
humidity (RH I %), evening relative humidity (RH II 
%), rainfall (mm), bright sunshine hours (BSS hours), 
wind speed (WS kmph) for years 2003 to 2014, were 
analysed. The weekly means of weather parameters 
(Tmax, Tmin, RH I, RH II, BSS and WS) from SMW 
1 to week of peak population, for all the seasons were 
derived. Also, weekly accumulated rainfall, weekly 
extreme Tmax(°C), weekly lowest Tmin(°C), weekly 
highest RH I, weekly highest RH II, highest day 
temperature, lowest night temperature, weekly mean 
day temperature and weekly mean night temperature 
were computed. Derived weather parameter, viz., 
Growing degree days (GDD) or thermal time or heat 
units (°D) of the period (SMW 1 to week of peak 

population) for all the seasons were also computed, 
using the formula: 

Accumulated GDD (°D) = Σba ((Tmax+Tmin)/2)-Tbase

 (Nuttonson, 1955), where, Tbase is base 
temperature, taken as 4.5°C, accumulated from SMW 
1 to week of peak population.  

RESULTS AND DISCUSSION 
Correlations 

The correlation between computed weather 
variables (16 parameters) and nymph data of and 
PCR-7 variety, for each season were found, using 
step-wise linear regression method, the highly 
significant weather variable, each year was selected 
(Table.1). The weekly data for correlating weather 
with nymph included only from a period between 
SMW 1 and week attaining peak aphid population, as 
the tracking of beginning of the population to peak 
was found to be the most needed for effective 
management, as the crop reaches flowering stage 
during this period, which is the most preferred stage 
for aphid pest. Chakravarty and Gautam (2004) 
observed that the mustard aphids have a preference 
for yellow flowering stage of the crop.  Among the 
weather parameters found having highly significant 
correlation with aphids, inter-collinearity was 
observed and only one parameter, which had a highly 
significant inter-collinearity with other parameters 
was chosen.  

Out of ten years, eight years had GDD as a 
common variable influencing Aphid nymph 
population. Thereafter, GDD was shortlisted as the 
parameter having highly significant relation with 
aphid nymph and other significant weather 
parameters, and would be used for future construction 
of model. GDD as a successful yardstick for aphid 
population growth was also suggested by many 
researchers previously. Chakravarty and Gautam 
(2002) concluded that lower the degree day 
accumulation rates in January, higher the probable 
peak aphid population. Similar observation was made 
by Narjary et al., (2013), stating that in both early 
(15th October) and late sown (30th October) crop the 
aphid population had a significant negative 
correlation with GDD. Prasanta et al. (2004) found 
that the GDD accumulated for three days before day 
of observation showed significant correlation with 
aphid infestation.  

Correlations were also computed between: 
1) weekly aphid population and previous week’s weekly
weather parameters and 2) weekly aphid population and 
weekly weather parameters two weeks before. It was 
observed that none of the correlations of any parameter 

245Vol. 19, Special Issue (AGMET 2016)



of any week were significant, except that correlations of 
aphid population two weeks after: with mean Tmin, 
lowest Tmin of SMW 7 and mean Tnight of SMW 3 
were significant at 5% error. 
Table 1 Correlation coefficients of significant 
weather parameters. 

Season

Variables 
having highly 

significant 
relation with 

aphid population

Correlation 
with Aphid 
population

Inter 
collin 
earity

2003-
04

GDD 0.890** -
0.916**Mean  weekly 

RH I -0.832*

2004-
05

Mean weekly 
maximum 
temperature

0.94**
0.99**

Mean  weekly 
day temperature 0.952**

2005-
06

No nymph data 
available

2006-
07

GDD 0.898**
0.877**Mean  weekly 

RH I 0.911**

2007-
08

GDD 0.795*
0.828*Mean  weekly 

BSS hours 0.904**

2008-
09

GDD 0.899**
-0.810*Weekly highest 

RH I -0.934**

2009-
10

GDD 0.847* -
0.939**Weekly highest 

RH II -0.902**

2010-
11

Mean  weekly 
minimum 
temperature

0.978**

0.973**Mean  weekly 
night 
temperature

0.923**

2011-
12

GDD 0.932**

0.905**Mean  weekly 
maximum 
temperature

0.847*

2012-
13

GDD 0.972**
0.941**Lowest Night 

Temperature 0.931**

2013-
14

GDD 0.982**
0.988**Mean  weekly 

day temperature 0.813*

The correlations between Aphid nymph 
population with their corresponding GDD rise, from 
start of the population to reaching peak in variety 
PCR-7 is 0.577***. 

Regression analysis 
It was found that in most of the cases 

prevalence of mean weekly maximum temperature 
between 18 and 24 degrees celsius and mean weekly 
minimum temperature between 4 and 6 degrees 
celcius was conducive for aphid nymph appearance at 
Bharatpur. As the pest build-up began in the mid 
December month and January in some of the cases, it 
was found essential that for development of an 
effective model the computation of thermal time must 
begin as early as mid December. Thereafter growing 
degree days were started to be accumulated from 
SMW 51 of every season, and ended at SMW 8, 
spanning a time span of 10 weeks. Corresponding 
nymph data from SMW 51 to SMW 8, were 
considered for construction of model, culling out 
those weeks which had a rain spell, in order to track 
the impact of GDD over nymph population, 
effectively. Further scope for improvement and 
correction in the model is provided by siphoning out 
the nymph population data during rainy weeks for 
model construction, as rain causes mechanical 
damage to the pest. A separate model was then 
constructed to correct the predictions of nymph 
population remaining after a spell of rain.  
Three things were predominantly kept as a base 
during the entire research: 
1. Populations in an unlimited environment display

exponential (geometric) growth (Thomas
Malthus, 1798). Hence insect population
dynamics up to peak population was considered to
grow exponentially with the increase in growing
degree days.

2. The rate of development of poikilothermic
organisms like insects is inversely proportional to
degree-days. This is most widely used method for
predicting physiological age and time for
populations of poikilotherm organisms (Guteirrez,
1996). Hence the rate at which weekly population
swell was considered to be inversely proportional to
GDD.

3. For model to be dynamic in nature, the insect
population growth rate was modelled as an
increasing function of the current insect population
and time by David Sunding and Joshua Zivin
(2000). Hence the current insect population was
computed as an exponential function of previous
population, while constructing the aphid
forewarning model.

Regressions were carried for nymph 
populations of eight consecutive seasons of PCR-7
variety and five consecutive seasons of YST-151
variety and model was constructed as follows: 
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Nymph (ith week) = Nymph ((i-1)th week) * exp (rate (ith

week) * GDD(ith week)); 
In this model, the rates were first obtained 

for every week aphid growth, of all seasons. It was 
observed that the rates varied every week and these 
are altogether in the descending order. The combined 
derived rates of all the seasons, every week, are given 
in table. 2. 

The individual rates of each week of each 
season were then correlated with the corresponding 
accumulated thermal time. It was found that they 

were negatively correlated, with a coefficient of -
0.446**. This proves that the rate of development of 
poikilothermic organisms like insects is inversely 
proportional to degree-days (Guteirrez, 1996). 
Thereafter models were constructed for rates of both 
PCR-7 variety and YST-151.  
Where, for PCR-7 variety, rate (ith week) = 0.0010269 + 
(0.465377 / GDD (ith week));  
R2 = 0.275** and for YST-151 variety, rate (ith week) = -
0.0022407 + (1.41471 / GDD (ith week));  
R2 = 0.586*** 

Table 2 Combined derived rates of all the seasons, every week, for variety PCR-7, at Bharatpur. 

S.No Station Variety
Number of 
validation 

seasons

Number of correct 
predictions /Total using 

coefficients of PCR-7

Number of correct 
predictions /Total 

using coefficients of 
YST-151

Moderate High Moderate High
1

Bharatpur

PCR-7 2 1/2 1/2 - -
2 BSH-1 10 7/8 3/6 8/8 5/6
3 YST-151 1 - - 0/1 1/1
4 GSC-06 5 4/5 1/2 2/5 1/2
5 TERI(0E)R-9301 3 2/3 1/1 2/3 0/1
6 NUDB-09 3 2/3 3/3 2/3 2/3
7

Hisar
RH 30 7 4/7 2/3 1/7 0/3

8 HNS-9605 1 - - - -
9 BSH-1 6 2/6 3/3 1/6 0/3

Total 39 22/34 14/20 16/33 9/19
Per cent correct predictions 64.7 70 48.48 47.36

Table 3 Percent correct predictions using two different coefficients of rate equation in various varieties. 

S.No Variety Maturity 
(days)

Number of correct 
predictions /Total 

using coefficients of 
PCR-7

Number of correct 
predictions /Total 

using coefficients of 
YST-151

Moderate High Moderate High
Short duration

1 PCR-7 130-134 Total 14/23 9/14 10/21 5/12

2 BSH-1 135 Per cent correct 
predictions 60.86 64.28 47.61 23.8

3 RH 30 130-135
Medium and long duration

4 YST-151 150-155
5 GSC-06 132-167 Total 8/11 5/6 6/11 4/7
6 TERI(0E)R-9301 124-151

7 NUDB-09 149-171 Per cent correct 
predictions 72.72 83.33 54.54 57.14

8 HNS-9605 150-160

247Vol. 19, Special Issue (AGMET 2016)



248 October 2017



249Vol. 19, Special Issue (AGMET 2016)



For corrections during weeks having rainfall 
The predictions are first made using the 

above thermal time based functions. Then these are 
corrected using a correction factor ‘x’, and a new 
corrected prediction is made, which will eliminate the 
effect of mechanical damage over nymph population 
during rainfall. 
x = f (rainfall). 
x = Prediction ( ith week ) / Observed ( ith week ) (of 
training sets); 
x = 1.686 - 0.290* (accumulated rainfall) + 0.027* 
((accumulated rainfall) 2); R2= 0.782**; r=0.707* 
Corrected prediction after rainfall spell=Prediction (ith
week) / x; 
Validation sets

The validation sets, which consisted of 2012-
13 and 2013-14 rabi seasons of PCR-7 variety and 
2013-14 rabi season of YST-151. The results, for better 
interpretation, are represented qualitatively rather than 
quantitatively. This may also serve the purpose of a 
better operationalization of the forewarning model. Four 
categories of outcomes are made: 1. Low (0-10 
nymphs/10cm of central shoot); 2. Moderate (11-29 
nymphs); 3.High (30-60 nymphs); and 4. Severe (>60 
nymphs). The category high shows economic threshold 
limit (ETL) of the aphid population, attaining which 
spray of pesticide is advised. The validated sets of PCR-
7 seasons and YST-151 are shown in figure.1.  

Only in one of the seasons of PCR-7, the 
moderate level, has been traced, whereas in one, the 
severe level of observed data has been traced as high 
level of predicted. In YST-151, moderate level has not 
been traced, whereas high is traced successfully. The 
rain events at 9th week of 2012-13 rabi season and 6th

week of 2013-14 season, reduced the nymph population 
successfully, but the nymph population predicted did not 
match with the observed. This may be attributed to the 
fact that the recording of data might have been done 
before the rain spell.  

The model was also validated for the other 
varieties at Bharatpur and Hisar. The results are 
shown in figures 2 to 13. The plots on the top of 
figures represent the quantitative observed nymph 
data along with predictions using models having 
coefficients developed for PCR-7 variety and YST-
151, as prediction 1 and 2. The plots on the bottom of 
the figures represent the observed and predicted data 
qualitatively. The results of validation sets are 
summarised in table. 3. 

The results showed that the rate coefficients 
developed for PCR-7 can correctly predict 64.7 per cent 
of moderate category and 70 per cent of high category 
(ETL), whereas, the rate coefficients developed for 
YST-151 could correctly predict only 48.48 per cent of 

moderate category and 47.36 per cent of high category 
(ETL) in all the seasons of validation. The results also 
revealed that although the YST-151 rate coefficients 
were very close to the normal duration varieties 
quantitatively, coefficients of PCR-7 seems to predict 
the moderate level and high level to an accuracy of 
72.72 and 83.33 percent, respectively (table. 4).  
Table 4 Percent correct predictions using two 

different coefficients of rate equation in 
short and normal duration varieties 

. 
SMW Rate R square

52 0.006 0.700
1 0.005 0.922
2 0.004 0.890
3 0.002 0.995
4 0.002 0.994
5 0.001 0.888
6 0.001 0.908
7 0.002 0.701
8 0.000486 0.785

Hence the rate coefficients of PCR-7 variety 
might be used further in forewarning the mustard 
aphids qualitatively. This bio-model needs further 
calibration regarding accuracy, due to rainfall damage 
over nymphs and corrections over various varietal 
responses. 

CONCLUSION 

In conclusion, since the population growth of 
insect -pests predominantly depend upon thermal time, 
its function could be used to predict the build-up of the 
aphid population. As against most of the previous 
models, the developed model could be used primarily at 
operationalisation of real-time issue of forewarnings on 
a large scale, for better pest management.  
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ABSTRACT 
A study was made at Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore to 

analysis El Niño La Niña and Neutral years weekly rainfall data of Coimbatore by employing Markov chain tool. To 
understand the probability of wet spell varied with these climate giants. Markov chain analysis is one among the best tools 
to identify the pattern of the probability occurrence of wet and dry spell on weekly basis. Within a period of 45 years from 
1950 to 2014, 15 years weekly rainfall data for 52 Meteorological Standard Weeks (MSW) were selected based on 
random sample procedures for neutral, El Niño and La Niña years. Markov chain analysis was used to compute initial 
probability for dry and wet spell individually in respect of annual (1 to 52) weekly data, South West Monsoon season 
(SWM- 23 to 39) and North East Monsoon season (NEM- 40 to 52). Considering the evaporation data over Coimbatore, 
wet spell is defined as (≥ 30 mm) and (≤ 30 mm) of rainfall per week respectively as dry spell. The results indicated that 
the probability of occurrence of wet spell was more during El Niño of NEM as compared to La Niña and Neutral years.  

Keywords: Markov chain, El Nino, La Nina, Wet & dry spell 

Being the principal source for water, rainfall is 
always considered as an important precipitation mode of 
the Earth. The production potential of both dry and 
irrigated agriculture is centered on rainfall quantity and 
its distribution. Being a discrete weather element, it 
shows always variability in terms of spatial and 
temporal dimensions. Under this context, study on 
continuous dry spell and wet spell with in the growing 
period of crop is very important since too much of water 
than the crop water requirement (wet spell) and deficit 
of water (dry spell) as compared to requirement would 
result in crop failure (Kingra et al., 2013). Though many 
models predict this type of weather events, either it 
predicts only wet spell or dry spell and not both in terms 
of probability. 

Simple criteria related to sequential occurrence 
of dry and wet spells based on weekly rainfall could be 
used to obtain specific information needed for crop 
planning and also for carrying out important agricultural 
operations like sowing under rain fed / dry farming. 
Markov chain analysis is one among the best tools to 
identify the pattern of the probability occurrence of wet 
and dry spell on weekly basis. This tool was used under 
normal weather situation so as to take farm making 
decision at district level /blocks level/ village level. This 
analysis is highly useful for crop planning especially 
with in the growing season (Krishnamurthy et al., 2015) 

Since India is dominated by monsoon climate, 
the performance of monsoon climate is altered with 
periodicity by El-Niño or La Niña events. In general, 
during El-Niño years, the amount of rainfall decreases 
as compared to the mean South west monsoon normal 

rainfall whereas the quantum of rainfall increases during 
North east monsoon normal rainfall as compared to 
mean rainfall in India. Markov chain analysis was not 
used effectively for the years of El-Niño or La Niña and 
so far no comparison was made with neutral or normal 
years. Hence, this study was made with an objective to 
study the weekly rainfall of selected years on El-Niño, 
La Niña and neutral years of Coimbatore rainfall.  

MATERIALS AND METHODS 
The study was made with weekly rainfall data 

collected from agromet observatory of Tamil Nadu 
Agriculture University Coimbatore, Tamil Nadu, and 
India. The geo location of Tamil Nadu Agriculture 
University is 110   N latitude and 770 E longitude and 
427 m above Mean Sea Level. Within a period of 45 
years from 1950 to 2014, 15 years weekly rainfall data 
for 52 Meteorological Standard Weeks (MSW) were 
selected based on random sample procedures for 
neutral, El Niño and La Niña years and presented in 
Table 1. 

Markov chain analysis was used to compute 
initial probability for dry spell and wet spell individually 
for three climate situations viz., Neutral, El-Niño and La 
Niña years in respect of annual (1 to 52) weekly data, 
South west monsoon season(SWM- 23 to 39) data and 
North east monsoon season (NEM- 40 to 52) data. 
Considering the evaporation data over Coimbatore, wet 
spell is defined as equal to and more than 30 mm of 
rainfall per week and lesser than 30 mm of rainfall per 
week was considered as dry spell. Markov chain tool 
was used as reported by Veeraputhiran et al., (2003) 
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a. Initial Probability
P(W) = F(W)/ F(W) + F(D) *100
P(D) = F(D)/ F(D) +F(W) *100

P(W) : Probability of the week being wet (%) 
P(D) : Probability of the week being dry (%) 
F(W) : Frequency of wet weeks in the set data 

(Number of wet weeks) 
F(D) : Frequency of dry weeks in the set data 

(Number of dry weeks) 
b. Conditional Probability

P (W2/D1) = F (W2D1)/F (D1)*100
P (D2/D1) = F (D2D1)/F (D1)*100
P (W2/W1) = F (W2W1)/F (W1)*100
P (D2/W1) = F (D2W1)/F (W1)*100

P (W2/D1) : Probability of second week being  wet 
with the preceding week dry 

P (D2/D1) : Probability of second week being  dry 
with the preceding week dry 

P 
(W2/W1) 

: Probability of second week being  wet 
with the preceding week wet 

P (D2/W1) : Probability of second week being  dry 
with the preceding week wet 

F(W2D1)/
F(D1) 

: Frequency of wet week preceded by 
dry week 

F(D2D1)/
F(D1) 

: Frequency of dry week preceded by dry 
week 

F(W2W1)/
F(W1) 

: Frequency of wet week preceded by 
wet week 

F(D2W1)/
F(W1) 

: Frequency of dry week preceded by 
wet week 

Both manual and weather cock software were 
used to analyse the data under Markov chain analysis. 

Table 1. Neutral, El Niño and La Niña years - 
Coimbatore 

S.No Years and classification 
Neutral El Niño La Niña 

1 1962 1963 1950
2 1978 1965 1954
3 1980 1969 1955
4 1981 1972 1964
5 1984 1976 1970
6 1985 1977 1971
7 1990 1982 1973
8 1993 1983 1974
9 1996 1986 1975
10 2001 1987 1988
11 2003 1991 1999
12 2005 1997 2000
13 2012 2002 2007
14 2013 2004 2010
15 2014 2009 2011

RESULTS AND DISCUSSION 
The results computed from manual analysis of 

the data and also the results obtained from weather cock 
software were same.  No deviation was observed 
between them. The analysed data from weather cock 
software on initial probability for 52 standard weeks for 
the occurrence of probability of wet and dry spell under 
El-Niño, La Niña and Neutral years are presented in 
Table 2.  
Table 2 Initial Probability (IP %) for El-Niño, La 

Niña and Neutral years –Coimbatore 
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Table 3 Conditional probability (%) for El-Niño, La Niña and Neutral years –Coimbatore 
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Table 4 Frequency analysis of El-Niño, La Niña and Neutral years – Coimbatore (No’s) 
Season Annual SWM NEM

Probability El-Niño La Niña Neutral El-Niño La Niña Neutral El-Niño La Niña Neutral 
P(W) 4 3 3 0 0 0 4 3 3
P(D) 48 49 49 18 18 18 9 11 10

P(W2/W1) 12 9 8 2 3 0 7 4 6
P(D2/D1) 50 51 3 18 18 18 12 12 11 
P(W2/D1) 2 1 3 0 0 0 2 1 3
P(D2/W1) 28 30 30 11 12 11 7 8 5 

Similarly the conditional probability for the P 
(W2/W1), P (D2/W1), P (W2/D1) and P (D2/D1) for 52 
standard weeks of El-Niño, La Niña and Neutral years 
are presented in Table 3. To understand quickly the 
results from Table 2 and 3, frequency analysis was 
made for conditional probability and initial 
probability in respect of annual data, South west 
monsoon and North east monsoon seasonal data and 
presented in Table 4. From the perusal of the data, for 
the probabilities computed in respect of annual data 
set of 52 weeks, it was found that relatively the 
probability of wet spell was more with El-Niño years 
and there was no difference for the probability of dry 
spell between Neutral, El-Niño and La Niña years.  

Under the P (W2/W1) weeks, the El-Niño 
years had the frequency of 12 weeks as compared to 
La Niña and Neutral years. The result indicated that 
with El-Niño events the frequency of probability of 
wet spell and frequency of P (W2/W1) would be more 
as compared to La Niña and Neutral years. 
Geethalakshmi et al., (2002) reported that the wet 
spell weeks were 30 per cent for El-Niño years, 
whereas it was only 11 and 6 per cent respectively 
during La Niña and Neutral years at Coimbatore. 

Many review indicated that Length of 
Growing period(LGP) is a period of consecutive 
occurrence of more than or equal to 14 weeks 
wherein the available soil moisture is enough to meet 
the evapo-transpiration of the crops(Jeevananda 
Reddy,1983). In respect of El-Niño years, P (W2/W1) 
was centering around 12 indicating possibility of 84 
per cent success in dryland crop production. 
Selvaraju et al.,(1998) reported that more number of 
above average North east monsoon rainfall would 
occur during warm phase (El-Niño) years and this 
was about 24 per cent higher than Neutral phase 
years and 32 per cent higher than the cold phase (La 
Niña). The average seasonal rainfall was also higher 
by 82 mm in El-Niño years than the overall mean 
(320mm), while La Niña years recorded 71 mm 
lesser rainfall than the overall mean.  

Similar to annual analysis, in respect of North 
east monsoon season, the frequency of probability of 
wet, P (W2/W1) was more with El-Niño years and there 

was decrease in dry spell under El-Niño years. 
Comparing La Niña and Neutral years, the result on wet 
spell frequency was more with El-Niño years.  

CONCLUSION 
The frequency of wet spell in El-Niño years 

was more with North east monsoon at Coimbatore 
followed by Neutral years rather than La Niña years and 
hence under El-Niño years there was sustainability in 
crop production during North east monsoon season. 
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Impact of soil amendments on methane emission from rice field 
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ABSTRACT 
Rice production is reported to be a contributor to climate change through the release of greenhouse gases to 

the atmosphere especially methane under submerged field condition. A step towards reducing the GHGs emission, 
an experiment was conducted with eight different soil amendments combinations viz., recommended Dose of 
Fertilizers (RDF), fly ash, biochar, gypsum, Silica Solubilizing Bacteria (SSB), fly ash + SSB, biochar + SSB, 
gypsum + SSB were studied. Gas collection was done using chambers and samples were analyzed using Gas 
chromatography. Methane emission was observed at active tillering, panicle initiation, 50 per cent flowering and 
maturity stages. During the crop growth, application of fly ash had reduced emission rate followed by fly ash + SSB, 
gypsum and gypsum + SSB. Higher methane emission was found with the treatment of RDF followed by RDF + 
SSB, biochar and biochar + SSB. From the study, it was concluded that application of fly ash did reduce the 
methane emissions over the application of other soil amendments in rice crop.

Keywords: Climate change, methane emission. 

Rice is the important food crop of Asia, 
where it supplies 35 to 60 per cent of the calories of 
2.7 billion Asians (Pingaliet al., 1997). Cultivation 
of rice in India is mainly concentrated in river 
valleys, delta and low lying coastal areas. 
Tentatively, FAO set its forecast of 2015 production 
at 158.2 million tonnes (FAO Rice Market Monitor, 
April 2016). Owing to the influence of the El Niño 
phenomenon, as to the 2016 season, FAO 
anticipates production in India to recover to 158.4 
million tonnes, up 2 percent from 2015 
expectations. Tamil Nadu ranks fifth position in rice 
production in India with an area of 21 lakhs ha, with 
a production of 92 lakh M.T. (Metric Tonnes) and 
the productivity was 4381 kg/ha (Department of 
Agriculture, Tamil Nadu, 14th Executive 
Committee Meeting, National Food Security 
Mission, Department of Agriculture, Tamil Nadu, 
Nov, 2014).  

Now rice production is reported to be a 
contributor to climate change, through the release of 
greenhouse gases to the atmosphere such as 
methane emissions from flooded rice fields. There is 
an appetite for action on climate change. But global 
warming has not been reduced to safe levels. The 
world is currently on track for warming exceeding 
2°C by 2100 (IPCC, 2014), which would have far 
reaching consequences for food security, fresh water 
availability and the frequency and intensity of 
storms. Atmospheric methane (CH4) is the second 
most important greenhouse gas, with a global 

warming potential (GWP) 25 times that of carbon 
dioxide (CO2). CH4 is responsible for approximately 
25 per cent of the anticipated warming (Forster et 
al., 2007). Atmospheric CH4 originates mainly from 
biogenic sources, such as the anaerobic decay of 
organic matter. It has been estimated that rice 
production must double by the year 2020 in order to 
meet the demand of an increased population, which 
may increase methane production by up to 50 per 
cent (Bouman, 1991).A step towards reducing the 
methane emissions can be done with soil 
amendments application to the rice crop field. 

MATERIALS AND METHODS 
Field Experiment

A field experiment was conducted in Tamil 
Nadu Agricultural University, Coimbatore, Tamil 
Nadu during Rabi (2015-16) season. The short 
duration rice variety CO(R) 51 was used in RBD 
with three replications and eight treatments viz., 
recommended dose of fertilizers alone (T1), fly ash 
(T2), biochar (T3), gypsum (T4), silica solubilizing 
bacteria (T5),  flyash + silica solubilizing bacteria 
(T6), biochar + silica solubilizing bacteria (T7), 
gypsum + silica solubilizing bacteria (T8). 
Recommended dose of fertilizers (RDF) of NPK at 
150: 50: 50 kg/ha, flyash at 20 t/ha, biochar at 10 
t/ha, gypsum at 500 kg/ha and silica solubilizing 
bacteria (SSB) at 12.5 kg/ha were the dosages 
applied. RDF was a default component in all the 
treatment combinations. 
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Application of soil amendments 
Soil amendments and silica solubilizing 

bacteria were applied a day prior to transplanting 
into the plots with respective doses as given in 
treatment details.
Collection of air samples 

Gas samples were collected from the field 
using static closed chamber technique (Jain et al., 
1999). As described by Khosa et al. (2010) each 
chamber was placed on the soil surface with 4-5 cm 
inserted into the soil, 10 minutes prior to each 
sampling for equilibration to reduce the disturbance 
so as to minimize the disturbance to the sampling 
site. Care was taken not to disturb the vegetation 
during the whole measurement program. After 
covering the plants with the chamber, four air 
samples were collected in Tedlar bags starting with 
zero time and subsequent sampling at an interval of 
15 minutes using syringe and one way valve pump. 
As described by Jayadeva et al. (2009), the air 
samples were collected in the morning (09:00-10:00 
hours) and in the evening (14:00-15:00 hours) and 
the average of morning and evening fluxes were 
used as the flux value for the day. Collection of gas 
samples was done continuously for a week at 
critical stages of crop growth viz., active tillering, 
panicle initiation, flowering and maturity stages. 
Estimation of Methane

The gas samples were analyzed in a 
Shimadzu GC-2014 gas chromatograph equipped 
with FID. 

RESULTS AND DISCUSSIONS 
Influence of treatments on methane 

emission from rice field is depicted in Table 1, Fig. 
1 and 2. Significantly higher methane emission was 
noticed in RDF (54.9 kg/ha) and SSB (53.2 kg/ha)
treatments in all the four stages. From the results it 

was observed that biochar (46.9 kg/ha)andbiochar + 
SSB (46.0 kg/ha)stood next to SSB on the higher 
emission of methane. Whereas, the application of 
fly ash (40.5 kg/ha) and fly ash + SSB (43.7 kg/ha)
have contributed to methane reductions. The 
emission rates in applications of gypsum + SSB 
(45.5 kg/ha) and gypsum (47.5 kg/ha) stood next to 
fly ash + SSB. 

The panicle initiation stage noticed higher 
methane emissions which gradually decreased 
towards the maturity.  

Fig. 1. Methane emissions in four stages under 
different treatments (kg/ha) 

Fig. 2 Methane emission reduction percentage under 
different treatments 

Table 1. Methane emissions in four stages under different treatments (kg/ha) 

Treatment
Active 

Tillering
(kg/ha)

Panicle 
Initiation
(kg/ha)

50% 
Flowering

(kg/ha)

Maturity
(kg/ha)

Average
(kg/ha)

Percentage 
Reduction

RDF alone 41.2 75.2 57.2 45.9 54.9
Flyash 25.8 53.1 48.8 34.3 40.5 26.2
Biochar 33.4 64.5 53.9 35.8 46.9 14.6
Gypsum 32.2 70.9 49.3 37.7 47.5 13.4
SSB 43.3 75.3 50.0 44.3 53.2 3.0
Flyash + SSB 31.3 60.9 48.1 34.3 43.7 20.5
Biochar + SSB 32.8 66.3 50.3 34.5 46.0 16.3
Gypsum + SSB 32.4 62.6 49.5 37.5 45.5 17.2

*RDF was applied in all the treatment combinations
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Methane emission could be more when the 
organic carbon content of the soil was more than 1 
per cent and release of nitrous oxide from rice field 
was mainly due to excess application of N fertilizer 
and faulty method and times of application of N 
(Nelson et al., 2012). CH4 emissions were 
comparatively less in Fly ash, Fly ash + SSB and 
Gypsum + SSB treatments. Oxidation of methane to 
CO2 could be the reason for reduced methane 
emissions (Cicerone and Shetter, 1981; Oremland, 
1988). Gypsum reduces CO2-C equivalent emissions 
as in words of Denier et al. (2002) and Ali et al. 
(2007). Biochar which acts as a slow C release source 
(Wardle et al., 2008) can minimize the methane 
emissions. The increased iron and manganese 
compounds in fly ash and gypsum acted as electron 
acceptors and thereby, suppressed CH4 production as 
well as CH4 emission during rice cultivation (Ali et 
al., 2009). 

CONCLUSION 
Results from the field study on methane 

emissions over application of soil amendments 
concluded that methane emissions could be reduced 
by the application of flyash, flyash + SSB, gypsum 
and gypsum + flyash, whereas biochar, biochar + 
SSB, SSB and RDF alonedid not have much control 
over the emissions. 
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ABSTARCT  
A field experiments were conducted at university research farm CCS HAU, Hisar on American and Deshi 

cotton cultivars in Kharif season from 2006 to 2014. The percent CLCuD data of cotton was collected at weekly 
interval. The CLCuD data was correlated with different meteorological parameters. The maximum and minimum 
temperature (Tmax & Tmin)wind speed(WS), evaporation, rainfall, Rs and Rn showed negative correlation with disease 
development, whereas. Morning and evening relative humidity (RHmor & RHeve) sunshine hours (BSS), cumulative 
rainfall had positive correlation. The optimum maximum temperature, for disease development was ranged between 33 to 
37°C. Wind speed had highly negative significant correlation with disease development which was favorable for white fly 
dispersion/migration. The rate of disease development was initially slower till accumulation of 100 mm rainfall, thereafter 
disease infestation increased sharply.  Bright sunshine hours had a linear relationship with disease indicated that clear days 
favored its development. Radiation components analyzed by using the empirical equation showed the significant influence 
on the white fly population and CLCuD.  

Key Words: CLCuD, correlation, regression, scattered trend, weather variables 

Cotton is a most important world wise fiber 
crop and known as the white gold. The primary 
product of the cotton plant has lint which provides a 
source of high quality fiber for the textile industry. 
The cotton seeds are an important source of oil for 
human consumption and high protein meal used as a 
livestock feed as cotton cake. Important cotton 
producing states in India are Gujarat, Maharashtra, 
Tamil Nadu, Punjab and Haryana. In India, area 
under cotton crop was 117.3 lakh hectares with 
production of 390 lakh bales with an average 
productivity of 565 kg/ hectare whereas in Haryana 
the area under cotton was 5.6 lakh hectares with an 
average production of 23 lakh bales and an average 
productivity of 691 kg / hectare during year 2013-
14.Environmental calamities including biotic and
abiotic stresses are the major threats to agriculture, 
productivity and food security (Farooq et al., 2011). 
Cotton Leaf Curl Disease is among the most 
devastating natural calamity caused by some vector 
incest that impacted huge losses to cotton crop 
productivity. Cotton leaf curl virus disease was 
affected by climatic conditions like rainfall, wind and 
temperature. Rainfall prior to seedling may results in 
the development of an increased population of vector 
due to abundance in food source. Productivity of 
cotton in the last decade has suffered to a great set 
back due to CLCuD in North India. Weather 
parameters played a significant role in the appearance 
of disease over the years. Keeping in view the 
importance of crop, the present study was conducted 

to quantifying the weather relationship between white 
fly (WL) population and cotton leaf curl virus disease 
(CLCuD) from the 23rd to 43rd standard Meteorological 
Weeks (SMWs) from 2006 to 2014. 

MATERIAL AND METHODS 
Experimental site, location and Climate condition 

Field experiment was conducted at the 
Research area of Department of Plant Breeding and 
Genetics (Cotton Section), COA, CCS HAU, Hisar 
situated at 290 10' N latitude, 750 46' E longitude and 
altitude of 215.2 meters MSL. White fly population 
per three leaves perplant, percent of cotton leaf curl 
disease (CLCuD%), cotton leaf curl disease 
differences (CLCuD), cotton leaf curl disease index 
(CLCuD index) was correlated with the prevailing 
weather condition from the date of appearance of 
disease to the harvesting of the crop (26th SMW to 43 
SMWs). Maximum and minimum temperature (Tmax 
& Tmin), wind speed (WS), rainfall, morning and 
evening relative humidity (RHmor. & RHeve), Bright 
sunshine hours (BSS), Evaporation (EVP) and Rainy 
day were collected from the agromet observatory. 
Net short wave radiation (Rs), Net long wave 
radiation (Rl), Net radiation (Rn), computed 
evapotranspiration (Et) and Crop rainy days (CRD) 
were computed by using the empirical equations. 
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Climatic conditions at experimental site 
The climate of Hisar region is continental 

and has semi arid subtropical monsoonal climate. 
South westerly monsoon brings rain generally from 
last week of June to middle of September in summer 
and a few light showers received due to westerly 
disturbances in winter. Summers are very hot 
(maximum temperature touches 45 0C or sometimes 
more) and winters are fairly cool (minimum 
temperature around 1 to 2 0C or sometimes less). The 
average annual rainfall is 450 mm. Certified seeds of 
cotton cultivars were sown in different growing 
environments by hand plough, keeping a distance of 
60 cm from row to row. All the agronomic practices 
and crop management were followed as per the 
recommended package of practices by the University 
(CCS HAU, Hisar) for raising the crop under 
irrigated conditions. Precipitation more than 2.5 mm 
or more in same day was considered as one rainy day 
and the precipitation more than 5 mm or more in 
same day was consider as Crop rainy days.  
Computation of different meteorological variables 

Different procedures were followed to 
compute meteorological parameters for estimation of 
radiation components and Eto for the correlation 
between cotton (CLCuD)DI disease incidence to 
weather variable from 23rd to 43rd SMWs. 
STEP 1: 
a. Calculation of Angle of Declination (δ)

80
365
2sin4102.0 J

where declination is in radians …. (i) 
b. Convert Latitude to Radians (Φ)

180
*latitude , 

where latitude is in decimal degrees (12.45)…(ii) 
STEP 2: 
Estimate Net Radiation (Rnet) 
a.Estimating downward solar (short wave) radiation
(Rs) 
This is the Hargreaves radiation formula. 

Rs = 0.16 * Ra * sqrt[(Tmax - Tmin)], 
where  Rs& Ra  are in MJ m-2 day-1 ….(iv) 
b. Estimating atmospheric emissivity (εa)
The original equation has been modified below to 
suit the units of the d 

c. Estimating net long wave radiation (RL)
Assumed terrestrial emissivity=0.97 

RL = (4.903*10-9) * (εa - 0.97) * 
[Tmean+273]4… (vi) 

Where, RL is in MJ m-2 day-1

d. Estimating net radiation (Rnet)
Rnet = (0.77 * Rs) - RL, Where RL, 

Rnet, RL  are in MJ m-2 day-1 … (vii)STEP3: 
a. Evapotranspiration equations (Reference Crop
Evapotranspiration/ETo), 

When wind speed and humidity data are available, 
use the FAO-56 equation below, recommended as the standard 
method by Allen et al. (1998). 

……(viii)
Where, Rnet net radiation at the crop surface 

[MJm-2day-1],G soil heat flux density [MJ m-2day-1], 
Tmean daily air temperature at 2 m height [°C],u2 
wind speed at 2 m height [m s-1], es saturation vapour 
pressure [kPa], ea actual vapour pressure [kPa], es-ea 
saturation vapour pressure deficit [kPa], Δ slope 
vapour pressure curve [kPa °C-1], γ psychrometric
constant [kPa °C-1]. 

RESULTS AND DISCUSSION 
Year  wise cotton leaf curl virus disease 

infection observed from the cotton experimental field 
during 2006 to 2014and correlated with prevailed 
weather parameters and computed meteorological 
variables such as day angle, day inclination, terrestrial 
radiation, evapotranspiration, net short wave radiation, 
net long wave radiation and net radiation using the 
empirical equation for evaluating the existing relation 
between CLCuD disease infestation, disease outbreak 
over cotton cultivars from third week of June to last week 
of October month at Hisar, Haryana. 

The different weather parameters, DI and 
whitefly populations analyzed from 2006 to 2014 
were shown in the Table 1. Average maximum 
number of white fly was observed (176.8/3 leaves) in 
the year 2014 and minimum (0.2/3 leaves) in 2006 
and the diseases infestation was highest 90.16 in 
2013 and lowest 26.5 in the year 2009 (Table 2).The 
disease infestation was highest when the seasonal 
rainfall was received more than 550 mm and vice 
versa. The per cent leaf curl disease data of cotton 
(2006 to 2014) were correlated with the 
meteorological parameters. The maximum 
temperature (-0.60), minimum temperature (-0.48), 
wind speed (-0.65), actual vapour pressure at 
morning (AVPm=-0.26), Actual vapour pressure at 
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evening (AVPe=-0.20), evaporation (-0.65), rainfall 
(-0.03), net short wave radiation (-0.11) and net 
radiation (-0.28)  showed negative correlation with 
disease development, whereas morning relative 
humidity (0.48), evening relative humidity (0.04), 
sunshine hours (0.22), cumulative rainfall (0.70), net 
long wave radiation (0.03), computed 
evapotranspiration (0.07), RD (-0.16), CRD (-019) 
and weekly rainfall (-0.16) were showed overall 
positive correlation form 2006 to 2014 study period 
shown in the Table 2. Singh et al. 2003 also reported 
that CLCuD (%) significantly correlated with 
weather variables like minimum, maximum, mean 
temperature; minimum, maximum, mean relative 
humidity, rainfall and whitefly population in 
particular seasons. The optimum maximum 
temperature for the disease development was noted 
between 33 to 37°C.Mongaet al. 2004 also found that 
a maximum temperature between 35-42 °C, 
minimum temperature between 26-29 °C and 
maximum relative humidity 71-95% favored 
maximum disease development. Net short wave 

radiation and net long wave radiation were positively 
correlated with the DI and net radiation, computed 
evapotranspiration, rainy days and crop rainy days 
were negatively correlated with the DI for the cotton 
crop (Table 2). The days with cumulative rain fall of 
more than 100 mm has increased infestation of 
CLCuD. There was an exponential relationship 
between disease development and cumulative rainfall 
(sigmoid growth curve). The rate of disease 
development was initially slows till the accumulation 
of 100 mm rainfall and thereafter disease 
development increased sharply. The wind speed 
showed a highly significant negative correlation with 
disease development which might be favorable for 
white fly migration. The sunshine hours showed a 
linear relationship with disease, indicated that the 
clear days favored its development. The average 
incoming short wave radiation (Rs) increased from 
the 5 to 10 MJm-2 per weeks reduced  the DI 70% to 
35%and net radiation (Rn) 2 to 4.5 MJm-2 per weeks 
were expressed the DI (60 to 35). 

Table 1 The average weather parameter from 26th SMW to 43 SMWs 

Parameters 2006 2007 2008 2009 2010 2011 2012 2013 2014 
DI 67 33.5 46.1 26.5 54.6 46.1 47.4 90.1 59.2 
WF/3 leaves 0.2 2.9 8.3 7.9 2.2 1.9 7.7 29.2 176 
Tmax 35.6 35.2 35.0 36.9 34 35.3 36.9 34.2 36 
Tmin 23.5 23.4 23.1 23.5 23.9 24.5 25.2 24.0 24.7 
AVP(mm) M 20.7 21.5 21.3 19.9 22.8 22.7 21.0 22.1 20.8 
AVP(mm) E 20.2 20.6 20.4 18.1 21.9 21.9 19.5 21.2 19.8 
RH (%)M 79.9 81.5 84.6 76.0 89.3 84.3 74.5 86.1 77.5 
RH(%)E 50.9 51.6 50.2 42.9 60.1 56.3 46.6 56.9 47.5 
WS (Km/hr) 6.3 6.4 5.6 6.3 5.4 5.7 6.6 5.1 6.1 
BSS (hrs) 6.9 7.5 7.5 7.9 6.5 6.8 7.2 7.2 7.1 
Evap (mm) 6.2 6.5 5.9 6.4 4.3 5.4 6.7 4.4 5.7 
Rain (mm) 219 243.7 254.6 366 660 341 418.5 594.3 167.2 
Annual rain (mm) 346.1 505.8 576.2 459.3 736.3 543.7 506.7 810.1 427.3 
Rs (MJ/m2) 7.4 7.4 7.1 7.6 6.4 6.9 6.7 7.0 7.6 
Rl (MJ/m2) 4.8 4.8 4.4 5.2 3.6 4.3 4.3 4.0 5.2 
Rn (MJ/m2) 2.4 2.6 2.5 2.7 2.4 2.7 2.5 2.3 3.0 
Et (mm) 3.2 3.7 3.4 3.4 4.0 2.6 2.5 3.9 2.9 
RD (days) 16 14 15 20 12 28 20 17 16 
CRD (days) 15 10 10 16 11 24 13 12 15 
Annual RD (days) 23 27 39 21 33 38 25 32 28 
Annual CRD days) 18 16 31 18 28 27 18 24 21 
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Table 2 Correlation between weather parameters and disease infestation from 26th SMW to 43 SMWs  

Weather 
Parameters 

Correlation DI to weather parameters 
2006 2007 2008 2009 2010 2011 2012 2013 2014 

Tmax -0.71 -0.54 -0.54 -0.83 -0.62 -0.77 -0.88 -0.78 -0.65 
Tmin -0.53 -0.69 -0.66 -0.60 -0.78 -0.53 -0.60 -0.47 -0.73 
AVP(mm) M -0.11 -0.63 -0.68 -0.13 -0.66 -0.08 0.21 -0.29 -0.27 
AVP(mm) E -0.03 -0.54 -0.68 -0.12 -0.61 0.09 0.27 -0.18 -0.45 
RH (%)M 0.69 0.25 0.13 0.86 0.50 0.72 0.79 0.69 0.64 
RH(%)E 0.19 -0.30 -0.58 0.13 -0.30 0.35 0.54 0.18 -0.12 
WS (Km/hr) -0.64 -0.73 -0.89 -0.71 -0.91 -0.35 -0.77 -0.68 -0.47 
BSS (hrs) 0.58 0.35 0.28 0.18 0.41 0.29 -0.05 0.14 0.69 
Evap (mm) -0.72 -0.66 -0.51 -0.90 -0.71 -0.72 -0.86 -0.66 -0.72 
Rain (mm) -0.08 -0.29 -0.47 0.18 -0.31 0.21 0.18 0.00 0.06 
ACR 0.94 0.92 0.96 0.93 0.99 0.88 0.98 0.79 0.93 
Rs (MJ/m2) 0.81 0.71 0.86 0.77 0.85 0.72 0.91 0.46 0.81 
Rl (MJ/m2) 0.79 0.85 0.86 0.86 0.84 0.67 0.94 0.40 0.80 
Rn (MJ/m2) -0.34 -0.59 -0.62 -0.49 -0.50 -0.22 -0.60 -0.10 -0.09 
Et (mm) -0.34 -0.59 -0.76 0.20 -0.63 -0.71 -0.71 -0.94 -0.54 
RD (days) -0.45 -0.43 -0.55 -0.28 -0.43 -0.44 -0.32 -0.12 -0.18 
CRD (days) -0.45 -0.28 -0.47 -0.22 -0.24 -0.24 -0.33 -0.13 -0.37 

If weekly rainfall was increased from 50 to 
200 mm then DI was decreased at the rate of 15.62 
per cent (60 to 30). If weekly rainy days increase, this 
reduced the DI and similarly for the weekly crop 
rainy day also influenced to decrease the DI on the 
cotton crop from 23rd to 43rd SMWs shown in the 
Figure 3(a-c).The results revealed that out of total 17 
weather variables analyzed for the correlation study 
of DI, only five showed the positive correlation and 
rest of 12 weather parameters showed the negative 
correlation with the DI from 26 to 43 SMWs of 
cotton crop.  

CONCLUSION 
Present finding concluded thatall weather 

and computed variables were significantly influenced 
the development of cotton leaf curl virus disease 
from the 23rd to 43rd standard meteorological weeks. 
For CLCuD disease development the optimum 
temperature ranged between 33-37°C, and wind 
speedwas highly favorable for white fly 
dispersion/migration. There was an exponential 
relationship between disease development and 
cumulative rainfall at Hisar condition.   
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ABSTRACT 
A study was conducted in Agricultural Meteorology Division of India Meteorological Department, Pune 

during the year 2016, to develop a forewarning model for rice yellow stem borer using pheromone trap data. The 
daily weather and pest data were collected for the years 2003-2014 and converted to pentads for further analysis. 
The pentad that had maximum incidence in the selected years (125 DAS)was considered for the development of a 
forewarning model. Correlation study was done and the results showed that the maximum moth population is highly 
correlated with pentad of 80 DAS for maximum temperature and bright sunshine hours, 55 DAS of minimum 
temperature, 50 DAS for morning relative humidity and evening relative humidity, 100 DAS for rainfall and 55 
DAS for soil temperature at 5cm depth. Weather based indices were used for developing forewarning model and 
found that the equation of 80 DAS showed high significance with that of maximum pest incidence pentad. 
Validation also found good for the same pentad followed by 75 and 70 DAS with fair criteria. This forewarning 
model would give an insight about the weather that favoured for maximum pest incidence and for further pest 
control measures to avoid production loss. 

Keywords: Forewarning model, rice yellow stem borer, West Bengal 

Rice (Oryza sativa) is the staple food for 
more than half of the world’s population and is 
cultivated widely from 53°N to 40°S latitude in 
diverse conditions, from uplands to waterlogged 
lowlands. It is the primary source of income and 
employment for more than 100 million households in 
Asia and Africa. Consumption per capita varies greatly 
from 5.8 kg per year in countries of European Union to 
292 kg per year in Cambodia (Wailes and Chavez, 
2012).India is the second largest producer of rice in the 
world that shares 22 per cent of world production and 24 
per cent of Asian countries rice production.  

The first Director General of the 
International Rice Research Institute (IRRI), R. F. 
Chandler, made a statement “So dependent upon rice 
are the Asian countries that throughout history a failure 
of that crop has caused widespread famine and death”, 
which depicts the importance of rice as a face of food 
security in the Asian countries. In recent years, concern 
over food security is increasingly sensed, more in 
developing countries, where rice production did not 
match the increasing population. With reduced land 
availability and increased demand for enhanced 
production, attention turned towards intensification 
through higher fertilizer inputs and cropping. These 
efforts in turn increased the vulnerability of agricultural 
system and production sustainability. 

Crop plants used as food by human beings 
are damaged by over 10,000 species of insects and 
cause an estimated annual loss of 13.6 per cent  globally 
(Benedict, 2003) and 23.3 per cent in India (Dhaliwalet 
al., 2006).Stem borers are key group of insect pests of 
rice. Among them yellow stem borer (YSB) 
(Scirpophaga incertulas Walker) is the most destructive 
and widely occurring insect pest of rice in Asia, South 
East Asia and India at all stages of the crop due to its 
monophagy to rice. YSB shares about 89.5 per cent  of 
total rice borer population,  in west Bengal, which is 
considered as the prime rice growing center of India 
(Biswas, 2006).  To meet the food security of the 
growing population it is necessary to follow Sustainable 
Production Intensification (SPI), this is one of the FAOs 
strategic objective. It is promoted through the concept 
“save and grow” for sustainable agriculture production. 
One of the essential elements of SPI is Integrated Pest 
Management. In the forthcoming years, due to climate 
change pest population may increase, as the arthropods 
life cycle is sensitive to change in temperature. So, 
regular observations on incidence of pests in field not 
only found useful to determine the activity of insect 
pests in relation to several weather factors but also helps 
to study the population dynamics of the insects during 
particular period. To plan the different suitable control 
measures for the pest, knowledge of population 
dynamics is very much essential.  
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model for pest. For developing any pest management 
programme for a specific agro-ecosystem, information 
on abundance and distribution of pest in relation to 
weather parameters is a basic requirement (Patel and 
Shekh, 2006). Among various Integrated Pest 
Management (IPM) options, pheromone technology 
possesses enormous potential as tools for use in IPM. 
Sex-pheromones help in monitoring the pest 
population and control of insects by either male 
annihilation through mass trapping or by disruption in 
mating. Continuous monitoring aids in timely detection 
and early warning of the pest, identifying the peak of 
occurrence and timing of insecticidal application. The 
technology also helps in avoiding unnecessary chemical 
sprays and time of application of pesticides and spray 
when absolutely essential.  

Hence, a forewarning model to predict the 
incidence of pest would be of greater help for decision-
making at farm level. With this consideration a study 
was conducted in Agrimet division, India 
Meteorological Department, Pune to develop a 
forewarning model for rice yellow stem borer with the 
available pheromone trap data over Kalyani station of 
West Bengal state with the objective to develop 
forewarning model for YSB. 

MATERIALS AND METHODS 
Study region 

West Bengal is considered as the rice bowl 
of the country and to develop a forewarning model 
for one of the most infested pest yellow stem borer, it 
is must to have more number of years data to find the 
correlation of pest with that of weather parameters. 
Considering the availability of pest data, Kalyani 
station from West Bengal state was selected for the 
study which has the coordinates of 22.57°N latitude, 
88.20°E longitude and 78.0m AMSL altitude. The 
season selected for the study was Kharif season. 
Weather data 

Daily weather data for seven weather 
parameters viz., maximum temperature (Tmax), 
minimum temperature (Tmin), relative humidity I (0700 
hrs) (RHI), relative humidity II (1400 hrs) (RHII), bright 
sun shine hours (BSSH), rainfall (RF), soil temperature at 
5cm depth (ST) were obtained from National Data 
Centre, India Meteorological Department, Pune for the 
periods from 2003-2014. The daily data is converted to 
pentad days for further analysis.  
Pest data 

The pest data was obtained from the field 
trial conducted from 2003 to 2014 from IMD, 
Kalyani station. Daily moth numbers from the 
pheromone data was collected and pentad means from 
date of sowing of the crop is taken for the study. For 

further regression analysis pest population in most of the 
year were found in 125DAS (10 years). 
Analysis 

The relationship between pest and weather 
parameters was studied in detail using correlation and 
stepwise regression for the dataset for finding peak 
incidence using Microsoft excel and SPSS package. 
Stepwise regression was carried out so that all 
candidate variables in the model were checked to see 
if their significance had been reduced below the 
specified tolerance level. If a non-significant variable 
found, it was removed from the model.  

The stepwise regression was done for 
different days after sowing (DAS) with and without 
weightage of weather variables (weather based 
indices model) viz., 1DAS, 30DAS, 60DAS, 75DAS, 
80DAS and 95DAS to find any significant relation 
exist from selected DAS to the pest incidence of 
selected pentads.  Stepwise regression was also 
carried out for 125 DAS of pest with highly 
correlated weekly weather also. 
Validation of model 

The root mean square error (RMSE, %) 
against the observed mean, was used to calculate the 
fitness between the estimated and observed pest. 
RMSE (%) is defined as follows: RMSE (%) = 
{sqrt[(P-O)2 / n] } *(100/OM) where P is predicted 
value, O is observed value, OM is observed mean and 
n is number of sample. RMSE (%) shows the relative 
difference between the predicted and observed data. 
The prediction is considered excellent with the 
RMSE < 10%, good if 10–20%, fair if 20–30%, poor 
if > 30% (Jamieson et al.  1991).  

RESULTS AND DISCUSSIONS 
Pest forewarning model was developed by 

using correlation between weather variables and the 
pest. Apart from this, the weather variables which are 
significantly related with weather indices were 
selected based on stepwise regression and the results 
are discussed in the following. 
Pest incidence over different years 

Based on the analysis done with12 years of 
pest data, it is found that the adult moths of yellow 
stem borer first appeared in 35DAS in the study 
region, which is evident from Fig. 1. Later on the 
infestation increased between 95 to 135 DAS and 
reached peak during 125 to 130 DAS. The major pest 
incidence from 95 to 135 days is coinciding with 
September last week and October, this was supported by 
missing reported that peak occurrence of yellow stem 
borer during first fortnight of October. Sarkar and 
Gayen (1992) also observed two major peaks of S. 

It is also useful in development of forewarning 
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incertulas adults, one in October-November and 
another during February in West Bengal. 
Correlation of weather variables with pest incidence 

Correlation coefficients (Table 1) of the 
weather data and peak pest appearance of the pentads 
explain the pest weather interaction. All the seven 
weather parameters were correlated with the peak 
pest occurred at 125 DAS, each parameter showed 
significant relationship at a particular pentad. 
Maximum temperature had its highest correlation 
with the pentad 80DAS while for minimum 
temperature during the pentad 55DAS. It was 
interesting to note that maximum temperature had 
negative relationship, while minimum temperature 
had positive relationship. Relative humidity had 
negative correlation. RH1 and RH2 were correlated 
with Pentad 50DAS. Bright sunshine hours had 
highest correlation with the pentad 80DAS. Rainfall 
had correlation with the pentad 100 DAS. Soil 
temperature with the pentad 55 DAS. 

All the parameters had witnessed both 
positive and negative relationship during different 

pentads. Among them, the strong correlation of 
minimum temperature, rainfall and soil temperature 
were positive, while that of maximum temperature, 
RH1, RH2 and SSH were negative, which was 
similar to the study of Hugaret al., 2009.They 
reported a negative correlation with RH and positive 
correlation with rainfall for stem borer infestation. To 
understand the pest weather relationship and to 
identify the range of individual weather variables and 
their combinations that favors pest population, 
weather variable and pest data for the available years 
were averaged and plotted (Fig. 2a and 2b). The 
population started to build from 95DAS to 135 DAS 
and the weather variables doesn’t show much 
dependence as the moth takes 40-50 days to attain 
this stage. So the conditions favourable for this build 
up might be from 70-80DAS for the maximum pest 
incidence. While analyzing those days the conditions 
suitable for pest incidence like drop in mean 
temperature and continuous rainfall was noticed 
(Chattopadhyay and Samui, 2003). 

Table 1. Correlation coefficient of weather variables with the peak incidence (125 DAS) 
Pentad DAS TMAX TMIN H1 H2 SSH RF ST 

1 -0.31 -0.26 0.23 0.38 -0.41 0.68 -0.14 
5 -0.19 -0.42 0.17 0.39 -0.11 0.48 -0.18 
10 -0.28 0.00 0.28 0.27 -0.50 0.14 -0.05 
15 -0.12 0.00 0.24 0.29 -0.09 0.29 0.15 
20 -0.25 -0.35 0.28 -0.18 -0.12 0.24 0.19 
25 -0.04 0.17 0.48 0.06 -0.28 -0.25 0.12 
30 -0.26 0.21 -0.34 0.50 0.09 -0.22 0.15 
35 -0.59 0.11 -0.28 -0.33 -0.35 0.05 -0.29 
40 -0.37 -0.04 -0.17 -0.05 -0.38 0.49 -0.41 
45 0.00 0.52 -0.56 -0.29 -0.22 0.02 -0.25 
50 0.59 0.52 -0.81 -0.59 0.64 -0.21 0.22 
55 0.48 0.77 -0.62 -0.32 0.24 -0.09 0.75 
60 -0.57 0.50 -0.31 0.17 -0.65 0.65 0.10 
65 -0.31 0.19 -0.33 0.00 -0.07 0.19 -0.27 
70 -0.17 0.37 -0.47 -0.01 0.08 -0.37 -0.11 
75 -0.47 0.43 -0.40 -0.13 0.19 0.42 -0.32 
80 -0.74 0.38 -0.42 0.36 -0.69 0.53 -0.02 
85 0.14 0.59 -0.41 -0.13 -0.39 -0.34 0.09 
90 -0.06 0.67 -0.07 0.08 -0.11 -0.25 0.13 
95 -0.08 0.45 -0.82 -0.31 0.05 0.10 0.34 

100 -0.32 0.22 -0.26 0.46 -0.41 0.69 0.02 
105 -0.04 0.40 -0.54 0.15 0.09 0.09 0.37 
110 0.32 0.60 -0.62 0.00 0.41 -0.30 0.59 
115 -0.26 0.32 -0.61 0.41 -0.57 0.64 0.27 
120 0.15 0.42 -0.23 0.30 -0.32 0.09 0.30 
125 0.37 0.42 -0.64 -0.08 0.08 -0.29 0.41 
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Selection of weather variables 
Equations were developed using stepwise 

regression and is given in the Table 2 for varying 
time slices. There were seven equations, developed 
with the data from 1 DAS, 30 DAS, 60 DAS, 75 
DAS, 80 DAS and 95 DAS and each equation had a 
different combination if weather variables and 
weightages selected based on the R2 value.  The 
equation developed with data from 80 DAS found to 
be having highest R2 value (0.99) among the 
equations ie., the maximum infested 125 DAS pentad 
was highly correlated with that of 80 DAS pentad, 
which showed that the life cycle started 45 days prior 
to maximum infestation as the normal life cycle of 
the pest varies from 30 to 50 days for developing into 
adult from egg at various locations. The equation had 
variables such as weighted Tmin and SSH (A251), 
un-weighted Tmax (A10) and weighted Tmax and RF 
(A161).  
Table 2 Forewarning models 

Where,  
A561 – Weighted Bright sunshine hours& Rainfall 
A141 – Weighted Maximum temperature & RH II 
A161 – Weighted Maximum temperature & Rainfall 
A30 – Unweighted RH I 
A251 - Weighted Minimum temperature & Bright 

sunshine hours 
A171 - Weighted Maximum temperature &soil 

temperature 
A470 – Unweighted RH II &soil temperature 

A10– Unweighted Maximum temperature  
A161 - Weighted Maximum temperature & Rainfall 
A451 - Weighted RH II & Bright sunshine hours 

Fig. 1 Pest incidence vs DAS over years 

Fig. 2a Average Temp., BSSH and pest over DAS 

Fig. 2b Average pest, RH1, RH2 and rainfall 

Table 3 Validation of forewarning model 

Validation Obs. pest 1DAS 30DAS 60DAS 75DAS 80DAS 95DAS Selected_wth 

2013 0 -2.6 -1.8 -2.8 0.6 0.8 -2.8 -1.8 

2014 0.9 -15.6 0.9 1.8 0.0 1.2 -1.7 -2.8 

RMSE 5.3 3.0 1.5 1.5 1.0 4.2 3.4

RMSE% 98.2 55.5 27.7 27.0 19.1 77.0 61.8 

Category Poor Poor Fair Fair Good Poor Poor 
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Validation of models 
Validation was done for the years 2013 and 

2014. The observed pest during the peak infestation 
(125 DAS) and the same predicted utilizing the 
weather variables from 1DAS, 30 DAS, 60 DAS, 75 
DAS, 80 DAS and 95 DAS were presented in Table 
3. RMSE and its percentage were worked out to find
the reliability of the models developed. Based on the 
values, they have been categorized into poor, fair and 
good. The weather variables from 80 DAS found to 
be good and the variables from 60 DAS and 75 DAS 
were fair while all other combinations had very high 
error percentage and categorized as poor. 

CONCLUSION 
This study showed that there does not exist 

any definite relation between the moth captured with 
that of respective weather. The maximum correlation 
existed with that of the weather of previous pentads. 
The correlation studies showed that different weather 
parameters were related in different pentads for the 
maximum pest pentad of 125 DAS. Stepwise 
regression for selected weather showed two variables 
were highly correlated (RF at 100thpentad and 
maximum temperature at 80thpentad). In case of 
weather based indices, stepwise regression the final 
equation that had high significance was with 80DAS 
forewarning model. The weather parameters in that 
selected model was minimum temperature and BSSH 
combination and Maximum temperature and Rainfall 
combination. This shows that 40-50 days weather 
prior to maximum moth emergence has maximum 
relation with the pest numbers. These type of 
forewarning models can be developed for different 
locations for efficient control of pest and to move 
towards sustainable production with the FAO 
strategy save and grow. 
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ABSTRACT 
The powdery mildew, (Oidium mangiferae Berthet) is a major disease of mango in Konkan region 

of Maharashtra. The epidemiological study was conducted at Regional Fruit Research Station, Vengurle, 
M. S. during 2013-14 and 2014-15. Alphonso mango trees 10 numbers from unsprayed plot were selected 
and 15 panicles of each tree were tagged. The panicles were observed at seven days interval for disease 
incidence. During the years 2013-14 and 2014-15 first powdery mildew appearance was noticed during the 
2nd fortnight of January, and 1st fortnight of January respectively. However, maximum disease intensity was 
recorded during the 2nd fortnight of March which were (85.6 and & 73.4 per cent during 2013-14, and 
2014-15, respectively. The incidence of powdery mildew was significant and positively correlated with 
minimum temperature. Whereas, there was positive but non-significant correlation with evening humidity, 
maximum temperature and rainfall. The morning humidity was negatively and non-significantly correlated 
with powdery mildew incidence.  

Key words: powdery mildew, epidemiology, Oidium mangiferae, mango. 

Mango (Mangifera indica), the king of 
fruits is the most important fruit in the tropical as 
well as subtropical region of the world and India 
contributes a major share in area and production. It 
is the third widely produced fruit crop of the tropics 
after banana and citrus, occupying relatively the 
same position in the tropics as the apple in Europe 
and North America. In India the leading mango 
growing states are Uttar Pradesh, Andhra Pradesh, 
Bihar, Karnataka, Tamil Nadu and Maharashtra. 
These six states together constitute about 79.8 per 
cent of the total area under mango. In India, the 
area under mango cultivation is 2.16mha and 
production 18.53 million tones. Mt. Maharashtra is 
one of the major mango growing state in India, 
occupying area 1.57 lakh ha and production 
7.59lakh to meter (Anonymous, 2015). Konkan is 
the major and famous mango producing belt on the 
west coast of Maharashtra where it occupies an 
area of 0.165 million ha in four districts viz., Thane 
(23,722 ha), Raigad (46,418 ha), Ratnagiri (66,651 
ha) and Sindhudurg (29,809 ha). The productivity 
of mango in Konkan is about 1.7 tonnes / ha. 

Powdery mildew of mango caused by 
Oidium mangiferae Berthet, is a widespread and 
most important disease of mango in India. Foliar, 
blossom and fruit infections caused by the disease 
of which blossom infection is most serious and is 
responsible for yield loss up to 8o per cent. It 
affects fruit set and causes fruit drop, resulting 
heavy yield loss. The disease is having endemic 
nature under Konkan conditions however, attains 
an epiphytotic form due to climatic fluctuations. 

Considering the importance of disease and its direct 
relationship with weather, the epidemiological 
study of powdery mildew of mango caused by 
Oidium mangiferae Berthet. undertaken during 
2013-14 and 2014-15 at Regional Fruit Research 
Station, Vengurle. 

MATERIALS AND METHODS 
Epidemiological studies 

The epidemiological work has been done 
during period of 2013-2014 and 2014-2015. Ten
trees were selected for the studies and fifteen 
inflorescences were randomly selected on each tree 
and were labeled for observation on the powdery 
mildew disease development. Observations were 
recorded by using 0–5 scale at weekly interval of 
standard meteorological week. Weather parameters 
viz., maximum temperature, minimum temperature, 
relative humidity I (morning), relative humidity II 
(evening) and rainfall were continuously recorded 
at adjacent meteorological observatory located at 
Regional Fruit Research Station, Vengurle. 
Correlation analysis for disease severity of powdery 
mildew of mango with weather parameters were 
done for two seasons separately. 
Observations recorded

Percent Disease Index (PDI) was recorded 
by scoring all the individual ten inflorescences on 
each plant using 0–5 scale (0=No symptoms, 1=1–
20%, 2=21– 40%, 3=41–60%, 4=61–80% and 
5=8% and above inflorescences area covered). 
Further the PDI was calculated with the above 
scales by using formula (Wheeler, BEJ 1969). 
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 Sum of all numerical ratings 
PDI =                                                     × 100                         

No. of leaves examined × Maximum 
Disease rating 

RESULTS AND DISCUSSION 
Epidemiological studies of powdery mildew in
mango 

During the year 2013-14, symptoms of 
powdery mildew initiated during 4th MW 
(22.01.2014 to 28.01.2014). The severity increased 
slowly and reached as high as 85.60% during 
14thMW (02.04.2014 to 08.04.2012). During that 
period maximum temperature was ranged between 
31.90C and 34.80C while minimum temperature 
was ranged between 15.80C and 25.00C. Mean 
relative humidity was ranged between 91.3 and 
41.1 per cent and rainfall of 100 mm was recorded
during the experimental year. Whereas the 
incidence of powdery mildew was initiated from 
2nd MW (08.01.2015 to 14.01.2015) during 2014-
15. Weather conditions recorded during this year
were was between maximum temperature 30.80C
and 34.30C and was between minimum temperature 
13.80C to 24.00C while mean relative humidity 
ranged between 92.3 to 51.0 per cent with rainfall 
of 24mm 
Table 1 Correlation of mango powdery mildew 

with weather parameters. Table r value at 
5% = 0.396. *Significant at p =0.05. 

S.
N.

Weather 
parameters

Correlation coefficient (r)
2013-14 2014-15

1 X1–Maximum 
temperature 0.00109 0.0022

2 X2-Minimum 
temperature 0.4614* 0.4899*

3 X3–Relative 
humidity I (%)  -0.36394 -0.00015

4 X4–Relative 
humidity II (%) 0.16864 0.2055

5 X5–Rainfall 0.0235 0.0199

The relationship between PDI and 
weather parameters during 2013-14 and 2014-15 is 
presented in Table 1. Data revealed that there was 
significant positive correlation between minimum 
temperature (r=0.461). While maximum 
temperature (r=0.001), relative humidity II 
(r=0.168) and rainfall (r=0.023) had non-
significant and positive effect on PDI, where as 
relative humidity I (r=-0.363) was negative and 
non significantly correlated with per cent disease 
incidence during 2013-14. Similarly, during 
2014-15, PDI was positive and significantly 
corrected with minimum temp (r=0.489). While, 
maximum temp (r=0.002), relative humidity II 

(r=0.205) on PDI. However, relative humidity I 
(r=-0.00015) was negative and non significantly 
corrected with per cent disease incidence.  These 
finding are in conformity with those of Rajeev 
Raina (2010), Gupta, J.H. (1989) and Karande 
et.al; (2016) who concluded that the fungus could 
cause disease from 15 to 320C and 50 to 100% 
relative humidity. 

CONCLUSION 
Epidemiological study indicated that, 

there was significant positive correlation between 
minimum temperatures. Whereas, morning relative 
humidity was negative and non-significantly 
correlated with per cent disease incidence during 
both of years. However, maximum temperature,
evening relative humidity and rainfall was found 
non-significant but positive correlation with PDI 
during both years. On the basis of two years of 
experimentation it is concluded that contribution 
effects of weather parameters viz., maximum 
temperature of 30-350C, minimum temperature of 
14 to 25 and mean relative humidity 41.1 to 93.0 
per cent were found to be congenial for the 
maximum development of the powdery mildew of 
mango under Vengurle condition. 
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ABSTRACT 
Stripe rust (yellow rust) caused by Puccinia striiformis f.sp. tritici, is a serious disease of wheat occurs with 

cool and moist weather conditions during the growing season. Investigations on influence of weather conditions 
were conducted on wheat cultivar PBW 343 during 2012-13 and 2013-14 under natural conditions and under 
artificial (inoculated) conditions.  During 2012-13 and 2013-14 there was higher disease incidence and severity but 
during 2013-14 rate of disease incidence and severity was slightly less as compared to 2012-13 in both the 
experiments. It was observed that the prevailing weather conditions during both the years influenced disease 
progress. During both the years maximum temperature, minimum temperature and sunshine hours were significantly 
positively correlated, whereas morning and evening relative humidity were negatively correlated with disease 
severity and incidence. During 2012-13 disease incidence and severity was comparatively more which might be due 
to more rainfall during the crop season. Analysis of different weather parameters with stripe rust under natural and 
artificial conditions indicated that temperature and relative humidity were most important weather parameters which 
effected disease incidence and severity maximum and could be used as key indicators in stripe rust forewarning 
under Punjab conditions.  

Keywords: Disease Incidence, Disease Severity, Stripe Rust, Weather Parameters, Wheat 

Wheat is the second most important cereal in 
India after rice, contributing substantially to the 
national food security by providing more than 50 per 
cent of the calories to the people who mainly depend 
on it. Major contribution of wheat to the national 
food reserves comes from Punjab. The most serious 
constraints to protect yield and productivity 
enhancement that have emerged in the last few years 
is stripe rust susceptibility of commercially available 
wheat cultivars. Stripe rust, caused by Puccinia 
striiformis f. sp. tritici, is a serious disease of wheat 
occurring in most wheat areas with cool and moist 
weather conditions during the growing season.  

The stripe rust appeared in severe form in 
plain areas of Jammu and Kashmir, foot hills of 
Punjab and Himachal Pradesh, parts of Haryana, tarai 
region of Uttarakhand hills during 2008-09, 2009-10 
and 2010-11(Pannu et al., 2011). Severity of stripe 
rust is effected by different meteorological 
parameters and microclimate of crop. With the 
current global situation requiring higher wheat 
production from declining land areas, more 
productive farming systems will bear pressure from 
diseases such as stripe rust. Weather has a very 
important role to play in the occurrence, development 
and spread of diseases. Temperature, precipitation, 
relative humidity, sunshine hours, rainfall and wind 
have the greatest influence on different plant 
diseases. When susceptible host and virulent patho 

type coexist under optimum conditions, the chances 
of disease epidemic increases. Knowledge on 
interaction of weather and disease can provide 
information on disease appearance, severity, spread 
and perpetuation. Disease prediction is of 
fundamental importance for the successful and 
efficient use of chemicals to manage rusts. Several 
rust disease prediction models (mostly empirical 
models) have been developed using weather variables 
alone (Subba Rao et al., 1990) or in combinations 
with other biological parameters (Audsley et al., 
2005). 

Weather-driven prediction models for rust in 
the form of regression equations are available for 
many places. However, according to Kaundal et al., 
(2006) regression models are location specific and 
cannot be generalized across different regions. The 
inappropriateness of extrapolating models developed 
at one location to another is mainly due to the 
incorporation of certain bio-physical and micro-
environmental conditions specific to each location. 
Therefore, there is a need to develop weather-based 
models locally to predict stripe rust outbreaks in 
Punjab and adjoining areas, the major wheat 
producing region in India. So this study was planned 
with an objective to identify the weather variables or 
weather based indices influencing stripe rust 
epidemics in wheat and to develop weather based 
prediction models for stripe rust.  
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MATERIALS AND METHODS 
Field Experiments 

The study was conducted under natural and 
artificial inoculated conditions using susceptible cultivar 
PBW 343 during 2012-13 and 2013-14. Crop was raised 
as per the recommendations of PAU package of 
practices. Under artificial inoculated conditions disease 
inoculated seedlings of PBW 343 grown in earthen pots 
were kept in the field on 15th December to provide 
inoculums of pathogen. Incidence and severity of 
disease were observed at weekly interval under natural 
and inoculated conditions.  
Weather Data 

Weather data of Ludhiana was collected 
from Agrometeorological observatory of School of 
Climate Change and Agricultural Meteorology, 
Punjab Agricultural University, Ludhiana which is 
situated at 30°54’N latitude and 75°48’E longitude 
and altitude of 247 m from mean sea level. 
Disease incidence 

Incidence of yellow rust was observed at 
weekly interval. The disease incidence was recorded as 
the date of start of disease on any of the 50 randomly 
selected plants in a plot and, subsequently, the 
percentage of the plants affected by the disease was 
calculated at weekly intervals. 

Disease incidence 
(%) =    

No. of diseased plants x 
100 Total no. of plants 

examined 
Disease Severity  

Disease severity was calculated from the 
proportion of plant tissue infected by the disease as per 
Modified Mannar’s scale for stripe rust of wheat 
(Peterson et al., 1948). Six categories of the scale viz., 
5, 10, 20, 50, 75 and 100 were determined on the 
basis of the per cent area of the leaf covered by 
infection. Severity index was calculated from the 
proportion of plant tissue infected by the disease 
using formulae as described under:        

Severity Index = 
Area of plant tissue 

infected  x 100 
Total area 

Relationships between meteorological parameters and 
disease incidence and severity  

Correlation coefficients were calculated 
between weekly stripe rust disease incidence and severity 
and different weather parameters like temperature, 
relative humidity, sunshine hours and rainfall. Regression 
analysis was done between weather parameters and stripe 
rust incidence and severity under natural and artificial 
conditions.  

Temperature Humidity Index (THI) 
This index was used to evaluate combined 

effect of temperature and humidity on disease incidence. 
This is ratio of temperature and humidity. In this study 
minimum temperature and evening relative humidity was 
used for calculation of THI. Relationships were 
developed between stripe rust incidence and THI under 
natural and artificial conditions. 

RESULTS AND DISCUSSION 
Stripe rust incidence under artificial and natural 

conditions 
 Disease incidence was observed under 

natural and artificial (inoculated) conditions during 
2012-13 and 2013-14 and is presented in Fig.1. Stripe 
rust incidence was higher under artificial conditions as 
compared to natural condition during both the crop 
seasons. During 2012-13 disease incidence was higher 
than during 2013-14 under natural and artificial 
conditions. This might be due to higher relative 
humidity during the disease progress period in 
February month in 2012-13 as compared to 
2013-14. More rainfall during 2012-13 also played 
important role in disease incidence.  

Fig. 1 Stripe rust incidence in natural (N) and 
artificial (A) conditions during 2012-13 and 
2013-14 crop season. 

Fig. 2 Stripe rust terminal severity in natural (N) and 
artificial (A) conditions during 2012-13 and 
2013-14 crop season. 
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The high rainfall might have played 
significant role in disease progress and spread as 
indicated in different studies. Pielaat et al., (1998) 
proposed a model to represent the special spread of 
spores by rain splash from a point source at any time 
during a rain event over a homogenous surface. 
Disease severity was observed under natural and 
artificial conditions during 2012-13 and 2013-14 and 
its terminal disease severity is presented in Fig. 2. 
Once the disease developed in field under natural and 
artificial conditions then there was steady increase in 
disease severity as the time progressed. Different 
weather parameters like temperature, relative 
humidity, rainfall and sunshine hours played 
important role in disease development and severity. 
During 2012-13 and 2013-14 there was higher 
disease severity but during 2013-14 rate of disease 
severity was slightly less as compared to 2012-13. 
The prevailing weather conditions during crop 
seasons played significant role in occurrence and 
development of disease. Sunil (2013) also reported 
that the weather parameters influence disease severity 
in field. Under natural conditions terminal stripe rust 
severity was less than artificial conditions.  

Stripe rust and weather parameters 
Several environmental variables influenced the 

occurrence, development, dispersal and survival of 
uredinospores of wheat rust (Eversmeyer and Kramer, 
1995). The correlation coefficients were worked out 
between stripe rust incidence and weather parameters.  

The weekly weather parameters, viz., maximum 
temperature (°C), minimum temperature (°C), morning 
relative humidity ( %), evening relative humidity (%), 
rainfall (mm) and sunshine hours (Hours/day) were 
correlated with weekly disease severity for rabi 2012-13 
and 2013-14 under artificial and natural conditions 
(Table 1). During both the years the maximum 
temperature, minimum temperature and sunshine 
hours were positively correlated with the disease 
incidence in different treatments. Similar results were 
reported by Murray et al., (2005). Correlation 
coefficient between rust severity and different 
weather parameters is presented in Table 2. This 
analysis showed a significant correlation between 
temperature, humidity, sunshine hours and stripe rust 
severity. Total rainfall did not show significant 
relationship with disease severity under natural as 
well as artificial conditions. However, rainfall may 
have played significant role in increase of relative 
humidity during both crop seasons. 

Table 1 Correlation coefficients between stripe rust incidence and weather parameters under natural and artificial 
conditions 

Natural Conditions 
Tmax Tmin RHm RHe RF SSh

2012-13 0.92* 0.97* -0.28 -0.60* 0.09 0.76*
2013-14 0.95* 0.89* -0.79* -0.58* -0.11 0.77*

Artificial Conditions 
2012-13 0.93* 0.98* -0.31 -0.63* 0.10 0.76*
2013-14 0.94* 0.91* -0.78* -0.66* -0.19 0.80*

Where, Tmax - Maximum Temperature (oC) Tmin- Minimum Temperature (oC) 
RHm - Morning Relative Humidity (%) RHe- Evening Relative Humidity (%) 
SSH-Sunshine Hours (hours/day)     RF- Total Rainfall (mm) 
R2 - Coefficient of Determination         *- Significant at 5 % level 

Table 2 Correlation coefficients between stripe rust severity and weather parameters under natural and artificial 
conditions 

Natural Conditions 
Tmax Tmin RHm RHe RF SSh

2012-13 0.93* 0.97* -0.29 -0.61* 0.10 0.75*
2013-14 0.94* 0.91* -0.78* -0.66* -0.19 0.80*

Artificial Conditions 
2012-13 0.91* 0.97* -0.43* -0.66* 0.13 0.72*
2013-14 0.97* 0.91* -0.81* -0.68* -0.12 0.78*

*Significant at 5 % level of significance
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Papastamati et al., (2007) also reported that 
the most important weather variable for the progress 
of yellow rust is temperature, followed by dew period 
and light quantity. The disease incidence and severity 
showed a negative correlation with morning and 
evening relative humidity. Similar results were 
reported by Lemaire et al., (2002). The multiple 
regression analysis was conducted to study the role of 
different weather parameters on incidence and 
severity of stripe rust by taking disease incidence and 
disease severity as dependent variable and different 
weather parameters as independent variables under 
natural and artificial conditions. The multiple 
regression analysis between rust incidence and 
meteorological parameters for different crop seasons 
under natural conditions is shown in Table 3. The 
coefficient of determination (R2-value) was highly 
significant indicating that stripe rust incidence is 
highly influenced by weather. The multiple 
regression analysis between stripe rust severity and 
meteorological parameters for different crop seasons 
under natural conditions is shown in Table 4. 

The coefficient of determination (R2-value) 
was highly significant. The multiple regression 
analysis between stripe rust incidence and weather 
parameters for both crop seasons under artificial 
conditions is presented in Table 5. The coefficient of 
determination (R2-value) was significant (>0.90) 
when temperature and humidity parameters was taken 
as independent variables in different treatments viz. 
artificial and natural conditions. R2-value was highly 
significant when maximum weather parameters were 
involved. This indicated that different weather 
parameters viz. maximum and minimum temperature, 
morning and evening relative humidity, rainfall and 
sunshine hours in combination with each other played 
important role in development and spread of stripe 
rust of wheat. The multiple regression analysis 
between stripe rust severity and meteorological 
parameters for different years under artificial 
conditions is shown in Table 6. Rader et al., (2007) 
developed two models to predict the occurrence of 
leaf rust (caused by Puccinia recondita or P. 
triticina) using air temperature, relative humidity and 
precipitation. 

Table 3 Stripe rust incidence and weather parameters under natural conditions 

Regression equation R2 
2012-13 
Y=-102.3+0.88Tmax+7.07Tmin+0.88RHm-0.21RHe 0.94
Y=-114.8-1.50Tmax+9.42Tmin+1.19RHm-0.22RHe-0.28RF+2.31SSh 0.97
2013-14 
Y=-57.6+9.92Tmax-3.68Tmin-1.80RHm+1.54RHe 0.94
Y=-90.3+9.95Tmax-3.56Tmin-1.53RHm+1.62RHe-0.14RF+0.35SSh 0.92

Table 4 Stripe rust severity and weather parameters under natural conditions 

Regression equation R2 
2012-13 
Y=-8.54-1.19Tmax+9.99Tmin+0.25RHm-0.75RHe 0.94
Y=-46.9-3.81Tmax+12.9Tmin+1.02RHm-0.97RHe-0.39RF+1.46SSh 0.95
2013-14 
Y=-64.8+8.93Tmax-1.17Tmin-1.27RHm+0.72RHe 0.95
Y=-53.8+9.27Tmax-1.47Tmin-1.41RHm+0.71RHe-0.06RF-0.44SSh 0.94

Table 5 Stripe rust incidence and weather parameters under artificial conditions 

Regression equation R2 
2012-13 
Y=-79.6-0.71Tmax-7.92Tmin+1.20RHm-0.69RHe 0.96
Y=-86.2-2.37Tmax+9.52Tmin-1.39RHm-0.68RHe-0.19RF+1.69SSh 0.97
2013-14 
Y=-77.1+0.52Tmax-6.25Tmin+0.73RHm-0.25RHe 0.95
Y=-147.4+11.4Tmax-4.67Tmin-1.14RHm+1.99RHe-0.25RF+0.54SSh 0.91
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Table 6 Stripe rust severity and weather parameters under artificial conditions 

Regression equation R2 
2012-13 
Y= -90.1+11.38Tmax-4.89Tmin-1.63RHm+1.86RHe 0.93
Y=-80.0-1.20Tmax+7.84Tmin+0.85RHm-0.21RHe-0.18RF+1.93SSh 0.96
2013-14 
Y=-53.7+10.0Tmax-3.74Tmin-1.77RHm+1.68RHe 0.92
Y=-101.7+10.3Tmax-3.69Tmin-1.38RHm+1.79RHe-0.20RF+0.27SSh 0.91

Fig. 3 Relation between temperature humidity index 
(THI) and stripe rust incidence (%) under 
natural conditions. 

Fig. 4 Relation between temperature humidity index 
(THI) and stripe rust incidence (%) under 
artificial conditions. 

Stripe rust incidence and Temperature Humidity 
Index (THI) 

Temperature and relative humidity have 
been identified as important predictor variables in a 
number of wheat rust prediction models. Similarly in 
this study analysis of stripe rust incidence and 
different weather parameters indicated that 
temperature and humidity played important role in 
disease incidence. However, since these weather 
variables are interrelated, the problem of multi-co 
linearity can arise as both these parameters are highly 

related to each other so can increase the value of R2 if 
both are included in multiple regression models. The 
impact of multi-co linearity can be reduced by either 
combining the variables (if it is logical) or by 
transforming the independent variables 
(Gardner,2007). Therefore, temperature humidity 
index (THI) was calculated by using minimum 
temperature and evening relative humidity for 
artificial and natural conditions. Relationships were 
developed between THI and disease incidence in 
natural and artificial conditions and is presented in 
Fig.3 and 4 respectively. In this analysis minimum 
temperature and evening relative humidity was used 
for THI calculation as these two weather parameters 
showed highly significant correlation with stripe rust 
incidence.  

CONCLUSION 
Polynomial equations were found to be best 

fit and gave significant R2-value under natural and 
artificial conditions. These R2- values indicated that 
more than 80 per cent variability in disease incidence 
was due to THI. This index (THI) of temperature and 
relative humidity can be used as a disease predictor 
variable for forewarning incidence of stripe rust of 
wheat. 
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Eco-climatic variation influencing thrips (Thrips tabaci l.) population 
dynamics of onion (Allium cepa l.) 
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ABSTRACT 
Thrips infestation may greatly affect productivity and marketability of onion bulbs. Effects of different 

weather variables on temporal dynamics of onion thrips (Thrips tabaci L.) population along with their direct effect 
on productivity were estimated during Kharif and Rabi season of 2015-16 at agricultural farm, BCKV, West Bengal. 
The experiment was consisted with four planting dates (14thAugust, 21stAugust, 28thAugust, 4thSeptember for kharif and 
1stNovember, 8thNovember, 15thNovember, 22ndNovember for rabi season) along with three spacing schedules (15×10, 
20×15 and 15×15cm) following randomized block design with three replications. Results revealed that maximum number 
of thrips were recorded under P1 (1st Nov.) at 68DAT (7.45 thrips/plant) followed by P4 (22nd November) at 61DAT (7.16 
thrips/plant).  Thrips population was also higher at 61DAT during rabi season under all stipulated spacing (range- 6.36 to 
6.66 thrips/plant). Comparatively lower thrips infestation was noticed during kharif season. Thrips population dynamics 
were in increasing tendency from 40 to 61DAT followed by declining trend till 75DAT under different treatments.
Significant relationships among thrips population and micro-climatic parameters like canopy temperature, canopy 
humidity, incident PAR and reflected PAR were documented during entire crop cycle for both the seasons. Some 
associations between thrips population and onion productivity have also been observed. 

Key words: Onion, thrips, eco-climate, productivity 

Consumable Alliums are imperative 
vegetables around the world. In India, onion is 
overwhelmingly developed during rabi season while 
around 60 per cent took after by 20 per cent each 
developed in kharif and late kharif season (Tripathy et
al., 2013). Varieties of diseases and pest attack 
especially arthropod to onions have the potentiality to 
diminish crop yield and quality (Lorbeer et al., 2002). 
The irrelevant looking thrips are considered as the 
most damaging pests worldwide Onion thrips, (Thrips 
tabaci L. (Thysanoptera: Thripidae) which are 
polyphagous pest have the ability of damaging and 
significantly reducing yield of onion globally (Lewis 
1997; Murai 2000). However, the spatial and temporal 
variability of population dynamics of onion thrips is 
greatly variable and generally inconsistent (Gangaloff, 
1999). Olatin wo et al., (2011) reported that thrips 
population is greatly influenced by agro-climatic 
conditions along with varying weather pattern. 
Numerous researchers documented a pronounced 
effect of temperature changes on the population 
dynamics of thrips on onion crops (Bergant et al., 
2003; Hendawy et al., 2011). Moreover, relative 
humidity significantly influences the thrips population 
of onion (Leite et al., 2004). Ibrahim, et al., (2010b) 
also showed the effect of rainfall on thrips population. 
Rainfall can reduce the infestation level on onion 
plants by declining the number of larvae and adults of 
thrips (Workman and Martin, 2002). Hence, it is found 

that a lot of research has been conducted on effect of 
weather variables and thrips population dynamics. 
However, least attention has been paid to find out the 
influence of crop microclimatic variability and thrips 
infestation on onion. Thus, the current paper presents 
an attempt to quantify the developmental dynamics of 
onion thrips under modified crop management 
practices in terms of different planting dates and 
spacing along with their associations with 
microclimatic conditions. The study is also aimed to 
quantify the production potentiality of onion under 
various management practices. 

MATERIALS AND METHODS 
Most of the onion farmers in West Bengal are 

presently interested to cultivate kharif onion where 
pest infestation problems are less compare to other 
season. To compare the seasonal fluctuation of pest 
dynamics mainly thrips infestation in onion 
experiment was conducted at agricultural farm, Bidhan 
Chandra Krishi Vishwa vidayalaya, Mohanpur, West 
Bengal (22'57" N latitude, 88'20" E longitude and 7.8 
m altitude) during Kharif and Rabi season of 2015-
2016.  The experiment included four different planting 
dates at 7 days intervals viz. 14th August, 21st August, 
28th August, 4th September for kharif season and 1st

November, 8th November, 15th November, 22nd

November for rabi season.  
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The average ambient temperature remained 
24.9°C and 22.3°C during Kharif and rabi seasons 
respectively. Total precipitation measured as 326.2 
mm and 51.3 mm, respectively for kharif and rabi 
season. Three spacing schedules as 15×10cm, 20×15 
cm and 15×15 cm were maintained during both the 
seasons. The experiment was laid out under 
randomized block design and replicated thrice. The 
plot size was 1.5×4 m. The thrips population was 
observed manually on weekly basis from 5 randomly 
selected plants per plot. Observation of thrips 
population was continued till harvesting of onion.  

Weather variables were monitored 
simultaneously. Microclimatic variables like canopy 
temperature, canopy humidity and PAR as incident 
and reflected were recorded using Infra red 
thermometer, Psychrometer and Point Quantum 
Sensor respectively. Yields of onion were determined 
after harvesting. Analysis of variance at 5 per cent 
significance level was done to find out the critical
differences between the recorded parameters during 
stipulated measurements events. Correlation study 
was carried out among the thrips population and 
microclimatic parameters to find out their 
associations. 

RESULTS AND DISCUSSION 
Population dynamics of onion Thrips as affected by 
dates of transplanting and spacing  

Thrips population densities on onion crops 
under different planting dates and spacing are 

summarized in table 1. Experimental results reflected 
that initiation of thrips in onion was observed at 
40DAT for both the onion growing seasons of kharif 
and rabi. Very less fluctuation was recorded in thrips 
population in kharif onion throughout the growing 
period under different transplanting dates. Increment 
rate of thrips population was very less during entire 
kharif season. Maximum thrips population/plant was 
noted (about 2thrips/plant) at 61DAT during kharif 
season. Then a diminishing character of thrips 
population was found till end of the seasons.  

Whereas, thrips population was remarkably 
influenced by planting dates during rabi season. 
Results exhibited that less than 2thrips/plant was 
recorded on onion during 40-47DAT. Rise in thrips 
population was noted in the later growth stages (54-68
DAT). Although a reduction in thrips infestation was
occurred at the end of growing season. Planting date 
P1 (1st November, 2015) provided the suitable 
environment to develop maximum thrips population 
68DAT recorded as7.45 thrips/plant. However another 
major thrips density (7.16thrips/plant) on onion was 
also measured in onion crop planted on 22nd

November, 2015. In comparing different spacing 
schedules, statistical analysis revealed same trend in 
thrips population in onion during both the kharif and 
rabi season. Extremely less density of thrips was 
observed during Kharif season of 2015, which was 
peaked at 61DAT. After that the density was 
drastically reduced. Raised number of thrips/plant was 
recorded during rabi season up to 61DAT. 

Table 1:Thrips population (thrips/plant) dynamics as affected by dates of transplanting and spacing during Kharif 
and Rabi season of 2015-16

Factor 40DAT 47DAT 54DAT 61DAT 68DAT 75DAT
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

P1 1.25 0.98 1.39 1.67 1.83 3.70 2.11 6.81 1.35 7.45 0.97 5.72
P2 1.40 0.83 1.34 1.19 1.95 5.03 2.34 6.24 1.36 6.16 0.81 2.70
P3 1.72 0.76 1.76 0.92 1.90 3.48 2.05 5.69 1.34 5.16 0.82 3.30
P4 1.81 0.72 1.79 1.26 1.96 5.78 2.09 7.16 1.41 5.18 0.78 3.63

SEm (±) 0.02 0.02 0.10 0.13 0.03 0.15 0.04 0.15 0.01 0.20 0.05 0.15
CD 0.07 0.06 0.29 0.37 0.09 0.44 0.11 0.44 0.03 0.58 0.14 0.45
S1 1.57 0.87 1.53 1.35 1.81 4.54 2.22 6.40 1.35 6.33 0.94 4.05
S2 1.51 0.79 1.55 1.21 1.98 4.24 2.12 6.36 1.33 5.69 0.80 3.64
S3 1.55 0.82 1.62 1.22 1.94 4.71 2.10 6.66 1.41 5.94 0.80 3.83

SEm (±) 0.02 0.02 0.09 0.11 0.03 0.13 0.03 0.13 0.01 0.17 0.04 0.13
CD NS 0.05 NS NS 0.08 NS 0.10 NS 0.03 0.51 0.12 NS

P×S
SEm 0.04 0.03 0.17 0.22 0.05 0.26 0.07 0.26 0.02 0.34 0.08 0.26
CD 0.12 NS NS NS 0.16 0.76 0.19 NS 0.05 NS 0.24 NS

[Kharif Season: P1-14th August, 2015; P2-21st August, 2015; P3-28th August., 2015; P4-4th September 2015;Rabi 
Season: P1-1st November, 2015; P2-8th November, 2015; P3- 15th November, 2015;  
P4-22nd November, 2015;S1-15×10cm; S2-20×15cm; S3-15×15cm; CD at 5%] 
*Data of onion thrips are presented in table as log transformed value
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Then a decline in thrips population was 
occurred. Result also indicated that spacing as 
(20×15cm) became effective in reducing the thrips 
occurrence during both the growing seasons. 
Interaction of planting dates and spacing resulted in 
very less variation in thrips population during kharif 
onion (exception at 47 DAT). But same interacting 
factors failed to exert any such influence on thrips 
population density during rabi season. Although at the 
end of growing season at rabi a little variation in thrips 
population was analyzed when there was an reduction 
in thrips population. Results revealed that thrips 
population was lower during kharif onion as compare 
to rabi season. Heavy rainfall (326.20 mm) during 
kharifseason may be responsible for reduced thrips 
population during kharif season (Fig. 1). Reuda and 
Shelton (2003) reported that from June- September 
heavy rains maintained thrips population at low levels. 

The seasonal patterns of onion thrips was 
characterized by a lengthy low density period in the 
initial crop phenophases. A short and rapid increase 
was noted during mid season of onion crop.  

Finally a steady-decreasing rate in thrips 
population was recorded during maturity. The result is 
inconsistent with the result of Abro et al. (2004) who 
recorded maximum population of thrips in early 
season than late season. The drop in thrips population 
towards the end of crop season may be due to 
maturation of crop, leaf hardening and subsequent 
migration of thrips.  

Thrips might not be able to survive in 
abundance due to insufficient green vegetation in the 
surrounding areas (Reuda and Shelton, 2003).  
Stoller (1999) depicted that plant texture and structure 
had positive relations with the infestation of thrips. He 
also suggested that the occurrence of same pest may 
infest young leaves more than old ones. The general 
upward trend of onion thrips is still evident before the 
population collapses towards the end of the crop 
season (Liu, 2004).

Ullahet al. (2010) reported that infestation of 
thrips was started in February. However, Ibrahim and 
Adesiyun, (2010a) noticed that thrips infestation may 
occur during December. Decline in population density 
of thrips during end of onion season have also been 
documented (El-sheriff et al., 2008). Srinivas et al.,
(2008) stated that thrips onion was more attracted to 
onion at the bulb formation stage. 
Micro climatic environment as affected by dates of 
transplanting and spacing Canopy temperature (oC)

Date of planting and spacing had immense 
influence on crop canopy development causing variation 
in canopy temperature which has been explained in 
Table 2.  

Table 2 Canopy temperature (oC) as affected by dates of transplanting and spacing during Kharif and Rabi (2015-16)

Factor 40DAT 47DAT 54DAT 61DAT 68DAT 75DAT
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

P1 18.9 9.6 18.1 18.6 16.3 20.3 18.7 23.4 12.0 23.2 11.1 24.1
P2 21.8 10.2 18.2 20.7 16.3 20.3 18.9 23.3 12.7 24.7 11.6 23.6
P3 22.4 10.8 18.0 20.7 16.1 20.6 20.1 23.2 13.6 23.3 12.1 23.1
P4 18.0 11.2 16.1 20.4 20.1 20.4 13.6 23.0 12.1 22.9 15.5 23.5

SEm (±) 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.6 0.1 0.1
CD 0.3 0.3 0.2 0.5 0.4 0.2 0.5 0.2 0.3 NS 0.2 0.4
S1 20.2 10.5 17.7 19.7 16.8 20.4 17.6 23.2 12.8 23.3 12.7 23.5
S2 20.3 10.4 17.6 20.4 17.5 20.4 17.7 23.2 12.3 23.3 12.4 23.6
S3 20.5 10.5 17.5 20.2 17.3 20.4 18.1 23.2 12.6 24.1 12.6 23.5

SEm (±) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.6 0.1 0.1
CD NS NS NS 0.4 0.4 NS 0.4 NS 0.2 NS 0.2 NS

P×S 0.2 0.2 0.1 0.3 0.2 0.1 0.3 0.1 0.2 1.1 0.1 0.2 0.22
0.6 NS 0.4 NS 0.7 NS 0.8 NS NS NS 0.4 NS NS

[Kharif Season: P1-14th August, 2015; P2-21st August, 2015; P3-28th August., 2015; P4-4th September 2015;Rabi 
Season: P1-1st November, 2015; P2-8th November, 2015; P3- 15th November, 2015; P4-22nd November, 2015;S1-
15×10cm; S2-20×15cm; S3-15×15cm; CD at 5%] 
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Maximum development of canopy was noticed 
during early growth stage of crop and continued till 
61DAT. Since from very early growth stage onwards up 
to 61 days after planting where the canopy temperature 
maintains a specific trend. After that a continuous 
decrease in canopy temperature indicated that sudden 
fall of atmospheric temperature with residual soil 
moisture after cessation of monsoon are responsible for 
less canopy temperature. There are meaningful 
significant variation was observed for combination of 
treatment effect on canopy temperature. Except 68 DAT 
all the treatments showed very significant role as to two 
factor interaction effect. But during Rabi season well 
developed canopy was noticed from early growth stage 
of crop which had continued till 54DAT showing 
increasing trend of canopy temperature. After that 
abrupt change in canopy temperature indicated that 
development of canopy stopped towards maturity of 
crop as well as drying up of soil. Maximum canopy 
temperature was recorded during 68DAT (24.72ºC). 
There are meaningful significant variation was observed 
for date of transplanting effect on canopy temperature 
but non-significant variation for spacing. But there were 
no significant changes due to two factor interaction on 
canopy temperature. 
Canopy humidity (%)  

Canopy humidity has been described in Table 
3. In kharif onion maximum canopy humidity was
observed at 40DAT (88.78%) in case of 21st august, 
2015 planting date. Whereas minimum canopy humidity 
was measured at 47DAT (77.30%) under 28th August, 
2015 planting date. In case of spacing schedule same 
trend was observed where maximum canopy 

development was observed during 40DAT. There are 
significant variation was observed for date of 
transplanting effect on canopy humidity. Highly 
significant influence of two factor interaction on canopy 
humidity was analyzed at 40DAT, 68DAT, 75DAT. In 
rabi season, maximum and minimum canopy humidity 
was recorded at 61DAT and 40DAT respectively due to 
different transplanting dates and spacing schedule. 
Except 54, 61 and 68DAT all the date of observation 
showed significant influence on canopy humidity due to 
two factor interaction. 
Yield (gm/m2) of onion 

In any performance trial with various factors, 
yield is the most important character to be taken under 
special consideration. In the present investigation the 
yield had showed significant response under different 
dates of planting and spacing schedules (table 4) in both 
the seasons. 

Result revealed that planting times were more 
effective in determining onion productivity asit had 
pivotal role in onion bulb formation. In case seasons, 
higher yield was obtained from 1st planting date (14th

Aug, 2015 and 1st Nov. 2015 respectively for kharif and 
rabi season). Continuous rainfall during late planted 
onion during kharif season resulting flood like situation 
greatly affected plant growth and hence got less 
production of bulb during late planting period of kharif 
season. Whereas, onion grown under delayed planting 
in rabi season faced low temperature during its active 
vegetative period. But at the end of growing season crop 
receive higher temperature and tried to minimize the gap 
resulting drastic reduction in crop yield. 

Table 3: Canopy humidity (%)as affected by dates of transplanting and spacing during Kharif and Rabi (2015-16) 

Factor 40DAT 47DAT 54DAT 61DAT 68DAT 75DAT
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

P1 86.7 72.9 77.5 84.4 81.9 82.6 77.9 87.7 80.8 87.2 77.5 85.3
P2 88.8 75.0 79.0 81.2 81.1 82.8 78.4 87.8 83.4 86.9 79.6 80.2
P3 80.4 76.5 77.3 75.3 82.7 82.5 75.9 87.6 84.2 87.5 80.3 75.9
P4 77.3 75.8 82.7 74.1 75.9 85.5 84.2 87.4 80.3 87.1 81.4 72.2

SEm (±) 0.4 0.2 0.3 0.2 0.4 0.2 0.5 0.1 0.1 0.2 0.2 0.3
CD 1.2 0.6 1.0 0.5 1.1 0.5 1.5 0.3 0.4 NS 0.5 0.8
S1 82.9 75.8 78.8 78.9 80.6 83.3 79.6 87.6 82.6 87.3 80.0 78.0
S2 82.2 74.3 79.2 79.0 80.0 83.0 78.7 87.7 81.8 87.2 79.5 79.3
S3 84.8 75.0 79.3 78.3 80.6 83.8 79.0 87.5 82.2 87.1 79.6 78.0

SEm (±) 0.4 0.2 0.3 0.2 0.3 0.2 0.4 0.1 0.1 0.1 0.1 0.2
CD 1.0 0.5 NS 0.5 NS 0.5 NS NS 0.3 NS NS 0.7

PxS SEm 0.3 0.6 0.3 0.7 0.3 0.9 0.2 0.2 0.3 0.3 0.5 0.48
CD 1.0 NS 0.9 NS NS NS NS 0.7 NS 0.9 1.4 1.41

[Kharif Season: P1-14th August, 2015; P2-21st August, 2015; P3-28th August., 2015; P4-4th September 2015;Rabi 
Season: P1-1st November, 2015; P2-8th November, 2015; P3- 15th November, 2015; P4-22nd November, 2015; S1-
15×10cm; S2-20×15cm; S3-15×15cm; CD at 5%] 
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Table 4:Yield (gm/m2) as affected by dates of 
transplanting and spacing during Kharif and Rabi  

Factor Kharif Rabi

P1 401.85 392.59

P2 396.30 257.41

P3 361.11 274.07

P4 272.22 241.67

SEm (±) 25.28 17.87

CD 74.15 52.42

S1 351.39 348.61

S2 348.61 238.19

S3 373.61 287.50

SEm (±) 21.89 15.48

CD NS 45.39

P×S SEm 43.79 30.95

CD NS 90.79

Variation in yield due to varied planting dates 
had been reported by Sharma et al., (2003) and 
Mahadeen, (2009). Different spacing schedules also 
exerted some variation in yield of onion during boththe 
season. Spacing (15×10cm) resulted maximum onion 
productivity during both kharif and rabi season. The 
spacing determines the optimum yield and its 
components. Misraet al., 2014 demonstrated that 
spacing schedules had important role on onion bulb 
yield.Interaction effect of planting date and spacing 
schedules on yield of onion was also noted statistically 
significant. Maximum production of onion (477.48 
gm/m2) was recorded in rabi season under P1S1 (1st

November, 2015 and 15×10cm). Kharif onion planted 
on 14th August, 2015 with 15×15cm spacing schedule 
also resulted higher productivity as 455.56 gm/m2.  

Correlation coefficients among thrips population 
dynamics and crop microclimate 

Associations among crop microclimatic 
variables and thrips population dynamics are presented 
in Table 5. In kharif and rabi season, strong negative 
correlation was found between canopy temperature and 
thrips population. Although positive associations among 
canopy temperature and thrips population was measured 
at 75DAT in rabi season. Canopy humidity also 
exhibited negative associations with thrips population in 
kharif season. But positive associations were noted at 
47, 54 and 75DAT of rabi season. Temperature and 
humidity is the most important abiotic factor affecting 
growth, development rate, and survival of any kind of 
insect pest. These two are most important for outbreak 
of thrips. In our study the higher canopy humidity and 
the lower temperature within crop canopy might not 
provide favorable conditions for the growth of thrips 
hence resulting negative correlations. Positive 
associations in rabi season may be due to changes in 
temperature and relative humidity which further 
influence the intrinsic rate of natural increase of the 
thrips (Murai, 2000). Incident and reflected PAR 
showed positive relation with thrips population at 
kharif season while, negative correlations was found 
at rabi season. Study of Patel and Patel (2015) also 
supported our findings who reported significant 
positive correlation between population of thrips and 
Bright Sunshine Hours. 
Linear multi regression 

Linear multi regression analysis was also 
carried out between average thrips population and 
crop eco climatic parameters during both crop 
growing seasons of kharif and rabi (Table 6). The 
results revealed that thrips population varied greatly 
(62%) due to microclimatic parameters in kharif 
season. Canopy humidity and incident PAR were 
noted as best predictor for thrips population 
dynamics. Whereas canopy humidity played an 
important role in rabi season also.

Table 5 Correlation coefficients among thrips population dynamics and crop microclimatic parameters during 
Kharif and Rabi season 

N=36; p<0.05*; p<0.01**; p<0.001*** 
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Table 6: Association among Thrips population dynamics and weather variables
Season Regression Equation R2 Adjusted R2

Kharif Y =2.13(0.00065)+0.0029CT(0.0099)-0.014CH(0.0050)**
-0.003RPAR(0.0035)+0.0075IPAR(0.0016)*** 0.66 0.62

Rabi Y =2.19(6.46)-0.30CT(0.184)+0.119CH(0.053)*+
0.005RPAR(0.022)-0.020IPAR(0.010) 0.40 0.33

p<0.05*; p<0.01**; p<0.001*** 
Y= Seasonal average thrips count; CT- canopy Temperature, CH-Canopy Humidity,  
RPAR- Reflected Photosynthetic Active Radiation, IPAR- Incident Photosynthetic Active Radiation; 
Standard errors are given in brackets  

CONCLUSION 
Experimental results suggested that sowing 

dates and spacing schedule must be adjusted to save 
onion crop from severe attack of thrips and to 
increase yield. Result also indicated that early 
planting of crop is essential for rabi season to 
overcome the effect of low temperature along with 
reduction in thrips occurrence sustaining 
productivity.  

Moreover, kharif onion can be introduced 
and adopted as a new strategy in eastern India 
adjusting date of planting to increase onion 
productivity. However, extensive research is needed 
for adopting suitable agro-techniques as well as 
adjustment in planting dates to get a remunerative 
return from large scale kharif onion cultivation in 
West Bengal.  
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Climate variability impact on water requirement of kharif maize in 
different agroclimatic regions of Punjab 
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ABSTRACT 

In view of the climatic variations and fast depleting ground water resources in Punjab, long-term variability 
in potential evapotranspiration (PET) of Kharif maize was computed using CROPWAT model for a period of four 
decades (1976-2015) for Ludhiana in the central plain and three decades (1986-2015) for Ballowal Saunkhari in the 
sub-mountainous agro-climatic regions of Punjab to assess the effect of climate variability on water requirement of 
maize. Ludhiana experienced average potential evapotranspiration of 630.5mm and Ballowal Saunkhari 574.8mm 
during the kharif maize growing period. However, it has been observed to decrease over years at the rate of 1.3 mm / 
year at Ludhiana and 3.1 mm / year at Ballowal Saunkhari. During the period of study, Ludhiana experienced lowest 
of 492.8 mm of PET during 1977 and highest of 733.6 mm during 1979, while Ballowal Saunkhari experienced 
lowest of 497.4 mm during 2011 and highest of 711.4 mm during 1987 during the growing period of kharif maize. 
Day time temperature was found to have positive correlation with PET of kharif maize at Ludhiana (r = 0.76) and 
Ballowal Saunkhari (r = 0.49), whereas, mean relative humidity was negatively correlated with PET at Ludhiana (r = 
–0.68) and Ballowal Saunkhari (r= –0.89). Multiple regression models explained 61 to 99 per cent variation in PET
of Kharif maize at Ludhiana and 79 to 98 per cent at Ballowal Saunkhari due to variation in prevailing weather 
conditions. Significant positive correlation of PET for kharif maize with daytime temperature indicates increase in 
water requirements under warming scenarios, which are likely to put tremendous pressure on already depleted water 
resources in the state and hence, need to be managed in view of changing climatic conditions. 

Key words: Climate variability, evapotranspiration, CROPWAT, kharif maize. 

          Climate change has emerged as major 
environmental threat of 21st century. Agriculture is 
one of the most important activities substantially 
affected by climate variability and change globally. 
As water loss from vegetation is highly dependent on 
climatic conditions, thus it has significant effect on 
crop water requirements and productivity. Since 
climate change is likely to have direct impact on the 
hydrological cycle and consequently on the available 
water resources and agricultural water demand, there 
are concerns about the impacts of climate change on 
agricultural productivity (Parekh et al., 2013).  

Agriculture is the largest (81%) consumer of 
water in India and hence more efficient use of water 
in agriculture needs to be the top most priority 
(Surendran et al., 2013). Thus, a better understanding 
of the intricate interactions between climate, water 
and crop growth needs to be a priority area in India.  

The potential impact of climate change on 
agriculture is impressible in sub-humid and semi-arid 
regions (Thomson et al., 2006; Tao et al., 2003). In 
future, evapotranspiration and water use efficiency of 
crops will alter with climate change (Thomas, 2008; 
Mo et al., 2007).  

Increased water use efficiency of field crops 
is possible through proper irrigation scheduling by 
providing only the water that matches the crop 
evapotranspiration providing irrigation at critical 
growth stages (Wang et al., 2001, Kipkorir et al., 
2002, Norwood and Dumler, 2002 and Kar et al., 
2006). Thus, to adapt the cropping systems to the 
changing climate, it is important to know climate 
change effects on crop water requirements and 
explore management options. 

           Crop water requirement and the temporal and 
spatial changes of this important characteristic 
provide key information for irrigation scheduling, 
water resource planning, and future decision-making. 
The impact of weather and climate variability and 
change is more remarkable in the arid and semi-arid 
regions.  Thus, evaluating the response of maize to 
changing climate can provide viable options for 
enhancing adaptive capacity of small holder farmers 
in the arid and semi-arid regions (Omoyo et al., 
2015). Reference crop evapotranspiration, denoted as 
ETo, is the evaporative power of the atmosphere and 
represents the evapotranspiration from a standardized 
vegetated surface (Michael, 1978).  
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Being an important component of the 
hydrologic cycle the estimation of evapotranspiration 
is important for irrigation engineering applications 
and for studies relating to hydrologic water balance, 
water resources planning and management and land-
use planning (Valiantzas, 2006). The process of 
evapotranspiration is known to be dependent upon 
climatic, soil and specific crop factors. Global 
warming and the consequent climate change is likely 
cause changes in hydrological cycle i.e. 
evapotranspiration, surface runoff, soil moisture, 
ground water etc in the affected areas. Thus, to adapt 
the cropping systems to the changing climate, it is 
important to know climate change effects on crop 
water requirements and explore management options 
(Majumder et al., 2016). The state of Punjab is facing 
water scarcity due to fast depleting ground water 
resources, especially in central Punjab (Hira, 2009). 
Keeping this in view, the present study was 
conducted to assess the climate variability impact on 
water requirement of kharif maize in different 
agroclimatic regions of Punjab. 

MATERIALS AND METHODS 

Study area 

Present study was conducted for Ludhiana 
and Ballowal Saunkhari representing two 
agroclimatic zones of Punjab. The region is 
characterized by a sub-tropical and semi-arid climate 
with a hot dry summer (March- June), wet monsoon 
season (late June-mid September) and a cool, dry 
winter (October- February). Ludhiana, representing 
the central plain agroclimatic region, is situated at 
30° 54' 33" N latitude, 75° 48' 22" E longitude and 
247 m altitude above mean sea level. It experiences 
average annual maximum temperature of 29.8°C, 
minimum temperature of 16.7°C, annual rainfall of 
759.3 mm and annual potential evapotranspiration of 
1898.0 mm. Ballowal Saunkhari, representing the 
sub-mountainous undulating north-eastern 
agroclimatic region of Punjab, is situated at 31° 6' 5" 
N latitude, 76° 23' 26" E longitude and 355 m altitude 
above mean sea level. The region experiences 
average annual maximum temperature of 30.0°C, 
minimum temperature of 16.2°C, annual average 
rainfall of 1048.8 mm and potential-
evapotranspiration of 1802.0 mm. 

Data collection 

Long-term meteorological data on maximum 
temperature, minimum temperature, relative 
humidity, wind speed, sunshine hours for a period of 
40 years (1976-2015) for Ludhiana and period of 30 
years (1986-2015) for Ballowal Saunkhri were 
collected from the Agrometeorological observatories 

located at the research farm, School of climate 
change and agricultural meteorology, Punjab 
Agricultural University, Ludhiana and at PAU 
Regional Research station, Ballowal Saunkhari. 

Computation of reference evapotranspiration 

Reference evapotranspiration was computed 
by using the CROPWAT model developed by FAO, 
which is simple, robust, accurate and has been 
extensively used for estimating crop water balance 
(CEEPA, 2006). The model used FAO-Penman 
Monteith method to calculate reference 
evapotranspiration and requires five weather 
parameters viz. Maximum temperature, minimum 
temperature, mean relative humidity, wind speed and 
sunshine hours as input variables along with 
geographical coordinates (longitude, latitude and 
altitude) of the location under study. 

Correlation between weather parameters and 
reference evapotranspiration 

Correlation was studied between different 
meteorological parameters and reference 
evapotranspiration during kharif maize growing 
period (June to September) for different years at both 
the locations. Different meteorological parameters 
namely maximum temperature (Tmax), minimum 
temperature (Tmin), mean relative humidity (RH), 
sunshine hours (SSH) and wind speed (WS) averaged 
over the entire crop growing period and total rainfall 
during the crop season were correlated with the PET 
of kharif maize. 

Multiple regression models for PET estimation 

Based on the correlation analysis conducted 
between different meteorological parameters during 
crop growing season and reference 
evapotranspiration, stepwise multiple regression 
analysis was conducted to develop multiple 
regression models for estimation of reference 
evapotranspiration during growing period of kharif 
maize at Ludhiana and Ballowal Saunkhari from 
prevailing weather conditions during the crop season. 

RESULTS AND DISCUSSION 

Spatio-temporal variability in reference 
evapotranspiration of kharif maize 

During the 40 years period, Ludhiana 
experienced a lowest of 492.8 mm of reference 
evapotranspiration during 1977 and highest 733.6 
mm during 1979 during growing period of kharif 
maize. Similarly, Ballowal Saunkhari experienced 
lowest reference evapotranspiration of 497.4 mm 
during 2011 and a highest of 954.7 mm during 1987 
(Fig. 1). Decadal variation in PET indicated that it 
was lowest during the recent decade (2006-2015) at 

286 October 2017



both Ludhiana (598.12mm) and Ballowal Saunkhari 
(545.6mm) and highest during 1976-1985 in 
Ludhiana (649.0mm) and during 1986-1995 in 
Ballowal Saunkhari (562.3mm) (Table 1). Long-term 
analysis during the period 1976-2015 indicates that 
Ludhiana experienced average reference 
evapotranspiration of 628.9 mm and during the 
period 1986-2015 indicates that Ballowal Saunkhari 
experienced 574.8 mm of PET during the growing 
season of kharif maize for the period under study. 
Large annual variability in PET of kharif maize has 
been observed over years at both the locations. 
Although no significant trend in potential 
evapotranspiration during growing period of kharif 
maize has been observed, which might be due to 
large climatic variations over years, but slight 
decrease has been observed in PET of kharif maize at 
both the locations over a period of 30 years, the 
decrease being 1.4 mm/year at Ludhiana and 3.1 
mm/year at Ballowal Saunkhari during the entire 
growing period of kharif maize. Large variability in 
PET can be attributed to the fluctuating weather 
conditions over years. 

Correlation between weather parameters and 
reference evapotranspiration 

Different meteorological parameters namely 
maximum temperature (Tmax), minimum temperature 
(Tmin), mean relative humidity (RHmean), sunshine 

hours (SSH) and wind speed (WS) averaged over the 
entire crop growing period and total rainfall during 
the crop season were correlated with total PET of 
kharif maize at both the locations (Table 2). 
Correlation analysis indicated that daytime 
temperature and relative humidity were two 
important weather parameters significantly affecting 
crop water requirements. Maximum temperature was 
found to have positive correlation with PET of kharif 
maize at Ludhiana (r = 0.76) and Ballowal Saunkhari 
(r = 0.49). Similarly, mean RH were negatively 
correlated with PET at Ludhiana (r = –0.68) and 
Ballowal Saunkhari (r = –0.89). Sunshine hours were 
found positively correlated with PET at Ludhiana 
(r = 0.89) and Ballowal Saunkhari (r = 0.84). 
However, wind speed was observed to have positive 
relationship with at Ludhiana (r = 0.27) and Ballowal 
Saunkhari (r = 0.81) (Majumder et al, 2016). 
Variation in this response could be attributed to the 
variability in weather conditions over the two 
locations. Significant correlation of PET with 
different meteorological parameters indicated that 
variability in weather parameters because of climate 
changes in the coming years would significantly 
affect crop water requirement which further indicates 
a dire need of management of crop water 
requirements and water productivity by microclimate 
modifications in the coming years. 

Table 1 Decadal variability in reference evapotranspiration during kharif maize growing period in central and sub-
mountainous Punjab 

Decade Mean 
(mm) 

S.D. 
(mm) 

C.V. 
(%) 

Minimum 
(mm) 

Year Maximum 
(mm) 

Year 

Ludhiana 
1976-1985 649.01 79.76 12.29 492.84 1977 733.59 1979 
1986-1995 641.33 24.31 3.79 613.49 1988 676.90 1993 
1996-2005 623.06 22.69 3.64 590.07 2001 655.25 2002 
2006-2015 598.12 35.71 5.97 536.97 2011 645.69 2014 

Ballowal Saunkhari 
1986-1995 603.88 40.50 6.71 562.26 1994 711.44 1987 
1996-2005 563.58 23.02 4.08 528.41 2000 594.82 2004 
2006-2015 545.55 32.07 5.88 497.41 2011 594.77 2009 

Table 2 Correlation between meteorological parameters and reference evapotranspiration of kharif maize 

Meteorological parameter Correlation coefficient 
Ludhiana Ballowal Saunkhari

Maximum temperature (Tmax) 0.76 0.49
Minimum temperature (Tmin) -0.16 0.36
Relative humidity (RH) -0.68 -0.89 
Sunshine hours (SSH) 0.89 0.84 
Wind 0.27 0.81
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Fig. 1 Spatio-temporal variability in reference evapotranspiration during kharif maize growing period at Ludhiana 
and Ballowal Saunkhri 

Table 3 Multiple regression models for estimation of PET of kharif maize from weather parameters 

Sr.No. Multiple regression model R2 
Ludhiana 
1 Y = 30.12 + 13.12 X1 – 2.45 X2 + 0.67 X3 + 29.83X4 0.99 
2 Y = -503.94 + 40.47 X1 – 3.88 X2 0.61
Ballowal Saunkhari 
1 Y = 158.347 + 9.52 X1 – 2.19 X2 + 0.82 X3 + 25.34 X4 0.98 
2 Y = 552.91 + 5.29 X1 – 5.14 X2 + 28.79 X4 0.89
3 Y = 1009.49 + 4.32 X1 – 8.08 X2 0.79 
Where,  X1 = Mean maximum temperature (oC) during maize growing period  

X2 = Mean relative humidity (%) during maize growing period 
X3 = Mean wind speed (Km day-1) during maize growing period  
X4 = Mean sunshine hours (hours day-1) during maize growing period 

Multiple regression models for estimation of 
reference evapotranspiration 

Based on the correlation analysis conducted 
between different meteorological parameters during 
kharif maize growing season and PET, stepwise 
multiple regression analysis was conducted to 
develop multiple regression models for estimation of 
PET of kharif maize at Ludhiana and Ballowal 
Saunkhari. The models explained 61 to 99 per cent 
variation in PET at Ludhiana and 79 to 98 per cent 
variability at Ballowal Saunkhari because of the 
weather parameters (Table 3). Such models can be 
used successfully to evaluate the climate variability 
effect on water requirement of kharif maize. 

CONCLUSION 

Climate change has a considerable effect on 
rate of evapotranspiration. Thus, it can significantly 
influence crop water requirements in the coming years 
especially the sub humid and semi arid regions. As 
maize crop is highly sensitive to water stress, thus 
warming scenarios under Punjab conditions can 
severely impact its water requirement and productivity. 

Agrometeorological multiple regression models can be 
used very effectively to evaluate the effect of climatic 
conditions on water requirement of maize. 
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ABSTRACT 
A field experiment was conducted at Regional Research Station (22.95° N, 88.49° E), Gayeshpur, Bidhan 

Chandra KrishiViswavidyalaya during summer season, 2016 to study the influence of abiotic stress on production 
component of baby corn (Zea mays L. var. G5414 F1 Hybrid). The experiment was consisted of three irrigation 
levels (IW / CPE ratio of 0.6, 0.8 and 1.0) with four mulching (no mulch, polythene mulch-30μ, paddy straw mulch 
@ 5t/ha and jute mulch @ 500g/m2). Results revealed that irrigation, mulching with their interaction effect directly 
and significantly influenced the cob yield of baby corn. The maximum yield (1880.60 kg/ha) was obtained from 
interaction effect of irrigation (IW/CPE of 1.0) and polythene mulchingwhereas lowest cob yields (1384.90 Kg/ha) 
was measured at irrigation (IW/CPE of 0.6) along with no mulch practice. Results also showed that significant 
negative relationships were focussed among baby corn cob yield and CATD, intercepted and reflected PAR, soil 
temperature at 10 cm and 20 cm depth during various important phases. Thus it can be suggested that crop bio-
climatic environment associated with abiotic stress play an important role in production potentiality of baby corn.

Keywords: Baby corn, irrigation, mulching, PAR, Soil temperature, Canopy-air temperature difference (CATD) 

Baby corn is widely cultivated in different 
Asian Countries. Baby corn is the dehusked cob 
harvested at 2-3 days of silk emergence, prior to 
fertilization (Pandey et al., 2002). baby corn has 
proved  successful and being a component of primary 
interest in Asian cuisines, demand has been started 
increasing day by day (Thavaprakashet al., 2006).Half a 
cup (serving size) of boiled baby corn contains 18 
calories, 0.1 g fat, 1.7 g protein, 3.6 g carbohydrates and 
1.2 g dietary fibre [Source: Agropedia, baby corn]. 
Globally, crop yield decreased by abiotic stresses like 
Drought, flood, heat and cold wave, tropical cyclone that 
affecting developmental activity of baby corn. Mulching 
is one of the good measures to increase water use 
efficiency (Lin et al., 2015). Different mulches regulate 
soil moisture and temperature, suppress weed growth, 
improve seed germination and emergence, and improve 
soil water conservation; soil structure and fertility 
.Another reason behind irrigation scheduling is increased 
water use efficiency (WUE). So after allowing moderate 
stress at vegetative and maturity stages, proper scheduling 
of irrigation is necessary for good crop growth and yield 
(Otegui et al., 1995). With this background, a study was 
conducted with the main objective is to determine the cob 
yield of baby corn under abiotic stress condition by 
implementing both irrigation scheduling at different 
IW/CPE levels and different types of mulching, 
associated with different weather condition like net 
radiation, Photosynthetically Active Radiation (PAR), soil 
temperature at 10 cm and 20 cm depth, canopy-air 
temperature difference etc. 

MATERIALS AND METHODS 
Site description, crop management and treatment 
details 

An experiment was conducted during pre-
kharif season, 2016 at University farm, Regional 
Research Station (22.95° N, 88.49° E, and 9.75 m 
above mean sea level), Gayeshpur, Bidhan Chandra 
KrishiViswavidyalaya, West Bengal. The soil of 
experimental field was alluvial (Entisol), with silty 
clay texture, well drained and with neutral pH. The 
average weekly temperature (°C), weekly total rainfall 
(mm) and weekly total evaporation (mm)during 
experimental period are plotted (Fig: 1).There was two 
types of treatments viz. Irrigation with three levels 
IW/CPE of 0.6 (I3), 0.8 (I2) and 1.0 (I1) and Four 
different mulches i.e. no mulch (M0), polythene mulch, 
30μ (M1), paddy straw mulch @4 t/ha (M2) and finally 
jute mulch@ 500g/m2 (M3). Raised bed planting was 
considered with spacing of 40 cm (row-row) x 25 cm 
(plant-plant). Seed rate was 20kg/ha. 10 tonnes of FYM 
was applied at the time of field preparation. 120:60:40 
kg/ha of N: P2O5: K2O was applied as basal to all the 
plots. The experiment was laid out at Split-plot design 
with three replications. The depth of irrigation was 
maintained to 5 cm. Daily evaporation values were 
taken from USWB open class A pan evaporimeter and 
accumulated to determine the date of irrigation 
(climatological irrigation scheduling).
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Fig. 1 Weekly weather data from 8 SMW to 16 
SMW at Gayeshpurfarm, BCKV, Nadia,W.B.

Observations of meteorological parameters 
Measurement of periodic micrometeorological 

observations was started from 15 DAS twice in a week, 
at midday. Soil temperature at 10 cm and 20 cm depth 
were recorded using soil thermometer. Canopy 
temperature was measured by Infra-red (IR) 
thermometer (model: EUROLAB 8811A) at 11.30 h. 
Dry bulb temperature was considered as instantaneous 
air temperature which was taken by the 
Assmanpsychrometer (model: HISAMATSU 
PSYCHROMETER MR-59). Thereafter, Canopy-air 
temperature difference (CATD) was calculated using 
the following formula (Idsoet al., 1977)

[  = Midday Canopy Temperature °C, =
Midday Air Temperature °C] 

Different components of PAR were estimated as 
Photosynthetic Photon Flux Density (PPFD) with the 
help of line quantum sensor (model: LI-191R with LI 
-250A Light meter). Incident PAR over the baby corn 
canopy and below the canopy (6" above ground level) 
was measured by placing the sensor upright at the 
respective sites. Similarly reflected PAR was 
measured just by inversely placing the sensors.  
Harvesting 

Green cobs were picked up next day of silk 
emergence and baby corn yield from each plot was 
recorded after dehusking. There was four consecutive 
picking dates. 
Statistical analysis 

Statistical analysis of data was done by 
using one way analysis of variance (ANOVA) 
technique recommended for split plot design (Gomez 
and Gomez, 1984). The analysis was done at 5% 
significance level. Pearson’s correlation analysis was 
carried out to assess the relationships between cob 
yield and crop micro climatic parameters. 
Significantly correlated parameters were used only as 
predictive variables that may affect yield potentiality. 

RESULTS AND DISCUSSION 
Soil temperature at 10 and 20 cm depthinfluenced 
by irrigation and mulching 

Soil temperature (10 and 20 cm depth) as 
affected by various irrigation levels and mulching 
practices are presented in Table 
1. Maximum soil temperature at both 10 and 20 cm
depth was recorded under IW/CPE at 0.8. Minimum soil 
temperature at 10 cm depth was observed under 
irrigation at IW/CPE as 0.6. Irrigation at IW/CPE 1.0 
reduced the soil temperature at 20 cm depth. In case of 
mulching, maximum soil temperature was noted in 
order of polythene mulch (30μ)> jute mulch> paddy 
straw mulch> no mulch. Due to high transmissivity to 
solar radiation transparent materials like polythene are 
more effective to increase soil temperature. Mulch can 
check evaporational loss of soil water leading to 
increase the soil temperature. Similar findings have been 
reported by Deshmukh et al., (2013). Differences in 
irrigation levels and mulch incorporation significantly 
influenced soil temperature at 10 and 20cm depth during 
entire crop growing period. While maximum variation 
was analyzed at 54 DAS. Interaction of irrigation and 
mulching showed comparatively less influence on soil 
temperature at both depths. 
Photosynthetically Active Radiation (PAR) 
influenced by irrigation and mulching 

Table 3 represents the influence of irrigation 
and mulching on intercepted PAR (IPAR) and 
reflected PAR (RPAR) during different days after 
sowing of baby corn. Crop grown under IW/CPE at 
0.6 received maximum PAR interception than other 
irrigation levels. While corn cultivated under no 
mulch practice had a higher efficiency of PAR 
interception. Maximum variation in IPAR was 
observed at 40 DAS irrespective of treatment factors. 
This can be explained by alterations in canopy 
architecture of baby corn under different management 
practices. There are significant effects of irrigation × 
mulching interaction on intercepted PAR especially 
at 40 DAS. Interception of solar radiation may also 
reduce due to water deficit, causing rolling up the leaves. 
Recorded reflected PAR (RPAR) during corn growing 
period under different treatments followed same trend as 
IPAR. Maximum RPAR was observed at 26 DAS of 
baby corn due to different irrigation and mulching 
practices. This may be attributed with under developed 
canopy cover of baby corn at initial vegetative stage with 
minimum leaf area. Significant variations in RPAR were 
observed at 47 DAS under different irrigation and 
mulching levels. Combination of treatment factors also 
showed strong influence on variation in mean RPAR 
which was maximum at 32 DAS where each single factor 
maintains their identity.
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Table 1 Measurement of soil temperature (◦C) at 10 cm and 20 cm depth as influenced by irrigation and mulching 
Treatments 20 DAS 30 DAS 40 DAS 50 DAS 60 DAS

10 cm 20 cm 10 cm 20 cm 10 cm 20 cm 10 cm 20 cm 10 cm 20 cm
I1 ( IW:CPE=1.0) 29.5 28.0 30.7 28.9 29.8 31.6 31.1 31.3 33.5 34.0
I2 (IW:CPE=0.8) 30.1 30.9 30.0 29.7 31.4 30.1 31.3 32.4 37.3 34.4
I3 (IW:CPE=0.6) 30.3 29.9 28.4 30.8 31.5 31.2 34.0 32.9 33.8 33.3
SEm(±) 0.1 0.4 0.4 0.3 0.3 0.2 0.5 0.2 0.6 0.2
CD at 5%) 0.5 1.7 1.4 1.0 1.1 0.9 1.8 1.0 2.4 0.6
M0 (Control) 28.9 28.0 27.7 27.4 29.0 28.5 30.8 31.1 33.6 30.0
M1 (Polythene mulch) 31.9 30.8 32.9 32.1 33.4 33.8 33.3 33.2 36.0 35.7
M2 (Paddy straw mulch) 29.3 29.7 28.8 28.8 30.2 29.7 31.8 31.8 34.2 34.5
M3 (Jute mulch) 29.8 30.1 29.3 30.9 31.0 31.9 32.7 32.6 35.5 35.5
SEm(±) 1.3 1.2 2.3 2.1 1.9 2.4 1.1 0.9 1.1 2.7
CD at 5%) 3.9 3.5 6.6 6.1 5.5 6.9 3.2 2.7 3.2 7.8
I×M SEm(±) 0.3 0.4 0.3 0.5 0.5 0.4 0.3 0.3 0.3 0.26

CD at 5%) 0.9 1.0 0.8 1.5 1.3 1.2 NS NS 0.8 0.77
ST= soil temperature (◦C)

Table 2 Measurement of intercepted PAR (IPAR) and reflected PAR (RPAR) (μmol/m2/sec) as affected by 
irrigation and mulching 

Treatments 20 DAS 30 DAS 40 DAS 50 DAS 60 DAS
IPAR RPAR IPAR RPAR IPAR RPAR IPAR RPAR IPAR RPAR

I1 ( IW:CPE=1.0) 832.3 68.9 224.3 24.5 384.4 21.3 155.7 16.7 188.6 28.6 
I2 (IW:CPE=0.8) 686.1 44.8 275.9 31.2 296.7 26.9 297.0 23.0 211.0 29.9 
I3 (IW:CPE=0.6) 719.6 49.8 304.0 38.4 153.4 21.6 351.6 33.7 192.0 23.9 
SEm (±) 2.1 3.7 11.7 3.0 3.7 0.9 9.2 2.5 3.5 0.9 
CD (at 5%) 6.8 4.4 5.8 7.9 2.2 3.6 4.6 9.8 3.7 3.6 
M0 (Control) 765.6 63.5 306.5 39.6 200.9 27.2 314.6 30.5 196.5 28.6 
M1 (Polythene mulch) 804.1 51.3 230.4 22.8 487.7 20.6 210.1 16.9 140.0 26.3 
M2 (Paddy straw) 638.3 51.6 248.8 35.8 176.8 26.8 222.4 22.9 211.0 25.1 
M3 (Jute mulch) 776.1 51.4 286.7 27.2 247.2 18.5 325.3 27.5 241.3 29.9 
SEm (±) 7.6 6.0 4.7 7.7 4.7 4.4 6.3 6.0 4.4 2.2 
CD (at 5%) 4.9 7.7 1.3 2.5 6.6 2.8 5.9 7.4 3.8 0.4 
I×M SEm (±) 0.3 3.9 6.7 8.9 2.4 7.6 1.7 0.3 0.3 0.29 

CD (at 5%) 0.8 3.2 9.6 2.0 7.1 8.4 5.1 0.9 0.9 0.86 

Estimation of Canopy-air temperature difference 
(CATD) (°C) in baby corn under different irrigation 
levels and mulching

Canopy-air temperature differential (CATD) 
as abiotic heat stress indicator affected by different 
irrigation and mulching has been furnished in Table 
3. At irrigation level I1 (IW/CPE 1.00), highest
CATD (7.48 °C) was estimated during 20 DAS. 
However lowest CATD was also observed during 60 
DAS (0.72 °C) due to same irrigation practice which 
is related to greater availability of soil moisture.
Decrease in canopy temperature depression has 
already been reported under restricted irrigation 
(Sharma and Pannu, 2008). Consistently higher 
CATD value was noted under no mulch practices 
throughout the observation period (ranged between 
5.21 to 8.54 °C). Paddy straw mulching also resulted 
in increased CATD value. Decline in CATD was 
observed due to polythene mulching followed by jute 

mulching. Greater availability of soil moisture under 
polythene and jute mulching resulted in reduction in 
CATD value. Whereas more evaporation loss of soil 
water under no mulch system increased the abiotic 
stress index. ANOVA indicated strong influence of 
both irrigation and mulching on SDDI. Irrigation × 
mulching interaction also showed significant effect on 
stress index. Maximum variation in CATD was analyzed 
at 50 DAS due to influence of all individual and 
combined factors. 
Baby corn cob yield as influenced by different 
irrigation levels and mulching

Production potentiality of baby corn cob 
influenced by different levels of irrigation and 
mulching are presented in Table: 4. Maximum yield 
was obtained from irrigation level of IW/CPE at 1.0 
(1876.3 kg/ha) whereas irrigation level at IW/CPE at 0.6 
resulted in lowest yield (1629.1 kg/ha). This may be due 
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to lesser stress faced by the crop under IW/CPE of 1.0. In 
case of different mulching, baby corn cob productivity 
followed the order as polythene mulch>jute mulch>paddy 
straw >no mulch. Less soil compaction along with 
improved aeration of soil under mulched condition 
reported increased plant growth and yield (Lamont 1993). 
Use of different mulching material can influence soil 
moisture status which may affect the efficient use of 
applied nutrients. Dubey (1995) documented that 
mulching enhanced soil water potential influencing the 
plant dry matter accumulation and grain yield. Hence, 

findings of the study suggested that it is essential to 
conserve more moisture through mulching to increase the 
yield potentiality of baby corn. The study also revealed 
that interaction of irrigation at IW/CPE at 1.0 and plastic 
mulch resulted in maximum productivity (1880.6 kg/ha). 
Moreover, differences in irrigation level, mulching as 
well as their interaction significantly affect baby corn cob 
productivity. Significant effect of mulching and irrigation 
on baby corn yield has already been reported by Mahajan
et al., (2007).

Table 3 Measurement of Canopy-air temperature difference (0C) as affected by irrigation and mulching 

Treatments 20 DAS 30 DAS 40 DAS 50 DAS 60 DAS
I1 ( IW:CPE=1.0) 7.48 5.35 2.82 3.70 0.72
I2 (IW:CPE=0.8) 2.99 3.59 4.55 1.03 6.03
I3 (IW:CPE=0.6) 3.95 5.70 5.79 5.13 3.67

SEm(±) 0.68 0.33 0.43 0.60 0.77
CD (at 5%) 2.67 1.28 1.69 2.36 3.01

M0 (Control) 8.01 8.01 8.05 8.54 5.21
M1 (Polythene mulch) 2.93 -0.60 0.75 -1.96 2.60

M2 (Paddy straw mulch) 6.39 6.09 4.28 4.07 2.72
M3 (Jute mulch) 1.90 6.02 4.44 2.47 3.34

SEm(±) 2.87 3.77 2.98 4.34 1.21
CD (at 5%) 8.38 11.00 8.70 12.66 3.52

I× M SEm (±) 1.08 0.74 0.78 1.29 0.93
CD (at 5%) 3.16 2.15 2.28 3.76 2.71

Table 4 Measurement of cob yield of baby corn (kg/ha) as affected by irrigation and mulching  

Treatment Yield Treatment Yield
I1 ( IW:CPE=1.0) 1876.3 I1×M0 1867.3
I2 (IW:CPE=0.8) 1798.2 I1×M1 1880.6
I3 (IW:CPE=0.6) 1629.1 I1×M2 1878.2
SEm (±) 36.483 I1×M3 1879.1
CD (at 5%) 143.23 I2×M0 1753.9
M0 (Control) 1668.7 I2×M1 1848.6
M1 (Polythene mulch) 1822.9 I2×M2 1754.2
M2 (Paddy straw mulch) 1769.7 I2×M3 1835.8
M3 (Jute mulch) 1810 I3×M0 1384.9
SEm (±) 69.876 I3×M1 1739.6
CD (at 5%) 203.96 I3×M2 1715.1

I3×M3 1715.1
I×M SEm (±) 43.64

CD (at 5%) 127.38

293Vol. 19, Special Issue (AGMET 2016)



Table 5 Analysis of correlation coefficient between meteorological parameters and cob yield (kg/ha) of baby corn

Parameters Correlation coefficient
CATD 40 DAS -0.363 *
CATD 50 DAS -0.355 *
IPAR 50 DAS -0.585 ***
RPAR 30 DAS -0.489 **
RPAR 40 DAS -0.308 *
RPAR 50 DAS -0.672 ***
ST 10 cm 20 DAS -0.679 ***
ST 10 cm 40 DAS -0.377 *
ST 10 cm 50 DAS -0.693 ***
ST 20 cm 40 DAS 0.294 *

Sample size (N) = 36, *Significant at 5% level, ** Significant at 1% level, ***Significant at 0.01% level. 
CT=canopy temperature (0C), AT=air temperature (0C) IPAR=intercepted PAR (μmol m-2 sec-1), RPAR= reflected PAR 
(μmol m-2 sec-1), ST=soil temperature (0C), DAS=days after sowing, Specific DAS are subscripted. 

Relation between different meteorological 
parameters and cob yield of baby corn

The Pearson’s correlation between various 
meteorological parameters and baby corn cob yield 
are summarized in Table: 5. Result indicated that 
canopy – air temperature differential showed a 
significant negative correlation with baby corn yield 
at 40 and 50 DAS. It implies that baby corn was 
subjected to abiotic stress (CATD) which lowers the 
cob yield. Liu et al., (2010) observed yield reduction 
of 46% with 5°C rise in air temperature in maize 
crop. Intercepted PAR at50 DAS showed significant 
negative relation with baby corn cob yield. 
Reflected PAR was also negatively associated with 
corn yield. Incidence of solar radiation determines 
the evapotranspiration rates. In the present study, 
baby corn might face water stressed condition under 
increased solar radiation leading to reduction in 
productivity. Cai et al., (2009) are in well agreement 
with our findings. Soil temperature at 10 cm depth 
was negatively associated with baby corn 
productivity. Soil temperature around root zone may 
act as a limiting factor for plant growth (Hoppula 
and Salo, 2007). Positive association was found 
between soil temperature at 20 cm depth during late 
reproductive phase and baby corn yield. Soil 
temperature at 20 cm depth played a crucial role in 
determining the yield of baby corn than soil 
temperature at 10 cm depth. As it is a deep rooted 
crop, during later phase of crop growth and 
development, maximum moisture was utilized by 
the crop from 20 cm depth, which was very crucial 
for productivity constrains.  

CONCLUSION 
CATD has been found to be a good 

indicator for assessing the abiotic stress faced by 
baby corn under different treatments. To reduce this 
stress sustaining the productivity of baby corn 
IW/CPE at 1.0 and polythene mulch may be 
recommended for the farmers of Eastern India. The 
recommended practice is highly applicable for other 
agro-climatic zone of West Bengal. Again by 
modifying the microclimate of baby corn with the 
use of some other mulch materials (water hyacinth, 
black, yellow or white polythene, wheat straw, 
grass, leaf residue) as available and by proper water 
management using other approaches of irrigation 
scheduling (soil –moisture depletion approach, 
critical growth stage approach), degree of abiotic 
stress may be reduced and there is immense scope to 
get more information in this line in near future.  
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Impact of enso on onset and cessation of seasonal rainfall over Tamil Nadu 
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ABSTRACT 
El Niño Southern Oscillation (ENSO) is one of the most important drivers of climate variability. To study the 

impact of ENSOonseasonal rainfall over Tamil Nadu, historical weather data for the period of 43 years (1971-2013) 
were categorized based on the ENSO episodes and the analysis was performed for assessing ENSO linked climate 
variability (onset and cessation) for North east monsoon rainfall (NEM: October - December) and rainfed cropping 
period (September - December) over Tamil Nadu. Onset was determined using the pentad analysis performed from 1st

October through 31th  October, considering first pentad with quantum of 10 mm of rainfall followed by four consecutive 
pentads of 10 mm of rainfall per pentad. The same approach was followed for deciding the onset of sowing rains for 
rainfed cropping period starting from 1st September to 10th October. In NEM and rainfed cropping period, cessation of 
monsoon was seen in December month. If the cessation didn’t occur during December, the cessation time was noted in 
November month and the season was considered as the last day that received rainfall amount of > 2.5 mm. In NEM, 
higher per cent of years had onset in the slot from 1st to 5th of October (65.0, 63.4, 65.2 per cent of El Niño, La Niña 
and Neutral years, respectively).  Few years were in neutral phase (26.3 %) and in El Niño (19.4 %) andunderLa Niña 
(15.2%) phase the results showed the onset happened between 6th and 10th of October. In most of the El Niño years (68 
%), sowing rain occurred during 1st week of September (1st to 7th September), while in 40 per cent of the La Niña years 
sowing rain was delayed by one week and received during 2nd week of September. Cessation was earlier in most of the 
La Niña years as compared to El Niño and neutral years. 

Keywords:ENSO, NEM, RCP, onset, cessation 

Increased concentration of greenhouse gases 
is expected to alter the radiative balance of 
atmosphere, causing increase in temperature and 
changes in precipitation patterns (Houghton et al.,
1990). Climate variability is observed to be increasing, 
although there are still large uncertainties about the 
link to climate change (IPCC, 2001a). El Niño –
Southern Oscillation (ENSO) is one of the most 
important drivers on climate variability, has profound 
climatic, environmental, societal and 
economicalimpacts on both global and regional 
climate (DACA, 2013). Climate variability has been 
principal source of fluctuations in Indian food 
production. Even though there is no long-term trend, 
inter - annual variability of Indian monsoon rainfall 
leading to frequent droughts and floods has profound 
influence on agriculture and intern, national economy 
(Rajeevan and Pie, 2006).The direct impacts of ENSO 
on the monsoons of India are well understood (Sikka, 
1980; Shukla and Mooley, 1987; Krishnakumar et al., 
1999). The India Meteorological Department 
incorporates ENSO information into the statistical 
model used for forecasting the monsoon rainfall 
(Rajeevan et al., 2006). Geethalakhmiet al. (2005) 
studied the linkage between ENSO and seasonal 
rainfall over Tamil Nadu and noted that during 
summer monsoon(June -September) the relationship is 
negative, i.e., rainfall is less than normal during El 

Niño and vice-versa during La Niña years. In contrast, 
the relationship during NEM (October - December) is 
positive, i.e., rainfall is more than normal during El 
Niño and vice-versa during La Niña years 
(Geethalakshmi et al., 2009).

MATERIALS AND METHODS 
Description of the study area 

Tamil Nadu is located in the Southern most 
tip of the Indian Peninsula between 8°5' and 13°35' 
North latitude and 76°15' and 80°20' East longitude 
with 960 km coastline that helps in moderating the 
summer (less hot) and winter (less cold) temperatures, 
occupying 7 % of the India’s population, 4 % of the 
land area and 3 % of the water resources (CSO, 2011). 
ENSO linked climate variability

El Niño is one of the important factors 
leading to climate variability. Operationally ENSO 
conditions are defined based on sea surface 
temperature variations and their persistence along the 
equatorial Pacific Ocean. The National Oceanic and 
Atmospheric Administration (NOAA) define El Niño 
and La Niña events based on a threshold of +/- 0.5oC
for the Oceanic Niño Index (ONI) (3 months running 
mean of SST anomalies over equatorial eastern 
Pacific) (http://ggweather.com/enso/oni.htm). ENSO 
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years segregated into two groups as El Niño and La 
Niña and remaining years were classified under neutral 
category.(Table 1). 

Table 1 El Niño, La Niña and neutral years from 1971 
to 2013 

El Niño La Niña Neutral

1972, 1976, 
1977, 1979
1982, 1986, 
1987, 1991
1994,1997, 
2002, 2004
2006, 2009

1971, 1973, 
1974, 1975
1983, 1984, 
1988,1995
1998, 1999, 
2000, 2007
2010, 2011

1978, 1980, 
1981, 1985
1989, 1990, 
1992, 1993
1996, 2001, 
2003, 2005
2008, 2012, 

2013

Onset of monsoon 
Onset of NEM and rainfed cropping period 

rainfall was investigated with respect to ENSO and 
neutral categories. Onset was determined using the 
pentad analysis performed from 1st Oct through 31th

Oct. Considering first pentad with quantum of 10 mm 
of rainfall and four consecutive pentads records 10 mm 
of rainfall per pentad for NEM. The same approach 
was followed for deciding the onset of rainfed 
cropping period and the period was taken from 1st Sep. 
to 10th Oct. 
Cessation of monsoon

In NEM and rainfed cropping period, 
cessation of monsoon was mostly observed in 
December month and in few cases the cessation time 
was noted in November month. In the end of the 
season the last day received the rainfall amount of > 
2.5 mm considered to be an indicator of cessation of 
monsoon. 

RESULTS AND DISCUSSION
Effect of ENSO on the onset of NEM

The rainfall onset of the ENSO years is 
illustrated in (Fig. 1). Analysis on the occurrence of 
NEM onset for the ENSO events indicated not much 
change among the El Niño, La niñaand neutral 
conditions. Higher per cent of years had onset in the 
slot from 1st to 5th of October (65.0, 63.4, 65.2 per cent 
of El Niño, La Niña and Neutral years, respectively).  
Few years in neutral phase (26.3 %) followed by El 
Niño (19.4 %) and La Niña (15.2%) phase showed the 
onset occurrence between 6th and 10th of October. 
After 10th October less per cent of the years under each 
phases had the onset during NEM. 

The results of the NEM onset of rains showed 
clear pattern over Tamil Nadu with several areas 
experiencing monsoon between 1st and 5th of October 

in El Niño, La Niña and neutral years. NEM onset 
occurrence was influenced considerably by the ENSO 
event. Most of the El Niño (65.0 %), La Niña (63.4 %) 
and neutral (65.2 %) years registered NEM onset 
during 1st to 5th of October. Some years of El Niño 
(19.4 %), La Niña (15.2 %) and neutral (26.3 
%)conditions exhibited onset occurrence between 6th

and 10th of October. A very few years of the El Niño, 
La Niña and neutral events had onset after 10th October 
over Tamil Nadu.
Effect of ENSO on the sowing rains in Rainfed 
cropping period

The rainfall onset of the ENSO years is 
portrayed (Fig. 2). Results revealed that the occurrence 
of sowing rain during 1stweek of September (1st to 7th

September) was more for each ENSO phases.The 
percentage of sowing rain during 1st week of 
September in El Niño years were 67.9 per cent, in La 
Niña years were 51.1 per cent and 65.0 per cent in 
neutral conditions. Occurrence of sowing rain during 
2nd week of September higher in La Niña (39.1 %)
than El Niño (19.2 %)and neutral (17.7 %) phases. 
After 3rdweek of September, a less per cent of the 
years had the sowing rain in cropping season. 

The information on the start of rainy season 
would help the farming community to take decision on 
land preparation and time of sowing. Most of the area 
in Tamil Nadu exhibited the start of sowing rain period 
during 1st week of September (1st to 7th September) for 
El Niño (67.9 %) and Neutral (65 %) Phases.whereas 
results signify that 51.1 % of the La Niña years had 
sowing rain in the 1st week of September and 39.1 % 
years exhibited one week delay in the start of sowing 
rain (i.e. 2nd week of September). 
Effect of ENSO on cessation 

Cessation of NEM and rainfed cropping 
period was seen in December month. The rainfall 
cessation of the ENSO years is portrayed (Fig. 3). 
Results revealed that the cessation happened during 
last 9 days of December (22st to 31th December) was 
higher in El Niño (63 %) compared to La Niña (33 %) 
and neutral (44 %) phase. The less percentage of years 
had cessation before 3rd week of under El Niño, La 
Niña and neutral conditions. During 3rd week of 
December, the cessation was higher in La Niña phase 
(46 %) than the neutral (26 %) and El Niño (13 %) 
phases. La Niña years showed early cessation 
compared to El Niño and neutral years. Most of the 
years under El Niño event had cessation during last 
week of December whereas most of the La Niña years 
had cessation before last week of December which was 
early by 7 days than El Niño. Mokheleet al. (2011) 
also stated that ENSO impacted the onset and 
cessation of rainy season. 
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Fig. 1 Impact of ENSO on onset of NEM

Fig. 2 Impact of ENSO on the sowing rains in Rainfed 
cropping period

Fig. 3 Effect of ENSO on cessation (NEM and Rainfed 
cropping period) 

CONCLUSION
El Niño years (68 %), sowing rain occurred 

during 1st week of September, while in 39 per cent of 
the La Niña years sowing rain was delayed by one 
week and received during 2nd week of September. 
Cessation was earlier in most of the La Niña years 
compared to El Niño and neutral years. 
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Downsizing of methane emission from rice field with fly ash and gypsum 
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ABSTRACT 
The lowland rice cultivation is recognized as one of the major methane sources. The application of 

amendments that contain high amount of electron acceptors would inhibit the methanogenic activity and hence 
methane emission.  Fly ash is a by-product containing ferro- alumino- silicate minerals whereas gypsum is sulphate 
of calcium. A field experiment was conducted to estimate the effect of fertilizers like Urea and Neem treated Urea 
and soil amendments like fly ash and gypsum along with recommended dose of fertilizers on the methane emission 
from the rice field. Gas samples were collected from the field using Static open-bottom perplex chamber technique 
and estimated in a Shimadzu GC-2014 gas chromatograph equipped with FID. The rate of methane emission was found to 
be lesser at the active tillering stage which attained a peak at the panicle initiation stage and then got declined till maturity 
stage. This trend was noticed irrespective of the treatments evaluated. The substitution of neem treated urea instead of urea 
had no significant impact on the methane emission whereas the application of either gypsum or fly ash or in combination 
along with RDF significantly decelerated the methane emission. 

Key words: Fly ash, Urea, Gypsum, Methane, Rice. 

The East and South Asian regions accounts 
for approximately 90 per cent of rice grown and 
consumed in addition there is an increasing pressure 
on the rice-growing resources due to increasing 
population growth (IRRI, 2014). In India, rice 
cultivation extends from 80 N to350 N latitude and 
from sea level to as high as 3000 meters. Methane 
has the second-largest global radiative forcing impact 
after carbon dioxide.  

The concentration of methane in the 
atmosphere increased by 1070 part per billion by 
volume (ppbv) between pre-industrial times and 2008 
(Singh and Dubey, 2012). Of the 50 per cent 
anthropogenic contribution (US EPA, 2006), the 
paddy fields accounts as much as 10 - 12 per cent of 
the global CH4 budget (Kirschke et al., 
2013).Therefore, it is important to assure some 
effective and efficient technologies to mitigate 
methane emissions. 
The process of CH4 production and emission from 
paddy fields are governed by Methanogens (CH4 
producing bacteria) and methanotrophs (CH4 
oxidizing bacteria).  These processes are influenced 
by a number of factors including substrate 
availability, electron acceptors and electron donors in 
wet soils (Watanabe and Kimura 1999).  

Electron acceptors were crucial (Ali et al., 
2012) since, methane emission could be reduced by 
supplementing soil amendments with alternative 
electron acceptors like NO3

-, Mn4
+, Fe3+ and SO4

2-

(Lovely et al., 2004). The application of neem coated 
urea, coated calcium carbide, neem oil and 
dicyandiamide (DCD) could also reduce the emission of 
methane by suppressing microbial activities. 

The microbial reduction of iron and sulfate 
were found to be energetically more favorable than 
methanogenesis in the anaerobic degradation of soil 
organic matter (Reddy and Delaune, 2008).Fly ash, a by-
product of the coal-burning industry and an amorphous 
mixture containing high amount of mineral nutrients such 
as Si, Fe, Ca, K, Mg, Mn, etc., might be a good soil 
amendment to suppress methanogenesis by supplying 
alternative electron acceptors.  

Gypsum has very high concentration (16-18%) 
of electron acceptor SO ²-, hence its application might be 
effective on reducing CH  emission from rice cultivation 
by enhancing the competition between CH4 producing 
bacteria (methanogens) and either sulfate reducing or iron 
reducing bacteria (Michael Pester et al., 2012). In this 
study, the influence of selected soil amendments and 
fertilizers in retrenching the methane emission was 
investigated. 
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MATERIALS AND METHODS 
Experimental details 

The field experiment was conducted at 
Tamil Nadu Agricultural University farm, 
Coimbatore during rabi2014-2015 with CO(R) 51, a 
short duration rice variety and the experiment was 
laid out in Randomized complete Block Design 
(RBD) and replicated thrice. The eight treatments 
studied were Urea + Murate Of Potash (MOP) + Single 
Super Phosphate (SSP) (T1), Neem Treated Urea (NTU) 
+ MOP + SSP(T2), Urea + MOP + SSP + Gypsum(T3) , 
NTU + MOP + SSP + Gypsum(T4), Urea + MOP + SSP 
+ Fly Ash(T5),NTU + MOP + SSP  + Fly Ash(T6), Urea 
+ MOP + SSP + Gypsum + Fly Ash(T7), NTU + MOP 
+ SSP + Gypsum  + Fly Ash(T8) 

The NPK was applied at a rate of 150: 
50:50, gypsum at 0.5 t ha-1 and Fly ash at 20 t ha-1. 
Neem treated urea was prepared by blending the urea 
with powdered neem cake (passed through 2mm 
sieve) 20 per cent by weight and kept overnight 
before use.  The selected soil amendments and 
fertilizers were applied according to the treatments. 
Submergence in the main field was maintained till 15 
days prior to harvest. Other management practices 
were followed as per TNAU Crop Production Guide. 
Chamber fabrication: 

Gas samples were collected from the field 
using static closed chamber technique (Jain et al., 
1999). The gas chambers were fabricated as per the 
recommendations of several studies on trace gas 
measurements in field conditions (Denmead, 2008). 
Open-bottom perplex chambers using 4 mm acrylic 
sheets with a dimension of 50 cm x 50 cm x 100 cm 
were fabricated. A battery (12V) operated fan was 
fixed for air circulation (avoid plant suffocation) to 
mix the air inside the chamber and draw the air 
samples into air-sampling bags (Tedlar®). The air 
samples from the sampling bags were analyzed for 
CH4 concentration. 
Collection of gas samples 

As described by Khosaet al. (2010) the 
chamber was placed on the soil surface with 4-5 cm 
inserted into the soil, 10 minutes prior to each 
sampling for equilibration to reduce the disturbance so 
as to minimize the disturbance to the sampling site. Care 
was taken not to disturb the vegetation during the whole 
measurement programme. After covering the plants with 
the chamber, air samples were collected in Tedlar bags 
using one way valve pump. As described by Jayadeva 
et al. (2009), the air samples were collected in the 
morning (09:00-11:00 hours) and in the evening 
(14:00-16:00 hours) and the average of morning and 
evening fluxes were used as the flux value for the 
day.  

Gas samples were collected at critical stages 
of crop growth viz., active tillering, panicle Initiation, 
50 per cent flowering and maturity stages and were 
reported as the average methane emission rate for the 
respective stage 
CH4 gas estimation 

The CH4 was estimated in a Shimadzu GC-
2014 gas chromatograph equipped with flame 
ionization detector (FID) andElectron capture 
detector(ECD). The gas samples were introduced into 
the analyzer by filling the fixed loop (1.0 ml) on the 
sampling valve. Samples were injected into the 
column system by starting the analyzer which 
automatically activated the valve and back flush the 
samples according to the time programmed. The GC was 
calibrated before and after each set of measurements 
using 1 ppm, 2.3 ppm and 5 ppm of standards 
(Chemtron® science laboratories Pvt. Ltd., Mumbai) as 
primary standard curve linear over the concentration 
ranges used. CH4 flux was expressed as mg m-2 hr-1 using 
the equation given by Lantinet al. (1995). The 
obtainedCH4 concentrationwas determined by peak area 
and the flux was calculated based the equation proposed 
by Rolston (1986) to estimate methane. 

f = (V/A) (ΔC/ Δt) 
where f is greenhouse gas emission rate (mg m−2 h−1), 
V is volume of chamber above soil (m3), A is cross-
section of chamber (m2), ΔC is concentration 
difference between zero and t times (mg cm−3), and 
Δtis time duration between two sampling periods (h).  

RESULT AND DISCUSSION 
The effectuality of the different soil inputs 

on the methane emission is indicated in the figure 1. 
Statistical significance was noted at all the four stages.  
Methane emission at different stages 

Among the stages, irrespective of the 
treatments, the most soaring emission of methane gas 
from the paddy field was noticed during the panicle 
initiation stage and this might be due to the root exudates 
that act as the substrate to trigger the activity of 
methanogens. The decrease in the emission after panicle 
initiation might be due to the antagonistic effect of the 
bacteria other than methanogens like Sulphate and iron 
reducing bacteria. But the rate of reduction in the methane 
emission among stages differed with the treatments. 

The maturity stage did record the lowest 
methane emission, since the water was drained 15 
days prior to maturity. Once the soil was brought to 
aerobic condition the activity of the methanogenic 
bacteria might be retarded and hence the methane 
emission.  
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Fig. 1 Soil amendments and fertilizers on methane 
emission at different stages of lowland rice 
field 

Methane emission dynamics due to different 
treatments 

Based on the results obtained, methaneemission 
was found higher in control (i.e) recommended dose 
fertilizer (RDF) application alone (T1) whereas in the 
treatments in which the soil was supplemented with fly 
ash or/and gypsum did record a lower CH4emission as 
compared to control (T1).  

In some cases the application of neem 
treated urea had accelerated the methane emission but 
was not significant. The reason behind the mild 
increase in methane emission with the replacement of 
urea with neem treated urea might be due to the 
addition of organic matter i.e. the coating of urea 
with neem cake powder (20 per cent by weight). 
While the non significance in increase might be due 
to the insufficient amount of organic matter that was 
used to treat the urea to produce a significant 
increment in the methane emission.  

The application of either fly ash or gypsum 
or in combination along with RDF had a significant 
reduction in methane emission. The methane 
emission was significantly higher in T1 and 
T2treatments at all the four stages in which NPK 
fertilizers were alone used. Though application of 
gypsum and fly ash along with RDF did reduce the 
methane emission significantly, from the results it 
was truly observed that recommended NPK fertilizer 
and gypsum alone stood next to the treatments T1 and 
T2 on the higher emission of methane.  

The reduction in methane emission with the 
application of Gypsum alone irrespective of the N 
fertilizer used was about 10.0 per cent at active 
tillering stage; 3.1 per cent during panicle initiation; 
15.3 per cent during 50 per cent flowering and 15.4 
percent during maturity stage when compared with 
control. The reduction in methane emission with the 
incorporation of gypsum alone with the RDF could 
be noticed in the figure in the treatments T3 and T4 
and this might be due to the addition of sulphate 
which would compete with the methanogens for 
substrates leading to reduction in population of 

methanogens (Corton et al., 2000). The reduction was 
noticed only at later stage and this might be due to 
the time taken for the sulphate reducing bacteria to 
florish and outvie the methanogens. The decrease in 
methane emission might also result due to shifting of 
electron flow from methanogenesis to sulfate reduction 
under anaerobic soil conditions (Pennock et al., 2010). 

Use of fly ash alone with RDF had minified 
the emission by 9.8, 15.1, 28.6 and 27.5 per cent at 
the four growth stages respectively. The accession of 
both fly ash and gypsum along with RDF had cut 
down the emission by 18.3, 14.9, 79.0 and 18.6 per 
cent at the four stage stages of paddy crop 
respectively. The addition of Fly Ash along RDF had 
shown a better reduction in methane emission since it 
is a ferroalumino silicate mineral with multi-electron 
acceptors like Fe3+,Mn4

+and SO4
2+. The mechanism 

behind this might be the competition betweenCH4 
producing bacteria (methanogens) and other reducing 
bacteria for the same substrate (Schonheit et al., 
1982). When electron donors for microbial 
respiratory processes become limiting, methanogenesis 
could be suppressed by supplementing alternative 
electron acceptors such as ferric or sulfate (Lovely et 
al., 2004).  

CONCLUSION 
The addition of either gypsum amendment 

(CaSO4. 2H2O) or fly ash or together reduced the 
CH4 emission. Thus, electron acceptors containing 
amendment can be used as a CH4 mitigation option in 
paddy field. Fly ash would act as a low cost option 
for mitigation of climate change in the areas nearer to 
the thermal power stations considering the cost of 
Sulphate fertilizers. A standard technique must be 
framed to minimize the emission of methane and the 
technology must encompass both mitigation and 
adaptation processes. 
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ABSTRACT 

A field experiment was conducted at Tamil Nadu Agricultural University, Coimbatore in the rabi season in 
order to assess the sustainability of SRI in changing climate. Three aspects of rice cultivation, GHG emission, water 
use, and Energy consumption were accounted to vindicate the sustainability of SRI over other cultivation systems. 
Three rice cultivation systems SRI (System of Rice Intensification), AWD(Alternate Wetting and Drying) and 
conventional were selected which differ in agronomic and water management practices. CH4, N2O and CO2 gas 
emissions from field were collected using static closed chamber and was analyzed using a gas chromatograph 
equipped with FID. Water irrigated to the field was measured in m3 using a water meter. The results showed that 
SRI method of cultivation recorded less GHG emissions and water use with higher yield. Alternate wetting and 
drying method of water management reduced methane emission in AWD by 41 per cent and SRI by 44.3 per cent 
when compared with conventional system. 

Keywords: SRI, Methane, Nitrous oxide, Energy consumption 

Rice production has remarkable significance in 
the global climate change scenarios owing to its ability 
among cultivated crops to emit both methane (CH4 ) and 
nitrous oxide (N2O), the two major greenhouse gases 
(GHG) that are more alarming than carbon dioxide (CO2 
) in driving climate change. Rice cultivation systems 
contribute a major share to the Indian GHG emissions 
also. Indian agricultural sector contribute about 28 per 
cent to climate change, out of which 23 per cent is by 
rice production systems (INCCA, 2010).Annual CH4 
emission from rice had been estimated to be 54 Tg/year, 
contributing to 13–19 per cent of the total anthropogenic 
CH4 emission. (Stams and Plugge, 2010).N2O was 
estimated to be responsible for 13 per cent of 
agricultural GHG emissions in India (MoEF, 2010). 
Therefore, bringing out intensive agriculture techniques 
with minimum ecological encroachment becomes a 
challenge to countries like India, where the main 
livelihood is agriculture and the population to be fed is 
exceptionally large. 

The water productivity of rice in India 
depending on the different rice cultivation methods is 
0.5-1.1 kg/m3. Rice growers are becoming more aware 
about the significance of increasing water use efficiency 
in rice cultivation as the water becomes scarcer. 
Globally, share of agriculture for fresh water 
consumption is nearly 70-80 per cent and rice accounts 
85 per cent of this. The sustainable rice cultivation 
broaches the challenge to reduce the quantum of water 
used along with increasing grain yields to modifying 
water use efficiency (Zhang and Yang, 2010). 

Revamping the current cultivation practices 
can be a way to reduce the GHG emission from rice 
fields. Accordingly, SRI was introduced (Tsujimoto et 
al., 2009).). The CH4 emissions from conventional 
management practices were higher by 32–38 per cent 
compared to SRI (Suryavanshi et al., 2013). Flooded 
rice fields have microbial activities that causes more 
than 80 per cent of CH4 and N2O emissions (Feng et 
al., 2012).To promote climate smart production 
techniques, it will be convenient to express all the 
GHG emissions in a single term which implies the 
emission potential of a production system). The CH4 
emissions from conventional management practices 
were higher by 32–38 per cent compared to SRI 
(Suryavanshi et al., 2013). Flooded rice fields have 
microbial activities that causes more than 80 per cent 
of CH4 and N2O emissions (Feng et al., 2012). Zhao et 
al. (2010) observed total water use in conventional 
method as 3.85 while in SRI and MSRI (Modified 
SRI) methods, it was 2.63 and 2.56m3 /kg, 
respectively. Water productivity in SRI and MSRI 
were increased by 45.2 and 48.6 per cent when 
compared to conventional method of cultivation. 
Without decline in grain yield, 28 per cent water 
saving by using alternate wetting and drying was 
observed by Chapagain and Yamaji (2010). Thakur et 
al. (2011) also outlined 22 per cent water saving and 
doubled water productivity with AWD-SRI 
management practices compared with conventional 
management practice. Hence, SRI was included as a 
resolution for water productive cultivation system for 
the study.  
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On this background, this study was conducted 
to evaluate the methane emission, water use and energy 
consumption of different rice cultivation systems which 
provides an opportunity to promote climate smart 
cultivation methodologies. The literatures pertain to this 
study were found very scarce which can be a guiding 
exploration that helps the farmers to choose between 
different cultivation systems to follow. 

MATERIALS AND METHODS 

The study was conducted at Tamil Nadu 
Agricultural University, Coimbatore, Tamil Nadu, India 
which was cropped during rabi 2014-15. Three rice 
cultivation systems viz., SRI, AWD and conventional 
were selected which differ significantly in their 
agronomic and water management practices. The GHG 
emission from three different rice cultivation systems 
were found out separately using fabricated static closed 
chamber method. The results obtained were analyzed 
for significance using AGRES software. 

Cultivation practices 

SRI is a method, where young single seedling 
with square planting, cono weeder is used in between 
the hills, and following alternate wetting and draining 
water management strategy that keeps the soil moist 
only, not stowing continuous flood. All the SRI 
practices were scrupulously adopted as per Thiyagarajan 
et al. (2009). All the agronomic practices for 
conventional method were followed as per the standard 
recommendations set forth in crop Production Guide for 
Tamil Nadu by TNAU (CPG, 2012). For AWD, all the 
agronomic practices were followed as per the 
conventional system of rice cultivation except the water 
management, which was followed self same of SRI 
method. 

Energy Consumption calculation 

Energy consumption was calculated by 
using TNAU Energy soft where energy was 
calculated from the details of inputs given for 
cultivation. 

Collection of gas samples 

The static closed chamber technique was used to 
collect gas samples from the field (Jain et al., 1999). 
The gas chambers were forged as per the several 
exhorted studies on trace gas measurements under field 
conditions (Denmead, 2008). Collection of air samples 
for CH4 and N2O estimation was done as described by 
Khosa et al. (2010). Each chamber was placed on the 
soil surface with 4-5 cm inserted into the soil 10 minutes 
preceeding each sampling for equilibration to bring 
down the disturbance to the sampling site. Care was 
taken not to muddle up the plants during the whole 
measurement process. After covering the plants with 

the chamber, four air samples were collected in 
Tedlar bags starting with zero time and afterward 
sampling at an interval of 15 minutes using syringe 
and one way gas pump valve (Jayadeva et al., 2009), 
the air samples were collected in the morning (09:00-
10:00 hours) and in the evening (14:00-15:00 hours) 
and the average of morning and evening fluxes were 
used as the mean flux values for the day. At every 
critical stages of crop growth viz., active tillering, 
panicle initiation, flowering and maturity stages, gas 
samples were collected continuously for a week and 
the average of the seven days were reported as the 
mean daily methane, nitrous oxide and carbon 
dioxide emission rate for the respective stages. 

GHG estimation 

The estimation of CH4, CO2 and N2O was done 
using a Shimadzu GC-2014 gas chromatograph equipped 
with FID. The GC was calibrated using 1 ppm, 2.3 ppm 
and 5 ppm of standards (Chemtron® science 
laboratories Pvt. Ltd., Mumbai) as primary standard 
curve linear over the concentration ranges used 
before and after each set of measurements. The 
obtained CH4, CO2 and N2O concentrations were 
determined by peak area and gas flux was calculated 
using the equation formulated by Rolston (1986).  

f = (V/A) (ΔC/ Δt) 

where f is greenhouse gas emission rate 
(mg/m2 /hr), V is volume of chamber above soil (m3), 
A is cross-section of chamber (m2), ΔC is 
concentration difference between zero and t times 
(mg/ cm3), and Δt is the time duration between two 
sampling periods (hrs.) 

Water use 

For conventional system, water level of 2 cm 
was maintained up to seven days from the date of 
transplanting. After the establishment stage, cyclic 
submergence (5 cm) of water was continued throughout 
the crop period. Fields were irrigated the day after 
disappearance of ponded water. For SRI and AWD 
having similar water management, plots were irrigated 
only to moist the soil during the first 10 days. Then up 
to panicle initiation stage, field was irrigated to 2.5 cm 
depth after the previously irrigated water disappeared 
along with the development of hair line cracks. After 
panicle initiation, plots were irrigated to 2.5 cm depth 
one day after the previously ponded water disappeared 
from the surface. The irrigation was stopped 15 days 
prior to harvest. The quantum of water used per 
irrigation was measured using water meter, Itron 
WEN50 and from the number of irrigations the total 
quantity of water used was calculated. Water used 
(WU) was expressed on unit of water used (m3 of 
water) per agronomic yield (kg of grain) as follows 
(Grassi, 2009). 
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WU= Σ(I + R) where 

Yield 

WU= Water used 

Y    = Yield 

I     = Irrigation water applied 

R    = Rainfall received 

RESULTS AND DISCUSSION 

Methane flux 

Methane emission rate was found significantly 
higher in conventional system than AWD and SRI 
throughout the crop growth period. The reduced methane 
flux in SRI and AWD can be attributed to more aeration 
owing to alternate wetting and drying method of water 
management. In conventional system, the rice rhizosphere 
was subjected to more intense reducing conditions due to 
water logging that favoured the activities of 
methanogenic bacteria resulted in higher methane 
emissions. IPCC (2006) recognizes the impact of aeration 
on CH4 emissions with an average of 40 per cent 
suppressed CH4 emissions for single aeration events and 
48 per cent for multiple aeration events. In this study also 
aeration due to alternate wetting and drying method of 
water management suppressed methane emission in SRI 
by 44.3 per cent and AWD by 41 per cent when equated 
with conventional system. SRI cultivation encompasses 
elements such as square planting, cono weeding, alternate 
wetting and drying. These methods would have favoured 
better aeration in soil that steeredhigher dissolved oxygen 
and reduced methane emission and the results are in 
corroboration with earlier reports of Sudhalakshmi 
(2002). 

Nitrous oxide flux 

Nitrous oxide (N2O) emission rate was slightly 
higher in AWD than other cultivation systems. The 
microbiology of nitrous oxide is more compounded than 
that of methane. This gas was produced by soil bacteria 
by nitrification and denitrification processes. 
Consequently both oxidative and reductive processes 
that occurs as a result of drying and wetting water 
management practices in rice release nitrous oxide. The 
total seasonal emission of nitrous oxide was maximum 
in AWD and minimum in conventional system. The 
nitrous oxide emission measured at five critical stages 
of rice growth revealed that the emission of N2O was 
high in all treatments at initial stage, which was rather 
due to denitrification of soil NO3

- -N. As NO3
- –N in soil 

decreased due to plant uptake and losses through 
denitrification and leaching, N2O flux declined later. 
Here emissions of N2O from soil in conventional rice 
cultivation were lower than SRI and AWD plots which 
shows that alternate wetting and drying treatments had 
more supply of NO3

- -N through nitrification as 
compared to saturated soil moisture system. NO3

- -N 

served as a substrate for denitrification by the 
denitrifiers and resulted in N2O emission. Our results are 
in corroboration with the previous studies that soil 
moisture is the most sensitive factor in regulating N2O 
emissions from croplands (Yan et al., 2000). The 
variation in flux rate between rice cultivation systems 
was comparatively higher for methane and low for 
nitrous oxide. The average hourly, daily and seasonal 
methane and Nitrous oxide flux for conventional, 
AWD and SRI systems are represented from Table 1 
to Table 3. 

Energy consumption 

Conventional system consumed 
comparatively higher energy to produce one unit of 
grain. This was due to the higher inputs and lower 
yields. SRI in contrast consumed less energy as this 
system was in requirement of less chemicals and 
labour. SRI consumed 2766.91 MJ to produce one 
tonne of rice whereas conventional consumed 
4823.34 MJ. 

Yield 

The grain yield under SRI system (4920 kg/ 
ha) was significantly higher than AWD (3600 kg/ha) 
and conventional systems (3250 kg/ha). Amodkumar 
Thakur (2014) reported 49 per cent increased grain 
yield in SRI compared to conventional. He also 
reported an increase in grains per panicle, 1000 grain 
weight and longer panicles in SRI. The grain yield 
for SRI (4.92 t/ha), AWD (3.6 t/ha) and conventional 
(3.25 t/ha) systems forms 33.0 per cent, 27.8 per cent 
and 26.0 per cent respectively of total biomass yield. 
The increase in yield in SRI can be attributed to the 
increased LAI and better microbial mineralization 
and nutrient uptake due to soil aeration. 

Table 1 Average Hourly GHG emission rate of 
different systems of rice cultivation  

Rice system 
CH4 flux 
mg/m2/hr 

N2O flux 
μg/m2/hr 

CO2 flux 
mg/m2/hr 

SRI 5.73 56.80 724.85
AWD 6.04 56.91 687.70
Conventional 10.28 55.28 680.13 

Table 2 Average Daily GHG emission (kg ha-1 d-1) 
emission rate of different systems of rice 

Rice system CH4 flux 
mg/m2/hr 

N2O flux 
μg/m2/hr 

CO2 flux 
mg/m2/hr 

SRI 0.45 0.0045 57.99 
AWD 0.48 0.0046 55.02 
Conventional 0.82 0.0044 54.41 
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Table 3 Average Seasonal Emission (kg ha-1 season-1) 
emission rate of different systems of rice 
cultivation  

Rice system CH4 flux 
mg/m2/hr 

N2O flux 
μg/m2/hr 

CO2 flux 
mg/m2/hr 

SRI 34.41 0.3408 4349 
AWD 36.27 0.3414 4126 
Conventional 61.69 0.3317 4080 

Table 4 Energy consumption in MJ (Million Joules) 

Field operations Conven
tional 

AWD SRI 

Initial Land 
preparation 

723 723 625 

Seeds and sowing 1021 1021 707 
Nutrient management 9319 8701 8603 
Plant protection 1644 1742 998 
Intercultural 
operations 

1413 1884 1707 

Irrigation 300 266 266
Harvest&post harvest 1256 1311 707 
Total 15676 15649 13613 

Table 5 Yield from different systems of rice (t/ha) 

Rice system 
Grain 
Yield 

Straw 
Yield 

Harvest 
Index 

SRI 4.92 5.90 0.45 
AWD 3.60 4.54 0.44 
Conventional 3.25 4.16 0.43 

Table 6 Water usage in different rice cultivations 

Rice system 
No. of 
irriga 
tions 

Total 
water used 

m3 /ha 

Water 
Usage 
m3 /kg 

SRI 18 6401 1.30
AWD 16 5886 1.64
Conventional 24 7532 2.32

Table 7 Emission of greenhouse gases (Kg), Water 
used (m3) and Energy Consumption (MJ), 
per tonne of rice production in different rice 
cultivation systems 

CH4 
flux 

mg/m2/
hr 

N2O 
flux 
μg/m2

/hr 

Water 
used 

Energy 
Consum 

ption 

SRI 6.99 0.07 1302 2767 
AWD 11.16 0.09 1635 4347 
Conventional 17.14 0.11 2318 4823 

Table 8 Relationship between GHG emission, grain 
yield, Water usage and Energy 
consumption in different rice cultivation 
systems 

Rice 
system 

CH4 
flux 

mg/m2/
hr 

N2O 
flux 

μg/m2/
hr 

Grain 
Yield 
ton/ha 

Energy 
Consum

ption 
MJ/kg 

Water 
Usage 
 m3/kg 

SRI 6.99 69.27 4.92 2.77 1.30 
AWD 10.08 94.83 3.6 4.35 1.64 

Conventi
onal 

18.98 102.06 3.25 4.82 2.32 

Water Use 

Water used by different rice cultivation systems 
number of irrigations, total amount of water used and 
water used per produce for rice cultivation systems were 
presented in Table 4. Conventional method of rice 
required more number of irrigations (24), higher amount 
of water (7532.65 m3/ha) followed by SRI and AWD.  

In this study the water use (m3 water perkg 
of grains produced: m3/kg) for SRI, AWD and 
conventional systems were 1.30, 1.64 and 2.32 
respectively. Application of irrigation water after 
formation of hairline cracks showed considerable 
water savings besides providing a better root growing 
environment in SRI in this study. World Bank (2006) 
studies also found out water savings of 37 per cent in 
alternate wetting and drying systems. The higher 
yield with less consumption of water considerably 
reduced thewater usage for SRI almost half (1.30m3kg-

1) compared with continuous flooding (2.32m3kg-1).
McHugh (2002) also reported that alternate wetting 
and drying system of SRI found to require up to 55 
per cent less irrigation water compared with the 
conventional practice of continuous flooding.  

CONCLUSION 

This study has confirmed that SRI is 
ecologically more sustainable rice production system 
due to higher yield, less water usage, lesser energy 
consumption and GHG emission. In SRI, the 
enhanced productivity could be achieved with low 
greenhouse gas fluxes and lower energy consumption 
in rice soil ecosystem. Even though SRI has some 
practical problems for field adoption, this system of 
rice cultivation needs to be investigated more due to 
ecological sustainability. 
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ABSTRACT 
In agricultural activities, the nitrous oxide (N2O) productions and emissions are strictly controlled by soil 

environment and understanding of major controlling factors for N2O releases especially from rice fields is very 
crucial to formulate proper strategy for future N2O emission reductions. Efforts were made to analyze the emission 
dynamics of N2O from rice field influenced by major soil parameters under specific management schedules. The 
experiment was designed with two different transplanting dates (27th June and 12th July), three nutritional practices 
(N as urea, N as ammonium sulphate and vermicompost) and two moisture regimes (irrigated and rainfed) with 
popularly grown rice variety Satabdi (IET 1444) during kharif season of 2014 and 2015 at BCKV farm , Kalyani. 
The N2O fluxes were measured at 10 days interval starting from 10 days after transplantation (DAT) along with 
simultaneous measurement of soil components. Results revealed that N2O flux density was significantly influenced 
by fertilizers, dates of transplanting and moisture regimes. Application of urea fertilizers along with rain-fed rice 
yielded maximum N2O at 40 DAT (31.68 and 32.06 mg/m2/day respectively). Peak N2O emissions were also 
recorded from rice transplanted on 27th June followed by 12th July. On an average maximum N2O fluxes were 
measured during 2015 than that of 2014 (ranged between 5.10 to 22.26 and 1.49 to 24.24 mg/m2/day respectively). 
Correlation studies indicated significant negative correlations among N2O fluxes and soil available nitrogen, organic 
carbon content, pH and EC while, soil temperature at 5 cm exerted strong positive correlation during respective 
phases. Linear multi-regression study suggested that these soil parameters are the main driving forces influencing 
N2O emission from rice.  

Keywords: EC, Nitrous oxide, Organic carbon, pH, Rice, Soil available nitrogen, soil temperature 

At the present era, marked increase in the rice 
productivity in the South Asian countries especially in 
India have been observed. Adoption of advanced 
technologies including increased application of 
inorganic fertilizers, especially nitrogenous fertilizers, 
irrigation facilities as well as using of N-responsive 
and early maturing cultivars greatly influence the 
chemical environment within rice soil leading to affect 
soil nutrient dynamics. Un-sustainability of 
agricultural environment is of great concern today in 
terms of emissions of green house gases viz. CH4, N2O 
and CO2 (Xing and zhu 2000; Di and cameron 2002). 
Rice field have been well identified as most important 
source of CH4 and about 35.6% of CH4 is contributed 
by rice paddy (Miranda et al., 2015). However, rice 
fields are also a major source of N2O emissions since 
the worldwide use of nitrogen as a source of essential 
plant nutrient. Increased N2O emissions has been 
associated with use of urea or ammonium-based 
fertilizers in moist and well aerated soil which promote 
nitrification and denitrification (Byrnes et al., 1993). 
Numerous studies have also reported the contribution 
of rice paddy to N2O emissions from rice soil to 
atmosphere through transportation via aerenchyma 
(Xu et al., 2001; Yan et al. 2000).  

The availability of C and N substrate in soil 
during plant growth stages accelerates N2O formation 
(Jiang et al., 2006). Water management practices are 
also responsible for major N2O fluxes to the 
atmosphere (Cai et al., 1999; Abao et al., 2000). 
Baruah et al. (2010) has been stated that the unique 
aerobic-anaerobic environment created during the 
drained period of rainfed rice fields can be an 
important source of N2O. In the Eastern Gangetic 
Plain of India the ideal rice growing environment 
throughout the year has the potential to contribute to 
the increasing trend of N2O emission from rice soils.  

However, least attention has been given to 
the direct field measurement of N2O emitted from 
rice fields. Hence emphasis is needed to precise the 
emission potentiality of N2O from rice cultivation 
under various management schedules followed by the 
optimization of proper mitigation options. Therefore 
the present study aimed (1) to investigate the 
emission dynamics of N2O during rice growing 
period as influenced by different management 
schedules and (2) to work out the relationship of soil 
properties with N2O fluxes. 
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MATERIALS AND METHODS 
Study Site 

The study site was located at the Agricultural 
Research station, Bidhan Chandra Krishi 
Viswavidyalaya, under New Alluvial Agro Climatic 
Zone of West Bengal, India (22057'N lat., 88020'E 
long., about 7.8 m altitude). The soil type is 
considered as humid subtropical entisol. The average 
temperature during the rice growing period of 2014 
and 2015 are 30.14 and 29.56 °C respectively. Total 
precipitation was recorded as 942.9 and 1056.1 mm 
respective for 2014 and 2015 rice growing seasons. 
Experimental Design and Management schedule 

2-year field experiment (2014 and 2015) 
considering winter rice (Oryza sativa L. Var. Satabdi 
IET-1444) cultivations under rice-wheat crop 
sequence was established. Nitrogen was applied as 
three different forms viz. urea, ammonium sulphate 
and vermicompost. Urea and ammonium sulphate 
were applied in two splits. Initial 50 per cent of the 
total dose was applied at land preparation and rest 50 
per cent (top dressing) was applied after 3 weeks of 
transplantation at active tillering stage of rice crop. 
Two different water management regimes as irrigated 
and rainfed were selected. In the irrigated plots, water 
level was always maintained as 3m to 5m.  25 days 
aged rice seedlings were transplanted on two dates at 
15 days intervals namely 27th June and 12th July. The 
entire field experiment was arranged in a randomized 
block design (RBD) with two replications. Diameter 
of each plot was 3m × 4m in size. 
N2O Flux Measurements 

Measurements of N2O emissions were 
performed manually during rice growing seasons of 
2014 and 2015 using static closed chamber 
methodology.  Chamber was made of polyvinyl 
chloride sheet (PVC) covering 1.22 m2 area. While 
taking measurements, the chamber was placed over 
the vegetation on an iron base inserted 5 cm into the 
soil. There was an internal battery powered fan for 
homogenizing the chamber atmosphere before 
sampling and a thermometer to record chamber 
temperature.  A portable Nitrous oxide analyzer 
(Technovation Series 2005, Serial No. 12045) was 
fitted with the chamber to record the nitrous oxide 
emission rate instantly.  

For each N2O flux measurement, three 
measurements were done from each treatment 
combination at 15 min intervals after placing the 
chamber. Measurements were started from 10 Days 
after transplanting (DAT) and continued till 80 DAT. 
Recoding of N2O emissions were usually done in 
between 09:00 to 12:00 a.m. and 01:00 to 04.00 p.m. 
of the local time.  The flux rate of N2O was 

determined from the slope of the concentration 
change in the three samples, taken at 0, 15 and 30 
minute from each treatment. Rates of N2O emissions 
were measured from an average of three replicates. 
Average N2O flux during different dates after 
transplanting is expressed as averages of the diurnal 
measurements at particular time interval.  
Flux rate was calculated according to the following 
equation  

 

where,  F  =  Flux rate (mg m-²d-1);  P = Pressure (1 
atm);  V = Chamber volume (3.66m3);  M = 
Molecular weight (Nitrous Oxide- 44.013 g mol-1); U 
= Units conversion factor (0.00144 L min  (μL d) -1); 
A = Area covered by the chamber (1.22 m2); T = 
Chamber temperature (Kelvin); R = Gas constant 
(0.08205 liter atm (K mol) -1) 
Auxiliary Measurements 

Soil samples were collected at same days as 
N2O sampling from a depth of 10-15 cm with the 
help of a soil sampling agar. Samples collected from 
each replication were mixed thoroughly and made a 
composite sample for analysis.  

Available nitrogen was determined by 
Kjeldahl’s method, (Bremner, 1960). Organic carbon 
was estimated by the wet digestion method of 
Walkley and Black (1934). Soil pH and soil electrical 
conductivity were measured using a portable pH and 
EC meter during each nitrous oxide sampling period. 
Soil temperature at 5 and 15 cm soil depth was 
recorded using digital soil thermometer attached with 
a sensor probe.  
Statistical Analysis 

Analysis of variance (ANOVA) at 5% 
significance level was used to determine differences 
in N2O fluxes and soil components among various 
treatments. The significance levels for linear regression 
curves were determined using F-test. Pearson 
correlation analysis was done to investigate the 
associations of N2O fluxes with available nitrogen, soil 
organic carbon content soil temperature, pH and EC. 

RESULTS AND DISCUSSION 
Influence of different agro-management practices 
on N2O emission from rice soil 

Gaseous nitrogen losses from rice soil 
during specific phenological phases under various 
management schedules are explained in table 1. 
Statistical analysis revealed that significant influence 
of management practices on N2O emissions 
throughout the rice growing period. Nitrogen losses 
as N2O fluxes from vermicompost application were 
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very low and fluctuated between -3.90 to 11.29 
mg/m2/day during entire measurement period. The 
relatively low rates were related to primarily higher 
soil organic carbon content and lower electrical 
conductivity (Table 2 and 4). However, incorporation 
of urea and ammonium sulphate in rice potentially 
enhanced N2O emissions. Maximum N2O emission 
was recorded at 40 DAT under urea application 
(31.68 mg/m2/day) followed by ammonium sulphate 
incorporation (20.37 mg/m2/day). In case of urea and 
ammonium sulphate application, the intensive N2O 
fluxes were noticed after two weeks as topdressing 
events accompanied with irrigation when soil available 
nitrogen was maximum (Table 2) and thus providing 
substrates for both nitrification and denitrification. 
Similarly Gogoi and Baruah 2012 reported that major 
N2O emission peaks from rice soil at 35 and 42 DAT, 
after topdressing of nitrogenous fertilizers at 30 DAT. 
ANOVA for present experiment demonstrated the 
pattern of N2O fluxes across the rice growing season 
was significantly affected by different nutrient 
amendments. Different forms of applied nitrogen 
significantly influenced N2O emissions which can alter 
the availability of nitrogen in soil. Laville et al. (2011) 
and Li et al., (2015) explained their  findings by proving 
that differences in nitrogen application can alter the 
NO3

--N concentrations in the soil leading to 
influencing N2O production and emissions. Slight 
reduction in N2O emissions from rice soil was 
observed under ammonium sulfate fertilizer as 
compare to urea. This may be due to differences in 
nitrification rates and opposite effects on soil pH 
(Burger and Venterea, 2011). 

Due to scheduling of different transplanting 
dates, increasing trend of  N2O fluxes were observed 
till 50 DAT which tended to a rapid decline in N2O 
emission density till 80 DAT. Peak N2O emissions were 
recorded at 40 DAT (23.89 mg/m2/day ) and 20 DAT 
(20.07 mg/m2/day) under 27th June and 12th July 
transplantation respectively. Very less fluctuation in N2O 
emissions from rice transplanted on two different dates 
(ranges in between 3.83-20.07 and 3.72 to 23.89 
mg/m2/day respectively for 27th June and 12th July 
transplantation) were observed which might be coincided 
with rice growth attributes and related nutrient uptake 
pattern. Major N2O fluxes were concentrated during 
active vegetative phase (10 to 50 DAT). Changes in leaf 
and stem elongation during this period with stomata 
activity along with faster transpiration rate might 
promote N2O emissions through the rice plant. 
Baruah et al. (2010) and Mosier et al. (1990) already 
have reported that N2O may be transported by rice 
crop through aerenchyma cells in submerged soils.  

Irrigated rice emitted comparatively less 
N2O effluxes ranging in between 0.38 to 12.20 

mg/m2/day. Whereas rainfed rice yielded greater 
N2O fluxes during entire measurement phases with 
maximum emission at 40 DAT (32.06 mg/m2/day) 
followed by 23.06 mg/m2/day at 20 DAT. Strong 
anaerobic conditions in rice soil can develop by 
prolonged flooding which facilitate the reduction of 
microbial activity hence reducing the N2O emissions. 
The result was consistent with the findings of Qin et 
al. (2010) and Cai et al., (1997). Under rainfed situation 
partial aerobic–anaerobic condition promoted N2O 
emissions which depends on oxygen availability in soil 
affecting the nitrification process so that more nitrous 
oxide as byproduct of nitrification are released to 
atmosphere. Abao et al., (2000) reported a considerable 
N2O fluxes from rainfed rice fields. 

Inter-annual variability in N2O fluxes from 
rice soil was also found. Major part of N2O emission 
were recorded in the early growing stage (10 to 50 
DAT)  than the later stages in 2015, while there were 
no such trends in the fluxes during different growing 
stages in 2014. N2O emissions were obtained during 
2015 ranging from 5.10 to 22.26 mg mg/m2/day. The 
results may be coincided with the weather condition 
during both the years. Inter annual variations in N2O 
fluxes from rice soil were documented by 
Khalil et al. (1998). 
Influence of different agro-management practices 
on Soil environment 
 Soil environment plays very crucial role in 
N2O flux density emitted from rice field. Available 
nitrogen (N) and soil organic carbon (SOC) in soil at 
0-15 cm depth as influenced by different treatments 
are presented in table 2.  It is pertinent from the 
analysis that different nutrient managements, dates of 
transplanting, moisture regimes exerted significant 
effect on available N in soil. The availability of N 
generally increased after application of ammonium 
sulphate to the rice fields during active vegetative 
period (10-50 DAT). Rise in soil N concentration was 
also observed due to addition of urea during 
vegetative growth stages and peaked at 40 DAT. 
This might be due to the initial quick availability of 
nutrients from inorganic sources. Surprisingly greater 
availability of nitrogen in rice soil was measured 
under sole organic application in the present study. 
Carbon to nitrogen ratio strictly decides the rate of 
nitrogen release of organic manure and thus may 
influence the N availability. However towards rice 
maturity period, the N level in the soil remained in 
declining trend. Less difference in N content were 
noted in case of transplanting dates and year. 
Although rainfed condition triggered maximum N 
content during rice growth cycle as compare to 
irrigated situation. This may coincided with reduced 
nitrification in anaerobic rice soil system. 
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Results coming from soil analysis revealed 
that there was no such change in SOC due to the 
treatment effect. There was slight improvement in 
SOC status was found in organic amendments. 
Variations in SOC level in rice soil remained low for 
all other treatments.  

Furthermore, crop phenophases play an 
important role determining soil N and SOC status. 
Actually, crop growth attributes under different 
treatment control nutrient uptake capacity of plant 
leading to influence soil nutrient availability. The 
kinetics of available N and SOC is important in rice 
nutrition because these govern rice productivity. Soil 
microbial activities are also markedly affected by C 
to N ratio. 

The pH of the soil is a critical chemical 
factor for determining the ecological behavior of soil 
microbes along with crop development. Thus in 
submerged rice soil ammonification, sulphate 
reduction, denitrification along with methane formation 
are favored by the changes in pH. In the current study, it 
was found that rice soil was alkaline during vegetative 
period (10-70 DAT) under each management practices 
(Table 3). After that, soil pH tended to be near-neutral. 
Different agro-management practices failed to exert any 
significant variations in soil pH throughout the entire rice 
growing period. It was pointed out in earlier study that, 
generally rhizospheric pH greatly affected by the 
form under which plants absorb nutrients (Marschner 
1995).   

The statistical analysis revealed that the 
significant changes in soil EC are influenced by all 
the management schedules (table 4). Inorganic 
nutrient application was resulted in greater EC level 
in rice soil than organic amendments. Synthetic 
fertilizers are consisted of various soluble salts of 
nitrates or ammonia, phosphates, potassium, calcium, 
magnesium or sulfates affecting the ionic distribution 
within soil environment. Organic amendment will 
often have a very low EC. Differences in moisture 
regimes reflected that rainfed treatment lowered the 
EC value especially at 30 to 50 DAT (69.17 to 95 
μS/cm) as compare to irrigated treatments. Flooded 
condition not only relieves moisture stress, but also 
provides a more conducive environment to rice roots, 
and availability and accessibility of nutrients through 
diffusion and mass flow to plant roots. Soil EC was 
decreased in years to cultivation, while soil inorganic N 
contents increased (table 2). Increased EC was also 
measured under 27th June transplanted rice across the 
crop season. Rise in EC level declined the Soil micro-
organism activity. This affects the important soil 
processes such as respiration, residue decomposition, 
nitrification, and denitrification. 

Maximum soil temperature (at 5 cm and 10 
cm depth) was recorded under rainfed condition 
during both the years of study. Slight rise in 
temperature was noted at 5 cm soil depth than 10 cm 
depth. Irrigated treatments consistently lowered the 
soil temperature during rice growth period of 2014 
and 2015. (Figure 1 a and b).  This may be attributed 
with ambient weather condition as well as irrigation 
pattern during rice season. 
Relationship between soil properties and N2O fluxes 
of rice soil 
 Soil properties viz. available nitrogen, 
organic carbon content (SOC), pH, EC and soil 
temperature during different rice growth phases were 
significantly associated with N2O fluxes emitted from 
rice soil (Table 5). In the current experiment we 
observed significant positive association between 
N2O fluxes and available N2 at 30, 40 and 60 DAT 
while negative associations found at 20, 50 and 70 
DAT. Availability of nitrogen strongly controls 
nitrifier and denitrifier activity by providing 
substrate. Therefore optimum substrate availability 
facilitates the N2O production and emissions from 
rice soil. Although greater availability of NO3 - N in 
soil is also reported as a reason of incomplete 
denitrification leading to suppress nitrous oxide 
reductase activity and hence promotes the microbial 
conversion of N2O to N2 with reducing emission 
intensity of N2O (Zaman et al., 2012). Oleg and 
Bernd (1999) documented that negative association 
of N2O emissions with soil total nitrogen and the 
ratio of carbon to nitrogen while, Skiba et al. (1998) 
and Smith et al. (1998) observed positive correlation 
between N2O emissions and inorganic nitrogen 
concentration. 

In the another phase of results indicated 
positive correlations of N2O fluxes with SOC at 20 
DAT and 80 DAT which was coincided with 
previous studies of Gogoi  and Baruah (2012). Soil 
organic C content strictly controls N2O and N2 
production in soils and sediments because 
heterotrophic denitrifier use available organic C as 
electron donor and indirectly influences O2 
concentrations of aerobic soils (Groffman et al., 
1987). N2O production is inhibited under O2 limiting 
condition of the soil.  Results also indicated negative 
correlation of N2O with SOC at 70 DAT. Results of 
Yao et al. (2002) are in consistent of our results who 
noticed a negative correlation between N2O 
emissions from N fertilized wheat crop and soil 
organic C. An interaction of C availability, NO3

- 
concentration and enzyme status within soil can also 
support our findings (Swerts et al., 1996). 
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Soil pH is an important regulator of the soil 
microbiological processes and showed significant 
negative association with N2O fluxes at 80 DAT when 
soil pH value was around 7. This is in well argument 
with previous studies of Bouwman, 1990 who reported 
critical soil pH threshold for nitrification as 5. Wang et 
al., (2015) observed reduced N2O fluxes from soil to 
atmosphere with increasing soil pH. Electrical 
conductivity was higher and was negatively correlated 
with N2O fluxes. Soil soluble salt may influenced the 
rice growth attributes and the survival of soil microbes 
thus chances are there to influence the N2O production 
(Hasbullah  and Marschner 2015). 

 Moreover, soil temperature played a key 
role in affecting N2O productions and emissions and 
results indicates strong positive associations between 
soil temperature at both depths and N2O effluxes. 
Soil respiration and anaerobicity are greatly 
influenced by increased soil temperature, hence 
affecting denitrification rates and N2O fluxes check 
(Smith, 1997). Several researchers also mentioned 
that soil temperature can affect N2O production and 
the N2O:N2 ratio (Cho et al., 1997; Daum et al 1997, 
Muller et al., 2002). 

Table: 1: Measurement of N2O Flux density (mg/m2/day) emitted from rice field managed by various agro 
environment 

Treatment 10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT 
N1  12.11 21.22 13.46 31.68 15.22 10.86 10.88 5.40 
N2  11.02 25.15 19.78 20.37 15.54 5.74 4.35 9.83 
N3  9.18 6.50 11.15 11.29 4.74 5.45 -3.90 3.19 

SEm(±) 0.12 0.17 0.16 0.15 0.23 0.24 0.25 0.20 
CD (at 5%) 0.33 0.50 0.45 0.43 0.65 0.69 0.71 0.57 

T1  11.12 20.07 18.28 18.34 11.31 5.55 3.83 6.93 
T2 10.41 15.18 11.31 23.89 12.35 9.15 3.72 5.35 

SEm(±) 0.23 0.35 0.31 0.30 0.45 0.48 0.50 0.40 
CD (at 5%) 0.67 0.99 0.89 0.87 1.30 1.37 NS 1.14 

I 8.94 12.20 10.49 10.16 7.27 1.89 0.38 2.08 
R 12.59 23.06 19.10 32.06 16.40 12.81 7.17 10.20 

SEm(±) 0.09 0.14 0.13 0.12 0.18 0.20 0.20 0.16 
CD (at 5%) 0.27 0.40 0.36 0.35 0.53 0.56 0.58 0.47 

Y1  9.79 18.75 7.34 24.24 11.71 6.47 1.49 7.18 
Y2  11.75 16.50 22.26 17.98 11.96 8.23 6.07 5.10 

SEm(±) 0.09 0.14 0.13 0.12 0.18 0.20 0.20 0.16 
CD(at 5%) 0.27 0.40 0.36 0.35 NS 0.56 0.58 0.47 

N×Y SEm(±) 0.16 0.24 0.22 0.21 0.32 0.34 0.35 0.28 
CD(at 5%) 0.47 0.70 NS 0.61 0.92 0.97 1.01 0.81 

N×MR SEm(±) 0.16 0.24 0.22 0.21 0.32 0.34 0.35 0.28 
CD(at 5%) 0.47 0.70 0.63 0.61 0.92 0.97 1.01 0.81 

N×T SEm(±) 0.16 0.24 0.22 0.21 0.32 0.34 0.35 0.28 
CD(at 5%) 0.47 0.70 0.63 0.61 0.92 0.97 1.01 0.81 

Y×MR SEm(±) 0.13 0.20 0.18 0.17 0.26 0.28 0.29 0.23 
CD(at 5%) 0.38 0.57 0.52 0.50 0.75 NS 0.82 0.66 

Y×T SEm(±) 0.13 0.20 0.18 0.17 0.26 0.28 0.29 0.23 
CD NS 0.57 0.52 0.50 0.75 0.79 0.82 0.66 

T×MR SEm(±) 0.13 0.20 0.18 0.17 0.26 0.28 0.29 0.23 
CD(at 5%) 0.38 0.57 0.52 0.50 0.75 0.79 NS 0.66 

N×MR×
Y×T 

SEm(±) 0.33 0.49 0.44 0.43 0.64 0.68 0.70 0.56 
CD(at 5%) 0.94 NS 1.26 NS 1.83 1.94 NS NS 

*N1: N as Urea; N2- N as ammonium sulphate; N3-Vermicompost; T1- 27th June T2- 12th July; I- Irrigated; R- 
Rainfed; Y1-2014; Y2- 2015. 
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Table 2 Measurement of soil available Nitrogen (N) (kg/ha) and organic carbon content (SOC) (%) of rice field 
managed by various agro environment 

Treatment Parameters 10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT 

N1 
N 328.93 471.83 468.73 633.16 558.19 517.05 467.80 408.95 

SOC 1.69 2.05 1.19 1.98 1.30 0.59 0.89 1.48 

N2 
N 449.80 423.98 524.31 513.23 557.69 455.39 397.38 359.09 

SOC 1.71 2.01 1.26 1.86 1.32 0.79 0.72 1.59 

N3 
N 374.29 560.40 500.60 610.79 613.88 506.93 648.31 543.33 

SOC 2.08 2.03 1.27 2.08 1.28 1.02 0.96 1.64 

N 
SEm(±) 0.71 0.73 0.28 0.66 2.86 0.81 1.36 0.39 

CD(at 5%) 2.04 2.08 0.81 1.89 8.21 2.33 3.89 1.11 

Soc 
SEm(±) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

CD(at 5%) 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.03 

T1 
N 377.94 496.73 498.11 588.00 572.99 506.42 511.24 445.06 

SOC 1.88 2.07 1.27 2.01 1.29 0.77 0.87 1.59 

T2 
N 390.73 474.08 497.65 583.45 580.18 479.83 497.75 429.18 

SOC 1.78 1.98 1.21 1.93 1.31 0.83 0.85 1.54 

N 
SEm(±) 1.42 1.45 0.57 1.32 5.72 1.62 2.71 0.77 

CD(at 5%) 4.08 4.17 NS 3.77 16.41 4.66 7.78 2.21 

Soc 
SEm(±) 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.02 

CD(at 5%) 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.05 

I 
N 411.32 463.07 436.95 504.34 599.54 427.68 470.38 415.74 

SOC 1.88 2.01 1.26 2.05 1.28 0.84 0.90 1.45 

R 
N 357.36 507.74 558.81 667.11 553.63 558.56 538.61 458.50 

SOC 1.78 2.04 1.21 1.90 1.32 0.76 0.81 1.69 

N 
SEm(±) 0.58 0.59 0.23 0.54 2.34 0.66 1.11 0.32 

CD(at 5%) 1.67 1.70 0.66 1.54 6.70 1.90 3.17 0.90 

Soc 
SEm(±) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

CD(at 5%) 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.02 

Y1 
N 373.81 476.23 489.34 577.71 565.53 483.58 496.50 427.96 

SOC 1.81 2.03 1.24 1.98 1.29 0.76 0.86 1.51 

Y2 
N 394.87 494.58 506.42 593.74 587.64 502.66 512.49 446.28 

SOC 1.85 2.02 1.24 1.97 1.31 0.84 0.86 1.63 

N 
SEm(±) 0.58 0.59 0.23 0.54 2.34 0.66 1.11 0.32 

CD(at 5%) 1.67 1.70 0.66 1.54 6.70 1.90 3.17 0.90 

Soc 
SEm(±) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

CD(at 5%) 0.00 NS NS 0.01 0.00 0.01 NS 0.02 

*N1: N as Urea; N2- N as ammonium sulphate; N3-Vermicompost; T1- 27th June T2- 12th July; I- Irrigated;
R- Rainfed; Y1-2014; Y2- 2015. 
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Table 3 Measurement of soil pH of rice field managed by various agro environment 
Treatment 10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT 

N1 8.61 8.51 8.18 7.86 7.59 7.07 7.03 7.15 
N2 8.61 8.69 8.01 7.58 7.29 7.03 6.99 7.12 
N3 8.57 8.64 8.26 7.83 7.61 7.08 7.00 7.24 

SEM 0.05 0.06 0.11 0.09 0.06 0.06 0.03 0.03 
CD(at 5%) NS NS NS NS 0.19 NS NS 0.08 

T1 8.47 8.71 8.40 7.87 7.78 7.13 6.99 7.24 
T2 8.73 8.52 7.90 7.63 7.23 6.98 7.02 7.10 

SEM 0.09 0.11 0.22 0.18 0.13 0.12 0.06 0.05 
CD(at 5%) 0.26 0.32 0.62 0.52 0.37 0.36 NS 0.15 

I 8.62 8.62 8.25 7.87 7.48 7.10 7.06 7.27 
R 8.58 8.61 8.05 7.64 7.53 7.02 6.95 7.08 

SEM 0.04 0.05 0.09 0.07 0.05 0.05 0.02 0.02 
CD(at 5%) NS NS NS 0.21 NS NS 0.07 0.06 

Y1 8.48 8.29 8.25 7.80 7.50 7.32 6.88 7.04 
Y2 8.72 8.94 8.05 7.71 7.50 6.80 7.13 7.30 

SEM 0.04 0.05 0.09 0.07 0.05 0.05 0.02 0.02 
CD(at 5%) 0.11 0.13 NS NS NS 0.15 0.07 0.06 

*N1: N as Urea; N2- N as ammonium sulphate; N3-Vermicompost; T1- 27th June T2- 12th July; I- Irrigated;
R- Rainfed; Y1-2014; Y2- 2015 

Table 4 Measurement of electrical conductivity (EC) (μS/cm)under different agro - environment 
Treatment 10 DAT 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT 

N1 311.88 267.50 202.50 288.44 253.75 196.56 178.44 200.00 
N2 274.38 164.38 229.38 323.44 270.94 197.50 182.19 193.44 
N3 270.63 146.25 177.50 274.38 257.19 167.31 157.81 197.50 

SEM 2.27 1.43 2.53 5.99 0.78 1.59 0.75 1.67 
CD(at 5%) 6.51 4.11 7.26 17.19 2.23 4.57 2.15 4.78 

T1 407.92 174.58 182.50 284.58 241.04 203.00 186.04 217.92 
T2 163.33 210.83 223.75 306.25 280.21 171.25 159.58 176.04 

SEM 4.54 2.86 5.06 11.98 1.55 3.18 1.50 3.33 
CD(at 5%) 13.02 8.21 14.52 34.37 4.46 9.13 4.31 9.56 

I 314.17 245.83 311.25 521.67 446.46 255.71 241.67 251.04 
R 257.08 139.58 95.00 69.17 74.79 118.54 103.96 142.92 

SEM 1.85 1.17 2.07 4.89 0.63 1.30 0.61 1.36 
CD(at 5%) 5.31 3.35 5.93 14.03 1.82 3.73 1.76 3.90 

Y1 286.04 202.50 145.00 303.96 245.63 208.00 178.54 216.88 
Y2 285.21 182.92 261.25 286.88 275.63 166.25 167.08 177.08 

SEM 1.85 1.17 2.07 4.89 0.63 1.30 0.61 1.36 
CD(at 5%) NS 3.35 5.93 14.03 1.82 3.73 1.76 3.90 

*N1- N as Urea; N2- N as ammonium sulphate; N3-Vermicompost; T1- 27th June T2- 12th July; I- Irrigated;
R- Rainfed; Y1-2014; Y2- 2015. 
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Parameters 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT 

Available N -0.422*** 0.260* 0.254* -0.439*** 0.352*** -0.391*** -0.113 

pH 0.060 -0.051 -0.025 -0.195 -0.212 0.116 -0.355*** 

EC -0.183 -0.067 -0.601*** -0.382*** -0.555*** -0.333** -0.327** 

SOC 0.229* 0.121 -0.174 -0.194 -0.135 -0.350*** 0.261* 

ST/5 0.148 0.444*** 0.299** 0.006 -0.108 0.234* 0.476***

ST/10 0.095 0.517*** 0.114 0.046 0.277 0.283* 0.363** 

N=48; p  >0.5*; p>0.01**;  p>0.001*** 

Table 6 Linear multiple regression analysis between N2O fluxes and soil properties 

DAT R 
Square 

Adjusted 
R Square 

Standard 
error Linear Multiregression 

20 DAT 0.397 0.309** 10.57 Y= 8.15-0.06avl N2***-6.73pH-0.049Ec* 
35.60SOC**+4.91ST/I*+0.33ST/II 

30 DAT 0.337 0.240** 10.95 Y = -128.44+0.03 Avl N2+3.02pH+0.01EC+9.51SOC-
2.35ST/I+5.32ST/II* 

40 DAT 0.412 0.326*** 14.44 N2O = 125.69-0.003Avl N2+1.28pH-
0.05EC***+3.36SOC+0.66ST/I-4.01ST/II 

50 DAT 0.434 0.351*** 9.64 Y = 324.41-0.08Avl. N2*-5.79pH-0.04EC**-15.58SOC-
3.16ST/I*-2.89ST/II 

60 DAT 0.423 0.338*** 10.57 Y= 153.35-0.03Avl N2-0.13EC**-13.95SOC*-1.94ST/I-
1.33ST/II 

70 DAT 0.413 0.327*** 9.85 Y = -40.95-0.05 Avl N2**-0.08 EC*+3.77SOC+0.278 
ST/I+8.49 pH+0.40 ST/II 

80 DAT 0.425 0.341*** 5.605 Y = 27.98-0.02 Avl N2-9.90 pH**-0.001EC +3.87 SOC+ 
4.48 ST/I***-2.81ST/II 

Y= N2O flux; p>0.5*; p>0.01**; p>0.001*** 

Figure 1 (a) and (b) Differences in soil temperature (°C) at 5 cm (a) and 10 cm (b) under irrigated and rainfed 
treatments during entire rice growing period 

Table 5 Pearson’s r score between nitrous oxide flux and soil environment 
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Linear multiple regression analysis also 
showed that the mean N2O fluxes at each 
measurement events across the entire rice growth 
cycle was significantly related to the respective soil 
properties in combinations and could be estimated by 
the following regressions equations in table 6. The 
regression analysis at stipulated time period 
suggested that N availability, SOC, EC, pH and soil 
temperature were the best proxies for estimating 
overall soil fluxes of N2O.  

CONCLUSION 
Losses of gaseous N2 from soil to 

atmosphere as N2O are undesirable due to its 
contribution in global warming and in the depletion 
of stratospheric ozone. Agricultural soil is mostly 
providing a suitable environment for nitrification and 
denitrification activities. So ,in conclusion it may be 
stated that concentration of inorganic N2, soil organic 
C, soil pH, EC and soil temperature play key role in 
affecting the rates of N2O production and emissions. 
Management of these soil factors providing alternate 
agro-management practices considering different 
transplanting dates, nutrient amendments and 
moisture regimes may provide potential attempt for 
mitigation of N2O. Therefore, findings of the present 
investigations also assess that rice crop grown under 
vermicompost fertilization and transplanted on 12th 
July under irrigation can be suitable package of 
practice to reduce N2O fluxes in the New Alluvial 
Agro Climatic Zone of West Bengal, India. 
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Soil temperature and horticultural traits as influenced by different types of mulching 
materials in guava orchard 

1J.S. BRAR, K.S. GILL, 2TARUNDEEP KAUR, 1N.K. ARORA, 1M.I.S.GILL, and 1GAGANDEEP KAUR 
1Department of Fruit Science2, Department of Agronomy, Punjab Agricultural University, Ludhiana-141001 (Punjab) India 

Email: jsbrar74@pau.edu 

ABSTRACT 
The experiment was conducted to investigate the effect of different mulching material on soil temperature 

and horticultural traits in guava orchards. Different type of mulches viz. Paddy straw mulch (PS) @10-12 ton per 
hectare and  black polythene mulch (BPM) as well as white polythene mulch (WPM) of 30 µ thickness were applied 
by spreading under the tree canopy leaving 40 per cent area in between the rows of trees in the month of May. The 
daily soil temperature recorded at 0900, 1200, 1400 and 1700 hours during May to September revealed a significant 
variations under different treatments. The maximum average reduction in seasonal soil temperature at 10 cm depth 
was recorded under PS (3.24oC) followed by 2.18oC under BPM and 1.54oC in WPM as compared to control plot. 
The soil temperature data further indicated significant rise in temperature under BPM than PSM from morning to 
evening. The horticultural parameters of guava trees during rainy season fruiting exhibited slight advancement in 
vegetative bud sprouting, flower initiation, peak flowering and fruit setting under BPM followed by WPM as 
compared to PSM and control. However, fruit numbers, fruit weight, yield and TSS content in rainy season crop was 
recorded highest under PSM treatment. Similarly, in winter season, the fruit number, fruit weight and yield was 
higher in PSM followed by control, however the fruit quality was not influenced significantly.  

Key words: Soil temperature, mulching, yield, guava, quality 

Guava owing to its wider adaptability is 
cultivated throughout the tropical and sub-tropical 
world. In India, it is a major fruit crops cultivated on 
255 thousand hectare area with 4048 thousand MT 
production (Anon., 2017). Guava bears two major crops 
viz. rainy and winter season crop under north Indian 
conditions. The rainy crop period is April to July and 
winter crop season generally occurs from August to 
January. Under Punjab conditions rainy season crop 
coincides with hot and humid weather, which results 
higher soil temperature, profuse weed growth and 
higher incidence of pests particularly fruit fly. 
Excessively higher temperature during April-June may 
cause excessive flower and fruit drop resulting poor 
yield. The high evapotranspiration and evaporation rate 
during these hot and dry months results rapid soil 
moisture loss affecting the fruit growth, development, 
yield and quality. As the guava trees have shallow root 
system, the increase in soil temperature coupled with 
low soil moisture may cause stress on fruit trees 
resulting poor fruit yield and quality. The abiotic stress 
due to weather vagaries such as droughts, excessive heat 
and cold, changing rainfall pattern etc. have negative 
impacts on to agriculture crop production (Farkas et al. 
2009). However, the stresses could be mitigated to some 
extent by certain modulations in field microclimate, soil 
water and thermal conditions with suitable soil 
management practices.  Hence, there is need to understand 
the response of soil water and temperature dynamics under 
changing weather conditions (Carrer et al., 2012).  

Mulching or covering the soil surface around 
the tree base with certain materials not only helps in 
maintain the soil physical properties but also maintain 
the optimum soil microclimatic conditions favourable 
for growth and development of fruits under extreme 
weather conditions and maintaining the weed flora 
under check. The organic mulches are efficient in 
reduction of nitrates leaching, improve soil physical 
properties, prevent erosion, supply organic matter, 
regulate temperature and water retention, improve 
nitrogen balance, take part in nutrient cycle as well as 
increase the biological activity (Muhammad et al., 
2009). The plastic mulches are completely impermeable 
to water, prevent the direct evaporation of moisture 
from the soil and thus limit the water losses and 
conserves moisture and maintain a warm temperature 
even during nighttime which enables the roots to 
function even under cold period of the year in sub-
tropical areas. Owing to its greater permeability to long 
wave radiation it can increase temperature around the 
plants during night in winter. Hence, polyethylene film 
mulch is preferred as mulching material for production 
of horticultural crops (Bhardwaj, 2011). Mulches have 
been reported to markedly influence the growth of 
several crops through modifying effect on hydrothermal 
regime and physiochemical properties of soil (Hedua 
and Kumar, 2002). Govindappa et al. (2014) reported 
12.61 to 64.24 percent increment in yield of fruit 
crops increase with different mulches.  
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Mulching is thus, one of the most important 
cultural practice which affects growth, yield and 
quality in fruit crops. Hence; the present 
investigations were carried out to study the effect of 
different mulching material on soil temperature and 
horticultural traits of guava. 

MATERIALS AND METHODS 
The experiment was laid out at Department 

of Fruit Science, Punjab Agricultural University, 
Ludhiana (India) during 2015 and 2016 on 10 year old 
guava plants at 6.0X3.0 m spacing. Different type of 
mulches viz. paddy straw mulch (PS), white polythene 
mulch (WPM) and black polythene mulch (BPM) were 
applied under the canopy of the trees. The standard 
method of chemical weed management and inter-
cultivation was kept as control. The paddy straw mulch 
was applied at about 12 ton per hectare by spreading 
under the tree canopy leaving 40 per cent area in between 
the rows of trees.  The black as well as white polythene 
mulch of 30 µ was also applied in similar fashion. These 
mulches were applied in the month of May after 
application of recommended doses of organic manures as 
well as inorganic fertilizers. The second split of inorganic 
fertilizers was applied at the end of September during the 
incorporation of deteriorated paddy straw mulch after 
rainy season. The application in case of polythene 
mulches was made after their removal in the month on the 
same time. The soil temperature was recorded twice in a 
week at 9.00, 12.00, 14.00 and 17.00 using soil 
thermometers at 10 and soil depth. For calculation of 
flower bud density, three tertiary shoots (one meter) of 
medium vigour each in the upper, middle and lower parts 
of the tree canopy for each plant were randomly selected 
and tagged.  

The time of vegetative bud sprouting 
(DOVBS), flower initiation (FI), peak flowering (PF) and 
fruit set (FS) was recorded under all treatments for both 
rainy as well as winter season crops. The number of fruits 
was counted directly on the experimental plants before 
the commencement of harvesting and fruit yield per tree 
under each treatment was recorded at the time of harvest 
by weighing 10 randomly selected fruits and per plant 
yield was calculated by multiplying the number of fruits 
on the tree with average weight of a fruit. The physico-
chemical characteristics of both rainy and winter season 
crops were recorded in July-August and November-
December respectively. The fruit weight was worked out 
by collecting the fruits from all sides of plant canopies. 
Similarly, the data on quality characters of fruits were 
determined in terms of total soluble solids (TSS) and acid 
content according to the method of AOAC (2000).  

RESULTS AND DISCUSSION 
During first year of investigations (Fig.1), 

the average daily soil temperature rises gradually 
from morning to evening with highest morning time 
temperature of 31.6oC under BPM followed by 
30.5oC under WPM, while it was minimum 
(29.0oC)under PS mulch. The increment in 
temperature from 9.00 to 11.00 am was at faster rate 
as compared to 11.00 to 14.00 and it was slowest 
from 14.00 to 17.00 pm under all treatments. The 
average day temperature under BPM was 32.9oC and 
it was 3.1oC higher than PS mulch followed by 1.8oC 
than WPM and 1.0oC higher than control treatments. 
Minimum average temperature (29.7oC) was recorded 
under PS mulch. Maximum difference (3.5oC) in 
temperature was noted between BPM and PS mulch 
at evening (17.00).  
Influence on soil temperature 

Fig. 1 Intra-day average temperature under different 
floor management practice (May-September, 

2015) 

Fig. 2 Intra-day average temperature under different 
floor management practice (May-September, 

2016) 

  Fig. 3 Monthly average temperature under different 
soil management practices (May to Sep.) 
Pooled  data of 2015 and 2016 
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Similarly in second year the soil temperature 
increased with day timing, the gradual rise in 
temperature was recorded from 9.00 to 17.00 with 
highest temperature at 17.00 hours (Fig.2). BPM 
exhibited constantly higher temperature among all 
treatments. The rate of increment in temperature with 
highest under BPM and WPM from 11.00 to 14.00 
hours as compared to other treatments and daily 
timings. Among all the treatments, the average day 
temperature (33.1oC) was highest under BPM 
followed by 32.0oC under WPM and it was least 
(29.7oC) under PS mulch. Maximum difference of 
3.4oC in daily average temperature was recorded 
between BPM and PS mulch. Monthly average 
temperature of the May month was recorded under 
BPM followed by 32.2oC under WPM and it was 
least under PS mulch (Fig.3). However, during June, 
the temperature rises in all treatments except under 
WPM treatment. Higher atmospheric temperature 
resulted increment in soil temperature, however, 
decrease in temperature under WPM may be due to 
ripping of mulch sheet due to profuse weed growth 
under this mulch which resulted weed induced shade 
effect on soil surface. From June to July, the monthly 
average temperature exhibited decreasing trend 

owing to pre monsoon showers resulting reduction in 
atmospheric temperature and ultimately soil 
temperature. Similar trend of soil temperature 
reduction was recorded in August and September. 
However, the rate of reduction was slower under 
BPM and partially ripped WPM and it was fastest 
under control and PS mulch. The average monthly 
temperature under BPM and WPM remained 
comparatively constant followed by from May to 
September, while, under PS mulch and control 
treatment was significantly reduced during this 
period. Straw mulch (SM) can either decrease, 
increase or have negligible effect on soil temperature, 
during over-wintering period it can improve soil 
thermal regime (Zhang et al. 2009). Liu et al. (2014) 
also reported that the soil straw mulching (SM) 
practices have a major effect on soil water and 
thermal regimes. The mulch probably acted as an 
insulator, resulting in smaller fluctuations in soil 
temperature in the straw mulch than in the control 
treatment. The grass mulch significantly lowered 
maximum soil temperature by 1-2  at 15 cm depth 
during the thermal critical period from January to 
March (Eruola et al., 2012).  

Table 1. Effect of different soil management practices on flowering and fruiting behavior of guava trees during 
rainy season (2015). 

Treatments Fruit 
Numbers 

Fruit 
weight 
(g) 

Fruit 
Yield 
(kg/tree) 

TSS 
(%) 

Acidity 
(%) 

DOVBS PF FS 

PS 345 148.3 46.3 9.67 0.28 20.3.15 23.4.15 28.5.15 
WPM 296 140.1 41.4 9.63 0.27 19.3.15 18.4.15 25.5.15 
BPM 310 128.3 39.7 9.60 0.27 17.3.15 17.4.15 25.5.15 
Cultivation 293 127.4 37.3 9.60 0.27 22.3.15 23.4.15 24.5.15 
LSD≤0.05 30.2 11.0 5.3 NS NS - - - 

DOVBS: Date of Vegetative Bud Sprouting, PF: Peak Flowering, FS: Fruit Set, 

Table 2. Effect of different soil management practices on flowering and fruiting behavior of guava trees during 
winter season (2015) 

Treatments Fruit 
Numbers 

Fruit 
weight 
(g) 

Fruit 
Yield 
(kg/tree) 

TSS 
(%) 

Acidity 
(%) 

FI PF FS

PS 164 150.2 24.6 10.4 0.29 23.7.15 7.8.15 19.8.15 
WPM 163 139.3 22.5 10.4 0.30 20.7.15 6.8.15 16.8.15 
BPM 175 133.1 23.1 10.4 0.28 19.7.15 3.8.15 14.8.15 
Cultivation 166 131.0 21.7 10.3 0.29 20.7.15 7.78.15 18.8.15 
LSD≤0.05 NS 14.5 1.50 NS NS - - - 

FI: Floral Initiation, PF: Peak Flowering, FS: Fruit Set, 
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Table 3. Effect of different soil management practices on flowering and fruiting behavior of guava trees during 
rainy season (2016) 

Treatments Fruit 
Numbers 

Fruit 
weight 

(g) 

Fruit 
Yield 

(kg/tree) 

TSS 
(%) 

Acidity 
(%) 

DOVBS PF FS 

PS 269 114.6 30.8 10.33 0.32 27.4.16 10.5.16 18.5.16 
WPM 275 102.1 28.0 10.03 0.33 26.4.16 12.5.16 20.5.16 
BPM 278 94.8 26.3 10.20 0.32 25.4.16 10.5.16 17.5.16 
Control 258 104.7 27.0 10.10 0.31 28.4.16 15.5.16 24.5.16 
LSD≤0.05 NS 7.5 1.1 NS NS - - -

DOVBS: Date of Vegetative Bud Sprouting, PF: Peak Flowering, FS: Fruit Set,  

Table 4. Effect of different soil management practices on flowering and fruiting behavior of guava trees during 
winter season (2016) 

Treatments Fruit 
Numbers 

Fruit 
weight 

(g) 

Fruit 
Yield 

(kg/tree) 

TSS 
(%) 

Acidity 
(%) 

DOVBS PF FS 

PS 311 138.9 43.2 10.83 0.25 8.7.16 23.7.16 9.8.16 
WPM 285 128.3 36.6 10.43 0.24 10.7.16 23.7.16 11.8.16 
BPM 300 121.0 36.3 10.60 0.26 7.7.16 20.7.16 7.8.16 
Control 299 129.4 38.7 10.62 0.25 10.7.16 21.7.16 9.8.16 
LSD≤0.05 32.9 8.5 2.3 0.14 NS - - - 

FI: Floral Initiation, PF: Peak Flowering, FS: Fruit Set 

Influence on horticultural traits 
The trees under PS mulch exhibited 

significantly highest 345 fruits per trees followed by 
310 under BPM, while it was least (273) under 
control (Table 1). The weight of fruits (148 g) was 
significantly more in PS mulch, while it was least 
(127.4 g) in control trees followed by 128.3 g in trees 
under BPM. The fruit yield was highest also 
significantly highest (46.3 kg/tree) in PS mulch 
followed by 41.4 kg under WPM treatment. Trees 
under control produced minimum (37.32 kg) yield 
per tree. Total soluble solids (TSS) content was 
comparatively higher (9.67 %) under PS mulch 
followed by 9.63 % under WPM. The fruit acid 
content was not altered significantly with different 
treatments. The date of flowering and peak flowering 
was slightly advanced under BPM and fruit set was 
slightly delayed under PS mulch. The disease 
incidence was low while the pest incidence was 
severe under all treatments. The trees mulched with 
BPM produced significantly highest (175) fruits 
followed by 166 fruits per tree under control 
conditions. Under WPM, it was least (163) followed 
by 164 fruits per tree under PS mulch treatment 
(Table 2). The fruit weight was significantly highest 
(150.2 g) in PS mulch, while it was least (131.0 g) in 
control trees followed by 133.1 g in trees mulched 
with black polythene mulch.  

Significantly, highest fruit yield (24.6 
kg/tree) was obtained from trees under PS mulch 
followed by 23.19 kg under BPM treatment. Trees 
under control produced minimum (21.7 kg) yield per 
tree. Total soluble solids (TSS) content and acid 
content was significantly same under all treatments. 
The date of flowering, peak flowering and fruit set 
was slightly advanced under BPM and fruit set was 
slightly delayed under PS mulch. The disease and 
pest incidence was low under all treatments. During 
rainy season of second year (Table 3), highest fruit 
numbers (278) was recorded in trees applied with 
BPM followed by 275 under WPM, while, it was 
minimum (258) under control trees. The fruit weight 
was also maximum (114.67 g) under PS mulch and it 
was least (94.83 g) under BPM followed by 102.17 
under WPM and 104.77 g in control. Likewise, fruit 
yield was also highest (30.83 kg/tree) followed by 
28.09 kg under WPM. Trees under BPM produced 
minimum (26.33 g) yield per tree. Total soluble 
solids (TSS) content was significantly higher (10.33 
%) under PS mulch and trees under WPM produced 
fruits with minimum (10.03 %) TSS content. The 
fruit acidity under all treatments was significantly 
same. The date of flowering, peak flowering and fruit 
set was slightly advanced under BPM and these 
phenological stages were comparatively delayed in 
control trees.  
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The disease incidence was low while the 
pest incidence was high in all treatments. Similarly, 
during winter season of second year (Table 4), trees 
under PS mulch produced highest fruit numbers (311) 
followed by 300 fruits per tree under BPM, while, it 
was minimum (285) under WPM followed by 299 
under control trees. The fruit weight was also 
maximum (139.9 g) under PS mulch and it was least 
(121.0 g) under BPM followed by 128.4 g under 
WPM and 129.4 g in control. The fruit yield was 
highest (43.2 kg/tree) in PS mulch followed by 38.7 
kg under control trees. Trees under BPM produced 
minimum (36.3 kg) yield per tree. Total soluble 
solids (TSS) content was significantly higher (10.83 
%) under PS mulch and trees under WPM produced 
fruits with minimum (10.43 %) TSS content. These 
results are in full conformity with the findings of 
Borthakur and Bhattacharyya (1998) in guava.  

Chakarborty et al. (2008) also recorded 
higher yield in guava cv. Pant Parbhat with mulching 
treatments. In Kinnow mandarin, maximum TSS, 
ascorbic acid and minimum acidity were recorded in 
paddy straw mulch (Bhanukar et al., 2015). Drip 
irrigation coupled with polyethylene mulching 
resulted in better quality of guava fruits in terms of 
increased TSS, total sugars, ascorbic acid and 
reduced acidity (Singh et al., 2015).  Soil mulched 
with polyethylene film showed beneficial effect in 
enhancing flowering and fruit set (Singh, 2009) and 
paddy straw was found to be effective to improve the 
fruit quality of guava (Das et al. 2010). The date of 
flowering, peak flowering and fruit set was slightly 
advanced under BPM and these phenological stages 
were comparatively delayed in control trees. The 
increase in fruit number, fruit weight and yield under 
PS mulch particularly during rainy season may be 
due to optimization of soil temperature and 
maintenance of soil moisture throughout the fruit 
development phase. Higher fruit numbers under 
mulching treatments resulted from lower fruit drop 
and higher fruit set as compared to control 
treatments. The weight of fruits under PS mulch 
increased due to continuous availability of soil 
moisture to the developing fruits under relatively 
lower soil temperature regime during the months of 
May-June, the main fruit growth stage guava fruits. 
The mulching treatment possibly had lead to higher 
yield and better quality of fruits due to efficient 
exploitation surface soil for nutrient uptake 
particularly potassium. The reduction of fruit size and 
weight under BPM may be due to albedo effect on 
the developing fruits and moreover, relatively higher 
number of fruits also cause competition for water and 
nutrition resulting smaller fruits.  

The advancement of vegetative bud 
sprouting, flower initiation, peak flowering and fruit 
set under BPM might be due to higher root zone 
temperature triggering the initiation of vegetative and 
reproductive growth in advance as compared to other 
treatments and control. The study concluded that the 
PS mulch was highly beneficial with respect to fruit 
yield a quality along with optimization of soil 
temperature during the fruit development phase of 
rainy season crop and flowering and fruit setting 
stage of winter season crop. 
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Effect of current and future temperature on CH4 and N2O emission from rice soil ecosystem  
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ABSTRACT 
An investigation to assess the greenhouse gases (GHG’s) fluxes in rice cultivation under current and 

elevated temperature was carried out at Agro Climate Research Centre, Tamil Nadu Agricultural University, 
Coimbatore, during rabi season (November 2014 – March 2015). This experimentation was carried out with two 
temperature levels viz., current temperature at open environment and +2oC elevated temperature at Temperature 
Controlled Chamber. During the experimentation, GHG emission rate was evaluated. The nitrous oxide emission 
attained maximum at 15 DAT followed by 45 DAT and then decreased towards maturity. The methane emission 
rates increased with age of the crop, but attained maximum at harvesting stage. The methane emission rates from 
rice crop grown under open environment were higher than elevated temperature. The nitrous oxide emission rates 
from rice crop grown under +20C elevated were higher than open environment. Methane is normally translocated 
through rice plants and the higher biomass generation under open environment led to higher methane translocation.  
The nitrous oxide emission was normally through microbial activity and the higher microbial activity was in 
elevated temperature led to more nitrous oxide emission. The tradeoff between CH4 and N2O emission has to be 
analyzed critically and developing appropriate nutrient and water management strategies and maintaining the soil 
redox potential at an intermediate range (-100 to +200 mV) would minimize emissions of both CH4 and N2O. 
Overall, the data have shown clear evidence that rice cultivation in future reduced methane emission but increase 
nitrous oxide emission.  

Keywords: Temperature, Methane, Nitrous oxide, Green House Gases and Microbial activity 

Global warming is a serious problem of 
concern for people on earth in general and scientific 
community in particular. Global warming was 
highlighted only in the year 1992, when the Earth 
Summit held in Rio de Janeiro brought to the notice 
of global community that earth has warmed up in the 
past century, which is more intense in the past few 
decades than the early part of the 20th century. The global 
warming event is closely related to the rise in greenhouse 
gas (GHGs) emissions such as CO2, CH4 and N2O that 
contribute to global warming to the tune of 60, 20 and 6 
per cent respectively (IPCC, 1996). Human activities lead 
to rapid changes in greenhouse gases concentration in the 
atmosphere. High temperature may affect the plants at 
various organizational levels leading to altered response 
in morphology, physiology, biochemistry and gene 
expression (Wahid et al., 2007).  

Rice is the most common staple food for 
large number of populations living on the earth more 
than any other crops (Krishnan et al. 2011, Sheila 
Bhalla, 2014). Rice crop grows between 55 N and 
36 S latitudes under diverse climate and weather 
conditions in different ecosystems. India has the 
largest area among the rice growing countries and 
ranks second in production. In India, rice occupies an 
area of 43.95 million ha with total production of 
106.54 million tonnes during 2013-2014 

(Agricultural Statistics at a Glance, 2014). Wojick-
Gront, 2014 stated that, the total agricultural GHG 
emission estimate is more than 40 per cent. The main 
source of the uncertainty is the great uncertainty in 
emission factors (especially nitrous oxide up to 150 
per cent). Rice crop cultivation is the second largest 
contributor of global agricultural methane after enteric 
fermentation. According to the USA-EPA 2006, global 
methane emissions from rice cultivation are expected to 
rise by 22 per cent by 2020 from 2000 levels. 
Agriculture accounts for almost 60 per cent of global 
anthropogenic N2O emissions and agricultural N2O
emissions have increased by nearly 18 per cent from 
1990 to 2010 (IPCC, 2014) with a greater increase 
after 2005.  

MATERIALS AND METHODS 
Experimental set up 

The experiment was carried out in tubs under 
open and controlled environment at Agro Climate 
Research Centre, Tamil Nadu Agricultural 
University, Coimbatore- 641003. The geographical 
coordinates of the experimental site was 110N
latitude, 770E longitudes with an altitude of 426.72 m 
above Mean Sea Level.  

The experiment was carried out with rice 
crop variety CO-51 under randomized block design. 
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Experiment was conducted under four environmental 
condition viz.,(i) Growing of rice under elevated 
temperature at +20C with the application of Blue 
Green Algae (BGA) (ii) Growing of rice under 
elevated temperature at +20C without BGA (iii) 
Growing of rice under current temperature with BGA 
(iv) Growing of rice under current temperature 
without BGA. The experiment location is having the 
climate of Semi-Arid Tropics, experiences a mean 
annual rainfall of 672.4 mm distributed over 64 rainy 
days. The mean maximum and minimum temperature 
are 35oC and 22.7oC, respectively and inside the 
Temperature Control Chamber (TCC) the 
temperature was set at +20C from the ambient 
temperature. The relative humidity ranged from 80-
90 per cent under open environment and under 
Temperature Control Chamber (TCC), it was 75-85
percent during rabi season (fig.1). 

Fig. 1 Weather prevailed during the crop growing 
period at open environment and Temperature 
Control Chamber

Collection of Air Samples
Gas samples were collected from the field using 

static closed chamber technique (Minami and Yagi, 
1988; Jain et al., 1999). The gas chambers were 
fabricated as per the recommendations of several 
studies on trace gas measurements in field conditions 
(Mosier, 1989; IAEA, 1992; Adhya et al., 1994; 
Denmead, 2008). Open-bottom perplex chambers 
using 4 mm acrylic sheets with a dimension of 50 cm 
x 50 cm x 100 cm were fabricated. A battery (12V) 
operated fan was fixed for air circulation (avoid plant 
suffocation) to mix the air inside the chamber and 
draw the air samples into air-sampling bags (Tedlar). 
The air samples from the sampling bags were 
analyzed for CH4 and N2O. As described by Khosa et 
al. (2010) the chamber was placed on the soil surface 
with 4-5 cm inserted into the soil, 30 minutes prior to 
each sampling for equilibration to reduce the 
disturbance so as to minimize the disturbance to the 
sampling site. Care was taken not to disturb the 
vegetation during the whole measurement program. 
After covering the plants with the chamber, four air 

samples were collected in Tedlar bags starting with 
zero time and subsequent sampling at an interval of 
15 minutes using syringe and one way valve pump 
(Plate 1). As described by Rath et al. (1999) and 
Jayadeva et al. (2009), the air samples were collected 
in the morning (09:00-10:00 hours) and in the 
evening (14:00-15:00 hours) and the average of 
morning and evening fluxes were used as the flux 
value for the day. Gas samples were collected 
continuously for a week at critical stages of crop 
growth viz. 15, 30, 45, 60 DAT and at harvest stage 
and the average of the seven days were reported as 
the average daily methane and N2O emission rate for 
the respective stage. 
CH4 and N2O Estimation
 The CH4 and N2O were estimated in a 
Shimadzu GC-2014 gas chromatograph equipped 
with FID. The gas samples were introduced into the 
analyzer by filling the fixed loop (1.0 ml) on the 
sampling valve. Samples were injected into the 
column system by starting the analyzer which 
automatically activated the valve and back flush the 
samples according to the time programmed. The GC 
was calibrated before and after each set of 
measurements using 1.0, 2.3 and 5.0 ppm of 
standards (Chemtron science laboratories Pvt. Ltd., 
Mumbai) as primary standard curve linear over the 
concentration ranges used. CH4 flux was expressed as 
mg m-2 hr-1 and N2O as μg m-2hr-1using the equation 
given by Le Mer et al. (2001). The obtained CH4 and 
N2O concentrations were determined by peak area and 
flux was calculated based the equation proposed by 
Rolston (1986) to estimate methane, N2O and carbon 
dioxide emissions.  

f = (V/A) (ΔC/ Δt) 
where f is equal to greenhouse gas emission 

rate (mg m−2 h−1), V is equal to volume of chamber 
above soil (m3), A is equal to cross-section of 
chamber (m2), ΔC equal to concentration difference 
between zero and t times (mg cm−3), and Δt equal to 
time duration between two sampling periods (h). The 
air samples were also analyzed using another gas 
chromatograph (Shimadzu GC-2014) for comparison. 

RESULTS AND DISCUSSION 
The mean values of methane emission rate 

under open environmental conditions as well as 
elevated temperature (Temperature controlled 
chamber) at different growth stages viz., 15 DAT, 30 
DAT, 45 DAT, 60 DAT and harvest stage were 
presented in (Table 1). Methane emission rate of rice 
crop gradually increased with age of the crop and 
attained maximum at harvesting stage (53.40,54.38, 
55.00 and 55.88 mg m-2 day-1under T1, T2, T3 and 
T4respectively). Methane emission rate was highest at 
open environment in T4 and the rates were 8.91, 
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13.78, 35.09, 49.78 and 55.88 mg/m2/day at 15 DAT, 
30 DAT, 45 DAT, 60 DAT and harvest stage 
respectively and the emission was lowest in T1 :7.44,
10.65, 32.80, 46.11 and 53.40 mg/m2/day at 15 DAT, 
30 DAT, 45 DAT, 60 DAT and harvest stage 
respectively. At open environment methane emission 

rate was significantly higher in T4 than elevated 
temperature T2 by 0.96, 1.99, 2.17, 2.18 and 1.70 
mg/m2/day at 15 DAT, 30 DAT, 45 DAT, 60 DAT 
and harvest stage respectively and also the same 
trend was also noticed under elevated temperature in 
TCC. 

Table 1. Effect of temperature and blue green algae on methane flux (mg/m2/day) in rice 

Treatment 
Methane emission (mg/m2/day) 

15 
DAT 

30 
DAT 

45 
DAT 

60 
DAT 

At 
harvest 

T1- Rice crop under elevated temperature at +20C with BGA 7.44 10.65 32.80 46.11 53.40 
T2- Rice crop under elevated temperature at +20C without BGA 7.95 11.79 33.32 47.60 54.38 
T3- Rice crop under current temperature with BGA 8.13 12.60 34.80 48.80 55.00 
T4- Rice crop under current temperature without BGA 8.91 13.78 35.09 49.78     55.88 
SEd 0.204 0.246 0.653 0.731 0.991 
CD (P=0.05) 0.445 0.536 1.423 1.591 2.157 
DAT  - Days After Transplanting 

The soil temperature is a major factor 
influencing the CH4 and N2O flux and hence their 
concentrations were monitored in all treatments 
throughout the growth stages of crop (Fig.2).  

Fig.2. Effect of temperature and blue green algae on 
methane flux (mg/m2/day) in rice 

Nouchi et al. (1994) attempted to model the 
methane flux from rice using a diffusion model. They 
suggested that the conductance of rice plants for 
methane transport is very sensitive to temperature. It 
is well known that temperature strongly affects 
methanogenesis as reported by Lindau et al. (1993) 
and increasing temperature leads to higher methane 
emission. Methane flux was reached maximum at 
higher temperature in water logged soils. The rate of 
methane formation was very low below 20°C, 
because the conversion rate of substrate to CH4
depends on the maximum and minimum temperature.  

In the present study, the methane fluxes were 
low under elevated temperature. Generally more than 
70% of methane, generated in soil water interface, is 

translocated to atmosphere through rice plants. The 
elevated temperature in the present study had 
suppressive effects on rice root systems, most notably 
the deformation of their cortex and creation of 
aerenchyma (air pockets) (Kirk and Bouldin, 1991), 
with consequent degeneration of 78 per cent of the 
roots by flowering stage (Karlet al., 1974) that led to 
less methane emission under elevated temperature. 
Even though the methane production in soil water 
interface at elevated temperature might be more, the 
low biomass generation under elevated temperature 
might have resulted in low methane translocation 
under temperature controlled chamber as methane 
translocation is mainly a plant mediated process. 

The mean values of nitrous oxide rate 
recorded under open environmental conditions as 
well as elevated temperature (Temperature controlled 
chamber) at different growth stages of rice viz., 15 
DAT, 30 DAT, 45 DAT, 60 DAT and harvest stage 
were presented in Table.2 and Fig. 3. Nitrous oxide 
emission rate from rice fields were maximum during 
15 DAT (2.87, 3.10, 2.38 and 2.68 mg/m2/day for T1,
T2, T3 and T4 respectively) followed by 45 DAT.  

At elevated temperature nitrous oxide 
emission rate was highest in T2 that was 3.10, 1.04, 
2.19, 1.98 and 1.62 mg/m2/day at 15 DAT, 30 DAT, 
45 DAT, 60 DAT and harvest stage respectively and 
lowest in T3 under open environment (2.38, 0.52, 
1.30, 1.12 and 0.87mg/m2/day at 15 DAT, 30 DAT, 
45 DAT, 60 DAT and harvest stage respectively).The 
nitrous oxide emission was more under elevated 
temperature (T1 and T2) compared to open 
environmental condition (T3 and T4).
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Table 2. Effect of temperature and blue green algae on nitrous oxide emission (mg/m2/day) in rice 

Treatment 
Nitrous oxide emission (mg/m2/day) 

15 
DAT 

30 
DAT 

45 
DAT 

60 
DAT 

At 
harvest 

T1- Rice crop under elevated temperature at +20C with BGA 2.87 0.89 1.87 1.69 1.31 
T2- Rice crop under elevated temperature at +20C without BGA 3.10 1.11 2.19 1.98 1.62 
T3- Rice crop under current temperature with BGA 2.38 0.52 1.30 1.12 0.87 
T4- Rice crop under current temperature without BGA 2.68 0.71 1.56 1.31 1.11 
SEd 0.129 0.331 0.172 0.095 0.095 
CD (P=0.05) 0.282 0.219 0.204 0.208 0.207 
DAT  - Days After Transplanting 

Fig. 3 Effect of temperature and blue green algae on 
nitrous oxide emission (mg/m2/day) in rice 

The nitrous oxide emission was marginally 
high under elevated temperature and this might be 
due to enhanced microbial activity. Olga singurindy 
et al. (2009) also suggested that nitrous oxide 
emission generally increased with increase in soil 
temperature due to the higher microbial activity. Luo 
et al., (2013) also attempted to model the nitrous 
oxide flux from different temperature regimes and 
found marginal increase in emission under elevated 
temperature.  

CONCLUSION 
In this study, effect of temperature on 

methane and nitrous oxide emission rates was 
examined. Between elevated temperature and open 
environmental condition temperature level, the 
methane was lower at elevated temperature than open 
environmental condition. This is due to more 
translocation of methane from soil water interface to 
atmosphere as a result of higher biomass production 
under open environmental condition. The nitrous 
oxide emission rates increased with age of the crop 
and attained maximum at 45 DAT (flowering stage) 
and decreased towards maturity (T1, T2, T3 and T4)
and methane emission rates also increased with age 
of the crop, but attained maximum at harvesting 

stage. The nitrous oxide emission rates from rice crop 
grown under open environment (T3 and T4) were 
lower than elevated temperature (T1 and T2).  
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ABSTRACT 
Temperature is one of the most important environmental factors that influence the crop growth, its 

development, and yield. With the increase in the accumulation of GHGs in the atmosphere, there is a rise in 
surface temperature as compared to pre- industrial period. An experiment was conducted during rabi  season of 
2013- '14 to study the impact of elevated temperature with and without CO2 fertilization on rice (C3) and maize (C4) 
crops, using Temperature Control Chamber and Soil plant Atmospheric Research system at the Agro Climate 
Research Centre of Tamil Nadu Agricultural University, Coimbatore. Temperature elevation of 4 °C from the 
ambient level in the TCC and temperature elevation of 4 °C with 550 ppm CO2 in the SPAR chamber were 
considered for experimentation. Increase in temperature with or without CO2 enrichment affected the phenology 
and productivity of C3 and C4 plants under different magnitude. Rice and maize crops grown under 4 °C 
elevated temperature attained panicle initiation, flowering and maturity earlier than the crop grown under 
ambient condition. The treatment 4 °C elevated temperature also recorded reduced number of tillers in rice, 
number of leaves in maize and dry matter production in rice and maize.  This treatment  did record lower rice 
grain and straw yields . Maize grain and stover yields also got reduced. As far as the physiological response of 
C3 (rice) and C4 (maize) was considered, the photosynthetic rate was significantly low when the plants were 
kept under warmer environment than under ambient condition and the rate of decrease was higher in rice 
compared to maize. However, the CO2 enrichment compensated this reduced photosynthetic rate. The 
interaction effect between temperature and CO2 in rice indicated that CO2 enrichment had minimized the yield 
loss by 10 per cent as compared to  three per cent obtained under maize crop. The transpiration rate and stomatal 
conductance were significantly increased in both rice and maize crops under elevated temperature compared to 
ambient condition and the rate of increase was higher in rice than in maize, yet, CO2 enrichment compensated 
these ill effects of elevated temperature to certain extent in maize, and to a considerable extent in rice. 

Keywords: Rice and Maize, C3 and C4, elevated temperature and CO2 enrichment 

Human activities lead to rapid changes in 
greenhouse gases concentration in the atmosphere. 
Most importantly, increase in carbon dioxide (CO2) 
concentration and the resultant increase in 
atmospheric temperature. The Intergovernmental 
Panel on Climate Change (IPCC) reported that the 
atmospheric CO2 will rise from current 
concentration of 381 ppm to 550 ppm by 2050 
(Yang et al., 2009). Crop species are directly 
affected by increased atmospheric CO2 which 
changes carbon-nitrogen balance (Torbert et al., 
2004) and High temperature changes plant 
morphology as well as gene expression (Wahid et 
al., 2007). The rise in CO2 concentration and 
associated changes in temperature had a discernible 
impact on global production of major crops, 
including rice, wheat, maize, soybean, etc. Rice 
(Oryza sativa L.) is an important C3 food crop 
supplies nutrition for more than half of the world’s 
population (IRRI, 2002). Maize (Zea mays L.) is a 
C4 plant and a most important grain crop 
worldwide In addition to its use as human and 
animal food, maize is also a potential crop for 
ethanol (Nereu Augusto Streck et al., 2010). 

Growth and yield of rice and maize are 
differently affected by increased CO2 concentration 
and elevated temperature due its variation in the 
photosynthetic pathway. Evaluating the effects of 
elevated carbon dioxide and temperature on growth 
and yield of these crops is critical for assessing the 
potential impacts of climate change. Studies of 
Wand et al. (1999) shows that, elevated CO2 often 
enhances biomass in C3 (41 – 44%) than in C4 
plants (22 – 33%). However, only very few 
scattered information is available on the 
comparative account of C3 and C4 plants and their 
growth performances under changing 
climate.Though there are many ways to study the 
impact of elevated temperature and CO2 on crops, 
reliable assessments could made using Temperature 
control chamber and Soil Plant Atmosphere 
Research (SPAR). Well calibrated and validated 
crop simulation models can be one among the cost 
effective and time saving tools for performing 
sensitivity analysis which helps in understanding 
the response of crops to the changes in the climate. 
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The experiment was carried out at the 
Agro Climate Research Centre, Tamil Nadu 
Agricultural University, Coimbatore during the 
Rabi season, 2013. The geographical coordinates of 
the experimental site are 110 N latitude, 770 E 
longitudes with an altitude of 426.72 m above 
Mean Sea Level. Experiment was conducted under 
three environmental condition viz., (i) ambient 
condition with normal atmospheric temperature and 
CO2 levels, (ii) under +4 0C elevated temperature in 
Temperature Control Chamber (TCC) and (iii) 
under +4 0C elevated temperature with 550 ppm 
CO2 levels in Soil Plant Atmosphere Research 
(SPAR) chamber. Rice variety CO (R) 50 and 
Maize hybrid CO 6 developed from Tamil Nadu 
Agricultural University was taken as test crops. 
Plants were grown in standard pots in all the three 
environmental conditions to create uniformity in 
crop management. 

Observations recorded on growth and 
yield parameters of Rice and Maize are 
Phenological parameters, Growth components, 
Plant height, Total number of tillers (Rice), 
Number of leaves (Maize), Dry matter production, 
Productive tillers (Rice), Cob weight (Maize), 
Number of filled grains, Grain yield, straw yield 
(Rice), Stover yield (Maize). 
Weather management in Temperature Control 
Chamber 

The Temperature Control Chamber (TCC) 
has a dimension of 5m x 5m with total area of 25 
m2, with a column height of 4m and fabricated 
using galvanized steel pipes. The roofing and outer 
walls were constructed with polycarbonate 
material. Two sets of weather sensors for recording 
Air Temperature, Relative Humidity (RH), Soil 
Temperature, Global Radiation and Soil Moisture 
at any required interval are placed inside as well as 
outside the chamber. Inside the TCC, required 
levels of temperature and RH could be maintained 
by giving commands through the control panel. The 
temperature control is made in such a way that the 
temperature sensors outside the chamber would 
sense the ambient temperature and the control 
panel would adjust the temperature inside the 
chamber by operating the fan and the lid valve set 
up in the chamber. It is possible to raise the 
temperature inside the chamber by +0.5°C, + 
1.0°C, +1.5°C, … +7°C from the outside ambient 
temperature. This set up has been made keeping in 
mind that the expected temperature increase by the 
end of the century is from 3.5 to 6° Cover Indian 
sub-continent. The specialty of the TCC is that it 
can maintain the diurnal pattern of the temperature, 
so as to mimic the actual outside conditions of the 
future years. The Relative Humidity at required 
levels inside the chambers is maintained through 
foggers and fan system. The data logger stores the 
data/history of the environment conditions 

maintained inside and outside the chamber and 
could be easily downloaded for any assessment. 

SPAR (Soil Plant Atmosphere Research) 

Spar System consisting of a Plexi glass 
enclosure with Micro-climatic Data Acquisition 
System and programmable climate simulation 
facilities. The purpose of the SPAR system is to 
maintain CO2 constantly throughout a period of 
time with varying climate parameters like air 
temperature and humidity with a lag of 10 minutes 
with the ambient climate. This system will enable 
the user to plant crops and study the behavior of 
plants by building the required predicted future 
climate within the SPAR system. The system 
maintains the CO2 and alters the Air Temperature 
and RH, there by credited futuristic presentation of 
climate. As the system is made out of plexi glass, 
the plants inside the SPAR system will receive 
maximum sunlight during daytime. The system is 
designed to acquire the average values of Air 
temperature and RH for 10 minutes and feed the 
same to the microprocessor. Thus the SPAR system 
will maintain the climate of the ambient with a lag 
of 10 minutes. At the same time fixed CO2 levels 
will be maintained. Our treatment fixed in SPAR 
system is “Elevated temperature with CO2
enrichment” [+4°C from the outside ambient 
temperature + Elevated CO2 at 550 ppm]. 

RESULTS AND DISCUSSION 
The growth and development of rice (C3) 

plants under TCC was faster and reached its 
maturity earlier than the plants grown under SPAR 
and ambient conditions.  Rice plants grown under 
ambient environment matured after 114 days of 
transplanting. But the plants grown under T2 and 
T3 have matured 17 and 13 days earlier when 
compared to plants grown under ambient 
environment. Maize plants grown under ambient 
conditions took 110 days to reach maturity. Unlike 
ambient conditions, plants grown under controlled 
environment of T2 and T3 took only 99 and 102 
days to reach maturity (Table 1). 

The height of the rice plants grown under 
T2 was 41, 90 and 107 cm, respectively at active 
tillering, flowering and maturity stages (Table 2). 
Increase in temperature must have favoured the cell 
elongation that has resulted in taller plants. These 
finding are in agreement with the findings of Osada 
et al. (1973) who have reported increase in plant 
height of rice with rise in temperature from 30 to 
35°C. In maize crop, the plants grown under 
temperature controlled chamber registered a height 
of 99 cm, 185 cm and 201 cm at, vegetative, 
tasseling and maturity stage, respectively. The 
findings are in concurrence with the results of the 
study conducted by Monteith (1977). 

MATERIALS AND METHODS 
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Table 1 Duration of different phenophases under open and controlled conditions (in days) 

Treatments 
RICE (C3) MAIZE(C4) 

Active 
tillering 

Flowering Maturity Vegetative Tasseling Maturity 

T1 23 70 114 50 65 110 
T2 16 55 97 38 54 99 
T3 20 59 101 42 57 102 

SEd 0.12 0.37 0.68 0.25 0.35 0.62 
CD (p=0.01) 0.25 0.78 0.78 0.54 0.73 0.31 

Table 2 Effect of ambient and controlled conditions on plant height (cm) 
Treatments RICE (C3) MAIZE(C4) 

Active 
tillering 

Flowering Maturity Vegetative Tasseling Maturity 

T1 34 81 93 80 167 172 
T2 41 

(22.8%) 
90 

(12%) 
107 

(15%) 
99 

(23%) 
185 

(11%) 
201 

(16.8%) 
T3 38 

(12.32%) 
87 

(7.42%) 
101 

(8.40%) 
91 

(14.01%) 
180 

(7.4%) 
194 

(12.4%) 
SEd 0.23 0.52 0.61 0.55 1.08 1.16 

CD (p=0.01) 0.66 1.51 1.76 1.59 3.12 3.34 

Table 3 Effect of ambient and controlled conditions on number of tillers per plant in rice and number of leaves 
per plant in maize 

   Treatments 
No. of tillers in Rice (C3) No. of leaves in Maize (C4) 

Active 
tillering Flowering Maturity Vegetative Tasseling Maturity 

T1 32 35 33 9 12 14 

T2 
27 

(-15.62%) 
29 

(-17.14%) 
28 

(- 5.2%) 
10 

(11.11%) 
13 

(8.3%) 
14 

(0%) 

T3 
31 

(-3.13%) 
33 

(-5.71%) 
32 

(-3.03%) 
11 

(22.11%) 
13 

(8.3%) 
15 

(7.14%) 
SEd 0.18 0.19 0.19 0.06 0.07 0.08 

CD(0.01%) 0.53 0.57 0.55 0.18 0.22 0.25 

Table 4 Effect of ambient and controlled conditions on photosynthetic rate (μmol CO2 m-2 s-1) rice and maize 

Treatments 
RICE (C3) MAIZE(C4) 
Active tillering Flowering Maturity Vegetative Tasseling Maturity 

T1 25.95 34.93 19.96 38.01 58.01 19.67 
T2 20.00 

(-23%) 
29.00 

(-17.0%) 
15.00 

(-25%) 
34.99 
(-8%) 

55.99 
(-3.5%) 

17.42 
(-11.4%) 

T3 24.00 
(-8%) 

32.00 
(-8.4%) 

17.00 
(-15%) 

36.35 
(-4.4%) 

57.34 
(-1.2%) 

18.62 
(-5.3%) 

SEd 0.14 0.19 0.10 0.22 0.34 0.11 
CD (p=0.01 %) 0.41 0.56 0.30 0.64 1.01 0.32 
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Treatments RICE (C3) MAIZE(C4) 
Active tillering Flowering Maturity Vegetative Tasseling Maturity 

T1 3.60 7.60 2.50 6.08 8.68 3.39 
T2 5.41

(50.3) 
10.58 
(39.2) 

3.09 
(23.6) 

6.99 
(15.0) 

11.20 
(29.0) 

5.20 
(18.3) 

T3 4.10
(13.9) 

8.89 
(17.0) 

2.80 
(12.0) 

6.90 
(13.5) 

9.80 
(12.9) 

4.30 
(10.5) 

SEd 0.03 0.1 0.02 0.04 0.06 0.03 
CD(p=0.01) 0.07 0.15 0.04 0.11 0.17 0.07 

Table 6 Effect of ambient and controlled conditions on stomatal conductance (mol H2Om-2 s-1) rice and maize 
Treatments RICE (C3) MAIZE(C4) 

Active tillering Flowering Maturity Vegetative Tasseling Maturity 
T1 0.15 0.45 0.08 0.58 0.71 0.08
T2 0.20 

(33%) 
0.52 

(16%) 
0.12 

(50%) 
0.62 
(7%) 

0.75 
(6%) 

0.11 
(37%) 

T3 0.18 
(20%) 

0.49 
(9%) 

0.10 
(25%) 

0.60 
(3%) 

0.73 
(3%) 

0.10 
(25%) 

SEd 0.001 0.003 0.001 0.004 0.005 0.001
CD(p=0.01) 0.003 0.008 0.002 0.011 0.013 0.002 

Table 7 Effect of ambient and controlled conditions on yield components of rice 
Treatments Number of productive 

tillers/plant 
Number of 
grain/tiller 

% of filled grains 1000 grain 
weight(g) 

T1 27.87 103 83 16
T2 19.59 (-30%) 94 (-9%) 73 15.3 (-4.4%) 
T3 23.19 (17%) 96 (-7%) 76 16 (0 %) 

SEd 0.145 0.595 0.471 0.097
CD(p=0.01) 0.416 1.712 1.356 0.278

Table 8 Effect of ambient and controlled conditions on yield components of maize crop 
Treatments No. of Cobs / 

plant 
No. of Filled 
kernel /plant 

Kernel weight / 
plant (g) 

100 grain weight 
(g)Test 

T1 1 356.9 95.64 26.8
T2 2 325.5 (-9%) 64.75 (-32.3%) 19.8 (-26.1%) 
T3 3 314 (-12%) 68.78 (-28.1%) 21.3 (-21%) 

SEd 2.007 0.463 0.138
CD(p=0.01) 5.778 1.332 0.396

Table 5 Effect of ambient and controlled conditions on transpiration rate (mmol H2Om-2 s-1) rice and maize 
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The number of tillers per plant of the rice 
plants grown under T1 was 32, 35 and 33 numbers 
of tillers per plant, respectively at active tillering, 
flowering and maturity stages. In maize crop, more 
number of leaves was produced under SPAR 
environment during vegetative, flowering and 
maturity stages registering 11, 13 and 15 leaves per 
plant, shown in table 3. 

In rice, the plants under ambient condition 
shows maximum photosynthetic rate of 25.95, 
34.93, 19.96 μmol CO2 m-2 s-1 at vegetative, 
tasseling and maturity stage. In maize crop, the 
plants grown under ambient environment registered 
high photosynthetic rate of 38.1, 58.01 and 19.67 
μmol CO2 m-2 s-1 at vegetative, tasseling and 
maturity stage, respectively (table 4). The 
significant decrease in photosynthetic rate under 
elevated temperature might be due less chlorophyll 
content and damaged chloroplast apparatus 
(Commuri and Jones, 2001). 

The transpiration rate of the rice plants 
grown under T2 was 5.41, 10.58 and 3.09 mmol 
H2O m-2 s-1 at active tillering, flowering and 
maturity stages, respectively, which was higher 
than other treatments studied. In maize crop, the 
plants grown under Temperature control chamber 
registered a transpiration rate of 6.99, 11.20 and 
5.20 mmol H2O m-2 s-1 at, vegetative, tasseling and 
maturity stage, respectively (Table 5.). Higher 
stomatal conductivity under elevated temperature 
resulted in higher transpiration rate in both rice 
(C3) and maize (C4) plants (Nobel, 2005). 

The stomatal conductance of rice crop 
grown under T2 was 0.20, 0.52 and 0.12 mol H2O 
m-2 s-1, respectively at active tillering, flowering 
and maturity stages. In maize crop, the plants 
grown under temperature control condition (T2) 
registered a stomatal conductance of 0.62, 0.75 and 
0.11 mol H2O m-2 s-1 at, vegetative, tasseling and 
maturity stage, respectively (Table 6) 

The rice plants grown under T1 produced 
more productive tillers per plant (27.87), more 
grains per tiller (103) with higher percentage of 
filled grains (83%). Increase in temperature of 40C 
had negative effect on all the yield attributing 

characters and registered only 19.59 productive 
tillers per plant, 94 grains per tiller with 73 per cent 
of filled grains. This negative effect of higher 
temperature was compensated by CO2 enrichment 
to certain extent and the T3 registered 23.19 
productive tillers per plant, 96 grains per tiller and 
76 per cent of filled grains (Table 7). Increase in 
temperature adversely affects the reproductive 
phase of maize that leading to increased flower 
abortion, fertilization failure and decreased seed 
size, which is in corroboration with the findings of 
many scientists (Jones and Thornton, 2003; Lobell 
et al., 2008; Rowhani et al., 2011). 

Maize plant grown under elevated 
temperature produced twin cobs and the plants 
grown under SPAR produced triplet cobs against 
single cob under the normal ambient condition. 
Filled kernel number was more in T1 (356.9) 
followed by T2 (325.5) and T3 (314). As far as cob 
kernel weight is concerned, highest of 95.64 g was 
recorded by T1 followed by T3 (68.78 g) and least 
of 64.75 g was recorded by T2 (Table 8). Ashraf 
and Hafeez (2004) also noted that being a C4 plant, 
maize is capable of tolerating relatively high 
temperature. 

The mean values of grain yield, straw 
yield and dry matter production in g per plant 
recorded under ambient weather conditions as well 
as controlled conditions (Temperature controlled 
chamber and SPAR) for rice (C3) and maize (C4) 
crops are presented in Table 9. Decreasing 
photosynthesis and increasing transpiration and 
stomatal conductance under elevated temperature 
must have reduced the dry matter production. 
These findings are in corroboration with the result 
of Nobel (2005). On comparing the response of C3 
and C4 crops it is clear that both respond to 
ambient and controlled conditions in a similar way 
showing a good positive response to ambient 
conditions T1 followed by T3 SPAR and a least 
response to TCC. Even though the trend is same 
they varied in magnitude that marks the efficiencies 
of C3 and C4 cycle under elevated temperature and 
CO2 conditions.  

The combined effect of temperature and 
CO2 on C3 and C4 crops indicated that the 

Table 9 Effect of ambient and controlled conditions on yield of rice and maize 
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percentage of decrease in yield at was 14.2 per cent 
in C4 crop whereas it was 23.7 per cent for C3.  
Horie (1995) also reported that doubling of CO2 
concentration alone markedly enhanced crop dry 
matter production however, increase in CO2 
concentration coupled with increase in temperature 
resulted in reduction of dry matter production. 

CONCLUSION 
 Rice (C3) and maize (C4) crops grown 

under elevated temperature in TCC (T2) as well as 
under elevated temperature with CO2 enrichment in 
SPAR (T3) came to panicle initiation, flowering 
and maturity earlier compared to crop grown under 
ambient condition. Rice and maize crops grown 
under 4°C elevated temperature (T2) recorded 
lesser number of tillers per plant in rice, lesser 
number of leaves per plant in maize and lower dry 
matter production in rice and maize compared to 
ambient condition. It has also recorded lower rice 
grain and straw yields due to lesser number of 
productive tillers and lesser number of filled grains. 
Maize grain and stover yield also got reduced due 
to lesser number of leaves and filled kernals. Under 
elevated temperature, CO2 enrichment has 
compensated the yield reduction in both rice and 
maize to certain extent. C3 plants responded more 
favourably to CO2 enrichment which was observed 
through increased rate of photosynthesis and the 
yield loss due to +4°C elevated temperature was 
compensated by 10 per cent in rice crop. Such 
effect was very minimum in C4 plants and the CO2 
enrichment under elevated temperature 
compensated only 3 per cent loss in maize crop. 
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Rainfall is one of the important factors 
deciding success of rainfed agriculture of a particular 
agro ecological region where the major part of the 
precipitation is rainfall. Crop growth and productivity 
are usually affected by the amount of rainfall received 
during the crop period and its distribution. One of the 
main reasons for crop failure is the occurrence of dry 
spells during the crop growing season. Knowledge of 
occurrence of dry spells during the critical stages of 
crops for deciding the sowing date, cropping pattern and 
planning for protective irrigation and intercultural 
operations is essential for successful rainfed farming. 
The rainfall pattern decides the cultivation of crops, their 
varieties, adoption of cultural operations and 
harvesting of excess rain water of any region (Kar, 
2002). Generally, the cropping pattern is suggested 
considering the rainfall probabilities at different levels 
(Mahale and Dhane, 2003). Gupta et al. (1975) 
suggested that the rainfall at 80 per cent probability 
could safely be taken as assured rainfall, while 50 per 
cent probability is the medium limit for taking risk. 
Several rainfall related risk analysis have been 
reported by Rai et al. (2009), Singh et al. (2009) and 
Mukherjee et al. (2012). The weekly distribution of 
rainfall and its probability is helpful in crop planning by 
identifying the period of drought, normal and excess 
rainfall (Ray et al., 1980). In Andhra Pradesh, Nandyal 
is known for cultivation of diversified crops like 
cotton, ground nut, maize, jowar, paddy and small 
millets during kharif. In this regard, an attempt has 
been made to understand the rainfall climatology by 
analyzing the temporal and spatial rainfall 
distribution and probability of occurrence of dry and 
wet spell and their distribution by analyzing the 
rainfall data of Nandyal for foxtail millet 
(Setariaitalica L.)crop planning. The foxtail millet is 
a warm season crop usually grown during kharif and 
its early maturity (75 - 90 days) and efficient use of 
available moisture makes it suitable for rainfed 
farming. The area under foxtail millet is gradually 
increasing year after year due to increase in 
consumption, ease of cultivation, less pest and 
disease problems and less water requirement. 

Nandyal is situated at 15° 29' N latitude and 
78° 32' E longitude with an altitude of 211 meters above 
the mean sea level. The mean annual rainfall at Nandyal 
is 839.7 mm varying from 537.2 mm (lowest) to 1176.6 

mm (highest). The daily rainfall data of last 30 years 
(1981-2010) was collected from Agro meteorological 
observatory, Nandyal used for probability analysis. The 
dry and wet spell analysis was carried out by using 
standard Markov-chain process. Rainfall of 20 mm per 
week is adequate for all the growth stages of all the 
crops grown. Thus in a given week if, the rainfall 
received is less than 20 mm, that week can be 
designated as a dry week and vice versa.
On the basis of this criterion, each week was 
categorized as a dry week and wet week and 
respective probabilities were calculated. 
The incomplete gamma distribution (IGD) was used to 
derive expected weekly rainfall at different probability 
levels (Lamba et al.,1990 and Jatet al., 2010).The data 
was analyzed by using ‘Weathercock v 3.1’ software 
developed by Central Research Institute for Dry land 
Agriculture (CRIDA).

The probability of dry week, P (D) was 
found to be less than 60 per cent during most of the 
rainy season period except during 35th, 41st, 43rd and 
44th SMW (Fig. 1). The initial wet spell results 
revealed that, Nandyal experiences less dry spells at 
early and middle stages of rainy season. Similar 
trends were observed with consecutive dry spells also, 
i.e., with probability of two consecutive dry weeks, P 
(2D); three consecutive dry weeks, P (3D) and four 
consecutive dry weeks, (4D). Lower probability of 
occurrence of dry spells hint for better establishment 
and growth of the crop during early and middle stages of 
rainy season. The probability of week being wet P (W) 
was observed to be more than 50 per cent during 30th to 
33rdSMW and 38th and 39thSMW during kharif which is 
an indication for potential rainwater harvesting which 
may be utilized for vegetative growth and flowering.
Further, critical observation regarding consecutive wet 
weeks, i.e., P (2W), P (3W) and P (4W) also indicates 
similar trend of probability of getting rain water. 

The overall dry and wet spell analysis 
revealed that, sowing of dryland crops at Nandyal can 
be initiated during 29th and 30th SMW as 29th SMW was 
found to be mean week of onset of rainy season and 
comparatively less dry spells were pronounced during 
critical crop growth periods. The minimum expected 
weekly rainfall at 10, 25, 50,75 and 90 per cent 
probability levels during rainy season were derived and 
are presented in Fig. 2.  
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Fig. 1: The initial and consecutive dry and wet week 
probabilities

Fig. 2: Weekly rainfall (mm) of different probabilities 
and agronomic practices at Nandyal

The results revealed that, the expected weekly 
rainfall at 10 per cent probability level ranged from 40.9 
mm (44thSMW) to 139.0 mm (34thSMW)and at 90 per 
cent probability level, it varied from 0.3 mm to 4.3 mm. 
At 75 per cent probability level, the expected weekly 
rainfall was found to be between 1.7 to 11.2 mm which 
is an indication of deficit rainfall during rainy season 
weeks which in turnindicates high risk for growing 
dryland crops which are likely to suffer by frequent dry 
spells. 
Foxtail millet crop planning and management 

The foxtail millet is usually grown with high 
yielding varieties of about 75 – 90 days duration during 
kharif. The optimum time for sowing during kharif 
would be 29th to 32nd SMW (Second fortnight of July 
and first fortnight of August) with average weekly 
rainfall of 23.0, 30.7, 24.7 and 22.6 mm, respectively at 
50 per cent probability level. The analysis revealed that, 
the expected weekly rainfall at 10 percent probability 
level ranged between 40.9 mm (44th SMW) to 139.0 
mm (34th SMW). The inter-cultivation and other 
operations can be taken up during 33rd to 34th SMW. 
The crop reaches grand growth period during 35th to 
38th week, where crop requires higher amount of 
moisture, which is available during this period. 
Hence, successful dependable rainfed cropping of 
foxtail millet can be taken up during kharif. The 
optimum time for sowing of foxtail millet during 
kharif would be II FN of July (29th SMW) to I FN of 
August (32nd SMW) at Nandyal of Andhra Pradesh. 
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