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Foreword

The Association of Agrometeorologists established in 1999 at Anand, Gujarat, India, has been 

constantly expanding both in terms of its membership and activities. Presently its Life members are 

more than 1500 spread across the globe. Association organizes its activities from its HQ ofce at 

Anand Agricultural University, Anand, Gujarat, with support from its chapters presently at 13 

places, viz., Hisar, Ludhiana, Pune, Hyderabad, Mohanpur, Pantnagar, Coimbatore, New Delhi, 

Jammu, Faizabad, Raipur, Thrissur and Parbhani. To encourage education and research in 

Agricultural Meteorology in the country, Association has instituted various awards viz. Best M.Sc 

thesis, Best Ph.D thesis, Young scientist, Best paper awards etc, besides felicitating senior 

Agrometeorologists and honouring Fellowships to renowned one for their life time contribution in the 

elds related to agrometeorology. Association has successfully organized Eight National Seminars 

and Three International conferences on different aspect of current topic related to Agrometeorology 

in different parts of the country. 

The third International Symposium “INAGMET-2019” on 'Advances in Agrometeorology for 

Managing Climatic Risks of Farmers', was organised at New Delhi (India), during February 11-13, 

2019, jointly with the India Meteorological Department (IMD), ICAR- Indian Agricultural Research 

Institute (ICAR-IARI) and Jawaharlal Nehru University (JNU).  The presence of about 500 delegates 

including foreign delegates was the testimony of its great success. The nancial supports received 

from various governmental and non-governmental agencies are duly acknowledged. The grand 

success of this event was due to the dynamic efforts and strategic planning of Delhi Chapter and its 

supporting staff under the leadership of Dr. Akhilesh Gupta supported by Dr. K. K. Singh, Dr. S. D. 

Attri and Shri S. C. Bhan. 

One of the important activities of the Association is the publication of its journal “Journal of 

Agrometeorology” regularly since 1999. Till 2016, it was half yearly publication and since 2017, it 

has been made to a quarterly publication appearing in March, June, September and December. In 

addition to regular issues, Association also brings out the special issues of the journal covering 

selected papers presented in seminar symposia organized by the Association. The journal is being 

indexed in most of the scientic indexing services and has its impact factor. The NAAS rating of the 

journal for year 2019 was 6.56.  I am delighted to see that the organisers are bringing out the 

proceedings of INAGMET 2019 as a special issue of the Journal of Agrometeorology. I am condent 

that this publication would serve as a reference manual for managing climatic risks of the farmers. I 

profusely thank all editorial team members for bringing out this publication in time. The nancial 

support provided by NABARD for this publication is duly acknowledged.

(Vyas Pandey)

Dr Vyas Pandey
President
Association of Agrometeorologists



Message

The food security under adverse environmental scenario due to global climate change and spiraling 

cost of inputs, as experienced in the recent past, would be a major challenge in the 21st century to 

most of the countries in the developing world.The consequences of climate change on the social 

systems are expected to vary in different regions of the world on account of several regional and other 

local factors. Therefore different modeling studies, adaptation strategies and technology systems 

would be required in differing geographical and social contexts. Further, there are many 

uncertainties in disaggregating the effects of global warming on different agro climatic regions due to 

still inadequate scientic understanding of the processes involved in the climate change. India is too 

large a country to adopt strategies based on global averages of climate change. The current levels of 

uncertainties associated with likely consequences of climate change in various regions of the 

country are signicant and require the development of strategic action plans for different regions 

within the country.

The Association of Agrometeorologists (AAM) organizes its National and International seminars in 

different part of country, through its local chapters. The international symposium 'INAGMET-2019', 

organized by Delhi Chapter of Association of Agrometeorologists jointly with India Meteorological 

Department (IMD), Indian Council of Agricultural Research & Indian Agricultural Research Institute 

(ICAR-IARI) and Jawaharlal Nehru University (JNU) was a huge success. More than 450 national and 

international participants attended the event and approximately 140 papers full length manuscripts 

were received for peer-review. This volume of the special issue consists of nearly half of the peer-

reviewed accepted research articles presented during the symposia. The rest of them shall be 

published in the next volume of special issue, thereafter covering all the accepted papers. 

I am delighted to see that the organizers are bringing out the proceedings of INAGMET-2019 as a 

special issue of journal of agrometeorology. I am condent this would serve as comprehensive 

reference volume on climate resilient farm practices for improving livelihood of Indian farmers and 

other agricultural producers.

I compliment all the contributors and members of the special editorial board and editors of this 

special issue of JAM, containing the peer-reviewed research articles presented during INAGMET-

2019 for their painstaking efforts to bring this out well in time.

Dr. Akhilesh Gupta

Dept. of Science & Technology

Govt. of India, New Delhi

Dr Akhilesh Gupta
Ex-President
Association of Agrometeorologists



Effect of thermal stress on hsp 72 and leptin mrna gene  
expressions and milk yield of periparturient dairy cows
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ABSTRACT
Ten each of Karan Fries and Sahiwal cows were selected during summer and winter season 

separately from Livestock Research Centre of ICAR-National Dairy Research Institute Karnal, 
Haryana. These animals were further divided into two groups (5 each) i.e. high producing and 
low producing on the basis of their previous lactation yield. Blood samples were collected from 
jugular vein on the days -45, -30, -15, 0, 15, 30, and 45 with respect to day of parturition (day 
0). Milk yield of these animals were recorded at fortnightly interval during both the seasons. Total 
RNA from leucocytes of blood was extracted using Trizol method and cDNA was prepared by 
“Revert Aid kit” (Fermentas). The results of the present study revealed that HSP72 expression was 
significantly higher in lymphocytes of high producing Karan Fries and Sahiwal cows compared 
to low producing cows during both the seasons, but the magnitude of increase was found to be 
higher during summer compared to winter season. The overall mean values of the data reveals 
that quantity of relative HSP72 mRNA expression increased by 24.12, 181.4 and 24.6% in Karan 
Fries, during summer season and in high yielders compared to Sahiwal, winter and low yielders 
respectively. During winter season, HSP72 mRNA increased by 141.4 and 159% on 15th day and 
155.9 and 225.4% on 30th day postpartum from the pre-calving values (45 day) in high and low 
yielding Sahiwal and KF cows respectively. The leptin mRNA expression in lymphocytes of low 
producing Sahiwal cows were found to be maximum before calving compared to high producing 
Sahiwal and KF cows. Whereas, on the day of calving the expression pattern of leptin decreased in 
both the breeds and remained lower up to 45th day of postpartum. The relative mRNA expression 
of leptin gene in high and low yielding Sahiwal cows during summer season decreased to 89.3 
and 80.7% on 15th day of calving, whereas in Karan Fries the values decreased to 84.6 and 79.5% 
on the day of calving and 15th day postpartum from the 45th day of prepartum respectively. Leptin 
and HSP72 mRNA expression were negatively correlated to each other in both the breeds, seasons 
and groups. The milk yield differed significantly among breeds and high and low producing cows. 
Based on the results of the present study it can be concluded that, Karan Fries and high yielder 
cows are more sensitive to heat stress than Sahiwal and low yielder during heat stress. Therefore, 
special care needs to be taken to manage the high yielding cows of both the breeds (especially 
Karan Fries) during peri-parturient period and heat stress for sustained productivity and normal 
physiology.

Key words: HSP72, Karan Fries, Leptin, Lymphocyte, Sahiwal, Thermal stress

INTRODUCTION 
The cellular response to stress activates a 

specific set of genes called the heat shock genes, 
which results in the preferential synthesis of a 
group of proteins known as heat shock proteins. 
Among the heat shock proteins, HSP 70 is the most 
abundant in both eukaryotes and prokaryotes 
and it appears as a thermal switch. The HSP 
70 acts as an indicator of thermo-tolerance 
retention. Genetic differences in thermo-tolerance 
also extend to cellular levels. Synthesis of these 
proteins increases upon temperature upshifts and 
decreases upon downshift.  The maximum response 
was obtained after a shift to lethal temperature 

during which cells make HSPs at maximal rate 
as long as protein synthesis continues. Patir 
(2007) reported down regulation of HSP 70 at 
45ºC in climatic chamber, whereas the maximum 
induction was observed in Murrah buffaloes at 
38ºC exposure for 48 hours. Mayengbam (2008) 
also reported an increase in HSP 72 mRNA in 
dairy cattle during peak hot seasons of the year 
and the level of induction varied depending upon 
the duration of exposure to stress during natural 
environment. Exposure of lymphocytes to 40ºC 
induced a slight increase in HSP 70 expression 
and a maximum expression at 42ºC in all five 
different breeds. Elevated temperature acted as a 
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source of stress for bovine lymphocytes inducing 
HSP 70 expression. The induction of HSP 70, 
likely to protect the cells from stressful conditions 
particularly protection against stress-induced 
apoptosis. Leptin is a 16-kDa protein synthesized 
by adipose tissue and is involved in regulation of 
feed intake, energy balance, fertility and immune 
functions (Fruhbeck et al., 1998). Leptin binds 
to a receptor mainly localized on neuropeptide 
Y neurons, which results in a reduction of feed 
intake and an increase of energy expenditure. 
Leptin acts as an energy reserve signal for 
hypothalamic regions that control feeding 
behaviour, metabolism and endocrine function 
to maintain energy homeostasis (Chilliard et al., 
2001). The postpartum leptin reduction is likely 
to be due to the negative energy balance because 
plasma leptin remained high in cows not milked 
after parturition (Block et al., 2001). In ruminants, 
as in other species, leptin concentrations vary with 
changes in body weight and body fat (Delavaud et 
al. 2002). Zhang et al. (1994) observed Leptin, the 
adipocyte-derived hormone and the key regulator 
of food intake and energy homeostasis and found 
that alteration of HSP-70 gene expression is 
accompanied by high plasma leptin levels and a 
reduction in feed intake. Although it is now clear 
that, a variety of factors associated to modify the 
intracellular heat stress response but still the exact 
mechanism that affects expression of HSP72 and 
leptin especially in the case of bovine lymphocyte 
cells is unknown. Therefore the present study 
was undertaken on periparturient dairy cows to 
establish possible relationships between Hsp72 

and leptin as affected by thermal stress.

MATERIALS AND METHODS 
Ten each of periparturient Karan Fries and 

Sahiwal cows were selected during summer 
and winter season separately from Livestock 
Research Centre of ICAR-National Dairy Research 
Institute Karnal, Haryana. These animals were 
further divided into two groups (5 each) i.e. high 
producing and low producing on the basis of their 
previous lactation yield. These animals were fed 
as per the availability of green and dry fodder 
(NRC, 1981). The concentrate mixture consisted 
of mustard cake, maize, wheat bran, rice bran, 
mineral mixture and salt was fed to the animals. 
Throughout the experimental period cows were 
given concentrate mixture at 8.30 AM @ of 1 
kg /cow/day, then 1.5 kg /cow/day 15 days 
before calving. After calving, the cows were given 
concentrate mixture @ 1 kg per 2.5 kg of milk 
production. Fresh tap water was available for 
drinking to all the animals round the clock. 

Blood samples from experimental animals 
were collected from jugular vein in sterile 
heparinised vacutainer (BD VacutainerTM, UK) 
on the days -45, -30, -15, 0, 15, 30, and 45 with 
respect to day of parturition. Day ‘0’ represents 
the expected day of calving. Environmental 
parameters viz. minimum and maximum 
temperature, dry and wet bulb temperature and 
relative humidity was recorded and temperature 
humidity index (THI) was calculated (Table 1).

Table 1: Environmental parameters recorded during summer and winter season 

Summer season
Max. temp(oC) Min. temp(oC) RH %  Tdb (oC)  Twb (oC) THI

April 34.0 17.0 24.0 33.2 20.5 79.31
May 38.4 23.2 32.0 37.5 24.5 85.24
June 35.0 24.9 52.0 34.1 26.3 84.15
July 33.1 26.3 71.0 31.7 27.1 82.95
August 32.1 25.7 73. 31.6 27.6 83.28
Average 34.5 23.4 50.4 33.6 25.2 82.9
Winter season
October 31.9 17.1 43.0 31.6 22.2 79.35
November 28.1 12.8 40.0 27.8 19.0 74.35
December 21.8 6.9 46.0 21.5 14.8 66.72
January 2012 17.3 6.2 61 16.7 12.6 61.67
February 20.7 6.9 45.0 20.5 14.3 65.6
Average 23.9 9.9 47.0 23.6 16.5 69.5



RNA extraction from blood
Total RNA from leucocytes of blood was 

extracted using Trizol method. In brief, one volume 
of blood was incubated with 5 volume of RBC lysis 
buffer for 10 min in ice, centrifuged at 2000 rpm 
for 15 min at 4oC. Supernatant was discarded 
and the procedure was repeated until the reddish 
tinge disappears from the pellet. The leukocyte 
pellet was washed in 2 ml (1X) PBS (Himedia), cell 
suspension was transferred in a 2.0 ml centrifuge 
tube and centrifuged at 1500 rpm for 15 min at 
4oC. After discarding the supernatant, 800μl of 
Trizol reagent (Invitrogen, USA), was added to it 
and the pellet was dispersed by gentle pipetting. 
To it 200μl chloroform (Sigma-Aldrich, Missouri, 
USA) was added and the mixture was vortexed. The 
resulting mixture was kept at room temperature 
for 5-10 min. The mixture was then centrifuged at 

14, 000 rpm for 15 min at 4°C, to separate it into a 
lower red phenol-chloroform organic phase, inter 
phase and the colorless upper aqueous phase. 
The aqueous phase was carefully transferred to a 
1.5 ml fresh micro centrifuge tube and equivalent 
volume of ice cold isopropanol was added to it. It 
was mixed gently and kept at -20oC for 30 min 
for better precipitation. Subsequently tubes were 
centrifuged at 14, 000 rpm for 15 min at 4°C to 
obtain RNA precipitate in the form of a white pellet 
at the side and bottom of the tube. The RNA pellet 
was rinsed with 0.5 ml of 75% ice-cold ethanol 
and subsequent centrifugation at 7500 rpm for 
8 min at 4°C. Supernatant was discarded and 
RNA pellet was air dried for 5-10 min to remove 
any remaining ethanol. Final pellet was dissolved 
in 30 μl of RNase free water, divided into small 
aliquots and stored at -80°C for further use.

Methods of first strand cDNA synthesis
For cDNA preparation “Revert Aid kit” 

(Fermentas) was used. Before cDNA synthesis 
the RNA to be processed was incubated with 1 μl 

DNase-1 (1U) at 37oC for 15 minutes and 75oC for 
10 min. For cDNA synthesis 500ng of RNA (in 10 
μl) was taken in 200 μl tube and nuclease free 
water was added to make up the volume to 15 
μl. Incubated at 65oC for 5 min. and left in ice for 
3 min. The following components to the reaction, 
in order, for a final reaction volume of 20 μl were 
added: 2.0 μl of RT Buffer (10×), 0.5 μl of RNase 
Block ribonuclease inhibitor, 0.5 μl of RT enzyme 
and 2.0 μl of 100 mM DTT. Incubate the reaction 
at 25oC for 10 min., then 42oC for 60 min. and 
finally 75oC for 10 min. for terminating the cDNA 
synthesis.

Primers used for study: In cattle sequences for 
the gene Leptin and HSP72 under study has been 
taken from the NCBI GENEBANK. The primers 
were used for amplification of cDNA from cattle 
lymphocytes by using Real- Time PCR (Table 2).

RESULTS AND DISCUSSIONS
HSP72 mRNA expression in lymphocytes

During summer season the mean quantity 
of relative HSP72 mRNA expression in high and 
low yielding Sahiwal cows were 1.9±0.3 and 
1.5±0.3 respectively on 45th day of prepartum 
and the quantity of HSP72 expression increased 
to 6.2±1.1 and 5.2±0.3 respectively on the day of 
calving. In high and low yielding Karan Fries cows, 
the quantity of relative HSP72 mRNA expressions 
were 3.6±0.3 and 2.1±0.4 45 respectively on 45th 
day of prepartum and the quantity of HSP72 
expression increased to 7.0±0.3 and 5.7±0.6. The 
quantity of relative HSP72 mRNA expression in 
high and low yielding Sahiwal cows increased by 
268 and 246% on the day of calving and in Karan 
Fries cows the mean quantity of relative HSP72 
mRNA expression increased by 94.4 and 171.4% 
on 15th day of postpartum from pre-calving values 
(45 day) respectively during summer season. The 
relative quantity of HSP72 mRNA expression were 
significantly (P<0.01) different in high and low 
yielding Sahiwal and Karan Fries cows (Fig. 1). 

Table 2: Primer sequence of different genes

Gene Accession No. Primer Sequence Amplicon 
Size(bp)

Leptin NM_173928.2 Forward-5’-GGGCTCCACCCTCTCCTGAGTT 
Reverse- 5’-GACAACGCCCAAGCTCTCCAAG

210

HSP72 
(HSPA1A)

NM_203322.2 Forward-5’- AACATGAAGAGCGCCGTGGAGG 
Reverse- 5’- GTTACACACCTGCTCCAGCTCC

171

GAPDH  NM_001034034.1 Forward- 5’- ACAGGGTGGTGGACCTCATGGT 
Reverse- 5’- TGATGGTACACAAGGCAGGGCT

215
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Fig. 1. Relative expressions of Heat shock protein 
72 mRNA in lymphocytes of periparturient Sahiwal 
and Karan Fries cows during summer season

Where, SW Hy= Sahiwal high yielder, SW 
ly= Sahiwal low yielder, KF Hy= Karan Fries high 
yielder, KF ly= Karan Fries low yielder

During winter season the mean quantity of 
relative HSP72 mRNA expression in high and low 
yielding Sahiwal cows were 0.99±0.3 and 0.83±0.1 
on 45th day of prepartum and the quantity of 
relative HSP72 mRNA expression increased to 
2.39±0.5 and 2.15±0.2 on 15th and 30th day of 
postpartum respectively. In high and low yielding 
Karan Fries cows the quantity of relative HSP72 
mRNA expression were 0.84±0.0 and 0.59±0.2 on 
45th day of prepartum and the quantity of relative 
HSP72 mRNA expression increased to 2.15±0.2 
and 1.92±0.3 on 15th and 30th day of postpartum 
in high and low yielding cows respectively (Fig. 2). 

Fig. 2. Relative expressions of Heat shock protein 
72 mRNA in lymphocytes of periparturient Sahiwal 
and Karan Fries cows during winter season

The mean quantity of relative HSP72 mRNA 
expression in high and low yielding Sahiwal cows 
increased by 141.4 and 159% and in Karan Fries 
increased by 155.9 and 225.4% on 15th and 30th 
day of postpartum from the pre calving values 
(45 day) respectively during winter season. The 
relative quantity of HSP72 mRNA in high and 
low yielding Sahiwal and Karan Fries differed 
significantly (P<0.01). 

Elevated HSP72 mRNA expression is 
associated with enhanced heat tolerance. The 
results of the present study are in accordance 
to those of Sordillo et al. (2009), who reported 
changes in the intracellular or circulating levels 
of these multifunctional proteins in dairy cows 
around calving. Lacetera et al. (2006) stated that 
bovine peripheral blood mononuclear cells under 
high temperatures are associated with both a 
gradual reduction in their ability to proliferate 
in response to mitogen stimulations and with a 
corresponding gradual increased Hsp72 gene 
expression. Mayengbam (2008) also reported a 
relative range of HSP72 mRNA expression from 
0.45±0.18 to 1.15±0.18 in Sahiwal and 0.69±0.09 
to 1.28±0.31 in Karan Fries cattle after exposing 
the animal in climatic chamber at 40ºC with 50% 
RH. Morimoto (2000) and Pirkkala et al. (2001) 
suggested that the stress response is initiated by 
the activation of the transcription factor HSF1 
that binds to the heat-shock element (HSE) in the 
promoter region of most of the genes expressing 
the heat shock family proteins such as HSP72 and 
HSP90. Arya et al. (2007) stated that HSP72 is one 
of the major chaperones of the cells, which plays a 
crucial role in guiding conformational status of the 
proteins during folding and translocation. Park et 
al. (2005) also stated that changes in the fluidity 
of membrane lipids, induced by high temperature 
may cause transduction of a signal, which would 
induce heat shock proteins expression. Wu et 
al. (1996) reported HSP72 mRNA expression in 
sheep myo metrium (an intracellular milieu) was 
increased during labor. Similar observations 
have been reported by Lallawmkimi et al. (2012) 
that the magnitude of increase in HSP 72 mRNA 
expression was significantly higher at 42±1°C with 
40±2% RH compared to 38±1°C with 50±2%RH 
exposure in all the groups of the Murrah buffaloes. 
Patir and Upadhyay (2007) who indicated a 
rise in HSP70 expression in Murrah buffaloes 
after two hour of exposure at 45°C and then the 
expression was down regulated after 3 and 4 hr of 
exposures. Figueiredo et al. (2007) also reported 
that the alteration of HSP70 gene expression is 
accompanied by high plasma leptin levels and a 
reduction in feed intake. Theodorakis et al. (1999) 
found that thermo-tolerant cells expressed less 
HSP72 when subjected to heat shock. Lindquist 
and Craig (1988) reported induction of HSP72 
during thermal stress indicates certain non – 
native proteins are produced in the cells that 
are toxic to the cells and in order to combat this 
deleterious effect to the cells, induction of more 



HSP72 binds the non-native proteins that are 
processed by macrophages as foreign antigens 
for presentation to lymphocytes. Kamwanja et 
al. (1994) reported an induction of heat shock 
protein after 1hour exposure at 42ºC with 2 to 3 
fold increase (0.07±0.06 in control vs. 0.26±0.05 
µg/million cells in treatment) in the intracellular 
concentrations of HSP70 on the lymphocytes 
of different cattle breeds. Lacetera et al. (2005) 
reported severe heat stress and altered lymphocyte 
function was observed under field conditions. 

Leptin mRNA expression in lymphocytes
During summer season the mean quantity 

of relative leptin mRNA expression in high and 
low yielding Sahiwal cows were 1.69±0.25 and 
2.29±0.40 on 45th day of prepartum and the 
expression was down regulated to 0.18±0.03 and 
0.44±0.17 on 15th day of postpartum respectively. 
Whereas, in high and low yielding Karan Fries cows 
the relative quantity of leptin mRNA expression 
were 2.02±0.31 and 2.40±0.20 on expected 45th 
day of prepartum and the expression decreased to 
0.31±0.10 and 0.49±0.07 on the 15th day of post 
partum respectively (Fig. 3).

Fig. 3. Relative expressions of leptin mRNA in 
lymphocytes of peri-parturient Sahiwal and Karan 
Fries cows during summer season

The mean quantity of relative leptin mRNA 
expression in high and low yielding Sahiwal 
cows decreased to 89.3 and 80.7% on 15th day of 
calving and in Karan Fries the values decreased to 
84.6 and 79.5% on the day and 15th day of calving 
from the pre-calving values (expected 45th day) 
respectively during summer season. The quantity 
of relative leptin mRNA expression differed 
significantly (P<0.05) in high and low yielding 
Sahiwal and Karan Fries cows during summer 
season, respectively. 

During winter season the mean quantity 
of relative leptin mRNA expression in high and 
low yielding Sahiwal cows were 1.50±0.11 and 

2.80±0.59 on 45th day of prepartum and the 
expression lowered to 0.39±0.09 and 0.68±0.21on 
30th day postpartum and day of calving 
respectively. Whereas in high and low yielding 
Karan Fries cows the relative quantity of leptin 
mRNA expression were 1.88±0.22 and 1.53±0.48 
on 45th day prepartum and the expression 
decreased to 0.55±0.09 and 0.21±0.05 on 45th day 
of postpartum respectively (Fig. 4). 

Fig. 4. Relative expressions of leptin mRNA in 
lymphocytes of periparturient Sahiwal and Karan 
Fries cows during winter season

The quantity of relative leptin mRNA 
expression in high and low yielding Sahiwal cows 
lowered by 74 and 75.7% on 30th day (postpartum) 
and day of calving and in Karan Fries cows the 
expression lowered to 70.7 and 86.2% on 45th day 
postpartum from the pre- calving values (expected 
45th day) respectively during winter season. The 
overall quantity of relative leptin mRNA expression 
was significantly (P<0.05) different in high and 
low yielding Sahiwal and Karan Fries cows during 
winter season respectively.

The results of the present study are in 
accordance with Lacetera et al. (2009), who 
reported down regulation of gene expression 
of leptin and leptin mRNA receptor, which is 
also part of such alteration of the gene program 
consequent to heat shock. Present findings also 
corroborates with Bernabucci et al. (2007), who 
found that high environmental temperature 
affects leptin biology both in dairy cows and other 
animals. Ahmed et al. (2008) reported similar 
observations as leptin inhibits mitogen-induced 
proliferation of T lymphocytes in dairy cows. Block 
et al. (2001) stated that the decrease in leptin 
levels towards parturition in dairy cows may be 
caused by a decrease of leptin mRNA production 
in white adipose tissue, which could be caused by 
a decrease in energy balance. 

Sanna et al. (2003) have reported similar 
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results of our investigation as environmental 
temperature reduces secretion of leptin from 
lymphocytes which provide a small contribution 
to the pool of circulating leptin and are likely to be 
subjected to the effects of leptin mainly through an 
autocrine mechanism. Block et al. (2001) observed 
reduction in the plasma concentration of leptin, 
which was associated with a 57% decrease in the 
abundance of leptin mRNA expression. Lacetera 
et al. (2009) stated that reduced leptin expression 
in heat-shocked lymphocytes may represent 
an adaptive mechanism to high environmental 
temperatures, which may contribute to explain 
the immune suppression in cows suffering from 
severe heat stress. Similar observations have 
been reported by Hayirli et al. (2002) who found 
that in dairy cows towards lactation NEBAL 
is initiated due to decline in dry matter intake 
together with an increased energy demand of the 
fetus, as a result adiposity decreases which down 
regulates the leptin expression. Ronchi et al. 
(1999) stated that exposure to hot environments 
affects metabolic status, causing alteration of lipid 
metabolism, liver functionality and increasing 
hepatic lipid accumulation. Similar reports have 
also been given by Thomas et al. (2001) who 
observed that leptin is expressed at very low 
levels in the ovine placenta, levels which are 
probably too low to be contributing significantly 
to the maternal circulation. Present investigations 
are in general agreement with Lacetera et al. 
(2009) bovine lymphocytes express gene for Ob-
Rb, and these cells also express gene for leptin. 
Similar observations have been given by Sanna et 
al. (2003) and Siegmund et al. (2004) about the 
expression of leptin genes in lymphocytes. Present 
investigations are in general agreement with 
Liefers (2004) that expression of leptin gene was 
higher during late pregnancy and declined rapidly 
on the day of calving and the lower values remain 
constant until 70 day after parturition. 

Dry matter intake (DMI) and Milk yield
The overall DMI was lower in Sahiwal, 

summer and low yielders as compared to Karan 
Fries, winter and high yielders, respectively. The 
DMI in high and low yielding Sahiwal and Karan 
Fries were significantly lower (P<0.01) on the day 
of calving as compared to 45 day of pre- and post-
partum. 

The overall least square mean of milk yield 
among breeds, seasons and groups have been 
presented in Table 2. The least square mean 
values of milk yield of Sahiwal and Karan Fries; 
during summer and winter and in high and low 
yielding groups were 8.68±0.27 and 16.52±0.24; 
12.39±0.21 and 12.81±0.30 and 15.15±0.30 and 
10.05±0.21 respectively. The overall least square 
mean values of milk yield decreased to 47.4 % 
in Sahiwal cows compared to Karan Fries cows. 
The overall least square mean values of milk 
yield decreased to 3.27% during summer season 
compared to winter season. In low yielder groups 
of both the breeds the milk yield decreased to 
33.6% compared high yielders groups of both the 
breeds. The overall mean values of milk yield in 
both the groups of Sahiwal and Karan Fries cows 
differed significantly (P<0.01) among breeds and 
production levels (Table 3). 

Overall least square means with similar 
superscripts do not differ significantly from each 
other for particular effect

CONCLUSIONS
The HSP72 gene expression study reveals 

that the molecular chaperones up regulation 
occurs on the day of parturition. It indicates more 
cellular damage from the day of calving to 15th day 
postpartum. Negative correlation was observed 
among HSP 72 and leptin expression. Based on 
the results of the present study it can be concluded 
that, lower levels of leptin and higher levels of 

Table 3: Milk yield (Kg) during lactation period with respect to breed, season and groups

Effects Days 15 30 45 Mean 

Breed Sahiwal 8.58 8.86 8.60 8.68±0.27a

Karan Fries 16.51 16.63 16.44 16.52±0.24b

Season Summer 12.19 12.33 12.65 12.39±0.21a

Winter 12.90 13.16 12.38 12.81±0.30a

Group High Yielding 15.05 15.40 15.01 15.15±0.30a

Low Yielding 10.05 10.08 10.03 10.05±0.21b



HSP72 during and after parturition compared 
to prepartum period indicates more stress on 
the lactating cows. Although, both the groups of 
cows required protection during extreme climatic 
conditions, but high yielders group will require 
extra protection especially crossbred cows during 
the climate change scenario in future. Therefore, 
special care needs to be taken to manage the high 
yielding cows of both the breeds (especially Karan 
Fries) during periparturient period and heat stress 
for sustained productivity and normal physiology.
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ABSTRACT
Spectral indices are very important for crop identification, health analysis and production 

estimation. The present study focused on estimations of wheat yield through weather models and 
further their integration with Normalized Difference Vegetation Index (NDVI) data derived from 
Moderate Resolution Imaging Spectro-radiometer (MODIS) sensor of 250m spatial resolution to 
develop spectral regression model at two districts viz. Karnal and Hisar representing different agro-
climatic zones (eastern and western) in Haryana, India.Rabi season (October-March) MODIS-16 
days composite value of NDVI for the period 2000-2017 were obtained from LP DAAC-NASA and 
wheat yield data for study region were obtained from Haryana statistical abstract. Correlation 
and regression analysis were performed using weekly weather parameters and NDVI value extract 
from satellite imagery using ENVI 5.5 software. For accuracy enhancement, the spectral-models 
were integrated with NDVI values.Agromet models integrated with satellite data based NDVI i.e. 
MODIS NDVI for both stations exhibited higher accuracy and gave better results as compared to 
other two models viz. weather models alone (adjusted R2 was 0.96 and 0.50 for Karnal and Hisar) 
and integrated with NDVI values available at IARI CREAMS platform (adjusted R2 was 0.96 and 
0.47 for Karnal and Hisar). The adjusted R2 of new model i.e. MODIS NDVI was 0.97 and 0.58 for 
Karnal and Hisar and percent deviation ranged 11.2 % and 0.3% respectively. Further, on spatial 
scales, the Spectral wheat model accuracy was higher in eastern climatic zone as compared to 
western as later has more climatic and physiographic diversity. The MODIS NDVI values observed 
to be more effective for wheat yield predication and using this model yield can be predicted two 
month prior to harvesting. The results concluded that the integration of NDVI enhanced the 
accuracy of weather based yield prediction for wheat to a considerable extent.

Key word: Remote sensing, NDVI, MODIS, Regression model, weather parameter, wheat yield, 
Agromet model and Spectral model.

INTRODUCTION
Wheat (Triticum aestivum L.) is a major cereal 

crop of the world in terms of production. In India, 
wheat is the second important food crop being 
next to rice and contributes to the total food 
grain production of the country to the extent of 
about 35 per cent (Anonymous, 2019). Haryana 
lies in western part of the plain and have semi-
arid to humid climate. With climate fluctuation 
and population expansion, food safety has been 
major concern of the country. Crop production 
estimation is one of the factors which are 
responsible for various policy decisions relating to 
storage, marketing, distribution, pricing, import-
export etc. The timely and accurate estimation 
of grain yield and annual fluctuation can help 
governments to plan effective strategies. From 
space agricultural monitoring to pre-harvest 

assessment crop yield and production has been 
a topic of research since the early 1970s (Wall et 
al., 2008). In the context, remote sensing images 
are capable of identifying crop health, as well 
as predicting its yield. Vegetation indices (VIs), 
such as the Normalized Difference Vegetation 
Index (NDVI), is the simplest vegetation variable 
computed and widely applied in the crop 
monitoring.

Statistical correlation methods, such as 
sampling algorithms, meteorological models 
and remote-sensing estimation methods having 
linear or non-linear relationship between yield 
and meteorological data, normalized difference 
vegetation index (NDVI) or other factors, have 
been successfully used for many years. In India, 
the efficiency of crop yield estimation has been 
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improved substantially after combining satellite 
spectral data with survey data based on crop 
cutting experiments. Weather for the whole growing 
season of the crops also plays an important role 
in successful crop product. The yield of crops 
highly depends upon climate of that region and 
can’t be overlooked while making a model for 
yield prediction. Weather models varying in their 
input parameters and their combination have 
been developed on regional scales and are used 
in yield predictions such as Agrawal et al. (2007).
Sisodia et al., (2014) developed agromet statistical 
regression models based on meteorological 
parameter i.e minimum temperature, maximum 
temperature, relative humidity, wind-velocity and 
sunshine hours using 20 years data from (1990-
91 to 2009-10), to predict wheat yield two month 
prior to harvest.

This study was designed with the objective 
to develop an integrated model for wheat 
yield prediction using weather model and its 
incorporation with Remote Sensing data of two 
locations representing different Agro-climatic 
zones of state.

MATERIALS AND METHODS
Two districts viz. Karnal and Hisar were 

selected from the two agro-climatic zones (Eastern 
and Western respectively) of Haryana state.These 
are located between of 29º 43’ N, 76º 58’ E and 
290 09’ N, 750 43’ E of Eastern and Western parts 
of Haryana respectively. The climate of region 
lies between semi-arid to humid condition. Fig. 
1 depicts the wheat growing regions/polygons 
where from the MODIS NDVI values derived for 
study period 2000-2017. 

Meteorological Data of all parameters from 
2000 to 2017 was collected from Meteorological 
Observatory at CSSRI (Central Soil Salinity 
Research Institute) Karnal and Department of 
Agricultural Meteorology, CCS HAU (Chaudhary 
Charan Singh, Haryana Agricultural University) 
Hisar. The statistics of the wheat yield (kg/hac.) 
from 2000 to 2017 for Hisar and Karnal (Haryana) 
districts were collected as secondary data 
published by Deptt. of Economic and Statistical 
Analysis, Govt. of Haryana (Statistical Abstract 
of Haryana). Empirical models (weather model 
or agromet models) were developed for predicting 
wheat yield for Karnal and Hisar districts of 
Haryana, India using this long term weather 
information as independent variable and wheat 

yield as dependent variable. Besides meteorological 
data, NDVI values were taken from two sources 
i.e. IARI-CREAMS (Consortium for Research on 
Agro ecosystem Monitoring and Modeling from 
Space) and NASA’s Moderate Resolution Imaging 
Spectro-radiometer (MODIS, 16 days composite 
imageries of 250 m resolution). The weather 
models were further integrated with NDVI values 
from both of sources for corresponding location to 
enhance the accuracy of models. NDVI values of 
each polygon were derived by average of all pixels 
falling in the polygon, where the value of pixel 
was the highest value in wheat growing season. 
Further all polygons were averaged for getting 
to regional NDVI value to put in the models of 
respective district. 

Fig. 1. wheat growing sites for NDVI image 
interpretation in Karnal and Hisar districts

NORMALIZED DIFFERENCE VEGETATION 
INDEX: Normalized vegetation index (NDVI) is 
calculated as (Rouse Jr et al., 1974):NDVI = (NIR-
RED) / (NIR+ RED), Where, NIR and RED are the 
reflectance in the near- infrared and red spectral 
channels, respectively.Correlation and regression 
analysis was carried out using excel spread sheet 
and SPSS package.

RESULTS AND DISCUSSION
The analysis for both of stations was carried 

out by taking weather variables and NDVI as 
independent variables affecting wheat yield 
(dependent variable). An intensive analysis of 
weather parameters was carried out between 
various correlations of weather parameters with 
yield of wheat crop. Sum and sum products values 
(sum of products of variables with correlations) 
were taken as independent factor and yield data 
as dependent factor in SPSS software to find out 
the parameters or their combination, which were 
most affecting the wheat yield. Regression analysis 
gave summary output that included partial 
regression coefficient of effective parameter and 



intercept value to form equation in which yield 
as dependent and other significant parameters 
are independent. The variables derived based on 
sum product-correlation of significant weather 
variables were used for developing regression 
models for Karnal and Hisar districts. 

Where, Z131 = sum of product of maximum 
temperature and morning relative humidity, Z41 
= Sum of product of evening relative humidity, 
Z230 = sum of minimum temperature and 
morning relative humidity, Z451 = sum of product 
of evening relative humidity and rainfall

Three models were analysed viz. Agromet 
Model (or weather model), Agromet Spectral Model 
(IARI NDVI) and Agromet Spectral Model (MODIS 
NDVI) for yield estimation. 

a) Agromet Model (or weather model): Weather 
yield model equation for Karnal and Hisar districts 
so developed is presented hereunder:

Location Regression Equation Adjusted R2 R2

Karnal Y=5137.56+32.71(T) + 
7.92(Z41) – 0.05(Z230) 
+ 0.11(Z451)

0.96 0.97

Hisar Y=5755.2+30.01(T) + 
0.75(Z131)

0.50 0.57

Where T is order of year i.e. 1st, 2nd… since 
2000-01 and Adjusted R2, compare the explanatory 
power of regression model that contain different 
number of independent parameter. The validation 
of these Agromet model or weather model 
equations were done for the next two consecutive 
years 2015-16 & 2016-17 and presented in table 
no.1

b) Spectral Model (IARI- NDVI):Weather yield 
model were integrated with NDVI of respective 
years for accuracy enhancement. Two different 
sources were selected for NDVI, first source was 
IARI published district wise NDVI values at their 
CREAMS portal and second was satellite data i.e. 
MODIS NDVI. The regression model developed 
with addition of NDVI (IARI) for Karnal and Hisar 
districts is as follows:

Location Regression  
Equation

Adjusted 
R2

R2

Karnal Y=4464.79 + 33.87 
(T) + 7.53 (Z41) - 
0.06 (Z230) + 0.12 
(Z451) + 1189.06 
(NDVImax)

0.96 0.97
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Hisar Y=6903.07 + 34.54 
(T) + 0.68 (Z131) - 
2007.19 (NDVImax)

0.47 0.58

Where T is order of year i.e. 1st, 2nd… since 
2000-01. As done earlier, the Agromet – Spectral 
(IARI NDVI) model equations were validated for 
the next two consecutive years 2015-16 & 2016-
17 and presented in table no. 2.

The accuracy of Agromet model was enhanced 
to some extent by integration of NDVI values. 
As IARI NDVI values were district level values, 
hence for better accuracy satellite observed NDVI 
(corresponding to exact wheat pixels) values were 
used. 

c) Spectral Model (MODIS NDVI): for 
integration of crop specific NDVI values or real 
ground or pixel based NDVI, MODIS satellite 
observed data was used. The regression model 
so developed is as under for Karnal and Hisar 
districts.

Location Regression  
Equation

Adjusted 
R2

R2

Karnal Y= 3307.63 + 28.11 
(T) + 6.04 (Z41) - 
0.05 (Z230) +0.12 
(Z451) + 2324.78 
(NDVImax)

0.97 0.98

Table 2: Validation of Agromet Yield models for wheat yield estimation for districts Karnal and Hisar 
during 2015-16 & 2016-17

Location Observed Yield 
(Kg/ha)

Regression Equation Predicted Yield (Kg/ha)

2015-
2016

2016-
2017

2015-
2016

% Deviation 2016-
2017

% Deviation

Karnal 4543 5212 Y=5137.56 + 32.71(T) + 
7.92 (Z41) – 0.05 (Z230) + 
0.11(Z451)

4506.53 0.80 4628.03 11.20

Hisar 4310 4758 Y=5755.2 + 30.01(T) + 0.75 
(Z131)

4719.79 8.68 4243.07 10.82

Table 3: Validation of Spectral (IARI-NDVI) Yield models for wheat yield estimation during 2015-16 & 
2016-17

Location Observed Yield 
(Kg/ha)

Regression  
Equation

Predicted Yield (Kg/ha)

2015-16 2016-17 2015-16 % Deviation 2016-17 % Deviation
Karnal 4543 5212 Y=4464.79 + 33.87 

(T) + 7.53 (Z41) - 0.06 
(Z230) + 0.12 (Z451) 
+1189.06 (NDVImax)

4519.29 0.52 5485.07 5.24

Hisar 4310 4758 Y=6903.07 + 34.54 
(T) + 0.68 (Z131) - 
2007.19 (NDVImax)

4736.04 8.99 4472.46 6.00

Hisar Y=1397.81 - 5.61 
(T) + 0.77 (Z131) + 
5953.10 (NDVImax)

0.58 0.67

Where T is order of year i.e. 1st, 2nd… since 
2000-01. As earlier, the Agromet – Spectral 
(MODIS NDVI) model equations were validated for 
the next two consecutive years 2015-16 & 2016-
17 and presented in table no. 3

The agromet models were developed on the 
basis of correlations of wheat yield and weather 
parameters of rabi season (October to March) 
for the period of fifteen years (2000-2015). The 
results revealed that weather model alone worked 
well (forecast) i.e. yield prediction for both Karnal 
and Hisar regions (eastern and western agro-
climatic zones) gave acceptable result. At Karnal, 
meteorological parameters such as minimum 
temperature, relative humidity and rainfall were 
contributing significantly for wheat yield, while 
maximum temperature and morning relative 
humidity were found more affecting the yield of 
wheat at Hisar region. Further, to increase the 
accuracy of models by integration of remote sensing 
data (maximum NDVI), gave high coefficient 
of determination and adjusted R2 (correlation 
coefficient based on yield adjusted for trend effect 
better) for Karnal as compared to Hisar due to 
different climatic conditions, continuous wheat 



growing area and high soil moisture retention 
capacity. The eastern climatic zone has less 
climatic variability from western zone. Therefore, 
all the three models worked more accurately for 
eastern climatic zone i.e. at Karnal as compared 
to western climatic zone i.e. Hisar. The third 
model could able to predict the wheat yield about 
90% before harvest. Spectral models can be run 
with any available data sets and are easier to 
use as compared to deterministic crop models. 
This study could help the provincial government 
of Haryana in estimating yield 7-8 weeks before 
harvest by using weather parameters.

CONCLUSION
The study focused to develop a best fit 

regression model for early wheat yield forecasting 
during wheat growing season using weather 
parameters. Two districts in Haryana i.e. Karnal 
and Hisar were chosen representing respectively 
the eastern and western climatic zones of state. 
Three models were developed for finding the 
best one for yield prediction of wheat crop. First, 
Agromet model performed better and errors were 
within acceptable limits (Adj. R2, compare the 
explanatory power of regression model that contain 
different number of independent parameter was 
0.96 and 0.5 for Karnal and Hisar respectively). 
Second model was integration of first model with 
IARI-NDVI (district level monitoring) values. It 
could enhance the accuracy of Agromet models 
marginally as IARI NDVI data was district level 
generalised data (Adj. R2 was 0.96 and 0.47 for 
Karnal and Hisar respectively). For Karnal region, 
it can be used as the regions has vast continuous 
wheat field, but it has limitations for Hisar region 
where mixing of wheat with mustard prevails. The 
third model was integration of first model with 
MODIS-NDVI (wheat pixel based) satellite data. 
It could improve the accuracy of agromet models 
considerably for both of the regions as this NDVI 

values were pixel based or exactly form wheat 
grown area. Agromet models with integration of 
satellite based NDVI (MODIS) data can help to 
predict wheat yield before 7-8 weeks of harvest 
up to 90% accuracy.The study can be helpful in 
estimating yield before harvest by using weather 
parameters and satellite data especially for state 
government of Haryana or others where wheat is 
grown.
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ABSTRACT
Climate change is one of the serious environmental threats confronting the global society 

in respect of food security. Global warming has led to rise of the surface temperature about 
0.7°C since the early 20th century. Huge economic loss is likely to be expected without change 
in the management system of livestock farming. Therefore, the emphasis should be given to 
understand the mechanism of adapted livestock for their sustained production and performance 
during stressful conditions (heat, cold, drought, flood etc.) under tropical climate. Currently, 
India is losing nearly two per cent of the total milk production in cattle and buffaloes due to global 
warming. It has been estimated that about 85% places in India experience moderate to high heat 
stress during April to June. Slight increase in core body temperature have profound effects on 
tissue metabolism, electrolyte balance, neuro-endocrine functions etc,  which in turn reduce 
fertility, growth, lactation and ability to work. Therefore, suitable strategies should be adopted 
in animal shelter, nutrition, breeding, reproduction and health care. Research commitments and 
selection of resilient breeds to climate change are mandatory without compromising production 
performance. 

Key words: Adaptation, climate change, livestock, mitigation, production

INTRODUCTION
Animal husbandry is an integral component 

of Indian agriculture, where livestock contribute 
around 16% to the income of small farm 
households against an average of 14% for all 
rural households. India’s livestock sector is one of 
the largest in the world. It holds 56.7% of world’s 
buffaloes, 12.5% cattle, 20.4% small ruminants, 
2.4% camel, 1.4% equine, 1.5% pigs and 3.1% 
poultry. Livestock provide multiple benefits that 
include food, clothing, fuel, nutrient cycling for 
soils, draught, income and employment, and a 
means of future food and income insurance.The 
total output from livestock sector was higher than 
the value of food grains. Empirical evidence from 
India and other developing countries suggests 
that livestock development is an important route 
for the poor households to escape poverty. The 
major concern of changing climate on livestock 
productivity is that the demand for food to feed the 
increasing population. Sustainable agriculture 
and livestock production is must for continuous 
supply of food to the growing population. 

Sustainability in livestock production system 
is largely affected by climate change. Inter-
governmental Panel on Climate Change (IPCC, 
2007), reported that temperature of the earth 

has been increased by 0.2°C per decade and 
also predicted that the global average surface 
temperature would be increased to 1.4-5.8°C by 
2100. It was also indicated that mainly developing 
countries tend to be more vulnerable to extreme 
climatic events as they largely depend on climate 
sensitive sectors like agriculture, forestry and 
animal husbandry (IPCC, 2007).

DISCUSSIONS
The thermo-neutral zone (TNZ) of dairy 

animals ranges from 16°C to 25°C, within which 
they maintained a physiological body temperature 
of 38.4-39.1°C (Yousef, 1985). However, air 
temperatures above 20-25°C in temperate climate 
and 25-37°C in a tropical climate like in India, 
enhance heat gain beyond that lost from the body 
and induces heat stress (Vale, 2007; BV et al., 
2011). The performance of livestock decreases 
during thermal stress, the energy which is to be 
used for the production is diverted for of thermal 
balance. Therefore, the production capability of 
the livestock decreases drastically.

Impacts of climate change on livestock
Climate change is a threat to livestock 

production because of the impact on quality 
of feed crop and forages, water availability, 
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milk production, livestock diseases, animal 
reproduction, and biodiversity. India experiences 
variety of climates ranging from tropical in the 
south to temperate and alpine in the Himalayan 
north. Heat stress is a major problem under 
changed climatic scenario in India. High productive 
animals suffer more than low productive animals 
due to higher metabolism during heat stress. The 
animals reduce their heat load by lowering feed 
intake resulting reduction in productivity. The 
reasons for decrease in animal productivity are 
the diversion of metabolic energy to ameliorate 
the thermal stress. Heat stress also reduces the 
immune status of animals resulting susceptibility 
to various diseases. 

Impact on physiology of animals
Acid base balance

Animal under heat stress has increased 
respiration rate that results into respiratory 
alkalosis due to decrease in blood carbonic 
acid concentration (Benjamin, 1978). Chronic 
hyperthermia also causes severe or prolonged 
inappetence, which further aggravates the 
increased supply of total carbonic acid in the 
rumen and decrease rumen pH thereby resulting 
into subclinical and acute rumen acidosis (Kadzere 
et al., 2002).

Oxidative stress
High ambient temperature enhances the 

production of reactive oxygen species (ROS), 
which are detrimental to protein, lipid, DNA and 
leads to cell death. Body has antioxidants defense 
mechanism in the form of enzymatic [superoxide 
dismutase (SOD), glutathione peroxidase 
(GSH) and Catalase], non-enzymatic (albumin, 
L-cysteine, homocysteine, melatonin and protein 
sulfhydryl groups), and non-enzymatic low 
molecular weight antioxidants (ascorbic acid, 
GSH, uric acid, α-tocopherol, β-carotene, pyruvate 
and retinol), which increases as a results of heat 
stress to provide protection against negative 
effects of ROS. Higher antioxidant levels have 
been observed in buffaloes and crossbred cattle 
than Zebu cattle under heat stress. Significantly 
(p<0.05) higher levels of stress indices catalase, 
SOD, GSH reductase, and malondialdehyde was 
observed in lactating and non-lactating buffaloes 
(Lallawmkimi et al., 2013) and cattle (Yatoo et 
al., 2014) during summer compared to spring 
seasons.

Immune responses
Leukocytes (WBC) count increased by 21-26% 

(Abdel-Samee, 1987) and RBC count decreased 
by 12-20% (Habeeb, 1987) in thermally stressed 
cattle that could be due to thyro-molymphatic 
involution or destruction of erythrocytes. The 
levels of Hb, PCV, plasma glucose, total protein 
and albumin significantly vary with different 
temperature exposure conditions (Sejian et al. 
2013).

Hormone levels and expression of heat shock 
proteins

The blood glucose significantly decreased in 
hest stress animals in accordance to greater blood 
insulin activity (Baumgard and Rhoads 2013). 
Release of plasma cortisol increases in stressed 
animal causes down-regulation or suppression of 
L-selectin expression on the neutrophils surface 
(Burton and Erskine, 2003). This poor L-selectin 
expression is responsible for weak neutrophils 
function by failing to move into the tissue being 
invaded by pathogens. 

Increased circulating cortisol also causes 
increase cellular levels of heat shock proteins (HSPs) 
that function as a danger signal to the immune 
system to encourage faster killing of pathogenic 
bacteria by neutrophils and macrophages against 
invading bacteria (Do Amaral et al., 2011). Thus, 
HSPs protect the cellular damage during thermal 
stress. Heat shock proteins (HSPs) are activated 
many fold during summer season in crossbred 
compared to Tharparkar cattle. Adapted breeds of 
livestock to heat stress possess greater amount of 
constitutive HSPs during non-stress conditions. 
Studies, carried out at NDRI, Karnal showed 
higher expression of inducible heat shock proteins 
(HSP 70.1 and 70.2) in fibroblastic cells (Fig. 1) 
of Karan Fries than Tharparkar cattle, whereas 
constitute form of HSP (HSP 70.8 ) showed reverse 
trend than inducible form i.e. higher expression in 
Tharparkar than Karan Fries cattle. These results 
indicated the better adaptability of indigenous 
cattle to high temperature compared to crossbred 
cattle (Singh et al., 2014). 
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Fig. 1. Relative expression of inducible and 
constitutive HSP genes in fibroblast cell culture 
under thermal stress conditions

Impact on DMI, production and reproduction 
performances 

Dry matter intake (DMI)
Reduction in feed intake is one of the 

physiological mechanisms for reducing the 
metabolic heat production, to decrease the internal 
heat production. When cows are kept without 
shed, feed consumption reduced drastically 
during hot weather compared to the cows kept in 
shed. Heat stress (HS) directly affects the appetite 
centre in the hypothalamus resulting reduction 
in feed intake. Feed intake begins to decline at 
air temperatures of 25-26°C in lactating cows and 
reduces more rapidly above 30°C in temperate 
climatic conditions and at 40°C it may decline by 
as much as 40% (Rhoadset et al., 2013), 22-35% 
in dairy goats (Hamzaouiet et al., 2012) or 8-10% 
in buffalo heifers (Hooda et al., 2010)

Nonaka et al. (2008) reported animals under 
HS have reduced acetate production whereas 
propionate and butyrate production increased 
as rumen function altered. As a response animal 
consumed less roughages, changes rumen 
microbial population and pH from 5.82 to 6.03 
(Hal, 2009) decreasing rumen motility and 
rumination (Nardone et al., 2010; Sorianiet et al., 
2013). Subsequently, affects health by lowering 
saliva production, variation in digestion patterns 
and decreases dry matter intake (DMI) (Nardone 

et al., 2010; Sorianiet et al., 2013). HS also results 
into hypo-function of the thyroid gland and affects 
the metabolism patterns of the animals to reduce 
metabolic heat production (Helal et al., 2010). 

Milk production
High ambient temperature reduces the 

milk yield and their composition. Effective 
environmental heat loads above 35°C activate the 
stress response systems in lactating dairy cows 
(Berman, 2005). In response to HS, dairy cows 
reduce feed intake which is directly associated 
with negative energy balance, which is largely 
responsible for the decline in milk synthesis 
(Wheelock et al., 2010). (West, 2003) reported 
a reduction in DMI by 0.85 kg with every 1°C 
rise in air temperature above a cow’s TNZ, this 
decrease in intake accounts approximately 36% 
of the decrease in milk production (Rhoads et al., 
2009). According to Bouraoui et al. (2002) daily 
THI negatively correlated to milk yield, as increase 
of THI value from 68 to 78 decreases DMI by 9.6% 
and milk production by 21%. Spiers et al. (2004) 
reported that milk yield decreases by 0.41 kg/
cow/day for each unit increase of THI above 69, 
feed intake decreased within a day after initiation 
of heat stress, while milk yield decreased after 2 
days of heat stress. Lower milk yield was observed 
during summer compared to winter and spring 
season. Decline in milk yield was observed upto 
30% during first lactation and about 20% in 
second and third lactation. The composition of 
milk mainly the fat, protein and solid not fat (SNF) 
decreased during summer season and quality of 
milk also decreased due to higher microbial load.

Kadzere et al. (2002) reported that milk fat, 
SNF and milk protein percentage decreased by 
39.7, 18.9 and 16.9%, respectively. When THI 
value goes beyond 72, milk fat and protein content 
declines. In addition, percentages of casein, 
lactalbumin, immunoglobulin G (IgG) and IgA also 
decreased. 80% of these were associated with loss 
of productivity and 20% with health issues, which 
might be due to disruption of internal homeostasis 
mechanism (Nardone et al., 2006).

The blood circulation to periphery increases 
several times in order to transfer heat to the 
environment from the body, whereas the flow 
of blood to the gastrointestinal tract reduces 
resulting decrease in nutrients absorption followed 
by reduction in milk yield. The volatile fatty acids 
production also affected due to thermal stress. 



Reproduction
Reproduction is the backbone of production. 

High air temperature and humidity affects cellular 
functions by direct alteration and impairment 
of various tissues or organs of the reproductive 
system in both the sexes of the animals. 

Estrous period and follicular growth
Heat stress reduces the length and intensity 

of estrus (heat) besides increases incidence of 
anestrous and silent heat in farm animals (Singh 
et al., 2013, Singal et al., 1984). It increases ACTH 
and cortisol secretion (Singh et al., 2013), and 
blocks estradiol-induced sexual behavior (Hein 
and Allrich, 1992). Roth et al. (2000) reported that 
developed follicles suffer damage and become non-
viable when the body temperature exceeds 40°C.

Semen quality and artificial insemination (AI)
The semen quality of crossbred bulls is 

affected by different climatic consequences. Heat 
stress is one of the factors for low semen quality 
in crossbred and exotic bulls under tropical 
climatic conditions. AI is one of the reproductive 
biotechnological tools, which is successfully 
transferred at grass root level with a success rate 
of 45-50%. There are different causes of failure 
in the conception rate during AI. Poor semen 
quality is one of the major causes of failure in the 
conception rate. 

The sperm membrane is rich in poly-
unsaturated fatty acids (PUFAs) content, which is 
the suitable target of ROS attack. The production 
of ROS is very common during spermatogenesis, 
as it is a highly replicative process and during 
heat stressed condition. Higher production of ROS 
due to heat stress affects the lipid membrane of 
spermatozoa causing lipid peroxidation, resulting 
into impairment of the sperm motility, viability 
and acrosome integrity (Fig. 2).

Lipid peroxidation of sperm is indicated by 
malondialdehyde (MDA) in seminal plasma, which 
is indicator of heat stress. Higher concentration of 
malondialdehyde was observed in seminal plasma 
of Karan Fries bulls during summer compared 
to winter. Body has antioxidant defense system, 
which increases as a result of heat stress to 
provide protection against negative effects of ROS. 
The higher concentration of seminal antioxidant 
enzymes was observed during summer compared 
to other seasons (Soren and Singh, 2016).

Semen quality of Karan Fries bulls 
deteriorates during summer compared to winter 
and spring under tropical climatic conditions 
(Soren et al., 2016) (Table 1).
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Arrow:  indicates decrease  indicates 
increase. 

Fig. 2. Schematic diagram representing the effects 
of hot humid season on semen quality

Heat stress not only reduces the quality of 
semen but also reduces the quantity/volume 
of semen. The secretion of FSH is negatively 
influenced by heat stress resulted lower semen 
production.

Fertility
Heat stress reduces oocyte development by 

affecting its growth and maturation (Singh et al., 
2013). It also increases circulating prolactin levels 
in animals’ results to acyclicity and infertility 
(Singh et al., 2013; Alamer, 2011).

Embryonic growth and development
Embryonic growth and survival also affected 

during heat stress in dairy animals. Heat stress 
causes embryonic death by interfering with 
protein synthesis (Edwards and Hansen, 1996), 
oxidative cell damage (Wolfenson et al., 2000), 
reducing interferon-tau production for signaling 
pregnancy recognition (Bilby et al., 2008) and 
expression of stress-related genes associated with 
apoptosis (Fear and Hansen, 2011).

Ashraf et al. (2014) reported inferior quality 
embryos under heat stress conditions. Lower 
percentage of buffalo oocytes developed to 8-cell, 
16-cell or blastocyst stage (in-vitro) in the heat-
exposed group as compared to control. It has 
been demonstrated that development of oocytes 
to blastocyst was severely compromised when 
matured at 40.5 and 41.5°C (Fig. 3). 

Fig. 3. Representative images illustrating the 
frequency of apoptotic nuclei in blastocysts of 
control (38.5°C for 24 hours), ) and heat stress 
(T1= 40.5°C, 12 hours; T2= 41.5°C, 12 hours; T3= 
40.5°C, 24 hours; T4= 41.5°C, 24 hours) groups. 
Control group: A-A’’; T1: B-B’’; T2: C-C’’; T3: D-D’’; 
T4: E-E’’. Green nuclei are TUNEL-positive while 
red represents DNA. Each panel is a display of 
single blastocyst (Ashraf et al., 2014).

Impact on quantity and quality of livestock 
feed and fodder

Climate change can be expected to have 
several impacts on feed crops and grazing systems, 
including the following (Hopkins and Del Prado, 
2007):

• Changes in herbage growth brought about by 
changes in atmospheric CO2 concentration 
and temperature;

• Changes in the composition of pastures, such 
as changes in the ratio of grasses to legumes

• Changes in herbage quality, with 
changing concentrations of water-soluble 
carbohydrates and nitrogen at given dry 
matter (DM) yields

• Greater incidences of drought, which may 
offset any DM yield increases

• Greater intensity of rainfall, which may 
increase nitrogen leaching in certain systems

Higher temperatures increase lignin content 
of plant tissues which reduces the digestibility 
of feeds and fodders of animals. This will lead 
to decreased nutrient availability and ultimately 
reducing the livestock production. Extreme 



climatic events like drought, heat waves, and 
cyclones resulted from climate change are likely 
to put additional stress on fragile zone in arid and 
semi-arid regions of India. Shortage of 40% dry 
fodder, 36% green fodder and 52% concentrate 
on dry matter basis and poor quality roughage is 
already one of the major constraints in expression 
of full genetic potential in livestock production. In 
the coming decades, crops and forage plants will 
continue to be subjected to warmer temperatures 
and elevated carbon dioxide. This will further 
increase the gap between the availability of good 
quality feed and fodder and its requirement. 
According to Dikshit and Birthal (2010) by 2020 
India would require a total 526 million tonnes (Mt) 
of dry matter, 855 Mt of green fodder, and 56 Mt 
of concentrate feed (comprising 27.4 Mt of cereals, 
4.0 Mt of pulses, 20.6 Mt of oilseeds, oilcakes and 
meals, and 3.6 Mt of manufactured feed).

Impact on animal health
Linkage between disease dynamics and 

climate change are relatively strong. Changes 
in climatic patterns and in seasonal conditions 
affects disease behavior in terms of spread pattern, 
diffusion range, amplification and persistence in 
novel habitats. Besides pathogen invasion it may 
also results in the emergence of novel disease 
complexes (Rocque et al., 2008). Variations in 
temperature and humidity are the most significant 
climatic variables affecting the prevalence of 
livestock diseases. Increase in temperature and 
humidity increases the survival period of disease 
vectors like biting flies and ticks, and also lowers 
the immunity of animals. 

Climate factors have a direct impact on 
infectious diseases that have a development stage 
outside the final host (i.e. in the environment 
and/or in an intermediate host or vector). Within 
an arthropod vector, pathogen replication rate 
and kinetics may be affected by the insect body 
temperature. Because most viruses, bacteria 
and parasites do not replicate below a certain 
temperature threshold, and at temperatures above 
this level, their growth rate is strongly modulated 
(Reiter., 2001). Also, vector competence, i.e. the 
ability of arthropods to acquire, maintain, and 
transmit microbial agents, may be enhanced by 
higher temperature (Purse et al., 2008). Higher 
temperature increase the insect metabolic rate, 
the amount of egg production, and the frequency 
with which an insect takes a blood meal, and 
brings a reduction in duration of the larval and 
pupal periods, thus impacting on the number of 

generations per year and the overall abundance of 
the population (Nash et al., 1937).

Increased incidence of climatic extremes like 
floods drought, cyclones etc. increase the disease 
outbreak as well as morbidity and mortality rates 
of animals. Changes in winds could also affect 
the spread of certain pathogens and vectors. This 
may contribute to an increase in disease spread 
for livestock such as ovine chlamydiosis, caprine 
arthritis, equine infectious anemia, equine 
influenza, Marek’s disease, and bovine viral 
diarrhoea etc.

Adaptation and Mitigation
Adoption of adaptation strategies to reduce 

vulnerability to future climate change and proper 
mitigation strategies to reduce methane emissions 
by livestock producers are required for sustained 
livestock production. The twin pillars under 
adaptation and mitigation are (i) adaptation and 
mitigation strategies through novel technologies 
in animal husbandry under projected climate 
change scenario and (ii) sound governmental 
policy and political will to overcome the projected 
ill effects of climate change in animal husbandry 
sector.

Adaptation Strategies
Adaptation is the process of appropriate 

adjustment and modification of livestock 
microclimate to reduce the consequences of 
climate change. The important step towards 
adaptation to climate change is reducing 
vulnerability and exposure to climatic extremes. 
The modification must fulfil the need i.e., 
survivability, reproduction and production. It 
is necessary to build or improve the adaptive 
capacity of animal through implementation of 
adaptation strategies. Micro level adaptation 
options, including farm production adjustments 
such as diversification and intensification of crop 
and livestock production; changing land use and 
irrigation; and altering the timing of operations 
(Kurukulasuriya and Rosenthal, 2003). Three 
basic approaches (Renaudeau et al., 2010) of 
adaptation strategies are:

(i)  Selection for thermal tolerance breeds

(ii)  Adjusting the environment and 

(iii)  Nutritional manipulation 

A fourth option may be to change the species, 
e.g. goats rather than cattle (Henry et al., 2012).
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Selection of heat tolerant breeds
Thermal tolerance varies between and 

within the breeds of livestock. It also depends 
upon the productivity of the animals. The high 
yielding animals are more susceptible to heat 
stress. The identification of heat-tolerant animals 
within high-producing breeds will be useful 
only if these animals are able to maintain high 
productivity and survivability, when exposed 
to heat stress. Cattle with shorter hair, hair of 
greater diameter and lighter coat color are more 
adapted to hot environments than those with 
longer hair coats and darker colors (Bernabucci 
et al., 2010, Maibam et al., 2014). This phenotype 
has been characterized in B. taurus tropical cattle 
(Senepol and Carona), and this dominant gene is 
associated with an increased sweating rate, lower 
RT and lower RR in homozygous cattle under hot 
conditions (Mariasegaram et al., 2007).

Local breeds are already adapted to harsh 
ambient conditions. Adaptation include not only 
their tolerance to heat, but also their ability to 
survive, grow and reproduce in conditions of poor 
nutrition, parasites and diseases. Zebu cattle are 
capable of utilizing poor quality feeds and are 
more resistant to local parasites and diseases. 
To increase productivity suitable breed should 
be selected to the changed climatic conditions 
through (a) introduction of breeds more adapted 
to the environment (b) breeding for improved 
adaptation to heat, disease and harsh conditions 
using tropically adapted breeds/genes or insert 
specific genes via strategic crossbreeding or 
biotechnology, and (c) use of adaptive traits of 
indigenous animal genetic resources. 

There is heat shock gene related to thermo-
tolerance that was identified and being used as 
marker in marker assisted selection and genome-
wide selection to develop thermo-tolerant bull that 
are used in breeding program. Major families of 
Hsps are Hsp100, Hsp90, Hsp70, Hsp60, Hsp40 
and the small Hsps (so-called Hsps of sizes below 
30 kDa). Several reports showed associations of 
SNP in the Hsp genes with thermal stress response 
and tolerance in farm animals. Association of 
polymorphisms in Hsp90AB1 with heat tolerance 
has also been reported in Thai native cattle 
(Charoensook et al., 2012), Sahiwal and Frieswal 
cattle (Deb et al., 2014), HSF1 gene (Li et al., 2011a), 
HSP70A1A gene (Li et al., 2011b), HSBP1 (Wang 
et al., 2013) in Chinese Holstein cattle. There are 
non-Hsps genes also revealed to undergo changes 
in expression in response to HS. For example 

ATP1B2 gene in Chinese Holstein cows (Wang et 
al., 2011), HSP90AA1 gene in Karan Fries cows 
(Kumar et al., 2016) and ATP1A1 gene in jersey 
crossbred cows (Das et al., 2015) was observed to 
have associated with thermo-tolerance. 

These SNPs could be used as markers in 
marker assisted selection for developing thermo-
tolerant animal in early ages. Further, thermo-
tolerant bull can be used in breeding policy to 
have thermal adapted offsprings.

Shelter management
Good housing management is not only 

comfortable for animals and workers but also 
gives good economic output. The most common 
approach to ameliorate HS is to alter the cow’s 
environment through provision of house or shade 
(along with feed and drinking water), evaporative 
cooling system with water in the form of fog, mist 
or sprinkling with natural or forced air movement, 
and possibly cooling ponds (Atrian and Shahryar, 
2012).

Over-crowding of cattle or buffaloes in the 
shed should be avoided. Design, orientation and 
height of the shelters, choice of roofing material, 
open space ventilation and provision of adequate 
space per animal, are some of the important 
aspects for cooler micro environment of the animal 
(Fig. 4). A higher conception rate of around 80% 
was obtained in animals given showers in addition 
to wallowing facilities (Ahmad and Tariq, 2010).

Fig. 4. Custom designed shelter system at CRLRC, 
ICAR-NDRI, Karnal

During the period of high temperatures, 
water can be used to bring down the micro-



environmental temperature within the animal 
shelters. Use of air cooling systems is also an 
efficient method. It has been observed that 
wallowing groups of buffalo showed higher milk 
yield than the group under water showers. 
Dairy cattle allowed access to sprinklers (with 
and without forced ventilation), have increased 
milk production, improved reproduction and 
improved conversion of feed to milk (Wolfenson, 
2009). Micro environment modification along with 
chromium supplementation can be suggested 
as an important management practices during 
heat stress for crossbreed cattle (Singh et al., 
2017). The animals in arid zone are reared under 
extensive system of farming, where the animals 
go for grazing in the fields during day and are 
exposed to peak heat. Provision of community 
shelters gave a space to the animals to take rest 
during peak hot hours. 

Nutritional Management
Nutritional modifications could help animals 

to maintain homeostasis or prevent nutrient 
deficiencies that result from heat stress. Lower DMI 
during hot weather reduces nutrients available for 
absorption, and absorbed nutrients are used less 
efficiently (West, 1999). Low fibre digestible diet 
is beneficial during summer season. Optimizing 
ruminally undegraded protein, improves milk 
yield in hot climates (West, 1999). In addition, 
supplementation of fat and providing cold water is 
helpful. Increasing dietary fat content enhanced 
milk production efficiency and yield in the warm 
season (Linn et al., 2004). Supplementation of 
micro molecules, oil and modification of micro-
climate may help to alleviate the heat stress. The 
effect of niacin, yeast, edible oil provided with 
curtains, additional ceiling fans, and mist were 
beneficial as ameliorative measures against heat 
stress. Supplementation of antioxidant is beneficial 
to combat the oxidative stress. Heat stress causes 
oxidative damage which could be minimized 
through supplementation of vitamins C, E and A 
and also mineral such as zinc (McDowell., 1989). 
Administration of Vitamin E helped in reducing 
superoxide dismutase activity to about 15-20 % 
and catalase about 5-10 %. Thermal stress on high 
producing cows and buffaloes may be reduced by 
addition of Vitamin E (800-1000 IU/day/animal). 
Supplementation of vitamin C @10g/ animal/day 
improved the immune status and reduced the 
oxidative stress in primiparous Murrah buffaloes 
during thermal stress. Use of vitamin C along with 
electrolyte supplementation was found to relieve 

the animals from oxidative stress and boosts 
cell-mediated immunity in buffaloes (Kumar et 
al., 2010). West (1999) reported that Na+ and K+ 
status of the body stayed normal during HS when 
supplemented with electrolytes could be due to 
better regulation of acid-base balance in the blood. 
The concentration of superoxidase dismutase 
and catalase were reduced in zinc supplemented 
group as compared to non-supplemented groups 
at 42°C. Supplementation of yeast product plays 
an important role in digestibility of nutrients 
by altering the volatile fatty acids production in 
the rumen, decrease the production of ruminal 
ammonia and increase in ruminal micro organism 
population. Live yeast was also reported as 
beneficial to small ruminant nutrition and 
production (Stella et al., 2007). 

Technological developments, such as 
improvements in water and soil management, and 
development and promotion of new crop varieties 
and livestock feeds are also needed for sustained 
livestock production.

Special measures needed during droughts 
Drought is normally associated with crop 

failure and water scarcity. Drought is a regular 
affair in India at present. There will be decline in 
growth, milk production due to feed and water 
scarcity during drought. Prolonged drought 
conditions may lead to reduced reproductive 
efficiency. Unlike crops, impact of drought on 
livestock is slow as they are more resilient to 
drought. During under such conditions, focus can 
be made on efficient utilization of existing feed 
and water resources. Early warning system can 
help the people to prepare and act appropriately 
in sufficient time to reduce the possibility of harm 
or loss due to drought. 

Mitigation Strategies 
Methane emitted from ruminant’s digestive 

system is one of the major greenhouse gases 
attributed to animal agriculture and represents 
an energy loss of 2 to 12% of dietary energy. The 
objective of reducing emissions intensity enables 
farmers to change farm practice in ways that are 
consistent with production and financial efficiency 
of their enterprise. 

Reduction in total and emissions intensity 
plus increased animal performance can be 
achieved by feeding supplements that contain 
levels of lipid to increase dietary concentration 
of lipids to 6–8% (Grainger et al., 2008). Lipids 
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and potentially other supplements that may 
reduce emissions (e.g. tannins, saponins) can be 
applied year-round in feedlots. Animal feeding 
interventions with locally available and acceptable 
feeds have potential to improve efficiency of feed 
utilization and productivity of animals.

Manipulating microbial populations in 
the rumen can reduce methane production. 
Exploitation of digestive manipulators like 
ionophores/antibiotics, propionate enhancers, 
archaeal inhibitors, nitrate and sulphate 
supplements, methanotraphs, acetogens, 
defaunation of rumen and probiotics integrated 
with application of available technologies 
will minimize enteric methane emission. The 
bacteriocins (pediocin and enterocin) helped in 
lowering methane production compared to control 
(Renuka et al., 2013). Studies on supplementation 
of Fenugreek (Trigonella foenum-graecum) and 
Mustard (Brassica juncea) with different levels 
reduce the methane production in vitro. More 
studies are required to validate the results under 
in vivo conditions. Different technologies like DNA 
sequencing, bioinformatics tools and proteomics 
can be used for targeting methanogenic bacteria, 
finding out the natural inhibitor, vaccination 
against methanogens, etc. 

Operational changes that can be followed in 
livestock farm to increase production per head per 
year and reduce methane emission are described 
in table 2. 

Table 2: Operational changes should adopt 
to increase productivity and reduce methane 
emission

Option Enterprise Reference
Feed • Change from 

native to improved 
pasture 
• Increased use of 
dietary oils 
• Increased feed-
ing of leucaena 

Alcock and  
Hegarty (2006)

Grainger et al., 
(2008)

Jones et al., 
(2009)

Breeding • Change breed to 
tropically adapted 

Bentley et al. 
(2008)

• Use more fecund 
genotype 

Cruickshank et 
al., (2009)

• Faster growing 
genotypes 

Alcock and  
Hegarty (2006)

Management • Reduce age at 
first breeding 

Cruickshank et 
al., (2009)

• Extended lacta-
tion 

Eckard et al., 
(2010)

• Increased use of 
feedlot finishing 

Hunter and 
Neithe (2009)

• Reducing age to 
slaughter 

Rolfe (2010)

Policy intervention
Apart from the use of technological advances 

to combat climate change related impacts on 
livestock production, there has to be sound policy 
framework and strong political will on the part 
of the government to effectively battle climate 
change. A sound policy framework should address 
the issues of redesigning social sector with focus 
on vulnerable areas/ populations, introduction of 
new credit instruments with deferred repayment, 
liabilities during extreme weather events, and 
weather insurance as a major vehicle to transfer risk. 
Governmental initiatives should be undertaken to 
identify and prioritize adaptation options in key 
sectors, viz. agrometeorological advisory systems, 
water storage and diversion, health planning 
and infrastructure needs. Institutional changes, 
including pricing policy adjustments such as 
the removal or putting in place of subsidies, the 
development of income stabilization options, 
agricultural policy including agricultural support; 
improvements in agricultural markets, and the 
promotion of inter-regional trade. Besides the role 
of local institutions in strengthening capacities 
e.g. SHGs, banks and agricultural credit societies 
should be promoted. Policy initiatives in relation 
to access to banking, micro-credit/insurance 
services before, during and after a disaster 
event, access to communication and information 
services is imperative in the envisaged climate 
change scenario.

CONCLUSIONS
The productive performance of livestock is 

affected due to the thermal stress. Climate change 
will further influence the livestock production in 
future. More frequent drought, flood, cyclone etc. 
are expected which will be detrimental to animal’s 
productivity and lives. Livestock sector is a suitable 
sector to transfer into an economical enterprise 
and also a solution of alleviating poverty. Heat 
stress not only causes production losses, but also 
an important animal well-being issue that merits 
consideration in management and breeding 
programs. Improvement of management strategies 



for reducing methane emission from livestock 
should be a multidisciplinary approach. It involves 
nutritional approach, breeding policy, housing, 
health etc. Selection of heat tolerant breed within 
breeds for breeding is essential. The innovative 
research, development of new technologies and 
transfer of technologies should be the top priority. 
A holistic approach is essential for achieving this 
goal. Genetic adaptation of livestock to changed 
climate scenario may be an important factor to 
meet the challenges in future. Faster genetic 
gains of these traits can be achieved with new 
technologies, including genomic selection and 
advanced reproductive technologies. Research 
is needed to better understand the direct and 
indirect effects of climate change on animal 
production systems for development of regionally 
applicable, longer term adaptation strategies.
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ABSTRACT
A field experiment was conducted to investigate the effect of different meteorological 

parameters on mungbean yellow mosaic virus (MYMV) severity in kharif mungbean at Punjab 
Agricultural University, Ludhiana. The mungbean variety PAU 911 was sown in mid July during 
kharif 2015, 2016 and 2017. Data on mungbean yellow mosaic virus severity was recorded 
at weekly interval. Area under disease progress curve (AUDPC) was calculated by using virus 
severity data. Different meteorological parameters influenced the MYMV progression. Correlation 
coefficients between AUDPC and different meteorological parameters were worked out and results 
indicated that AUDPC was significantly influenced by minimum temperature and morning and 
evening relative humidity. Minimum temperature in the range of 23-26oC and morning and 
evening relative humidity in the range of 85-90 per cent and 50-60 per cent respectively, was most 
favourable for disease development and progression. The best fit regression equation was selected 
as forewarning model for prediction of AUDPC of virus. The significant R2 value was observed and 
this indicated that meteorological parameters contributed significantly in AUDPC of MYMV. The 
validation of this model showed the close association between observed and predicted values of 
disease progression i.e. AUDPC.

Key words: Mungbean mosaic virus, AUDPC, Meteorological parameters, Regression Model, 
Validation

INTRODUCTION
Vigna radiata (L.) Wilczek, commonly known 

as green gram or mungbean, is a vital crop grown 
throughout Asia, Australia, West Indies, North-
South America, tropical and subtropical Africa. 
It is well suited to a large number of cropping 
systems and constitutes an important source of 
cereal based diets worldwide, covering more than 
six million hectares per annum. Mungbean is 
one of the thirteen food legumes grown in India 
and ranks third in production after chickpea 
and pigeon pea. In Punjab, Mungbean is a short 
duration crop as well as it is leguminous crop, 
so it can help to fix the atmospheric nitrogen 
also. In Punjab, during kharif season, the main 
reason for the low yield is the susceptibility of 
the crop to insects, weeds and diseases caused 
by fungus, virus or bacteria. Among the three, 
the viruses are the most important group of 
plant pathogens affecting the production of 
kharif crop. Viruses cause severe diseases and 
economic losses in mungbean by reducing seed 
yield and quality (Kang et al., 2005). Mungbean 
yellow mosaic virus/disease is transmitted by 
the vector, whitefly (Bemisia tabaci). It is found 
to spread the begomo viruses, the major hazard 

to the flourishing production of mungbean in 
India, Sri Lanka, Pakistan, Bangladesh, Papu 
New Guinea, Philippines and Thailand (Varmaet 
al., 1992; Jones 2003; Haq et al. 2011). The most 
conspicuous symptom on the foliage starts as 
small yellow specks along the veinlets and spreads 
over the lamina, the pods become thin and curl 
upwards. Extensive records from the past showed 
that the disease occurs with different intensities 
in all of the mungbean producing areas in and 
around Asia. 

The development and dispersal of mungbean 
yellow mosaic disease largely depends upon 
environmental conditions in which the crop is 
grown. So there is a need to study the correlation 
models to identify environmental factors that are 
responsible for the spread of yellow mosaic disease 
(Smiley and Yan, 2009). The meteorological 
parameters play significant role in the occurrence 
and spread of whitefly and significantly affect 
MYMV spread in mungbean during kharif 
season. Weather conditions mostly influence the 
population and activity of different insect pests 
and parasites (Arif et al., 2006). MYMV disease is 
the result of a three-way interaction between the 
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host, the pathogen and the environment (Singh 
et al., 2004). An epidemic develops only if all the 
three of these factors are favourable. Therefore, 
this disease can be controlled by the manipulation 
of one or more of these factors so that conditions 
become unsuitable for replication, survival or 
infection by the pathogen. The extent of yield loss 
depends highly on the time period of infection and 
the growth stage of the crop at that particular time. 
Duraimurugan and Tyagi (2014) determined that 
avoidable losses due to the insect pest complex of 
mungbean ranged from 27.03 to 38.06 per cent 
with an average of 32.97 per cent. Depending 
on the severity of the disease infection, the yield 
penalty may reach up to 85 per cent. MYMV 
disease causes heavy damage when infection 
occurs in early growth stages in mungbean 
(Varma and Malathi, 2003). After considering the 
economic losses caused by MYMV in mungbean 
a field study was planned to understand the 
interaction between the mungbean yellow mosaic 
virus and different meteorological parameters for 
developing weather based pest forecasting model 
for mungbean.

MATERIALS AND METHODS
Field experiments were conducted in kharif 

seasons of 2015, 2016 and 2017. Mungbean 
variety PAU 911 was sown on 15th July during 
2015, 2016 and 16th July during 2017. The crop 
was raised as per recommendations given in 
the package of practices of Punjab Agricultural 
University. 

Meteorological Data
Weekly meteorological data from 31st 

standard meteorological week (SMW) to 39th 
SMW during kharif cropping season was collected 
from Agro-meteorological observatory (30o54’ N, 
latitude and 74o 48’ E longitude and altitude of 
247 m above the mean sea level), Department 
of Climate Change & Agricultural Meteorology, 
Punjab Agricultural University, Ludhiana which 
is situated within 150m area of field experiment 
for the present study.

Disease Data
Severity indices

Severity indices of mungbean yellow mosaic 
virus was recorded according to Singh and Bhan, 
1998 on the basis of rating as given below:

Rating Percentage foliage  
affected

Reaction

1 No visible symptoms or 
minute yellow specks 
covering 0.1-5% leaf area

Highly resistant

3 Mottling of leaves cover-
ing 5.1-15% leaf area

Resistant

5 Yellow mottling and 
discoloration of 15.1-30% 
leaf area

Moderately  
Resistant

7 Pronounced yellow mot-
tling and discoloration of 
leaves, pods, reduction 
in leaf size, stunting of 
plants, 30.1-75% foliage 
affected

Susceptible

9 Severe yellow mottling 
and discoloration of 
leaves, stunting of plants, 
failure of flowering and 
fruit setting 75.1-100% 
foliage affected

Highly  
Susceptible

Severity percentage was recorded on the 
basis of visual appearance of symptoms. 

Area under diseases progress curve (AUDPC) 
Mungbean yellow mosaic virus (MYMV) 

severity was recorded at the time of appearance 
of symptoms on the leaves of mungbean plants 
under field conditions. The visual observations on 
disease severity were taken at seven days interval. 
Area under disease progress curve was calculated 
with observations recorded on disease severity by 
using the formula given by Wilcoxson et al (1975) 
as following:

Where, 
Xi = Disease severity on date i
ti= time in days between i and date i + 1
n = number of dates on which disease was 

recorded

Statistical Analysis
The data for weekly meteorological parameters 

and per cent disease severity on mungbean for 
three years (2015, 2016 and 2017) was subjected 
to statistical analysis. Data analysis was 
conducted by using statistical analysis software 
R version 3.5.2 (R Core Team, 2013). Correlation 
coefficients and regression models were developed 
to study the effect of different meteorological 
parameters on area under disease progress curve. 
While doing analysis, area under disease progress 
curve (AUDPC) was considered as dependent 



variable with different meteorological parameters 
as independent variables. Stepwise regression 
analysis was conducted using pooled data of 
2015 and 2016. Best fit regression equation was 
validated by using AUDPC and meteorological 
data of 2017.

RESULTS AND DISCUSSION
MYMV Severity and Area Under Disease 
Progress Curve (AUDPC)

Per cent disease severity was visually 
observed by considering the percentage of leaves 
infested from 10 plants per plot as presented in 
Table 1. Among different years, disease severity 
from initiation to terminal was comparatively 
higher during 2015 (82%) followed by 2017 
(72%) and 2016 season (67%). Most favourable 
period for disease occurrence and development 
was observed as August and September (disease 
epidemic window). On the basis of per cent disease 
severity data, area under disease progress curve 
(AUDPC) was calculated for weekly interval (Table 
1). AUDPC was maximum during 2015 (245.25) 
followed by 2017 where it was 205.60 and 2016 
with AUDPC value 193.88. The difference in disease 
severity and AUDPC was due to lower minimum 
temperature and higher relative humidity during 
2015 as compared to 2016 and 2017.

Table 1: Disease Severity and AUDPC of mungbean 
mosaic virus during different years

Days After 
Sowing

2015 2016 2017

Disease Severity (%)

25 DAS 6.00 2.00 4.00

35 DAS 11.50 4.85 7.22

45 DAS 22.50 17.50 20.50

55 DAS 35.80 28.00 32.51

65 DAS 60.05 45.00 52.02

75 DAS 82.84 66.50 72.31

Area Under Disease Progress Curve

25 DAS 7.25 2.25 4.55

35 DAS 29.63 10.73 19.05

45 DAS 62.25 41.25 52.13

55 DAS 100.95 78.00 91.50

65 DAS 172.88 127.88 144.75

75 DAS 245.25 193.88 205.60

Meteorological Parameters and AUDPC of 
MYMV

Development and spread of any disease 
is significantly influenced by certain specific 
weather conditions. Development and progression 
of MYMV is influenced by different meteorological 
parameters. Analysis was conducted to observe 
the specific favourable ranges of different 
meteorological parameters which influence 
AUDPC of disease as presented in Fig.1 (a-f). It 
was observed that maximum temperature in the 
range of 32-35oC was most favourable for disease 
development but maximum disease progressed 
in the range of 33-35oC. Minimum temperature 
in the range of 23-26oC was most favourable for 
development and progression of disease. Morning 
and evening relative humidity in the range of 85-90 
per cent and 50-60 per cent was most favourable 
for disease development and progression after 
that with increase in morning and evening 
relative humidity disease showed decreasing 
trend. Sunshine hours in the range of 6-10 hours 
were favourable for disease development and 
sunshine hours in range of 8-10 hours showed 
positive effect on disease progression. Rainfall 
is not favourable for development of disease. 
Disease showed maximum development and 
progression when rainfall was in range of 0-50 
mm. The results are in corroboration with the 
findings observed by Muhammad et al., (2018), 
highest mungbean mosaic severity was recorded 
at maximum temperature (38°C), minimum 
temperature (28°C) and relative humidity (65%). 
They concluded that with progress in temperature 
(minimum and maximum) and relative humidity, 
MYMV disease incidence and its vector population 
also increased. Kaur et al., (2009) concluded that 
maximum and minimum temperature in range 
of 34-35°C and 26-27°C respectively were found 
most effective for the MYMV disease development 
in kharif mungbean.
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Table 2: Correlation coefficients between 
AUDPC of mungbean mosaic virus and different 
meteorological parameters (Pooled analysis 2015, 
2016 and 2017)

Meteorological 
parameter

Correlation 
coefficient (r)

P-value 
(<0.05 and 

<0.01)
Maximum tem-
perature (oC)

-0.24 0.61

Minimum Tem-
perature (oC)

-0.82** <0.000005

Morning Relative 
Humidity (%)

0.58* 0.001

Evening Relative 
Humidity (%)

-0.69** <0.000005

Rainfall (mm) -0.29 0.13
Sunshine 
Hours(hrs)

0.15 0.72

*Significance at 5% level and ** Significance 
at 1% level

Correlation Analysis
Correlation coefficients between different 

meteorological parameters like maximum and 
minimum temperature, morning and evening 
relative humidity, rainfall and sunshine hours 
and AUDPC were worked out (Table 2). Analysis 
of AUDPC of MYMV and different meteorological 
parameters indicate that disease progression is 
significantly influenced by different meteorological 
parameters. It was found that the maximum 
temperature and morning relative humidity 
showed a positive correlation with the AUDPC 
and correlation with morning relative humidity 
was highly significant whereas with maximum 
temperature it was not significant. On the other 
hand, minimum temperature and evening relative 



humidity had a significant negative correlation 
with AUDPC. However, sunshine hours and 
rainfall showed a non significant correlation 
with AUDPC. Similar results were reported by 
Singh and Sandhu (2019), they revealed that 
the maximum temperature and morning relative 
humidity had a significant positive correlation 
with the mungbean yellow mosaic disease 
incidence. Minimum temperature, evening relative 
humidity, total rainfall and sunshine hours, had 
a significant negative correlation with disease 
incidence of mungbean mosaic virus in kharif 
mungbean. The results are also in corroboration 
with those reported by Patel and Mahatma (2016), 
who revealed that MYMV disease incidence was 
positively correlated with the afternoon humidity, 
average humidity, minimum temperature and 
average temperature.

Regression Model development and Validation
On the basis of different correlation 

coefficients of area under disease progress curve 
(AUDPC) of mungbean yellow mosaic virus (MYMV) 
with different meteorological parameters, the 
most important meteorological parameters were 
identified. After analyzing number of regression 
equations, the best fit regression equation with 
significant R2-value was selected for forewarning 
of AUDPC of mungbean yellow mosaic virus. This 
regression model includes minimum temperature, 
morning and evening relative humidity, rainfall 
and sunshine hours as independent variables and 
area under disease progress curve of mungbean 
yellow mosaic virus as dependent variable and 
regression model is as follows:

Y= 319.9-15.6Tmin+5.39RHm-4.43RHe + 0.31 RF-7.99SSh

R2 =0.72, p-value= 0.004)

Where, 

Y= AUDPC of mungbean yellow mosaic virusTmin: 
Minimum Temperature (oC) 
RHm: Morning Relative Humidity (%) RHe: Evening 
Relative Humidity (%)
RF: Rainfall (mm) SSh: Sunshine Hours
R2: Coefficient of Determination p-value: 
significance at<0.01 and <0.05

From the R2 value, it was observed that 
different meteorological parameters were major 
determinant of AUDPC of MYMV and the R2-value 
specifies the contribution of these meteorological 
parameters for progression of disease. The results 
are in accordance with Khan et al., (2006) who 

performed a stepwise regression analysis and 
observed that the influence of air temperature, 
relative humidity and rainfall was significant 
on whitefly population and mungbean mosaic 
severity.

The validation of developed regression model 
was done by computing the predicted AUDPC for 
2017 data, which was not used in development of 
the regression model. It was observed that slope of 
observed and predicted AUDPC was linear (Fig.2). 
This validation indicates that developed regression 
model under/over estimated area under disease 
progress curve (AUDPC) by 4 to 10 per cent. A 
Relationship between observed and predicted 
AUDPC values was developed as shown below:

AUDPCpre = 1.0665*AUDPCobs-5.99(R2=0.96)
Where, AUDPCpre: Predicted AUDPC
AUDPCobs: Observed AUDPC

Linear relationship with higher R2-value 
indicated that this model can be used for 
forewarning of mungbean mosaic progression 
under Punjab conditions.

CONCLUSION
The present study indicated that prediction 

of disease progression will be more accurate by 
considering specific meteorological parameters 
together in the regression equation rather than 
a single parameter. Meteorological parameters 
viz. minimum temperature, morning and evening 
relative humidity, rainfall and sunshine played 
significant role in disease progression. Thus, it 
can be concluded that weather information based 
MYMV disease progression model in mungbean 
can be an accessible tool for prediction of the 
disease progression.
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Evaluation of critical weather for peak population prediction of girdle 
beetle on soybean at bundelkhand agro-climatic zone
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ABSTRACT
Girdle beetle is mostly observed in central India and caused yield loss upto 40 per cent in 

soybean crop. The girdle Beetle is an important pest of soybean in Bundelkhand Agro-Climatic 
Zone (BACZ) of Madhya Pradesh. To assess the temporal scale variability of the girdle beetle 
population in soybean; multi dates field experiments on major cultivars (JS 95-60, JS 93-05, JS 
335, JS 20-29) of soybean were conducted at Tikamgarh (M.P.) during kharif seasons of 2012, 
2015, 2016, 2017and 2018. The girdled soybean plants were counted and it was observed that 
the pest started three weeks after sowing and the peak population occurred after 7-8 weeks of 
sowing. The preceding week’s weather parameters were correlated with girdled plant population. 
The critical weather factors were screened and a predicting tool of girdled plant population 
was developed. The peak girdled plant population was found to be around 35 to 37th standard 
meteorological weeks (SMW). It was found that the occurrence of peak girdled plant population is 
influenced by the date of sowing and crop cultivars. The relationship between rainfall and girdled 
plant population was significant during the study periods. The number of rainy days, mean 
relative humidity and total rainfall during the first appearance to peak girdled plant population 
was significant. The girdled plant of soybean crop grown in 2016 is more than the other years. 
Year wise and date wise, weather conditions thus play a major role in the girdled plant population 
build up in soybean under Bundelkhand Agro-climatic zone of Madhya Pradesh. The lowest 
girdled plant population was observed on cultivar JS 20-29 during kharif 2016 and on JS 93 05 
during kharif 2015. The lowest number of girdled plant (0.8), was found during 2012 and highest 
number (4.6) during 2016. To predicate the peak girdled plant population the congenial weather 
rules being: If number of rainy days is ≥ 10 days, mean relative humidity is ≥ 84 per cent and total 
rainfall is ≥ 300mm during first appearance to peak girdled plant; than peak population/girdled 
plant (around 36-37SWM) is high on soybean. The above mentioned critical weather conditions 
were validated during 2018 to predict the peak girdled soybean plant population and presented 
in this paper. 

Key words: Soybean, Girdle beetle, weather, peak population, prediction rules

INTRODUCTION
Soybean being a leguminous crop is attacked 

by number of insect pests all over the world and 
by the 275 insect–pest species in India (Salunke 
et al., 2002). In Madhya Pradesh (M.P.) nearly 
150 insect species are infesting soybean crop 
(Singh and Verma, 1992). Girdle beetle becomes 
a serious pest of soybean in Madhya Pradesh 
and caused yield loss upto 43 per cent (Singh 
and Singh, 1996). During the recent decade, the 
girdle beetle has become a major biotic stress 
for soybean production in Bundelkhand Agro-
Climatic Zone (BACZ) of Madhya Pradesh. The 
minimization of such losses needs substantial 
consideration and accordingly, forewarning of pest 
is essential for taking timely control measures. 
Girdle beetle population is influenced by the time 
of sowing and weather conditions. The insect if 
attacks during the early stage (25-30 days old) of 

the soybean crop; nearly 75 per cent of the plants 
get totally damaged (Malgaya, 2013). Girdle beetle 
infestation in soybean increased around four 
times under unprotected field and thus become 
a cause of concern for farmers (Jain and Sharma, 
2011). Weather factors play a major role for the 
incidence and infestation of girdle beetle. Many 
workers (Rai and Patel, 1990, Gupta et al., 2000, 
Yadav et al., 2004, Netam, 2010, Kujur, 2011, 
Rao, 2012, Ahirwar et al., 2015, Kushram, 2016), 
reported the association of girdle beetle with 
weather parameters on soybean crop, but peak 
population prediction of this pest on soybean is not 
yet attempted in India. Therefore, it is necessary 
to find the degree of relationship, which exists 
between girdle beetle population and weather 
factors, with ultimate aim to develop the weather 
based prediction rule for its peak population. The 
present study was carried out to assess the impact 
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of date of sowing on pest infestation and also 
analyzed the temporal and spatial scale variability 
of girdle beetle. A weather base rule for its peak 
population was worked out and presented in this 
paper. 

MATERIALS AND METHODS
The Bundelkhand Agro-climatic zone of 

Madhya Pradesh spreading over 23.746 Km2 
accounts for 5.22% area of state and lies between 
24040’ and 26050’ N latitude and 76080’ and 80050’ 
E longitude. To study the population dynamics of 
girdle beetle, field experiments and farmers field 
survey were conducted on soybean cultivars under 
unprotected conditions. The field experiments 
were conducted in a randomized block design 
with three replications in a plot size of 450m2 
with spacing of 30cm (plant to plant) and 40cm 
(row to row). The girdle beetle population data 
was recorded at weekly interval in 1 meter row 
length before 10.00 a.m. Number of infested plant 
by girdle beetle were counted in one meter row 
length at three places / plot. The meteorological 
data of temperature, relative humidity and rainfall 
was collected from meteorological (nearby field 
experiments) observatory. To assess the temporal 
scale variability of girdle beetle infestation multi 
dates (2012 – D1-02 July & D2-19 July, 2015 
- D1-30 June,  D2-10 July & D3-20 July, 2016 
- D1-20 June, D2-27 June, D3-11July , D4-18 
July & D5-25 July, 2017 - D1-21June, D2-28 
June, & D3- 05 July, 2018- D1-25 June, D2-7 
July)) field experiments on major cultivars (JS 
95-60, JS 93-05, JS 335, JS 20-29) of soybean, 
were conducted at research farm of college of 
agriculture, Tikamgarh (24° 40′ N lat., 77° 80′ E 
long. and 324 meter above m.s.l.), during 2012, 
2015, 2016, 2017 and 2018. Farmers’ field surveys 
were conducted from 24 villages of three districts 
of BACZ viz, Tikamgarh, Chhatarpur and Datia, 
to collect weekly data on girdle beetle infestation 
during 2015, 2016 and 2017 (Table 1). 

Table 1: Multi location farmers fix field plot survey 
to record spatial variability

District Tikamgarh Chhatarpur Datia
No. of 
Blocks

03 03 02

No. of  
villages

03 03 03

To study the incidence of pests of soybean, 
farmers’ fields’ survey were conducted in different 
blocks of each district. From each block 3 villages 

were selected. Fixed plot survey was conducted at 
every village in an area of 5x5 m, where no plant 
protection measures were taken. Observations 
were recorded at weekly intervals. 

Statistical analysis
Daily weather data were converted to weekly 

averages and statistically analyzed with weekly 
girdle beetle population. The significant level 
was set at P<0.05 and P<0.01. The data were 
subjected to correlation to find out relationship. 
The significance of correlation and regression was 
determined based on t test.

RESULTS AND DISCUSSION
Temporal variability

To collect the temporal scale; girdle beetle 
variability multi dates field experiments were 
conducted during 2012, 2015, 2016, 2017 and 
2018. The different dates of sowing and girdled 
plant population during 2015 to 2017 on weekly 
interval, were shown in Fig. 1, 2, and 3. It was 
found that girdle beetle appeared differently at 
different dates of sowing and varied from 29-31st 
standard meteorological weeks (SMW) in 2015, 
30-31st SMW in 2016 to 29-31st SMW in 2017. 
The increasing trend was recorded in the girdle 
beetle population upto 37th SMW in 2015, 36th 
SMW in 2016 and 35th SMW in 2017). The date 
of sowing influenced the peak number as well as 
its duration also (Table 2). The lowest peak was 
recorded during 2012 and the highest peak was 
observed during 2016. The peak population was 
observed for D2 and D3 sowing. Population of 
girdled plant was ranged from 0.4 to 4.6/ meter 
row length. The highest girdled plant population 
(4.6/meter row length) was recorded on 34th 
SMW. The duration for peak adult girdle beetle was 
varied from 32 to 37th (SMW). Delay in sowing, not 
only advanced the peak duration period but also 
influences the adult population of girdle beetle. 
Singh et al., (2015) reported that girdle beetle was 
observed on soybean from 29th SMW onwards 
and reached its peak during 39th SMW. Girdle 
beetle low infestation was reported when the crop 
was 21 days old and reached its peak activity 
during 39th SMW (Askey et al., 2007). Similar 
finding was reported by Bhosle et al. (2014). They 
concluded that high yield reduction was observed, 
if the girdle beetle infestation was during the early 
stage of soybean crop. 

Date of sowing and peak population
The dates of sowing and corresponding date 



highest girdled plant populations were worked 
out and sown year wise in table 3. The dates of 
sowing were influenced the highest girdled plant 
population of soybean. It was inferred from the 
analysis that delayed sowing reduced the girdle 
beetle population over the years.   

Table 2: Impact of dates of sowing on peak 
population variability of girdle beetle at Tikamgarh

2012 2015 2016 2017 Mean
1.2 (2 
July)

2.0 (30 
June)

2.5 (20 
June)

2.7 (21 
June)

2.1

0.8 (19 
July)

2.3 (10 
July)

4.6 (27 
June)

4.3 (28 
June)

3.0

- 0.4 (20 
July)

3.5 (11 
July)

2.3 (5 
July)

2.0

- - 1.6 (18 
July)

- 1.6

- - 1.1 (25 
July)

- 1.1

Singh and Gangrade (1977) observed a close 
relationship between sowing date of soybean and 
girdle beetle infestation. They further reported 
that earlier soybean sowing resulted in heavier 
infestation of girdle beetle than late sowing. The 
early crop stage (30-55 days) of soybean, is the 
most vulnerable crop stage; when the girdle beetle 
is confined to petiole and if infested during this 
stage, may result in a higher reduction of soybean 
yield (Chaudhary et al., 2014). This may be due to 
the succulence petiole portion in comparison to 
stem, branches and petioles. The girdle beetle low 
infestation level (0.8 to 0.29%) on soybean may be 
due to late planting of soybean and low rainfall 
event (Rai and Patel, 1990).

Soybean cultivar and girdle beetle population
To screen the varietal impact on peak girdled 

plant population of soybean, cultivar wise yearly 
peak girdled plant population were analyzed and is 
presented in table 4. The table values indicate that 
the type of soybean cultivars had also influenced 
the number of girdle beetle. The appearance of 
girdle beetle was observed during 29th SMW, in 
all the varieties The girdle beetle appeared on 
soybean in around 30 days after sowing (DAS), in 
all soybean varieties. In general the peak activity 
of the pest was observed after 50 days of sowing. 
Within the soybean varieties, the highest (4.8/m 
row length)  girdle beetle infestation was on JS 335. 
The highest girdled plant population on varieties 
JS 93-05, JS 20-29, and JS 95-60, recorded were 
4.8, 4.4, 4.0 per m row length, respectively. In 

all varieties of soybean, the infestation of girdle 
beetle started in week number 29-30th SMW and 
disappeared after 38th SMW. The highest girdled 
plant population was observed in the variety JS 
335, followed by JS 20-29, JS 95-60 and JS 93-
05. Yadav et al., (2004) and Pawar (2016) reported 
that highest girdle beetle population was 1.27 
on JS 93-05 and 4.3/m row length on cultivar 
JS 95-60. Gawatiya (2018) presented that peak 
activity of girdle beetle was observed between 
33rd and 37th SMW and high infestation of girdle 
beetle ( 2.1/m row length) on JS 335 followed by 
RVS 2001-04(2.1/m row length), JS 95-60(2.0/m 
row length), and on JS-93-05 (1.9/m row length) 
RVS 2001-04(2.1/m row length). Sandhya (1999) 
reported soybean varieties with higher total phenol 
content, showed low incidence of girdle beetle.

Table 3: Variety wise peak population of girdle 
beetle

Variety 2012 2015 2016 2017 Mean
JS- 9560 - 3.0 4.0 3.6 3.5
JS-9305 1.1 3.2 4.4 4.8 3.4
JS-335 - 2.0 4.6 4.8 3.8
JS-2029 - 2.0 4.4 4.4 3.8

Table 4: Girdle beetle onset on soybean crop in 
Bundelkhand Agro climatic zone

Year Tikamgarh Chhatarpur Datia
2012 33 -- --
2015 30 31 30
2016 29 30 30
2017 30 30 31
Mean 31 30 30

Spatial variability
The farmers’ field survey was carried out 

to monitor the special variability in incidence of 
girdle beetle during the kharif and the results 
are presented in figures.4 to 6. The incidence of 
girdle beetle infestation was observed during 29th 
to 39th SMW. The spatial variability was observed 
in peak girdle beetle populations as well as its 
duration. The duration of girdle beetle population 
was much influenced by seasonal change as 
compared to spatial change (Fig. 4 to 6). The 
earliest appearance was recorded during 2015 
(29 SMW) and latest during 2016 (31 SMW). The 
highest girdled plant population was observed at 
Tikamgarh and lowest peak at Datia (Fig 4 to 6). 
However, the peak period varied from 34 to 37th 
standard meteorological weeks (SMW). The spatial 
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distribution of first appearance of girdle beetle in 
Bundelkhand zone is shown in Table 4. The mean 
onset week for girdle beetle on soybean varied 
from 30th to 31st SMW. 

It was observed that the date of sowing, crop 
cultivar and weather conditions thus play a major 
role in adult girdle beetle population build up. Tirole 
(2015) reported that incidence of girdle beetle was 
negatively and significantly related (-0.79*) with 
difference of sowing date from the date of monsoon 
arrival in different years. Seasonal incidence of 
girdle beetle was observed on soybean crop during 
last week of July and peak population during last 
week of August to second week to fourth week of 
September at Raipur (Netam, 2010, Kujur, 2011, 
Kushram, 2016 ). Nayaka (2013), observed that 
the girdle beetle infestation started from 32nd 
SMW and peak activity of pest was recorded upto 
38th SMW during two years of experiments (2010, 
11) in northern Karnataka. Tagde (2015) reported 
that girdle beetle infestation started during 32nd 
SMW and reached its peak during 35-36th SMW 
at Gwalior, M.P. 

Association of weather parameters with girdle 
beetle

To quantify the association between 
weather factors and girdle beetle population, 
correlation analysis was carried out for each year 
separately and presented in the table 5. Though 
the correlation with weather parameters are 
changing over the year, but it was observed that 
the maximum, minimum temperatures, relative 
humidity and rainfall, are related to girdle beetle 
population. The significant and high correlation 
between maximum temperature, rainfall, evening 
relative humidity and girdle beetle was observed.

Table 5: Correlation coefficient between girdle 
beetle population and weather parameters

Weather 
parameter

Girdle Beetle

2012 2015 2016 2017
Maximum 
Tempera-
ture

0.68* -0.04 0.90** -0.15

Minimum 
Tempera-
ture

-0.58* 0.25*        
-0.03

0.28

Relative 
Humidity 
Morning

0.22 0.07 0.54* 0.27

Relative 
Humidity 
Evening

0.68* 0.34* 0.74* 0.09

Rainfall -0.57* 0.13 0.91** -0.48*

(*Significant at 5% level, ** Significant at 
1%level)

Maximum temperature has non–significant 
correlation with girdle plant population during 
the 2015 and 2017. There was a significant 
negative correlation (-0.58) between minimum 
temperature and girdle beetle population during 
the year 2012. Though rainfall has positive and 
negative relationship with girdle beetle population 
(Table 5), relative humidity (RH) of morning and 
evening were highly correlated with girdle beetle. 

The perusal of the above table; further 
indicated that the incidence of girdle beetle in 
some of the year was negatively correlated with 
temperature and positively correlated with the 
rainfall. The above results were supported by other 
workers reported results. Rao, (2012) reported 
high correlation (0.65*) between rainfall, morning 
(0.68*) and evening(0.74*) and girdle beetle damage 
in soybean. They also find that high negative 
relationship (-0.65*) with maximum temperature 
and non-significant association with minimum 
temperature and girdle beetle damage. Ahirwar 
et al., (2015), observed significant and positive 
association between maximum temperature and 
girdle beetle population. Similarly relative humidity 
is also significantly and positively related. But the 
minimum temperature and rainfall are negatively 
related from seven years of correlation analysis, 
Ahirwar et al., (2015) reported that overall results 
indicated that the incidence of girdle beetle was 
directly related with rainfall only. Rai and Patel 
(1990 ) reported that relative humidity favorable 
for girdle beetle is 84.5 per cent and was positively 
and significantly related. Girdled plant population 
infestation is highly and significantly related with 
maximum temperature and non-significantly 
related with minimum temperature, relative 
humidity and rainfall (Gupta et al., 1995). Low 
rainfall and late planting might influenced the pest 
infestation level and observed the low infestation 
level (0.80 - 28.7%) during the period of activity 
was reported by Rai and Patel (1990).

Influence of date of sowing and crop cultivar 
on weather relationship

To examine the crop cultivar and date of 
sowing on pest infestation with weather parameter, 



detailed correlation coefficients were worked out 
for four cultivar and three dates of sowing of the 
year 2015 and presented in table 6. From the 
table it is clear that maximum temperature and 
morning relative humidity were positively and 
significantly associated with girdle beetle, with 
some cultivar and negatively related with other 
cultivars at same location and season. Weak 
associations exist between rainfall and girdled 
plant population for early and timely sown crop, 
while rainfall is positively and significantly related 
with girdle beetle for late sown soybean crop. 
The above analysis indicates that relationship 
between weather parameters and girdle beetle 
were changing with change in soybean cultivar. 
Thus the soybean cultivars were influenced by 
the relationship between weather parameters and 
girdle beetle population. Therefore cultivar and 
date of sowing are not considered in formulation 
of prediction rule for girdle beetle peak infestation. 

Past week weather parameters and peak 
girdle beetle 

It was observed that the girdle beetle 
population was gradually increased and reached 
at peak; when the favorable weather conditions 
occurred. Therefore the preceding week’s weather 
conditions; before peak population of girdle beetle, 
play an important role to reach the highest number. 
The preceding three week’s weather parameters 
highly associated with girdle beetle population, 
were selected and shown in table 7. The preceding 
three weeks critical weather conditions for high 
peak population were the maximum temperature 
greater than 32°C, mean evening relative humidity 
less than 70 per cent and rainfall around 20mm. 
It was found that maximum temperature above 
32°C greater than or equal to 2 weeks and rainfall 
above 300mm may be critical.

Table 7: Weather and girdle beetle population

SMW Peak pop-
ulation/
plant 

Max. 
Tem.(°C) 

Rainfall 
(mm)

Evening 
RH (%)

2012 

33 0.18 32.7 68.9 78

34 0.25 32.7 34.3 78

35 0.56 33.0 65.1 74

36 0.80 31.7 27.5 77

2015 

34 3.53 32.2 1.3 69

35 3.50 33.8 18.6 68

36 8.08 34.1 1.9 54

37 17.3 35.3 19.8 49

2016 

35 7.12 32.2 150.3 88

36 10.43 32.1 105.1 78

37 12.05 33.5 91.5 72

38 14.1 33.5 0.0 64

2017

32 2.20 30.6 12.4 76

33 2.37 32.2 4.2 69

34 2.50 33.0 2.2 70

35 2.75 32.2 12.4 70

It was observed that girdle beetle infestation 
started from 29-33rd SMW onwards in all the 
varieties and increased thereafter and reached 
its peak 34 -37th SMW during 2012 to 2017. The 
weather conditions during peak population was 
recorded, when the maximum temperature varied 
from 29.5 to 35.3 degree Celsius. The rainfall 
ranged between 0.0 and 150.3mm. The evening 
relative humidity varied from 49 to 88 per cent. 
Hariram (2014) observed that the girdle beetle 
infestation on soybean started in 29th SMW and 
reached its peak in 35th SMW at Sihore, M.P. 
Many workers (Netam, 2010, Kujur, 2011, Rao, 

Table 6 : Effect of date of sowing on association between weather and girdle beetle during 2015 at 
Tikamgarh

Maximum Tempera-
ture(°C)

0.44* 0.52* 0.58* 0.50* -0.13 0.38* 0.30* 0.35* 0.19 0.42* 0.53* 0.01

Minimum Tempera-
ture(°C)

-0.00 -0.00 -0.02 0.05 0.29* 0.06 0.13 0.16 0.31* 0.00 -0.06 0.19

Relative Humidity (%) 
Morning

-0.05 -0.15 -0.12 -0.23 0.49* -0.11 -0.29 0.44* 0.31* -0.08 -0.13 0.28*

Relative Humidity (%) 
Evening

-0.19 -0.22 -0.29 -0.20 0.35* -0.06 -0.04 0.05 0.27 -0.17 -0.28 0.26*

Rainfall (mm.) -0.30 -0.28 -0.21 -0.36 -0.04 -0.10 -0.20 0.42* 0.29* -0.13 -0.25 0.56*
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2012, Kushram, 2016 ), reported that the weather 
conditions during peak population period were the 
maximum and minimum temperature varied from 
27.5 to 31.9 and from 15.3 to 25.2 respectively. 
Similarly morning and evening relative humidity 
varied from 91 to 94 and from 76 to 87. The 
total rainfall varied from 30.0 to 277.8mm. 
Rai and Patel (1990) also reported that rainfall, 
morning and evening relative humidity, are highly 
correlated with girdle beetle population. The 
maximum girdle beetle population on soybean 
was observed during 33rd to 40th SMW, when 
rainfall ranged from 1.4 to 16.4mm, rainy days 
varied from 0 to 1 days , maximum temperature 
varied from 32.8 to 33.1, minimum temperature 
from 20.8 to 21.1°C , morning relative humidity 
from 81 to 84 and evening relative humidity from 
44 to 48 per cent (Motaphale et al., 2019). Rai and 
Patel (1990), reported that girdle beetle appeared 
on soybean; when the maximum temperature and 
minimum temperature were around 27.6 and 
24.1°C respectively and relative humidity around 
85 per cent. Ahirwar et al., (2015) observed that 
during peak activity of girdle beetle, maximum 
and minimum temperatures were 31.9 and 
23.9°C respectively. Morning and evening relative 
humidity were 91 and 56 per cent with a rainfall 
of 9.2mm. They further reported that overall, 
the rainfall is directly related with incidence and 
infestation of girdle beetle. The above discussion 
clearly indicates that the total rainfall (RF) , mean 
relative humidity (MRH), are the major preceding 
week’s weather factors, which have influenced 
the girdled plant population number in the 
experimental years.  The total rainfall does not 
provide the moisture distribution over the period; 
therefore rainy days is consider as a weather 
factor to know, how was the rainfall distribution 
over the preceding weeks.

Past week critical weather parameters
It was noted that mean relative humidity 

(above 84 %), rainfall (above 300mm) and number 
of rainy days (above 10), are favored for the 
multiplication of the girdle beetle. The preceding 
week’s critical weather and peak girdle beetle 
population is presented in table 8. The preceding 
week’s weather conditions have been observed 
to be responsible for sharp increase in the girdle 
beetle population. After 3 weeks of sowing, next 
three weeks weather parameters are the deciding 
factor for peak girdled plant population number. 
The number of mean relative humidity (MRH) day 
above 84 per cent, total rainfall of preceding three 

weeks and number of rainy days from onset to 
34th SMW are the critical weather parameters for 
peak girdle beetle population prediction. A closer 
look of the data reveals that based upon the 
critical weather parameters, a weather rule may 
be developed for peak girdle beetle population 
prediction. Peak girdled plant population was 
highest during the year 2016, when the MRH day 
was above 84 per cent, cumulative rainfall and 
number of rainy days were 21, 227.7mm and 
10 respectively. Almost similar preceding week 
weather conditions were observed in the year 
2012 but the peak population was recorded low, 
due to lower number of MRH days and late sown 
conditions. Girdle beetle adult emergence was 
reported to trigger with the precipitation of pre 
monsoon and monsoon showers (Tirole, 2015).     

Table 8: Peak girdle beetle population and critical 
weather parameters at Tikamgarh

(Three weeks weather conditions before peak 
population week)

Year Peak 
popula-

tion

Number 
mean hu-

midity day 
≥84 %

Total 
rainfall    
(mm)

Number 
of rainy 

days

2012 0.80 15 236.4 10
2015 2.00 25 174.0 07
2016 4.35 21 227.7 10
2017 2.75 15 83.8 08

Weather rule for peak girdle beetle population 
The perusal of the year wise weather factors 

and their association with girdle beetle population, 
it was found that though the maximum temperature 
was a significant correlation coefficient but in 
some years, its association was very poor and also 
non-significant. Hence, this weather factor was 
not selected for formulation of weather rules. The 
rainfall has shown highest significant correlation 
with girdle beetle population. Both relative 
humidity (morning and evening) have weak and 
changing association (negative and positive) with 
girdle beetle population (Table 5), therefore not 
suitable for weather rules but the mean relative 
humidity has influenced the peak girdle beetle 
population (Rai and Patel, 1990). Similarly, rainfall 
has also changing association with girdle beetle 
population but association was significant in many 
years and its amount and numbers of events, 
have influenced its peak population (Ahirwar et 
al., 2015), therefore selected for formulation of 
prediction rule. The above reported results showed 



that these weather factors, namely rainy days, 
mean relative humidity and rainfall amount were 
suitable for formulation of prediction rule for peak 
girdle beetle population. Das et al. (2001) also 
develop a simple rule for prediction of H. armigera 
in India on cotton crop using surplus/deficit 
rainfall in previous months in Andhra Pradesh. 
Srivastava et al. (2016) reported that rainfall of 
January and February significantly influenced 
the incidence of the pod borer peak population. 
Srivastava and Prajapati (2012) reported weather 
based forewarning of Mungbean yellow mosaic 
virus (MMV) on Black gram and concluded that 
the previous weeks play an important role for its 
peak prediction. Srivastava and Yadav (2018) also 
reported that preceding week weather conditions 
are influencing the white fly peak population in 
Bundelkhand Agro climatic zone.

Threshold values for prediction of larval 
population

From the above results it is observed that 
the peak girdle beetle population for normal 
shown crop was around 35 SMW. Therefore it is 
proposed to monitor the three weather parameters 
.i.e. the rainy days, mean relative humidity and 
rainfall, after 30th SMW for next three weeks i.e. 
upto 33rd SMW. The weather factors; selected for 
girdle beetle population prediction rule with their 
threshold values is shown below. These threshold 
values were assumed to be congenial weather 
conditions for peak girdle beetle population.

Weather factors    Threshold value
MRH ≥84 %
NRD ≥10 day
RF ≥300mm

A thumb rule is proposed for the prediction 
of peak population of girdle beetle on soybean in 
normal sown conditions, if it satisfies the following 
conditions: 

If number of rainy days is ≥ 10 days, mean 
relative humidity is ≥ 84 per cent and total rainfall 
is >300mm during first appearance to peak girdled 
plant; than peak population/ girdled plant (around 
35-36th SWM), is high on soybean in Bundelkhand 
Agro climatic zone of Madhya Pradesh (M.P.). The 
above mentioned critical weather conditions were 
validated during 2018 to predict the peak girdled 
soybean plant population. If the above weather 
conditions occurred during the preceding weeks 
period, then there will be chance that mean peak 

girdled plant population could be ≥3/meter row 
length on soybean.

Validation of weather rule
The above developed weather rule was used 

to predict the peak girdle beetle population for an 
independent data set (2018) and weekly values 
of observed weather parameters and high girdle 
beetle population was presented in table 9.The 
observed data reveals that the peak girdle beetle 
population was high on soybean because MRH 
days, 19 and 364.5 and the peak girdle beetle 
population was > 3/m row length in soybean.

Table 9: Peak girdle beetle population on 
soybean-2018 and critical weather 

Weather rules 2018 25 June 07 July
Number of mean RH 
≥84%

17 4.6 5.2

Number of rainy days 
≥10

19

Cumulative rainfall ≥ 
300

364.5

Mean girdle plant population >3 per meter 
row length

This rule could be incorporated in the 
development of a decision support system for pest 
management in relation to weather and crop-pest 
inputs with user interactive may be developed. 
Medium range weather forecast coupled with 
extended range weather forecast could be used 
for forecasting of girdle beetle peak population. 
The selected weather variables are forecasted 
at medium range scale for almost every district 
of India under the umbrella of Gramin Krishi 
Mausam Sewa (GKMS) of India Meteorological 
Department twice a week, which may be utilized 
for estimation of peak girdle beetle population on 
soybean for its timely and judicious management.

CONCLUSION
Girdle beetle is major abiotic stress for the 

soybean production in Madhya Pradesh. Under 
normal sown soybean crop this pest onset in 30th 
SMW and reached its peak around 35th SMW on 
soybean in Bundelkhand Agro climatic zone. The 
date of sowing and type of cultivar influenced 
the infestation level and pest number. The 
infestation of girdle beetle in most of the year was 
highly correlated with rainfall, evening relative 
humidity. It is noted that preceding three weeks 
weather parameters with their critical threshold 
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plays a major role in influencing the girdle 
plant population. The rainfall amount and its 
distribution is the most dominating weather factor, 
which affects the girdle beetle population. Three 
week weather parameters after first appearance 
week are deciding factor for peak girdled plant 
number. Cumulative rainfall amount number of 
rainy days, and mean relative humidity days ≥ 84 
per cent are the most dominating weather factor, 
affecting peak population. Medium range weather 
forecast coupled with extended range weather 
forecast could be used for forecasting of its peak 
population.
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ABSTRACT
A field experiment was conducted during kharif seasons of 2016 and 2017 at the Research 

Farm of Chaudhary Charan Singh Haryana Agricultural University, Hisar, India to study the 
“Performance of pearl millet (Pennisetum glaucum L.) hybrids and their parents (B and R - lines) 
under rain fed & irrigated situations”. Six pearl millet hybrids and their parental lines i.e., B-Lines 
and R-Lines were grown under rain fed and irrigated environment. The grain yield was obtained 
higher in hybrid HHB 197 (30.33 q ha-1) under rain fed environment and in HHB 223 (37.36 q 
ha-1) under irrigated situation, whereas, among B-Lines, these values were maximum in ICMB 
94555 and in R-Lines AC 04/13 under both of the environments. More growing degree days, photo 
thermal units and helio thermal units were exhibited by crop under irrigated environment than 
rain fed situation. Among hybrids better values of these parameters were exhibited by HHB 197 
(1436.2 0C day, 18311.9, and 10068.8 0C day hour) and HHB 223 (1481.7 0C day, 18819.1 and 
10342.7 0C day hour) under rain fed and irrigated environments, respectively. Among R-Lines, 
these parameters were maximum in AC 04/13. It is clear from meteorological parameter, that 
more GDD, PTU and HTU were accumulated and better RUE and HUE in the crop were recorded 
under irrigated environment than rain fed situation thereby resulting in more yield.

Key words: Hybrids, B-Lines, R-Lines, Photo Thermal Unit, Heat Use Efficiency, Radiation Use 
Efficiency

INTRODUCTION
Pearl millet [Pennisetum glaucum (L) R.Br.] is 

grown in arid and semi-arid regions of India for 
both grain and fodder. The grain is among the most 
nutritious of the major cereal grains and almost 
whole grain is used for human consumption such 
as porridge or cake. Pearl millet grain contains 
27% to 52% more protein, higher concentration 
of essential amino acids twice the extract (fat) and 
higher gross energy than the maize (Davis et al. 
2003). The amino acid profile of pearl millet grain 
is better than sorghum and maize. Other diverse 
use includes the use of straw to feed livestock 
as well as in house building fencing and for fuel 
(Saba et al. 2015). It is a fact that performance 
of any crop at a particular location depends on 
the variety and the biotic and abiotic constraints 
obtainable at that location.

Drought is a worldwide problem, constraining 
global crop production and quality seriously, 

and recent global climate change has made this 
situation more serious. Drought stress affects the 
growth and harvestable yield in plants. Timing, 
duration, severity and speed of development 
undoubtedly have pivotal roles in determining 
how a plant responds to water deficit (Anjum et 
al. 2011). The greater degree of adaptation of pearl 
millet to water stress and nutrient deprived soils 
than other cereal crop is the primary reason of 
its large scale cultivation in arid and semi-arid 
regions. Higher tolerance during reproductive 
stage makes it excellent resource to stand in global 
warming and climate change condition. Moisture 
stress during initial establishment affects the 
crop stand and so the productivity (Christopher 
and Vyn, 2008). The effect of stress on growth 
and yield depends upon its timing. Terminal 
drought stress (flowering to grain filling), is more 
damaging to pearl millet productivity than stress 
at the vegetative or pre-flowering reproductive 
crop growth stages. Since information on pearl 
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millet hybrids and their parental lines under 
different environment was meager, so the present 
investigation was carried out to study the 
performance of pearl millet (Pennisetum glaucum 
L.) hybrids and their parents (B and R - lines) 
under rainfed & irrigated situations.

MATERIALS AND METHODS:

The present investigation entitled “the 
performance of pearl millet (Pennisetum glaucum 
L.) hybrids and their parents (B and R - lines) under 
rain fed & irrigated situations” was conducted in 
the Research Area of Bajra Section, Department 
of Genetics & Plant Breeding, CCS Haryana 
Agricultural University, Hisar during Kharif 
seasons of 2016 and 2017. The average rainfall is 
about 400 mm and most of which is received from 
South-West monsoon during July to September. 
The total amount of rainfall received during the 
crop seasons was 227 and 344 mm, respectively 
during 2016 and 2017. The mean maximum 
temperature varied from 32.7 to 36.0°C and 33.0 
to 36.0°Cwhereas, minimum temperature ranged 
from 23.5 to 26.9°C and 22.0 to 28.0°C during 
2016 and 2017 crop seasons, respectively. 

During both cropping seasons, the trials 
were conducted under rain fed and irrigated 
(three irrigations applied to cope drought stress) 
conditions with six pearl millet hybrids (HHB 67 
‘Improved’, HHB 197, HHB 272, HHB 226, HHB 
234 and HHB 223) and their parental lines i.e., 
B-Lines (ICMB 843-22, ICMB 97111, HMS 47 B, 
ICMB 843-22, HMS 7B and ICMB 94555) and 
R-Lines (H-77/833-2-202, HBL-11, AC 04/13, 
HBL-11, H-77/833-2-202 and HBL-11). The 
experiment was laid out in a factorial randomized 
block design with three replications. The seed rate 
was 5.0 kg ha-1 with a spacing of 45 cm x 10 cm 
and all management practices were carried out 
uniformly for all the treatments.

Grain yield (q ha-1)

Net area from each plot was harvested and 
threshed separately. The grain yield from net plot 
was recorded and computed as grain yield q ha-1.

Growing Degree Days (GDD) (°C day)

Cumulative growing degree days were 
determined by summing up the daily mean 
temperature above base temperature, expressed 
in °C day. For Bajra crop, Tbase is considered as 
5°C. This was calculated by using the following 
formula: 

For Bajra crop Tbase is considered as 5 °C for 
computation of GDD:  

         Tmax + Tmin)
GDD (°C day) = –––––––––––––– – Tbase
                          2
Where, 
Tmax = Maximum Temperature (°C), Tmin = 
Minimum Temperature (°C), Tbase  = Base 
Temperature    

Helio Thermal Unit (HTU) (°C day hour)
Helio-thermal units for a day represent the 

product of GDD and bright sun shine hours (BSS) 
for that day and are expressed in day °C. The sum 
of HTU for particular phenophase was determined 
according to the equation:  

Helio-thermal units = ∑ (GDD x BSS) 
Where, 
GDD = Growing degree days (°C days), BSS = 
Actual bright sunshine hours
Photo Thermal Unit (PTU) (°C day hour)

Day and night is one of the basic factors 
controlling the period of vegetative growth in 
photosensitive crop. Photo-thermal units are 
cumulative value of growing degree days multiplied 
by the hours of maximum possible sunshine 
and expressed in day °C. PTU can be calculated 
mathematically using the following formula:       
Photo-thermal units = ∑ (GDD × N) 
Where, 
GDD = Growing degree days (°C days),  N = 
Maximum possible sunshine hours 
Heat Use Efficiency (kg ha-1°C day)

Accumulated heat use efficiency is 
determined by ratio of grain yield in kg ha-1 to the 
accumulated heat units (GDD)

                                    Grain yield (kg ha-1) 
Heat use Efficiency (HUE)  = –––––-----------––––––

                                    GDD (°C day)

Radiation Use Efficiency (kg MJ ha-1)
Radiation use efficiency is determined by 

ratio of grain yield in kg ha-1 to the accumulated 
IPAR

                                     
Radiation use Efficiency (HUE)  =

Grain yield (kg ha-1)
     ––––––––––––-----------

Accumulated IPAR
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RESULTS AND DISCUSSION:
Grain yield (q ha-1)

In the present study, large variations in grain 
yield ranging from 23.86 to 30.33 q ha-1, 6.75 to 
8.61 q ha-1 and 4.41 to 7.50 q ha-1, respectively 
were recorded under rain fed environment among 
hybrids, B-Lines and R-Lines. The variation 
under irrigated environment ranged between 
28.76 to 37.36 q ha-1, 10.13 to 11.80 q ha-1 
and 6.66 to 10.24 q ha-1, respectively among 

the hybrids, B-Lines and R-Lines. The hybrid 
HHB 197 produced higher grain yield under 
rain fed environment as this hybrid thrives well 
under moisture stress condition due to moisture 
tolerance ability and prevent the retardation of 
photosynthesis, cell and tissue growth. Thus, it 
could lead to better yield performance under rain 
fed situation. These results corroborate the results 
of Premchandra et al. (1995). The grain yield was 
higher in HHB 223 under irrigated environment 

Table 1: Effect of environmental treatments on grain yield (q ha-1) of hybrids, B-lines and R-lines 

Hybrids Grain Yield (q ha-1)
Rain fed Irrigated

2016 2017 Pooled 2016 2017 Pooled
HHB 67 Improved 22.30 25.42 23.86 26.52 31.00 28.76
HHB 197 28.73 31.92 30.33 33.87 39.28 36.57
HHB 223 24.88 28.56 26.72 35.20 39.51 37.36
HHB 226 27.00 30.34 28.67 31.53 35.85 33.69
HHB 234 24.50 27.98 26.24 29.00 34.63 31.82
HHB 272 26.80 30.01 28.41 31.28 36.04 33.66
Mean 25.70 29.04 27.37 31.23 36.05 33.64
SEm ± 0.92 1.04 0.64 0.87 0.97 0.65
CD at 5% H 2.91 3.27 2.03 2.74 3.05

E1= 1.99 E2= 2.23 Pooled= 1.44
B- Lines
ICMB 843-22 7.37 8.70 8.04 9.33 10.93 10.13
ICMB 97111 7.83 8.89 8.36 10.67 11.95 11.31
ICMB 94555 8.17 9.05 8.61 11.17 12.44 11.80
ICMB 843-22 7.20 8.84 8.02 9.67 11.40 10.53
HMS 7 B 6.00 7.50 6.75 9.93 11.52 10.73
47 B 6.33 8.04 7.19 10.50 11.58 11.04
Mean 7.15 8.50 7.80 10.21 11.64 10.90
SEm ± 0.18 0.26 0.14 0.32 0.25 0.23
CD at 5% B-Lines 0.58 0.83 0.44 1.02 0.78

E1= 1.02 E2=0.58 Pooled= 0.43
R-Lines
H 77/833-2-202 3.50 5.33 4.41 5.43 7.89 6.66
HBL 11 4.10 6.06 5.08 6.13 9.46 7.80
HBL 11 4.67 5.57 5.12 6.43 9.01 7.72
HBL 11 4.33 5.96 5.15 6.30 8.52 7.41
H 77/833-2-202 3.93 5.02 4.48 6.00 8.04 7.02
AC 04/13 7.00 8.01 7.50 9.81 10.66 10.24
Mean 4.59 5.99 5.3 6.69 8.93 7.8
SEm ± 0.20 0.32 0.20 0.31 0.30 0.25
CD at 5% R-Lines 0.62 1.00 0.64 0.96 0.94

E1= 0.57 E2=0.69 Pooled= 0.51
E1=2016, E2=2017



might be attributed to its longer duration to reach 
maturity duration which might have helped to 
produce more photosynthates and enough time 
to translocation them to developing grains. These 
findings are supported by Srikant et al. (2000), 
Tahir et al. (2008), Sharma and Kumar (2018) and 
Singh and Chauhan (2010).

Growing degree days (GDD)
The accumulative growing degree days 

(Table 2) were significantly higher in the irrigated 

environment over rain fed among hybrids, B-Lines 
and R-Lines. Among hybrids, HHB 197 (1436.2 °C 
day) accumulated significantly maximum number 
of GDD over rest of the treatments except HHB 226 
and HHB 272 hybrids under rain fed environment, 
whereas, under irrigated situation, the hybrids 
HHB 223 (1481.7°C day) and HHB 197 (1479.2°C 
day) recorded significantly more number of GDD 
than others except HHB 226.Among the B-Lines, 
ICMB 94555 and ICMB 97111 accumulated 

Table 2: Influence of rain fed and irrigated environments on accumulated Growing degree days (GDD) 
of hybrids, B-lines and R-lines at physiological maturity

Hybrids GDD at physiological maturity stage (°C Day)
Rain fed Irrigated
2016 2017 Pooled 2016 2017 Pooled

HHB 67 Improved 1342.4 1431.7 1387.0 1389.3 1451.4 1420.3
HHB 197 1401.2 1471.2 1436.2 1450.2 1508.3 1479.2
HHB 223 1368.3 1431.7 1400.0 1450.2 1513.3 1481.7
HHB 226 1392.3 1458.5 1425.4 1429.9 1498.3 1464.1
HHB 234 1365.3 1441.5 1403.4 1409.7 1489.3 1449.5
HHB 272 1389.3 1451.4 1420.3 1409.7 1492.3 1451.0
Mean 1376.4 1447.7 1412.1 1423.1 1492.1 1457.6
SEm ± 11.4 9.1 7.2 8.2 8.6 6.4
CD at 5% H 34.3 27.5 21.8 24.6 26.7

E1=21.2 E2=19.2 Pooled=14.5
B- Lines
ICMB 843-22 1357.9 1410.5 1384.2 1395.3 1444.2 1419.7
ICMB 97111 1368.3 1433.7 1401.0 1398.0 1471.2 1434.6
ICMB 94555 1368.3 1440.7 1404.5 1409.7 1471.2 1440.4
ICMB 843-22 1348.1 1430.7 1389.4 1391.3 1448.4 1419.8
HMS 7 B 1301.3 1358.2 1329.7 1389.3 1463.3 1426.3
47 B 1298.5 1379.5 1339.0 1398.0 1485.0 1441.5
Mean 1340.4 1408.9 1374.6 1396.9 1463.9 1430.4
SEm ± 10.7 10.5 7.4 6.1 6.8 3.8
CD at 5% B-Lines 32.3 31.5 22.2 18.5 20.6

E1= 19.5 E2=18.8 Pooled=12.5
R-Lines
H 77/833-2-202 1295.4 1389.8 1342.6 1338.3 1395.7 1367.0
HBL 11 1328.3 1410.5 1369.4 1368.3 1430.7 1399.5
HBL 11 1330.2 1399.2 1364.7 1366.0 1420.5 1393.2
HBL 11 1338.4 1410.5 1374.5 1359.5 1415.5 1387.5
H 77/833-2-202 1301.3 1389.8 1345.5 1340.7 1397.7 1369.2
AC 04/13 1348.1 1427.3 1387.7 1371.3 1436.7 1404.0
Mean 1323.6 1404.5 1364.0 1357.3 1416.1 1386.7
SEm ± 9.3 7.9 6.5 8.0 6.2 5.1
CD at 5% R-Lines 27.9 24.1 19.8 24.1 18.8

E1= 18.4 E2=15.3 Pooled= 12.6
E1=2016, E2=2017
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Table 3: Effect of different environment on photo thermal units (PTU) of hybrids, B-lines and R-lines at 
physiological maturity stage

Hybrids PTU at physiological maturity stage (°C day hour)
Rain fed Irrigated

2016 2017 Pooled 2016 2017 Pooled
HHB 67 Improved 16906.9 18545.5 17726.2 17533.3 18785.3 18159.3

HHB 197 17620.3 19003.6 18311.9 18187.0 19430.5 18808.7
HHB 223 17293.2 18545.5 17919.3 18187.0 19451.3 18819.1
HHB 226 17599.3 18840.3 18219.8 17968.9 19327.3 18648.1
HHB 234 17281.2 18695.5 17988.3 17750.4 19217.8 18484.1
HHB 272 17533.3 18785.3 18159.3 17750.4 19224.2 18487.3
Mean 17372.4 18735.9 18054.2 17896.2 19239.4 18567.8
SEm ± 119.4 98.8 66.7 107.5 128.2 83.7
CD at 5% H 359.2 298.9 200.5 323.7 385.9 251.8

E1=241.8 E2=244.0 Pooled=160.9
B- Lines
ICMB 843-22 17136.2 18307.7 17721.9 17598.5 18660.5 18129.5
ICMB 97111 17293.2 18580.5 17936.8 17610.5 19003.6 18307.0
ICMB 94555 17293.2 18616.2 17954.7 17750.4 19003.6 18377.0
ICMB 843-22 17046.2 18443.8 17745.0 17543.3 18745.3 18144.3
HMS 7 B 16500.1 17660.5 17080.3 17533.3 18905.3 18219.3
47 B 16493.1 17920.2 17206.7 17610.5 17892.0 17751.3
Mean 16960.3 18254.8 17607.6 17607.8 18701.7 18154.7
SEm ± 98.8 112.7 77.0 92.1 80.4 56.7
CD at 5% B-Lines 297.1 338.5 231.2 279.8 241.8 170.1

E1=204.1 E2=208.0 Pooled=143.5
R-Lines
H 77/833-2-202 16412.5 18050.6 17231.5 16905.3 18150.6 17527.9
HBL 11 16806.9 18307.7 17557.3 17293.2 18510.5 17901.8
HBL 11 16840.9 18186.2 17513.6 17281.2 18419.2 17850.2
HBL 11 16910.3 18307.5 17608.9 17152.3 18389.2 17770.7
H 77/833-2-202 16495.2 18050.6 17272.9 16936.3 18160.0 17548.2
AC 04/13 17046.2 18485.2 17765.7 17305.2 18645.5 17975.3
Mean 16752.0 18231.3 17491.6 17145.6 18379.2 17762.4
SEm ± 82.5 106.6 59.8 63.5 86.5 67.5
CD at 5% R-Lines 250.7 320.3 179.6 190.8 259.7

E1= 157.5 E2=NS Pooled=135.4
E1=2016, E2=2017

significantly more number of GDD over other lines 
except ICMB 843-22 under rain fed environment. 
In case of R-Lines, AC 04/13 followed by HBL 11 
accumulated significantly higher GDD under both 
the rain fed and irrigated environments.

Photo thermal units (PTU)
Photo thermal units (°C day hour) were 

accumulated more during the year 2017 than 
2016 at 40 and 60 DAS. The data regarding 

photo thermal units as influenced by different 
treatments at physiological maturity stage 
presented in Table 3 revealed that more PTU were 
recorded under irrigated environment than rain 
fed situation. Among different hybrids, HHB 197 
recorded significantly higher PTU under rain fed 
situation but remained at par with HHB 226 and 
HHB 272, whereas, under the irrigated situation, 
it was higher in HHB 223 but statistically at par 



with HHB 226. The B-Line ICMB 94555 recorded 
significantly more PTU as compared to all others 
except ICMB 97111 and ICMB 843-22. Under the 
irrigated environment, PTU was recorded higher 
in ICMB 94555 but at par with ICMB 97111 and 
HMS 47 B over other lines. Among R-Lines, PTU 
were higher in AC 04/13 than other lines except 
HBL 11.

Helio Thermal Units (HTU)
There were more helio thermal units (Table 4) 

(°C day hour) accumulated at 40 DAS during the 
year 2017 as compared to 2016 and these were 
more during the year 2016 at 60 DAS. The helio 
thermal units were calculated at physiological 
maturity stage of the crop. From the data it 
is revealed that significantly more HTU were 
accumulated with irrigated environment over 
rain fed situation among hybrids, B-Lines and 
R-Lines. The hybrids HHB 197 (10068.8) and 
HHB 226 (9988.3°C day hour), noticed more 

Table 4: Effect of environments on helio thermal unit (HTU) of hybrids, B-lines and R-lines at physiological 
maturity

Hybrids HTU at physiological maturity stage (°C day hour)
Rainfed Irrigated

2016 2017 Pooled 2016 2017 Pooled
HHB 67 Improved 9659.9 9677.3 9668.6 10076.0 9795.2 9935.6

HHB 197 10195.6 9942.1 10068.8 10577.3 10102.0 10339.7
HHB 223 9900.0 9677.3 9788.7 10577.3 10108.0 10342.7
HHB 226 10116.0 9860.5 9988.3 10404.8 9986.2 10195.5
HHB 234 9890.0 9737.3 9813.6 10233.1 9972.8 10103.0
HHB 272 10076.0 9795.2 9935.6 10223.1 9978.5 10100.8
Mean 9972.9 9781.6 9877.3 10348.6 9990.5 10169.5
SEm ± 45.5 68.4 36.0 59.5 75.1 52.6
CD at 5%  H 136.9 207.0 110.1 178.8 226.1 158.3

E1=112.6 E2=153.4 Pooled=96.5
B- Lines
ICMB 843-22 9819.8 9507.7 9663.7 10123.0 9727.0 9925.0
ICMB 97111 9900.0 9690.3 9795.1 10135.0 9942.1 10038.5
ICMB 94555 9900.0 9720.0 9810.0 10233.1 9942.1 10087.6
ICMB 843-22 9719.8 9650.3 9685.0 10080.0 9775.2 9927.6
HMS 7 B 9340.4 9105.1 9222.7 10076.0 9865.2 9970.6
47 B 9322.4 9260.3 9291.3 10135.0 9968.5 10051.8
Mean 9667.1 9488.9 9578.0 10130.3 9870.0 10000.2
SEm ± 62.6 75.8 43.7 59.5 53.0 36.5
CD at 5% B-Lines 187.8 227.7 131.8 178.8 159.2 110.2

E1=129.7 E2=138.9 Pooled=85.9
R-Lines
H 77/833-2-202 9294.0 9370.8 9332.4 9612.2 9315.3 9463.7
HBL 11 9555.9 9507.7 9531.8 9900.0 9650.3 9775.1
HBL 11 9601.5 9435.5 9518.5 9890.0 9588.5 9739.3
HBL 11 9610.6 9507.6 9559.1 9852.5 9551.2 9701.8
H 77/833-2-202 9340.4 9337.5 9339.0 9620.4 9319.3 9469.8
AC 04/13 9719.8 9587.3 9653.5 10020.3 9712.3 9866.3
Mean 9520.4 9457.7 9489.0 9815.9 9522.8 9669.3
SEm ± 57.2 60.3 34.0 60.3 95.8 53.3
CD at 5%  R-Lines 172.6 180.9 103.5 181.9 287.6 160.2

E1= 125.4 E2=169.9 Pooled=95.3
E1=2016, E2=2017
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Table 5 (a): Heat use efficiency (HUE) of hybrids, B-lines and R-lines at 40 DAS as affected by different 
environments

Hybrids HUE at 40 DAS (kg ha-1 °C Day)
Rain fed Irrigated

2016 2017 Pooled 2016 2017 Pooled
HHB 67 Improved 8.09 8.21 8.15 10.13 10.37 10.25

HHB 197 10.38 10.56 10.47 12.18 12.39 12.29
HHB 223 8.74 8.92 8.83 12.16 12.46 12.31
HHB 226 10.18 10.47 10.33 11.32 11.56 11.44
HHB 234 8.48 8.70 8.59 10.50 10.67 10.59
HHB 272 9.48 9.78 9.63 11.20 11.47 11.34
Mean 9.22 9.44 9.33 11.25 11.49 11.37
SEm ± 0.24 0.27 0.17 0.33 0.28 0.25
CD at 5%  H 0.75 0.84 0.52 1.02 0.87 0.77

E1= 0.64 E2=0.60 Pooled=0.47
B- Lines
ICMB 843-22 6.25 6.47 6.36 7.84 8.15 7.99
ICMB 97111 7.15 7.44 7.30 8.88 9.12 9.00
ICMB 94555 6.54 6.89 6.72 8.68 9.05 8.86
ICMB 843-22 6.00 6.38 6.19 7.60 7.95 7.78
HMS 7 B 5.77 6.07 5.92 7.79 8.07 7.93
47 B 6.10 6.33 6.22 8.25 8.58 8.41
Mean 6.30 6.60 6.45 8.17 8.48 8.33
SEm ± 0.21 0.20 0.13 0.25 0.24 0.17
CD at 5% B-Lines 0.66 0.63 0.40 0.79 0.74 0.51

E1=0.51 E2=0.48 Pooled=0.32
R-Lines
H 77/833-2-202 5.51 5.87 5.69 6.95 7.27 7.11
HBL 11 5.75 6.15 5.95 7.40 7.89 7.64
HBL 11 5.76 6.17 5.97 7.34 7.77 7.56
HBL 11 5.59 6.10 5.84 7.62 7.97 7.80
H 77/833-2-202 5.35 5.64 5.49 7.15 7.48 7.31
AC 04/13 6.19 6.55 6.37 8.38 8.65 8.52
Mean 5.69 6.08 5.89 7.47 7.84 7.66
SEm ± 0.16 0.15 0.11 0.23 0.22 0.15
CD at 5%  R-Lines 0.49 0.47 0.33 0.71 0.67 0.47

E1= 0.43 E2=0.41 Pooled= 0.29
E1=2016, E2=2017

accumulative HTU over other tested hybrids 
under the rain fed environment. Under irrigated 
situation, the hybrid HHB 223 (10342.7°C day 
hour) was found with more number of HTU over 
others, whereas, minimum were recorded in HHB 
67 ‘Improved’. The B-Line ICMB 94555 (9810.0 
°C day hour) accumulated more HTU than HMS 
7B and 47B under rain fed condition, whereas, 
under irrigated environment, ICMB 94555 also 
recorded significantly more HTU but remained at 

par with ICMB 97111 and 47 B. The R-Line AC 
04/13 recorded significantly maximum HTU but 
it was at par with HBL 11, whereas, significantly 
lowest HTU was accumulated in H 77/833-2-22 
under both the environments.

Heat use efficiency (kg ha-1 °C Day)
Pooled analysed data revealed that more heat 

use efficiency was recorded in irrigation situation 



than rain fed condition. At 40 DAS (Table 5a), the 
hybrid HHB 197 (10.47 kg ha-1 °C day) and HHB 
226 (10.33 kg ha-1 °C day) exhibited significantly 
higher value of heat use efficiency under the 
rain fed situation, whereas, under the irrigated 
environment, HUE was significantly higher in 
the hybrids HHB 223 (12.31 kg ha-1 °C day) and 
HHB 197 (12.29 kg ha-1 °C day) over rest of the 
hybrids. Among B-Lines, ICMB 97111 observed 
superior HUE over other B-Lines except ICMB 

94555 under both the environments. In case 
of R-Lines, the AC 04/13 line was found better 
than other R-Lines under both the environments. 
The similar trend of heat use efficiency was also 
observed at 60 DAS (Table 5b) in the pearl millet 
hybrids and R-Lines. Among B-Lines, at 60 DAS, 
the HUE was significantly higher in ICMB 97111 
and ICMB 94555 under rain fed environment, 
whereas, under irrigated environment the higher 
value of HUE was recorded in ICMB 94555 but it 

Table 5 (b): Influence of different environments on heat use efficiency (HUE) of hybrids, B-lines and 
R-lines at 60 DAS
Hybrids HUE at 60 DAS (kg ha-1 °C Day)

Rainfed Irrigated
2016 2017 Pooled 2016 2017 Pooled

HHB 67 Improved 8.79 8.95 8.87 10.34 10.36 10.35

HHB 197 11.56 11.67 11.62 13.17 13.33 13.25
HHB 223 10.13 10.23 10.18 13.45 13.65 13.55
HHB 226 11.41 11.51 11.46 12.41 12.61 12.51
HHB 234 9.94 9.80 9.87 11.20 11.27 11.23
HHB 272 10.61 10.73 10.67 11.58 11.95 11.76
Mean 10.41 10.48 10.44 12.02 12.19 12.11
SEm ± 0.27 0.27 0.19 0.37 0.30 0.24
CD at 5%  H 0.84 0.81 0.58 1.17 0.91 0.73

E1=0.72 E2=0.61 Pooled=0.46
B- Lines
ICMB 843-22 6.82 7.14 6.98 8.05 8.29 8.17
ICMB 97111 7.66 8.07 7.87 8.99 9.48 9.23
ICMB 94555 7.49 7.80 7.64 9.31 9.70 9.50
ICMB 843-22 6.75 6.93 6.84 8.20 8.28 8.24
HMS 7 B 6.14 6.45 6.30 8.35 8.60 8.47
47 B 6.65 6.89 6.77 8.87 9.17 9.02
Mean 6.92 7.21 7.07 8.63 8.92 8.77
SEm ± 0.19 0.14 0.12 0.18 0.18 0.12
CD at 5% B-Lines 0.61 0.44 0.36 0.57 0.54 0.37

E1=0.42 E2=0.35 Pooled=0.26
R-Lines
H 77/833-2-202 5.82 6.11 5.97 7.29 7.64 7.47
HBL 11 6.48 7.06 6.77 8.34 8.61 8.47
HBL 11 6.45 6.98 6.72 8.13 8.59 8.36
HBL 11 6.40 7.05 6.72 8.20 8.68 8.44
H 77/833-2-202 5.84 6.14 5.99 7.30 7.59 7.45
AC 04/13 7.27 7.55 7.41 9.02 9.35 9.18
Mean 6.38 6.81 6.60 8.04 8.41 8.23
SEm ± 0.18 0.18 0.16 0.21 0.22 0.19
CD at 5%  R-Lines 0.57 0.55 0.48 0.65 0.66 0.58

E1= 0.44 E2=0.43 Pooled= 0.37
E1=2016, E2=2017
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Table 6 (a): Radiation Use Efficiency (RUE) among hybrids, B-lines and R-lines at 40 DAS as affected 
by different environments

Hybrids RUE (kg MJ ha-1) at 40 DAS
Rainfed Irrigated

2016 2017 Pooled 2016 2017 Pooled
HHB 67 Improved 24.29 24.19 24.24 30.42 30.53 30.48

HHB 197 31.17 31.09 31.13 36.60 36.50 36.55
HHB 223 26.25 26.27 26.26 36.54 36.69 36.61
HHB 226 30.58 30.85 30.72 33.99 34.05 34.02
HHB 234 25.46 25.61 25.53 31.54 31.43 31.48
HHB 272 28.48 28.81 28.65 33.63 33.78 33.71
Mean 27.70 27.80 27.75 33.79 33.83 33.81
SEm ± 0.75 0.82 0.52 1.02 0.85 0.76
CD at 5%  H 2.26 2.48 1.57 3.08 2.56 2.30

E1=1.91 E2=1.79 Pooled=1.39
B- Lines
ICMB 843-22 18.78 19.05 18.91 23.56 23.99 23.77
ICMB 97111 21.49 21.92 21.71 26.68 26.87 26.78
ICMB 94555 19.66 20.30 19.98 26.08 26.64 26.36
ICMB 843-22 18.02 18.80 18.41 22.84 23.41 23.12
HMS 7 B 17.33 17.87 17.60 23.38 23.76 23.57
47 B 18.32 18.65 18.49 24.77 25.26 25.01
Mean 18.93 19.43 19.18 24.55 24.99 24.77
SEm ± 0.65 0.61 0.40 0.78 0.72 0.51
CD at 5% B-Lines 1.97 1.85 1.21 2.38 2.20 1.54

E1=1.54 E2=1.44 Pooled=0.98
R-Lines
H 77/833-2-202 16.56 17.28 16.92 20.87 21.41 21.14
HBL 11 17.28 18.11 17.69 22.22 23.23 22.72
HBL 11 17.29 18.18 17.74 22.06 22.87 22.47
HBL 11 16.80 17.95 17.37 22.90 23.48 23.19
H 77/833-2-202 16.07 16.60 16.34 21.46 22.03 21.75
AC 04/13 18.60 19.29 18.95 25.18 25.48 25.33
Mean 17.10 17.90 17.50 22.45 23.08 22.77
SEm ± 0.49 0.46 0.33 0.71 0.65 0.47
CD at 5% R-Lines 1.47 1.39 0.99 2.15 1.98 1.41

E1=1.30 E2=1.21 Pooled= 0.86
E1=2016, E2=2017

was statistically at par with ICMB 97111.

Radiation Use Efficiency (kg MJ ha-1)
Pooled analysed data revealed that more 

RUE was observed under irrigated environment 
than rain fed situation. At 40 DAS (Table 6 a), 
RUE under rain fed environment was significantly 
higher in hybrid HHB 197 over others except HHB 
226, whereas, under irrigated environment, it was 
higher in HHB 223 and HHB 197 than all others. 

Among B-Lines, RUE was significantly more in 
ICMB 97111 under both environments but at par 
with ICMB 94555 under irrigated situation. The 
R-Line AC 04/13 was found significantly superior 
in RUE over other tested lines under both the 
environments. Similar trend of 40 DAS was also 
followed at 60 DAS (Table 6b) except among 
B-Lines, where ICMB 97111 was found superior 
than others except ICMB 94555 in the rain fed 
environment. Under the irrigated situation, ICMB 



94555 was found superior in RUE than all the 
other lines except ICMB 97111 line.

CONCLUSION:
It is clear from micro meteorological 

parameters, that more growing degree days, 
photo thermal units (PTU) and helio therml units 
(HTU) were accumulated and better radiation 
use efficiency (RUE) and heat use efficiency 
(HUE) in the crop were recorded under irrigated 

environment than rain fed situation thereby 
resulting in more yield.
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ABSTRACT
Various biotic and abiotic stresses are among the main limiting factors in yields of 

mungbean [Vigna radiata (L.) Wilczek]. Its sensitivity to meteorological regimes, particularly 
to photoperiod and temperature necessitates development of thermo-photoperiod-insensitive 
varieties. Development of such varieties requires critical analysis of genetic variation for different 
meteorological indices and yield traits. Heat units (HU), Helio-thermal units (HTU) and Photo-
thermal units (PTU) during different phenophases, are very useful for predicting growth and 
yield. However, relative impact of these on various mungbean cultivars is not well characterized. 
Therefore, the present study was undertaken to evaluate and categorize 115 mungbean genotypes 
on the basis of phenological, yield and meteorological parameters. Cluster analysis classified the 
minto ten clusters. The genotypes of cluster II and V had most of the favorable characters - high 
yield and short duration (early maturity, high seed yield and harvest index and low HU, HTU 
and PTU requirements). Principal factor analysis resulted into four major principal components 
explaining 83.6 % variability. Genotypes MH 421, MH 560, MH 565, IPM 06-5, NVL 638, PDM 
96-262C, IPM 02-17 and IPM 02-19 required lesser days to flowering, seed filling and maturity 
and yielded better with lesser HU, HTU and PTU requirement. These genotypes can, therefore, can 
be utilized in breeding programmes for development of heat and drought tolerant high yielding 
cultivars suitable to counter weather variability and climate change effects.

Key words: Mungbean, heat units, helio-thermal units, photo-thermal units, phenology, yield

INTRODUCTION
Mungbean [Vigna radiata (L.) Wilczek], a 

rich source of proteins, minerals and vitamins 
with very low levels of oligosaccharides with high 
digestibility and lower flatulence problem (Ihsan 
et al., 2013), forms an essential ingredient in 
majority of Indian diets. Improving mungbean 
productivity is paramount towards ensuring 
nutritional requirements for burgeoning human 
population. This crop is now gaining importance in 
spring-summer season in the north Indian states 
of Punjab, Haryana, and Uttar Pradesh as it fits 
well in established crop rotation of rice and wheat. 
Fitting a short duration crop like mungbean in 
between cereal-cereal crop rotation, not only 
improves the soil health but also ameliorates 
ground water status. It requires relatively less 
water than other legumes and is important for 
its high nutritional value and for improving soil 
fertility (Parida and Das, 2005). Static mungbean 
yield in last decades is largely on account of 
its susceptibility to various abiotic stresses at 
different growth stages of the crop (Singh and 
Singh, 2011). It is a short duration crop of tropical 

and subtropical regions and is sensitive to photo 
thermal regimes and is influenced largely by the 
growing environment of the crop.The optimum 
average temperature for potential yield of 
mungbean lies between 28-30ºC. During summer 
season the temperature and light irradiance 
fluctuate frequently. The mungbean growing 
season at Hisar is characterized by variable 
temperature and cloudiness due to frequent 
thunderstorm activity in the season. During the 
month of May and June, the temperature goes 
above 46ºC in Western Indo-Gangetic plains. The 
irradiance shows regular intra-day fluctuations 
dropping from full sunshine to a minimum level. 
Sensitivity of mungbean to varying photoperiod 
and temperature regimes necessitates developing 
thermo-photoperiod-insensitive varieties, suitable 
for both summer and rainy seasons. To address 
fluctuating temperature extremes, efforts are 
being made for developing short duration 
tolerant genotypes. Temperature based agro-
meteorological indices such as Heat unit (HU), 
Helio-thermal unit (HTU) and Photo-thermal 
unit (PTU), are very useful for predicting the 
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growth and yield of crops. However, impact of 
temperature, day length and bright sunshine hour 
on growth and development of various mungbean 
genotypes is not fully characterized. To improve 
productivity of mungbean in warmer climates, 
it is crucial to decipher the genetic variation for 
these in the germplasm. The present experiment 
has been undertaken to address this lacunae 
with the objective to evaluate and categorize 
mungbean accessions based on phenological, 
yield and meteorological parameters, to determine 
divergence among these genotypes and to 
determine relative importance of various principal 
components.

MATERIALS AND METHODS
The experiment was undertaken during 

summer seasons of 2013 and 2014 at CCS Haryana 
Agricultural University, Hisar, India (latitude 
29°10’ N, longitude75° 46’ E, elevation 215.2m 
above mean sea level). One hundred and fifteen 
mungbean genotypes were grown in single row of 
4m length with 30 x 10cm spacing in Augmented 
Design having six blocks repeating two checks 
(MH 421 and MH 2-15) in between in each block. 
All the recommended package of practices was 
adopted to raise a healthy crop. These genotypes 
were evaluated for four phenological stages [days 
to 50% flowering (DF), days to seed filling period 
(SF), days to maturity (DM) and plant height (PH)]; 
seven yield parameters [number of branches 
plant-1 (NB), number of pods plant-1 (NP), pod 
length (PL), 100-seed weight (SW), biological 
yield (BY), seed yield (SY) and harvest index (HI)] 
and nine meteorological parameters [Heat units 
requirement till flowering (HUF), during seed 
filling period (HUSF) and till maturity (HUM); 
Helio-thermal units requirement till flowering 
HTUF, during seed filling period (HTUSF) and 
till maturity (HTUM) and Photo-thermal units 
requirement till flowering (PTUF), during seed 
filling period (PTUSF) and till maturity (PTUM)]. 
Meteorological parameters were estimated as per 
Pal et al. (2013) and Tzudir et al. (2014).

Heat units (HU) requirement was calculated as:

HU= ∑[(Max temp + Min temp)/2 – Base temp] 

Helio-thermal units (HTU) requirement was 
calculated as:

HTU =∑ [Heat Units x Actual Sun Shine Hours]

Photo-thermal units (PTU) requirement was 
calculated as:

PTU =∑ [Heat Units x Day length (Hours)]

Statistical analysis:
Homogeneity for error variances was tested 

using Bartlett’s test before pooling the data of 
two years. Statistical analysis was carried out 
using the SPSS 20.0 software. Between-group 
linkage or UPGMA (Unweighted Pair-Group 
Method using Arithmetic Averages) method of 
Hierarchical Cluster Analysis was utilized with 
City Block distances to classify the genotypes 
and dendrogram was prepared using the rescaled 
distances. Method suggested by Romesburg 
(1990) was used to cut the dendrogram to form the 
clusters. Correlation matrix was used to extract 
the principal components. As the initial factor 
loading were not clearly interpretable, the factor 
axes were rotated using Varimax rotation (Kaisar, 
1958). Principal factor scores were determined 
using Anderson-Rubin method. Plotting of different 
genotypes was done using their individual factor 
scores taking different principal factors as axes. 

RESULTS AND DISCUSSION
Improvement through breeding depends on 

the amount of genetic variability available in the 
gene pool. The 115 mungbean genotypes, evaluated 
in the present study, exhibited sufficient amount 
of variability for different phenophases, seed yield 
and meteorological parameters. Heat units, Helio-
thermal units and Photo-thermal units required 
for different phenophases varied depending upon 
duration of a particular phenophase. Tzudir et 
al. (2014) also observed variation in similar trend 
and found that among the different phenophases, 
varietal differences were prominent during bud 
emergence and pod emergence phases. Tijare 
et al. (2017) also observed genotypic variation 
for HTU and PTU accumulation in mungbean 
genotypes. Lawn (1989) reported that the 
photoperiod influences the rate of development in 
pre and post flowering stages. Mungbean develops 
through nine distinct phenological phases as 
suggested by Carberry (2007) and Chauhan 
et al. (2010). The development of mungbean 
plants during growth stages is mainly related 
to growing temperatures. Daily thermal time is 
accumulated during each phase of development 
until accumulated thermal time thresholds are 
satisfied and then development progresses to 
the next phase. Cultivar-specific, thermal time is 
often required to complete most developmental 
phases. As mungbean is photoperiod sensitive, 
the duration of the photoperiod-induced phase 



changes as photoperiod changes (Carberry, 2007 
andRao et al., 2016).

Hierarchical cluster analysis resulted in 
formation of ten clusters containing one to 
40 genotypes (Table 1). Cluster III was having 
the maximum number of genotypes i.e.40 and 
clusters VIII, IX and X were having the minimum 
i.e. one each. Clusters I, II, IV, V, VI and VII 
comprised of 9, 9, 29, 20, 2 and 3 genotypes, 

respectively. The association among the different 
genotypes is presented in the form of dendrogram 
(Fig. 1) prepared using rescaled distances. The 
genotypes which are lying nearer to each other in 
the dendrogram, are more similar to one another 
for the traits studied than those lying apart. The 
resemblance coefficient between the two genotypes 
is the value at which their branches join. The 
dendrogram also showed the relative magnitude 
of resemblance among the different clusters. 

Table 1: Cluster membership profile of different mungbean genotypes 

Cluster 
No.

Genotypes No. of  
genotypes

I Asha, LM 10, MH 129, ML 1108, ML 194, ML 759, Muskan, Pusa-9072, SML 1194 9
II BDYR-1, IPM 02-17, IPM 02-19, IPM 06-5, IPM 2K 14-9, KM 2328, NVL 638, PDM 

96-262C, Pusa 1132 
9

III BDYR-2, CH 135-5, CH 210-3, Ganga-8, GP 109, GP 111, GP 150, GP 68A, GP 78, 
GP 86, HC 682, IPM 02-3, IPM 3-2, IPM 05-3-6, L-24-2, M 395, M 605, M 839, MH 
125, MH 216, MH 2-2, MH 534, MH 560, MH 709, MH 98-1, ML 1451, ML 3580, 
ML 776, PLM 176, PM 99-3, Pusa 0871, Pusa 9531, Pusa Vishal, SMH 99-1, SML 
1018, SML 1023, SML 1205, SML 668, TRCM 131-1, TRCM 155-1

40

IV COGG 912, EC 251552, EC-30400, EC-393407, EC-393410, EC-399223, EC-
470090, EC-470096 Y, GM-9926 YMV, GP 181, GP 182, GP 248, GP 685, IPM 99-
3, K-103196, K-39574, KM 22-11, MH 2-15, MH 99-8A, ML 1628, ML 5, ML 5-15, 
ML 735, ML 778, ML 803, P 105, PDM 87, PLM 62, Pusa Ratna

29

V EC-470096 G, IC 15276, IPM 02-03-3, IPM 05-3-21, IPM 06-LS-1, IPM 205-7, IPM 
2K-15-4, IPM 409-4, KM 2241, MH 421, MH 521, MH 565, MH 729, ML 818, PDM 
96-262, Pusa 105, Pusa 1071, Pusa 9972, SML 1115, TBM 11 

20

VI 15:EC-581523, T-44 2
VII 20:GP 149, GP 69, Pant M 5 3
VIII 25:GP 354 1
IX 84:ML 843 1
X 89:PBM-14 1

Table 2: Inter and intra-cluster distances in mungbean (UPGMA - City Block distance)

Cluster 
No.

I II III IV V VI VII VIII IX X

I 2031.5
II 9375.1 1786.9
III 5100.8 5925.7 2907.7
IV 5323.4 8748.2 7014.1 2788.1
V 9736.4 3968.3 5459.6 10254.8 2088.8
VI 7645.5 4560.5 5903.4 5108.1 7622.2 533.3
VII 5903.3 11570.0 6570.5 10270.2 9374.5 12101.3 1818.1
VIII 11975.9 20468.4 15930.7 11858.0 20779.9 16838.1 16908.7 -
IX 11279.3 15589.6 14123.3 7995.8 17162.8 12037.1 16872.7 4924.8 -
X 6974.1 15630.0 11089.9 7093.2 15946.5 12047.0 11958.8 5345.9 4956.4 -
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No correspondence was observed between the 
geographical and genetic diversity. Ayana and 
Bekele (1999) found that a greater proportion 
of accessions of similar adaptation zones and 
accessions from regions of origin with similar 
agro-climatic conditions were grouped together. 
This implies that geographic diversity is not the 
only factor determining genetic divergence and 
is one among the several factors determining the 
genetic divergence. Therefore, parental selection 
for hybridization should be based on the criteria 
of genetic diversity.

The intra and inter-cluster distances were 
calculated using city block distances and are 
presented in Table 2. The maximum intra-cluster 
distances were observed in the cluster III followed 
by cluster IV while inter-cluster distances were 
observed maximum between clusters V and VIII 
followed by clusters II and VIII and clusters II and 
V. The crosses between the genotypes belonging 
to distantly located clusters are likely to produce 
desirable transgressive segregants. The cluster 
means of different characters were calculated, 
which revealed wide range of differences among 
clusters with respect to these traits (Table 3). The 
genotypes of cluster II and V were found remarkably 
superior with respect to most of the favourable 
characters specifically required for development 
of high yielding short duration varieties (early 
maturity, high seed yield and harvest index; and 
low HU, HTU and PTU requirements). Genotypes 
with better mean values can be selected among 
all the genotypes to suit the breeding programme. 
Romesburg (1990) opined that findings of similar 
alternatives reduce the decision problem to two 
stages i.e. first, to select the cluster that can best 
achieve the planning objective; and second, to 
select the best alternative within the best cluster.
The remaining clusters showed more or less 
moderate performance for different characters. 
Many studies (Katiyar and Dixit, 2011;Abna 
et al., 2012 and Shweta, 2013) evaluated and 
classified mungbean genotypes using different 
statistical techniques, however, they were limited 
to phenological and yield traits.

Principal factor analysis resulted into four 
principal components (with Eigen value >1) 
explaining 83.58 % of variability (Table 4). The first 
PC explained 38.31% of the total variation. The 
second, third and fourth principal components 
explained 24.49, 11.89and 8.89 % of the total 
variation, respectively.The first PC absorbs 
and accounts for maximum proportion of total 

Fig. 1. Dendrogram portraying clustering pattern 
of different genotypes



Table 4: Total variance explained by different principal components in mungbean

Principal 
Component

Extraction Sums of Squared Loadings 
(without rotation)

Extraction Sums of Squared Loadings(with 
Varimax rotation)

Total % of  
Variance

Cumulative 
%

Total % of  
Variance

Cumulative 
%

1 8.299 41.49 41.49 7.66 38.31 38.31
2 5.018 25.09 66.58 4.90 24.49 62.80
3 1.807 9.04 75.62 2.38 11.89 74.69
4 1.589 7.95 83.57 1.78 8.89 83.58

Table 3: Cluster means and general mean for different characters in mungbean

Cluster 
/ Trait

I II III IV V VI VII VIII IX X Mean

DF 41 38 38 45 35 43 35 51 51 47 42

DM 63 55 59 62 55 58 62 72 68 68 62

SF 22 17 21 18 20 16 27 21 17 21 20

PH 72 54 65 67 55 51 75 85 71 75 67

NB 3.3 3.0 2.9 3.0 3.2 3.5 2.4 5.0 3.3 2.3 3.2

NP 21.1 23.4 22.8 21.3 23.6 24.5 22.1 16.0 22.7 20.0 21.7

PL 7.8 7.9 8.3 8.0 8.0 8.8 7.9 7.0 7.5 8.5 8.0

SW 3.62 3.63 4.19 3.80 4.17 4.19 3.86 3.76 3.25 1.42 3.59

SY 138 163 141 117 152 138 116 82 131 118 130

BY 673 716 618 566 644 621 569 437 607 576 603

HI 20.5 22.8 22.8 20.6 23.5 21.9 20.3 18.8 21.6 20.5 21.3

HUF 689 639 630 773 571 730 573 918 918 821 726

HTUF 6186 5743 5653 6850 5089 6459 5108 8367 8367 7353 6518

PTUF 8955 8278 8148 10109 7339 9523 7369 12109 12109 10774 9471

HUM 1211 1028 1123 1197 1019 1102 1190 1445 1341 1341 1200

HTUM 11353 9506 10397 11191 9432 10162 11130 13302 12522 12522 11152

PTUM 16164 13623 14944 15962 13508 14647 15870 19424 17972 17972 16009

HUSF 522 388 493 424 449 371 617 527 423 520 473

HTUSF 5166 3764 4743 4341 4343 3702 6022 4935 4155 5170 4634

PTUSF 7209 5345 6796 5854 6168 5124 8500 7315 5864 7198 6537

DF-Days to flowering, DM-Days to maturity, SF-Seed filling duration, PH-Plant height (cm), NB-No. 
of branches/plant, NP-No. of pods/plant, PL-Pod length (cm), SW-100 seed weight (g), SY-Seed yield 
(g), BY-Biological yield (g), HI-Harvest index (%), HUF-Heat units till flowering, HTUF-Helio-thermal 
units till flowering, PTUF-Photo-thermalunits till flowering, HUM-Heat units till maturity, HTUM-Helio-
thermal units till maturity, PTUM-Photo-thermal units till maturity, HUSF-Heat units during seed 
filling, HTUSF-Helio-thermal units during seed filling, PTUSF-Photo-thermal unitsduring seed filling 
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variability in the set of all variables and remaining 
components, account for progressively lesser 
amount of variation. Similar trend was observed 
in the present study. Principal factor (PF) analysis 
without rotation failed to provide a clear picture 
regarding character association with respective 
principal factors, as some factors have very high 
loading of variables and some have none. This 
prompted us to go for the next alternative i.e. with 
rotation. In the present investigation Varimax 
rotation method of Kaiser (1958) was used. Factor 
loading of different characters with Varimax 
rotations are presented in Table 5.

First PF exhibited very high loadings of plant 
height, days to flowering and days to maturity, 
HU, HTU and PTU (up to flowering and maturity 
stage) which can be interpreted as maturity factor. 
The 2nd PF had high loadings of seed filling period, 
HU, HTU and PTU (during seed filling period) and 
can be regarded as productive factor, while the 3rd 

PF with harvest index, seed and biological yield 
and can be designated as yield factor and 4th PF 
with pod length, seed weight, number of branches 
and number of pods, can be called as yield 

components factor. Singh et al. (2014) reported 
on the basis of principle component analysis that 
pod length, seeds per pod, pod mass, seed mass, 
pod wall mass, selling percentage, seed index and 
harvest index were important and can be added in 
breeding program.

Principal factor scores based on the variables 
studied, were calculated for all the genotypes. 
Based on these, the genotypes were plotted 
considering PF 1 & PF 3 and PF 2& PF 3 as axes. 
High principal score for a particular genotype in 
a particular factor denotes high values for the 
variables (which that particular principal factor 
is representing) in that particular genotype.The 
genotypes which found place at the superior end 
of both the factors are supposed to be better for 
all the characters which these PFs are defining. 
Perusal of Fig. 2 and 3 revealed that genotypes GP 
149, GP 69, GP 86, M 605, SML 1205, EC 581523, 
N 839, CH 135-5, MH 216, IPM 02-3, TRCM 155-1 
and LM 10 found place at the superior end in the 
graph plotted with factors 1 & 3 (high yield and 
low HU, HTU, PTU requirement till flowering and 
maturity). Similarly, GP 149, M 605, GP 89, SML 

Table 5: Factor loadings of different characters with respect to different principal factors (Varimax 
rotation)

Character PF 1 PF 2 PF 3 PF 4
Days to maturity 0.943* 0.281 -0.154 -0.020
Heliothermal units till maturity 0.943* 0.279 -0.154 -0.018
Photothermal units till maturity 0.943* 0.285 -0.148 -0.017
Heat units till maturity 0.943* 0.285 -0.148 -0.017
Heliothermal units till flowering 0.918* -0.365 -0.112 -0.080
Days to flowering 0.915* -0.374 -0.120 -0.068
Photothermal units till flowering 0.913* -0.379 -0.122 -0.071
Heat units till flowering 0.913* -0.379 -0.122 -0.071
Plant height 0.487 0.337 -0.233 -0.243
Heat units during seed filling 0.010 0.993* -0.034 0.083
Photo thermal units during seed filling 0.027 0.993* -0.036 0.082
Seed filling duration -0.184 0.976* -0.016 0.081
Heliothermal units during seed filling 0.149 0.972* -0.079 0.088
Seed yield -0.300 -0.046 0.913* 0.079
Biological yield -0.103 -0.049 0.877* 0.024
Harvest index -0.458 -0.010 0.664* 0.109
Pod length -0.015 0.056 0.254 0.767*
100-seed weight -0.243 0.118 0.215 0.723*
No. of branches/plant 0.110 -0.039 0.357 0.679*
No. of pods/plant -0.292 -0.114 0.335 0.650*



1205, Pusa Vishal, IPM 03-2, M 839, MH 565, MH 
709, Pusa 9531 and ML 358 found superior place 
in the graph plotted with Factor 2 & 3 (high yield 
and low HU, HTU, PTU requirement during seed 
filling period).

Variable pattern was noted in few genotypes 
as their early maturity resulted from early 
flowering and also due to shorter seed filling 
period. Though many genotypes like Pant M 5, 
GP 69, IPM 05-306, ML 1108 and Muskan yielded 
better but matured late and required more HU, 
HTU and PTU due to greater seed filling period. 
However, genotypes MH 421, MH 560, MH 565, 
IPM 06-5, NVL 638, PDM 96-262C, IPM 02-17 
and IPM 02-19, required lesser duration for seed 
filling and maturity thus requiring lesser HU, HTU 
and PTU and gave superior yield. Such genotypes 
also did not show much yield penalty, indicating 
their faster metabolism and faster translocation 
of metabolites.These genotypes can be utilized in 

breeding programmes for development of heat and 
drought tolerant high yielding cultivars, suitable 
for climate change effects experienced widely 
nowadays.

The plotting pattern of genotypes based on 
principal factor scores confirmed the results of 
cluster analysis, as can be seen from plotting of 
genotypes from same cluster together. The two 
plots (Fig. 2 and 3), which used first three factors, 
were in agreement with the results obtained by 
hierarchical cluster analysis. The first three 
principal factors, explaining about 75% of the total 
variability, were able to show clear differentiation 
of various clusters. Different colours representing 
different clusters show the clustering pattern 
of various genotypes. Genotypes belonging to a 
common cluster have fallen nearer to each other 
and vice-versa thereby confirming the results of 
clustering.
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ABSTRACT
Onion thrips (Thrips tabaci L. (Thysanoptera: Thripidae)), is the most important poly-

phagous pest in onion crop as it significantly affects the productivity and marketability of onion 
bulbs globally. However, spatial and temporal variability in the infestation of onion thrips is highly 
variable and generally inconsistent with environmental conditions, which regulate its development 
and reproduction. In fact, thrips population gets affected due to varying weather pattern under 
different agro-climatic conditions. However, the information on seasonal thrips population density 
and their relationship with microclimate, is scarce in New Alluvial Agro Climatic Zone of West Bengal 
under varying management practices. In view of the above, the present study was conducted at 
Research Farm, Gayespur of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal 
during kharif seasons of 2014 and 2015, and rabi seasons of 2014-15 and 2015-16. The results 
revealed that temperature and relative humidity within the onion crop canopy were higher at early 
growth stages for all treatments. In contrast, incident photosynthetic active radiation (PAR) and 
reflected PAR were observed to be maximum during reproductive phases and minimum during 
vegetative phases of the crop.Soil temperature in the cropped field, followed a consistently upward 
trend during active vegetative period, followed by drastic reduction at the initiation of reproductive 
phases. No abiotic stress was observed for kharif onion. During rabi season, planting date was 
found to be significantly influencing the microclimatic environment of onion crop However, 
spacing schedules exerted less influence on behaviour of microclimate. Treatment combinations 
of P4S1(22nd November, 15cm×10cm)and P4S2(22nd November, 20cm×15cm), shortened the onion 
maturity by 20 days. Canopy temperature and relative humidity exhibited higher values, during 
later part of onion growth. Results on temporal dynamics of thrips population in kharif season 
showed that earliest incidence of thrips was recorded at 65DAP and 58 DAP in the crop planted 
on 14th August and 21st August, respectively and at 51DAP for both P3 (28th August) and P4 
(4th September) planted crops. In case of rabi season, it was found that first incidence of thrips 
started at 40 DAP, which went on increasing till 68 DAP for each treatment. Moreover, declining 
trend was also noted from 75 DAP onwards. Increase in thrips population was observed to be 
associated with changes in cumulative degree days during active reproductive phase. Significant 
correlations of thrips population with canopy temperature, canopy humidity and soil temperature 
were observed.

Key words: Onion Thrips and micro-climate

INTRODUCTION
Onion thrips (Thrips tabaci Lindeman; 

Thysanoptera: Thripidae) are a polyphagous pest 
that causes serious damage on vegetables and 
ornamentals all over the world (Murai 2000). 
Weather as well as diseases and arthropod pests 
attack on onion crop that can reduce yield and 
quality, resulting reduction in productivity. 
Among the insect pests, onion thrips, Thrips tabaci 
Lindeman (Thysanoptera: Thripidae), is a major 
pest of onion crops throughout the world. Its 
damages result in yield reduction due to reduced 

size and weight of onion bulb. The attack of thrips 
population not only kills onion seedlings, but 
also may cause the older crops to mature early, 
which results in reduction of yields. Agro-climatic 
conditions with varying weather patterns affect the 
population of thrips. However, temperature has 
a pronounced effect on the population dynamics 
of thrips on onion crops. Faster development 
and higher number of generations of thrips was 
reported, when temperature was increased. In 
addition, T. Tabaci population is also significantly 
influenced by relative humidity on onion crop. 
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Rainfall has exerted greater control of thrips than 
either planting date or the chemical application. 
During rainfall, a decline in the number of larvae 
and adults of thrips was observed and thus may 
reduce the infestation level on onion plants. 
However, they breed fast during dry and warm 
weather, so as to attain harmful proportions 
causing the losses to various Allium vegetables. 
Mean bright sunshine hours and wind velocity 
did not significantly affect the population of T. 
tabacion onion. It is necessary to understand 
the relationship between different stage of thrips 
and weather conditions for the development of an 
integrated management strategy of onion crops. 
Therefore, it is desired to study the population 
dynamics of T. Tabaci (adult and immature stages) 
under field conditions in relation to weather 
conditions.

MATERIALS AND METHODS
Monitoring of Onion Thrips (Thrips tabaci 

Lindeman). To illustrate population dynamics 
of onion thrips over a year, we used monitoring 
results of this pest in an onion in field. To compare 
the seasonal fluctuation of pest dynamics mainly 
thrips infestation in onion experiment. The present 
study was conducted at Research Farm, Gayespur 
of Bidhan Chandra KrishiViswavidyalaya, Kalyani, 
Nadia, West Bengal during kharif seasons of 2014 
and 2015, and rabi seasons of 2014-15 and 2015-
16.

Fig. 1 Weekly rainfall, humidity and average 
temperature during the crop season of 2014-2015 

The meteorological data obtained from the 
Department of Agricultural Meteorology & Physics, 
Bidhan Chandra Krishi Vishwavidayalaya, 
Mohanpur for 2014-15 and 2015-16 is depicted in 
Fig.1 and 2. The maximum average temperature 
recorded during 20-26 August and 01-07 October 
(34th - 40th SMW) during 2014-15 crop season and 
03-09 September (36th SMW) during 2015-16 

crop season ranged between 30.5°C and 30.5°C 
respectively, whereas the minimum average 
temperature ranged between 16.9°C during 24-
31 December (52nd SMW) in 2014-15 to 18.21°C 
during 10-16 December (50thSMW) in 2015-16.

Fig. 2 Weekly rainfall, humidity and Avg. Temp.
during the crop season of 2015-2016

RESULTS AND DISCUSSION
As discussed in the chapter of materials 

and methods, different phenological phases of 
onion were observed and the results have been 
summarized in table 1 of experiment conducted 
in 2014 of the experiment conducted in 2015. 
Dates of planting had immense effect on duration 
to reach different phenological phases of onion. 
To initiate first leaf after planting under different 
planting dates ranged from 7.6 to 9.8 days, 
whereas from third leaf to bulb initiation crop 
planted on 4th September, 2014 (P4) takes 
maximum days to attain the phases. To complete 
onion life cycle P4 (4th September 2014) takes 
maximum duration of 116 days. The treatment 
differences were significant.

Spacing had very less impact on the initiation 
of different phases of onion during 2014, where 
non-significant differences among the treatments 
were analysed. The mixed effect of planting dates 
and spacing to initiate different phases were very 
less. However, significant changes were noted 
during emergence of fifth leaf. During 2015, 
initiation of first leaf stage was also remarkably 
affected by date of planting. Crop planted on 4th 
September (P4) had the same effect on different 
phenophases, which was statistically at par with 
2014. To complete the entire growth cycle, onion 
takes 111 to 115 days under different planting 
dates. Spacing and mixed effect were at par with 
2014. Different environmental factors affect the 
development and growth of crop primarily by 



Table 1. Computation of duration to reach different phenological phases of onion as influenced by 
dates of planting and spacing during Kharif Season of 2014 and 2015

Factor 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
1st 
leaf

1st 
leaf

3rd leaf 3rd leaf 5th 
leaf

5th 
leaf

Initia-
tion of 
bulb

Initia-
tion of 
bulb

Phys-
iolog-
ical 

matu-
rity

Phys-
iolog-
ical 

matu-
rity

Har-
vest-
ing

Har-
vest-
ing

P1 8.44 8.44 23.33 23.56 39.56 39.78 53.78 53.89 89.67 89.78 111.00 111.00
P2 7.67 7.89 23.67 23.89 39.67 39.33 54.67 54.67 89.67 90.00 113.00 112.00
P3 8.33 9.44 23.11 23.11 40.89 41.00 54.00 53.56 92.00 92.00 114.00 114.00
P4 9.89 9.67 25.00 25.22 43.67 43.44 55.00 55.11 91.33 91.33 116.00 115.00
SEm 
(±)

0.25 0.23 0.22 0.28 0.20 0.24 0.22 0.21 0.23 0.28 0.00 0.00

CD at 
5%

0.75 0.68 0.65 0.83 0.59 0.69 0.66 0.61 0.69 0.82 0.00 0.00

S1 8.75 9.08 23.92 24.00 40.92 40.83 54.75 54.67 90.83 91.08 113.50 113.00
S2 8.67 8.58 23.58 24.00 41.00 41.17 53.83 54.00 90.58 90.67 113.50 113.00
S3 8.33 8.92 23.83 23.83 40.92 40.67 54.50 54.25 90.58 90.58 113.50 113.00
SEm 
(±)

0.22 0.20 0.19 0.25 0.17 0.20 0.19 0.18 0.20 0.24 0.00 0.00

CD at 
5%

NS NS NS NS NS NS 0.57 0.53 NS NS 0.00 0.00

P1S1 8.33 8.67 23.33 23.33 40.00 40.00 54.00 54.00 89.67 90.33 111.00 111.00
P2S1 8.33 8.00 24.00 24.00 40.00 39.67 55.33 55.33 90.33 90.67 113.00 112.00
P3S1 8.67 9.67 23.33 23.33 40.67 40.67 54.00 53.67 91.67 91.67 114.00 114.00
P4S1 9.67 10.00 25.00 25.33 43.00 43.00 55.67 55.67 91.67 91.67 116.00 115.00
P1S2 8.67 8.33 23.33 24.00 39.00 39.67 53.33 53.67 90.00 89.67 111.00 111.00
P2S2 7.00 7.67 23.33 24.00 39.33 39.33 54.00 54.00 89.00 89.67 113.00 112.00
P3S2 8.67 9.00 23.33 23.33 41.67 41.67 53.67 53.67 92.00 92.00 114.00 114.00
P4S2 10.33 9.33 24.33 24.67 44.00 44.00 54.33 54.67 91.33 91.33 116.00 115.00
P1S3 8.33 8.33 23.33 23.33 39.67 39.67 54.00 54.00 89.33 89.33 111.00 111.00
P2S3 7.67 8.00 23.67 23.67 39.67 39.00 54.67 54.67 89.67 89.67 113.00 112.00
P3S3 7.67 9.67 22.67 22.67 40.33 40.67 54.33 53.33 92.33 92.33 114.00 114.00
P4S3 9.67 9.67 25.67 25.67 44.00 43.33 55.00 55.00 91.00 91.00 116.00 115.00
SEm 
(±)

0.44 0.40 0.38 0.49 0.35 0.41 0.39 0.36 0.41 0.49 0.00 0.00

CD at 
5%

NS NS NS NS 1.02 NS NS NS NS NS 0.00 0.00

Kharif Season: Dates of planting as P1-14th August, P2-21st August, P3-28th August., P4-4th Sep-
tember; Spacing as S1-15×10cm; S2-20×15cm; S3-15×15cm]
influencing their physiological activity. In the 
present study, favorable weather condition under 
later date of planting, accelerates the plants 
vegetative growth which was continued for long 
time. After that, increase in ambient temperature 
was preferred by the crop for bulbing, which 
might delay the maturity. Actually photoperiod 
(day length) might play a key role here in attaining 
different phenophases. Study of Okporie and 

Ekpe, (2008) revealed that onions react to day 
length for bulb initiation.There are evidences that 
delayed sowing date accelerated the emergence of 
onion seedlings in Iran (Ansari, 2007).

However, in the present study, increase 
in more number of leaves under early date of 
plantings resulted in late maturity. This may be 
explained on the basis of findings of Butt (1968), 
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who reported that young seedlings do not respond 
to bulbing stimulus as rapidly as older ones and 
which might have attributed to more number of 
days to maturity. Vegetative growth and bulb 
formation are greatly influenced by growing 
environment (Rahim and Fordham, 1988). 
Various factors including cultivar selection, plant 
size, nutritional treatment, temperature, light 
interception have the potentiality to affect bulb 

formation as well as maturity of onions (Mondal et 
al., 1986; Sinclair, 1989).

Duration to attain different phases of 
any crop, have important role in production 
component of that crop. Different pests prefer 
selective phases to infest the crop.After planting 
of onion seeds, duration to attain first initiation of 
leaf to maturity, were monitored and the results 

Table 2. Computation of duration to reach different phenological phases of onion as influenced by 
dates of planting and spacing during Rabi Season of 2014-15 and 2015-16

Factor 2014-
15

2015-
16

2014-
15

2015-
16

2014-
15

2015-
16

2014-
15

2015-
16

2014-
15

2015-
16

2014-
15

2015-
16

1st 
leaf

1st 
leaf

3rd leaf 3rd leaf 5th 
leaf

5th 
leaf

Initia-
tion of 
bulb

Initia-
tion of 
bulb

Phys-
iolog-
ical 

matu-
rity

Phys-
iolog-
ical 

matu-
rity

Har-
vest-
ing

Har-
vest-
ing

P1 20.22 20.11 34.11 34.44 54.22 54.44 65.22 65.44 85.56 85.44 96.00 97.00
P2 19.67 19.56 33.44 33.33 56.56 56.67 65.67 65.67 85.44 85.33 95.00 95.00
P3 20.44 20.56 36.33 36.33 53.33 53.56 64.56 64.44 82.56 82.56 93.00 93.00
P4 25.44 25.56 38.44 37.56 50.56 50.56 60.56 60.56 77.78 77.78 90.00 90.00
SEm 
(±)

0.15 0.19 0.22 0.18 0.21 0.17 0.22 0.17 0.19 0.20 0.00 0.00

CD at 
5%

0.43 0.55 0.65 0.52 0.61 0.49 0.63 0.50 0.56 0.59 0.00 0.00

S1 21.58 21.42 35.58 35.33 53.83 53.83 64.17 64.00 83.08 83.00 93.50 93.75
S2 21.50 21.58 35.67 35.50 53.67 53.75 63.83 64.17 82.75 82.75 93.50 93.75
S3 21.25 21.33 35.50 35.42 53.50 53.83 64.00 63.92 82.67 82.58 93.50 93.75
SEm 
(±)

0.13 0.16 0.19 0.15 0.18 0.15 0.19 0.15 0.16 0.17 0.00 0.00

CD at 
5%

NS NS NS NS NS NS NS NS NS NS 0.00 0.00

P1S1 20.33 20.00 34.33 34.00 55.00 54.67 65.33 65.00 86.00 85.67 96.00 97.00
P2S1 20.00 19.67 33.67 33.33 56.67 57.00 66.00 65.67 85.67 85.67 95.00 95.00
P3S1 21.00 20.67 36.00 36.33 53.33 53.00 64.67 64.33 82.67 82.67 93.00 93.00
P4S1 25.00 25.33 38.33 37.67 50.33 50.67 60.67 61.00 78.00 78.00 90.00 90.00
P1S2 20.67 20.67 33.67 34.67 54.33 54.33 64.67 65.67 85.33 85.33 96.00 97.00
P2S2 19.33 19.33 33.33 33.33 56.33 56.33 65.67 66.00 85.33 85.33 95.00 95.00
P3S2 20.00 20.33 37.00 36.67 53.33 54.00 64.67 64.67 82.67 82.67 93.00 93.00
P4S2 26.00 26.00 38.67 37.33 50.67 50.33 60.33 60.33 77.67 77.67 90.00 90.00
P1S3 19.67 19.67 34.33 34.67 53.33 54.33 65.67 65.67 85.33 85.33 96.00 97.00
P2S3 19.67 19.67 33.33 33.33 56.67 56.67 65.33 65.33 85.33 85.00 95.00 95.00
P3S3 20.33 20.67 36.00 36.00 53.33 53.67 64.33 64.33 82.33 82.33 93.00 93.00
P4S3 25.33 25.33 38.33 37.67 50.67 50.67 60.67 60.33 77.67 77.67 90.00 90.00
SEm 
(±)

0.25 0.32 0.39 0.31 0.36 0.29 0.37 0.30 0.33 0.35 0.00 0.00

CD at 
5%

0.75 NS NS NS NS NS NS NS NS NS 0.00 0.00

[Rabi Season:Date of planting as P1-1st November, P2-8th November, P3- 15th November, P4-22nd 
November, Spacing as S1-15×10cm; S2-20×15cm; S3-15×15cm]



have been summarized in Table 2 of experiment 
conducted in 2014-15 and 2015-16. 

Dates of planting had immense effect on 
duration to reach different phenological phases. 
To initiate first leaf after planting under different 
planting dates ranged from 20.22 to 25.44 days, 
whereas from third leaf to initiation of bulb planted 
on P1 (1st November) takes maximum days (65 
days). To complete onion life cycle for P1 (1st 
November) takes maximum duration of 96 days 
and minimum duration of 90 days for P4 (22nd 
November). In case of planting dates starting from 
P2 (8th November) to P4 (22nd November), more or 
less same trend of duration for 3rd leaf initiation 
to physiological maturity were monitored. The 
treatment differences were significant. As per 
plan of work, three various spacing were selected 
but surprisingly the changes due to the effect of 
different spacing on initiation of different phases 
of onion during 2014-15, were not significant. The 
interaction effect of planting dates and spacing 
was also non-significant except initiation of 1st 
leaf. In 2015-16, similar trend of treatment effect 
due to dates of planting and spacing on different 
phenological phases of onion were observed.

Environmental conditions especially 
temperature played an important role in 
determining the onset of various phenophases 
in onion. Temperature most predominantly 
influences bulb formation. 

High temperatures between 25-27°C are 
favorable for bulbing and enhance earlier bulb 
initiation and maturity. Day length and incident 
solar radiation had also some important role on 
attaining various phenophases of certain crop. A 

thermal degree day is an important variable which 
have potential impact on development of crop. 
Previous study indicates that onion plants must 
accumulate thermal time of approximately 600 
degree days (growing degree days above 5°C) from 
emergence (Lancaster et al., 1996), for successful 
advancement of crop ages. The final bulb size 
depends on the physiological process regulating 
the development of bulbs and is also related to 
the thermal time accumulated before bulbing 
(Lancaster et al., 1996). Increase in photoperiod 
can induce bulb formation in onion where the 
minimal requirements are between 12 to 16 hours 
of light, varying from cultivar to cultivar (Jones & 
Mann, 1963; Brewster, 1990). 

Actually, the development of onion as well as 
its growth rate and the number of days to maturity, 
is dependent on environmental conditions such 
as photoperiod and temperature (Steer, 1980). 
It was evidenced that during early growth and 
development, onions require cool temperatures 
(6 to 20°C), but during bulb initiation and 
development, warmer temperatures (25 to 27°C) 
are required (Comrie, 1997). Due to the fact that 
photoperiod and temperature influences onion 
growth, and cultivars are also specific with regard 
to minimum day length required for bulbing, time 
of sowing is critical and may also differ from year 
to year (Brewster, 2008).

Canopy temperature within the crop canopy, 
were measured at 7 days interval starting from 
30DAP and the results have been presented in 
table 3 and 4 of the experiment conducted in 2014 
and 2015. Date of planting had important effect 
on canopy temperature. At 30-37 DAP, maximum 

Table 3: Measurement of Canopy temperature (oC) as affected by dates of planting and spacing during 
Kharif season of 2014

2014 (Kharif Season)
Days after planting

Treat-
ments

30 37 44 51 58 65 72 79 86

P1 24.92 24.54 19.24 23.53 19.42 18.64 16.82 12.54 11.60
P2 25.43 25.46 20.07 24.82 22.96 19.29 17.46 13.83 12.75
P3 24.63 24.56 19.72 23.03 22.10 17.71 15.77 13.26 11.79
P4 25.89 24.36 14.59 23.43 19.04 17.10 21.06 13.13 16.49
SEm (±) 0.22 0.24 0.32 0.39 0.26 0.25 0.24 0.23 0.23
CD at 5% 0.64 0.71 0.94 1.15 0.76 0.72 0.69 0.67 0.66
S1 25.23 24.55 18.19 22.79 20.74 18.28 17.40 13.43 13.26
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S2 25.25 24.64 18.33 23.10 20.87 18.22 18.08 12.92 13.00
S3 25.18 25.00 18.70 25.22 21.03 18.05 17.85 13.22 13.21
SEm (±) 0.19 0.21 0.28 0.34 0.23 0.21 0.20 0.20 0.20
CD at 5% NS NS NS 1.00 NS NS NS NS NS
P1S1 25.17 24.83 19.27 22.00 19.27 18.73 16.87 12.77 11.90
P2S1 26.00 25.90 19.93 24.20 22.67 19.57 17.40 14.07 12.93
P3S1 24.32 24.10 18.58 22.02 21.62 18.08 15.40 13.65 11.88
P4S1 25.43 23.35 14.98 22.95 19.42 16.73 19.92 13.22 16.33
P1S2 24.93 24.33 19.02 22.47 19.77 18.67 16.87 12.13 11.17
P2S2 25.10 25.17 19.63 24.00 23.20 19.16 17.43 13.53 12.60
P3S2 24.82 24.82 20.45 22.90 21.70 17.48 16.25 12.87 11.82
P4S2 26.15 24.23 14.20 23.03 18.82 17.58 21.78 13.15 16.43
P1S3 24.67 24.47 19.43 26.13 19.23 18.53 16.73 12.72 11.73
P2S3 25.20 25.30 20.65 26.27 23.00 19.13 17.53 13.88 12.72
P3S3 24.75 24.75 20.13 24.17 22.98 17.57 15.65 13.25 11.68
P4S3 26.08 25.50 14.58 24.32 18.90 16.98 21.47 13.02 16.72
SEm (±) 0.38 0.42 0.55 0.68 0.45 0.43 0.41 0.40 0.39
CD at 5% NS NS NS NS NS NS NS NS NS

Kharif Season: Date of planting as P1-14th August, 2014; P2-21st August, 2014; P3-28th August., 
2014; P4-4th September 2014; Spacing as S1-15×10cm; S2-20×15cm; S3-15×15cm]

Table 4: Measurement of Canopy temperature (oC) as affected by dates of planting and spacing 
during Kharif season of 2015

2015 (Kharif Season)
Days after planting

Treat-
ments

30 37 44 51 58 65 72 79 86

P1 24.39 24.01 23.00 18.89 18.11 16.29 18.71 12.01 11.07
P2 24.30 24.32 23.69 21.82 18.15 16.32 18.94 12.69 11.62
P3 24.96 24.89 23.36 22.43 18.04 16.10 20.06 13.59 12.13
P4 24.89 23.36 22.43 18.04 16.10 20.06 13.59 12.13 15.49
SEm (±) 0.12 0.15 0.25 0.12 0.08 0.14 0.16 0.09 0.07
CD at 5% 0.34 0.43 0.72 0.34 0.24 0.41 0.47 0.27 0.21
S1 24.65 23.96 22.21 20.16 17.70 16.81 17.61 12.84 12.68
S2 24.67 24.05 22.52 20.29 17.64 17.50 17.74 12.34 12.42
S3 24.59 24.42 24.64 20.45 17.47 17.26 18.12 12.63 12.63
SEm (±) 0.10 0.13 0.21 0.10 0.07 0.12 0.14 0.08 0.06
CD at 5% NS 0.37 0.62 NS NS 0.36 0.41 0.23 0.18
P1S1 24.63 24.30 21.47 18.73 18.20 16.33 18.73 12.23 11.37
P2S1 24.87 24.77 23.07 21.53 18.43 16.27 18.80 12.93 11.80
P3S1 24.65 24.43 22.35 21.95 18.42 15.73 18.92 13.98 12.22
P4S1 24.43 22.35 21.95 18.42 15.73 18.92 13.98 12.22 15.33
P1S2 24.40 23.80 21.93 19.23 18.13 16.33 18.48 11.60 10.63
P2S2 23.97 24.03 22.87 22.07 18.03 16.30 18.50 12.40 11.47
P3S2 25.15 25.15 23.23 22.03 17.82 16.58 20.78 13.20 12.15



P4S2 25.15 23.23 22.03 17.82 16.58 20.78 13.20 12.15 15.43
P1S3 24.13 23.93 25.60 18.70 18.00 16.20 18.90 12.18 11.20
P2S3 24.07 24.17 25.13 21.87 18.00 16.40 19.51 12.75 11.58
P3S3 25.08 25.08 24.50 23.32 17.90 15.98 20.47 13.58 12.02
P4S3 25.08 24.50 23.32 17.90 15.98 20.47 13.58 12.02 15.72
SEm (±) 0.20 0.25 0.43 0.20 0.14 0.24 0.28 0.16 0.12
CD at 5% 0.59 0.74 1.25 0.59 0.42 0.71 0.81 NS 0.36

Kharif Season: Date of planting as P1-14th August, 2015; P2-21st August, 2015; P3-28th August., 
2015; P4-4th September 2015; Spacing as S1-15×10cm; S2-20×15cm; S3-15×15cm]

canopy temperature was observed for all dates of 
planting during 2014. From 44 DAP to 86 DAP, 
a decreasing trend of canopy temperature was 
recorded, however, the treatment differences for 
all dates of planting were significant. Same trend 
was also observed for spacing and the treatment 
differences due to spacing for each measured dates 
were not significant. Interaction effect of planting 
dates and spacing were absolutely not significant. 
Same trend of results for planting dates were noted 
in 2015 also. But in case of spacing 30-37 DAP 
and 51-58 DAP showed maximum trend of canopy 
temperature, where the treatment differences for 
30 DAP, 51 DAP and 58 DAP were not significant. 
In case of mixed influence of planting dates and 
spacing, there was a significant change on canopy 
temperature except 79 DAP.Canopy temperature 
is a useful indicator of plant water status. Plant 
water status by regulating the vital physiological 
and morphological characteristics of plants proved 
to be an important factor in determining the grain 
yield. According to Kaur et al. (2002), there is 
ample scope of mid-day canopy temperature as 
a possible tool for monitoring plant water status 
and grain yield prediction.

Maximum development of canopy was noticed 
during early growth stage of crop at 30 DAP to 
37 DAP. The canopy temperature maintains a 
specific trend since very early growth stages 
upto 65 DAP. After that a continuous decrease 
in canopy temperature was observed. Sudden 
fall of atmospheric temperature with residual 
soil moisture after cessation of monsoon, are 
responsible for this less canopy temperature.
Onion crop under different date of planting were 
faced with different type of climatic conditions 
resulting variations in canopy architecture. Crop 
geometry along with leaf orientation, leaf angle 
and stem elongation could regulate the crop 

micro climatic environment. Canopy temperature 
exhibited significant associations with leaf area 
index, total crop biomass in earlier study of Das 
et al., 1984. 

Table 5: Relationships of thrips population 
with macro climatic, micro climatic and growth 
parameters using Stepwise Regression analysis 
(Two years pooled data of 2014 and 2015, Kharif 
Season)

Stepwise Regression R2 Adjusted R2

Thrips = 6.451 + 0.007CT-
79DAP** + 0.003CH58DAP*** - 
0.005CH86DAP** + 0.0015PAR 
(R)65DAP** - 0.001(PAR 
(R)79DAP*** - 0.001PAR 
(R)86DAP* - 0.018ST 5cm-
51DAP*** + 0.004ST 5cm-
65DAP*** + 0.011ST 10cm 
79DAP - 0.009ST 15cm-
51DAP** - 0.009ST 15cm-
58DAP** + 0.022ST 15cm-
72DAP*** - 0.099AT51DAP*** 
- 0.134AT58DAP*** - 0.035AT-
65DAP*** + 0.039Rainfall-
58DAP*** + 0.025RH51DAP*** 
+ 0.014RH86DAP*** + 
0.002plant hieght14DAP** + 
0.003plant hieght28DAP** 
- 0.002plant hieght56DAP** - 
0.014No.ofleaves42DAP***

0.9986 0.998

[Significance level 0.05% *; Significance level 
0.01%**; Significant level 0.001%***][CT: Canopy 
temperature, CH: Canopy humidity, IPAR: 
Incident photosynthetic active radiation, RPAR: 
Reflected photosynthetic active radiation, ST: Soil 
temperature, AT: Air temperature, RH: Relative 
humidity; Date after planting are subscripted]

Another prediction model have also been 
developed using all the recorded parameters 
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including macro climatic (ambient temperature, 
rainfall, RH), micro climatic (canopy temperature, 
canopy humidity, PAR as incident and reflected 
and soil temperature within soil profile) variables 
and growth characters (plant height and number 
of leaves), at particular time intervals to predict 
seasonal thrips infestation through stepwise 
regression analysis. 

Results reflected that most of the independent 
variables showed their significant influence on 
thrips population intensity. However, such model 
must need some validation.

Table 6: Relationships of thrips population 
with macro climatic, micro climatic and growth 
parameters using Stepwise Regression analysis 
(Two years pooled data of 2014-15 and 2015-16, 
Rabi Season)

Stepwise Regression R2 Adjust-
ed R2

R
ab

i

Thrips = 2.375 - 0.069CT-
47DAP* + 0.181CT-
75DAP*** + 0.0352CH-
47DAP + 0.0357CH54DAP* 
- 0.103CH75DAP*** 
+ 042PAR(I)47DAP*** 
- 0.002PAR(I)54DAP* - 
0.016PAR (R)68DAP* + 
0.093AT40DAP** - 0.181AT 
75DAP*** + 3.04Rain-
fall75DAP*** - 0.082RH-
54DAP*** + 0.121RH-
61DAP*** + 0.0188plant 
hieght28DAP** - 0.019plant 
hieght56DAP*** - 0.097No.
ofleaves28DAP*

0.9566 0.9440

[Significance level 0.05% *; Significance level 
0.01%**; Significant level 0.001%***][CT: Canopy 
temperature, CH: Canopy humidity, IPAR: 
Incident photosynthetic active radiation, RPAR: 
Reflected photosynthetic active radiation, ST: Soil 
temperature, AT: Air temperature, RH: Relative 
humidity]

Relative humidity showed significant negative 
correlation with thrips population. Rainfall 
emerged a poor predictor of thrips population 
even though it is directly related to relative 
humidity and has frequently been demonstrated 
as a decisive thrips mortality factor (Kirk, 1997).
Karar et al. (2014) reported that Rainfall had 
highly significant and negative effect on pest 
number (-9.3X, -77.5X and -8.4X in 2008, 2009 
and 2010 respectively). Population dynamics of 

thrips on onion crop reveal that thrips population 
significantly declined with rainfall. Correlation 
analysis clearly mentions significant effect of 
maximum temperature on average population 
of thrips/plant (0.516) during 2008 and 2009. 
Significant effect of minimum temperature was 
witnessed in 2009 (0.581).

Researchers across the world have employed 
regression analysis to investigate the population 
change of thrips under the influence of temperature, 
humidity, precipitation, wind velocity, sampling 
method, and location of the installed monitoring 
facilities (Li, 2010;Kumar et al., 2014). In the 
present study, another linear step wise regression 
was carried out to develop forewarning model for 
prediction of population density of onion thrips 
based on macro, micro climatic environment 
and growth parameters in different time interval. 
The host bio physical condition also significantly 
affects the thrips dynamics. Stepwise regression 
analysis assessed that most of the independent 
variables, had significant influence on thrips 
population intensity. Around 96% variations 
have been analyzed in thrips population due to 
combination of all the micro, macro and growth 
parameters of onion (Table 6) Zada et al. (2014), 
revealed that weather parameters had some 
specific contribution in total variation in the 
population of C. pomonella.

Waiganjo et al. (2008) reported that regression 
analysis (stepwise selection model) showed the 
minimum relative humidity as the only significant 
weather variable that could predict thrips 
infestation in the onion plants (R2=0.15, P=0.0046, 
N=53; y = 60.342-0.1022x). Akram et al. (2013). 
The regression model regarding the impact of 
weather factors on thrips population in non-Bt 
varieties, revealed that minimum temperature 
was most important factor which contributed 
maximum i.e. 66.1% and 79.7% in the fluctuation 
of thrips population.

Association among thrips population and 
micro climatic parameters for Kharif season

Thrips population density of onion crop during 
kharif season of 2014 and 2015 was significantly 
associated with micro climatic parameters viz. 
canopy temperature, canopy humidity, incident 
PAR, reflected PAR and soil temperature at 
different depths. 

Linear stepwise regression analysis was also 
carried out between average thrips population and 



crop eco climatic parameters during the kharif 
seasons of 2014 and 2015. The results denoted 
that there were about 60-89 per cent variations 
in average thrips population due to microclimatic 
parameters during 2014 and 2015. Reflected 
PAR from crop soil and incident PAR within crop 
canopy were noted as best predictor for thrips 
population dynamics in 2014. Whereas, canopy 
temperature, canopy humidity, PAR as incident 
and reflected as well as soil temperature at 10 and 
15cm played an important role in kharif season of 
2015 also. In general, micro climatic environment 
reflect the interactions among plant, soil and 
atmosphere. Here ambient temperature played an 
important role to regulate the crop bio-climatic 
environment which ultimately affects thrips 
infestation densities on onion crop (table 7).

Table 7: Effect of microclimate on Thrips 
population during Kharif Season of 2014 and 
2015

Year Regression Equation R2 Adjusted R2

2014 Thrips= 0.259 + 0.040 
RPAR* + 0.033IPAR**-

0.60 0.50

2015 Thrips=5.48+0.13
1CT**-0.067CH***
-0.023RPAR*+0.03
7IPAR***+0.019ST-
5cm-0.20ST10c-
m**+0.104ST15cm*

0.89 0.86

[Significance level 0.05% *; Significance level 
0.01%**; Significant level 0.001%***] [CT: Canopy 
temperature, CH: Canopy humidity, IPAR: 
Incident photosynthetic active radiation, RPAR: 
Reflected photosynthetic active radiation, ST: Soil 
temperature]

Association among thrips population and 
microclimatic parameters for Rabi season

In earlier studies various types of phenology 
models for forewarning the insect pest have been 
employed to predict general patterns and time of 
peak occurrence of insect population (Kim and 
Lee, 2008; Fand et al., 2014). However, several 
correlation studies have been carried out to develop 
the relationship between weather parameters and 
thrips population, where temperature has been 
reported as an important contributing factor for the 
thrips population fluctuation (Ananthakrishnan, 
1993; McDonald et al., 1999). In the present 
study, a stepwise regression analysis have been 
done to find out the associations among thrips 
population density of onion crop during rabi 

season of 2014-15 and 2015-16 and various 
bioclimatic parameters viz. canopy temperature, 
canopy humidity, transmitted PAR within canopy, 
reflected PAR from soil and soil temperature at 
different depths (Table 4.66). Results indicated 
about 60% and 57% variations in thrips population 
due to bioclimatic parameters during 2014-15 
and 2015-16 respectively. However, stepwise 
regression analysis revealed that among different 
micro climatic parameters, soil temperature at 
different depths is found to be most effective in 
predicting thrips population dynamics (table 8).

Table 8: Effect of micro climate on Thrips 
population during rabi Season of 2014-15 and 
2015-16

Year Regression Equation R2 Adjusted
2014-2015 Thrips = 0.94 - 

0.65ST5cm* + 
0.466ST10cm + 
0.272ST15cm**

0.60 0.50

2015-2016 Thrips= 19.68- 
0.704 ST5cm* - 
0.848ST15 cm**

0.57 0.47

[Significance level 0.05% *; Significance level 
0.01%**; Significant level 0.001%***][CT: Canopy 
temperature, CH: Canopy humidity, IPAR: 
Incident photosynthetic active radiation, RPAR: 
Reflected photosynthetic active radiation, ST: Soil 
temperature]
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ABSTRACT
Field experiment was conducted during rabi season of years 2015-16 and 2016-17 at 

research farm of Department of Agronomy, CCSHAU, Hisar, Haryana (India) situated at 29°10’ N 
latitude and 75° 46’ E longitude. It was having three fertilizer levels (50, 75 and 100 per cent RDF) 
in main plots and seven different combinations of biofertilizers (Uninoculated, seed inoculation 
with Azotobacter, Azospirillum, Phosphorus solubilizing bacteria, Biomix, Azotobacter+PSB and 
Azospirillum+PSB) in sub plots then replicated thrice to determine the effect offertilizer levels and 
different combinations of biofertilizers on Phenology, canopy temperature and NDVI of Barley 
crop at different growth stages. Days to 50 per cent tillering were significantly less with the 
application of 100 per cent RDF. Days to 50 Per cent heading took significantly higher number of 
days with the application of 100 per cent RDF followed by 75 per cent RDF and 50 per cent RDF. 
Days for 50 per cent anthesis and days taken to maturity were also increased with enhancing 
levels of fertilizers. NDVI value of barley at different stages of crop growth increased significantly 
with increase in fertilizer levels during both the years of experimentation. Seed inoculation with 
various combinations of biofertilizers resulted in numerically more number of days for the different 
phenological stages of barley as compared to the control. Various combinations of biofertilizers 
inoculation failed to influence NDVI and canopy temperature of barley at different stages of crop 
growth.

Key words: Biofertilizers, NDVI, fertilizer levels, RDF, Biomix.

INTRODUCTION
Barley (Hordeum vulgare L.) crop is considered 

as the world’s 4th most important cereal crop after 
wheat, rice and then maize with a share of about 
seven percent of the global cereals production and 
fifteen per cent of coarse grains consumption. 
Barley is a hardy crop and can be successfully 
grown in adverse climatic conditions of drought, 
salinity and alkalinity.It has evolved from largely 
a food grain to a malting and feed grain. Both the 
two-rowed and six-rowed cultivars are used for 
malting. Six-rowed cultivars are ideal for beer, 
and two-rowed are suitable for pure malts. It is 
an economically important cereal crop which is 
utilized for processing malt, for brewing industries, 
human consumption and also as animal feed used 
for the broilers. Constant and sole use of inorganic 
fertilizers has arisen as innumerable problems, 
for example micronutrient insufficiency, nutrient 
imbalance in case of plant and soil system, pest 
attack, environmental degeneration and decline of 
soil health. Inoculation of bacteria has synergistic 
and additive effects on plant growth besides 

reducing the cost of cultivation. Using chemical 
fertilizers after the green revolution in 1965-
66 increased productivity but also had adverse 
effect on soil health and environment. Chemical 
fertilizers alone are costly and also do not 
support optimal microbial activities. In developing 
countries like India, where there is an obvious 
need to rely increasingly on organic fertilization of 
soil, the bio-fertilizers may play an important role. 
Bio-fertilizer normally contains microorganisms 
which are having particular function such as N2 
fixation by Azospirillum. Now it is the demand of 
time to promote the use of fertilizers in combination 
with the bio-fertilizers to minimize the biotic 
and abiotic stress and dependence on inorganic 
fertilizers. Due to prolonged cultivation of crops 
with recommended dose of inorganic fertilizers 
alone, the productivity of soils has gone down 
and time has come to figure out the right and well 
matched level of fertilizers with these inoculations 
in case of barley production. Keeping above-stated 
aspects in the view, the present study “Effect 
of fertilizer levels and different combinations of 
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biofertilizers on Phenology, canopy temperature 
and NDVI of Barley at different growth stages” has 
been planned.

MATERIALS AND METHODS
The present experiment was conducted 

during rabi season of years 2015-16 and 2016-
17 at research Farm of Department of Agronomy, 
Chaudhary Charan Singh Haryana Agricultural 
University, Hisar, Haryana (India) situated at 
29°10’ N latitude and 75° 46’ E longitude, at 
an elevation of 706.04 ft above mean sea level. 
Hisar has semi-arid climate with severe cold 
during winter and hot dry and desiccating winds 
during summer. Maximum temperature is about 
48°C during hot summer months of May and 
June, while during winter months of December 
and January the minimum temperature may 
be sub-zero.The mean weekly meteorological 
data during the crop seasons of 2015-16 and 
2016-17 recorded at meteorological observatory 
located at research farm of Chaudhary Charan 
Singh Haryana Agricultural University, Hisar are 
presented in Fig. 1 & 2. 

Fig. 1. Mean weekly weather parameters of 
Agricultural Meteorology observatory, CCS HAU, 
Hisar during crop season 2015-16 

Fig. 2. Mean weekly weather parameters of 
Agricultural Meteorology observatory, CCS HAU, 
Hisar during crop season 2016-17 

The experiment was having three fertilizer 
levels (50, 75 and 100 per cent RDF) in main plots 
and seven different combinations of biofertilizers 

(Uninoculated, seed inoculation with Azotobacter, 
Azospirillum, PSB, Biomix, Azotobacter+PSB and 
Azospirillum+PSB) in sub plots and replicated 
thrice. Three plants in each plot were tagged 
after germination used to record the number of 
days taken for initiation of different phenophases 
i.e. Days to emergence, Days to 50% tillering, 
Days to 50% heading, Days to 50% anthesis and 
Days taken to maturity. Normalized Difference 
Vegetation Index (NDVI) reading was taken with 
the help of green seeker above the canopy at 50 
cm height at the time of anthesis, 7 days after 
anthesis, 14 days after anthesis and 21 days 
after anthesis. Canopy temperature of the crop 
in different treatments were measured from 
a distance of about one metre with infrared 
thermometer (Telatemp AG) during noon hours 
at the time of anthesis, 7 days after anthesis, 14 
days after anthesis and 21 days after anthesis.

RESULTS AND DISCUSSION
Crop Phenological studies

Fertilizer levels have pronounced effect on 
duration for phenological stages of barley during 
both the years of experimentation (Table-1). 
However, days taken for emergence were not 
significantly affected due to varying fertilizer levels. 
Similar results for days to emergence as affected 
by varying levels of nitrogen and phosphorus 
application have been reported by (Khan et al. 
2014).

Significantly lower days to 50% tillering 
were recorded with the application of 100% RDF 
as compared to 50% RDF and were at par with 
75 % RDF in both the years of experimentation, 
whereas days taken to 50% heading, 50% anthesis 
and maturity were significantly increased with 
increasing levels of fertilizers during both the years 
of experimentation (Table 1). It might be due to 
reason, that days taken to tillering decreased due 
to increased growth rate of crop by higher levels 
of fertilizer application, while days for heading, 
anthesis and maturity delays due to application 
of higher levels of fertilizers resulting in increased 
vegetative phase. Nitrogen application beyond 
46 kg/ha delayed the physiological maturity 
(Gurmessa 2002) and Abebe and Manchore 
(2016) reported that fertilizer application rate 
had significantly influenced days to heading and 
maturity of barley. Harfe (2017) reported that 
that higher rate of nitrogen application delays 
flowering. Similarly Bhagchand and Gautam 
(2000) also concluded that days to flowering 



and maturity are delayed due to higher doses of 
fertilizer application.

Different combinations of bio-fertilizers 
inoculation have no significant effects on days 
taken to emergence and 50% tillering of barley 
during both the years of experimentation. 
However, seed inoculation with various 
biofertilizers (Biomix, Azotobacter, Azospirillum 

and PSB) showed significant effect as compared 
to uninoculated on number of days taken to 50 
% heading, anthesis as well as maturity. Days 
taken to maturity were significantly higher in 
seed inoculation with Biomix, being at par with 
Azospirillum + PSB in the year 2015-16, whereas 
it was at par with treatment Azotobacter+ PSB 
and Azospirillum + PSB in the year 2016-17. Seed 
inoculation with Azotobacter, Azospirillum and 

Table 1: Effect of fertilizer levels and different combinations of bio-fertilizers on phenology of barley 
(DAS)

Treatment Days to 
Emer-
gence 

Days 
to 50% 
Tillering

Days 
to 50% 
Heading

Days to 
50% An-
thesis

Days 
taken to 
Maturity

Days to 
Emer-
gence

Days 
to 50% 
Tillering

Days 
to 50% 
Heading

Days to 
50% An-
thesis

Days 
taken to 
Maturity

                 2015 -16                       2016 -17
Fertilizer 
levels
50 per cent 
RDF

7.5 35.7 81.2 86.7 139.5 6.6 34.6 82.5 87.8 140.4

75 per cent 
RDF

7.4 34.9 82.1 87.8 140.0 6.5 33.7 82.8 88.9 140.9

100 per 
cent RDF

7.1 34.0 83.0 89.1 140.5 6.2 31.2 83.4 90.1 141.4

SEm± 0.10 0.31 0.26 0.30 0.10 0.09 0.34 0.04 0.11 0.06
CD at 5 % NS 1.26 0.83 0.92 0.41 NS 1.40 0.14 0.35 0.23
Bio-fertil-
izers
Uninocu-
lated

7.1 35.0 81.8 84.6 138.1 6.2 33.3 82.4 85.8 139.6

Seed in-
oculation 
with 
Azoto-
bacter

7.6 34.6 82.1 88.2 139.6 6.7 33.1 82.7 89.3 140.8

 Seed 
inoculation 
with 
Azospiril-
lum

7.3 34.4 82.1 88.2 140.0 6.4 32.8 82.7 89.4 140.9

 Seed 
inoculation 
with PSB

7.3 35.7 82.1 88.2 140.0 6.4 33.7 82.9 89.4 140.9

 Seed 
inocula-
tion with 
Biomix

7.4 34.7 82.3 88.9 141.4 6.5 33.0 83.3 90.0 141.6

Seed in-
oculation 
with 
Azoto-
bacter+ 
PSB

7.3 34.6 82.2 88.3 139.7 6.4 33.1 83.0 89.1 141.2

 Seed 
inoculation 
with 
Azospiril-
lum +PSB

7.2 35.0 82.1 88.3 141.2 6.4 33.2 83.1 89.5 141.3

SEm± 0.12 0.28 0.05 0.21 0.33 0.11 0.31 0.05 0.20 0.24
CD at 5 % NS NS 0.17 0.62 1.11 NS NS 0.14 0.58 0.72
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PSB alone were at par with each other in terms 
of days taken to maturity during both the years of 
experimentation.

Days for the different phenological stages of 
barley as compared to control were numerically 
higher for treatments having different combinations 
of bio-fertilizers inoculation. Further, days taken 
to maturity were reduced by two to three days in 
both the years of experimentation under control 
treatment (uninoculated) as compared to seed 
inoculation with various combinations of bio-
fertilizers (Table 1). It might be due to release of 
growth hormones by bio-fertilizers which results 
in more vegetative growth stage and hence delay in 
phenological stages of crop growth. Kumar (2005) 
also revealed that days taken to 50 % anthesis 
with the application of 125 % recommended dose 
of RDF were highest which differed significantly 
from other treatments except 100 % RDF + Biomix.

Normalized Difference Vegetation Index (NDVI) 

and Canopy temperature
The Normalized Difference Vegetation 

Index (NDVI) which reflects plant “greenness” or 
photosynthetic activity and is one of the most 
commonly used vegetation indices, was recorded 
at anthesis, 7, 14 and 21 days after anthesis of 
barley. Data pertaining Normalized Difference 
Vegetation Index (NDVI) of barley revealed that 
NDVI value of barley at all the stages of crop 
growth increased significantly with increase 
in fertilizer levels during both the years of 
experimentation. However the NDVI value of 
barley with the application of 75 % RDF was at 
par with application of 100 % RDF in both years of 
experimentation at all the stages of crop growth. 
But, in the year 2016-17 the difference in NDVI 
value of barley at anthesis stage was significantly 
higher with the application of 100 % RDF as 
compared to 75 % RDF (Table 2). The reason for 
increased NDVI might be increased fertilization 
which ultimately increased the vegetation due to 

Table 2: Effect of fertilizer levels and different combinations of bio-fertilizers on NDVI of barley at 
anthesis, 7, 14 and 21 days after anthesis.

Treatment At An-
thesis

7 Days 
after An-
thesis

14 Days 
after An-
thesis

21 Days 
after An-
thesis

At An-
thesis

7 Days 
after An-
thesis

14 Days 
after An-
thesis

21 Days 
after An-
thesis

2015-16 2016-17
Fertilizer levels
50 per cent RDF 0.44 0.48 0.50 0.54 0.47 0.51 0.56 0.57
75 per cent RDF 0.54 0.57 0.58 0.62 0.57 0.62 0.65 0.69
100 per cent 
RDF

0.62 0.64 0.65 0.68 0.64 0.69 0.72 0.77

SEm± 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.03
CD at 5 % 0.09 0.08 0.07 0.07 0.06 0.08 0.08 0.10
Biofertilizers
Uninoculated 0.50 0.50 0.52 0.54 0.49 0.53 0.58 0.60
Seed inoculation 
with Azotobacter

0.53 0.55 0.56 0.60 0.56 0.59 0.63 0.67

Seed inoculation 
with Azospirillum

0.53 0.57 0.58 0.60 0.56 0.60 0.64 0.66

Seed inoculation 
with PSB

0.54 0.57 0.60 0.62 0.57 0.61 0.66 0.69

Seed inoculation 
with Biomix

0.54 0.59 0.61 0.66 0.59 0.65 0.68 0.72

Seed inocula-
tion with Azoto-
bacter+ PSB

0.54 0.58 0.58 0.62 0.57 0.61 0.65 0.68

Seed inoculation 
with Azospirillum 
+PSB

0.55 0.59 0.60 0.64 0.58 0.63 0.67 0.70

SEm± 0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03
CD at 5 % NS NS NS NS NS NS NS NS



more availability of nutrients. Junior et al. (2016) 
revealed that the NDVI index obtained by the Crop 
Circle ACS-470 active sensor increased linearly 
(P<0.01) with the nitrogen rates. Sultana et al. 
(2014) also recorded higher NDVI value (0.85) 
at grain filling stage among all treatments with 
application of higher nitrogen levels. 

Various fertilizer levels did not markedly 
influence canopy temperature of barley at 
anthesis, 7, 14 and 21 days after anthesis during 
both the years of experimentation (Table 3). Kumar 
et al. (2017) showed that the canopy temperature 
of control i.e. 0 kg N ha-1 was maximum followed 
by 50 kg N ha-1, 100 kg N ha-1, 150 kg N ha-1 
and 200 kg N ha-1. But, the differences were not 
significant among the different levels of nitrogen. 
However, in general the increased levels of nitrogen 
had cooler canopy than lower levels. Various 
combinations of bio-fertilizers inoculation failed 
to influence NDVI value and canopy temperature 
of barley at all the stages of crop growth during 
both the years of experimentation (Table 2 and 3). 

CONCLUSION
Based on two years study, it can be concluded 

that 50 % heading, 50 % anthesis and maturity 
were significantly increased with increasing levels 
of fertilizers, while significantly lower days were 
recorded for 50 % tillering with the application 
of 100% RDF. NDVI value of barley at all the 
stages of crop growth increased significantly with 
increase in fertilizer levels during both the years 
of experimentation. Various fertilizer levels did not 
markedly influence canopy temperature. Various 
combinations of bio-fertilizers inoculation failed 
to influence NDVI value and canopy temperature 
of barley at all the stages of crop growth during 
both the years of experimentation.
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ABSTRACT
The experiment on Effect of “Weather parameters on Growth yield and pest incidence 

on Gerbera Crop under Polyhouse Condition” was carried out for 07 years from 2012 -2018 
in Department of Agricultural Meteorology, College of Agriculture, Pune Maharashtra. Research 
papers entitled “Growth media/ Rootzone Temperature Analysis in Gerbera Under Polyhouse 
Condition” is one of the objective of the experiment. Physical and chemical properties of Growth 
media used in ten treatments were analyzed from that T8, T9 and T10. Cocopeat 40% +Red 
soil 30%+ F.Y.M. 20%+ Sand 10% (T8), Cocopeat 40% + red soil30% + vermicom post 20% + 
sand10% (T9) and Cocopeat 40% + red soil 30% +F.Y.M.10%+ vermicom post 10% + sand 10% 
(T10) treatment showed better availability of nutrients and physical properties which were mainly 
required for good quality flower characters and plant growth. As the physical properties of these 
treatments were better than the remaining treatments, so that water holding capacity was more 
and better root development, so temperature of this treatments were also low and did not go below 
threshold level.

Key words: Protected Climate, Growth Media, Media Temperature, Gerbera, Pune, Polyhouse.

INTRODUCTION
Considering climate change scenario most 

of the progressive farmers switch to protected 
cultivation like polyhouse, shade net, Shade 
net glasshouse. This is absolutely increasing 
financial status of farmers. Inside polyhouse, 
crops get protected from heavy rainfall, extreme 
heat and cold climate, which is harmful for crop 
production. This study aims to give some different 
combination of growth media, which are used 
for Gerbera plantation instead of growing in 
single media like coco peat or red soil. This study 
also indicates relation between growth media 
temperature and its positive effect on Gerbera. 
Gerbera is a herbaceous flower crop with leafless 
stock and daisy like flowers. It is popularly known 
as Barberton daisy, Transvaal daisy, Veldt daisy 
and African daisy. Gerbera is popular cut flower 
grown throughout the world. It grows well in open 
tropical and sub tropical regions but in temperate 
climate, should be protected from frost and 
cultivated in a greenhouse. Production of quality 
flowers of gerbera can be done under protected 
conditions of the climate and weather. Gerbera 
cultivation has emerged as a very important 
option to progressive farmers in a many parts 
of India, especially in Maharashtra, Karnataka, 
Uttar Pradesh and Uttaranchal (Singh, 2006).

Gerbera is ideally suited for flower beds, 
borders, pots, window boxes and gardens. Soil-less 
cultures have been successfully used for several 

decades with the aim to intensify production and 
to reduce the cost. Various planting beds around 
the world are used for growing Gerbera such as 
perlite, rock wool, vermiculite, sand, coconut fiber 
(cocopeat), expanded clay, organic substrates, 
compost cow, zeolite, pumice, sand etc according 
to availability in that particular region reported by 
Khalaj (2007) and Fakhri et al. (1995). The present 
research aimed to evaluate growing media for pot 
Gerbera in order to determine the potential yield 
and quality of flowers for more benefit/returns.

MATERIALS AND METHODS
A pot culture experiment with different 

growing media was conducted with ten treatments 
and 3 replications in Completely Randomized 
Design (CRD). Media selected were on the basis 
of availability, cost, nutrient content and physical 
and chemical properties of the media.

Treatments Proportion (%) Media used
T1 100 Coco peat
T2 80:20 Red soil + sand
T3 40:40:20 Cocopeat +red 

soil+ sand
T4 80:10:10 Cocopeat 

+F.Y.M. + sand

The pots were filled with different media. 
These different media were formed by mixing 
them with proportion as given in treatment by 
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volume basis.  Sample of all ten treatments were 
collected for their chemical and physical analysis 
of media. Before planting, pots were wetted and 
then Gerbera plants were planted in pots in the 
evening for the better establishment of roots. All 
ventilators of polyhouse were closed to maintain 
temperature and humidity. Humic acid and 
Bavistin drenching was given on that day as 
preventive measure. Only plain (Tap water) water 
was given manually as per the requirement to 
plants (about 200 ml) up to 25 DAP. Fertigation 
was given as scheduled by programs in polyhouse 
after 25 DAP. Experiment is carried out in last 7 
years i.e. 2012-2018.

Table 1: Treatment details.

T5 80:10:10 Red soil +F.Y.M. + sand

T6 80:10:10 Cocopeat +vermicompost+ 
sand

T7 80:10:10 Red soil + vermicompost .+ 
sand

T8 40:30:20:10 Cocopeat+ red soil+ F.Y.M+ 
sand

T9 40:30:20:10 Cocopeat +red soil + Vermi-
compost + sand

T10 40:30:10:10:10 Cocopeat + red soil 
+F.Y.M.+ vermicompost + 
sand

Table 2: Experimental details

Sr. No. Details of experi-
ment

Particulars

1 Crop           Gerbera
2 Variety         Pink Elegance
3 Dates of planting     March 2012 to 2018 

every year
4 Type of experiment Pot culture (15 h x 

Φ30 cm)
5 No. of replications Three (3)
6 No. of treatments Ten (10)
7 Number of plots     30
8 Number of plants 

/ plot     
6

9 Number of plants 180
10 Pot capacity Five liters
11 Design Completely Random-

ized Design (CRD)

Chemical analysis of growth media
Chemical and physical property analysis of 

different growing media was very necessary for 
study because every media has its own properties, 
which affects plant growth, yield and quality of 
Gerbera plant. The Methods adopted for measuring 
physical and chemical properties of the growing 
media prior to planting is shown in Table3.

Table 3: Chemical and Physical properties 
analysis methods adopted and references used

Particulars Method adopted Reference
Chemical prop-
erties
PH Glass electrode 

method
Piper, (1966)

EC (dS m-1 )
(Electrical con-
ductivity)

Conductometry Piper, (1966)

Organic Carbon 
(%)

Wet oxidation Nelson and 
Sommer (1982) 

Available Nitro-
gen (ppm)

Alkaline per-
manganate

Subbiah and 
Asija(1956) 

Available Phos-
phorous (ppm)

Olsen method Watanable and 
Olsen 1965

Available potash 
(ppm)

Neutral normal 
ammonium ac-
etate extraction 
method

Knudson et al. 
(1982) 

Sodium (ml/lit) Atomic Absorp-
tion 

Spectrophotom-
eter

Lindsay and 
Norwell (1978). 

Free lime (%) Rapid titration 
method 

Jackson (1973) 

Ferous (ppm) Atomic Absorp-
tion 

Spectrophotom-
eter

Lindsay and 
Norwell (1978) 

Manganese 
(ppm)

Atomic Absorp-
tion 

Spectrophotom-
eter

Lindsay and 
Norwell (1978)

Zink (ppm) Atomic Absorp-
tion 

Spectrophotom-
eter

Lindsay and 
Norwell (1978)

Copper (ppm) Atomic Absorp-
tion 

Spectrophotom-
eter

Lindsay and 
Norwell (1978)

Physical prop-
erties
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Porosity (%) Air space pyc-
nometer and 
tension table 
methods

-

Bulk density(g/
cm3)

Clod cloating 
method

Black and Hart-
age (1986)

Measurement of growing media temperature
Temperature of media, play an important role 

in root growth of plant. Every media, has its own 
and different temperature due to different physical 
and chemical properties. As the Gerbera has the 
ability to act like an annual in cooler climates, 
it does not produce a substantial tap root. It 
generates fibrous roots that extend through the 
media in search of oxygen pockets, nutrients and 
moisture. If planted in its preferred warm climate 
to live as a perennial, the roots continue to spread 
outward. Unless the Gerberas are grown as potted 
plants, they become difficult to transplant after 
several growing seasons because the roots form a 
huge network. Hence for root development study 
growth and media, temperature was measured by 
waterproof Digital Thermometer.

RESULT AND DISSCUSION
Analysis of growth media

The selection of media is based on many 
factors such as availability, high quality and its 
least price. The different types of media can be 
used as cocopeat, red soil, vermicom post, farm 
yard manure and sand. Plants were fertilized with 
the same nutrient solution. Electrical conductivity 
and pH of nutrient solution was 1.5-2 dsm-1 and 
5.5-6.5 respectively. 

Variability in composition of a substrate 
reasonably affected initial pH and EC values of 
various media. It was observed that all media had 
EC levels well below harmful level of > 4 dS m-1. In 
the present study, growth media analysis shows 
that all treatment combinations have suitable EC 
(0.56 dSm-1 to 1.3 dSm-1) and pH (5 to 7) which 
was required for normal growth of plant. According 
to different researches, organic materials and 
high cation exchange capacity (CEC) increased 
the absorption and storage of nutrient, water and 
also by creating suitable condition for plant root 
growth, increased qualitative and quantitative 
characteristics of flowers. If peat has been 
used alone because of pressing and decreasing 
ventilation and so sand or perlite due to little or 
no good properties, would not be useful (Khalaj, 
2007). Similar trend was reported by Awang 

et al., (2009) and Caballero et al., (2009), who 
observed minimum pH and acceptable electrical 
conductivity in coco fiber while comparing various 
substrates for Celosia and Gerbera production. 
Aswath and Padmanabha (2004) reported that 
in Gerbera, electrical conductivity in medium 
had significant influence on stalk length, stalk 
thickness and flower diameter.

Physical properties like porosity and bulk 
density was superior in treatments T8, T9, T10 
and T4 due to combination of different media 
which also shows better results of vegetative and 
flower quality. Among the physical characteristics, 
aeration and water holding capacity are probably 
the most important factors, while among the 
chemical characteristics, nutritional status 
and salinity level, have a crucial role on plant 
development (Dewayne et al., 2003).

Major nutrients required for crop growth i.e. 
Nitrogen, Phosphorous and Potassium, was at 
more in quantity in treatments T8, T9, T10 and 
T4 than rest of the treatments. Flower growth 
and development is mainly influenced by the 
availability of phosphorus to plant in a growing 
medium, which ultimately resulted in increased 
flower stalk length. According to media analysis, 
T8, T9, and T10 had maximum phosphorous 
content and results also showed same influence 
on flower qualities and quantity. Differences 
in various substrates composition markedly 
affected flower stalk length and diameter due 
to more nitrogen and phosphorus. Media which 
had more phosphorus contents produced thicker 
stalks as compared to other treatments. These 
findings confirmed the findings of Grassotti et 
al., (2003), who observed thick flower stalks of 
gladiolus and lily when grown in various nutrient 
rich media. Differences in media composition 
markedly affected flower quality and media rich 
in nutrients and with favorable physico-chemical 
properties produced best quality blooms Flower 
fresh and dry weights were also important indices 
which affect post harvest longevity of the flowers, 
which resulted maximum green and dry light use 
efficiency T8 (13.07g/MJ) and (T9) (12.07g/MJ). 
The study confirmed the fact that selection of 
the appropriate medium of growth for cut flowers 
(in this case Gerbera jamesonii L.) was very 
important from yield and quality point of view. 
The medium must ensure the production of plants 
of the required quality on cost effective basis. In 
the present study, T8 produced significantly the 
maximum number of flowers per plant and other 



quality characteristics of flower among different 
media. T9 and T10 were at par with T8.

Media temperature
Root temperature influenced the growth and 

development of many plant species and there is 
an extensive literature on various aspects of this 
topic. Plant processes such as photosynthesis, 
root and shoot growth, dry matter production, 
nutrient uptake and mineral composition as 
well as plant height, were influenced by root 
temperature. However, research concerning the 
effects of differential root/media temperatures on 
plant height and stem elongation, has showed that 
the stem length of young Dendranthema plants 
was reduced by 8-13% when the root temperature 
during the day was 3-4°C lower than the root 
temperature at night.” Mc Avoy et al. (1983) also 
concluded that root zone warming with cool night 
air temperatures, enhanced plant size when root 
temperatures was less than those measured in 
control plants from standard night condition. 
When root temperature exceeded the control 
temperature under standard night condition, 
a decrease in overall growth was observed. Bud 
weight increased with root zone heating under 
cool night condition.   

Root zone temperature or media temperature 
was recorded at week interval in all treatments. The 

data are presented in and illustrated in Fig. 1 and 
2. During all experiment years, media temperature 
was lower than ambient temperature but not 
below the threshold level (Base temperature 2.20 
C), out of all treatments T8 and T9 had minimum 
media temperature. Due to more organic matter, 
bulk density and suitable porosity, temperature 
in these treatments remained low. About 2-30C 
difference was observed in T8 and T9 than the 
rest of the treatments, due to low temperature in 
this treatment results in high yield and quality 
characters of plants and flower. Cumulative pooled 
mean of different vegetative and yield characters 
are shown in table 4.

Correlation
Correlation between growth media 

temperature and different flower parameters 
are given in table 3. R values indicate that all 
vegetative and flower characters are negatively 
correlated with growth media temperature. This 
indicates that lower the temperature, highest 
plant height, number of leaves, leaf area index, 
number of flowers, flower diameter, vase life and 
light use efficiency and vice versa. The Results 
were confirmed with experiments exposing the 
root system of Phaseolus to a constantly low 
temperature throughout 24hr, indicated that leaf 
growth was inhibited during the day but not at 
night (Davies and Van 1983). Such a daytime leaf 

Table 4: Correlation of growth media temperature with vegetative and flower characters (Pooled mean 
2012-2018)

Treat-
ment

Growth 
Media 

Tempera-
ture

Plant 
Height

Number 
of Leaves

Leaf Area 
Index

No. of 
Flowers

Flower 
Diameter

Vase Life LUE

T1 30.85 30.51 16.98 0.476758 38.13 11.19 10.86 4.3

T2 31.75 27.53 15.81 0.430273 34.86 9.85 10.2 3.9

T3 31.50 29.42 17.23 0.459766 36.43 10.61 10.76 4.1

T4 29.45 31.71 17.07 0.495508 47.36 13.14 14.36 5.8

T5 30.75 32.46 17.03 0.507227 41.09 12.07 11.41 5.6

T6 29.85 32.16 17.50 0.502539 41.76 12.51 13.47 5.9

T7 30.65 30.37 17.76 0.474609 38.46 12.06 11.24 4.6

T8 28.10 34.40 22.31 0.5375 50.17 14.10 15.96 7.3

T9 28.65 33.50 19.02 0.523438 49.15 13.63 15.43 6.7

T10 29.00 33.38 18.25 0.52168 47.61 13.55 14.76 6.1

R VALUE -0.91004 -0.91004 -0.91004 -0.97446 -0.96912 -0.98336 -0.95343
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Table  5 : Treatment wise growth media analysis.

Particulars Treatments
Chemical properties T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
PH 5.29 7.0 7.4 6.2 7.1 6.8 7.1 7.0 6.6 7.1
EC (dS m-1 )
(Electrical conductivity) 0.90 0.56 0.64 1.04 1.03 0.84 0.94 1.03 1.3 1.03
Organic Carbon (%) - 0.81 0.96 2.13 1.38 1.62 1.35 5.82 5.49 5.42
Available Nitrogen (ppm) - 195 231 542 332 390 325 932 920 921
Available Phosphorous (ppm) - 14.87 30.55 32.88 30.61 31.89 30.08 41.84 40.24 40.21
Available potash (ppm) - 563 697 860 823 857 797 981 971 960
Sodium (ml/lit) - 3.57 2.10 0.60 1.22 0.81 1.34 0.21 0.53 0.64
Free lime (%) - 8.16 7.2 10.08 8.16 12.48 10.56 9.6 12.96 9.12
Ferous (ppm) 1.10 0.75 0.74 1.95 0.66 0.87 0.59 2.94 2.20 1.92
Manganese (ppm) 2.20 1.51 0.03 1.20 2.49 1.95 2.19 2.80 2.48 2.59
Zink (ppm) 1.80 0.22 0.18 1.60 0.22 0.17 0.18 2.40 1.43 0.96
Copper (ppm) 3.40 0.33 0.24 3.30 0.30 0.57 0.28 3.04 2.70 2.55
Physical properties
Porosity (%) 90 36 52 84 49 59 49 73 75 70
Bulk density(g/cm3) 0.40 1.10 0.89 0.69 1.02 0.68 0.98 0.96 0.97 0.91

growth inhibition seemed to prevail even when 
root temperature was increased for 8hr. within a 
12 hr. day (Ainsworth, et al. 2005). 

CONCLUSION
Temperature of media

As the physical properties of Cocopeat 40% 
+Red soil 30%+ F.Y.M. 20%+ Sand 10% (T8), 
Cocopeat 40% + red soil30% + vermicom post 
20% + sand10% (T9) and Cocopeat 40% + red soil 
30% +F.Y.M.10%+ vermicom post 10% + sand 
10% (T10) treatment were better than remaining 
treatments so that water holding capacity was 
more and better root development so temperature 
of this treatments were also low and did not go 
below the threshold level (2.20C).

Analysis of Medias 
Physical and chemical properties of ten 

treatments were analyzed from that Cocopeat 
40% +Red soil 30%+ F.Y.M. 20%+ Sand 10%T8, 
T9 and T10 treatment showed better availability 
of nutrients and physical properties which were 
mainly required for good quality flower characters 
and plant growth. Recently all Gerbera growers 
are using Cocopeat, though the Cocopeat is cheap 
and gives good yield but after 7-8 month yield 
in Cocopeat was low due to its decomposition. 
The same conclusion was given by Nowak and 
Stoajney (2003), who studied that flowering 
intensity was good at the beginning but in this 

medium decreased markedly after 6 months of 
cultivation compared to the other media, when its 
physical properties changed significantly due to 
fast decomposition.

Correlation
Correlation between growth media 

temperature and different flower parameters are 
given in table. R values indicate that all vegetative 
and flower characters are negatively correlated 
with growth media temperature. It indicates 
that lower the temperature highest plant height, 
number of leaves, leaf area index, number of 
flowers, flower diameter, vase life and light use 
efficiency and vice versa. 

Fig. 1. Variation in temperature in root zone as 
influenced by different treatments during 2017 
and 2018



Fig. 2. Variation in temperature in root zone 
meteorological Weekwise during 2012 and 2013 
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Plate 1: Vaisala humidity and temperature 
recording sensor used for recording temperature 
and humidity in polyhose and open field.
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Plate 4: Line quantum sensor used for recording 
photosynthetically active radiations

Plate 2: Digital soil thermometer used for 
recording root zone/ media temperature.

 

Plate 3: Infrared thermometer used to measure 
canopy temperature and canopy – air temperature 
differential
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ABSTRACT
A Study was conducted during rabi 2016-17 at Research Farm of Department of Seed 

Science and Technology, CCS Haryana Agricultural University, Hisar to assess the impact of 
different weather parameters on seed development in thirty wheat genotypes under varying 
environmental conditions. The genotypes were planted under normal (6 Nov.) and late sown (24 
Dec.) conditions. The quality of harvested seed was evaluated using nine seed vigour parameters 
viz. test weight, standard germination, speed of germination, seedling length, seedling dry weight, 
vigour index-I, vigour index-II, field emergence index and seedling establishment. Weather data 
showed that late sown crop experienced hot and drier conditions, as compared to timely sown 
conditions during seed development stage (25 days after anthesis). The results revealed that 
development of seed was affected significantly by delayed sowing. All seed vigour parameters 
exhibited reduction in December sown crop. Correlation between weather and seed quality 
parameters showed that temperature, sunshine hours and rainfall were negatively correlated with 
most of the vigour parameters. Likewise, thermal indices had also shown negative association 
with germination, vigour index-II and field emergence index. These trends demonstrate that with 
the rise in temperature and thermal indices during seed development phase, wheat seed quality 
is reduced. 

Key words: Weather parameters, Wheat, Seed Vigour, Correlation

INRTODUCTION
Wheat (Triticum aestivum L.) is one of the 

most extensively grown crop in the world. In 
India, bread wheat, an allohexaploid (AABBDD) 
with total of 42 chromosomes is most important 
species, covering more than 90 percent of the 
total wheat cultivated area in the country and is 
the second most important source of staple food 
after rice. It was grown on an area of 30.72 million 
ha with total production of 97.44 million tonnes 
and productivity of 3172 kg/ha during 2016-17 
(Anonymous, 2017).

Wheat growth can be impaired by heat stress at 
any developmental stage, and modeling scenarios 
predict even warmer in future (Easterling and Apps, 
2005). The worst impression of rising temperature 
will occur at lower latitudes and largely on late 
sowing of winter wheat in northern Gangetic 
plain of India. High temperature stress has a wide 
range of effects on plants in terms of physiology, 
biochemistry and gene regulation pathways. 
However, strategies exist for improvement of 
crops for heat stress tolerance through generation 
of new varieties with sustainable yield production 

(Bita and Gerats, 2013; Sareen et al., 2015).

In India, the seed filling period is shortened 
due to increased mean time of high temperature. 
High temperatures accelerate growth, yet 
they also reduce the phenology, which is not 
compensated by the increased growth rate (Joshi 
et al., 2007). Heat stress at the beginning of 
flowering or during spikelet development reduces 
the number of potential seeds. Therefore, high 
temperature spell from anthesis to seed filling 
and upto seed maturity, deteriorates the seed 
quality and reduces the seed yield upto 40-50 per 
cent (Joshi et al., 2007) because of the less time 
for systematic utilization of natural resources. 
Therefore, the present investigation was carried 
out to study wheat seed vigour/quality in relation 
to different weather parameters prevailed during 
seed development phase.

MATERIALS AND METHODS
The present study was conducted at the 

research farm of Department of Seed Science 
and Technology, Chaudhary Charan Singh 
Haryana Agricultural University, Hisar situated 
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at a latitude of 29°10’ N and longitude of 75°46’ 
E. Thirty genotypes of bread wheat were sown on 
two dates (Normal- 6th Nov. and Late- 24th Dec.) 
in RBD design with three replications during rabi, 
2016-2017. There were five rows of each genotype 
of four-meter length spaced at 20cm apart. All 
the recommended agronomical practices were 
followed for a good crop stand.

The days to anthesis were recorded for each 
genotype under normal and late sown conditions. 
The quality of harvested seed was evaluated using 
nine seed vigour parameters namely test weight, 
standard germination, speed of germination, 
seedling length, seedling dry weight, vigour 
index-I, vigour index-II, field emergence index 
and seedling establishment recorded in three 
replications of each.

One thousand seeds of each genotype were 
counted on the numerical seed counter and 
the weight was taken separately on automatic 
electronic balance, to get accurate test weight of 
each genotype. The standard germination test 
was performed using ‘Between paper method’ as 
recommended by ISTA (2014). Hundred seeds 
were counted and kept over moist towel paper in 
linear fashion. They were wrapped over by wax 
paper and kept into the germination chamber at 
20±10 C temperature. At the end of 8th day of 
germination test, the number of normal, abnormal 
and dead seeds in each replication was counted 
and only normal seedlings were considered for 
standard germination percentage.

Thirty normal seedlings were randomly 
selected from each replication of all the genotypes 
and their length was measured in cm. Average 
length of these seedlings was calculated. Thirty 
normal seedlings which were used for the 
measurement of seedling length, were also 
used for seedling dry weight measurement. The 
selected seedlings were kept in paper bag and 
dried in hot air oven at 80±10C temperature for 24 
hours. The weight of single dried seedling of each 
genotype from each replication was calculated 
and expressed in milligrams.

For recording the speed of germination, 50 
seeds per replication were placed in petridish for 
germination (Top of paper method). The number of 
radicle emergence was counted daily in germinated 
seeds and the index of speed of germination was 
calculated as described:

Speed of germination index = 

Seedling vigor indices were calculated by 
using the formula suggested by Abdul-Baki and 
Anderson (1973) and expressed as whole number.

Seedling vigour index-I = Standard 
germination (%) × Average seedling length (cm)

Seedling vigour index-II = Standard 
germination (%) × Average seedling dry weight 
(mg)

For recording the field parameters i.e. field 
emergence index and seedling establishment, 
hundred seeds of all 30 wheat genotypes were 
sown in three replications in Randomized Block 
Design (RBD). The number of seedling emerged 
out of soil were counted daily up to the seedling 
establishment. Seedling Emergence Index was 
calculated using formula as suggested by Maguire 
(1962):

Field Emergence Index (FEI) = 

Daily weather data was taken from 
agrometeorological observatory situated about 
500m away from experimental field. The weather 
data prevailed during the seed development 
period (25 days from anthesis) for each genotype 
were averaged. The agrometeorological indices 
were computed using base temperature of 10°C. 
Average weather prevailed during active seed 
development phase i.e. 25 days after anthesis 
were correlated with seed quality parameters.

Agro-meteorological indices

Growing Degree Days (GDD):

Photo Thermal Unit (PTU):

PTU (°C day hours) = GDD × maximum 
possible sunshine hour

Helio-Thermal Unit (HTU):

HTU (°C day hours) = GDD × actual bright 
sunshine hours



Relative Temperature Disparity (RTD):

RESULTS AND DISCUSSION
Weather data showed that late sown crop 

experienced hot and drier conditions characterized 
by higher mean values of maximum temperature 
(34.58°C), minimum temperature (15.20°C), bright 
sunshine hours (8.90), GDD (497), HTU (4398), 
PTU (6075) and lower values of relative humidity 
(Mor-77.45), (Eve- 28.46) as compared to values 
observed in timely sown conditions i.e. (25.79°C), 
(8.26°C), (8.27), (301), (2448), (3451), (90.91) and 
(41.07) respectively, during seed development 
stage (25 days after anthesis).

The results revealed that development of seed 
as indicated by test weight, germination, seed 
vigour in lab and field was affected significantly 
by delayed sowing. All the seed vigour parameters 
exhibited reduction in late (December) sown crop 
as compared to timely (November) sown crop. 
The seed quality parameters of wheat seed of 
different varieties (Table 1, 2 and 3) revealed that 

mean germination percentage decreased in late 
sown crop by 2.67% as compared to normal sown 
crop. Most of the genotypes showed reduction in 
standard germination in seeds harvested from late 
sown crop which ranged from 0.37% to 5.55%. 
However, five genotypes viz. WH 1025, WH 1142, 
WH 1221, WH 1316 and WH 1021 recorded with 
same values of germination percentage under 
both the conditions i.e. they showed 0% reduction. 
Under late sown conditions, seeds of variety WH 
1142 recorded with highest germination (96%) 
whereas varieties viz. WH 157, WH 711, WH 1080 
and DPW 621-50, were observed with lowest value 
(90%). For test weight, highest value (39 gm) was 
observed in varieties WH 1080 and C 306, while 
lowest was recorded in KRL 19 (25 gm). Highest 
vigour index-II was observed in WH 1322 (43237) 
and the variety WH 542, showed lowest value 
(31257) among thirty wheat genotypes.

The overall mean performance for different 
seed quality parameters as indicated in Table 5, 
showed that highest reduction under late sown 
condition was observed for test weight (16.74%) 
followed by field emergence index (13.23%), speed of 
germination (12.07%), vigour index-II (9.76%) and 
seedling dry weight (7.38%). However, parameters 

Table 1: Effect of sowing time on test weight, standard germination and speed of germination of 
harvested seed 

S. No. Name of 
genotype (G)

Test weight (g) Standard germination (%) Speed of germination

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

1. WH 1025 41 26 95.33 95.33 71 59
2. WH 1080 39 39 92.67 90.00 53 49
3. WH 1142 42 31 96.00 96.00 58 57
4. C 306 41 39 96.00 92.00 61 58
5. HD 2967 37 30 92.67 90.67 66 63
6. HD 3086 43 33 94.33 91.67 59 53
7. KRL 19 36 25 96.00 90.67 63 53
8. KRL 210 43 33 96.00 91.67 58 51
9. DBW 88 36 33 96.33 93.33 73 68
10. DPW 621-50 35 30 92.00 89.67 61 54
11. PBW 550 34 30 95.33 91.33 58 52
12. PBW 723 44 36 94.00 91.67 66 53
13. PBW 725 34 32 93.67 91.00 67 57
14. WH 157 42 35 91.33 90.33 63 56
15. WH 283 39 34 94.33 91.67 73 64
16. WH 542 35 27 95.33 91.67 65 64
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17. WH 711 42 36 94.67 90.33 58 55
18. WH 1105 39 32 96.67 94.67 63 51
19. WH 1127 43 36 91.67 91.33 61 53
20. WH 1221 42 34 94.67 94.67 67 57
21. WH 1202 43 35 95.33 92.00 63 53
22. WH 1316 44 35 95.33 95.33 63 58
23. WH 1320 38 34 93.33 92.67 68 53
24. WH 1322 40 36 94.67 92.33 63 55
25. P 13729 37 29 96.33 91.33 63 53
26. HD 3059 36 32 95.67 90.67 63 53
27. DBW 90 42 34 95.00 91.00 63 51
28. WH 1021 36 28 92.67 92.67 70 60
29. WH 1124 42 34 94.67 92.67 53 51
30. RAJ 3765 38 37 95.33 91.00 63 53
Mean 39 33 94.59 92.05 63 54
Range 34-44 25-39 91.33-96.67 89.67-96.00 53-73 49-68
C.D. (p=0.05) G- 0.991 G- 0.524 G- 1.15

D- 0.256 D- 0.135 D- 0.297
G×D- 1.402 G×D- 1.402 G×D- 1.626

Table 2 : Effect of sowing time on seedling length, seedling dry weight and vigour index-I of harvested 
seed

S. No. Name of 
genotype (G)

Seedling length (cm) Seedling dry weight (mg) Vigour index-I

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

1. WH 1025 32.83 32.13 14.9 12.9 3130 3066
2. WH 1080 33.10 32.47 14.2 13.8 3067 2923
3. WH 1142 32.70 32.27 14.9 13.5 3139 3096
4. C 306 35.40 34.07 15.6 15.3 3398 3134
5. HD 2967 35.17 34.83 16.1 13.8 3353 3318
6. HD 3086 30.23 30.27 15.4 14.0 2802 2743
7. KRL 19 31.20 30.50 13.8 13.5 2944 2797
8. KRL 210 31.37 31.10 15.5 14.7 3012 2818
9. DBW 88 33.93 31.87 14.4 13.7 3256 2921
10. DPW 621-50 33.93 30.40 13.9 13.2 3268 2838
11. PBW 550 30.00 29.57 13.8 13.2 2760 2651
12. PBW 723 30.13 29.97 15.2 13.7 2873 2735
13. PBW 725 31.57 30.07 14.6 13.7 2967 2756
14. WH 157 31.53 31.20 14.7 14.6 2954 2838
15. WH 283 31.10 30.53 14.0 13.3 2841 2761
16. WH 542 31.17 31.07 11.7 11.4 2940 2848
17. WH 711 34.17 33.93 15.5 14.8 3257 3112
18. WH 1105 31.43 31.00 14.1 12.2 2976 2802
19. WH 1127 30.57 30.23 15.2 13.4 2954 2860



20. WH 1221 30.90 30.27 14.5 13.5 2832 2763
21. WH 1202 30.90 30.23 14.8 13.7 2925 2859
22. WH 1316 30.17 29.23 16.3 14.2 2876 2687
23. WH 1320 31.50 30.43 15.1 12.5 3003 2903
24. WH 1322 32.53 31.60 15.9 15.6 3037 2927
25. P 13729 32.10 31.13 14.3 12.3 3039 2879
26. HD 3059 31.13 31.07 14.9 14.6 2999 2840
27. DBW 90 31.43 29.73 15.3 14.8 2997 2693
28. WH 1021 31.10 30.67 14.3 12.4 2882 2839
29. WH 1124 30.60 30.07 15.0 13.6 2897 2787
30. RAJ 3765 30.57 30.37 14.9 14.1 2914 2763
Mean 31.82 31.08 14.8 13.7 3010 2865
Range 30.00-35.40 29.57-34.07 11.7-16.3 11.7-15.6 2760-3398 2651-3134
C.D. (p=0.05) G- 1.091 G- 0.008 G- 105.65

D- 0.282 D- 0.015 D- 27.28
G×D- N.S. G×D- 0.05 G×D- N.S.

Table 3: Effect of sowing time on vigour index-II, field emergence index and seedling establishment of 
harvested seed

S. No. Name of 
genotype (G)

Vigour index-II Field emergence index Seedling establishment (%)

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

Normal 
sown (D1)

Late sown 
(D2)

1. WH 1025 1423 1227 3.76 3.62 75.00 70.67
2. WH 1080 1313 1246 3.82 3.05 67.33 65.67
3. WH 1142 1429 1298 4.31 2.95 65.00 59.33
4. C 306 1500 1412 4.45 4.00 66.33 65.00
5. HD 2967 1536 1320 3.81 3.74 69.33 67.00
6. HD 3086 1428 1272 4.75 3.97 70.33 67.00
7. KRL 19 1302 1236 3.32 2.80 69.33 63.67
8. KRL 210 1492 1336 4.23 2.98 59.33 57.67
9. DBW 88 1382 1254 4.88 4.14 67.67 67.67
10. DPW 621-50 1335 1233 3.70 3.67 72.00 72.00
11. PBW 550 1270 1185 4.32 3.41 66.67 62.33
12. PBW 723 1453 1253 3.37 2.90 64.00 61.00
13. PBW 725 1373 1256 4.11 3.65 62.33 58.67
14. WH 157 1380 1328 3.78 3.60 64.67 61.00
15. WH 283 1277 1199 4.38 3.75 68.67 65.00
16. WH 542 1106 1042 4.18 3.94 63.67 60.33
17. WH 711 1473 1360 3.84 3.44 64.00 61.00
18. WH 1105 1330 1102 3.40 3.20 69.67 59.67
19. WH 1127 1469 1264 4.59 3.27 60.67 61.00
20. WH 1221 1331 1235 3.51 3.08 64.33 62.00
21. WH 1202 1398 1293 3.69 3.37 63.67 62.67
22. WH 1316 1551 1306 3.83 3.38 67.67 64.67
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23. WH 1320 1440 1189 3.13 3.06 72.00 70.33
24. WH 1322 1485 1441 3.79 3.79 70.67 67.67
25. P 13729 1355 1140 3.46 2.46 70.00 67.21
26. HD 3059 1431 1330 3.54 3.10 70.00 64.33
27. DBW 90 1459 1341 4.01 3.22 74.00 70.67
28. WH 1021 1323 1148 3.46 3.34 65.00 61.00
29. WH 1124 1416 1260 3.72 3.33 75.00 73.33
30. RAJ 3765 1419 1285 2.83 2.42 64.33 58.00
Mean 1396 1260 3.87 3.36 67.54 64.21
Range 1106-1500 1042-1441 2.83-4.88 2.42-4.00 59.33-75.00 58.67-73.33
C.D. (p=0.05) G- 13.24 G- N.S. G- 5.19

D- 34.18 D- 0.245 D- 1.34
G×D- 18.72 G×D- N.S. G×D- N.S.

Table 4: Correlation coefficients (r) for weather parameters and seed quality of 30 genotypes of wheat

Test 
Weight

Standard Germi-
nation

Speed of germina-
tion

Seedling length Seed-
ling dry 
weight

Vigour 
Index-I

Vigour 
Index-II

Field 
emer-
gence 
index

Seed-
ling 
estab-
lish-
ment

TMax -0.700** -0.601** -0.593** -0.212NS -0.514** -0.366** -0.591** -0.494** -0.307*

TMin -0.705** -0.602** -0.600** -0.225NS -0.512** -0.383** -0.594** -0.486** -0.315*

RHMor 0.681** 0.545** 0.568** 0.181NS 0.505** 0.310* 0.563** 0.434** 0.293*

RHEve 0.696** 0.576** 0.579** 0.177NS 0.519** 0.317* 0.583** 0.475** 0.300*

SS -0.632** -0.533** -0.510** -0.116NS -0.518** -0.259* -0.575** -0.380** -0.199NS

RF -0.474** -0.372** -0.337** 0.046NS -0.377** -0.056NS -0.399** -0.148NS -0.243NS

GDD -0.703** -0.602** -0.597** -0.218NS -0.515** -0.374** -0.594** -0.491** -0.310*

HTU -0.701** -0.596** -0.590** -0.208NS -0.519** -0.362** -0.596** -0.478** -0.297*

RTD 0.702** 0.591** 0.593** 0.227NS 0.505** 0.385** 0.587** 0.472** 0.321*

PTU -0.702** -0.602** -0.598** -0.213NS -0.515** -0.369** -0.594** -0.488** -0.311*

*& ** Significant at 5 and 1% confidence level, respectively; Tmax- Maximum temperature, Tmin- 
Minimum temperature, RHmor- Morning relative humidity, RHeve- Evening relative humidity, SS- 
Sunshine hrs, RF- Rainfall, GDD – growing degree days, HTU-Helio-thermal unit, PTU- Photo-thermal 
unit

Table 5 : Mean performance and percent decrease in seed quality parameters under late sown condition

Parameters Timely sown (6th Nov.) Late sown (24th Dec.) Percent decrease
Test weight (g) 39.43 32.83 16.74
Standard germination (%) 94.58 92.05 2.67
Speed of germination 63.20 55.57 12.07
Seedling length (cm) 31.82 31.08 2.34
Seedling dry weight (mg) 14.76 13.67 7.38
Vigour index-I 3010 2865 4.80
Vigour index-II 1396 1260 9.76
Field emergence index 3.87 3.36 13.23
Seedling establishment 
(%)

67.54 64.21 4.70



like seedling length, germination percentage and 
seedling establishment showed minimal reduction 
i.e. 2.34%, 2.67% and 4.70% respectively. This 
trend suggests that germination potential (both 
in lab and field) of seed developed under higher 
temperature conditions remains comparable to 
seed developed at a colder environment but their 
speed of germination reduces significantly i.e. 
they take longer time to germinate under lab and 
field conditions.The reduction in seed quality may 
be due to inadequate transport of photosynthates 
to the developing wheat seed in late sown i.e. high 
temeprature conditions as confirmed in a previous 
study by Bergkamp et al., (2018). 

Wheat seed vigour potential was correlated 
with weather parameters prevailed during seed 
development phase (Table 4). Weather variables 
i.e. maximum and minimum temperature, 
sunshine hours and rainfall showed negative 
correlation with all the vigour parameters. 
Likewise, thermal indices viz. GDD, HTU and 
PTU had also shown negative association with 
germination, vigour index-II and field emergence 
index. These trends demonstrate that with the 
rise in temperature and thermal indices during 
seed development phase, seed quality reduced. 
Similarly, relative humidity was found positively 
correlated with seed vigour parameters, which 
shows that wheat seed development is favored at 
relatively humid conditions as compared to drier 
environment. However, seedling length was found 
to be independent of weather parameters as they 
showed non-significant correlation with it.

The values of correlation coefficients indicate 
that among the weather parameters temperature 
(both minimum and maximum) played crucial role 
for better seed development during reproductive 
period followed by relative humidity. These results 
were found in confirmation with earlier findings of 
Shaheb et al. (2016).

CONCLUSION
With the rise in temperature and thermal 

indices during seed development phase, seed 
quality of wheat reduces. Wheat seed development 
is favoured at relatively humid conditions as 
compared to drier environment in terms of 
relative humidity. As the rainfall exhibited 
negative correlation with most of the seed quality 
parameters, it shows that rainy environment 
during seed development is not favourable.
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ABSTRACT
A field experiment was conducted at the Research Farm, Department of Climate Change 

and Agricultural Meteorology, PAU Ludhiana during kharif 2015, 2016 and 2017 comprising three 
sowing environments (D1: Third week of May, D2: Second week of June, D3: First week of July), 
two irrigation levels (I1: IW: CPE 1.0, I2: IW; CPE 0.75) and straw mulch application (M1: mulch 
application @5t ha-1, M2: Without mulch). Lowest canopy temperature was observed in the crop 
sown in second week of June during three crop seasons, whereas it was reduced under irrigation 
with IW: CPE=1 and with mulch application. PAR interception was highest in D2 because of 
higher LAI and it was higher under IW:CPE = 0.75 and in mulch applied crop. The radiation use 
efficiency (RUE) was highest in D2 (2.93, 4.09 and 3.70 g/MJ), M1 (2.72, 4.19 and 3.62 g/MJ) 
and I2 (2.74, 4.71 and 3.59 g/MJ) during all the years. The study concluded that sowing of maize 
during second week of June with mulch application and irrigation at IW/CPE = 0.75, provided 
most favourable micro climate and resulted in higher yield and radiation use efficiency.

Key words: Microclimate, maize, mulch, irrigation, PAR interception and radiation use efficiency

Maize (Zea mays L.) is world’s third major 
food crop after wheat and rice and is also called as 
“Queen of Cereals” due to its high productivity. It is 
one of the most efficient crops which can give high 
biological as well as grain yield in relatively shorter 
period of time due to its unique photosynthetic 
mechanism (Hatch and Stack, 1996). The crop has 
adapted well to the divergent climatic conditions 
prevailing in the tropical to temperate regions. 
Maize requires mean temperature of 18-20°C 
for better crop growth and yield. However, maize 
production and productivity are prone to quick and 
continuous changes in weather conditions due to 
global warming related environmental alterations. 
The performance of maize crop depends on many 
factors like genetic potential, environmental and 
micro meteorological conditions.

Micro climatic modifications help in modifying 
the adverse conditions prevailing in the immediate 
vicinity of the plants making it favourable for the 
better crop growth, development and yield. All 
the crop management practices (date of sowing; 
planting method, row spacing, intercropping, 
tillage practices, mulch application, shelter belts 
and irrigation etc.) affect the micro climate due to 
their effect on canopy temperature, wind speed, soil 
moisture, light interception and rate of water loss 
etc. Thus by making some alterations / adjustments 
in crop management practices like sowing time, 
irrigation and mulch management, we can modify 
the crop micro climate (Kingra and Kaur, 2017).

Matching the phenology of the crop to the 
duration of favourable environmental conditions 
by selecting the most appropriate sowing time to 
avoid the periods of stress, is crucial for obtaining 
maximum yields under changing climate (Singh et 
al., 2016). Favorable micro climate can be created 
by modifying the date of sowing, which takes care 
of the deleterious effect of high temperature during 
reproductive growth period (Pal et al., 1996). Straw 
mulches can be used during both the seasons 
as they increase soil temperature during winter 
season and decrease during summer season. Due 
to obstruction for the exchange of water vapours, 
mulches decrease the rate of evaporation from 
the soil and conserve soil moisture for the use 
of crop plants. Jalota et al. (2007) reported that 
straw mulch improves the crop productivity 
through optimizing the hydrothermal regimes 
of soil. The benefits are more in summer/kharif 
season and on soils having low retentivity. In view 
of the climatic changes and the limiting water 
availability in Punjab, the present investigation 
was carried out to evaluate the effect of sowing 
time, irrigation and straw mulch on micro climate 
of maize.

MATERIALS AND METHODS
Experimental details

The field experiment was carried out during 
kharif 2015, 2016 and 2017 at the Research Farm, 
Department of Climate Change and Agricultural 

Journal of Agrometeorology Vol. 21, Special Issue-1  : 90-97 (December 2019)



Meteorology, Punjab Agricultural University, 
Ludhiana. The experiment was comprised of 
12 treatment combinations of date of sowing, 
irrigation and mulch with a row-row spacing of 
60 cm and plant-plant spacing of 20 cm. Maize 
variety PMH-1 was sown on three dates viz. D1-
Third week of May, D2-Second week of June and 
D3- First week of July under two irrigation levels 
i.e. irrigation at IW: CPE of 1.00 (I1) and 0.75 (I2) 
and mulch application viz. mulch @ 5 t ha–1 (M1) 
and without mulch (M2) in split plot design.

The micro meteorological parameters viz. 
Soil temperature, canopy temperature, PAR 
interception and radiation use efficiency were 
recorded in the crop canopy in each treatment by 
using the standard procedures and instruments. 
These observations were recorded at different 
stages namely knee-high stage, tasselling stage, 
silking and physiological maturity etc.

Canopy temperature
Canopy temperature was measured with the 

help of infrared thermometer (FLUKE 574). The 
infrared thermometer was inclined at an angle of 
45° above the crop canopy. The data was recorded 
at 1430 IST at different growth stages namely 
knee-high stage, tasselling stage, silking and 
physiological maturity etc.

Soil temperature
The soil temperature was recorded at the time 

of crop emergence by installing soil thermometers 
at the depth of 5cm. The soil temperature was 
recorded from the day of germination till the 
physiological maturity.

Photosynthetically active radiation (PAR)
Canopy analyzer (LICOR make, LAI 2000, US) 

was used for PAR measurements at top, middle 
and bottom of the crop. Penetration of PAR in 
the range of 400-700nm was measured between 
1000hrs and 1600hrs within the crop canopy at 
different stages namely knee-high stage, tasselling 
stage, silking and physiological maturity etc. The 
incoming and reflected radiation measurements 
were made one meter above the canopy, while 
transmitted radiation was recorded at the base 
of canopy. The data were used for calculating 
photosynthetically active radiation interception 
by the crop as under:

Where, 

PAR (I) -PAR incident above the canopy PAR (T) 
-PAR transmission to the ground

PAR (R) - PAR reflected from the canopy

Radiation use efficiency  

The radiation use efficiency is the amount 
of dry matter produced per unit of radiation 
intercepted by crop. It was calculated by using the 
following formula:

Where, 

AIPAR = Accumulated intercepted 
photosynthetically active radiation (MJ/m2)

As data on daily solar radiation was not 
available, the daily average PAR values recorded 
by the instrument in term of µ mol m-2 s-1 were 
converted to MJ m-2 day-1 as following:

MJ m-2 day-1 = 0.0007826 × PAR (MJ m-2 s-1) × BSS

Where, BSS = Bright sunshine hours of that 
particular day 

RESULTS AND DISCUSSION
Canopy Temperature

During 2015, 2016 and 2017, canopy 
temperature at different growth stages i.e. knee-
high, tasselling, silking and physiological maturity 
was observed to be lowest in D2 (33.7, 33.1 and 
32.9ºC; 33.0, 31.5 and 31.9ºC; 31.6, 31.8 and 
30.9ºC and 30.5, 30.6 and 31.1ºC respectively), 
followed by D1 (33.7, 33.6 and 33.6ºC; 32.9, 32.9 
and 32.3ºC; 31.7, 33.2 and 31.9ºC and 31.6, 32.2 
and 31.6ºC respectively) and D3 (34.0, 35.8 and 
34.3 ºC; 33.9, 33.7 and 32.4 ºC; 32.5, 33.5 and 32.4 
ºC and 32.4, 32.8 and 32.8ºC, respectively) (Table 
1). It might be due to the fact that more favourable 
microclimate in D2 could have resulted in better 
canopy coverage which might have lead to higher 
evapo-transpiration losses, thus lowering canopy 
temperature. The canopy temperature was higher 
in D3 due to less green cover resulting in more 
penetration of solar radiation and it received least 
amount of irrigation. Between the mulching levels, 
canopy temperature during 2015, 2016 and 2017, 
at different crop growth stages i.e. knee-high, 
tasselling, silking and physiological maturity was 
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lower in M1 (33.7, 33.9 and 33.4°C;33.0, 32.5 
and 32.0°C;31.7, 32.6 and 32.5°C and 32.2, 31.7 
and 31.5°C, respectively) over the M2 (34.6, 34.4 
and 34.4°C; 33.6, 32.9 and 32.7°C;32.3, 33.2 and 
33.1°C and 31.6, 32.0 and 32.3°C, respectively), 
indicating sufficient availability of moisture and 
hence lowering of canopy temperature under 
mulch application. Among the irrigation levels, the 
canopy temperature during 2015, 2016 and 2017, 
at different crop growth stages i.e. knee-high, 
tasselling, silking and physiological maturity was 
observed to be lower in IW: CPE=0.75 (33.2, 34.1 
and 33.5°C;33.0, 32.4 and 31.9°C; 31.8, 32.7 and 
32.2°C and 30.8, 31.4 and 31.6°C, respectively) 
as compared to IW: CPE=1.00 (33.9, 34.3 and 
34.3°C;33.6, 32.9 and 32.5°C;32.2, 33.1 and 
32.9°C and 31.9, 32.4 and 32.3°C, respectively). 

Relation between the canopy temperature and 
grain yield

Negative correlation was observed between 
the canopy temperature and grain yield of maize 

crop i.e. the increase in temperature led to 
decrease in grain yield. The regression relationship 
observed between the canopy temperature and 
grain yield is shown in Fig 1. The linear regression 
relationship between the canopy temperature and 
grain yield under different treatments showed 
that the grain yield of maize crop decreased with 
increase in canopy temperature in all the seasons. 
The analysis indicated the adverse impact of 
global warming scenarios on maize productivity. 
The maize yield was found to decrease by 6.4 q/
ha (2015), by 3.13 q/ha (2016) and by 3.92 q/ha 
(2017) with 1°C increase in temperature during 
its growing period. 

PAR Interception
Under the normal conditions, interception 

of solar radiation and its utilization were low 
during early stages of crop growth. The data on 
interception of photosynthetically active radiation 
(PAR) was recorded at 45, 60, 75, and 90 days 
aftersowing during year 2015, 2016 and 2017 

Table 1: Canopy temperature of maize under different dates of sowing, irrigation and mulch levels 
during kharif 2015, 2016 and 2017

Treat-
ment

Canopy temperature (°C)

Knee-High Tasselling Silking Physiological Maturity
2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017
Dates of sowing

D1 
(Third 
week of 
May)

33.66 33.64 33.56 32.98 32.86 32.28 31.68 33.18 31.94 31.59 32.20 31.56

D2 ( 
Second 
week of 
June)

33.68 33.08 32.96 33.03 31.50 31.93 31.59 31.82 30.98 30.48 30.60 31.08

D3( First 
week of 
July)

34.02 35.76 34.25 33.93 33.72 32.36 32.54 33.50 32.39 32.38 32.79 32.79

Irrigation levels
I1 (IW/ 
CPE= 
1.00)

33.89 34.27 34.30 33.62 32.96 32.53 32.21 33.10 32.96 31.97 32.37 32.26

I2 (IW/ 
CPE= 
0.75)

33.21 34.05 33.49 33.01 32.43 31.86 31.80 32.72 32.15 30.80 31.36 31.55

M1 (With 
straw 
mulch @ 
5t/ha)

33.65 33.95 33.38 33.01 32.49 32.02 31.73 32.64 32.48 31.22 31.73 31.50

M2 
(Without 
mulch) 

34.63 34.37 34.41 33.62 32.90 32.65 32.28 33.18 33.12 31.55 32.00 32.32



as shown in Fig. 2 (a to c). In general, the PAR 
interception varied with the leaf area index as it 
was maximum when LAI was maximum.

Among all the three dates of sowing, the 
interception of PAR first increased at knee-
high stage, reached maximum at tasselling 
and silking and then it started decreasing at 
physiological maturity when LAI was minimum. 
The interception of PAR at knee-high, tasselling, 
silking and physiological maturity during 2015, 

Fig. 1. Relation between canopy temperature and 
grain yield of maize during 2015, 2016 and 2017 

2016 and 2017, was lower in D3 (65.9, 60.5 and 
71.8% ; 79.8, 75.6 and 77.3%; 82.4, 77.9 and 
79.0% and 75.9, 71.0 and 75.8%) as compared to 
D2 (75.3, 62.2 and 74.7% ; 84.0, 83.3 and 85.1% 
; 87.5, 84.5 and 87.6% and 83.4, 78.9 and 83.1%) 
and D1 (69.8, 61.5 and 80.9% ; 83.6, 76.7 and 
80.9% ; 85.9, 79.0 and 84.6% and 77.8, 75.8 and 
78.0%), respectively,  which might be because 
of lower LAI and lesser canopy cover under D3 
sowing (Fig 2). Among the irrigation treatments, 
IW: CPE=0.75had higher PAR interception (77.3, 
65.9 and 75.7%; 82.4, 81.2 and 81.7% ; 85.8, 
83.5 and 84.3% and 81.4, 76.4 and 79.1%) than 
IW: CPE=1.00 (74.0, 57.1 and 72.5% ; 80.7, 75.8 
and 77.3% ; 83.6, 77.5 and 80.1% and 77.9, 
74.1 and 76.3%), respectively (Fig 2). Similarly, 
mulch application (M1) recorded higher PAR 
interception(79.5, 66.6 and 77.3%; 84.7, 82.1 and 
84.3%; 86.6, 83.4 and 86.4% and 81.2, 78.6 and 
81.3%) as compared tothat without mulch (M2) 
(74.3, 56.5 and 75.9%; 78.2, 74.9 and 80.7%; 
81.4, 77.6 and 83.0% and 77.2, 71.9 and 78.0), 
respectively, at the corresponding crop growth 
stages during three years of study (Fig 2). Higher 
PAR interception under IW:CPE = 0.75 and mulch 
application might be due to more canopy cover 
and better crop growth due to modified micro 
climate under these treatments, which could have 

Vol. 21, Special Issue-1   KAUR et al. 93



94 December 2019

enhanced the rate of photosynthesis. Similar 
results were reported by Manna et al. (2018), 
Quanqi et al. (2012) and Kar and Kumar (2007).

Soil temperature 
During 2015, 2016 and 2017, morning as well 

afternoon soil temperature was found to be lower 
in case of second date of sowing (26.7, 25.8 and 
31.5ºC) and highest in first (27.3, 27.8 and 34.1ºC) 

Fig. 3: Soil temperature recorded at 0830 and 1430hrs under different dates of sowing, irrigation levels 
and mulch application during kharif 2015

and third date of sowing (27.3, 27.8 and 33.6ºC) 
(Figures 3 to 5). In case of irrigation treatments, 
slightly higher soil temperature was found in I1 
as compared to I2. Whereas application of mulch 
increased minimum and decreased maximum soil 
temperature during all the years, which might 
be due to decrease in radiational cooling during 
night time and shading of soil surface during day 
time as a result of obstruction provided by mulch. 



Similar results were reported by Sarkar et al. 
(2007) and Jalota et al. (2001).

Radiation use efficiency 
The RUE was observed to be highest in 

second date of sowing (2.93, 4.09 and 3.70 g/MJ) 
in 2015, 2016 and 2017, respectively followed by 
third (2.61, 3.98 and 3.13 g/MJ) and first date of 
sowing (2.48, 3.83 and 2.96 g/MJ) in the same 

orders of years (Table 2). This might be due to 
increased LAI, which provides more effective light 
interception in second date of sowing as compared 
to other two dates of sowings. Among the irrigation 
levels, the RUE was higher in IW: CPE=0.75 (2.74, 
4.71 and 3.59 g/MJ) as compared to IW: CPE=1.00 
(2.61, 3.93 and 2.94 g/MJ) in 2015, 2016 and 
2017, respectively. Among the mulch levels, the 
RUE was higher in (M1) level of mulch (2.72, 4.19 

Fig. 4: Soil temperature recorded at 0830 and 1430hrs under different dates of sowing, irrigation levels 
and mulch application during kharif 2016
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and 3.62 g/MJ) as compared to non - mulch (M2) 
(2.63, 3.74 and 2.91 g/MJ) in 2015, 2016 and 
2017, respectively (Table 2). Higher RUE under 
IW:CPE = 0.75 (I2) and mulch application (M1) 
might be due to more favorable micro climate and 
better canopy coverage and growth, which might 
have proved beneficial for more PAR interception 

Fig. 5: Soil temperature recorded at 0830 and 1430hrs under different dates of sowing, irrigation levels 
and mulch application during kharif 2017

and its utilization efficiency. Manna et al. (2018) 
also observed higher light use efficiency in maize 
under IW:CPE = 0.8 and mulch application. They 
concluded that judicious application of irrigation 
water with mulch has significant role in increasing 
total crop biomass, PAR interception and light use 
efficiency. 



CONCLUSIONS
The study concluded that micro climate 

modifications can prove effective adaptive 
strategies to manage extreme weather vulnerability 
and climatic risks in agriculture. With delay 
in sowing, input use efficiency declines, but by 
adjusting the time of sowing, crop yield and input 
use, efficiency can be improved under changing 
climatic conditions. Sowing during second week of 
June with mulch application and irrigation at IW/
CPE = 0.75 provided most favourable micro climate 
in terms of soil temperature, canopy temperature, 
and PAR interception, thus resulting in higher 
LAI, yield and radiation use efficiency. The results 
revealed that micro climate modifications viz. 
sowing time, mulch application and irrigation etc. 
are effective strategies to manage climate change 
effects on growth, yield and water productivity of 
maize.
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ABSTRACT
Rice cultivation has been recognized as one of the major anthropogenic source for CH4 

emissions. A rule-based classification approach and parameter selection approach is available 
for rice mapping in which the rules and parameters are derived from agronomic knowledge of 
the rice crop and its management. SAR-based operational mapping of rice crop across a diverse 
range of environments is possible with the increasing availability multi-temporal Sentinel 1A 
satellite data at VV polarisation with 20m spatial resolution was acquired and processed using 
MAP scape-RICE software. Precise estimation of methane emission from rice fields at regional 
scale depends on accurate assessment of rice area and MODIS derived LST T factors were used for 
spatial estimation of methane emission from Tiruchirapalli district and compared with field level 
estimates. The total rice area in Tiruchirapalli district was 36127 hectare during rabi season 2015-
16. The rate of LST based methane emission ranged from 35.36 to 48.17 kg/ha in Tiruchirapalli 
district. The total methane emission from Tiruchirapalli district based on LST based T factor was 
1.5706Gg during the season. MODIS derived LST T factor along with SAR based rice area can 
be used as a tool for precise and near real time assessment of methane emission at regional or 
country level.

Key words: Rice, SAR, Methane emission, LST, T factor

INTRODUCTION
Methane emissions from paddy fields have 

long been recognized as one of the major contributor 
to anthropogenic sources of greenhouse gas 
emissions (Tianet al., 2016). Rice fields are an 
important atmospheric methane (CH4) source, 
contributing about 5 to 19 per cent of total global 
CH4 emissions to the atmosphere (IPCC, 2007). 
Methane emission from rice fields is a microbial 
mediated anaerobic activity, mainly favoured by 
the flooded condition. India is one of the world’s 
largest producers for rice and accounting for 20 
per cent of world rice production. India’s rice area 
for the year 2014 was 44.13 million hectares with 
a production of 105 million tonnes (Directorate 
of Economics and Statistics report, 2015). Tamil 
Nadu ranks fifth position in rice production in 
India with an area of 21 Lakh hectares, production 
of 92 Lakh tonnes and productivity of 4381 kg/ha 
(Season and Crop Report, Tamil Nadu, 2014). 
According to the IPCC assessment, agricultural 
production in South Asia could fall by 30 per 
cent by 2050. For South Asia, the area-averaged 
annual mean warming by 2020 is projected to be 
between 1.0 and 1.4°C, between 2.23 and 2.87°C 
for 2050 and may rise by 3-4°C towards the end 
of the 21st century (IPCC, 2007). According to 
the Inter-governmental Panel on Climate Change 

(IPCC), the warming forces of CH4 are 25–30 times 
higher than that of CO2 per unit of weight based 
on 100-yr global warming potentials (IPCC, 2007). 

Methane, is produced as the terminal step 
of the anaerobic breakdown of organic matter 
in wetland rice soils. The processes involved in 
methane emission from flooded rice paddies to 
the atmosphere included methane production 
in the soil by methane-producing bacteria 
(methanogens), methane oxidation within oxic 
zones of the soil and flood water by methane-
oxidizing bacteria (methanotrophs) and vertical 
transport of the gas from soil to the atmosphere. 
These methane producing micro organisms 
did perform well under anaerobic condition 
and responsible for harvesting organic carbon 
and transforming it into methane, the process 
called methanogenesis. The transport of CH4 via 
diffusion through soil and water is very small. Its 
contribution to total CH4 emission during the rice 
growing season is often 1or 2 per cent.

With regard to mitigation, potential 
opportunity exists for reducing emissions from 
paddy fields. Accurate and spatial estimation of 
methane emission from rice fields has become 
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necessary for GHG inventory and mitigation at 
country or regional level. Thus it is necessary to 
estimate the methane emission for rice fields in 
context to a strong inter-relationship between 
agriculture and climate change. Remote sensing 
is a better tool to detect and quantify methane 
emission at spatial level with the advances in precise 
estimation of rice area, seasonality and periods of 
flooding. Satellite based methane emissions have 
mainly focused on the global scale with optimizing 
emissions with spatially coarse resolution (Alexe et 
al., 2015). Information available on CH4 emission 
is limited, especially in a spatial domain, mainly 
because of the complexity involved in generating 
such data. Land Surface Temperature (LST), 
is a good indicator of the energy balance at the 
Earth’s surface and the so-called greenhouse 
effect because it is one of the key parameters 
in the physics of land-surface processes on a 
regional as well as global scale. It combines the 
results of surface-atmosphere interactions and 
energy fluxes between the atmosphere and the 
ground. Land-surface Temperature is one of the 
MODIS Land products, which can be used to 
determine the scale of methane emission from 
paddy fields using different algorithms. Therefore, 
accurately estimating CH4 emissions from rice 
paddies has become important for GHG inventory, 
water management practices like System of Rice 
Intensification (SRI) relevant to the climate change 
adaptation and mitigation at regional level. 

MATERIALS AND METHODS
The Tiruchirappalli district of Tamil Nadu 

extends over an area of 4, 40, 383 hectares. 
Geographically it lies between 78° 10’ to 79° 5’East 
longitudes and10°15’ to 11°2’ North latitudes with 
an altitude of 90 m.

Data Used
Sentinel 1-A, carrying a C-band radar system 

with V-V (Vertical-Vertical) and V-H (Vertical-
Horizontal) polarization are obtained at twelve 
days interval and it was systematically used for 
land monitoring (ESA, 2014). Sentinel 1-A has four 
standard operational modes, designed for inter-
operability with other system. Level-1 ground 
range (GRD) product obtained by interferometric 
wide (IW) swath mode of 20m resolution with 12 
days of the temporal resolution was used for this 
research (Fig. 1). 

Fig. 1. Overview of Sentinel 1A acquisition and 
coverage on Tiruchirupalli district

MODIS (Moderate Resolution lmaging 
Spectro-radiometer) data has 36 bands with 
spatial resolutions 250m (I and 2 bands), 500m 
(3-7 bands) and 1000m (remaining bands). 
MODIS provides images of daylight reflection and 
day/night emission of the earth, repeating global 
coverage every one or two days. MODIS data of 
August 2015 to March 2016 have been used in 
the present study. Bands 31(10.28-11.72 µm) and 
32 

(11.78-12.28 µm), are used for land surface 
temperature (LST) estimation. MODIS LST 
product is used for the validation of land surface 
temperature retrieved by constant emissivity 
method (Kahle et al., 1980).

Basic Processing of SAR Data
A fully automated processing chain developed 

by Holecz et al., (2013) was used to convert the 
multi-temporal space-borne SAR GRD data 
into terrain-geocoded σ° values. The processing 
chain was a module within the MAP scape-RICE 
software. The basic processing chain included strip 
mosaicking, co-registration of images acquired 
with the same observation geometry and mode, 
time-series speckle filtering, terrain geocoding, 
radiometric calibration and normalization. 
Further Anisotropic non-linear diffusion (ANLD) 
filtering was done to smoothen homogeneous 
targets, while enhancing the difference between 
neighbouring areas. Removal of atmospheric 
attenuation - σ° values was corrected by means of 
an interpolator.

Multi-Temporal σ° Rule-Based Rice Detection 
for retrieving Rice area 

The multi-temporal stack of terrain-geocoded 
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σ° images was input to a rule-based rice detection 
algorithm in MAP scape-RICE (Fig.2). The temporal 
evolution of σ° was analyzed from an agronomic 
perspective, which also required a priori knowledge 
of rice maturity, calendar and duration and crop 
practices from field information and knowledge of 
the study location. The temporal signature was 
frequency and polarization dependent and also 
relied on the crop establishment method and, to 
some extent, on crop maturity. This implied that 
general rules could be applied to detect rice, but 
that the parameters for these rules needed to be 
adapted according to the agro-ecological zone, 
crop practices and rice calendar.

Fig. 2. Rule-based rice detection algorithm for 
multi-temporal X-band σ° in

MAPscape-RICE
a =lowest mean
b =highest mean
c = maximum variation
d = maximum value at SoS
e = minimum value at maximum peak
f = minimum variation t = time
t2-t1 = maximum time under water
tminlength= minimum number of days of 

season length
tmaxlength= maximum number of days of 

season length
tlast = date of the last acquisition
SoS = Start of Season
Use of Temporal Features to Guide Parameter 

Selection for the Rule-Based Classifier:

The choice of parameters a, b, c, d, e and f 
was guided by a simple statistical analysis of the 
temporal signature of σ° values in the monitored 
fields. Table 1 shows the criteria used to guide 
the selection of parameters. The mean, minimum, 
maximum and range of σ° were computed for the 
temporal signature of each monitored field. Then, 
we computed the (i) minima and (ii) maxima of 
those mean σ° values across fields; the (iii) maxima 
of the minimum σ° values across fields; the (iv) 

minima of the maximum σ° value across fields; and 
the (v) minimum and (vi) maximum of the range of 
σ° values across fields (Holecz et al., 2013). These 
six statistics, which we call temporal features, 
concisely characterize the key information in the 
rice signatures of the observed fields, and each 
one relates directly to one parameter. Hence, 
the value of the six temporal features from the 
monitoring locations at each site can be used to 
guide the choice of the six parameter values, as 
shown in Table 1.

Table 1: Site-specific parameters for the rule-
based classification and the criteria used to select 
them based on temporal features

Parameter Relationship between 
Parameter and Temporal 
Feature

a = lowest mean a < (i) minima of the mean 
σ° across all rice signatures

b = highest mean b > (ii) maxima of the mean 
σ° across all rice signatures

c = maximum varia-
tion

c > (vi) maxima of the range 
in σ° across all rice signa-
tures

d = max value at SoS d > (iii) highest minima in σ° 
across all rice signatures

e = min value at peak e < (iv) lowest maxima in σ° 
across all rice signatures

f = minimum variation f < (v) minima of the range 
in σ° across all rice signa-
tures

The parameters tminlength, tmaxlength and 
t2 − t1 are easier to estimate. tminlength restricts 
the number of days between a start-of-season 
detection and the subsequent highest σ° value in 
the temporal signature. Since X-band σ° saturates 
before rice flowering, this value can be set to 
40–70 days. tmaxlength restricts the duration 
between two σ° minima in the series and 120 days 
is a suitable cut-off that would be representative 
of an intensive triple-rice system (three crops in 
one year). t2 − t1, is the maximum duration of 
agronomic flooding at the start of the season, 
which can be set to a relatively high value of 40 
to 50 to capture even the longest land preparation 
phases.

Rice Map Accuracy Assessment
A standard confusion matrix was applied to 

the rice/non-rice validation points collected at 
each site. The overall accuracy of the rice/non-rice 
classification and the kappa value were recorded. 



The accuracy assessment is a comparison of the 
classified rice map against ground-truth data. 
The spatial resolution of the rice maps ranges 
from 3m to 15m. However, the ANLD filtering 
processes reduce the effective resolution by 
performing locally adaptive smoothing and edge 
detection. To account for this lower resolution 
and the horizontal accuracy of the handheld GPS 
units relative to the pixel size, the validation data 
were collected in areas that had homogeneous 
land cover in a 15-m radius around each GPS 
point for sites using 3-m resolution imagery 
and a 50-m radius for sites using 10-m or 15-m 
resolution imagery. The observed land cover at the 
GPS validation points was compared to the mode 
value of the rice map pixels within a window that 
matched the radius used in the validation land 
cover assessment (Pazhanivelan et al., 2015). 

Estimation of Methane emission using Land 
Surface Temperature

 .

Fig. 3. Flow chart depicting regional scale 
estimation of methane emission

The schematic of the adopted methodology 
is given in Fig. 3. Methane emission has been 
estimated using an empirical model. T factor 
(temperature-related factor) is used to model the 
change in methanogenic activity as a function 
of temperature. Experiments have shown that 
the optimal temperature for the majority of 
methanogens ranges from 30oC to 40oC (Liu, 1996). 
Methane emission from wetlands is described by 
the following equation:

ECH4 = Eobs Ft A          (2)

Where, Eobs is the observed methane flux 
from different classes, F1 is the T factor and A is 
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area.  

T factor is defined as follows (Liu, 1996):

        (3)

Where, 

       (4)

In the above equation, Ts is the temperature 
in oC, which has been calculated for each pixel 
using constant emissivity method.

F(Ts)) is the mean of F(Ts) over land. 
Coefficients of this exponential equation have been 
taken from Liu (1996). Thermal bands of MODIS 
data (31 and 32) have been used for hierarchical 
classification to classify different classes, which 
are responsible for the emission of methane. 
A semi-automated procedure incorporating all 
steps required for data analysis and methane 
estimation has been developed. Then finally 
accuracy assessment with field based methane 
collection. We collected the field based methane 
collection in Tiruchirapalli Districts and its 
estimated using Gas Chromatography for a day/
m2 then its multiplying over the season.

Kappa Coefficient
Another measure of classification accuracy 

is the kappa coefficient, which is a measure of 
the proportional (or percentage) improvement by 
the classifier over a purely random assignment 
to classes (Richards, 1993). The kappa coefficient 
can be estimated from the formula given below.

 

For an error matrix with r rows, and hence 
the same number of columns, 

Where, 

A = the sum of r diagonal elements, which 
is the numerator in the computation of overall 
accuracy 

B = sum of the r products (row total x column 
total)

N = the number of pixels in the error matrix 
(the sum of all r individual cell values)
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RESULTS AND DISCUSSION
Rice Area Map

The Rice area map was derived from multi-
temporal C-band SAR imagery from Sentinel 1A for 
all the 14 blocks of Tiruchirapalli district (Fig.5). 
Among the 14 blocks of Tiruchirapalli district, 
Tiruverumbur recorded the maximum rice area of 
9321 ha followed by Lalgudi and Pullambadi with 
an area of 7459 and 4892 ha respectively (Table. 3). 
The next best blocks in order were Manikandam, 
Uppiliyapuram, Anthanallur, Manachanallur 
and Musiri which had rice area of 3936, 3171, 
2237, 2061 and 1627 ha respectively. The total 
classified rice area across the 14 blocks was 
36127ha. The rice area was comparatively less in 
other blocks. The overall classification accuracy 
was consistently high (92.0%), with Kappa score 
of 0.84 (Table 2). There is no relationship between 
the classification accuracy and either the rice area 
or the proportion of the footprint classified as rice. 
Large, homogeneous and landscape-dominating 
rice areas and small, fragmented, heterogeneous 
rice areas are all classified equally well.

Spatial estimation of Methane emission using 
Land Surface Temperature

In the present study, LST has been used 
as one of the major parameters for estimation 
of emitted methane. MODIS thermal Channel 
data (31 and 32) have been used as an input for 
calculating T factor. Sentinel 1A SAR data had 
been used to generate the classification map of 
rice area. The estimated T value ranged from 
0.8810 to 1.0527 (Fig.5).

The processed image which pictorially 
indicated the emission of methane from rice fields 
as calculated by integrating Sentinel 1A SAR and 

Table 2: Confusion matrix for accuracy assessment of rice classification

Actual class from 
survey

Predicted class from the map

Class Rice Non-Rice Accuracy (%)
Rice 19 2 90.5
Non-Rice 2 27 93.1
Reliability 90.5% 93.1% 92.0

Average accuracy 91.8% Good Accuracy
Average reliability 91.8% Good Accuracy
Overall accuracy 92.0% Good Accuracy
Kappa index 0.84

MODIS 31/32 LST data into an Empirical equation 
is depicted in Fig. 6. The rate of LST based methane 
emission ranged from 35.36 to 48.17 kg/ha in 
Tiruchirapalli district (Table 3). The total methane 
emission from Tiruchirapalli district based on LST 
based T factor coupled with SAR derived rice area 
was found to be 1.5706 Gg during Samba season 
2015-16. Using GIS technique, LST based total 
methane emission in all the blocks of Tiruchirapalli 
district was also worked out and presented in 

Fig. 5. Rice area map of Tiruchirapalli District



Table.10. Total Methane emission from rice 
fields of Tiruchirapalli district was estimated 
to be 1.5706 Gg during Samba season 2015-
16. Considering the contribution from different 
blocks, Thiruverumbur recorded the highest 
methane emission of 0.408 Gg during the season 
followed by Lalgudi (0.316 Gg). Pullambadi and 
Manikandam blocks emitted 0.208 and 0.176 Gg 
of methane from rice fields during Samba season 
2015-2016. Uppiliyapuram had also contributed a 
methane emission of 0.134 Gg from Tiruchirapalli 
district. Other blocks resulted in lesser methane 
emission (<0.1 Gg). Spatially estimated methane 
emission values in major rice growing blocks 
were also compared with the field level observed 
values. An agreement analysis was done between 
different methods using NRMSE. Whereas the 
agreement between LST based methane emission 
and field observation was found to be 91 per cent 
(Table 4). The average agreement of 91 per cent 
between spatially estimated methane emission 
values with field observed values indicated the 
suitability of Remote Sensing based estimation 
of methane emission for regional or national level 
GHG monitoring.

CONCLUSION
Spectral dB curve of rice generated using 

multidate Sentinel 1A SAR data showed a 
Fig. 6: T factor for Rice fields of Tiruchirapalli 
District estimated from LST

Table 3: Blockwise rice area and Methane Emission Based on LST T factor in Tiruchirapalli District

Blocks Rice Area (ha) Methane Emission 
(kg/ha)

Total Methane 
Emission (kg)

Total Methane 
Emission (Gg)

Uppiliyapuram 3171 42.25 133960 0.134
Thuraiyur 222 44.57 9900 0.010
Thathaingarpettai 201 46.96 9448 0.009
Musiri 1627 44.74 72790 0.073
Manachanallur 2061 44.4 91492 0.091
Pullambadi 4892 42.61 208462 0.208
Thottiyam 654 45.18 29568 0.030
Lalgudi 7459 42.43 316490 0.316
Anthanallur 2237 44.08 98589 0.099
Thiruverumbur 9321 43.74 407687 0.408
Manikandam 3936 44.73 176043 0.176
Vaiyampatti 48 47.1 2257 0.002
Manapparai 214 46.95 10042 0.010
Marungapuri 84 45.64 3852 0.004
Tiruchirapalli Dis-
trict

36127 44.67 1570580 1.571
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per cent and Kappa score of 0.84 recording rice 
area of 36, 127ha during samba season 2015-16. 
The estimated T value based on MODIS derived 
Land Surface temperature ranged from 0.8810 to 
1.0527. The rate of LST based methane emission 
ranged from 35.36 to 48.17 kg/ha in Tiruchirapalli 
district with a total methane emission of 1.5706 
Gg during the season. The agreement between 
observed values with LST T factor based methane 
emission was 91 per cent. MODIS derived LST T 
factor along with remote sensing based rice area 
can be used as a tool for precise and near real 
time assessment of methane emission at regional 
or country level.
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ABSTRACT
The study presents the results of trend analysis of temperature during over the Brahmaputra 

valley of Assam based on observed daily temperature data during 1986-2015. Theil Sen’s slope 
method was used to detect the trends of temperature (mean, maximum and minimum) on 
monthly, seasonal and annual basis. Trend analysis revealed that mean, maximum and minimum 
temperature showed increasing tendencies during all the months over the Brahmaputra valley 
during 1986-2015. Mann-Kendall test revealed that the trends of mean, maximum and minimum 
temperature were statistically significant during 9, 4 and 3 months, respectively. The magnitude 
of trend of mean temperature was the highest in the month of March (0.56°C/decade) followed by 
September (0.44°C/decade) and October (0.42°C/decade). Trends of temperature during different 
seasons over the valley were significantly positive, except minimum temperature during post-
monsoon season. As a result, the Brahmaputra valley has warmed by 0.90°C between 1986 and 
2015. Overall increase of annual maximum temperature (1.23°C) was double that of minimum 
temperature (0.60°C) during the study period. Considering the normal temperature and cardinal 
temperature requirement during different growth phases of rice, the observed trend of temperature 
is not going to impact kharif rice crop negatively in near future in the Brahmaputra valley. The 
impacts on boro rice crop are likely to be positive in near future.

Key words: Temperature, trend analysis, rice crop, Brahmaputra valley

INTRODUCTION
Enhanced global atmospheric concentration 

of greenhouse gases (GHGs) resulted significant 
warming of the climate system by 0.85°C between 
1880 and 2012 (IPCC, 2013), with most warming 
occurring over the recent half century. The year 
2016 ranked as the warmest year on record since 
1880 and all the five warmest years in the global 
record have all come in the 2010s (NOAA, 2018). 
Human influence on the climate system is distinct 
and recent anthropogenic emissions of GHGs are 
the highest in history (IPCC, 2014). The impact of 
human activities on chemical composition of the 
atmosphere has become more evident since the 
industrial revolution. This warming, mainly caused 
by burning fossil fuels, land use changes and other 
man made activities, has induced modifications of 
the global energy balance leading to positive and 
negative radiative forcings (IPCC, 2007). One of 
the positive radiative forcings for temperature, is 
the rise of GHG concentrations such as carbon 
dioxide (CO2), methane (CH4) and nitrous oxide 
(N2O) amongst others. In contrast, aerosols, such 
as black carbon, have a negative forcing leading 
rather to decreasing temperatures (IPCC, 2007). 

The global increase in CO2 concentration is 
primarily due to use of fossil fuel and change in 
land use pattern, while those in CH4 and N2O are 
primarily due to agriculture. The relative severity 
of climate impacts will be the greatest in regions 
where human- environment interaction is high, 
and where agricultural production is essential 
for securing livelihoods and promoting economic 
growth. Continued emission of GHGs will cause 
further warming and long lasting changes in all 
components of the climate system, and thereby 
increasing the likelihoods of severe, pervasive and 
irreversible impacts for people and ecosystems 
(IPCC, 2014). The IPCC has predicted that the 
global mean surface temperature by the end of 
the 21st century (2081–2100) relative to 1986–
2005 is likely to be higher by 0.3°C to 4.8°C under 
different Representative Concentration Pathways 
(IPCC, 2014).  

The all-India mean annual mean temperatures 
increased by 0.65°C/100 years during 1901-
2016, mainly due to unprecedented increase 
in maximum temperature (1.06°C/100 years) 
rather than minimum temperature (Statement 
on Climate of India during 2016, IMD). Thirteen 
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out of 15 warmest years were during the recent 
past fifteen years (2002-2016). This widespread 
warming over the country was through increase 
in both frequency and intensity indices of 
temperature extremes (Revadekar et al., 2012). 
The Northeast region of India is relatively more 
vulnerable to climate change impacts due to its 
location in the Eastern Himalayan periphery, 
fragile geo-environmental setting and economic 
under-development (MoEF, 2010). The mean 
maximum and minimum temperature in the NE 
region has also increased significantly by 1.02°C 
and 0.60°C/ 100 years respectively during 1901-
2003 (Deka et al., 2009). The climate became 
warmer and wetter during recent past in the 
Brahmaputra valley, and thereby the response 
to global warming is more evident over the valley 
(Song et al., 2014).

Temperature is among the most important 
indicators reflecting climate change and at the 
same time is the most important climatic factor 
that influences growth, development and yield of 
crops. Changes in temperature regime in future 
decades may have significant consequences 
(positive or negative) on various crops. Rising air 
temperatures brings heat waves, spreads disease 
and causes extreme weather events. Beyond a 
certain range of temperature, warming tends to 
reduce yield of crops. When temperature rises, 
evaporation from soil accelerates and plants 
transpire more. Though several studies on 
temperature were conducted in global as well as 
regional scale these were limited to few at sub-
regional scales. The trends in temperature at 
sub-regional level are very useful to assess the 
probable impact on crops and food security in 
near future. 

MATERIALS AND METHODS
The daily maximum and minimum 

temperature data for recent 30 years (1986-
2015) were collected from 7 locations across the 
Brahmaputra valley of Assam, details of which are 
given in Table 1. The temperature data used for the 
study were collected from the India Meteorological 
Department (IMD), Pune, Regional Meteorological 
Centre (RMC), Guwahati and Assam Agricultural 
University, Assam. The daily temperature data 
were systematically processed and monthly, 
seasonal and annual time series were calculated 
following suitable methods.

Table1: Details of stations from where daily 
temperature data were collected

Sl. 
No.

Loca-
tion

Index 
No

Latitude 
(N)

Longi-
tude 
(E)

Alti-
tude 
(m)

1. Dibru-
garh

42314 27°28′ 94°55′ 106

2. Jorhat 42421 26°45′ 94°12′ 87
3. Lakhim-

pur
42309 27°14′ 94°07′ 102

4. Tezpur 42415 26°37′ 92°47′ 79
5. Nagaon 42405 26°20′ 92°42′ 72
6. Guwa-

hati 
42410 26°11′ 91°45′ 55

7. Dhubri 42404 26°01′ 89°59′ 35

Daily temperature data were computed to 
monthly values from where seasonal and annual 
time series were calculated to determine the 
trends. To investigate the trends in temperature, 
each year was divided into four seasons namely 
winter (previous year’s December to February 
of current year), Pre-monsoon (March-May), 
Monsoon (June-September) and Post-monsoon 
(October-November). The Sen’s slope method (Sen 
1968) was used to estimate the rate of change 
of monthly, seasonal and annual temperature, 
while the Mann-Kendall test (Mann 1945; Kendall 
1975), was used to evaluate the significance of 
changes in temperature.

RESULTS AND DISCUSSION
Monthly Temperature Trends

The results of trend analysis of monthly 
temperature (maximum and minimum) 
during 1986-2015 are shown in Table 2 and 
3. Mean monthly maximum temperature over 
the Brahmaputra valley showed increasing 
trends during 11 months during 1986-2015 
with statistically significant value only in 4 
months as per Mann-Kendall test (Table 3). In 
the Brahmaputra valley as a whole, maximum 
temperature increased at higher magnitude in 
the month of March (0.86°C/decade) followed by 
September (0.69°C/decade) and October (0.67°C/
decade). Station level analysis indicated that the 
trend of maximum temperature at Dhubri was 
negative during all the months. Except during 
June at Dibrugarh and Jorhat and April in 
Nagaon, all the months showed increasing trends 
at 6 locations. Increasing trend of maximum 
temperature was found statistically significant in 
6, 5, 7, 4, 0 and 10 months at Dibrugarh, Jorhat, 
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lakhimpur, Tezpur, Nagaon and Guwahati 
respectively (Table 2)

Values rendered in bold indicate statistical 
significance at 95% confidence level according 
to the Mann–Kendall test.

Mean monthly minimum temperature showed 
increasing trends in 10 months in the Brahmaputra 
valley as a whole with statistically significant 
value only in 3 months (Table 3). It was trendless 
in the months of February and June. Increase of 
minimum temperature was highest in the month 

Table 2: Sen’s estimator of slope (°C/ decade) of monthly maximum temperature in the Brahmaputra 
valley during 1986-2015

Months Dibrugarh Jorhat Lakhim-
pur

Tezpur Nagaon Guwahati Dhubri Valley

January 0.33 0.30 0.80 0.38 0.17 0.27 -1.00 0.11
February 0.86 0.71 1.25 0.80 0.39 0.90 -0.16 0.67
March 1.08 0.86 1.39 0.95 0.13 1.00 0.18 0.86
April 0.23 0.06 0.35 0.11 -0.44 0.35 -0.32 0.18
May 0.18 0.22 0.40 0.30 0.09 0.69 -0.28 0.22
June -0.08 -0.12 0.19 0.00 0.08 0.44 -0.26 0.00
July 0.44 0.40 0.19 0.60 0.29 0.92 -0.10 0.56
August 0.06 0.14 0.68 0.25 0.00 0.54 -0.28 0.15
September 0.71 0.57 0.33 0.73 0.27 0.67 0.00 0.69
October 0.77 0.65 1.00 0.75 0.30 0.96 -0.36 0.67
November 0.33 0.30 0.56 0.33 0.11 0.57 -0.71 0.23
December 0.31 0.33 0.50 0.50 0.05 0.33 -0.89 0.13

Table 3 : Sen’s estimator of slope (°C/decade) of monthly minimum temperature in the Brahmaputra 
valley during 1986-2015

Months Dibrugarh Jorhat Lakhim-
pur

Tezpur Nagaon Guwahati Dhubri Valley

January 0.52 0.00 -0.07 -0.29 0.20 -0.11 1.00 0.15
February 0.13 -0.13 -0.43 -0.05 0.21 -0.15 1.63 0.00
March 0.21 0.00 -0.29 0.29 0.38 0.14 1.50 0.33
April 0.20 0.14 -0.15 0.25 0.43 0.18 1.04 0.22
May 0.16 0.07 0.00 0.14 0.25 0.13 0.56 0.17
June -0.06 0.00 -0.30 0.00 0.11 0.06 0.45 0.00
July 0.18 0.15 -0.12 0.29 0.13 0.22 0.52 0.19
August 0.14 0.00 -0.02 0.14 0.13 0.23 0.64 0.08
September 0.11 0.14 -0.13 0.14 0.33 0.25 0.71 0.24
October 0.17 0.08 -0.40 0.20 0.32 0.00 1.11 0.17
November 0.25 -0.09 -0.50 0.00 0.14 -0.20 1.29 0.18
December 0.57 0.18 -0.19 0.23 0.52 0.20 1.50 0.43

of December (0.43°C/decade) followed by March. 
Increasing trend of minimum temperature at 
Dhubri, was significant during all the months in 
contrast to other locations. On the other hand, it 
exhibited non-significant decreasing trends in 11 
months at Lakhimpur (Table 3) Unlike maximum 
temperature, only 3, 1, 0, 1, 3 and 1 month(s) at 
Dibrugarh, Jorhat, lakhimpur, Tezpur, Nagaon 
and Guwahati respectively showed statistically 



significant trend in minimum temperature at 5% 
level as per Mann-Kendall test.  

Values rendered in bold indicate statistical 
significance at 95% confidence level according 
to the Mann–Kendall test.

Seasonal and annual temperature trends
Pre-Monsoon Season

Mean temperature during pre-monsoon 
season in the Brahmaputra valley increased 
significantly by a rate of 0.42°C/decade during 
1986-2015 due to significant increase in both 
maximum and minimum temperature (Table 4). 
The rate of increase of maximum temperature 
(0.60°C/decade) was more than that of minimum 
temperature (0.27°C/decade). During this season, 
maximum temperature increased significantly 
at 5 locations with highest value at Lakhimpur 
(0.82°C/decade) followed by Guwahati (0.75°C/
decade), whereas minimum temperature was 

found to increase significantly only at 3 locations 
(Dibrugarh, Nagaon and Dhubri) with highest 
value at Dhubri (1.06°C/decade). It was observed 
that maximum temperature at Dhubri and 
minimum temperature at Lakhimpur showed 
non-significant decreasing trends

Monsoon Season
Mean temperature during monsoon season 

in the valley increased significantly by a rate 
of 0.22°C/decade during 1986-2015 due to 
significant increase in both maximum and 
minimum temperature (Table 4). It was observed 
that the rate of increase of maximum temperature 
is double that of minimum temperature. Station 
level analysis showed that mean temperature 
increased significantly at all the locations except 
at Lakhimpur (Table 4). Increase in maximum 
temperature was found significant at Dibrugarh, 
Lakhimpur, Tezpur and Guwahati whereas 
increase in minimum temperature was significant 

Table 4: Seasonal and annual trends of temperature (°C/decade) in the Brahmaputra valley during 
1986-2015

Season Dibrugarh Jorhat Lakhim-
pur

Tezpur Nagaon Guwahati Dhubri Valley

Pre-monsoon
Tmean 0.33 0.25 0.38 0.33 0.20 0.48 0.50 0.42
Tmax 0.58 0.43 0.82 0.50 0.00 0.75 -0.22 0.60
Tmin 0.30 0.10 -0.09 0.31 0.33 0.22 1.06 0.27
Monsoon
Tmean 0.14 0.18 0.13 0.26 0.17 0.36 0.2 0.22
Tmax 0.25 0.25 0.50 0.39 0.16 0.65 -0.13 0.33
Tmin 0.14 0.08 -0.25 0.16 0.19 0.22 0.57 0.16
Post-monsoon
Tmean 0.36 0.22 0.11 0.33 0.25 0.26 0.33 0.27
Tmax 0.56 0.50 0.75 0.60 0.17 0.78 -0.50 0.45
Tmin 0.17 0.00 -0.50 0.13 0.21 -0.13 1.22 0.11
Winter
Tmean 0.44 0.22 0.28 0.27 0.33 0.22 0.29 0.25
Tmax 0.67 0.50 1.00 0.76 0.27 0.43 -0.71 0.36
Tmin 0.44 0.00 -0.25 -0.10 0.33 0.00 1.39 0.21
Annual
Tmean 0.33 0.20 0.24 0.27 0.25 0.33 0.32 0.30
Tmax 0.47 0.33 0.75 0.60 0.17 0.60 -0.37 0.41
Tmin 0.29 0.00 -0.31 0.14 0.31 0.17 1.00 0.20

Values rendered in bold indicate statistical significance at 95% confidence level according to 
the Mann–Kendall test.
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only at Nagaon and Dhubri. In contrast, maximum 
temperature at Dhubri and minimum temperature 
at Lakhimpur exhibited non-significant decreasing 
trends during monsoon season.

Post-Monsoon Season
During post-monsoon season, mean 

temperature increased significantly by a rate of 
0.27°C/decade during 1986-2015, which was 
mainly contributed by maximum temperature 
only (Table 4). Station level analysis showed that 
mean temperature showed increasing tendencies 
at all the locations with statistically significant 
trend observed only at Dibrugarh, Jorhat, Nagaon 
and Dhubri. Maximum temperature during this 
season increased significantly at 5 locations 
whereas minimum temperature increased 
significantly only at Dhubri. It was also observed 
that rate of increase of maximum temperature 
was higher compared to minimum temperature 
at most of the locations. Results showed that 
maximum temperature at Dhubri and minimum 
temperature at Lakhimpur and Guwahati showed 
decreasing trends.

Winter Season
From Table 4 it is observed that mean 

temperature during winter season in the 
Brahmaputra valley increased significantly 
(0.25°C/decade) during 1986-2015 due to 
significant increase in both maximum (0.36°C/
decade) and minimum (0.21°C/decade) 
temperature. It showed increasing tendencies at 
all the locations with statistically significant trend 
only at Dibrugarh, Nagaon and Dhubri. Increase in 
maximum temperature was found to be significant 
at Dibrugarh, Lakhimpur, Tezpur and Guwahati. 
In contrast, it decreased significantly at Dhubri by 
a rate of 0.71°C/decade. Statistically significant 
increasing trend of minimum temperature was 
noticed at Dibrugarh, Nagaon and Dhubri while 
Lakhimpur and Tezpur it showed non-significant 
decreasing trend (Table 4). Minimum temperature 
showed no trend at Jorhat and Guwahati during 
the study period.

Annual 
Mean annual temperature in the 

Brahmaputra valley increased significantly by 
a rate of 0.30°C/decade during 1986-2015 due 
to significant increase in both maximum and 
minimum temperature (Table 4). It has been 
observed that the trend of maximum temperature 
(0.41°C/ decade) was double that of the trend of 
minimum temperature (0.20°C/ decade) during 

the study period. The Brahmaputra valley has 
warmed by 0.90°C during 1986-2015. Mean 
temperature showed increasing trends at all 
the locations with statistically significant trend 
at Dibrugarh, Jorhat, Nagaon, Guwahati and 
Dhubri. The increase in annual maximum 
temperature was found significant at Dibrugarh, 
Jorhat, Lakhimpur, Tezpur and Guwahati. On 
the other hand, maximum temperature at Dhubri 
showed significant decreasing trend by a rate of 
0.37°C/decade due to its significant decrease 
during winter season. 

The results clearly showed that the 
Brahmaputra valley has warmed by 0.90°C during 
1986-2015. The causes for such changes are 
thought to be mostly anthropogenic. The results 
are in accordance with Deka et al. (2009) and 
Jain et al. (2012), where they reported significant 
increase of maximum temperature over NE India. 
Decreasing trend of maximum temperature and 
increasing trend of minimum temperature at 
Dhubri might be due to increase in night time 
cloud cover (Revadekar et al., 2012). The findings 
of Deka et al. (2016) supported this observation 
where they reported substantial increase in 
rainfall amount during pre-monsoon and post-
monsoon seasons particularly in the western part 
of the valley.

Possible impact of observed temperature 
changes on rice crop

The possible impact of observed trends of 
temperature during different phases of crop were 
identified based on the mean temperature of the 
growing season, the rate of change in temperature 
during respective months and phase-wise cardinal 
optimum temperature requirement. 

Winter rice 
In the Brahmaputra valley, winter rice 

crop experiences a mean temperature between 
28°C and 29°C during vegetative, 24.7°C during 
reproductive and 22.2°C during ripening phase 
(Table 5). It has been observed that the prevailing 
mean temperature during vegetative and 
reproductive phases of rice crop were below the 
optimum temperature requirement as specified 
by Yoshida (1981). Temperature in the month of 
July, September and October has increased at a 
faster rate and the over-all increases during last 
30 years (1986-2015) were more than 1.0°C (Table 
5). 



Table 5: Growing season temperature and phase-
wise optimum cardinal temperature requirement 
of winter rice crop in the Brahmaputra valley of 
Assam

Parame-
ters

Vegetative Repro-
duc-
tive

Ripen-
ing

Jul Aug Sep Oct Nov
Tmean (°C) 28.7 28.8 28.2 24.7 22.2
∆T (°C) +1.01 +0.39 +1.15 +1.24 +0.36
Optimum 
T (°C)

30 30-33 20-25

∆T indicates overall increase in temperature 
during 1986-2015

Critical observation of the data indicates 
that the observed trend of mean temperature 
during 1986-2015 is not likely to impact any of 
the phases of winter rice crop negatively in near 
future. Under deficient and aberrant rainfall 
situation, particularly during vegetative phase, 
mean temperature may be higher than the normal 
growing season temperature. Under this scenario, 
adaptation is required to sustain the productivity 
of winter rice. Some of the feasible adaptation 
options include: rainwater harvesting to provide 
supplemental irrigation under aberrant rainfall 
situation, adoption of moisture conservation 
practices like proper weeding and organic matter 
application, growing of thermo-sensitive varieties 
etc.

Summer rice 
In the Brahmaputra valley, summer rice crop 

experiences a mean temperature between 16.9°C 
and 22.2°C during vegetative phase, 22.4°C 
during reproductive phase and 24.5°C during 
ripening phase (Table 6). Optimum cardinal 
temperature requirement during different phases 
were considered as specified by Yoshida (1981). It 
can be inferred from Table 6 that positive impacts 
of temperature increase during vegetative phase, 
are likely as the prevailing temperature during 
this phase were much below the optimum cardinal 
temperature requirement.

 The likely impact of temperature increase 
during vegetative phase is reduction in crop 
duration due to accumulation of required thermal 
units in lesser number of days. Moreover, there 
is scope for area expansion under summer rice 
in near future in areas where temperature was 
a constraint during early period of growth. But 

mean temperature during ripening phase is 
close to optimum temperature requirement. To 
avoid temperature stress during ripening phase, 
adjustment of transplanting dates to minimize 
the effect of higher temperature can be adopted to 
reduce yield instability. 

Table 6: Growing season temperature and phase-
wise optimum cardinal temperature requirement 
of summer rice crop in the Brahmaputra valley of 
Assam

Pa-
rame-
ters

Vegetative Repro-
duc-
tive

Rip-
en-
ing

Nov Dec Jan Feb Mar Apr
Tmean 
(°C)

22.2 18.3 16.9 19.3 22.4 24.5

∆T (°C) 0.4 0.9 0.4 1.1 1.6 0.9
Opti-
mum T 
(°C)

30 30-33 20-25

∆T indicates overall increase in temperature 
during 1986-2015

CONCLUSION
The mean temperature in the Brahmaputra 

valley increased significantly between 1986 and 
2015 due to increase in both maximum and 
minimum temperatures. Maximum temperature 
increased at higher rate than that of minimum 
temperature. Trends of temperature during 
different seasons were significantly positive except 
minimum temperature during post-monsoon 
season. Considering the normal temperature 
regime of the Brahmaputra valley, impacts of 
these trends on winter and summer rice crop is not 
likely to be detrimental if the rainfall distribution 
is uniform.

REFERENCES
Deka, R.L.; Mahanta, C. and Nath, K.K. (2009). 

Trends and fluctuations of temperature 
regime of North-East India. ISPRS Archives 
XXXVIII-8/W3 Workshop Proceedings: 
Impact of Climate Change on Agriculture. 
pp. 376-380.

Deka, R.L.; Mahanta, C.; Nath, K.K. and Dutta, 
M.K. (2016). Spatio-temporal variability of 
rainfall regime in the Brahmaputra valley 
of North-East India. Theor. Appl. Climatol. 
124: 793-806.

IPCC (2007). Climate change 2007–The physical 

Vol. 21, Special Issue-1   TAMULY et al. 111



112 December 2019

science basis. In Contribution of Working 
Group I to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate 
Change; Cambridge University Press: 
Cambridge, UK, 2007.

IPCC (2013). Climate change 2013: the physical 
science basis. Summary for policymakers. 
Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental 
Panel on Climate Change.

IPCC (2014). Climate change 2014: Impacts 
adaptation and vulnerability. Part B: 
Regional aspects. Contribution of working 
group II to the fifth assessment report of 
Inter-govermental Panel on Climate Change 
[Barros, V.R.; Field, C.B.; Dokken, D.J. 
et al. (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, 
NY, USA.

Jain, S.K.;Kumar, V. and Saharia, M. (2012).
Analysis of rainfall and temperature trends 
in Northeast India. Int.J. Climatol.33 :968-
978.

Kendall, M. G. (1975). Rank Correlation Methods 

(London: Griffin).
Mann, H.B. (1945). Non-parametric tests against 

trend. Econometrica. 13: 245–259.
MoEF (2010). Climate Change and India: A 4x4 

Assessment: A sectoral & Regional Analysis 
for 2030’s , Ministry of Environment and 
Forests, New Delhi. 

NOAA (2018). Global Climate Report, https://
www.ncdc.noaa.gov/sotc/global/201713

Revadekar, J. V.; Kothawale, D. R.; Patwardhan, S. 
K.; Pant, G. B. and Rupa Kumar, K. (2012). 
About the observed and future changes 
in temperature extremes over India. Nat 
Hazards. 60 (3): 1133-1155.

Sen, P.K. (1968). Estimates of the regression 
coefficient based on Kendall’s tau. J. Amer. 
Statist. Assoc. 63: 1379–1389.

Song, X.; Zhang, Z.; Chen, Y.; Wang, P.; Xiang, M. 
and Shi, P. (2014). Spatiotemporal changes 
of global extreme temperature events (ETEs) 
since 1981 and the meteorological causes. 
Nat. Hazards. 70(2): 975–94.

Yoshida, S. (1981). Fundamentals of rice crop 
science. IRRI, Los Banos. 269.



Assessment of paddy residue burning through satellite  
remote sensing in Karnal, Haryana

ANKITA JHA1, RAJEEV RANJAN2, A.S. NAIN2, R.K. SHARMA1  
AND R.P. MEENA1

1ICAR-Indian Institute of Wheat and Barley Research, Karnal, Haryana
2Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, Uttarakhand

ABSTRACT
The present study was undertaken to explore the applicability of multi date satellite 

imageries for assessment of paddy stubble burnt areas in Karnal; a major paddy growing district 
of Haryana. Temporal data sets (pre-burning and post-burning during the year 2017) of Landsat 8 
Operational Land Imager (OLI), having spatial resolution of 30 meters and temporal resolution of 
16 days were used for the quantitative estimation of burnt areas. Due to non availability of multi-
date cloud free Lands at 8 OLI and Landsat 7 ETM+ data, two images viz. September 20, 2017 and 
October 22, 2017 data were used for the study. Moderate resolution Landsat OLI data provides 
estimate of the burnt area, however; frequent assessment was not possible due to presence of 
cloud cover during the rice harvesting period. Supervised classification technique was used for the 
analysis of digital data in order to generate land cover type through selection of reference training 
sites. Images were classified into 6 major classes namely burnt area, other crops & grasses, water 
body, built-up land, forest/tree, and fallow land. To improve the classification accuracy, the 
non-agricultural areas were masked out. The area was estimated by computing pixels under the 
classified image using post classification technique. The area estimates are based on the available 
Landsat OLI classified satellite data and the paddy stubble burnt area as identified on the October 
22, 2017 image. Total paddy stubble burnt area was observed to be 49000ha; which is almost 
28.4% of the total rice area grown in Karnal (1, 72, 474 ha). Study indicates that concentration of 
paddy stubble burnt area is more in Assandh and Karnal tehsils of Karnal as compared to others. 
Concentration of paddy stubble burnt area is moderate in Gharaunda and Nilokheri tehsil while 
in Indri tehsil, very less paddy stubble burning was observed. The reduced burning in Indri tehsil 
might be due to cultivation of scented rice. The scented rice is manually harvested and the straw 
is being used as animal feed, thus restricting burning of residues. The present study summarizes 
that remote sensing can be used as an effective tool for estimating the rice stubble burnt area to 
further help in value addition of weather based agro-advisory.

Key words: Residue burning, Crop residue, Satellite images and remote sensing.

INTRODUCTION
Rice straw is one of the primary field based 

residues and its utilization varies widely in 
Haryana. About 75% of paddy area in Haryana and 
90% in Punjab are being harvested by combine 
harvester; and this practice is spreading fast in 
different regions of the country where paddy-
wheat cropping system is rehearsed (Mehta et 
al., 2014). Rice farmers in Haryana and Punjab 
have been burning the left-over stocks to quickly 
prepare the fields for subsequent crop planting. 
About 35 million tonnes of rice straw are burnt 
in Punjab and Haryana each crop season, with 
Punjab contributing 55 per cent. This extensive 
crop residue burning lasting for more than three 
weeks every year during October and November 
has been putting in tonnes of atmospheric 
pollutants over the entire Indo-Gangetic plains; 

thus increasing global warming and affecting the 
health of people in the adjacent NCR (Financial 
express, 2017). The prime motive of rice stubble 
burning is to reduce the amount of residue from 
the previous crop. No-till or direct-till methods 
that retain stubbles; have been promoted in 
Haryana as a better farming practice to reduce 
soil erosion, conserve nutrients and improve soil 
structure. In minimal tillage systems the control 
of diseases, pests and weeds is dependent on 
effective pesticides.

It is important to note that stubble burning 
continues to be a major practice in the agricultural 
areas of Northern India. Lots of burnt rice field 
can be identified using satellite imageries between 
October and November each year. A satellite 
image released by the American Space Agency, 
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NASA, confirmed that incidents of crop residue 
burning in Delhi’s neighboring states viz. Punjab 
and Haryana had significantly reduced in 2017 as 
compared to 2016 (Down to earth, 2017). Spectral 
measurements from satellites can potentially be 
exploited to estimate burnt area resulting from 
stubble burning through either: (1) changes in 
spectral reflectance following fire, and/or (2) 
density of active fires detected via energy emitted 
from fires at the time of satellite overpass (Smith 
et al., 2007). While accurate measurement of 
burnt area from fire hot spots density requires 
additional ground information, burnt area can 
be directly mapped from spectral changes in 
surface reflectance (Justice et al., 2003). In case 
of major forest fires, spectral changes persist from 
several months to years and hence the burnt 
area can be mapped from a single satellite image 
even after the event (Hudak and Brockett, 2004). 
In grasslands, where the spectral reflectance 
changes are often short period and confounded 
by other changes, a minimum of two images, one 
immediately before and another after the burning 
event are required (Craig et al., 2000). Automation 
of such fire mapping requires a continuous time 
series of satellite imageries (Roy et al., 2005) with 
complex atmospheric corrections and view angle 
effects. The number of active fires and changes in 
spectral reflectance can be used in combination; 
to improve the accuracy of burnt area mapping 
(Fraser et al., 2000). 

The burning of rice residues due to 
incomplete combustion process emits green 
house gas like carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), pollutants such as 
carbon monoxide (CO), particulate matter (PM) 
and toxins viz. polycyclic aromatic hydrocarbons 
(PAHs) (Lemieux et al., 2004). The substantial 
increase in Particulate Matter PM2.5 and PM10 
can be directly attributed to stubble burning 
during the peak seasons of October and November 
(AQI, 2019). Residue burning causes nutrient and 
resource loss and adversely affects soil’s physical, 
chemical and biological properties, thus calling 
for improvement in harvesting technologies and 
sustainable management of field crops. A report 
published by Air Quality Index (AQI) India showed 
that the burning of paddy stubble leads to loss 
of key nutrients to as near as 50% sulphur, 75% 
potassium and 25% of nitrogen and phosphorus 
(AQI, 2019). In this study, a remote sensing based 
approach was followed with an aim to spot and 
estimate the paddy stubble burnt areas in Karnal, 

Haryana. As per records of Punjab, Haryana and 
Western UP, burning of one ton of rice straw 
releases 3kg of particulate matter, 60 kg of carbon 
monoxide, 1, 460 kg of carbon dioxide, 199 kg of 
ash and 2 kg of sulphur dioxide (Mohanty, 2018). 
A significant amount of green house gas (GHGs) is 
released during burning of rice residues. Carbon 
in rice straw is emitted as carbon dioxide (70%), 
carbon monoxide (7%) and methane (0.7%) and 
nitrogen in straw is emanated as nitrous oxide 
upon burning (Pandey, 2019).

MATERIALS AND METHODS
Karnal; being one of the major rice growing 

districts of Haryana was selected for the study. 
It shares more than 13% of the paddy area of 
the state and is located between 28° 09’ 50’’ N 
and 29° 50’ N latitudes and 76° 31’ 15’’ E and 
77° 12’ 45’’ E longitudes. Karnal experiences a 
sub-tropical continental monsoon climate with 
hot summer and cool winter with normal annual 
rainfall of 582mm. Wheat predominates during 
rabi, whereas paddy is grown as a major crop 
during kharif season in Karnal. 

Digital image analysis was carried out using 
ENVI-4.8 software and QGIS software packages 
using complete enumeration approach. The Geo-
tiff image data was imported using ENVI-4.8 for 

Fig. 1. QuAC corrected FCC map of Karnal district 
dated October 22, 2017.



further processing of satellite imageries. The 
data is being currently provided by United States 
Geological Survey (USGS) and can be downloaded 
free of cost from the website https://earthexplorer.
usgs.gov/. Detailed description of satellite data 
used in the study has been given in table 1. 
Moderate resolution cloud free Landsat 8 OLI image 
dated October 22, 2017 pertaining to path 147 
and row 39 (encompassing boundaries of Karnal 
district), was used for the digital analysis using 
pure pixel based approach. Before classification, 
atmospheric correction was performed via QuAC 
(Quick Atmospheric Correction) technique in order 
to get exact reflectivity of an entity in the absence 
of atmosphere (Fig. 1). Pre-processing functions 
such as QuAC have also been applied by Jha et al. 
(2014, 2016, 2019) for providing more accurate 

results in Landsat imageries. In this approach, 
the administrative boundary of Karnal district 
was superimposed on the geo-referenced image 
and the pure pixels within this were extracted for 
further classification. 

Digital analysis based on supervised 
classification technique was used and regions 
of interest were identified; based on the spectral 
response of different ground entity. The burnt 
stubbles, associated crops and other land features 
were identified via region of interest (RoI) options 
embedded in ENVI-4.8. Three important spectral 
bands (B5, B4, B3) of Landsat 8 i.e. NIR, red & 
green have been used for identification of different 
objects. For discrimination of wheat crop from other 
land features, supervised classification technique 
have been used by Ranjan and Nain, 2013; Jha 
et al. 2013 at University farm Pantnagar and 
nearby adjoining areas. To improve the accuracy 
of identifying burnt fields, mask of other classes 
were generated and applied while classifying. 
Different land use/land cover classes such as 
other crops & grasses, water bodies, built-up land, 
fallow land and forest/tree etc. were clipped from 
LULC map and a mask was created. The mask of 
mixed classes (classes of burnt area with other 
land features) was generated and image under the 
mask was reclassified to segregate the burnt fields 
from the associated land features. The district 

level rice stubbles burnt acreage was computed 
using post classification technique and compared 
with total rice growing area of the district. The 
entire methodology in a schematic form has been 
presented in the Fig. 2. Remote sensing based crop 
residue discrimination over agricultural fields 
of Moga and Naraingarh areas of Punjab state 
of India was also previously attempted by Singh 
et al. (2013) using hyper-spectral data. In this 
study, they identified different narrow-bands and 
evaluated the performance of SWIR region based 
spectral indices for crop residue discrimination 
using Stepwise Discriminant Analysis (SDA) 
technique. 

RESULTS AND DISCUSSIONS
Sowing/planting of paddy in Haryana takes 

place during June to July and harvesting during 
first fortnight of October to first fortnight of 
November. As the fields are immediately required 
for sowing of next crop, the farmers adopt an easy 
way out of burning stubbles in the field. It was 
observed that corresponding season Landsat 8 
OLI data is useful in estimating acreage of paddy 
stubble burnt areas at district level. For mapping 
of maximum area coverage of burnt field, single 
date satellite image after burning of maximum 
rice stubble may be useful. Hudak and Brockett 
(2004) concluded that with major forest fires, 
spectral changes persist from several months to 

Table 1: Satellite data used for digital analysis

S. No. Crop of study Path & Row Satellite and sensor Date of acquisition
1. Paddy 147 & 39 Landsat 8 OLI September 20, 2017
2. Landsat 7 ETM+ October 22, 2017

Fig. 2. A schematic form showing overall 
methodology 
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year and the burnt fields can be mapped from 
a single satellite image after the occurrence of 
incident. To map the maximum extent of paddy 
stubble burnt fields, Landsat 8 OLI satellite image 
dated October 22, 2017 has been used. Moderate 
resolution multi-date AWiFS sensor data of LISS-
III satellites were used by Yadav et al. (2014) to 
estimate the acreage of burnt stubbles areas for 
major paddy growing districts of Haryana. For a 
small district like Karnal; complete enumeration 
approach along with the masks of other agricultural 
classes/grasses is helpful to provide the desired 
accuracy. To confirm whether the burnt field is of 
rice crop only; the stubble burnt area should be 
compared with the fully grown rice crop field of the 
previous month (here, September 20, 2017). This 
step helps to avoid spectral confusion with some 
of the classes having similar spectral responses. 
The classified LULC image of Karnal for the year 
2017 has been shown in Fig. 3. The yellow color 
indicates the identified burnt crop residue areas. 
Total paddy stubble burnt area in Karnal was 
observed to be 49 thousand hectares, which is 
28.40% of the total paddy growing area in the 
district. Current estimate of water body, built-
up land, fallow land, forest/tree based on remote 
sensing survey was found to be 1.64%, 9.20%, 
33.43%, and 1.58%, respectively. In the present 
study, other crops & grasses were estimated to 
be 90,919ha, which is approximately 35% of the 
total geographical area of the Karnal. According to 
Yadav et al. (2015) total paddy stubble burnt area 
in Karnal district during the year 2013 was about 
54,330 hectares (33.54 % of total paddy area). 

The observed area under different entities 
along with their per cent contribution in Karnal 
district for the year 2017 has been given in table 2. 
The previous month FCC (False Colour Composite) 
image, classified image of Karnal for the year 2017 
and FCC image of 22nd October, 2017 showing 
burnt fields in a single frame confirms burning. 
Closer view of paddy stubble burnt areas have been 

shown for all the three tehsils viz., Karnal, Assandh 
and Nilokheri of Karnal district in zoom window of 
classified image (Fig. 4a, 4b & 4c). Study indicates 
that concentration of paddy stubble burnt area 
is more in two tehsils Assandh and Karnal as 
compared to others. Aggregation is moderate in 
Nilokheri and Gharaunda tehsil while in Indri and 
Nilokheri tehsil, very less paddy stubble burning 
area was observed. Major burning was observed 
in central, western and southwestern parts of 
the district and moderate in eastern and south 
eastern parts. In the north western part of Karnal, 
very less stubble burning was observed and the 
remaining parts of the district observed scattered 
patches of paddy stubble burnt areas (Fig. 3). 
Low paddy stubble burning in Northern western 
portions of Nilokheri and some scattered regions 
of Indri may be due to manual harvesting and low 
land holding. The reduced burning is accounted 

Table 2: Areal extents of LULC categories over Karnal, Haryana

LULC Category Observed area (ha) Observed area (%)
Burnt Area 49, 002 18.96
Other Crops & grasses 90, 919 35.18
Water body 4, 247 1.64
Built up land 23, 779 9.20
Fallow land 86, 407 33.43
Forest & tree 4, 082 1.58
Total 49, 002 100

Fig. 3. LULC map of Karnal district



to cultivation of scented rice which is manually 
harvested and the straw is being used as animal 
feed, thus restricting burning of residues. The 
area estimates are based on the available satellite 
data and the paddy stubble burnt areas as viewed 
on the image dated October 22, 2017. Therefore, 
we can apprehend slight underestimation of the 
paddy stubble burnt areas in the study. Since 
end of October is just the beginning of the paddy 
harvesting, hence we do not expect missing much 
of the paddy stubble burnt areas. Remote sensing 
based procedure has been also used for burnt area 
estimation of wheat (Dadhwal and Parihar, 1985; 
Kalubarme et al., 2004) and rice (Kalubarme and 
Vyas, 1990) in the past. 

It has been observed that early stubble 
burning practices takes place during second and 

third week of October in Karnal district. As the 
satellite data during paddy harvesting season 
are unavailable between second week of October 
and first week of November 2017, due to 16 days 
temporal resolution of Landsat 8 satellite and the 
cloudy conditions (approx 49% of November 7, 
2017 image), it is possible that the burnt areas 
may be resown for rabi crops. The numerous small 
lands, patchy burns and short-period persistence 
of changes in reflectance are serious limiting 
factors in the use of the reflectance technique to 
measure the burnt areas resulting due to stubble 
burning. For example Landsat 8 OLI at 30m 
spatial resolution (moderate resolution) and revisit 
time of 16 days (or longer if cloud obscures the 
satellite view), lacks the frequency needed to map 
the burnt areas, where the spectral changes may 
last only for a few days. More frequent satellite 
data availability is a pre-requisite to improve the 
accuracy of estimates for such type of studies 
especially for the gap periods observed during 
the present study. Regular monitoring of paddy 
stubble burnt area using satellite data is required 
for controlling the menace of crop stubble burning 
in open fields and to monitor the effect of campaign 
against this dangerous practice. 

CONCLUSION
Total paddy stubble burnt area in Karnal 

was observed to be 49 thousand hectares; which 
is almost 28.4% of the total rice area grown in 
Karnal (1, 72, 474 ha). Information on paddy 
stubble burnt areas is required to monitor the 
threat of stubble burning in open fields and the 
adverse environmental effects resulting from it. 

Fig. 4a: Paddy stubble burnt areas in Karnal 
tehsil 

Fig. 4b: Paddy stubble burnt areas in Assandh 
tehsil

Fig. 4c: Paddy stubble burnt areas in Nilokheri 
tehsil 
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The results also show that burning has decreased 
during recent years due to the strict actions taken 
by government in this direction. The study also 
suggested that remote sensing based approach 
is effective for improving the accuracy of burnt 
area estimation even at a coarser resolution 
of (30mx30m), using supervised classification 
technique. Advisories pertaining to adoption of 
conservation agriculture practices, machines and 
happy seeder can be issued which shall facilitate 
sowing of wheat in standing rice stubbles. The 
farmers can be suggested to utilize crop residues 
as fodder, straw bales, compost etc. at community 
level. They can also be made alert regarding various 
subsidies under different ongoing programmes 
(Pandey, 2019).
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ABSTRACT
The experiment was carried out during November, 2015-16 to October, 2016-17 at Research 

farm, Apiary and Apiculture Laboratory, Department of Entomology, Chaudhary Charan Singh 
Haryana Agricultural University, Hisar. The population of wax moth fluctuated in every month 
of both years. Seasonal incidence of Galleria mellonella started from April and highest number of 
wax moth population was recorded in July after that population decline till March. Least number 
of wax moth larvae, pupae and adults were recorded in March in all frame strength (4, 6, 8 and 
10) during both the years of study, as the temperature start rising from March, honey bees start 
their colony build up. There was no population of larva, pupa and adult of G.mellonella recorded 
during February to March in colonies with 10 frames strength of both the year, as more is the 
worker strength in the colonies, worker bees (21 days old solider) protects their own colonies by 
self defensive behavior. Population of Greater Wax Moth (GWM) was recorded highest in colony 
with 4 frame strength followed by 6, 8 and 10 frame strength.Correlation studies between number 
of greater wax moth larvae, pupae and adults with the weather parameters showed significant 
positive correlation with maximum temperature and maximum RH, whereas no correlation 
existed as GWM larval stage goes into hibernation in the winter season (at low temperature) with 
minimum temperature, minimum RH and number of bright sunshine hours during both the 
years 2015-16 and 2016-17.

Key words: Galleria mellonella, seasonal incidence, population, colonies, bee frame strength and 
weather parameter.

INTRODUCTION
Bee keeping industry perpetually bedeviled 

by a number of enemies such as wax moths, 
wasps, ants, beetles, robber flies, dragonflies, 
praying mantis, death headed moths, termites, 
cockroaches, mites, birds, lizards, snakes, 
frogs and mammals etc. (Vishwakarma et al., 
2012). Greater wax moth, Galleria mellonella is 
devastating and economically important pest 
of combs and hive products of Apis mellifera 
in tropical and sub–tropical regions of the 
world (Burges, 1978; Chang and Hsieh, 1992). 
The caterpillars of wax moth feeds on combs, 
pollen (Milam, 1970), larval exuviae and other 
proteinaceous matter both in storage as well as 
in live honey bee colonies (Caron, 1999). Its larval 
stage feeds on freshly extracted combs, impure 
wax, slum gum, wax capping and queen rearing 
materials (Williams, 1978). The larvae bore into 
the combs and make silken tunnels in the middle 
of the comb and these combs are covered with a 
mass of webbing and fecal matter of the larvae; a 
condition described as “Galleriasis”. Later black 
excreta can also be noticed in the web. As a result 

of serious infestation, weak bee colonies abscond, 
while in strong colonies bee population quickly 
reduced and complete destruction of colonies 
have also been recorded. Greater wax moth, 
most demoralizing pest of honey bees, in India, 
infestation of which occurs throughout the years 
in both higher and lower altitudes, but peak is 
recorded during May- September. During severe 
infestation, the combs are being found to be 
destroyed which cause the bee colonies to abscond. 
The infestation of G. mellonella is common, 
however, the intensity depended on colony strength 
and ecological conditions during various seasons 
at different regions of India (Raghunandan and 
Basavarajappa, 2014). Mahindre (1983) reported 
about 90 per cent infestation of wax moth in the 
combs of A. dorsata. However, in North India, 
Braret al. (1985) recorded 16 to 19 per cent 
infestation in A. mellifera colonies. Despite the 
fact that, only few attempts have been made to 
observe the seasonal incidence of G.mellonella 
infesting honeybee (A. mellifera) combs in Hisar. 
Therefore, the present investigation was aimed 
to know the seasonal incidence of G. mellonella 
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in changing environmental condition as the 
monsoon season is most favorable season for the 
multiplication of GWM in honey bees colonies 
which may immensely be helpful for beekeepers 
to take care against wax moth infestation in 
honeybee colonies (Sohail et al., 2017)

MATERIAL AND METHODS
The present investigation entitled was carried 

out at Research farm, Apiary and Apiculture 
Laboratory of the Department of Entomology, 
Chaudhary Charan Singh Haryana Agricultural 
University, Hisar. Hisar is located at 29.09°N and 
75.43°E in Western Haryana and the average 
annual rainfall is around 450 mm, most of which 
occurs during the months of July to August 
(Roopesh and Bhatia, 2013). For recording 
seasonal incidence of Greater wax moth, 5 colonies 
each with 4, 6, 8 and 10 bee frames were selected. 
Selection was made from among the colonies with 

the same queen age. For the purpose, each comb 
after brushing off the bees were held against the 
sunlight and observations at an interval of 21 
days with no regular cleaning of the hive boxes 
were made on the number of larva, pupa and 
adult for recording incidence of greater wax moth 
in the colonies. Sugar solution 1:1 (sugar: water) 
was given to the colonies during dearth period @ 
300g, 450g, 600g and 750g sugar was given after 
an interval of 7 days.The experiment was laid out 
in Randomized Block Design with five replication 
and analyzed statistically by OPSTAT system 
(Sheoran, 2010) software of the CCSHAU, Hisar. 
The data regarding Temperature ºC (maximum 
and minimum), Relative Humidity (% RH 
morning and evening) and sunshine (hours) were 
collected from observatory of the Department of 
Agril. Meteorology, CCS Haryana Agricultural 
University, Hisar and correlated with seasonal 
incidence. 

Table 1: Population of Greater wax moth (G. mellonella) in A. mellifera colonies with 4- frame bees 
strength during year 2015-16 and 2016-17

Year / 
Month 

 2015-16  2016-17

Stages of wax moth Stages of wax moth

No. of lar-
vae

No. of 
pupae

No. of 
adults 

Mean No. of 
larvae 

No. of pu-
pae

No. of 
adults 

Mean 

November 7.00 (2.82) 5.40 (2.52) 4.00 (2.21) 5.46 (2.52) 6.60 (2.75) 5.20 (2.48) 3.60 (2.12) 5.13 (2.45)

December 6.60 (2.75) 5.20 (2.47) 3.60 (2.12) 5.13 (2.45) 6.00 (2.63) 5.00 (2.43) 3.40 (2.08) 4.80 (2.38)

January 5.80 (2.60) 5.00 (2.44) 3.40 (2.05) 4.73 (2.36) 5.60 (2.56) 4.60 (2.36) 3.20 (2.01) 4.46 (2.31)

February 3.20 (2.04) 3.00 (1.99) 2.80 (1.94) 3.00 (1.99) 3.00 (1.99) 3.00 (1.99) 2.60 (1.89) 2.86 (1.96)

March 3.00 (1.97) 2.80 (1.87) 2.60 (1.92) 2.80 (1.92) 2.80 (1.92) 2.40 (1.83) 2.40 (1.83) 2.53 (1.86)

April 4.00 (2.19) 3.80 (2.15) 3.60 (2.12) 3.80 (2.15) 3.80 (2.15) 3.60 (2.12) 3.40 (2.07) 3.60 (2.11)

May 9.60 (3.25) 7.40 (2.89) 6.60 (2.75) 7.86 (2.96) 9.00 (3.15) 7.20 (2.85) 6.00 (2.64) 7.40 (2.88)

June 13.00 (3.74) 10.00 (3.31) 8.60 (3.06) 10.53 (3.37) 12.60 (3.68) 10.00 (3.31) 7.80 (2.96) 10.13 (3.32)

July 13.60 (3.81) 10.60 (3.40) 8.00 (2.98) 10.73 (3.40) 13.40 (3.79) 10.60 (3.40) 8.00 (2.98) 10.66 (3.39)

August 12.40 (3.65) 9.80 (3.27) 7.60 (2.92) 9.93 (3.28) 11.80 (3.57) 9.80 (3.27) 7.20 (2.85) 9.60 (3.23)

September 11.20 (3.49) 8.80 (3.11) 6.60 (2.75) 8.86 (3.11) 11.00 (3.46) 8.60 (3.08) 6.20 (2.67) 8.60 (3.07)

October 9.00 (3.15) 7.40 (2.88) 6.00 (2.64) 7.46 (2.89) 8.80 (3.12) 7.40 (2.88) 5.60 (2.56) 7.26 (2.86)

Mean 8.20 (2.96) 6.58 (2.69) 5.30 (2.45) - 7.86 (2.90) 6.45 (2.67) 4.95 (2.39) -

Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m)

Month 1.00 0.50 0.35 0.86 0.43 0.30

Stages 0.50 0.25 0.17 0.43 0.21 0.15

Month × 
Stages

1.73 0.87 0.62 1.49 0.75 0.53
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RESULTS AND DISCUSSION
 Population of Greater wax moth (G. mellonella) 
in A. mellifera colonies with 4- frame bees 
strength during year 2015-16 and 2016-17

Data revealed that in 4- frames bee strength, 
the population of wax moth fluctuated every 
month of both the years (Table.1). Population of 
wax moth increased rapidly in monsoon months 
and reaching at its peak in July after that its 
population decline till March during both the 
years. The highest mean population of all stages 
of wax moth was found highest in July (10.73, 
10.66) followed by June (10.53, 10.13) and other 
months, while lowest population were recorded 
in the month of March (2.80, 2.53) and February 
(3.00, 2.86) during both year 2015-16and 2016-
17, respectively. Irrespective of the different month, 
highest larval population was found (8.20 and 
7.86) followed by pupae (6.58 and 6.45) and adults 

(5.30 and 4.95), in year 2015-16 and 2016-17, 
respectively.Our data on the seasonal abundance 
of moth larvae were comparable to Sohail et al., 
(2017) reported that maximum moth abundance 
occurred during the regional dearth period, i.e. 
May–November while peak abundance (14.8 ± 3.9 
moth larvae/hive) occurred in August in district 
Sargodha, Punjab, Pakistan. Weak colonies 
usually succumb to moth damage first and active 
period of this pest has been shown to occur from 
March in India and remain sustained to November 
and present study showed the correlation with the 
study of Varshneya et al., (2008), who observed 
that maximum moth abundance occurred in July, 
August and September, likely owing to higher 
ambient temperatures during those months. 

Population of Greater wax moth (G. mellonella) 
in A. mellifera colonies with 6- frame bees 
strength during year 2015-16 and 2016-17

Table 2: Population of Greater wax moth (G. mellonella) in A. mellifera colonies with 8- frame bees 
strength during year 2015-16 and 2016-17

Year /
Month 

2015-16 2016-17

Stages of wax moth Stages of wax moth

No of larvae No. of 
pupae

No. of 
adults

Mean No of lar-
vae

No. of 
pupae

No. of 
adults

Mean

November 6.00 (2.63) 4.60 (2.36) 3.40 (2.09) 4.66 (2.36) 5.80 (2.60) 4.40 (2.31) 3.20 (2.04) 4.46 (2.32)

December 5.80 (2.60) 4.40 (2.32) 3.00 (1.99) 4.40 (2.30) 5.60 (2.56) 4.20 (2.27) 2.80 (1.94) 4.20 (2.26)

January 5.40 (2.52) 4.00 (2.23) 2.80 (1.94) 4.06 (2.23) 5.20 (2.48) 3.80 (2.17) 2.60 (1.88) 3.86 (2.18)

February 3.00 (1.98) 3.00 (1.96) 2.60 (1.89) 2.86 (1.94) 2.80 (1.93) 2.80 (1.94) 2.40 (1.83) 2.66 (1.90)

March 2.60 (1.89) 2.40 (1.82) 2.40 (1.83) 2.46 (1.85) 2.40 (1.83) 2.20 (1.76) 2.00 (1.73) 2.20 (1.77)

April 3.40 (2.09) 3.20 (2.04) 3.00 (1.98) 3.20 (2.04) 3.40 (2.08) 3.20 (2.04) 3.20 (2.04) 3.26 (2.05)

May 8.20 (3.02) 6.80 (2.78) 5.60 (2.56) 6.86 (2.79) 8.00 (2.99) 6.60 (2.75) 5.20 (2.48) 6.60 (2.74)

June 11.80 (3.57) 8.40 (3.06) 7.40 (2.89) 9.20 (3.17) 11.40 (3.51) 8.20 (3.02) 7.00 (2.82) 8.86 (3.12)

July 12.40 (3.65) 8.80 (3.12) 7.40 (2.89) 9.53 (3.22) 12.20 (3.63) 8.40 (3.06) 7.20 (2.86) 9.26 (3.18)

August 12.00 (3.60) 8.00 (2.99) 7.00 (2.82) 9.00 (3.14) 11.60 (3.54) 7.60 (2.93) 6.80 (2.79) 8.66 (3.09)

September 10.00 (3.31) 7.40 (2.89) 6.00 (2.63) 7.80 (2.94) 9.60 (3.25) 7.20 (2.86) 5.60 (2.56) 7.46 (2.89)

October 8.00 (2.99) 6.60 (2.75) 5.40 (2.52) 6.66 (2.75) 7.60 (2.93) 6.60 (2.75) 5.20 (2.48) 6.46 (2.72)

Mean 7.38 (2.82) 5.63 (2.53) 4.66 (2.34) - 7.13 (2.78) 5.43 (2.49) 4.43 (2.29) -

Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m)

Month 0.65 0.33 0.23 0.60 0.30 0.21

Stages 0.32 0.16 0.11 0.30 0.15 0.10

Month × 
Stages

1.13 0.57 0.40 1.04 0.52 0.37

Each value represent mean of five observations
Figures in parentheses are √(x+1) transformed value 



Data in the table-2 revealed that in 6- 
frames bee strength, the population of wax moth 
fluctuated in every month of both the years. The 
mean population of all stages of wax moth was 
found highest in July (9.53, 9.26), followed by 
June (9.20, 8.86), while lowest population were 
recorded in the month of March (2.46, 2.20) and 
February (2.86, 2, 66) and other month in year 
2015-16 and 2016-17 respectively. Irrespective of 
the different month, larval population was found 
highest (7.38 and 7.13), followed by pupae (5.63 
and 5.43) and adults (4.66 and 4.43), respectively 
in year 2015-16 and 2016-17. The results are 
in close proximity with the study of Mandal and 
Vishwakarma (2016),  who observed the GWM 
egg clusters, larvae, pupae and adults per hive 
were 34.6, 86.00, 89.67 and 30.67 respectively, 
reported in the month of September. Infestation 
rate of wax moth based on super was found to 
have statistically significant difference as 8(16%), 
65(27.7%) and 11(47.7%) in base only, base plus 
one box and base plus two boxes (Kebede et al., 
(2015).

Population of Greater wax moth (G. mellonella) 
in A. mellifera colonies with 8- frame bees 
strength during year 2015-16 and 2016-17

Data revealed that in 8- frames bees strength, 
the highest mean population of all stages of wax 
moth was found highest in July (7.93, 6.80) 
followed by June and another month while lowest 
population were recorded in February (2.33, 
2.20) in year 2015-16 and 2016-17, respectively 
(Table-3). Irrespective of the different month, 
larval population was found highest (5.38 and 
5.10) followed by pupae (4.81 and 4.45) and 
adults (4.13 and 3.40), respectively in year 2015-
16 and 2016-17. Mandal and Vishwakarma 
(2016) reported that the peak month was observed 
as September, which lonely contributes about 
32.00%, 37.28%, 37.78% and 22.01% out of total 
egg clusters, larvae, pupae and adults population 
observed during experimental period, respectively. 
Though, August, September and October months 
were observed more favourable for the incidence 
of GWM in A. mellifera combs and achieved 69% 

Table 3: Population of Greater wax moth (G. mellonella) in A. mellifera colonies with 8- frame bees 
strength during year 2015-16 and 2016-17

Year /
Month 

2015-16 2016-17
Stages of wax moth Stages of wax moth

No of 
larvae

No. of 
pupae

No. of 
adults

Mean No of 
larvae

No. of 
pupae

No. of 
adults

Mean

November 3.80 (2.18) 3.40 (2.09) 2.60 (1.89) 3.26 (2.05) 3.80 (2.18) 3.00 (2.00) 2.40 (1.83) 3.06 (2.00)
December 3.60 (2.12) 3.20 (2.04) 2.40 (1.83) 3.06 (2.00) 3.40 (2.07) 2.80 (1.94) 2.20 (1.78) 2.80 (1.93)
January 3.20 (2.04) 3.00 (1.98) 2.20 (1.78) 2.80 (1.94) 3.20 (2.04) 2.60 (1.88) 2.00 (1.73) 2.60 (1.88)
February 2.60 (1.88) 2.40 (1.83) 2.00 (1.72) 2.33 (1.81) 2.40 (1.83) 2.40 (1.83) 1.80 (1.65) 2.20 (1.77)
March 2.40 (1.83) 2.40 (1.82) 2.00 (1.73) 2.26 (1.80) 2.40 (1.83) 2.20 (1.77) 1.60 (1.60) 2.06 (1.74)
April 3.20 (2.03) 3.00 (2.00) 3.00 (1.99) 3.06 (2.00) 3.00 (1.99) 2.80 (1.94) 1.40 (1.51) 2.40 (1.81)
May 7.60 (2.92) 6.20 (2.67) 5.00 (2.44) 6.26 (2.68) 7.00 (2.81) 5.80 (2.59) 3.80 (2.16) 5.53 (2.52)
June 8.80 (3.12) 8.00 (2.99) 6.80 (2.79) 7.86 (2.97) 8.00 (2.99) 7.40 (2.89) 5.00 (2.42) 6.80 (2.77)
July 8.80 (3.12) 8.00 (3.00) 7.00 (2.82) 7.93 (2.98) 8.20 (3.02) 7.00 (2.81) 5.00 (2.43) 6.73 (2.75)
August 7.20 (2.85) 6.40 (2.70) 6.40 (2.71) 6.66 (2.75) 7.00 (2.81) 6.40 (2.71) 6.00 (2.64) 6.46 (2.72)
September 7.20 (2.85) 6.20 (2.68) 5.40 (2.52) 6.26 (2.68) 6.80 (2.78) 6.00 (2.63) 5.20 (2.48) 6.00 (2.63)
October 6.20 (2.67) 5.60 (2.56) 4.80 (2.40) 5.53 (2.54) 6.00 (2.63) 5.00 (2.42) 4.40 (2.32) 5.13 (2.46)
Mean 5.38 (2.47) 4.81 (2.36) 4.13 (2.22) - 5.10 (2.42) 4.45 (2.29) 3.40 (2.05) -
Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m)
Month 0.66 0.33 0.23 0.78 0.39 0.28
Stages 0.33 0.16 0.11 0.39 0.19 0.14
Month × 
Stages

1.10 0.58 0.41 1.15 0.68 0.48

Each value represent mean of five observations
Figures in parentheses are √(x+1) transformed value 
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larval population in these months Raghunandan 
and Basavarajappa (2014) reported that the 
normal colonies with weak population were more 
prone to G. mellonella infestation and it was 
more in semi-arid region during summer (30.8%) 
followed by rainy season (23.4%). 

Population of Greater wax moth (G. mellonella) 
in A. mellifera colonies with 10- frame bees 
strength during year 2015-16 and 2016-17

Data in the table-4 revealed that in 10- 
frames bee strength, there was no population of 
wax moth observed during February and March 
month of both years. The highest mean population 
of all stages of wax moth was found highest in 
July (3.00, 2.80) followed by other month while 
Swamy (2008) reported that the incidence of 
Galleria mellonella was maximum in March 
(47.37%), while it was lowest in July (11.76%) and 
lowest population were recorded in the month of 
January (0.86, 0.83) during both the years, as 
rate of infestation of greater wax moth is usually 
higher in the weaker colonies as compared to the 
stronger colonies (10 frame strength). The strong 
colonies were completely free from the greater wax 

moth during October, June and July because it is 
the 2nd breeding season of honey bee colonies and 
similar results were registered by Grout (1946) and 
Warren and Huddleston (1962). However, Kumari 
and Jha (2013) reported that the maximum area of 
infestation were found in the month of September 
(40.74, 42.93%), while lowest in the month of 
June (3.42, 4.41 %) respectively, in two years of 
2011 & 2012. 

Correlation between weather parameters and 
Greater wax moth (G. mellonella) incidence in 
A. mellifera colonies with different bee frame 
strength during 2015-16

The correlation between greater wax moth 
and weather parameters are presented in table 5 
revealed that in 4- frame bees strength colonies, 
the correlation between number of larvae and 
weather parameters were found positive and 
significant for minimum temperature (r= 0.338) 
and for maximum RH (r= 0.346), positive and 
highly significant for minimum RH (r= 0.501). 
Correlation did not exist between number of larvae 
and maximum temperature and of bright sunshine 
hours. The correlation between number of pupae 

Table 4: Population of Greater wax moth (G. mellonella)

Year / 
Month 

2015-16 2016-17

Stages of wax moth Stages of wax moth

No of lar-
vae

No. of 
pupae

No. of 
adults

Mean No of lar-
vae

No. of 
pupae

No. of 
adults

Mean

November 2.40 (1.83) 2.00 (1.71) 0.80 (1.31) 1.73 (1.61) 2.20 (1.78) 1.80 (1.64) 0.60 (1.22) 1.53 (1.55)

December 2.20 (1.75) 1.80 (1.65) 0.60 (1.24) 1.53 (1.55) 2.00 (1.70) 1.60 (1.59) 0.40 (1.16) 1.33 (1.48)

January 0.60 (1.24) 1.60 (1.60) 0.40 (1.16) 0.86 (1.34) 0.40 (1.16) 1.40 (1.54) 0.40 (1.16) 0.73 (1.29)

February 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)

March 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)

April 1.20 (1.47) 1.00 (1.41) 0.80 (1.33) 1.00 (1.40) 1.00 (1.41) 0.80 (1.33) 0.60 (1.24) 0.80 (1.33)

May 1.80 (1.66) 1.20 (1.47) 1.00 (1.41) 1.33 (1.52) 1.60 (1.60) 1.00 (1.41) 1.00 (1.41) 1.20 (1.47)

June 3.20 (2.02) 1.60 (1.60) 1.20 (1.47) 2.00 (1.70) 3.00 (1.99) 1.40 (1.54) 1.00 (1.41) 1.80 (1.65)

July 4.20 (2.27) 3.00 (1.97) 1.80 (1.65) 3.00 (1.97) 4.00 (2.23) 2.80 (1.91) 1.60 (1.60) 2.80 (1.91)

August 3.60 (2.13) 2.80 (1.91) 1.60 (1.60) 2.66 (1.88) 3.20 (2.04) 2.60 (1.84) 1.40 (1.54) 2.40 (1.81)

September 3.20 (2.04) 2.40 (1.83) 1.40 (1.54) 2.33 (1.80) 3.00 (1.99) 2.20 (1.77) 1.20 (1.47) 2.13 (1.74)

October 3.00 (1.99) 2.20 (1.74) 1.20 (1.47) 2.13 (1.74) 2.80 (1.94) 2.00 (1.68) 1.00 (1.41) 1.93 (1.68)

Mean 2.11 (1.70) 1.63 (1.57) 0.90 (1.35) - 1.93 (1.65) 1.46 (1.52) 0.76 (1.30) -

Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m)

Month 0.55 0.27 0.19 0.54 0.27 0.19

Stages 0.27 0.13 0.09 0.27 0.13 0.09

Month × 
Stages

0.95 0.48 0.34 0.93 0.47 0.33

Each value represents mean of five observations
Figures in parentheses are √(x+1) transformed value



and maximum RH and maximum temperature 
was found positive and highly significant (r=0.372) 
but correlation did not exist between pupae 
population and weather parameters minimum 
temperature, minimum RH and number of bright 
sunshine hours. The correlation between number 
of adults and weather parameters were found 
positive and significant for minimum temperature 
(r= 0.319) and positive and highly significant for 
minimum RH (r= 0.468), however, no correlation 
existed between number of adults and weather 
parameters as maximum temperature, maximum 
RH and bright sunshine hour. In 6- frame bees 
strength, the correlation between number of larvae 
and weather parameters were found positive and 
highly significant for minimum temperature (r= 
0.400), for maximum RH (r= 0.375), for minimum 
RH (r= 0.548) and negative and significant for 
bright sunshine hours (r= -0.305), whereas 
correlation did not exist between larvae and 
maximum temperature. It was positive and 
highly significant for minimum temperature (r= 
0.419), for maximum RH (r= 0.368), for minimum 
RH (r= 0.538) and negative and significant for 
bright sunshine hour (r= -0.346), whereas no 
correlation existed between pupae and maximum 
temperature. 

The correlation between number of adults 
and weather parameters were found positive and 
highly significant for minimum temperature (r= 
0.391), for minimum RH (r= 0.521), positive and 
significant for maximum RH (r= 0.346), whereas 
negative and significant for bright sunshine hour 
(r= - 0.278), however, correlation did not existed 
between adult and maximum temperature. In 
8- frame bee strength, the correlation between 
number of larvae and weather parameters were 
found positive and highly significant for maximum 
temperature (r= 0.344), for minimum RH (r= 0.512), 
and positive and significant for maximum RH (r= 
0.344), whereas no correlation existed between 
number of larvae and maximum temperature and 
bright sunshine hours.The correlation between 
number of pupae and weather parameters were 
found positive and highly significant for minimum 
RH (r= 0.457) and minimum temperature (r= 
0.312). The correlation between number of adults 
and weather parameters were found positive and 
highly significant for minimum temperature (r= 
0.385) and for minimum RH (r= 0.429). In 10- 
frames bees strength, the correlation between 
number of larvae and weather parameters was 
found positive and highly significant for minimum 

RH (r= 0.377) but no correlation existed between 
larval population and weather parameters for 
maximum temperature, minimum temperature, 
maximum RH and of bright sunshine hour. 
The correlation between number of pupae and 
weather parameters were found positive and 
highly significant for minimum RH (r= 0.467).
The correlation between number of adults and 
weather parameters were found positive and 
significant for minimum RH (r= 0.331), whereas no 
correlation existed between number of pupae and 
adult with the maximum temperature, minimum 
temperature, maximum RH and bright sunshine 
hour in all bee frame strength (4, 6, 8 and 10) 
during both the years. 

Correlation between weather parameters and 
greater wax moth (G. mellonella) incidence 
in A. mellifera colonies with different frame 
strength during 2016-17

The correlation between greater wax moth 
incidence and weather parameters are also 
depicted in table 5 indicated that in 4-frame bees 
strength colonies, the correlation between the 
number of larvae and weather parameters were 
found positive and highly significant for minimum 
temperature (r= 0.368), for minimum RH (r= 
0.433), positive and significant (r= 0.275) for max 
maximum RH, whereas no correlation existed 
with maximum temperature and bright sunshine 
hours. During monsoon period, the weather 
conditions for the development of greater wax 
moth was very congenial and owing to the scarcity 
of bee flora and unfavorable weather conditions 
for bees, the colony population was at their lowest 
level leaving sufficient empty space on the combs 
for the spread of this pest. Lowest population of 
all stages of wax moth (larvae, pupae and adults) 
was found in March. The correlation between 
number of pupae and weather parameters were 
also found positive and significant for minimum 
temperature (r= 0.295) and for minimum RH (r= 
0.324). The correlation between number of adults 
and weather parameters were found positive 
and highly significant for minimum temperature 
(r= 0.358) and for minimum RH (r= 0.374). No 
correlation existed between number of pupae 
and adult and weather parameters for maximum 
temperature, maximum RH and number of 
bright sunshine hours. The correlation between 
number of larvae and weather parameters were, 
found positive and highly significant for minimum 
temperature (r= 0.358), (r= 0.306) and (r= 0.337) 
and for minimum RH (r= 0.374) respectively 
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in 6, 8 and 10 -frame bees strength and no 
correlation existed between number of larvae and 
weather parameters for maximum temperature, 
maximum RH and number of bright sunshine 
hours. The correlation between number of pupae 
and weather parameters was found positive 
and significant for minimum RH,  whereas no 
correlation existed between number of pupae and 
weather parameters for maximum temperature, 
minimum temperature, maximum RH and of 
bright sunshine hours in 6, 8 and 10 frame bee 
strength. The correlation between number of 
adults and weather parameters were found positive 
and highly significant (r= 0.361) for minimum 
temperature and for minimum RH (r= 0.389), 
however, no correlation existed between number 
of adults and weather parameters (as maximum 
temperature, maximum RH and number of bright 
sunshine hour) in 6, 8 and 10 bee frame strength. 
The maximum number of larvae, pupae and adults 
population of G. mellonella were found highest 
when the maximum and minimum temperature 
range varied from 23-33°C and maximum and 
minimum relative humidity varied from 65-90% 
in the month of September during dearth period.
The result of our study are in the same line with 
the study of Mandal and Vishwakarma (2016) 
and Deosi et al. (2014), as they reported that the 
maximum temperature, minimum temperature 
and minimum relative humidity were positive and 
significantly correlated with the larval population 
of GWM per hive, whereas the negative non-
significant correlation with the maximum relative 
humidity and positive non-significant correlation 
with rainfall. Our results get support from Huang 
(1984) and Swamy et al. (2005) who also agreed 

Table 5: Correlation between weather parameters and Greater wax moth (G. mellonella) in A. mellifera 
colonies with different bee strength during 2015-16 and 2016-17

Max. temp. (°C) 0.20 0.14* 0.18 0.22 0.21 0.19 0.18 0.14 0.17 0.14* 0.15 0.08

Min. temp. (°C) 0.33* 0.20* 0.31* 0.40** 0.41** 0.39** 0.34** 0.31** 0.38** 0.23 0.25 0.18

RH I (%) 0.50** 0.37** 0.46** 0.54** 0.53* 0.52** 0.51** 0.45** 0.42** 0.37** 0.46** 0.33*

RH II (%) 0.34* 0.24 0.22 0.37** 0.36* 0.34* 0.34** 0.26 0.22 0.21 0.22 0.13*

Bright sunshine 
(hr)

-0.16 -0.01 -0.13 -0.30* -0.34 -0.27* -0.24 -0.21 -0.25 -0.12 -0.14 -0.09

 Number of frames covered by bees during 2016-2017

Max. temp. (°C) 0.18 0.14* 0.24 0.20* 0.15 0.18 0.15 0.17* 0.12 0.12 0.09* 0.15

Min. temp. (°C) 0.36** 0.29 0.46** 0.35* 0.33 0.36** 0.30* 0.26* 0.28* 0.27 0.21 0.24

RH I (%) 0.43** 0.32* 0.43** 0.37 0.40 0.38** 0.36** 0.22* 0.34* 0.33* 0.28* 0.19

RH II (%) 0.27* 0.15 0.16 0.19 0.17 0.16 0.255 0.13 0.22 0.23 0.18 0.10

Bright sunshine 
(hr)

-0.13 -0.07 -0.09 -0.02 -0.14 -0.10 -0.025 -0.10 -0.22 -0.04 -0.03 -0.05

*Significant at 5% level of significance * * Significant at 1% level of significance (n-1=4)e

that with the optimum temperature for larval 
development of G. mellonella was 28 -29ºC.

CONCLUSION
The present study indicated that the rate 

of infestation of greater wax moth was higher in 
the weaker colonies as compared to the stronger 
colonies. However, the infestation was observed 
throughout the year in weaker colonies. Seasonal 
incidence of Galleria mellonella started from April 
and the highest number of wax moth population 
was recorded in July after that population decline 
till March. Least number of Greater wax moth 
larvae, pupae and adult was recorded in March 
in all frame strength during both the years of 
study. There was no population of larva, pupa and 
adult of Galleria mellonella was recorded during 
February and March in colony with 10-frame 
strength of both the years 2015-16 and 2016-17 
and population of GWM was recorded highest in 
colony with 4- frame strength followed by 6, 8 and 
10- frame strength. Correlation studies between 
number of greater wax moth larvae, pupae and 
adults with the weather parameters showed 
significant positive correlation with maximum 
temperature and maximum RH during both the 
year in 4- 6, 8 and 10- frame strength whereas no 
correlation existed of pupa and adult population 
with minimum temperature, minimum RH and 
number of bright sunshine hour in all frame 
strength.
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ABSTRACT
Mustard Aphid, Lipaphis erysimi (Kaltenbach) is the most serious sucking pest of rapeseed-

mustard which causes huge avoidable losses in yield and oil content, under various agro-climatic 
conditions of India. An effort was made to study its weather pest relationship using data from 
various Directorate of Rapeseed-Mustard Research (DRMR) centres, targeting its usage in the 
Agromet Advisory Bulletins. It was noteworthy that three main Aphid related stages were to be 
forewarned for issuing advisory. These were weekly pest severity, week of reaching ETL and week 
of peak aphid population. Each of these stages required different models to predict. These models 
(model-I, model II and model III) were already validated. Validation on real time basis was made 
using Agromet Field Units data (AMFUs) for three seasons 2016-17, 2017-18 and 2018-19 and 
predictions were compared with the mustard growing regions of India. These validated models 
could be used further in agromet advisory bulletins and spatially operationalized under GKMS in 
future.

Key words: Aphid, Thermal time, Humidity Thermal Ratio, Economic Threshold Level.

INTRODUCTION:
Mustard Aphid, Lipaphis erysimi (Kaltenbach) 

(Homoptera: Aphididae), is the most serious 
insect-pest of Brassica species, causing yield 
losses ranging from 35.4 to 96 per cent depending 
upon weather condition (Bakhetia and Sekhon, 
1984). As Indian farming scenario witnesses 
unprecedented use of pesticides, it was found a 
necessity that economic threshold level (ETL) of the 
pest, be forewarned effectively and be disseminated 
to the farmers on time to prevent it. The Aphid 
population which needed forewarning was of the 
apterous adults and nymphs which remained on 
the crop, as these were more harmful than alates 
which dispersed. Three different forewarning 
models were required to forewarn components of 
Aphid population, which were: Model I: Thermal 
time based forewarning model by Tharranum et 
al (2017a); model-II: Chakravarty and Gautam 
thermal time based thumb rule (2002 and 2004) 
and model- III: Humidity Thermal Ratio thumb 
rule by Narjary et al (2013). The growth of insect 
population is much influenced by thermal time 
and humidity. Due to the simplicity of these three 
models, these were found advantageous over other 

developed models. Such models with medium and 
extended range forecast, could be effectively used 
for forewarning Aphid pest and issuing advisory 
to farmers.

MATERIALS AND METHODS
Field trials:

Based on field experiments conducted in the 
Agromet field units (AMFUs) in the mustard zone of 
India in rabi season 2016-17, 2017-18 and 2018-
19, the Aphid pest population natural incident on 
the crop was collected. The crop whose data was 
collected was sown during the optimum sowing 
date recommended for the crop in that region 
falling in the corresponding AMFU. 

Aphid data:
The mean Aphid pest, Lipaphis erysimi 

Kaltenbach. (mean of five randomly selected 
plants per plot), population in the naturally 
occurring environment incident over top 10cm. of 
the main shoot of the crop, along with the date 
of observation were collected once in three-days. 
The Aphid data collected, included only apterous 
adults and nymphs, incident on the crop. But the 

Journal of Agrometeorology Vol. 21, Special Issue-1  : 128-133 (December 2019)



data at the end of the corresponding standard 
meteorological week was considered for further 
analysis.

Weather data:
Real-time weather data: Maximum 

temperature, minimum temperature, rainfall, 
relative humidity (morning and evening), bright 
sunshine hours and wind speed were collected 
from the corresponding AMFUs on routine basis. 
For training thermal time based Chakravarty and 
Gautam (2002) model, IMD gridded weather data 
(1°*1°) of temperature (maximum and minimum) 
of six stations (New Delhi, Kharagpur, Sardar 
Krushi Nagar (SK Nagar), Anand, Jammu and 
Gossaigaon), were used for the years 1984 to 
2013.

For forewarning with two weeks’ lead time: 
a) NCEP-GFS (T-1534) model generated 

medium range weather forecast was used for ten 
days. Temperature and rainfall data were regular 
0.25*0.25° gridded data and was up-scaled to 
0.5*0.5° using MATLAB programming language.

b) CFS v2/ GFS bias corrected (Multi model 
Ensemble) generated extended range forecast 
(ERFS) output was considered for days 11 to 
14. The ERFS was in the grid scale of 1*1° for 
temperature and 0.5*0.5° for rainfall.

Models used:
The models used were:

Model-I: The thermal time based model 
developed by Agromet Advisory Service Division, 
India Meteorological Department, in collaboration 
with Directorate of Rapeseed-Mustard Research 
(DRMR) (Tharranum et al, 2017aand 2017 b) was 
used to predict weekly Aphid pest population. The 
consideration of GDD of only over a brief span of 
time beginning from SMW51 and dynamicity of 
the model which was attributed to its accounting 
of previous week’s pest status, makes it more 
adjustable to the changing pest population and 
prediction in real-time. 

The model was:
Y(i)=Y(i-1) *(exp((a+(b/D))*D));

where‘a’and ‘b’are coefficients, 

Y(i)  =Aphid population of the ithweek /10 cm 
shoot apex; 

Y(i-1) =Previous week’s Aphid population;

D=GDD (°D) accumulated from the start of 51 
SMW to the end of ithweek.

This model coefficients ‘a’ and ‘b’ were 
calibrated only for B. juncea species for many 
rabi seasons pooled from the study locations 
(beginning from 2003-04 onwards) and validated 
for one season in each location. The calibrated 
and validated coefficients were used for real-time 
validation, which were: a= 0.00045 and b= 0.225, 
for pan-India.

Accumulated growing degree days (GDD) 
or thermal time or heat units (°D) of the period 
(from first day of SMW51 to ending day of the 
SMW8, spanning a time span of 10 weeks.) for all 
the validation seasons were computed, using the 
formula:

Where, ‘a’and ‘b’are starting and ending days 
respectively, and Tbaseis the base temperature. 
The base temperature (Tbase) was taken as 
3.04°C for mustard Aphid L. erysimi (Godoy and 
Cividanes, 2001). The GDD was considered from 
SMW 51 because the build- up of aphid pest 
began only in the mid December in most locations 
and in January in some (when the flowering in 
the crop starts). These ten weeks were crucial for 
the Aphid pest forewarning, as the pest reached 
ETL and peak within this period in most of the 
locations. After this period, natural reduction in 
apterous Aphid pest population began due to rise 
in air temperatures, and thereafter the alates’ 
population rose.

Model-II:
The growing degree days thumb rule by 

Chakravarty and Gautam (2002) states that, 
‘Aphid population may be more in a year when the 
degree day accumulation, is slower from January 
1st to 25th. Even though the thumb rule was found 
to be validated under Delhi conditions, it could 
also be validated in real-time in most of the other 
locations in the mustard growing zones, with 
changes considered in the duration of degree day 
accumulation. 

Model-III:
Humidity Thermal Ratio (HTR) as an indicator 

was used to ascertain the peak population of 
Aphid by many researchers before, viz., Narjary et 
al (2013) and Dhaliwal (2002). When the Humidity 
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Thermal Ratio was lowest, Aphid population was 
at its peak. After that, the Aphid population 
decreased naturally as the temperature rose and 
humidity reduced.

The Daily Humid Thermal Ratio (HTR) was 
computed from SMW 51 to SMW 8 spanning 10 
weeks, by using the following formula: 

HTR =RHmean/ Tmean   (Narjary et al., 2013), 

where, RHmean is mean relative humidityand 
Tmean is mean temperature of the day.

Results and Discussion:
All the three models were validated in real 

time basis for the rabi seasons 2016-17, 2017-18 
and 2018-19 and the results were compiled and 
compared between three subsequent seasons, 
based on the inputs provided from AMFUs.

Model-I:
In the qualitative analysis (Table: 1a), where 

the observed population of the Aphids were 
categorized into low (0-10), moderate (11-30), high 
(31-60) and severe (>60) and analysed, 80 per 
cent of low and 50 per cent of moderate categories 
were predicted correctly. The categories beyond 
ETL were high and severe and their per cent of 
correctness were 75 and 75 per cent respectively.

During quantitative analysis (Table:1b), the 
regression between observed and predicted Aphid 
infestation has coefficient of determination as 
0.635 (r=0.797; α=0.01). The paired t-test shows 

that the difference between observed and predicted 
Aphid infestation is non-significant.

Fig. 1. Real-time Observed versus Predicted Aphid 
population in the rabi seasons 2016-17, 2017-18 
and 2018-19.

Model-II:
Six stations: New Delhi, Kharagpur, Sardar 

Krushi Nagar (SK Nagar), Anand, Jammu and 
Gossaigaon were analysed for the thumb rule 
prescribed by Chakravarty and Gautam (2002) in 
Model-II. The growing degree days were computed 
from 1st October to 31st March, for all the rabi 
seasons between 1984-85 to 2012-13.The day 
from where the difference between maximum and 
minimum thermal time of all seasons’ reaches 

Table 1: Real time validation of Model-I in the rabi seasons 2016-17, 2017-18 and 2018-19.

a) Qualitative analysis
Categories Low Moderate High Severe
Observed 40 28 4 28
Predicted 32 14 3 21
Per cent correctness 80.0 50 75.0 75.0
b) Quantitative analysis
i) Regression analysis
Predicted Vs Observed R sqr. df r
Predicted=1.087 * Observed 
+ 8.44

0.635 99 0.797**

ii) Paired t-test
Mean differ-
ence

SE (m) df Computed 
t-value

p-value at 
two tailed

Sig. SD(d)

Observed - 
Predicted

-13.26 6.83 99 -1.963 0.052 N.SN.S 67.58



Table 2: Real time validation of Model-II in the rabi seasons 2016-17, 2017-18 and 2018-19.

S. 
No. Station

1st peak 
difference 
observed 
(after 1st 
October)

Aphid Severity 2 weeks after

2016-17 2017-18 2018-19

Observed Predict-
ed

Valida-
tion

Ob-
served

Predict-
ed

Valida-
tion

Ob-
served

Pre-
dicted

Vali-
dation

1 New Delhi 8 January Low Moder-
ate 

x Low Low ü Moder-
ate

Mod-
erate

ü

2 Kharagpur 13 Decem-
ber

Severe Moder-
ate

x Severe High x Severe Se-
vere

ü

3 SK Nagar 21 Decem-
ber

Low Low ü Severe Severe ü - - -

4 Anand 11 Decem-
ber

High High ü - - - - - -

5 Jammu 3 November Moderate Moder-
ate

ü - - - - - -

6 Gossaigaon 20 October Low - - Moder-
ate

Moder-
ate

ü Low Low ü
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peak, were culled out and GDD of 20 following 
days were computed from that day onwards and 
taken as standard for comparison, for assessing 
the Aphid infestation, for that particular station 
(Fig. 2:a through 2f).Real time validation of the 
three seasons show that three out of five, three 
out of four and three out of three in 2016-17, 
2017-18 and 2018-19, respectively, stands 
correctly predicted (Table. 2). Therefore, 75 per 
cent correctness of predictions are achieved, in 
the pooled data, if the thumb rule is modified 
according to the peak difference in maximum and 
minimum growing degree days in the 29 season 
data. 
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Table 3: Real-time validation of model-III in the rabi season 2017-18 and 2018-19.

 AMFU Daily HTR of the 
week of peak infesta-
tion (2017-18)

Peak Aphid 
count (2017-
18)

Daily HTR of the 
week of peak infes-
tation (2018-19)

Peak Aphid 
count (2018-
19)

1 Ballowal 3 to 4 >20

2 Dantiwada 2 to 3.5 >390

3 Udaipur 3 to 3.5 200 3.6 210

4 Delhi 3.5 to 5.4 >20

5 Gossaigaon 3.5 to 6 18 20.3 15

6 Jorhat 4.5 to 5.2 13

7 Sonitpur 3.5 to 4 >90

8 Majhian 3.5 to 4 >35

9 Kharagpur 1.5 to 2 >200 1.5 304

10 Tikamgarh 4.95 29

Fig. 2 : GDD comparison: a) New Delhi (7-26 
January), b) Kharagpur (13-31 December), c) SK 
Nagar (21 December-8 January),  d) Anand (11-
30 December), e) Jammu (3-22 November), f) 
Gossaigaon (20 October-8 November)

Model-III:
The Aphid infestation versus Humidity 

thermal ratio in the validation years shows that 
there existed an inverse relation between them 
(Aphid infestation= - 68.24 + 472.93 / HTR; 
R.square=0.368; r=-0.302**; α=0.01) (Fig. 3). Thus 
assumptions made by the model, stands true that 
the peak Aphid population reaches when the HTR 
is low (Table.3).



Fig. 3. Real-time aphid infestation versus 
Humidity Thermal Ratio

CONCLUSION
As the growth of insect population is much 

influenced by growing degree days and humidity, 
the simplicity of these three models, and its 
high significance could be effectively used for 
forewarning Aphid pest and issuing advisory for 
farmers in the three aspects: severity, quantity 
and peak Aphid population. As against most of the 
previous models, the thermal time based model 
in combination with previously developed thumb 
rule, was aimed primarily at operationalization of 
real-time issue of pest forewarnings under GKMS, 
for better pest management.  
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ABSTRACT
Citrus canker has appeared as a serious threat in most of the Citrus species growing regions 

of India resulting in huge yield losses both in terms of quality and quantity. Therefore, present 
study was undertaken to manage the disease through ecofriendly epidemiological approach. 
Weather disease interaction study was carried out at experimental orchard of Department of 
Horticulture, Chaudhary Charan Singh, Haryana Agricultural University, Hisar (75046’E, 
29010’N and 215.2AMSL).Citrus canker intensity on leaves of Citrus jambhiri in nursery and 
Citrus sinensis cv. Jaffa was recorded weekly during May 2014 to December 2017. Weather data of 
corresponding period (2014 to 2017) was taken from the Agro-meteorological observatory located 
at the Research Farm, CCSHAU, Hisar. The disease intensity was significantly and positively 
correlated with minimum temperature (0.45 to 0.66), relative humidity evening (0.27 to 0.48) 
and rainfall (0.33 to 0.43) alongwith coefficient of determinant (R2=0.38 to 0.70) in the field 
and nursery during May 2014 to Dec 2017. Maximum citrus canker (6-18 per cent) periodical 
progression was observed from 28 to 31 standard meteorological weeks. On the basis of above 
said weather parameters timely prophylactic measures can be taken for effective mitigation of 
Citrus cankerin Citrus species by controlling rapid buildup of bacterial cells.

Key words: Citrus canker, Xanthomonas citri subsp. citri, weather, regression model.

INTRODUCTION
Citrus canker has appeared as a serious 

threat in most of the Citrus species growing 
regions of India resulting in huge yield losses 
both in terms of quality and quantity. Among 
the major biotic constraints posing challenge to 
cultivation and infecting Citrus, is the ‘bacterial 
blight’ incited by Xanthomonas citri sub sp. citri 
(Xcc) (Syn. Xanthomonas axonopodis pv. citri).The 
disease damage the crop even after adoption of 
all possible and available protection measures 
and could not be reduced effectively due to 
rapid buildup of inoculum and epidemic nature 
of disease. Weather factors play an important 
role in the inhibition and spread of the disease. 
Presently, citrus canker has been quarantined 
and subject to a continuous eradication effort 
since 1957 in the United states (Rossetti, 1977). 
It causes lesions on the leaves, twigs, and fruit 
of citrus, including lime, oranges, and grapefruit 
and even severe form in nursery. Infected buds 
and twigs are potential sources of primary 
inoculum i.e. bacterial cells. On leaves, small 
water soaked lesion develop within 2–3 days and 
later turn into brown to dark brown surrounded 
by yellow halo, while on fruits crust like dark 
brown are formed on Citrus species. Sometimes 
severely infected fruits result in splitting and is 

unfit for consumption and market (Fig1). The 
disease continued to damage the crop even after 
adoption of all possible and available protection 
measures and could not be reduced effectively 
due to rapid buildup of inoculum and epidemic 
nature of compound interest disease. Weather 
factors play an important role in the regulation, 
inhibition and spread of the disease. Therefore, 
the present investigation was carried out to find 
out the effect of weather parameters, on the Citrus 
canker progression at experimental orchard of 
Horticulture research farm of Chaudhary Charan 
Singh Haryana Agricultural University Hisar. 

Therefore, the present investigation was 
carried out to find out the effect of weather 
parameters on spread of disease in citrus so that 
timely prophylactic measure can be adopted to 
manage the disease in time to prevent its epidemic.

MATERIALS AND METHODS
Citrus canker intensity on leaves of Citrus 

jambhiri in nursery and Citrus sinensis cv. Jaffa 
was recorded weekly during May 2014 to December 
2017. Experiment was conducted at experimental 
orchard of Department of Horticulture, Chaudhary 
Charan Singh Haryana Agricultural University 
Hisar (75046’E 29010’N and 215.2 AMSL) to 
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investigate weather–citrus canker interaction. 
Most susceptible cultivars were chosen for the 
present study. Crop under investigation was 
not pruned during 2014, 2015, 2016 and 2017, 
was constantly examined for disease progress/
decline. Five plants in orchard and 5x5m nursery 
were selected randomly per cent disease intensity 
(Mayee and Datar, 1986) on leaves, was recorded 
at 7 days interval from May 2014 to December 
2017 during four seasons. Weather data such 
as maximum and minimum temperature, and 
relative humidity, rainfall and sunshine hour of 
corresponding period (2014 to 2017) was recorded 
from the Agro-meteorological observatory located 
at the Research Farm, CCSHAU, Hisar. The actual 
value of disease intensity was correlated with the 
averaged weather data (2014-2017). The disease 
intensity was regressed with the significant 
weather parameters based on ‘r’ values using 
regression technique for developing regression 
models. The best fit models were used to predict 
disease progression. After linear regression, 
goodness-of-fit of the model was determined by 
testing the co-efficient of determination. The per 
cent intensity of canker lesions on leaves was 
recorded using 0-5 scale (Mayee and Datar, 1986), 
where, 0=no disease, 1= 1-20 per cent; 2=21-40 
per cent; 3=41-60 per cent; 4=61-80 per cent; 
5=81-100 percent leaf area covered with canker. 
The per cent canker intensity was calculated 
using following formulae.                  

Per cent disease intensity (PDI) =
          Sum of all numerical rating
––––––––––––––––––––––––––––––––––––––––×100
No of leaves assessed x Maximum disease rating.

 

Fig. 1. Citrus canker symptoms on Citrus leaves 
and fruit

RESULTS AND DISCUSSION
Weather and Disease 

Citrus canker intensity on leaves of Citrus 
jambhiri in nursery and Citrus sinensis cv. Jaffa 

was recorded weekly during May 2014 to Dec 
2017. Disease intensity was correlated and 
regressed with weather parameters. The average 
of weather parameters was taken for the round 
the year from 2014 to 2017. The range and 
average values of weather data during this period 
are presented in Table 1. Maximum cumulative 
disease progression was observed from 9th July 
to 2th September (Table-2). Maximum periodical 
progression 9-16 per cent and 6-18 per cent was 
observed in 28 to 31 standards meteorological 
weeks in field and nursery, respectively.The 
disease intensity was significantly and positively 
correlated with minimum temperature (0.54 to 
0.66), relative humidity evening (0.40 to 0.47), 
rainfall (0.33 to 0.44) and maximum temperature 
(0.31 to 0.35) alongwith coefficient of determinant 
(R2=0.67 to 0.62) in the field during 2016 and 
2017. There was non- significant effect of weather 
parameters in 2014 and 2015 year, except 
maximum temperature in the field. The coefficient 
of determinant (R2=0.42 to 0.62) was observed 
(Table 2a). Similarly, the disease intensity was 
significantly and positively correlated with 
minimum temperature (0.47 to 0.67) in all 
four years, whereas relative humidity evening 
(0.27 to 0.48) in 2015, 2016 and 2017, rainfall 
(0.33 to 0.42) in 2016 and 2017 and maximum 
temperature (0.30 to 0.36) along with coefficient 
of determinant (R2=0.61 to 0.71) in the nursery 
during 2015, 2016 and 2017. There was non-
significant effect of weather parameters observed 
in 2014, except maximum temperature in the 
nursery. The coefficient of determinant (R2=0.47 
to 0.71) was observed (Table 3b).Thus, minimum 
temperature, relative humidity evening and rainfall 
collectively explained maximum variability in 
disease progression. Disease started progressing 
with the prevalence of higher temperature during 
June (maximum temperature 29.9–46.70C, 
minimum temperature between 32.2–200C) 
and afternoon relative humidity of 90 per cent 
along with cloudy weather and intermittent 
rainfall, congenial for the disease initiation and 
further spread of the disease. Rise in minimum 
temperature and morning relative humidity 
probably favoured bacterial cell multiplication 
and further exacerbation on leaves and fruits. 
Changes in the dynamics of citrus canker intensity 
were observed during each of the seasons of the 
study. Overall, disease intensity was lowest in 
November to March because of the absence of 
new vegetative growth and the unfavourable 
environmental conditions (low temperature and 
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Table 1: Extreme (maximum and minimum) and average values of weather parameters during the 
period 2014-2017

Weather parameters Highest Lowest Average (±SD)
Tmax (0C) 46.7 29.9 32.7±1.32
Tmin (oC) 32.2 20 26.7±1.34
RHm (%) 100 48 94±2.11
RHe (%) 100 14 69+12.4
WS (Km/h) 14.4 2.7 9±0.5
BRI (h) 11.9 0.0 5.2±0.73
RN (mm) 126.1 6.1  85.5±0.71
RD (No.) 16 10 12.5 ± 0.3

Tmax and Tmin= Maximum and minimum temperature (00C); RHm and RHe= Morning and evening 
relative humidity (%); WS = Wind speed (kmph); BRI = Bright sun shine (h); RN = Rainfall (mm) and RD 
= Rainy days

Table 2: Citrus canker intensity progression on Citrus spp in field and nursery under natural conditions 
during 2014-17

Standard  
meteorological 

weeks 
                                

Citrus canker intensity (%)
Field  Nursery

Cumulative  
Progression

Periodical  
Progression

Cumulative  
Progression

Periodical  
Progression

1 1.6 0 2.4
2 1.8 0.2 2.5 0.1
3 2.2 0.4 2.5 0
4 2.4 0.2 2.5 0
5 2.5 0.1 2.7 0.2
6 2.7 0.2 3.4 0.7
7 3 0.3 3.6 0.2
8 3.4 0.4 3.7 0.1
9 3.6 0.2 3.8 0.1
10 5.2 1.6 5.6 1.2
11 6.4 1.2 7.2 1.6
12 6.5 0.1 7.2 0
13 6.8 0.3 7.4 0.2
14 7 0.2 7.4 0
15 7.4 0.4 7.6 0.2
16 7.6 0.2 7.6 0
17 7.8 0.2 7.8 0.2
18 7.8 0 7.8 0
19 8 0.2 8 0.2
20 9 1 8.3 0.3
21 9 0 10 1.7
22 12 3 11 1
23 15 3 16 5



rainfall) for pathogen infection and development 
(Table 2). Conversely, disease incidence was 
highest in July to September, when weather 
conditions and abundant new susceptible foliage 
were most conducive for disease development. 
Maximum disease development was observed at 
30–35°C alongwith free moisture present in the 
early morning on host tissue resulted in disease 
on 100 per cent of Tahiti plants and also sufficient 
for Xcc infection, survival and ultimately for citrus 
canker development was studied by Christiano 
et al., 2009, Gottwald et al., 2002, Behlau et 
al., 2008, Timmer et al., 1996, Verniere et al., 
2003, Stall et al., 1980). Minimum temperature 
at or below 10°C, citrus canker does not occur 
as demonstrated by Koizumi (1977) and DallaPria 
et al. (2006) on Tahiti lime and on other citrus 
species. They found that minimum temperature 

24 16 1 18 3
25 18 2 21 3
26 20 2 23 2
27 22 2 26 3
28 36 14 37 11
29 52 16 65 18
30 64 12 75 10
31 75 11 81 6
32 84 9 86 5
33 86 2 89 3
34 89 3 91 2
35 90 4 95 4
36 82 -8 83.3 -11.7
37 74 -12 76.6 -6.7
38 68 -6 71.1 5.5
39 56 -12 63.3 -7.8
40 49 -7 53.3 -10
41 43 -6 49 -4.3
42 36 -7 38 -11
43 33 -3 36 -2
44 27 -6 29 -7
45 21 -6 23.3 -5.7
46 16 -5 18.3 -5
47 13 -3 13 -4.7
48 11 -2 11 -2
49 9 -2 10 -1
50 8 -1 8 -2
51 7 -1 8 0
52 6 -1 8 0

for infection is 12°C. However, in greenhouse 
conditions, Peltier (1920) showed Xcc infection 
may take place at 5°C and remain latent until 
temperature increases. At high temperatures 
(>35°C), citrus canker was negatively affected, 
with decreasing disease severity. Maximum 
temperature for disease development was 40°C. 
At this temperature, disease only develops with 
short periods of leaf wetness (<12 h), probably 
due to the combination of high temperature and 
high humidity being a limiting factor for viability 
of Xcc (Peltier, 1920), which corroborate present 
investigation. On the basis of above said weather 
parameters, timely prophylactic measures can be 
taken for effective mitigation of Citrus canker in 
Citrus species by controlling rapid buildup of Xcc 
cells.
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CONCLUSION
The Citrus canker intensity was significantly 

and positively correlated with minimum 
temperature, morning relative humidity and 
rainfall during rainy season period of July and 
August. These weather parameters can collectively 
explain the maximum predictability (71 per cent) 
of regression models for citrus canker intensity. 
On the basis of prevailing minimum temperature 
(32.2 to 20.20C) and relative humidity morning 
(>90 per cent) during vegetative and fruit 
development stage, are also responsible for Citrus 
canker development. Farmers/ orchard owner 
can take timely preventive measures for effective 
mitigation of citrus canker in citrus by controlling 
rapid buildup of bacterial cells and further 
epidemic spread.
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ABSTRACT
Remote sensing-based Crop evapotranspiration can help and provide guidance for crop 

water management. This paper quantified crop water requirement and crop water stress for 
soybean according to vegetation cover and land surface changes in the semi-arid region using 
remote sensing data. In this regard, MODIS products of land surface temperature (LST) and 
Normalized Difference Vegetation Index (NDVI) were used to estimate crop coefficient (Kc) and 
crop water stress index (CWSI) for period of 2016-17. The FAO-Penman- Monteith (FPM) model 
was employed to compute reference evapotranspiration (ETo). Lysimeter crop data were collected 
IARI, New Delhi to evaluate performance of remote sensed crop evapotranspiration (ETc). The 
performance evaluation results viz. MBE, RMSE and MPE were found 0.44mm, 0.66mm and 
25.15% respectively. A linear relation between lysimeter and remote sensed crop coefficient were 
established correlation coefficient as high as 0.86. Crop water requirement during crop growing 
period were 304.40mm and 349.50mm by remote sensing and lysimeter respectively. Crop was 
not suffering from water stress during initial to mid-stage, however, increasing trend was found 
at late-stage. It can be inferred that ETc and CWSI developed from remotely sensed indices are a 
useful tool for quantifying crop water consumption at regional and field scales.

Keyword: Soybean, Crop Coefficient (Kc), MODIS Products, and Crop Water Stress Index (CWSI)

INTRODUCTION
Water scarcity is one of the major world 

issues, and it will be more serious in the future, 
according to climate change projections. Since 
water availability and accessibility are the 
key constraining factors for crop production, 
deal with this issue is indispensable for areas 
affected by water scarcity. The appropriate way 
to cope with future estimates of water shortages, 
optimizing the efficiency of water consumption in 
the agricultural sector are critical in view of the 
large volumes of water required for the production 
of crops.Farmers often use more irrigation water 
than needed. Optimizing water input would be 
a sound option to reduce as input while saving 
water. Irrigation water management can play 
a crucial role to optimal use of water in order 
to increase Water Use Efficiency (WUE). This is 
another way to cope up with scarcity of water 
in future.Crop Water Requirement (CWR) must 
be estimated accurately, improving irrigation 
efficiencies and applying high efficiency irrigation 
method as localized irrigation using scheduling 
irrigation, cultivate tolerated crops to drought, 
and cultivate short period verities.

Information about crop evapotranspiration 

is significant for water resources planning and 
irrigation management. CWR need to estimate 
with high level of certainty to save water and 
to maximize water unit uses. ETc, which is the 
consumptive water use of a field situation where 
the soil is not under moisture stress, can be 
estimated using FAO-Penman-Monteith method. 
The resulting ETc can be used to help an irrigation 
manager schedule when irrigation should occur 
and how much water should be put back into 
the soil.The reference evapotranspiration (ETo) 
is exclusively a climatic parameter and should 
be converted into the crop evapotranspiration 
(ETc). The FAO-24 methodology (Doorenbos and 
Pruitt, 1977) recommended the use of the growth 
stage specific crop coefficient (Kc) to relate ETo to 
ETc in order to account for the effect of the crop 
characteristics on CWR.

Evapotranspiration is the best index for 
assessment of irrigation requirement (IR) in 
arid and semi-arid regions. Maeda et al. (2011) 
reported that ET is an important component 
of the hydrological cycle, and its accurate 
quantification is crucial for the design, operation 
and management of irrigation systems. However, 
be short of meteorological data from ground 
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stations is barrier to the proper management of 
water resources, and it trigger to increase the risks 
of water scarcity and water conflicts. The crop ET 
estimation methods can be classified into two 
broad classes one is water balance and another 
energy balance. The water balance approach 
mainly considers the amount and temporal 
distribution of rainfall in meeting the crop 
water demand through soil moisture modeling.
Remote sensing (RS) techniques can be used and 
evaluated to estimate crop evapotranspiration 
(Rwasoka et al., 2011, Merlin, 2014) and predict 
soil water availability (Oki, 2006) for irrigation 
water management using energy balance method. 
Remote sensing energy balance method can 
also be used in area where lack of weather data 
availability.The energy balance approach is driven 
by Land Surface Temperature (LST) and is a 
more direct observation of the amount of water 
evapotranspired by the crop. An advantage of an 
energy balance model is that there is no need for 
prior knowledge of the crop calendar (e.g., crop 
type, start of-season, and length of growing period), 
nor for assumptions on optimum management 
of the crop, as is the case for a water balance 
model (Senay et al., 2013). The LST provides an 
integrated parameter that takes into account 
the impact of water, disease, pests, management 
practices, and other factors on crop condition. 
Use of remotely-sensed vegetation indices as the 
Normalized Difference Vegetation Index (NDVI) 
and the Soil Adjusted Vegetation Index (SAVI), 
has been tested to predict crop coefficients at field 
and regional scales (Rosue et al., 1974, Hu et al, 
1988, Duchemin et al., 2002).

Therefore, the main aim of this study is to 
estimate the Crop Coefficient (Kc) and crop water 
stress for soybean crop under semi-arid condition 
by utilizing RS data.

MATERIALS AND METHODS
Study area, Weather and crop evapotran-
spiration dataset

This study was conducted in 2000 square 
meter of area at the IARI field, New Delhi and the 
crop evapotranspiration data set for soybean was 
collected from installed weighing type lysimeter 
during the period of 2016-17 for validation of remote 
sensing estimated crop evapotranspiration. Daily 
meteorological parameters such as maximum and 
minimum temperature, relative humidity, wind 
speed and sunshine hour were collected from 
India Meteorological Department (IMD) and used 

to estimate reference evapotranspiration using 
FAO- Penman Monteith method. 

Remote sensing data
MODIS Normalized Difference Vegetation 

Index (NDVI) produced on 16-day intervals and 
at multiple spatial resolutions (250m, 500m, and 
1000m), provides consistent spatial and temporal 
comparisons of vegetation canopy greenness, 
a composite property of leaf area, chlorophyll 
and canopy structure.Land surface temperature 
(LST) produced daily at spatial resolution of 
1km and provided with the daytime and night 
time surface temperature bands are associated 
quality control assessments, observation times, 
view zenith angles, and clear-sky coverages 
along with bands 31 and 32 emissivity from land 
cover types. Normalized Difference Vegetation 
Index (NDVI) and land surface temperature (LST) 
products from MODIS data for 2016 and 2017 
were used. NDVI and LST were used to estimate 
the Crop coefficient and Crop water stress index 
(CWSI) respectively which further was used to 
estimate crop evapotranspiration (ETc) and actual 
evapotranspiration (ETa). 

Field Lysimeter ETc calculation 
Weighing type of lysimeter was installed in the 

soybean field, and daily basis change of weights 
wasmeasured. The crop evapotranspiration rates 
are obtained by weight change in lysimeter using 
equation (1)

ETc= weight change +water input – Percolation (1)

NDVI and LST calculation 
MODIS bands 1 and 2 provide red (R) and 

near-infra red (NIR) measurements and therefore 
can be used to generate NDVI with the following 
question(2): 

The value of NDVI varied between − 1.0 and 
+ 1.0. The healthy vegetation has low red-light 
reflectance and high near-infrared reflectance 
that produce high NDVI values. The NDVI values 
near zero and decreasing negative values indicate 
non vegetated features, such as barren surfaces 
(rock and soil), water, snow, ice, and clouds.The 
positive NDVI values indicate the increase in the 
amounts of green vegetation. 

The Land Surface Temperature (LST) a daily 
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data is retrieved at 1km pixels by the generalized 
split-window algorithm and at 6km grids by 
the day/night algorithm. In the split-window 
algorithm, LST in bands 31 and 32 are estimated 
from land cover types, atmospheric column water 
vapor and lower boundary air surface temperature 
are separated into tractable sub-ranges for optimal 
retrieval. In the day/night algorithm, daytime and 
nighttime LST is retrieved from pairs of day and 
night MODIS observations in seven TIR bands. 

ETa and ETo estimation 
CWSI approach was preceded and developed 

by (Jackson et al., 1981 and Idso et al 1981). They 
proposed the empirical and theoretical methods 
to estimate CWSI as follows: 

Where: ∆T is the difference between 
measured land surface(LST) and air temperature, 
∆Tmin is the difference between minimum land 
surface and air temperature and ∆Tmax is the 
difference between maximum land surface and 
air temperature. Since all variables have the same 
units, CWSI is a dimensionless ratio. The lower 
limit occurs under non-water-stressed conditions 
when ET is only limited by atmospheric demand. 
On the other hand, the upper limit is reached 
under non-transpiring conditions when ET is 
stopped due to the lack of water. The values of 
CWSI are ranged between zero and one where 
zero indicates no stress and value of one indicates 
maximum stress.

There is a unique mathematical relationship 
between CWSI and evapotranspiration from 
vegetation surface (Jackson et al., 1981) as 
follows: 

ETa=(1-CWSI) ETc                                             (4)

Where, ETa is the actual evapotranspiration, 
ETc is the potential crop evapotranspiration and 
CWSI is Crop Water Stress Index.

Many researchers studied the relationship 
between Kc and NDVI. Similarities between Kc 
curve and a satellite-derived vegetation index 
showed potential for modeling a Kc as a function 
of the vegetation index (Kamble et al., 2013). 
Therefore, the possibility of directly estimating Kc 
from satellite data was investigated (Shirbeny et 
al, 2014, Magliulo et al, 2003, Allen et al., 1998). 

Shirbeny represented the relation between Kc and 
NDVI through Equation (5).

      (5)

where; 1.2 is the maximum Kc, NDVIdv is the 
difference between minimum and maximum NDVI 
value for vegetation and NDVImv is the minimum 
NDVI value for vegetation.

ETo was calculated from meteorological data 
using the FAO-P-M method (Equation (6) which 
was derived by [allen et al., 1998]. This formula 
was applied to calculate ETo.

             (6)

Where; ETo, reference evapotranspiration 
[mm/day], Rn, net radiation at the crop surface 
[MJ/m2 /day], G, soil heat flux density [MJ/
m2 /day], T, mean daily air temperature at 2 m 
height [˚C], u2, wind speed at 2 m height [m/s], 
es, saturation vapour pressure [kPa], ea, actual 
vapour pressure [kPa], es − ea, saturation vapour 
pressure deficit [kPa], Δ, slope vapour pressure 
curve [kPa/˚C], γ, psychrometric constant 
[kPa/˚C].

Equations (5) and (6) were used to estimate 
(ETc) as shown in equation (7).

ETc = ETo * Kc                                                 (7)

Remote Sensing Crop data performance 
evaluation  

In this study, the accuracy of the estimated 
crop evapotranspiration data was statistically 
tested by mean bias error (MBE), root mean square 
error (RMSE), mean percentage error (MPE%) and 
t-test (t) and are defined as follows:

                (8)

       (9)

      (10)



                            (11)

RESULTS AND DISCUSSION
Comparing MODIS modeled crop ET with 
observations

Soybean crop was selected for evaluation 
of remote sensing crop evapotranspiration with 
field observed data. Length of growth cycle and 
stages were presented in table 1. Crop coefficient 
and reference evapotranspiration were calculated 
by lysimeter and FAO-CROPWAT model which 
is presented in table 2. The internationally 
recognized crop growth stages for the calculation 
of crop coefficients are initial, development, 
mid-season and late season stages (Allen et al., 
1998). The duration of each stage depends on 
the length of growing season of a particular crop 
and climate (Doorenbos and Pruitt, 1977; Smith 
et al., 1992). Crop coefficient for soybean was 
calculated using MODIS NDVI data and further 
crop evapotranspiration was calculated using 
P-M method based reference evapotranspiration 
which is presented in table 3. The NDVI estimated 
crop coefficient values of Soybean were 0.88, 
0.96, 1.12 and 0.62 at the initial, development, 
mid-season and late season stages, respectively. 
It is observed that crop coefficient estimated by 
remote sensing is similar to field crop coefficient 
except development stage which is lower as 
compared to lysimeter crop coefficient which is 
presented in table 2 and table3. Fig. 1 indicated 
that crop coefficients vary with the crop growth 
stages and pattern for crop coefficient is more 
or less similar to actual data at all four stages. 
Sixteen days average crop evapotranspiration was 
computed with the help of NDVI crop coefficient 
it is shown in table 4. In Fig. 2, comparison of 
crop evapotranspiration with actual data and 
reference evapotranspiration plot were made. It 
shows that crop evapotranspiration computed by 
remote sensing is lower during development and 
mid-season stages during growing crop. Water 
requirement estimated with lysimeter and remote 
sensing are 349.4mm and 304.44mm respectively. 
It is clear that remote sensing estimated water 
requirement is less than lysimeter by 13 %.

Crop Water Stress and actual crop 
evapotranspiration 

Water Crop water stress index is, 0 indicates 

no water stress and 1 indicates that water stress is 
at the maximum point (El-Shirbeny et al., 2015). 
The CWSI is functional technique in only full 
vegetation cover (Wang and Takahashi, 1999). In 
this study, crop water stress index was calculated 
satellite derived land surface temperature and 
station temperature; it is shown in Fig. 2. From 
Fig. 2, it is revealed that crop water stress varied 
from 0.11-.70 during growing period of crop. 
Furthermore, actual crop evapotranspiration was 
estimated using crop water stress index (Fig. 4), 
and showed that actual crop evapotranspiration 
is below the potential crop evapotranspiration due 
to the minor water stress during growing period of 
soybean.

MODIS Products estimated crop coefficient 
Performance Evaluation

The evaluation of MODIS estimated crop 
coefficient was performed with mean bias error 
(MBE), root mean square error (RMSE) and Mean 
percentage error (MPE). The average fourteen 
days crop coefficient and crop evapotranspiration 
were used to evaluate performance of remote 
sensing data are presented in table 4. The value 
of MBE, RMSE and MPE are 0.44mm, 0.66mm 
and 24.14 percentages respectively. The student 
test was carried out at 95% confidence levels to 
check the significant level of dataset. If p-value 
is less than alpha=0.05, one can reject the null 
hypothesis and data was considered statistically 
significant. If p-value is greater than alpha=0.05, 
one cannot reject the null hypothesis and it was 
not statistically significant. In this study, it is 
clearly showsin table 4 that p-value is greater 
than 0.05, it mean the result is not significant.

Fig. 1. Lysimeter and remote sensing Crop 
coefficients (Kc) of soybean during the growth 
period 
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Table 1: Length of growth stages (days) of soybean

crop Growth cycle Crop growth stages

Initial Crop development Mid-season Late season

soybean 137 28 (1-28 DAS) 49 (29-77 DAS) 38(79-115) 
DAS)

22(116-137 DAS)

Table 2: Crop coefficient values of soybean measured by Lysimeter

Crop growth stages ETc(mm) ETo (mm) Crop coefficient 

Initial 25.7 37.64 0.67

Development 118.5 97.93 1.21

Mid-season 132.8 105.38 1.26

Late-season 72.2 93.55 0.77

Table 3: Crop co-efficient values of soybean estimated by remote sensing techniques 

Crop growth stages Crop ET (mm) ETo (mm) Crop coefficient 

Initial 33.12 37.64 0.88

Development 94.17 97.93 0.96

Mid-season 118.89 105.38 1.12

Late-season 58.41 93.55 0.62

Table 4: Sixteen days average crop evapotranspiration using lysimeter and remote sensing data 

Crop growth days ETc (mm) (Lysimeter) ETc (mm) (Remote 
Sensing)

ETo (mm) (P-M Method)

1-16 0.87 0.67 1.32

17-32 1.35 1.32 1.40

33-48 1.07 1.10 1.21

49-64 1.58 1.49 1.54

65-80 3.26 1.84 1.75

81-96 3.86 2.69 2.40

97-112 3.97 3.39 3.32

113-128 1.05 1.32 3.46

129-137 0.33 0.59 4.96

Table 5: Statistical Performance Parameters 

Statistical parameters  Value

MBE 0.44 mm

RMSE 0.66 mm

MPE 25.14 %

T-test 0.28*

*The result is not significant at p<0.05



Fig. 2. Crop evapotranspiration (ETc) and 
reference evapotranspiration (ETo) of soybean 
during the growth period

Fig. 3. Crop water stress index for soybean during 
growing period 

Fig. 4. Actual and crop evapotranspiration using 
remote sensing data during growing period. 

CONCLUSIONS
NDVI and LST data products of MODIS 

satellite was used to derive crop coefficient and 

crop water stress index for assessment of irrigation 
water requirement in semi-arid region. Crop 
coefficient for soybean estimated was found more 
or less similar to lysimeter calculated values at the 
initial, development, mid-season and late season 
stages. The statistical parameter viz MBE, RMSE, 
MPE a Student t test were employed to assess the 
performance of satellite crop coefficient and crop 
water stress. Seasonal Crop evapotranspiration 
was 349.5mm from lysimeter and 304.4 mm from 
remote sensing. Itis clearly showed that crop 
water requirement estimated from NDVI is slightly 
lower than calculated. Sixteen days average crop 
coefficients were estimated during crop growing 
period, and correlation was found as high as 
0.86. Crop water stress index was calculated 
from satellite derived land surface temperature 
during growing period. It results showed that 
CWSI varied from 0.10 to 0.23 during initial, 
development and mid-season stages however it 
is gradually increasing during late-season stage. 
Crop evapotranspiration and CWSI developed 
from remotely sensed vegetation and thermal 
indices are a useful tool for quantifying crop 
water consumption at regional and field scales. 
Using ETc data at the field scale, farmers can 
supply appropriate amounts of irrigation water 
corresponding to each growth stage, leading to 
water conservation with less fieldwork and by 
saving money, time and labor conveys. 
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ABSTRACT
Drip irrigation (DI) has been found as a potential water saving technique in different fruit 

crops including banana. Efficient irrigation scheduling with optimum plant density is a key to 
enhance yield and water productivity in banana. The present study was undertaken with a view 
to optimize plant density using different plant spacing and number of plants per pit under drip 
irrigation in banana at ICAR-IIWM, Bhubaneswar, Odisha, India. Two plant densities with 5000 
plants ha-1 and 6000 plants ha-1 were created with 2 plants per pit at row-to-row distance of 2.0 m 
and plant to plant distance of 2.0m, and 3 plants per pit at row-to-row distance of 2.5m and plant 
to plant distance of 2.0m, respectively and compared with normal planting with plant density of 
3333 plants ha-1 with 1 plant per pit at row-to-row distance of 1.5 m and plant to plant distance 
of 2.0m under drip irrigation in banana. The plants in different densities were grown with variable 
number of drip emitters (1, 2, 3 and 4) with discharge capacity of 4 litres per hour. The plants with 
lower density (3333 plant ha-1) and higher emitter number (4 no. per plant), had highest vegetative 
growth and fruit yield per plant (18.94 kg plant-1). However, 2 plants per pit with 3 emitters 
produced the highest total yield (81.48 t ha-1) and water productivity (15.08 kg m-3) with better 
quality fruits (higher total soluble solids and lower acidity) as compared to total yield (61.03 t ha-1) 
and water productivity (11.30 kg m-3), under normal planting (3333 plants ha-1). The soil water 
content in top 0.6 m soil (20.1–24.6%, v/v) increased with increase in number of emitters from 2 
to 4 per plant. The radiation use efficiency (RUE) was highest in 5000 plants ha-1 with 3 numbers 
of emitters per pit, followed by 5000 plants ha-1 with 2 numbers of emitters per pit. Overall, the 
results of the study revealed that 2 plants per pit planted at 2.0m row to row and plant to plant 
distances with 3 emitters per pit, may be used for higher yield and water productivity with better 
quality fruits in banana cultivation.

Key words: Drip irrigation, banana, plant density, water productivity, radiation use efficiency, 
yield

INTRODUCTION
Water availability is one of the major 

constraints in crop production due to higher water 
demand for industrialization and population 
growth. Further, the share of water for agriculture 
is going to be reduced significantly in future years. 
Therefore, the efficient water conservation and 
management practices are need of the hour, to 
sustain production and productivity of the crops 
even in high rainfall areas (Panda et al., 2004). 

In recent years, irrigated agriculture is 
shifting the paradigm of water management 
from full to the partial supply of water in water 
scarce regions. Water scarcity in irrigation sector 
demands for the improvement in water use 
efficiency (WUE) in any cropping system. One of 
the most promising techniques that would help in 
attaining this objective is the use of drip irrigation 
(DI) in crop production. DI has proved its worth in 

saving of water and nutrients, and improving yield 
compared with traditional surface irrigation in 
different crops (AICRP-IWM, 2016). However, the 
proper design with some manipulation in planting 
technique is the prerequisite to improve the 
efficiency of DI (Panigrahi et al., 2010). Optimum 
plant population and efficient planting technique 
helps in capturing maximum solar radiation, and 
thereby increases yield (Pradhan et al., 2018). 

Banana is an important fruit crop grown in 
0.86 million hectares, with total fruit production 
of 29.1 million tonnes in India (GoI, 2017). India 
is the top most banana producing country in 
the world. However, the average productivity of 
banana in India (33.8 t ha-1) is lower than that 
in other countries like Ecuador, Philippines and 
Costa Rica (50–60 t ha-1). The crop is grown in 
irrigated condition in almost all banana growing 
regions of the country. Water scarcity in critical 

Journal of Agrometeorology Vol. 21, Special Issue-1  : 147-153 (December 2019)



148 December 2019

period of the crop is one of the major factors 
affecting yield. Indiscriminate use of groundwater 
through surface irrigation makes the water 
scarcity situation more severe (Panigrahi and 
Sahu, 2013). The role of DI in improving plant 
growth and fruit yield along with water economy 
was well recognized in banana (Carr, 2009). 
The efficient planting technique with optimum 
number of saplings per pit coupled with use of 
appropriate number of emitters per plant is vital 
for banana cultivation under DI. When optimum 
plant density helps in capturing maximum solar 
radiation, appropriate number of emitters per 
plant creates a well distribution of soil moisture 
in root zone of the plants, resulting maximum 
productivity and WUE in the crop. However, there 
is limited information on number of plants per pit 
and optimum number of drip emitters per plant 
for banana under DI. Keeping this in view, the 
present experiment was carried out to study the 
performance of banana plants under different 
number of saplings per pit/ planting density with 
different number of emitters per pit.

MATERIALS AND METHODS
Experimental site and treatment details

Field experiment was carried out during 
2016–2017 at Research farm of ICAR-Indian 
Institute of Water Management, Bhubaneswar at 
Mendhasal, Khurda district, Odisha to evaluate 
the performance of banana (cv. Grand Naine) under 
different number of saplings per pit and number 
of emitters per plant. The texture of experimental 
soil was sandy loam. The bulk density of the 
soil was 1.54 g cm-3. The field capacity (-0.033 
MPa) and permanent wilting point (-1.50 MPa) of 
the soil were 23.5% and 8.5% on volume basis, 
respectively. 

The response of different number of sapling (1 
plant, 2 plants and 3 plants) per pit with different 
plant to plant and row to row spacing (2.0 m x 1.5 
m; 2.0 m x 2.0 m; 2.0 m x 2.5 m, respectively), 
integrated with different number emitters per pit 
(1, 2, 3 and 4) were studied. The plant densities 
created with 2 plants per pit and 3 plants per pit 
were 5000 plants ha-1 and 6000 plants ha-1 and 
compared with normal planting (1 plant per pit at 
2.0 m x 1.5 m) with plant density of 3333 plants 
ha-1 in banana. The experiment was laid out in 
split plot design, taking the number of plants per 
pit as main plot treatment and number of emitters 
as sub-plot treatment, with 5 replications of 
each treatment. In each replicated treatment 

plot, 24 plants in 3 adjacent rows were taken 
and four centrally located plants of each plot 
were considered as experimental plants. All the 
observations were recorded in the experimental 
plants.

Irrigation scheduling and crop management 
practices

The DI system used in irrigating the crop 
consisted of drip emitters with discharge capacity 
of 4 litres per hour. The hydraulic performance 
of the DI was found satisfactory with coefficient 
of variation of 4% and distribution uniformity of 
95%. The irrigation was applied in alternate day. 
The water quantity applied under DI was estimated 
based on 100% class-A pan evaporation rate at 
the experimental site using the formula suggested 
by Panigrahi et al. (2012)

ETc = Kp ×Kc × Ep                                               (1)

where ETc, the Crop-evapotranspiration 
(mm day-1); Kp, the pan coefficient (0.7-0.8), Kc, 
the crop-coefficient (0.5–1.1) for different growth 
stages of banana (Allen et al., 1998) and Ep the 
2-days cumulative pan evaporation (mm) as water 
was applied in alternate days. The volume of 
water applied under FI was computed following 
the formula: 

Vid = π (D2 / 4) × (ETc – Re) WP / Ei                          (2)

where, Vid is the irrigation volume applied in 
each irrigation (litre plant-1), D the mean plant 
canopy spread diameter measured in N-S and E-W 
directions (m), ETc the crop-evapotranspiration 
(mm), Re the effective rainfall depth (mm), WP the 
wetting factor (0.5) and Ei the irrigation efficiency 
of drip system (90%). Re was estimated as the 
summation of soil water content enhancement in 
root zone of the plants (mm) due to rainfall and 
potential evapotranspiration (mm) for the rainfall 
day. The fertilizer application through drip system 
(drip-fertigation) and other crop management 
practices were done following the standard 
recommendations for the crop in the region.

Measurements and analysis 
The quantities of water applied under 

different treatments were monitored using water 
meters. The soil water content (SWC), in top 0.6 m 
soil was monitored fortnightly using gravimetric 
method (Tandon, 1998). The monthly mean 
SWC in the soil layers during irrigation period 
(November–June), were estimated in volumetric 
basis, by multiplying gravimetric SWC with bulk 



densities of different soil layers. The treatment 
wise mean monthly SWC for 0–0.60 m soil was 
calculated. The soil samples at 0–0.15m, 0.15–
0.30m and 0.30–0.60m depths were collected at 
initiation of the study and at end of the season 
to analyse available N, P and K, following the 
standard method (Tandon, 1998). 

The leaf photosynthesis (Pn), transpiration (Tr) 
and stomatal conductance (gs) of the experimental 
plants were measured in monthly basis on a 
sunny day during 9 am to 3 pm using a portable 
photosynthesis system (CIRAS-2, PP Systems, 
UK). Leaf water use efficiency (LWUE) was 
calculated as the ratio of Pn to Tr of leaves (Ribeiro 
et al., 2009). The solar radiation under different 
treatments was measured using a portable line 
quantum sensor (LI-1400, LICOR, USA) and 
radiation use efficiency (RUE) was estimated using 
the procedure suggested by Pradhan et al. (2018). 

The vegetative growth parameters (plant 
height, canopy diameter, stem girth), total 
fruit yield and fruit quality parameters (TSS: 
total soluble solids, acidity) were measured at 
harvesting of fruits. The total yield under different 
treatments was calculated by multiplying the 
number of plants per ha with average weight of the 
bunch per plant. Six banana fruits per bunch were 
collected for quality analysis. Water productivity 
(WP) was calculated as the ratio of fruit yield to 
total water used under different treatments.  

The data generated were subjected to analysis 
of variance (ANOVA) using PROC procedure of 
SAS-9.2 statistical software (SAS Institute, 2009). 

RESULTS AND DISCUSSION
Soil water content (SWC)

The SWC increased with increase in number 
of emitters per pit (20.1–24.6%, v/v) in banana 
(Table 1). The higher SWC with 4 emitters per 
pit (21.0–24.6%, v/v) was due to the application 
of higher amount of water under this treatment 
compared with other treatments. Moreover, the 
SWC decreased with increase in number of plants 
per pit from 1 (22.6–24.6%, v/v) to 3(20.1–21.8%, 
v/v), irrespective of number of emitters per pit. 
The higher amount of water uptake by higher 
number of plants probably the reason to lower 
SWC under increased number of plants per pit. 
The mean monthly SWC decreased progressively 
from onset of irrigation (November) to the end 
of irrigation season (June) under different 
treatments. The decreased SWC indicates the 

higher soil water uptake caused by increased 
atmospheric evaporative demand coupled with 
higher growth and fruiting of the plants from 
planting to harvest. Similar result was also 
observed earlier in citrus under DI (Panigrahi et 
al., 2012). However, the SWC increased invariably 
in all the treatments during January-February 
due to some un-seasonal rains (10×15 mm) in 
these months. The soil water depletion between 
two observations in a month under higher number 
of emitters per pit was higher than that with lower 
number of emitters per pit, reflecting the higher 
crop evapotranspiration (ET) of the plants under 
increased soil water regime under higher number 
of emitters per pit. However, the fluctuation of 
SWC was relatively higher during April to June 
than November to March, due to higher ET during 
former period than the later one. 

Soil nutrient contents 
The changes in available nutrients (N, P and 

K) in the soil under different treatments show 
that the nutritional status of the soil improved 
in different treatments (Table 2). This happened 
due to the application of NPK-based fertilizers to 
the plants during irrigation seasons. However, 
the effect of irrigation on P in soil was statistically 
insignificant (P > 0.05), probably due to low 
solubility and slow movement of P in soil water 
continuum. The increase in nutrients contents was 
higher under higher number of emitters per pit. 
The higher SWC might cause higher availability of 
plant nutrients facilitated by optimum soil-water 
regime in four emitters per pit. Earlier, Panigrahi 
et al. (2012) also reported higher availability 
of nutrients under higher soil water regime in 
citrus. Moreover, the nutrients contents reduced 
with increase in number of plants per pit, at a 
particular emitter number per pit. This happened 
due to higher uptake of nutrients by higher 
number of plants under the treatments. 

Leaf physiological parameters and Radiation 
use efficiency (RUE)

The leaf physiological parameters (Pn, Tr 
and gs) were significantly influenced by different 
treatments (Table 3). The highest value of Pn (18.22 
× mol m-2 s-1) was recorded with four emitters per 
pit, followed by 3 emitters per pit. However, the 
Pn values under 4 emitters per pit, 3 emitters per 
pit and 2 emitters per pit were statistically at par 
(P<0.05). Further, the more number of plants per 
pit reduced the Pn of the plants at a particular 
emitter number per pit. The reduction of Pn values 
with decrease in SWC under both reduced number 

Vol. 21, Special Issue-1   PANIGRAHI et al. 149



150 December 2019

Table 1: Monthly soil water content (%, v/v) under different treatments in banana

Treatments Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
P* E*
1 plant per pit at 1.5 m(3333 plants 
ha-1) 

1 emitter 23.8 23.4 23.5 23.7 23.5 23.4 23.1 22.6
2 emitter 24.1 23.8 23.9 24.0 24.0 23.9 23.8 23.5
3 emitter 24.4 24.3 24.4 24.4 24.2 24.1 24.0 23.6
4 emitter 24.6 24.4 24.5 24.6 24.4 24.1 24.0 23.8

2 plants per pit at 2.0 m(5000 plants 
ha-1)

1 emitter 22.5 22.2 22.3 22.4 22.1 22.0 21.7 21.5
2 emitter 22.7 22.6 22.7 22.8 22.6 22.4 22.3 22.1
3 emitter 23.2 23.0 23.1 23.3 23.1 22.8 22.6 22.3
4 emitter 23.5 23.2 23.4 23.5 23.2 22.8 22.7 22.6

3 plants per pit at 2.5 m(6000 plants 
ha-1) 

1 emitter 21.1 20.7 20.9 21.1 20.6 20.4 20.2 20.1
2 emitter 21.1 21.2 21.3 21.4 21.2 21.0 20.8 20.6
3 emitter 21.7 21.6 21.7 21.8 21.7 21.7 21.6 20.8
4 emitter 21.8 21.6 21.8 22.0 21.6 21.4 21.3 21.0

LSD0.05 P 0.04 0.06 0.11 0.08 0.12 0.16 0.19 0.22
E 0.07 0.08 0.13 0.12 0.14 0.22 0.25 0.29
P x E 0.14 0.15 0.24 0.25 0.28 0.37 0.41 0.56

*P: Treatments with number of plants per pit; **E: sub-treatments with number of drip emitters per 
pit, LSD: Least significant difference at P < 0.05

Table 2: Changes in available N, P and K (mg kg-1) in soil under different treatments in banana

Treatments Available soil nutrients (mg kg-1)
P* E* N P K
1 plant per pit at 1.5 m (3333 plants ha-1) 1 emitter +1.31 +0.54 +1.97

2 emitter +1.45 +0.68 +2.21
3 emitter +2.04 +0.69 +2.29
4 emitter +2.47 +0.73 +2.75

2 plants per pit at 2.0 m (5000 plants ha-1) 1 emitter +1.27 +0.50 +1.93
2 emitter +1.40 +0.65 +2.17
3 emitter +1.98 +0.68 +2.25
4 emitter +2.33 +0.69 +2.71

3 plants per pit at 2.5 m (6000 plants ha-1) 1 emitter +1.23 +0.48 +1.90
2 emitter +1.36 +0.62 +2.13
3 emitter +1.93 +0.63 +2.21
4 emitter +2.21 +0.67 +2.64

CD0.05 P 0.07 NS 0.04
E 0.03 NS 0.01
P x E 0.24 NS 0.13

*P: Treatments with number of plants per pit; **E: sub-treatments with number of drip emitters per 
pit, LSD: Least significant difference at P < 0.05, NS: Non-significant



Table 3: Leaf photosynthesis (Pn), transpiration (Tr), stomatal conductance (gs), leaf water use efficiency 
(LWUE) and radiation use efficiency (RUE) under different treatments in banana

Treatments Pn            
(mmol m-2 
s-1)

Tr           
(mmol m-2 
s-1)

gs                  
(mmol m-2 
s-1)

LWUE (mmol 
mmol-1)

RUE (g 
MJ-1)

P* E*
1 plant per pit at 1.5 m (3333 
plants ha-1) 

1 emitter 15.62 6.25 0.59 2.49 1.37
2 emitter 17.98 7.17 0.62 2.50 1.52
3 emitter 18.01 7.55 0.69 2.38 1.94
4 emitter 18.22 8.01 0.74 2.27 1.77

2 plants per pit at 2.0 m 
(5000 plants ha-1)

1 emitter 15.18 6.01 0.35 2.52 1.46
2 emitter 17.74 6.93 0.38 2.55 1.68
3 emitter 17.96 7.01 0.45 2.56 2.64
4 emitter 17.98 7.77 0.50 2.31 2.03

3 plants per pit at 2.5 m 
(6000 plants ha-1)

1 emitter 13.55 5.74 0.33 2.36 1.40
2 emitter 16.11 6.66 0.40 2.41 1.54
3 emitter 16.63 6.84 0.47 2.43 1.59
4 emitter 16.35 6.90 0.58 2.36 1.86

CD0.05 P 0.08 0.74 0.007 0.02 0.04
E 0.13 1.13 0.03 0.03 0.08
P x E 0.63 1.47 0.06 0.08 0.14

*P: Treatments with number of plants per pit; **E: sub-treatments with number of drip emitters per 
pit, LSD: Least significant difference at P < 0.05

of emitters per pit and plant per pit reflects the 
negative effect of soil water deficit on Pn of banana 
plants. The Tr and gs values reduced significantly 
with reduction in both emitter number per pit and 
number of plants per pit. The higher gs and Tr 
values were caused by higher SWC in root zone of 
the plants under 4 emitters per pit and one plant 
per pit treatment. Earlier study by Santos et al. 
(2017) also reported higher Pn, gs and Tr values 
under higher soil water content in root zone of 
banana plants. However, the magnitude of LWUE 
was higher (2.56) in 2 plants per pit with 3 emitters 
than other treatments. The RUE increased with 
increase in number of emitters from 1 to 3 and 
then decreased in 4 emitters under 1 plant per 
pit and 2 plants per pit. However, in 3 plants per 
pit, the RUE increased with increase in number of 
emitters from 1 to 4, indicating the positive effect 
of 4 emitters on RUE under 3 plants per pit. 

Vegetative growth, yield, water productivity 
(WP) and fruit quality 

The vegetative growth, yield, WP and fruit 
qualities under different treatments are presented 

in Table 4. The maximum growth was observed 
with the plants with 4 emitters per pit (plant 
height: 1.77–2.32 m, canopy diameter: 1.55–
1.87 m). The growth parameters reduced with 
reduction in emitter number per pit. Similarly, 
the growth parameters decreased with increase 
in number of plants per pit. The lowest growth 
observed with the treatment having 3 plants per 
pit with 1 emitter (plant height: 1.27 m, canopy 
diameter: 1.09 m), indicating the higher sensitive 
of growth parameter of banana plants to SWC in 
root zone. 

The fruit yield per plant (3.25–18.94 kg plant-1) 
decreased with increase in number of plants per 
pit from one to three. However, the total yield per 
hectare increased with increase in number of 
plants per pit from one to three. The maximum 
yield (81.48 t ha-1) was harvested from 2 plants per 
pit with 3 emitters, whereas the minim yield (23.73 
t ha-1) was harvested from 3 plants per pit with 1 
emitter per pit. The yield reduced in 4 emitters 
than 3 emitters per plant in 2 plants per pit. This 
happened probably due to higher partitioning of 
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photosynthates towards vegetative growth than 
yield in 4 emitters per plant than 3 emitters per 
plant with 2 plants per pit. The optimum water 
used with maximum yield, resulted the highest 
WP (15.08 kg m-3) under 2 plants per pit with 
3 emitters. The better quality fruits with higher 
TSS (17.88 0Brix) and lower acidity (0.76%) were 
recorded under 2 plants per pit with 3 emitters 
compared with other treatments. The higher yield 
and WP under optimum number of plants per pit 
were earlier observed by Santos et al. (2017) and 
Carr (2009) in banana. 

CONCLUSIONS
The optimal number of plants (2 plants per 

pit) in combination with appropriate number 
of emitters per pit (3 Nos.) is found to be a 
productive and water saving technique in drip 
irrigated banana. The system enhances the yield 

by 44% with improving water productivity by 20% 
compared with normal planting of banana (1 plant 
per pit with 2 emitters) under drip irrigation. The 
improved fruit quality (higher TSS, lower acidity) 
under 2 plants per pit with 3 emitters adds to 
the advantage of the planting technique over 
traditional planting in the crop. Overall, it can 
be inferred that the higher fruit yield and water 
productivity with superior quality fruits was 
obtained under 2 plants per pit with 3 emitters 
system under drip irrigation in banana cultivation 
in eastern India and elsewhere having similar 
agro-climate of the study region. 
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ABSTRACT
The Standardized Precipitation Index (SPI) is a relatively new drought index based on the 

probability of precipitation for a time scale. The Standardized Precipitation Index (SPI) values were 
calculated for five agro climatic zones of Kerala viz. Northern Zone, High Range Zone, Central 
Zone, Problem Area Zone and Southern Zone, during southwest monsoon season by using 30 
years monthly rainfall data by using the programme SPI_SL_6. The 4-month time scale for the 9th 
month (September), which is the combined SPI for the months of September, August, July and 
June, was used to study the SPI for southwest monsoon. SPI values were negative (dry condition) 
for 19 years, positive (wet condition) for 15 years and near normal for 1 year at Northern Zone 
and there were 7 drought events (SPI ≤ -1.00). SPI values were negative (dry condition) for 15 
years and positive (wet condition) for 20 years at High Range Zone and there were 9 drought 
events (SPI ≤ -1.00) and 1 of them was meteorological drought event. At Problem Area Zone SPI 
values were negative (dry condition) for 16 years and positive (wet condition) for 19 years and 
there were 5 drought events (SPI ≤ -1.00) and 3 of them were meteorological drought events. SPI 
values were negative (dry condition) for 19 years, positive (wet condition) for 16 years at Central 
Zone (Vellanikkara station) and there were 5 drought events (SPI ≤ -1.00) and one of them was 
meteorological drought event. SPI values were negative (dry condition) for 16 years, positive (wet 
condition) for 19 years at Central Zone (Pattambi station); 4 drought events (SPI ≤ -1.00) and all of 
them were meteorological drought events except 1. At the Southern Zone SPI values were negative 
(dry condition) for 16 years, positive (wet condition) for 19 years; 7 drought events (SPI ≤ -1.00) 
and three of them were meteorological drought events. The more number of dry conditions were 
experienced at northern zone and central zone during southwest monsoon/ kharif season. Proper 
crop planning has to be done at those areas and crops like millets, pulses, vegetables etc. with 
short growing period, can be recommended with proper moisture conservation practices. 

Key words: Standardized Precipitation Index, meteorological drought, southwest monsoon 

INTRODUCTION
Droughts are apparent after a long period 

with a shortage of precipitation or without any 
precipitation. Compared to the impacts of other 
natural disasters, the impacts of drought on 
agricultural production and food safety are more 
significant (Chen and Sun, 2015). According 
to the India Meteorological Department (IMD), 
meteorological drought occurs when the seasonal 
rainfall received over an area is less than 75% of 
its long-term average value. If the rainfall deficit 
is between 26-50%, the drought is classified as 
‘moderate’, and ‘severe’ if the deficit exceeds 50%. 
According to Rathore (2014), there is an urgent 
need to make an effort to monitor and mitigate 
drought disaster with reference to span of time. 
Assessment of drought conditions is critical for 
crop planning, planning irrigation systems etc. 
(Abad et al., 2013). The Standard Precipitation 

Index (SPI) is a drought index based on the 
probability of precipitation for a time scale and 
was formulated by McKee et al. (1993), to give a 
better representation of abnormal wetness and 
dryness. SPI is a very easy, flexible and useful tool 
to monitor drought at a different scale ranging 
from near normal (-0.99) to extreme drought 
condition (≤-2) and it has been recommended 
by various studies for its suitability to estimate 
meteorological drought at different time lag       
(Pradhan et al., 2011; Dutta et al., 2013; Zhang 
and Jia, 2013; Belayneh et al., 2014). Kamble et 
al. (2019) has used SPI to assess the pattern and 
frequency of drought and its relationship with 
kharif rice productivity in Allahabad, Kanpur and 
Lucknow districts of Uttar Pradesh. Lee and Dang 
(2018) used SPI to analyse drought associated 
with El-Nino events in Vietnam. Standardized 
Precipitation Index (SPI), expresses the actual 
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rainfall as a standardized departure with respect 
to rainfall probability distribution function and 
hence the index has gained importance in recent 
years, as a potential drought indicator permitting 
comparisons across space and time. The purpose 
of SPI is to assign a single numeric value to the 
precipitation that can be compared across regions 
with markedly different climates and was designed 
to show that it is possible to simultaneously 
experience wet conditions on one or more time 
scales, and dry conditions at other time scales. 
In this study, the SPI has been analysed for 
southwest monsoon season for all the five agro 
climatic zones of Kerala.

MATERIALS AND METHODS
Positive and negative SPI values indicate wet 

and dry conditions respectively. A drought event 
starts when SPI value reaches -1.0 and ends when 
SPI becomes positive again. Drought classification 
based on SPI (McKee et al., 1993) is given in Table 
1.

Table 1: Drought Classification based on SPI 
(McKee et al., 1993)

SPI values Class
≥ 2 Extremely wet
1.50 to 1.99 Severely wet
1.00 to 1.49 Moderately wet
0 to 0.99 Mildly wet/ near normal
0 to -0.99 Mildly dry/ near normal
-1.00 to -1.49 Moderately dry
-1.50 to -1.99 Severely dry
≤ -2 Extremely dry

The climate is humid tropical in Kerala. The 
average rainfall ranges from 1500-4000mm. It is 
mainly received from southwest monsoon (68%) 
(June to September) and northeast monsoon 
(18%) (October to December).

The Standardized Precipitation Index (SPI) 
values were calculated for five agro climatic zones 
of Kerala viz. Northern Zone, High Range Zone, 
Central Zone, Problem Area Zone and Southern 
Zone (Fig. 1), during southwest monsoon season. 
The available monthly (June, July, August and 
September) rainfall data (1983-2017) of different 
stations in the five agro climatic zones viz. RARS 
Pilicode, Kasaragod (12.190 N, 75.160 E, 12 m 
above MSL; Northern Zone), RARS Ambalavayal, 
Wayand (11.610 N, 76.210 E, 911 m above MSL; 

High Range Zone), Department of Agricultural 
Meteorology, Vellanikkara, Thrissur (10.520 N, 
76.220 E, 22.25m above MSL) and RARS Pattambi, 
Palakkad (10.80 N, 76.200 E, 25.36m above MSL; 
Central Zone), RARS Kumarakom, Kottayam 
(9.580 N, 76.430 E, 2m below MSL; Problem Area 
Zone), NARP Vellayani, Thiruvananthapuram 
(8.50 N, 76.90 E, 29m above MSL; Southern Zone) 
were used to compute SPI values. 

Fig.1. Study area map – Agro climatic Zones of 
Kerala

The input files must follow 3-column format: 
Year, Month and Monthly precipitation value. The 
computer programme ‘SPI’ developed by CRIDA, 
Hyderabad based on the programme SPI_SL_6 
programme developed by the National Drought 
Mitigation Centre, University of Nebraska-Lincoln 
has been used to compute time series of Standard 
Precipitation Index (SPI) for the selected stations 
and for each month of the year at different time 
scales. So, here 4-month time scale for the 9th 
month (September), which is the combined SPI for 
the months of June, July, August and September, 
was used to study the SPI for southwest monsoon. 
Daily rainfall data was used as a input for 
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assessment of meteorological drought by using 
weather cock software.

RESULTS AND DISCUSSION
The standardized precipitation index (SPI) 

was calculated for all the five agro-climatic zones 
(Northern Zone, High Range Zone, Central Zone, 
Problem Area Zone and Southern Zone) of Kerala 
for southwest monsoon. The meteorological 
drought years during the last 35 years (1983-
2017) at each zone were shown in Table 2.

(moderately dry), 2005 (moderately dry), 2008 
(moderately dry) and 2015 (moderately dry). Also 
there was no meteorological drought in the above 
years, since those years received normal northeast 
monsoon rainfall. During 2016, meteorological 
drought was experienced during southwest 
monsoon and the SPI value was very closer (-0.97) 
to moderately dry condition.

Table 2: Meteorological drought at different agro climatic zones of Kerala during 1983-2017

Year Northern 
Zone

 High Range 
Zone

 Southern Zone Central Zone   Problem 
Area Zone

Pilicode Ambalavayal Vellayani Vellanikkara Pattambi Kumarakom
1983 No drought No drought Moderate drought No drought No drought No Drought
1989 No drought No drought No drought No drought Moderate 

drought
No Drought

2001 No drought No drought Moderate  drought No drought No drought No Drought
2002 No drought   Moderate  

drought
Moderate drought No drought No drought No Drought

2003 No drought No drought No drought No drought Moderate 
drought

No Drought

2011 No drought No drought Moderate drought No drought No drought No Drought
2012 No drought            Moder-

ate drought
Moderate drought No drought No drought Moderate 

drought
2015 No drought        Moderate  

drought
No drought No drought No drought No Drought

2016 Moderate 
drought

Moderate 
drought

No drought     Moderate      
drought

   Moderate 
drought

Moderate 
drought

2017 No drought No drought No drought No drought No drought Moderate 
drought

Northern Zone of Kerala (Pilicode)
The Northern Zone of Kerala consists of four 

districts viz. Malappuram, Kozhikode, Kannur 
and Kasargod. The major soil types of the zones 
are laterite and sandy soils. The major cropping 
systems adopted in the Northern zone are: a) Rice 
based cropping system, b) Coconut based cropping 
system and c) Homestead farming system.

The SPI for southwest monsoon for the last 35 
years (1983-2017) at Pilicode were plotted in the 
Fig.2 and it indicates that out of 35 years, the SPI 
values were negative (dry condition) for southwest 
monsoon for 19 years; positive (wet condition) for 
15 years and near normal for 1 year. There were 7 
drought events (SPI ≤ -1.00) during the southwest 
monsoon at Pilicode viz. 1985 (moderately dry), 
1987 (moderately dry), 2000 (severely dry), 2004 

Fig. 2. Standard Precipitation Index at Northern 
Zone (Pilicode) 

High Range Zone of Kerala (Ambalavayal)
The High Range Zone of Kerala consists of two 



districts viz. Wayanad and Idukki. The major soil 
types of the zones are sandy, laterite and loamy. 

The SPI for southwest monsoon for the last 
35 years (1983-2017) at Ambalavayal were plotted 
in the Fig. 3 and it indicated that out of 35 years, 
the SPI values were negative (dry condition) for 
southwest monsoon for 15 years and positive 
(wet condition) for 20 years. There were 9 
drought events (SPI ≤ -1.00) during the southwest 
monsoon at Ambalavayal viz.1987 (moderately 
dry), 1990 (moderately dry), 1999 (moderately 
dry), 2001 (moderately dry), 2002 (extremely dry), 
2003 (severely dry), 2012 (moderately dry), 2015 
(moderately dry) and 2016 (moderately dry). It 
was also understood that, meteorological drought 
were also experienced during 2002, 2012, 2015 
and 2016. 

Fig. 3. Standard Precipitation Index at High 
Range Zone (Ambalavayal) 

Central Zone of Kerala (Vellanikkara and 
Pattambi)

The Central Zone of Kerala consists of three 
districts viz. Thrissur, Palakkad and Ernakulam. 
The major soil types of the zones are sandy loam, 
laterite and clayey. 

The SPI for southwest monsoon for the last 35 
years (1983-2017) at Vellanikkara (Thrissur) were 
plotted in the Fig. 4 and it indicate that out of 35 
years, the SPI values were negative (dry condition) 
for southwest monsoon for 20 years and positive 
(wet condition) for 15 years. There were 5 drought 
events (SPI ≤ -1.00) during the southwest monsoon 
at Vellanikkara viz.1999 (moderately dry), 2001 
(moderately dry), 2002 (moderately dry), 2003 
(moderately dry) and 2016 (severely dry). Also the 
year 2016 experienced meteorological drought.

Fig. 4. Standard Precipitation Index at Central 
Zone (Vellanikkara) 

The SPI for southwest monsoon for the last 
35 years (1983-2017) at Pattambi (Palakkad) were 
plotted in the Fig. 5 and it indicate that out of 35 
years, the SPI values were negative (dry condition) 
for southwest monsoon for 16 years and positive 
(wet condition) for 19 years. There were 4 drought 
events (SPI ≤ -1.00) during the southwest 
monsoon at Pattambi viz. 1989 (extremely dry), 
2003 (extremely dry), 2015 (moderately dry) and 
2016 (severely dry). It was also understood that, 
meteorological drought were also experienced 
during all the above years except 2015. 

Fig. 5. Standard Precipitation Index at Central 
Zone (Pattambi) 

Problem Area Zone of Kerala (Kumarakom)
The Problem Area Zone of Kerala consists of 

two districts viz. Kottayam and Alappuzha. The 
major soil types of the zones are sandy loam, clay 
loam and laterite. 

The SPI for southwest monsoon for the last 
35 years (1983-2017) at Kumarakom were plotted 
in the Fig. 6 and it indicated that out of 35 years, 
the SPI values were negative (dry condition) for 
southwest monsoon for 16 years and positive 
(wet condition) for 19 years. There were 5 drought 
events (SPI ≤ -1.00) during the southwest monsoon 
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at Kumarakom viz. 2002 (moderately dry), 2004 
(moderately dry), 2012 (extremely dry), 2016 
(extremely dry) and 2017 (severely dry). Also the 
years 2012, 2016 and 2017 were meteorological 
drought years.

Fig. 6. Standard Precipitation Index at Problem 
Area Zone (Kumarakom) 

Southern Zone of Kerala (Vellayani)
 The Southern Zone of Kerala consists of 

three districts viz. Thiruvananthapuram, Kollam 
and Pathanamathitta. The major soil types of the 
zones are sandy loam and laterite. 

The SPI for southwest monsoon for 
the last 35 years (1983-2017) at Vellayani 
(Thiruvananthapuram) were plotted in the Fig. 
7 and it indicated that out of 35 years, the SPI 
values were negative (dry condition) for southwest 
monsoon for 16 years and positive (wet condition) 
for 19 years. There were 7 drought events (SPI ≤ 
-1.00) during the southwest monsoon at Vellayani 
viz. 1984 (moderately dry), 1985 (moderately dry), 
1990 (moderately dry), 2001 (extremely dry), 2002 
(extremely dry), 2003 (moderately dry) and 2012 
(moderately dry). Also the years 2001, 2002 and 
2012 were meteorological drought years. 

Fig. 7. Standard Precipitation Index at Southern 
Zone (Vellayani) 

Trend analysis for standardized precipitation 
index (SPI)

The trend analysis for SPI was done by using 
the Mann-Kendall test (Table 3).

Table 3: Mann-Kendall Trend analysis for SPI

Agro climatic zone Mann-Kendall Trend val-
ue of SPI during south-
west monsoon season

Northern zone (Pilicode) 0.895
High range zone (Am-
balavayal)

-0.824

Central zone (Vellanik-
kara)

-0.639

Central zone (Pattambi) -1.221
Problem area zone (Ku-
marakom)

-2.116*

Southern zone (Vellayani) 0.114

A significant decreasing trend for SPI was 
shown during southwest monsoon at Problem 
Area Zone (Kumarakom), which means more 
dry/drought conditions were occurring during 
southwest monsoon at this zone. A non significant 
decreasing trend for SPI was shown during 
southwest season at High Range (Ambalavayal) 
and Central Zones (Vellanikkara and Pattambi). 
At Northern Zone (Pilicode) and Southern Zone 
(Vellayani), SPI was showing a non-significant 
increasing trend during southwest monsoon, 
which means a tendency towards wet condition. 

CONCLUSION
The more number of dry conditions were 

experienced at northern zone and central zone 
during southwest monsoon/ kharif season. Even 
though the occurrence of dry conditions was less 
at High Range Zone, the more drought events 
were occurred there during the last 35 years. 
Since the southwest monsoon coincides with the 
first crop season in Kerala, rain fed rice has to 
be replaced with upland rice/aerobic rice etc. in 
those areas and proper crop planning has to be 
done in those areas and crops like millets, pulses, 
vegetables etc. with short growing period can be 
recommended with proper moisture conservation 
practices. 
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ABSTRACT
A two-year field experiment was conducted at the Research Farm of Cotton Section, 

Department of Genetics and Plant Breeding, Chaudhary Charan Singh Haryana Agricultural 
University, Hisar to illustrate the effects of weather parameters on biochemical constituents viz. 
protein content, oil content, sugar content and gossypolcontent of desicotton variety HD 123 
under six environmental conditions. It was sown on 10 April, 15 May and 5 June during 2015 
while on 26 April, 5 May and 2 June during 2016 in a Randomized Block Design (RBD) with 
six replications. The flowering during both the years started in early July and completed by the 
end of September during both the years 2015 and 2016. Flowers were tagged from its starting 
till end of the season on weekly basis and harvested separately and named it as a seed lot in 
all the environments. Flowers tagged in a week were grouped together and it was named as I to 
X in both the seasons. From each seed lot of HD 123 of different sowing periods, biochemical 
parameters were worked out from test samples of different seed lots to find out the role of these 
parameters and their correlation with different weather parameters. Weather variables under 
different environmental conditions influenced the various biochemical parameters of cotton crop. 
The response of various biochemical constituents to weather variables showed variation among 
the six growing environments. Various response functions viz. linear, logarithmic, exponential, 
inverse and polynomial were developed to find out the best fit response function; which explained 
the maximum variability in biochemical constituents with different weather parameters. In most 
of the cases, polynomial response function was found best fit with R2 values. Quantification 
of biochemical constituents resulted during early sowing minimum temperature, morning and 
evening relative humidity affected the protein content, sugar content, oil content and gossypol 
content, while these biochemical constituents were affected by maximum and minimum 
temperature, morning and evening relative humidity under normal and late sown conditions. So, 
for better development of seed with proper amount of biochemical constituents, early sowing is 
better because under normal and late sown conditions maximum temperature negatively affects 
protein content, sugar content and oil content, while increases gossypol content which is not 
desirable. Hence, early sown condition is more suitable for accumulation of these constituents 
compared to other conditions.

Key words: Desi cotton, biochemical constituents, environment and weather parameters

INTRODUCTION
Cotton plays an important role in agriculture, 

industry and economic development of the 
country. In North India only G. hirsutum and G. 
arboreum species are grown. G. arboreum is mainly 
grown under poor crop management conditions 
and their yield potential is not being realized fully. 
This species possess special desirable attributes 
like hardiness, earliness, tolerance to drought 
and tolerance to insect pests resulting in low cost 
of cultivation. Cotton seed is a good source of oil 
and protein. It contains 18-20% seed oil which is 
edible after removal of gossypol by hydrogenation 
(Narayanan et al.1975) and 17- 23% seed protein 
by weight. The cotton seed, a by-product and its oil 
is used for edible purpose. Its seed is the second 

largest source of vegetable oil in the world. This 
oil is generally considered as healthy vegetable oil. 
It is cholesterol free and hence termed as “heart 
oil”. After extraction of oil; the cotton seed meal 
is a protein rich by-product and assumes great 
importance in feed and fermentation industries. 
Therefore, cotton seed has an important 
contribution in helping to feed the world in the 
future.

Cotton is sensitive to biotic and abiotic 
stresses and environmental fluctuations. Such 
wide range of agro-climatic conditions causes 
considerable influence on yield and quality. The 
productivity of cotton has not made headway, 
although high yielding varieties are available 
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but their potential yields are not being harvested 
by the growers. Evaluation of these varieties 
under varying environmental conditions and 
identification of specific environmental conditions 
for a particular variety to harvest good quality 
is necessitated. Cotton is an indeterminate 
plant and it cannot stand continuous wet and 
overcast weather at any stage like germination 
and emergence, seedling establishment, leaf-
area-canopy development, flowering and boll 
development and maturation. There are numerous 
abiotic stress factors, particularly moisture 
surpluses and deficits, high and low temperatures 
and low light that impose limitations to the 
growth and development and therefore yield of 
cotton crop. During the period of fruiting, warm 
days and cool nights with large diurnal variations 
are conducive for good boll development (Rathore 
and Maini, 2008).All processes regarding square, 
blossom & boll initiation and maturation of the 
crop are temperature-dependent. Cool nights 
are beneficial during the fruiting period but 
extremes in low or high temperature can result in 
delayed growth and aborted fruiting sites. Cotton 
development rates were related to air temperature 
during the growing season and expressed as 
accumulated heat units or growing degree 
days (Roussoppoulos et al. 1998). Temperature 
significantly affects phenology, leaf expansion, 
internodes elongation, biomass production and 
the partitioning of assimilates to different plant 
parts (Sankarnarayananet al. 2010).The variations 
in oil and protein contents were attributed to 
environmental factors (Kohel and Cherry 1983; 
Singh et al. 1985; Dani 1993; Ye et al. 2003). 
Previous studies showed that the daily minimum 
temperature of 22–23°C was optimum for oil and 
protein accumulations in cotton seed and the oil 
and dry matter accumulations would be restrained 
when the daily minimum temperature was lower 
than 15°C (Zhou et al. 1992; Li et al.2009). High 
canopy light could promote the oil accumulation, 
while too high or too low canopy light would limit 
the protein accumulation (Zhu et al. 2010; Lü et 
al. 2013). Sowing datecould affect temperature 
and light which were the main ecological factors 
influencing cotton growth and development (Chen 
et al. 2014). Delayed sowing date caused the 
cotton growing at lower temperature and light 
which resulted indecreased sucrose export in 
cotton leaves (Liu et al. 2013) indicating that less 
photosynthates were transferred to fiber and cotton 
seed (Zhou et al. 1998). Thus, the growth offiber 
and cottonseed would be affected by late planting. 

However, the effects of different environmental 
conditions on cotton seed properties were not well 
understood. Therefore, there was a need to study 
the effects of differentenvironmental conditions 
on cottonseed growth and development atdifferent 
sowing periods. The objective of this study was 
to elucidatethe effects of different environmental 
conditions on cottonseed properties (seedoil 
content, protein content, gossypol content and 
sugar content etc.) at different sowing periods. The 
results may guide further research on the optimal 
time for sowing to improve cotton seed quality. 

MATERIAL and METHODS
The study was conducted at the Research 

Farm of Cotton Section, Department of Genetics 
and Plant Breeding, ChaudharyCharan Singh 
Haryana Agricultural University, Hisar (longitude 
of 750 46/E, latitude of 29010/N and 215.2m 
elevation) during crop season of the year 2015 
and 2016.The experimental material comprised of 
desi cotton variety HD123. All the experimental 
material was grown in three different sowing 
times i.e.10 April (E1- early), 15 May (E2 -normal) 
and 5 June (E3 -late sown) during 2015 while 
on 26 April (E4- early), 5 May (E5-normal) and 2 
June (E6-late sown) during 2016 in a Randomized 
Block Design with six replications for creating 
six environments. There were eight rows of six 
meter length having 67.5 cm x 30 cm spacing. 
The plants were tagged in each plot for flowering 
and boll development during both crop seasons. 
Flower tagged in a week were grouped together 
and it was named as I to X in both the seasons. 
The observation were taken weekly from flowering 
initiation to boll opening. From each seed lot of 
HD 123 of different sowing dates, biochemical 
parameters were worked out from test samples 
of different seed lots to find out the role of these 
parameters and their correlation with different 
weather parameters.Agro-meteorological data 
were recorded at agro-meteorological observatory 
during the seed development period of both season 
and converted to weekly data and are presented in 
Fig.1 and Fig.2. Total nitrogen (N) was estimated 
by micro-Kjedahl method and protein content 
was calculated as 6.25xN concentration(AOAC, 
1990). The oil content was determined by Soxhelt 
method. Gossypol content was determined by the 
method of Bell, 1967 and total sugar estimation 
was done as per method of Du Bois et al. (1956).
Correlation coefficient at genotypic and phenotypic 
level was calculated from the variance and co-
variance according to Johnson et al. (1955).Simple 
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correlations were computed by using the formula 
given by Al-Jibouri et al. (1958).

 

RESULTS and DISCUSSION
The various biochemical constituents viz.

protein content, oil content and sugar content 
were maximum under early sown conditions 
(24.86, 2.90 and 18.29, respectively) in 2015 
and (27.72, 3.99 and 19.01, respectively) in 2016 
followed by normal and late sown conditions 
whereas gossypol content was minimumin early 
sown conditions 0.46 in 2015 and 0.23 in 2016, 
followed by normal and late sown conditions. 

However; conditions of 2016 were better thanthe 
2015 (Table1). The response of various biochemical 
constituents viz. protein content, oil content, 
sugar content and gossypol content of variety HD 
123 to weather variables showed variation among 
the six growing environments. Significant weather 
parameters were selected based on the correlation 
coefficients obtained of HD 123 grown in these six 
environments (Table 2). Protein content showed 
significant positive correlation with minimum 
temperature for all the environments while 
morning and evening relative humidity showed 
significant positive correlation with protein 
content in E1, E4, E5 and E6, while rainfall and 
rainy days showed significant positive correlation 
in E1, E2 and E3. Minimum temperature showed 
negative correlation withgossypol content for all 
the environments while morning relative humidity 
showed negative significant correlation in E5 
and E6 environments. Evening relative humidity 
showed negative correlation with gossypol content 
in all the environments except E3, while rainy 
days showed negative significant correlation in 
E1, E2 and E3. Sugar content showed significant 
positive correlation with minimum temperature 
in all the environments while morning relative 
humidity showed significant positive correlation 
in E5 and E6. Evening relative humidity had 
significant positive correlation with sugar content 
in E1, E2, E5 and E6, whereas rainfall and rainy 
days showed significant positive correlation 
in E2 and E3. Oil content showed significant 
correlation with minimum temperature and 
evening relative humidityin all the environments 
except for E4. Morning relative humidity showed 
positive significant correlation in E5 and E6. 
Rainfall showed significant positive correlation 
with E2 and E3 while rainy days had significant 
positive correlation with E1, E2, E3 and E6 (Table 
2) indicating that the environmental conditions 
for the plants sowed at different sowing periods 
were different. Similar results were reported in 
previous studies (Liu et al. 2013; Chen et al. 2014).
The results showed that protein, sugar and oil 
contents were significantly positively correlated to 
minimum temperature, evening relative humidity, 
morning relative humidity, rainfall and rainy days, 
suggesting that the accumulations of biochemical 
constituents were also mainly dependent on the 
temperature (Li et al. 2009) and solar radiation 
(Zhu et al. 2010).



Table 1: Mean values of protein content(%), 
gossypol content(%), sugar content (%)and oil 
content(%) under different environments

HD 123 (Protein Content (%))
Weeks E1 E2 E3 E4 E5 E6
1 26.56 27.74
2 24.88 26.73
3 27.23 24.0 23.87 31.60 28.24 26.22
4 26.73 23.5 23.20 27.06 26.56 25.05
5 25.72 20.7 20.10 28.58 26.90 26.22
6 25.05 23.0 22.69 28.24 26.56 25.38
7 24.71 21.9 21.18 28.75 26.73 25.72
8 24.21 22.2 22.12 27.74 26.39 24.71
9 22.02 20.7 19.70 26.73 25.89 24.54
10 21.52 19.7 16.71 24.04 24.71 24.04

24.86 21.96 21.20 27.72 26.50 25.24
HD 123 (Gossypol Content) (%)
1 0.39 0.23
2 0.44 0.24
3 0.28 0.5 0.52 0.19 0.20 0.25
4 0.34 0.5 0.56 0.22 0.24 0.26
5 0.40 0.7 0.78 0.21 0.23 0.25
6 0.42 0.6 0.64 0.21 0.24 0.26
7 0.45 0.7 0.66 0.19 0.23 0.26
8 0.47 0.7 0.66 0.21 0.25 0.27
9 0.69 0.8 0.80 0.24 0.26 0.30

10 0.73 0.8 0.83 0.32 0.28 0.31
0.46 0.66 0.68 0.23 0.24 0.27

HD 123 (Sugar Content) (%)
1 3.41 3.97
2 3.15 3.40
3 3.87 2.7 1.66 4.80 4.75 3.27
4 3.48 2.6 2.57 4.06 3.32 3.10
5 3.33 1.4 2.52 4.22 3.71 3.21
6 3.30 1.9 0.76 4.16 3.38 3.13
7 2.74 1.6 1.96 4.77 3.69 3.14
8 2.65 1.9 1.50 4.10 3.32 3.08
9 1.55 1.0 1.84 3.62 3.17 3.03
10 1.54 0.3 0.36 2.83 3.07 2.83

2.90 1.68 1.65 3.99 3.55 3.10
HD 123 (Oil Content) (%)
1 19.10 16.5
2 18.50 15.6
3 20.10 18.3 17.80 28.7 22.95 14.85
4 19.60 17.4 17.10 16.7 15.15 13.45
5 18.80 15.4 15.10 22.5 16.15 14.5
6 18.60 16.7 16.60 19.8 16.5 14.35
7 18.40 15.7 15.60 24.6 15.85 13.75
8 18.40 16.2 16.10 18.8 14.55 12.7
9 15.70 15.4 14.80 15.9 15.3 13.25
10 15.70 14.6 13.50 11.0 13.4 12.3

18.29 16.21 15.83 19.01 16.23 13.64

Table 2: Correlation of various weather parameters with protein content, gossypol content, sugar 
content and oil content under different environments

HD 123 (Protein Content)
E1 E2 E3 E4 E5 E6

Tmax -0.238 -0.142 -0.049 -0.418 -0.562  -0.792*
Tmin 0.929* 0.787* 0.822* 0.638* 0.846* 0.764*
RHm 0.608* 0.313 0.310 0.564* 0.774* 0.843*
Rhe 0.784* 0.517 0.533 0.630* 0.859* 0.876*
RF 0.550* 0.661* 0.629* -0.037 0.056 0.125
RD 0.569* 0.704* 0.651* 0.203 0.390 0.368
HD 123 (Gossypol Content)
Tmax 0.100 0.202 0.187 0.435 0.640 0.794*
Tmin  -0.893*  -0.869*  -0.778*  -0.692*  -0.760*  -0.757*
RHm -0.499 -0.471 -0.329 -0.527  -0.780*  -0.750*
Rhe   -0.690*  -0.671* -0.526  -0.661*  -0.843*  -0.926*
RF -0.503 -0.728 -0.685 -0.111 -0.135 -0.354
RD  -0.552*  -0.752*  -0.738* -0.236 -0.439 -0.331
HD 123 (Sugar Content)
Tmax -0.135 -0.173 -0.113 -0.363 -0.466  -0.621*
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Tmin 0.914* 0.877* 0.776* 0.562* 0.630* 0.897*
RHm 0.545 0.444 0.286 0.468  0.645* 0.821*
Rhe 0.738* 0.650* 0.510 0.543 0.635* 0.902*
RF 0.503 0.705* 0.642* 0.023 -0.128 0.096
RD 0.516 0.762* 0.685* 0.165 0.255 0.500
HD 123 (Oil Content)
Tmax -0.130 -0.343 -0.164 -0.416 -0.425 -0.811
Tmin 0.881* 0.820* 0.848* 0.465 0.623* 0.781*
RHm 0.494 0.505 0.404 0.381 0.626* 0.871*
Rhe 0.689* 0.655* 0.605* 0.477 0.633* 0.893*
RF 0.515 0.788* 0.677* -0.148 -0.072 0.217

RD 0.554* 0.810* 0.727* 0.091 0.233 0.714*

Table 3: Best fit weather-seed germination response function (polynomial) for cotton varieties under 
different growing environments

Growing 
Environ-
ments

Weather 
Parame-
ters

HD123 
(Protein 
Content)

 Gossypol 
Content

Sugar Con-
tent

Oil Content

Y= ax2+bx+c R2 Y= ax2+bx+c R2 Y= ax2+bx+c R2 Y= ax2+bx+c R2

E1 Tmin y = -0.048x2 
+ 3.130x - 
22.13

0.874 y = 0.009x2 
- 0.487x + 
6.916

0.855 y = -0.031x2 
+ 1.831x - 
22.80

0.858 y = -0.074x2 + 
4.105x - 37.38

0.814

RHm y = 0.070x2 
- 11.41x + 
486.7

0.714 y = 0.000x2 
- 0.071x + 
2.496

0.525 y = 0.033x2 
- 5.466x + 
225.0

0.741 y = 0.058x2 
- 9.497x + 
404.3

0.636

RHe y = -0.003x2 
+ 0.508x + 
8.505

0.624 y = -0.005x2 + 
0.913x - 36.66

0.636 y = -0.002x2 
+ 0.290x - 
5.814

0.567 y = -0.005x2 
+ 0.614x + 
0.385

0.507

E2 Tmax y = 1.545x2 
- 110.7x + 
2005

0.468 y = -0.102x2 + 
7.361x - 131.3

0.440 y = 0.609x2 
- 43.72x + 
785.6

0.300 y = 1.247x2 - 
89.67x + 1626

0.592

Tmin y = -0.022x2 
+ 1.630x - 
3.974

0.624 y = -0.002x2 
+ 0.062x + 
0.477

0.763 y = -0.017x2 
+ 1.138x - 
15.51

0.777 y = 0.035x2 
- 1.177x + 
24.20

0.686

RHm y = 0.066x2 
- 10.80x + 
462.0

0.612 y = -0.004x2 + 
0.754x - 29.92

0.732 y = 0.028x2 
- 4.710x + 
192.5

0.580 y = 0.047x2 
- 7.700x + 
327.9

0.684

RHe y = -0.001x2 
+ 0.215x + 
14.74

0.268 y = -0.000x2 
+ 0.004x + 
0.717

0.452 y = -0.003x2 
+ 0.398x - 
9.398

0.448 y = 0.002x2 
- 0.139x + 
17.82

0.433

E3 Tmax y = 2.029x2 
- 145.2x + 
2618

0.340 y = -0.103x2 + 
7.432x - 132.5

0.413 y = -0.238x2 
+ 16.95x - 
299.3

0.057 y = 1.335x2 - 
95.75x + 1731

0.445

Tmin y = -0.154x2 
+ 8.145x - 
84.50

0.747 y = -0.000x2 
- 0.036x + 
1.606

0.606 y = -0.035x2 
+ 1.922x - 
23.63

0.466 y = -0.034x2 + 
2.152x - 15.91

0.730

RHm y = 0.090x2 

- 14.73x + 
621.1

0.515 y = -0.004x2 + 
0.781x - 31.12

0.612 y = -0.006x2 
+ 1.149x - 
49.16

0.398 y = 0.056x2 
- 9.197x + 
389.4

0.632

RHe y = -0.016x2 
+ 1.798x - 
26.30

0.349 y = -0.000x2 
+ 0.009x + 
0.574

0.278 y = -0.010x2 
+ 1.120x - 
27.34

0.677 y = -0.004x2 
+ 0.491x + 
1.690

0.378

E4 Tmin y = -0.266x2 
+ 13.72x - 
148.7

0.459 y = 0.011x2 
- 0.575x + 
7.365

0.732 y = -0.151x2 + 
7.513x - 88.8

0.445 y = -0.800x2 + 
40.24x - 485.6

0.282



RHm y = -0.274x2 
+ 48.92x - 
2153

0.404 y = 0.007x2 
- 1.301x + 
58.01

0.512 y = -0.090x2 
+ 16.13x - 
713.4

0.362 y = -0.890x2 + 
158.0x - 6984

0.334

RHe y = -0.010x2 
+ 1.376x - 
15.72

0.524 y = 0.000x2 
- 0.045x + 
1.601

0.823 y = -0.004x2 
+ 0.597x - 
14.11

0.562 y = -0.034x2 + 
4.276x - 110.9

0.412

E5 Tmax y = -0.101x2 
+ 6.161x - 
64.91

0.316 y = 0.022x2 
- 1.505x + 
26.00

0.447 y = -0.596x2 
+ 41.13x - 
704.9

0.273 y = -2.428x2 + 
167x - 2854

0.212

Tmin y = 0.007x2 
+ 0.284x + 
14.81

0.717 y = -0.001x2 + 
0.055x - 0.236

0.590 y = 0.091x2 
- 4.110x + 
49.26

0.424 y = 0.408x2 
- 18.06x + 
213.3

0.424

RHm y = 0.001x2 
+ 0.367x - 
14.92

0.599 y = -0.001x2 + 
0.258x - 10.44

0.615 y = 0.1x2 
- 17.22x + 
745.4

0.420 y = 0.238x2 - 
40.29x + 1718

0.373

RHe y = -0.001x2 
+ 0.285x + 
15.44

0.747 y = -6E-07x2 
- 0.002x + 
0.381

0.711 y = 0.002x2 
- 0.215x + 
8.225

0.456 y = 0.012x2 
- 1.184x + 
42.08

0.455

E6 Tmax y = 0.299x2 
- 21.86x + 
423.4

0.634 y = -0.009x2 + 
0.716x - 12.70

0.640 y = 0.106x2 
- 7.513x + 
136.1

0.416 y = 0.646x2 
- 46.15x + 
837.0

0.681

Tmin y = 0.049x2 
- 1.879x + 
41.50

0.596 y = 0.001x2 
- 0.067x + 
1.248

0.581 y = -0.007x2 
+ 0.462x - 
3.567

0.815 y = 0.051x2 
- 1.913x + 
29.42

0.620

RHm y = 0.050x2 
- 8.244x + 
363.1

0.717 y = 0.000x2 
- 0.031x + 
2.225

0.563 y = -0.01x2 
+ 1.822x - 
80.11

0.684 y = -0.039x2 + 
7.483x - 339.1

0.762

RHe y = 0.000x2 
+ 0.016x + 
22.16

0.770 y = 6E-05x2 
- 0.009x + 
0.606

0.877 y = -0.000x2 
+ 0.069x + 
0.736

0.853 y = 0.002x2 
- 0.130x + 
14.26

0.812

Tmax: Maximum Temperature; Tmin: Minimum Temperature; RHm: Morning Relative Humidity; 
RHe: Evening Relative Humidity

Various response functionsviz. linear, 
logarithmic, exponential, inverse and polynomial 
were tried to find out the best fit response function, 
which explained the maximum variability 
in biochemical constituents with weather 
parameters. In most of the cases polynomial 
response function was found best fit with R2 
values. Relationship of agro-meteorological 
variables with biochemical constituents was 
quantified mathematically and presented in 
Table 3 for HD 123 variety. Quantification of 
biochemical constituents resulted that during 
early sowing minimum temperature, morning 
and evening relative humidity affected the protein 
content, sugar content, oil content and gossypol 
contentwhile these biochemical constituents were 
affected by maximum and minimum temperature, 
morning and evening relative humidity under 
normal and late sown conditions (Table3). 

The change in biochemical constituents 
suggested that biochemical constituent’s 
accumulation was sensitive in response to sowing 

date, because temperature was the primary 
factor caused by different sowing periods for their 
accumulation (Chen et al. 2015). The speed of 
embryo oil, protein and sugar accumulations was 
rapid in the early stage and then slowed in the 
late period which was beneficial for the better seed 
development in the early stage. The duration of oil, 
sugar and protein accumulations was lengthened 
under late planting but the final oil and protein 
contents were decreased which might be due to 
lower accumulation speed under late planting. The 
results were similar to the report published by Liu 
et al. (2015). So for better development of seed with 
proper amount of biochemical constituents, early 
sowing is better because under normal and late 
sown conditions, maximum temperature affects 
negatively the protein content, sugar content and 
oil content, while increase in gossypol content 
which is not desirable.
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ABSTRACT
A field experiment was conducted on sandy loam soil of Research Farm, Department of 

Agronomy, Chaudhary Charan Singh, Haryana Agricultural University, Hisar during rabi 2014-
15. The experiment comprised of two seed rates (87.5 and 100 kg/ha) and three spacing (18, 20 
and 22 cm) in main plots and four nitrogen levels (60, 75, 90 and 105 kg N/ha) in sub plots and 
was laid out in split plot design with three replications. The results indicated that the different agro 
meteorological indices i.e growing degree days (GDD), photothermal unit (PTU), heliothermal unit 
(HTU) and phenothermal index (PTI) were significantly higher with 105 kg N/ha as compared to 
lower nitrogen levels. However, these parameters were not significantly influenced by seed rate and 
row spacing treatments. Both grain and biological HUE (Heat use effiency), HTUE (Heliothermal 
use effiency) and PTUE (Photothermal use effiency) were significantly higher with 100 kg seed 
rate/ha as compared to 87.5 kg. Row spacing of 18 and 20 cm proved superior to 22 cm in respect 
of all the above efficiency. The HUE, HTUE and PTUE for grain yield increased significantly upto 
90 kg N/ha whereas, their corresponding values for biological yield increased upto 105 kg N/
ha. Grain yield, protein content and husk content had positive and strong correlation while the 
parameters like malt recovery percent and starch content percent were negatively and highly 
correlated with GDD, PTU and HTU.

Key words: Agro-meteorological indices, malt recovery, protein, starch and husk content, seed 
rate, row spacing and nitrogen level

INTRODUCTION
Barley is the most important cereal crop and 

cultivated in various types of climate ranging from 
the desert of the Middle East to the high elevation 
of Himalayas (Hingonia et al., 2016). Though 
barley grows well in cool climate and but can also 
be grown successfully in tropical and sub-tropical 
regions. It is grown under rainfed, drought-
prone conditions and in regions where wheat 
cultivation is not economically feasible. In India, 
barley is grown on about 6.93 lakhs ha area with 
production of 17.88 lakhs tons and productivity of 
2580 kg/ha. The highest area (2.81 lakhs ha) and 
production (8.08 lakhs tons) of barley is found 
in Rajsthan. However, maximum productivity is 
recorded in the Punjab (3667 kg/ha) and Haryana 
rank second (3475 kg/ha) in productivity (ICAR-
IIWBR, 2017).

To overcome the risks of the impact of climate 
change, mitigation strategies and management 
system for crop adaptation to climate change 

conditions should be taken into consideration 
(Eitzinger et al. 2009; Bemal et al. 2013 and 
Kumar et al. 2013). Nitrogen management mainly 
controls the vegetative growth of barley, which 
in turn regulate the amount of light interception 
by the plant and also regulate the temperature 
factor within the crop canopy. Thus, nitrogen 
management is also an important factor, which 
not only regulates the thermal response but 
also regulates its requirement during different 
phenophases to harvest potential yield of barley 
crop. Temperature based indices such as growing 
degree days (GDD), helio-thermal units (HTU), 
photo-thermal units (PTU), pheno-thermal index 
(PTI), heat use efficiency (HUE) can be relatively 
useful for predicting growth and yield of crop 
(Rao et al., 1999, Haider et al., 2003 and Hari 
Ram et al., 2012 ). The quantification of HUE is 
useful for assessment of yield potential of a crop 
in different environment Hari Ram et al. (2012). 
Thus, agro-meteorological indices in barley crop 
may vary in different weather conditions Chabra 
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(2018). Performance of two-rowed malt barley 
cultivar BH 885 was evaluated to study the effect 
of different agronomic practices like seed rate, row 
spacing and nitrogen levels on thermal utilization 
and heat use efficiency as well as quantify their 
relationship with quality parameters in order to 
identify the best suited agro practices for northern 
Gangetic plains of India.

MATERIALS AND METHODS
A field experiment was conducted during 

rabi 2014-15 at Research Farm of Department 
of Agronomy, Chaudhary Charan Singh Haryana 
Agricultural University, Hisar, Haryana (India) 
under semi arid climate. The experimental site 
was situated at 29°10’ N latitude and 75° 46’ E 
longitude at an elevation of 215.2m above mean 
sea level. Soil was sandy loam in texture, slightly 
alkaline in reaction (pH 8.3), low in organic 
carbon (0.32 %) and available nitrogen (135 kg N/
ha), medium in available phosphorus (17 kg P/
ha) and high in available potassium (334 kg K/
ha). The experiment consisted of two seed rates 
(87.5 and 100 kg/ha) and three spacings (18, 20 
and 22 cm) in main plots and four nitrogen levels 
(60, 75, 90 and 105 kg N/ha) in sub plots. The 
24 treatment combinations were tested in split 
plot design with three replications. The sowing of 
two rowed malt barley variety BH 885 was done 
on 28 November 2014 by pora method at 5-6 cm 
depth using different seed rate and row spacing 
as per treatments. Recommended dose of P and K 
and half dose of N as per treatments were applied 
at the time of sowing and remaining half dose 
of nitrogen, as per treatments was top dressed 
at 1st irrigation (45 DAS). Other agro-practices 
were as per package of practices, CCS HAU, Hisar 
(Anonymous, 2014).

During crop season the meteorological data, 
viz., rainfall, relative humidity, maximum and 
minimum temperature, bright sunshine hours 
and pan evaporation etc. were recorded from 
Agrometeorological observatory, CCS Haryana 
Agricultural University, Hisar. During the crop 
growing period, the mean weekly temperature 
values ranged between 13.8 to 32.4ºC and 
4.0 to 17.6ºC for maximum and minimum 
temperatures. The rainfall received was 225.8mm 
and the total pan evaporation was 298.9mm 
during the crop growing period. The analysis was 
done using OPSTAT programme available online 
on CCS Agricultural University, Hisar web site. 
The different temperature based meteorological 

indices such as growing degree days (GDD), helio-
thermal unit (HTU), photo-thermal unit (PTU), 
pheno-thermal index (PTI) and garin and biological 
heat use efficiency (HUE) were calculated using 
the standard formulae (Gill et al., 2014).

 (Gill et al., 2014)

Where, 
Tmax = Daily maximum temperature (°C)
Tmin = Daily minimum temperature (°C)
Tb = Base temperature (5°C used for barley)
Accumulated HTU (°C day hour) = 
∑ (GDD × Duration of sunshine hours) 
(Gill et al., 2014)
Accumulated PTU (°C day hour) = 
∑ (GDD × Day length (hrs.))   
( Gill et al., 2014)

RESULTS AND DISCUSSION 
Agro-meteorological Indices

In general, the agro-meteorological indices 
viz. GDD, PTU and HTU increased remarkably 
with the advancement of crop growth. The increase 
was slow during initial period of growth i.e tillering 
to jointing. However, it was relatively higher from 
jointing to anthesis period as compared to anthesis 
to dough stages. The period of reproductive stage 
is comparatively longer as compared to initial and 
final stages. Consumption of degree days was 
higher at reproductive stage, might be due to more 
number of days taken and efficient utilization of 
PAR (Photosynthetically active radiation) and 
similarly quality bright sunshine hours. Similar 
findings were also reported by Juskiw et al. (2001) 
and Mani et al. (2007). The seed rate of 100 kg/ha 
was statistically at par to 87.5 kg/ha in respect 
of all the agro-meteorological indices. Likewise, 
row spacing had no significant influence on these 
parameters. However, numerically higher value 
of agro-meteorological indices was recorded with 
each level of decreasing spacing from 22 to 18 
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cm. These results were due to the fact that there 
were no major environmental differences due 
to seed rate and row spacing which could have 
contributed towards the changes in phenophases 
of the crop under different spacing and seed 
treatments (Table 1). The data presented in table 
1 further reported that nitrogen dose of 105 kg/
ha significantly increased GDD, PTU and HTU at 
all the stages compared to lower nitrogen levels, 
except jointing stage where both 90 kg and 105 
kg N were statistically at par. This might be due 
to the fact that the addition of higher dose of 
nitrogen prolong growing vegetative stages, which 
will influence the consumption of degree days and 
further enhancing the meteorological indices viz. 
GDD, PTU and HTU. 

Grain and Biological Yield
The data given in table 2 revealed that higher 

seed rate of 100 kg/ha significantly produced 
higher grain as well as biological yield compared to 
87.5 kg seed rate. These findings are in conformity 
with the findings of Nega et al. (2015). The grain 
yield under row spacing of 18 and 20 cm was at 
par and significantly higher than 22 cm spacing. 
However, biological yield under narrow spacing 
of 18cm was significantly higher as compared to 
both 20 and 22cm row spacing. Similar results 
were also reported by Bhullar and Walia (2004), 
Paynter (2010) and Papworth (2010). Each 
increasing level of nitrogen from 60 to 90 kg/ha 
significantly increased both grain and biological 
yields. These results were in unison with those 
obtained in barley by earlier workers (Paramjit 
et al., 2001; Chakrawarti and Kushwaha, 2006; 
Sharma and Verma, 2010; Singh et al., 2013).

Heat Use Efficiency 
Both grain and biological HUE (Heat use 

effiency), HTUE (Heliothermal use effiency) 
and PTUE (Photothermal use effiency) were 
significantly higher with 100 kg seed rate/ha as 
compared to 87.5 kg. Row spacing of 18 and 20cm 
proved superior to 22cm in respect of all the above 
efficiencies. The higher value of heat use efficiencies 
might be due to significantly higher grain yield in 
higher seed rate (100 kg/ha) and comparatively 
narrow spacing (18 and 20 cm). The HUE, HTUE 
and PTUE for grain yield increased significantly 
upto 90 kg N/ha whereas, corresponding values 
of HUE and HTUE for biological yield increased 
upto 105 kg N/ha. However, PTUE for biological 
yield with 90 and 105 kg N/ha was at par and 

higher than lower nitrogen levels. The heat use 
efficiencies followed the yield pattern as the grain 
yield increased significantly upto 90 kg N/ha. 
However, though, the biological yield increased 
significantly upto 90 kg N/ha, but higher value 
of HUE and HTUE for biological with 105 kg N 
might be due to comparatively greater magnitude 
of increase in biological yield with increasing 
nitrogen from 90 to 105 kg N/ha as compared 
to comparable increase in grain yield at these N 
levels (Table 1). 

Relationship Studies of Agro-meteorological 
Indices with Yield and Quality Parameters

Grain yield had positive and strong 
relationship with GDD, PTU and HTU at all the 
phenological stages (Fig. 1). Similar results were 
obtained by Chabra (2018) in barley crop. As 
depicted from Fig. 2 the malt recovery per cent and 
starch content per cent were negatively associated 
with GDD, PTU and HTU. This might be due to the 
fact that with increase in accumulation of heat 
units or degree days, there is more dry matter 
production and ultimately more grain yield and 
with the gain in grain yield, there is decrease in 
malt and starch content percent due to dilution 
effect. However, it was revealed that gain in grain 
yield has the edge in comparison to the decline 
in the malt and starch content and thereby the 
total malt and starch recovery increased with 
the increase in grain yield. Hence, in farmers 
perspective, where the target is grain yield and 
total malt and starch recovery, the dilution in 
starch and malt content per cent may be safely 
ignored. The determination factor for malt recovery 
per cent was 0.97, 0.97 and 0.98 and for starch 
content per cent was 0.95, 0.95 and 0.96 for GDD, 
PTU and HTU, respectively. Protein content and 
husk content had positive and linear association 
with GDD, PTU and HTU with determination 
factor of 0.96, 0.97 and 0.97 for protein content 
and 0.97, 0.96 and 0.97 for husk content, 
respectively (Fig. 3). Dahiya et al. (2019) reported 
that protein and husk had positive relation while 
starch and malt content had negative relationship 
with nitrogen levels. In our study GDD, PTU and 
HTU increased with nitrogen application and thus 
have positive relation with nitrogen levels. Verma 
and Singh (1989), Roy and Singh (2006) and 
Singh et al. (2013) found that there is a strong 
negative correlation between protein content and 
malt extract. So the findings of the study are in 
line with the findings of earlier workers.



Table 2: Effect of seed rate, row spacing and nitrogen levels on yields, PTI and grain & biological yield 
HUE, HTUE, PTUE of malt barley

Treat-
ments

Grain 
yield 

(kg/ha)

Biologi-
cal yield 
(kg/ha)

HUE (kg ha-1/°C 
Day)

HTUE (kg ha-1/°C 
Day)

PTUE (kg ha-1/°C 
Day)

PTI (°C 
Day 

hours)
Seed 

rate (kg/
ha)

GY HUE BY HUE GY 
HTUE

BY 
HTUE

GY PTUE BY PTUE Dough 
stage- 

Maturity
87.5 3212 10611 2.19 7.22 0.34 1.12 0.19 0.63 18.40
100.0 3440 11031 2.34 7.51 0.36 1.16 0.21 0.66 18.41
SEm± 23 49 0.02 0.03 0.002 0.005 0.001 0.003 0.035
CD at 5% 72 155 0.05 0.11 0.008 0.017 0.004 0.009 NS
Row spacing (cm)
22.0 3209 10483 2.19 7.14 0.34 1.10 0.19 0.62 18.32
20.0 3352 10885 2.28 7.41 0.35 1.15 0.20 0.65 18.40
18.0 3416 11095 2.33 7.56 0.36 1.17 0.20 0.66 18.50
SEm± 28 61 0.02 0.04 0.003 0.006 0.002 0.004 0.043
CD at 5% 89 191 0.06 0.13 0.009 0.02 0.005 0.012 NS
Nitrogen level (kg/ha)
60 3028 9884 2.06 6.73 0.32 1.04 0.18 0.59 18.26
75 3274 10711 2.23 7.29 0.34 1.13 0.20 0.64 18.36
90 3498 11212 2.38 7.63 0.37 1.18 0.21 0.67 18.47
105 3502 11477 2.38 7.81 0.37 1.21 0.21 0.68 18.53
SEm± 40 85 0.03 0.05 0.004 0.008 0.002 0.006 0.023
CD at 5% 126 270 0.08 0.144 0.012 0.022 0.007 0.018 0.065
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Fig 1: Relationship between grain yield and agro-
meteorological indices



Fig 2: Relationship between quality parameters 
and agro-meteorological indices
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Fig 3: Relationship between quality parameters 
and agro-meteorological indices

CONCLUSION
It can be concluded that different agro-

meteorological indices viz. GDD (2-5 %), HTU 
(1.5-5.3 %), PTU (2-5.7 %) and PTI (1.5 %), were 
significantly higher with 105 kg N/ha as compared 
to lower nitrogen levels while the effect of seed 
rate and row spacing was not significant. Use 
of 100 kg seed rate, 18 and 20 cm row spacing 
and 90 kg N/ha were found best with respect to 
both grain and biological HUE (Heat use effiency), 
HTUE (Heliothermal use effiency) and PTUE 
(Photothermal use effiency). Grain yield, protein 
content and husk content associated positively 
while the parameters like malt recovery percent 
and starch content per cent were negatively 
related with GDD, PTU and HTU.
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ABSTRACT
The variability in monsoon rainfall during rice season is a major concern and rice is mainly 

irrigated through tubewells, which put a pressure on groundwater table during rainfall deficit 
years. Keeping this in view, the present study was planned to study the variability in rainfall and 
changes in groundwater table at different locations of Punjab. The monsoon rainfall data (June-
September) and groundwater table depth for 15 years (2001 -2015) at different four locations of 
Punjab were analysed. The results showed that continuous deficit rainfall years led to decline in 
groundwater table depth at Ludhiana and Ballowal Saunkhri, but this trend was not observed 
at Faridkot and Bathinda. There was a non-significant increasing trend in rainfall i.e. 5.9 mm/
year at Ludhiana, 6.8 mm/year at Ballowal Saunkhri and 17.4 mm/year at Faridkot. A non-
significant decreasing trend in rainfall at the rate of –0.5 mm/year was observed at Bathinda. 
The groundwater table is directly correlated with rainfall received during the monsoon season. 
Groundwater table depth was positively correlated to June (r = 0.07), July (r = 0.13), August 
(r =0.11) and September rainfall (r = 0.19) at Ludhiana, June (r = 0.30), August (r = 0.06) and 
September rainfall (r = 0.17) at Ballowal Saunkhri, July (r = 0.35), August (r = 0.33) and September 
rainfall (r = 0.32) at Faridkot and June (r = 0.13) and September rainfall (r = 0.14) at Bathinda. 
The groundwater table depth is negatively correlated with July rainfall (r = -0.05) at Ballowal 
Saunkhri, June rainfall (r = -0.01) at Faridkot and July (r = -0.04) and August rainfall (r = -0.10)at 
Bathinda. There was a significant decline in groundwater table @ 0.47m/year at Ludhiana, 0.38 
m/year at Ballowal Saunkhri, 0.21 m/year at Faridkot and 0.33m/year at Bathinda.

Key words: Rainfall variability, groundwater table, monsoon rainfall, rice 

INTRODUCTION
Punjab is known as granary of India and wheat 

and rice are the major crops of Punjab. Rice is the 
predominant cereal crop in north-western India 
including Punjab. Rice ranks second after wheat 
in terms of area, production and productivity in 
Punjab (Anonymous 2017a). Over a time period, 
inter- state comparison of productivity of rice 
revealed that Punjab has consistently improved 
its respective position. Due to assured irrigation 
facilities, the rice yield in the state is better even 
during drought years. In Punjab, rice currently 
occupies an area of 29.26 lakh hectare with 
production of 122.83 lakh tons and productivity 
of 41.98 q/hac (Anonymous, 2017b). Rice is a 
water guzzling crop and requires about 150 cm of 
water during its crop season (Rao 2008). To grow 
one kilogram of rice approximately 5000 litres 
of water is used. Farmers are growing this crop 
on large areas, irrespective of rainfall variability 
during monsoon season as over 98.5 per cent of 
cultivated area in Punjab is irrigated, the highest 
in the country (about 73 per cent area is irrigated 
through groundwater while 27 per cent of the 

area is irrigated by canals). The area under rice 
was only 5 per cent of the total cultivated area in 
seventies which has now increased to more than 
70 per cent. 

Punjab is currently facing the problems of a 
declining ground water table in about 80 per cent 
area, due to intensive agriculture particularly 
due to monoculture of rice during kharif season. 
The green revolution technologies and assured 
procurement of rice at minimum support price 
encouraged rice cultivation in the state which 
was not its traditional crop. Out of 147 blocks of 
the state, 110 blocks are declared as dark blocks 
due to over-extraction of water than recharge. By 
2023, the water table depth in central Punjab is 
projected to fall below 70 feet in 66 per cent area, 
below 100 feet in 34 per cent area and below 130 
feet in 7 per cent area (Kaur and Vatta 2015). The 
free electricity to the farmers led to the excessive 
use of tubewell water for irrigation purpose, which 
is responsible for the depletion of groundwater 
table in the state (Jain 2006, Kaur and Sharma 
2012, Pandey 2014). The Punjab state with 1.53 
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per cent area of the country has almost 6 per 
cent of the total tubewells of India (Environment 
Statistics of Punjab, 2012). 

The variability in monsoon rainfall during 
rice season is a major concern for Punjab and data 
on monsoon rainfall from 2001 to 2015 indicates 
that the rainfall was deficit in most of the years 
in the state. Rice is irrigated through tubewells 
which puts a lot of pressure on groundwater table 
during deficit rainfall years. During monsoon 
season, if deficit rainfall trend continues in future, 
it will further deepen the groundwater table in 
Punjab. Keeping this in view, the present study 
was planned to study the variability in rainfall 
and changes in groundwater table in Punjab.

MATERIALS AND METHOD
The total monthly monsoon rainfall for 

different locations of Punjab viz. Ludhiana, 
Ballowal Saunkhri, Faridkot and Bathinda (2001-
2015), were collected from the Department of 
Climate Change and Agricultural Meteorology, 
Punjab Agricultural University, Ludhiana and 
different Regional Research Stations of PAU. The 
groundwater table data was collected from the 
Department of Soil and Water Engineering, PAU, 
Ludhiana. The relationships between monthly 
rainfall and groundwater table depth were worked 
out. The regression equations were also developed 
between rainfall and groundwater table data for 
different locations of Punjab (2001-2015). The 
details of different locations of Punjab for which 
analysis has been done are given in Table 1. 

RESULTS AND DISCUSSION
The monsoon rainfall (June to September) 

from 2000-2015 revealed that during most of the 
years the rainfall remained below normal except 
2008 when it was 20.3 per cent above normal 
(Fig. 1). The years 2014 and 2015 were drought 
years, where the rainfall deficit was 50 and 29 per 

cent respectively. Out of 16 years, the drought 
occurred in 9 years. The data on monsoon rainfall 
at different locations of Punjab (2001-2015) 
indicated that during most of the years, rainfall 
was deficit. During low rainfall years, rice crop is 
mainly irrigated through tubewells. The number 
of tubewells is increasing day-to-day in Punjab 
and increasing number of tubewells, has led to 
increased expenditure of farmers. There were 
only 1.92 lakh tubewells in the state during the 
year 1970, which increased to 6 lakhs in 1980 
and presently these are more than 14 lakhs in the 
state. The data of four locations w.r.t. rainfall and 
ground water table was analysed as under:

Ludhiana
The relationship between total rainfall 

and groundwater table depth is depicted in 
Figures 1-4. The groundwater table depth and 
total rainfall data (2001-2015) at Ludhiana was 
analysed for Ludhiana location and found that 
ground water table was directly correlated with 
rainfall received during the monsoon season (Fig. 
1). The highest rainfall (1157.6 mm) was received 
during 2011 and water table depth observed 
was 16.6 m during the same year. During 2012, 
2014 and 2015, the rainfall received was 382.5 
mm, 407.8 mm and 525 mm respectively, which 
was relatively low as compared to 2011 and the 
continuous deficit rainfall led to decline in water 
table depth during 2012 and 2014. The 2014 
year was drought year and the water table depth 
was 16.6m. The value of correlation coefficient (r) 
between water table depth and rainfall was 0.21. 
The regression equation developed for monsoon 
rainfall at Ludhiana (2001-2015) is as under 

Y= 5.90x + 555.0  (R2 = 0.012)

Where Y = Total rainfall (mm) X = Year (Time Span)

There was a non-significant increasing trend 
in rainfall at the rate of 5.90 mm/year (Fig. 1). 

Table 1: Latitude, longitude, height above mean sea level and normal monsoon rainfall of various 
locations of Punjab (2001-2015)

Location Latitude Longitude Height above 
mean sea level (m)

Normal mon-
soon rainfall 
(mm)

Base period for 
normal monsoon 
rainfall

Ludhiana 30o 54'33" 75o48'22" 247 615.3 1970-2015
Ballowal Saunkhari 31o06'05" 76o23'26" 355 829.7 1984-2015
Faridkot 30o40'38" 74o45'28" 204 325.1 1983-2015
Bathinda 30o 12'32" 74o57'09" 207 331.5 1983-2015
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Hundal et al (1997) analysed rainfall at Ludhiana 
over the past 95 years and reported an increasing 
trend for both annual as well as kharif season 
rainfall in the past 30 years. Kaur et al (2006), 
analysed annual and seasonal variability in 
rainfall from historical daily meteorological data 
for Ludhiana (1970-2004) and revealed that there 
is large variation in rainfall. 

Fig. 1. Relationship between total rainfall and 
groundwater table depth at Ludhiana (2001-2015)

The regression equation developed for 
groundwater table depth at Ludhiana (2001-2015) 
is as under

Y= 0.47x +10.56    (R2 = 0.862)

Where Y = Water table depth (m) X = Year 
(time span)

It showed that there was a significant decline 
in groundwater at the rate of 0.47m/year at 
Ludhiana. Humphreys et al (2010) reported that 
the average depth of the groundwater table in 
districts of central Punjab between 15 m and 28 
m in 2006.  

Ballowal Saunkhri
At Ballowal Saunkhri, the highest rainfall 

(1095.9 mm) was received during 2011 and 
groundwater table depth recorded during the same 
year was 14.2 m. During 2012, 2014 and 2015, 
the rainfall received during monsoon season was 
497 mm, 544.2 mm and 810.9 mm respectively, 

which was relatively less as compared to 2011 
(1095.9 mm). More decline in ground water table 
depth was observed during these years and the 
water table depth during 2012, 2014 and 2015 
was 11.9 m, 14.8 m and 14.4 m respectively (Fig. 
2). The regression equation developed for monsoon 
rainfall at Ballowal Saunkhri (2001-2015) is as 
under

Y= 6.85x + 660.0 (R2 = 0.025)

Where 

Y = Total rainfall (mm) X = Year (Time Span)

Fig. 2. Relationship between total rainfall and 
groundwater table depth at Ballowal Saunkhri 
(2001-2015)

The trend for rainfall was non-significant at 
the rate of 6.85 mm/year (Fig. 2). Gill et al (2010) 
reported that overall annual rainfall showed 
decreasing trend at Ballowal Saunkhri (1984-
2009). The regression equation developed for 
groundwater table depth at Ballowal Saunkhri 
(2001-2015) is as under

Y= 0.38x + 9.11               (R2 = 0.737)



Where Y = Water table depth (m) X = Year 
(time span)

The groundwater table declined significantly 
at the rate of 0.38 m/year during last 15 years 
(2001-2015).

Faridkot 
Relationship between total rainfall and 

groundwater table depth at Faridkot (2001-
2015) was computed (Fig. 3). The ground water 
table depth remained stable during 2006, 2007 
and 2008 at 6.2m and monsoon rainfall during 
2006, 2007 and 2008 was 414.3mm, 413.1mm 
and 445.4mm respectively. The minimum rainfall 
(2001-2015) was received during 2012 (141mm) 
and after 2012, the water table depth declined. 
During 2013 and 2014 water table depth was 7.8m 
and 8m respectively. The regression equation 
developed for Faridkot (2001-2015) is as under

Y = 17.44 + 21.88       (R2 = 0.321)

Where Y = Total rainfall (mm) X = Year (Time 
Span)

The rainfall trend was non-significant and 
the rate increase was 17.44 mm/year (Fig. 3).

Fig. 3. Relationship between total rainfall 
and groundwater table depth at Faridkot (2001-
2015)

The regression equation developed for 
groundwater table at Faridkot (2001-2015) is as 
under

Y = 0.21x +4.93     (R2 = 0.944)

Where Y = Water table depth (m)  X = Year 
(time span)

Significant trend was observed in groundwater 
table at Faridkot and it declined at the rate of 
0.21m/year. Jeevandas et al (2008) also analysed 
groundwater data for Faridkot district (1965-2005) 
and reported that groundwater table declined at 
the rate of 33cm/annum.

Bathinda
The relationship between total rainfall with 

groundwater table depth at Bathinda (2001-
2015) is shown in Fig. 4. The minimum rainfall 
was received during 2002 (159mm) and ground 
water table depth was 8.9m. During 2004, 2007, 
2009, 2012, 2014 and 2015 and rainfall received 
was 226.8mm, 244.9mm, 223.4mm, 209.4mm, 
236.6mm and 356.7mm respectively. The ground 
water table depth declined to 13.4 m in 2015. 
The regression equation developed for rainfall at 
Bathinda (2001-2015) is as under

Y = -0.56x + 345.9   (R2 = 0.001)

Where Y = Total rainfall  (mm) X = Year (Time 
Span)

A non-significant decreasing trend in rainfall 
at the rate of –0.56 mm/year was observed at 
Bathinda (Fig. 4). Kaur and Hundal (2008) also 
analysed rainfall variability over past three 
decades for different locations (Ballowal Saunkhri, 
Amritsar, Ludhiana, Patiala and Bathinda) on 
annual, seasonal, monthly and weekly basis and 
revealed that no significant change at different 
locations over past three decades has been 
found. Similarly Gill et al (2010) also reported a 
decreasing trend in rainfall at Bathinda during 
1984-2009. The regression equation developed for 
groundwater table at Bathinda is as under

Y = 0.33x + 8.14    (R2 = 0.970)

Where Y = Water table depth (m)  X = Year 
(time span)
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Fig. 4. Relationship between total rainfall and 
groundwater table at Bathinda (2001-2015)

There was a significant trend and groundwater 
table declined at the rate of 0.33m/year at 
Bathinda. Krishnan et al (2014) also reported that 
groundwater table declined to the tune of 8.57m 
in Bathinda during 2006-2013.

Correlation of total rainfall with groundwater 
table depth (2001-2015)

The correlation coefficients between 
total rainfall with groundwater table depth 
are presented in Table 2. The results showed 
that September rainfall was more correlated 
to groundwater table depth at Ludhiana and 
Bathinda. The rainfall received during the month 
of July at Faridkot and in the month of June at 
Ballowal Saunkhri, were more correlated to water 
table depth. At all four locations viz. Ludhiana, 
Ballowal Saunkhri, Faridkot and Bathinda, 
monsoon rainfall was positively correlated to 
groundwater table depth. Groundwater table 
depth was positively correlated to June (r = 0.07), 
July (r = 0.13), August (r =0.11) and September 
rainfall (r = 0.19) at Ludhiana, June (r = 0.30), 
August (r = 0.06) and September rainfall (r = 0.17) 
at Ballowal Saunkhri, July (r = 0.35), August (r = 
0.33) and September rainfall (r = 0.32) at Faridkot 

and June (r = 0.13) and September rainfall (r = 
0.14) at Bathinda. However, it was negatively 
correlated to July rainfall at Ballowal Saunkhri, 
June rainfall at Faridkot and July and August 
rainfall at Bathinda. Singh (2008) reported decline 
in the groundwater recharge due to corresponding 
increase in rice area. The monsoon rainfall and 
rice area are the major determinants of the extent 
to which the water table gets recharged during 
the monsoon season, when about 80 per cent of 
yearly rainfall was received. Similarly Krishan 
et al (2014) reported that in Punjab, water table 
increased due to more use of ground water during 
kharif season and water level depth increased 
during pre-monsoon season.

Table 2: Correlation between rainfall with 
groundwater table depth at different locations of 
Punjab (2001-2015)

Location Month/season Correlation 
coefficient (r)

Ludhiana June 0.07
July 0.13
August 0.11
September 0.19
Monsoon season 0.21

Ballowal 
Saunkhri

June 0.30
July -0.05
August 0.06
September 0.17
Monsoon season 0.27

Faridkot June -0.01
July 0.35
August 0.33
September 0.32
Monsoon season 0.52

Bathinda June 0.13
July -0.04
August -0.10
September 0.14
Monsoon season 0.05

CONCLUSIONS 
The deficit rainfall led to decline in 

groundwater table at Ludhiana and Ballowal 
Saunkhri. However the decline in water table was 
not observed at Bathinda and Faridkot. This may 
be due to the reason that in Faridkot and Bathinda, 
some area is waterlogged and underground water 



is of poor quality. Hence, the farmers use more 
canal water as compared to underground water. 
The rainfall has little effect on groundwater. The 
ground water table is positively correlated with 
rainfall received during the monsoon season. 
However, it varies from location to location. The 
rainfall received in the month of September is 
more correlated to groundwater table contribution 
at Ludhiana and Bathinda. June rainfall more is 
correlated to Ballowal Saunkhri and July rainfall 
more correlated to groundwater table at Faridkot. 
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ABSTRACT
The primary cause of soil degradation is soil erosion because it contributes to the loss 

of organic matter and nutrients, which are important for plant growth. Soil loss quantification 
is an important factor for practitioners and policy makers for soil and water conservation.The 
Revised Universal Soil-Loss Equation (RUSLE) model with remote-sensing (RS) and Geographic 
Information Systems (GIS), an integrated technique was used in current research to determine 
soil loss in Udham Singh Nagar District of Uttarakhand (India).The overlay of soil erodibility 
factor (K), rainfall runoff erosivity factor(R), Crop management factor (C), slope length and slope 
Steepness Factor (LS) and Conservation practices factor (P) were carried out using GIS software. 
The different parameters such as rainfall, Land Use/Land Cover (LU/LC), slope, Digital Elevation 
Model (DEM), contours, drainage-network, soil texture, and organic matter were integrated to 
prepare a database for RUSLE equation by employing ENVI and QGIS software. The result of LU/
LC classification shows that maximum area was occupied by agriculture land (38.66%), followed 
by fallow land (33.42), forest (17.57%), built-up area (5.71%), river (2.46%) and water bodies 
(2.18%). The outcome indicates that annual soil loss in the studied region ranged from 0-40 ton/ 
ha/year. It is found that soil erosion has a significant effect on both western and eastern parts of 
the study region.

Key words: LU/LC, RUSLE, DEM, Remote Sensing and GIS, Uttarakhand, India

INTRODUCTION
The loss of soil is a serious ecological issue, 

which occupies a global area of 56% and is 
accelerated by human-induced soil degradation 
(Gelagay and Minale, 2016; Bai et al., 2008). In 
many countries, soil erosion and related land 
resource degradation are highly significant spatio-
temporal phenomena (Hoyos, 2005; Pandey et 
al., 2009; Fistikoglu and Harmancioglu, 2002). 
Rill and inter-rill erosion are forms of recurrent 
water erosion which involves the transportation, 
detachment, and aggregation of soil particles to a 
new depositional region that impairs soil quality 
and decreases the productivity of vulnerable 
lands (Fernandez et al., 2003). The movement of 
sediment depends on topography, Slope, the cover 
of vegetation, drainage pattern, soil condition, 
soil texture, and duration of rainfall (Walling, 
1983). A number of variables such as improper 
LU / LC patterns, slopes, weather (extended dry 
periods followed by heavy rainfall) triggers erosion 
(Renschler et al., 1999).

Soil erosion has major impact on agricultural 
activities, land degradation, reservoirs siltation 

and environment, etc. in India. Nearly 45% 
of the total geographic region is impacted by 
the severe gorge and gully soil erosion, sandy 
areas, deserts, cultivated wastelands, shifting 
cultivation and water logging problem (Ganasri 
and Ramesh, 2016). For the determination of 
soil erosion, Universal Soil Loss Equation (USLE) 
was developed which subsequently revised 
(RUSLE) and modified (MUSLE) in croplands 
or topography with gentle slope (Lee and Lee, 
2006; Remortel Van et al., 2001; Wischmeier and 
Smith, 1978). Further, integration of soil erosion 
models with Remote Sensing (RS) and field data 
using Geographic Information Systems (GIS) were 
found helpful in soil erosion studies at spatial 
scales (Yue-Qing et al., 2009; Gitas et al., 2009; 
Fernandez et al., 2003). These finding is also 
supported by various studies conducted in India 
at different spatio-temporal scale to predict soil 
erosion loss (Wang et al., 2003, Yousuf and Singh, 
2016; Ganasri and Ramesh, 2016; Hassan et al., 
2018; Thomas et al., 2018). It can be inferred from 
the above studies that RS and GIS with RUSLE 
model can be used effectively in any study area 
to incorporate decision support systems for soil 
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and water conservation practices. Considering the 
above aspects, the present study aimed to assess 
soil loss by integrating RUSLE model with RS 
and GIS in Udham Singh (US) Nagar district of 
Uttarakhand (India).

MATERIALS AND METHODS 
Study Area

The US Nagar district ranges from 28°53’ N to 
29°23’N latitude and 78°45’E to 80°08’E longitude 
at an altitude of 550 meters above MSL. Map of the 
study area shown in Fig. 1. The total geographical 
area of the district is 3055 km2.The study area has 
a sub-humid climate. The maximum temperature 
in the plain areas varied between 38ºC to 40ºC and 
the minimum between 6°C and 11°C. The rainfall 
is high in the months of June & July and lowest in 
November & December (Kumar, 2017). The mostly 
soil types are clay loam, sandy and loamy in the 
study region. The soil is alluvial, medium to high 
in carbonate of calcium, potassium, organic, low 
to moderate in phosphorus (Shukla et al., 2015). 
Imperfect soil drainage and water-logging pose 
significant threats to plants in the field. Wheat, 
rice, sugarcane, Lentil, mustard, potato and pea 
are the primary crops cultivated in the study 
region.

Fig. 1. Location map of the study area

Data Used
The 32-year rainfall data (1982–2014) was 

used from the Department of Agro meteorology, 
GBPUA&T, Pantnagar, Uttrakhand. Data from 
the National Bureau of Soil Survey and Land Use 
Planning (NBSS & LUP) on clay in the soil, silt, 
sand soil structure code, percentage of organic 

matter and permeability code Satellite imagery 
of LANDSAT 8 was downloaded from https://
landsat.usgs.gov/ site. Open source ENVI and 
QGIS were used to generate various thematic 
layers such as contour, LU / LC, drainage and 
other data sets of the study region.

Revised Universal Soil Loss Equation (RUSLE)
The RUSLE model is commonly used to 

measure annual average soil loss per unit of 
worldwide land area. This model quantifies rill 
erosion, sheet erosion and related runoff from 
rainfall for a profile of the landscape. Equation 1 
is used to measure the loss of soil from a specific 
site:

)1(PCLSKRA ∗∗∗∗=

Where R is a factor which describes rainfall 
erosivity (MJ mm ha-1 h-1 year-1), A is mean annual 
rate of soil loss (t/ha/year), which is calculated 
from latitude, longitude and yearly precipitation 
data. K denotes soil erodibility factor (thahha-
1MJ-1 mm-1) which is obtained from soil surveys of 
India that includes the percentage of organic 
matter, clay, silt, sand and soil structure code. C 
is a crop management factor (C) acquired from 
field survey information on the cover of the 
vegetation. P stands for conservation supporting 
practice factor. LS is a topographic factor which is 
calculated from digital elevation data. In the 
present study, to estimate average annual soil 
loss, five parameter layers (R, K, LS, C, P) generated 
in the vector file are overlaid in QGIS. These 
parameters were computed using QGIS and ENVI 
open source software for computing soil loss. 
Here, each cell is assumed to be a closed plot in 
which the surface flow cannot enter a cell from 
another cell. The field of study is situated in the 
foothills of the Himalayas, deposited a very thick 
layer of alluvium. Bhawar and Tarai two 
physiographic nits are found in Udham Singh 
Nagar. Sandy to loamy texture soils are shallow, 
poorly sorted, comprising mainly of gravel, sand, 
silt, pebble clay, etc. The Tarai soils connect with 
the Bhawar Zone all along the district’s northern 
extremity in a continuous fringe. The flowchart of 
the proposed methodology is given in Fig. 2. The 
details description of all the parameters is given 
below:
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Fig. 2. Flowchart of methodology used in the 
present study

Rainfall Erosivity Factor (R)

The R-factor was calculated using 32 years of 
rainfall data by employing equation 2. 

Where, rainfall erosivity factor is R (MJ mm 
ha-1 h-1 year-1), is monthly precipitation (mm); 
P defines the annual precipitation in millimeter 
(mm). Spatial distribution of P is computed using 
the technique of interpolation ‘Inverse Weighted 
Distance (IDW)’ in QGIS software. The study 
area’s average rainfall ranged from 6.82 mm to 
486.89 mm.

Soil Erodability Factor (K)

The K-factor (Foster et al., 1991) which 
expresses the sensitivity of the soil to water erosion 
depending on the soil’s properties. Equation 3 has 
been used for K-factor calculation: 

Where, K is the soil erodibility factor (t ha 
h ha-1 MJ-1 mm-1) and its value ranges from 
0 to 1. The value 0 shows that the soil is least 
prone to erosion, while 1 suggests that it is more 
prone to water erosion. M represents the particle 
size parameter which is calculated by the below 
equation:

Depending on the type of soil, the percentage 
of clay, silt, and sand was determined in the 
study area using the USDA soil triangle. The soil 
structure codes were extracted from the database 
of NBSSLUP. The soil textural classes were 
derived with the help of Soil Texture Triangle and 
the structure codes were assigned. The value of 
soil textural code is least in case of sandy soil, 
while it is maximum in case of fine silt and fine 

loamy soils. Shinde et al. (2010) also reported 
that the sandy soil exhibits less soil structural 
classes and is more prone to soil erosion, while 
silt and loamy soils exhibit a higher value of soil 
structural classes, therefore are good to reduce 
the soil erosion. 

Crop Management Factor (C) 

The C is defined as the soil loss ratio of a 
covered vegetation land to bare land condition. 
This demonstrates vegetation’s impact on soil 
erosion. C factor varies between 0 and 1. The 
higher C value indicates little effect on the cover 
and thus more erosion, whereas the lower C means 
a heavy impact on the cover resulting in almost no 
erosion. As C-factor is not available for most of the 
Indian crops, hence, its value is calculated from 
Satellite imagery of Landsat 8. The supervised 
classification technique with minimum distance 
algorithm was applied for generating LU/LC 
using ENVI software. The ground-truthing was 
performed for the verification of the objects at 
different places. Equation 4 is used to compute 
the C factor.  

         

Where, NDVI stands for normalized difference 
vegetation index and represented as (NIR-R)/ (NIR 
+ R). It is extremely associated with the amount 
of green biomass and provides information about 
green vegetation variability. NDVI values are 
usually much higher than 0.1, while vegetation 
rarely shows values below 0.NDVI’s ability to 
estimate vegetation cover has been verified by 
ground-truthing. The unit less parameter α and 
β are 2 and 1 respectively, which are used to 
evaluate the shape of the NDVI-C curve (Van der 
Knijff et al., 2000) were used in the present study. 

Practice Factor (P)

P-factor is the level of soil erosion that is 
caused by supporting practices. It is the proportion 
of soil loss with supporting activities without any 
specific supporting activities to the loss. The value 
of P varies between 0 and 1. Its values at different 
slope gradients are calculated. Support practice 
markedly affects soil erosion by modifying the 
slope gradients, flow pattern, direction and 
surface runoff rate. The information about forest, 
soil cover is acquired by field observations and 
location is obtained from the Global Positioning 
System (GPS) in the research area. Equation 5 is 



used for the calculation of the P factor. 

                    

Where, the slope is in per cent, which is 
generated using ASTER data. 

Slope Steepness (LS) Factor

It is defined as topological parameter with 
two sub-factors, i.e. slope gradient (S) and slope 
length. These factors affect soil erosion through 
the movement of surface water. The slope 
steepness effect is more prominent than slope 
length on soil loss. The LS factor is determined by 
DEM. Equation 6 is used for LS factor calculation:

Where, the accumulation of flow represents 
the area contributing to the accumulated upslope 
for a specified cell. LS is equal to mixed slope 
length and the slope steepness factor cell size is 
equal to grid cell size (30 m). sin slope = Z slope 
degree value in sin. The map of slope steepness 
factor was prepared by DEM data in QGIS software 
using different plug-in. From the DEM data 
using QGIS software, sinks, flow direction, flow 
accumulation and slope percentage were carried 
out. LS Factor is determined using flow direction, 
flow accumulation and slope percentage in raster 
calculator as shown in Fig. 2a.

Fig. 2a. Flowchart of LS Factor

RESULTS AND DISCUSSION 
RUSLE Model Parameters 

Soil erosion loss (A) assessment requires 
various factors (i.e. R, K, LS, C, and P) generated 
spatially using RS and GIS methods. Monthly 
and annual rainfall is the parameter needed 
to estimate the R factor. As shown in Fig.3, the 

research area value of the R variable ranged from 
2 to 8. The parameters needed for calculating the 
K factor are particle size parameter (M), organic 
matter content (OM) and classes of soil structure. 
The value of soil textural code is least in case of 
sandy soil, while it is maximum in case of fine 
silt and fine loamy soils. Fig.4 depicts the value 
of the K factor which changes from 0.002 to 
0.010thahha-1MJ-1 mm-1. The LU/LC and NDVI 
are required for the calculation of the C factor. 
In Fig. 5, the study area’s classified image and 
findings are shown in Table 1. The analysis of 
results shows that the study area’s major portion 
is covered by agriculture land (38.66%), followed 
by fallow land (33.42), forest (17.57%), built-
up area (5.71%), river (2.46%) and water bodies 
(2.18%). The C factor ranged from 0.2 to 1.00 (Fig. 
6). The slope determined from the Digital Elevation 
Model using ASTER data is needed to estimate the 
P and LS factor. The highest and lowest LS factor 
values are 2 and 12 (Fig. 7). The research region’s 
P factor varies between 0.2 and 0.8 (Fig. 8).

Fig. 3. Land Use/Land Cover map of the study 
area

Fig. 4. R factor map of the study area 
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Fig. 5. K factor map of the study area

Fig. 6. C factor map of the study area 

Fig. 7. P factor map of the study area 

Fig. 8. LS factor map of the study area 

Fig. 9. Soil erosion potential map of the study 
area 

Annual Average Soil Loss (A)

After creating all the vector layers of the 
RUSLE component, QGIS overlaid all the generated 
RUSLE vector layer to obtain the average annual 
soil loss (Duarte et al., 2016). The spatial soil 
erosion distribution is shown in Fig.9 and its 
ranges from 0 to 40 ton/ha/year. Similar results 
were reported in shivalik foothills by Yousuf and 
Singh (2016). Furthermore, erosion levels ranged 
from 0 to 2 tons/ha/year in most areas of the 
study. A small region especially close to rivers 
and having relatively higher slope is exhibiting 
slightly high soil erosion ranging from 20-40 
ton/ha/year. Because of the plain topography, 
agriculture occupied most of the area. Likewise, 
Thomas et al., (2018) found mean soil erosion due 
to land occupied in agricultural practices. The 
agricultural fields remain occupied throughout 
the year and reduce the possibility of soil erosion. 
Thick forest cover, human settlement, and water-
bodies are further contributing to reduced soil 
erosion in the study area.



CONCLUSION
The present study was carried out in U.S. 

Nagar district of Uttarakhand, India, for the 
spatial assessment of soil erosion using RUSLE 
model in integration with RS and GIS. Using QGIS 
technology, the different factors namely R, K, LS, 
C, and P were calculated spatially. The results 
showed that agriculture land (38.66%) covered 
most of the area, followed by fallow land (33.42), 
forest (17.57%), built-up area (5.71%), river 
(2.46%) and water bodies (2.18%). The estimated 
annual soil loss varied from 0-40 ton/ha/year in 
the study area. The mean erosion rate in barren 
lands was high, followed by agriculture lands, 
shrubs, grasslands and forests. The land occupied 
during the year that controls the runoff which 
lower the soil erosion is attributed to agricultural 
practices.The biomass layer that cover the land 
in living or dead form dissipates rainfall and wind 
energy, it provides resistance to wind and water 
soil erosion and having very little erosion as it 
holds together the top soil. Intensive soil erosion 
reflects the widespread destruction of cropland 
and field forests. Agriculture practices are mostly 
dependent on climatic parameters. Weather 
forecasting under Gramin Krishi Mausam Sewa 
(GKMS) project can help the farmers to minimize 
the risk and help them to schedule their farming 
activities. Weather forecasting can also support 
farmers’ day-to-day activities such as optimal 
sowing date, nursery management and rainfall-
related information that can help farmers control 
their irrigation schedule. With high rainfall 
intensity, runoff will be more and soil erosion will 
be high. To reduce the soil erosion, a soil erosion 
practices like bunding, terracing, mulching etc. 
can be adopted. If under GKMS, in addition to 
weather forecasting information, a guidance with 
soil loss reduction practices is all provided to 
the farmer, it allows the farming community to 
minimize soil erosion by proper management of 
farming practices and improve farm productivity.
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ABSTRACT
Pre-harvest sprouting is a major concern which causes immense losses in mungbean 

[Vigna radiata (L.) Wilczek]. During 38th and 39th SMW of 2018, there were four successive rainy 
days with 76.6 mm total rainfall, RH almost 100% and negligible sunshine providing an ideal 
condition to screen mungbean genotypes for pre-harvest sprouting resistance. Released varieties 
(44) and advanced genotypes (18) were screened on the basis of damaged pod, damaged seed and 
reduction in test weight. Observations were also recorded on maturity, growth habit, height, pod 
traits (pubescence, position, curvature), water intake by seeds and radicle emergence (after 24, 
48, 72 and 96 hrs). Yield losses from 11 to 100 % were recorded. Based on these parameters, 
none of the genotypes was found completely resistant to pre-harvest sprouting, however, Basanti, 
Ganga-8, Pusa Vishal, PusaRatna, SML 668, Vamban-2, SML 832 and Pant Mung-2 among the 
released varieties and MH 1142, MH 1436, MH 1451 and MH 1457 among the advanced lines, 
exhibited varying degrees of tolerance towards pre-harvest sprouting where the losses were <20% 
(pod damage, test weight and seed yield), water intake was low (in 24 hrs). These genotypes can 
be utilized for development of pre-harvest sprouting tolerant mungbean varieties.

Key words: Mungbean, pre-harvest sprouting, weather damage

INTRODUCTION
Mungbean (Vigna radiata (L.) Wilczek) is an 

ancient annual herbaceous self pollinated pulse 
crop which originated in Indian subcontinent. 
It is grown throughout Asia, Australia, West 
Indies, South and North America, tropical and 
subtropical Africa. India is its biggest producer 
and consumer accounting for about 65 per cent 
of the world’s acreage and 54 per cent of the 
world’s production (Singh and Singh, 2011). It is 
a cheap source of easily digestible high quality 
proteins, minerals, vitamins it’s often preferred 
to other pulses because of its better digestibility 
and lower flatulence problem. Besides these, it 
also restores the soil fertility through atmospheric 
nitrogen fixation. It can be grown during spring, 
summer, kharif and rabi seasons where it fits well 
in various cropping systems. 

The production of mungbean has not 
increased much since last two decades even 
after development of high yielding varieties. 
The main reason for this has been attributed 
to susceptibility to biotic and abiotic stresses. 
Though mungbean seeds are protected inside the 
pod, yet they are very susceptible to pre-harvest 
sprouting due to lack of fresh seed dormancy, 
and in all seasons, causes massive yield and 

quality losses (Lamichaney et al., 2018). Lack of 
dormancy in mungbean has been described as an 
inherent property of seed. Pre-harvest sprouting, 
results in rupture of seed coat which protects 
the seed from adverse environmental conditions 
and pathogens (Lassimet al., 1984). A prolonged 
rainy period at maturity results in yield and 
quality loss due to fungal infestation, sprouting 
and discoloration of seeds. It is sometimes also 
known as weather damage, referring adverse 
physical and chemical changes occurring in seeds 
following their exposure to rainfall and humidity. 
It is one of the most important factors for lower 
productivity in pulses particularly in mungbean. 
Nearly 60-70 per cent of yield losses have been 
reported in green gram and black gram due to 
pre-harvest sprouting. The yield gap in most 
of the high yielding mungbean varieties could 
mainly be due to lack of resistance to pre-harvest 
sprouting. Prevention of pre-harvest sprouting 
damage, forms the most important challenge in 
mungbean (Durga and Kumar, 1997;Rao et al., 
2007 and Singh et al., 2017), thus, necessitating 
incorporation of resistance to it in the cultivars. 
The meagre information on variability and 
resistant sources for it, worsens the situation 
further.Therefore, the present investigation was 
carried out with the objective of screening the 
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mungbean varieties and advanced genotypes for 
pre-harvest sprouting resistance, association 
among pre-harvest sprouting resistance traits 
and to identify genotypes resistant/ tolerant to it.

MATERIALS AND METHODS
Seed quality reflects visual symptoms of 

weather damage which are expressed as the 
percentage of undamaged seed. A minimum 
exposure to rainfall is required before seed quality 
deteriorates. The percentage of unweathered seeds 
depends on the cumulative duration of rainfall. 
Exposure to at least 300 minutes of rainfall is 
required for seed quality deterioration. Exposure 
to 4000 minutes of rainfall is required to reach the 
maximum threshold (Yeates et al., 2000). During 
38th and 39th SMW of 2018 i.e. at the maturity 
stage of the rainy season mungbean crop, there 
were four successive rainy days culminating in 
76.6 mm total rainfall (22nd to 25th Sept., 2018) 
at Hisar (Latitude: 29° 10’, Longitude: 75° 46’ 
and Altitude: 215.2m). Also the relative humidity 
(morning and evening) remained almost 100%, 
with no sunshine for three consecutive days and 
pan evaporation ranging from zero to 2.2mm. All 
these created a highly favourable environment for 
initiation of pre-harvest sprouting in mungbean. 

This provided an ideal condition to screen 
44 released varieties and 18 advanced genotypes 
of mungbean for pre-harvest sprouting in 
field conditions. The genotypes were sown in 
randomized block design with three replications. 
Each genotype was grown in a two rows of 4m 
length with 30cm row to row spacing. The 
recommended package of practices was followed to 
raise a good crop.These genotypes were screened 
on the basis of per cent damaged pod, per cent 
seed damaged seed, per cent reduction in test 
weight, water intake by seed in 24 hrs (imbibition) 
and radicle emergence in 24, 48, 72 and 96 hrs. 

Number of undamaged and damaged pods on 

five randomly selected plants was counted to work 
out the per cent damaged pods. Per cent damaged 
seeds were calculated by threshing ten random 
pods from three plants in each genotype, in all 
three replications and then counting the damaged 
and undamaged seeds separately, to compute 
per cent damaged seeds. The per cent reduction 
in 100-seed weight estimated by the following 
formula:

(Test wt. of undamaged seeds–Test wt. of 
mixture of damaged and undamaged seeds)×100

Test wt. of mixture of damaged and 
undamaged seeds

Water intake/imbibition by the seeds was 
observed by soaking100 seeds in water for 24 
hours. The soaked seeds were surface-dried with 
the help of tissue paper and weight of the soaked 
seeds was recorded. Water imbibition by seeds (%) 
was calculated using the following formula:

[(Weight of soaked seeds –Weight of dry 
seeds)/ Weight of dry seeds] x100

Observations on days to maturity, plant 
growth habit, pod pubescence, pod curvature, 
pod position and plant height were recorded as 
per DUS guidelines (Anonymous, 2007). 

RESULTS AND DISCUSSION
Analysis of variance exhibited substantial 

amount of variability among the genotypes for 
the pre-harvest sprouting related traits (Table 1). 
Seed yield losses to the extent of 11 to 100 % were 
observed due to pre-harvest sprouting. Kopergaon 
was found as most susceptible variety and none 
of the genotypes was found completely resistant 
to pre-harvest sprouting. Among the genotypes 
studied none had glabrous pods, which could 
be supposed to impart tolerance for pre-harvest 
sprouting, by low retention of water (Dougherty 
and Boerma, 1984). Earlier studies on mungbean 

Weather data of Hisar (Sept. 22-26, 2018)

Day Temperature °C Avp (mm) RH (%) WS SS EVAP RAIN
Sept., 2018 MAX MIN M E M E km/hr hrs mm mm
22 34.6 21.0 20.3 30.1 100 100 11.2 8.1 8.0 33.7
23 24.6 21.8 23.2 28.4 100 100 10.6 0.0 O.F 10.9
24 28.0 22.0 22.4 21.1 100 100 7.6 0.0 1.5 30.2
25 24.6 20.0 19.1 22.3 100 81 4.1 0.0 2.2 1.8
26 27.9 20.0 21.3 26.4 96 75 2.5 3.9 1.5 0.0
Av./ Total 27.9 21.0 21.3 25.7 99.2 91.2 7.2 2.4 3.3 76.6
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germplasm screening to identify pre-harvest 
sprouting tolerant genotypes was done by Cheralu 
et al. (1999), Rao et al. (2007), Ravika and Yadav 
(2013).Singh et al. (2017) and Lamichaney et al. 
(2018) also reported variability for various traits 
imparting pre-harvest sprouting and suggested 
their role in pre-harvest sprouting tolerance.

Seed is the main economic produce in 
mungbean, hence reduction in yield and 
deterioration in seed quality were taken as the 
major criteria in the present study to judge 
the losses caused by pre-harvest sprouting. In 
certain genotypes the pods were found damaged 
or weathered but the damage to seed was less 
and similarly in certain genotypes, the reduction 
in seed weight was not as profound as was the 
qualitative damage to the seed. The per cent 
damaged pods varied from 45 (Pusa 9531, MH 
1314 and MH 1142) to 100% (RMG 62, Kopergaon, 
TBM-37 and Pant mung-4), however, it was not 
co-linear with per cent damaged seeds which 
was found minimum in MH 1703(19%) followed 
by Basanti and MH 1314 (25%), and Pusa 9531 
(30%) and maximum in Pant mung-4(71%), 
followed by GM-4 and RMG 991 (70%), RMG 62 
(69%), LGG 460, TBM-37 and RMG 334 (67%) 
and HUM-12 and Kopergaon (66%). Similarly, the 
per cent reduction in seed weight was observed 
<15% in Basanti (9.37), Pusa 0672 (11.21), HUM-
16 (11.65), MH 318 (12.62), MH 1489 (13.00) and 
Pusa 9531 (14.36) and >50% in LGG 460 (53.95), 
GM-4 (55.35), PKV AKM-4 (55.83), Kopergaon 
(56.64) and RMG 492 (71.81). It was evident from 
the perusal of data that per cent damaged pods 
were more as compared to the per cent reduction 
in seed weight. This would have been due to 
stagnancy and movement of water on and in the 
pods as influenced by pod wall thickness, pod 
pubescence, density of pod hair, pod waxiness as 
suggested by Ravika and Yadav (2013) and pod 
position, pod angle, pod curvature, pod length, 
pod beak length, etc are many factors like MYMV 
damaged pods.

Though the seed quality and physical 
appearance deteriorated in all, yet the varying 
degree of reduction in seed weight, however, in 
some genotypes the per cent reduction in seed 
weight was less but the damaged seeds were more 
and vice-versa.This could have depended on the 
seed coat hardness (Rolston, 1978), permeability 
of seed coat (Matthaws, 1975), absorption rate of 
water (Calero et al., 1981) and rate of imbibition, 
etc (Satyanarayana, 1991). In our study the 

per cent water intake in 24 hrs varied from 
13.84% (SML 832) to 64.14% (LGG 460). Only 
10 genotypes showed up to 20% water intake 
in seeds (SML 832, Pusa Ratna, IPM02-3, Pusa 
Vishal, MH 565, ML 818, MH 1436, MH 1305, 
MH 1451 and Ganga-8), while in RMG 62, Pant 
mung-3, KM 2241, Kopergaon, TM96-2, IPM205-
7 and LGG 460 it was >50%.The per cent radicle 
emergence in first 24 hours ranged from zero (MH 
318, MH 560, MH 1129, MH 1142, MH 1305, MH 
1436, MH 1451, MH 1452, MH 1457, MH 1706, 
Ganga-1, Ganga-8, IPM02-14, IPM99-125, ML 
2056 and SML 832) to 36% (KM 2241). Six other 
genotypes viz., MH 421 and Pant mung-3 (12), 
RMG 334 and Pant mung-4 (14), LGG 460 (18) 
and Kopergaon (24) also exhibited >10% radicle 
emergence in 24 hrs. However, there was drastic 
increase inper cent radicle emergence in 48 hours, 
which ranged from 14 (MH 1436 and MH 1452) to 
72 % (IPM205-7), which further increased in 72 
and 96 hours and ranged from 28 (MH 1452) to 73 
% (RMG 492 and IPM 205-7) and 45 (MH 1452) to 
84% (Muskan), respectively (Fig. 1).

Fig. 1. Per cent radicle emergence in various 
mungbean genotypes after different duration 

Several forms of innate dormancy have been 
recognized. Seeds may fail to germinate because of 
impermeable seed coat to water (Matthaws, 1975). 
Rolston (1978) explained that hard seededness is 
the reason for seed coat imposed dormancy. Hard 
seededness is among some of the specific traits 
contributing resistance to pre harvest sprouting 
in mungbean (Davidson, 1985 and Imrie, 1987). 
Hard seededness though is considered a negative 
quality trait in mungbean by some but it should 
not be as it imparts resistance to pre-harvest 
sprouting and can be overcome easily by storing 
the produce under proper conditions for 3-6 
months. In the present study it ranged from 10% 



(Muskan) to 51% (MH 1457). However, the perusal 
of mean table reveals that hard seededness alone 
cannot be a good criterion to identify the pre-
harvest tolerant genotypes. Therefore, correlation 
coefficients among various traits affecting per cent 
damaged seeds, were estimated to work out the 
selection criteria for screening against pre-harvest 
sprouting.

The correlation coefficients (Table 2) revealed 
that per cent seed damage was significantly 
positively correlated with days to maturity, pod 
curvature, plant height, per cent damaged pods, 
per cent reduction in seed weight, imbibition and 
radicle emergence after 24 and 96 hrs, whereas 
it was significantly negatively associated with 
per cent hard seeds. Almost similar trend was 
observed for per cent damaged pods and per cent 
damaged seeds with other traits. This implies that 
late maturing tall plants with curved pods, showed 
more weather damage. Pod curvature and plant 
height seemed to be more important than pod 
length, as both of these traits exhibited significantly 
positive association with per cent damaged pods 
and seeds and reduction in seed weight, while 
pod length didn’t show any association with traits 
studied for assessing genotypes for pre-harvest 
sprouting. Contrarily, Singh et al. (2017)reported 
that pod length showed highly significant positive 
correlation with seed germination in pods, while 
non significant positive correlation was observed 

with water imbibition by pods.The significant 
positive association of days to maturity with 
per cent damaged pods, seeds and reduction in 
seed weight indicated that the late flowering and 
maturing genotypes were more sensitive to pre-
harvest sprouting. It would have occurred either 
due to coincidence of physiological maturity with 
rains or the seeds in these genotypes were not fully 
dry and already had more moisture and softer 
seed coat, resulting in more weather damage. 

Hard seededness exhibited significant 
negative association with pod curvature, per 
cent damaged pods and seeds, reduction in seed 
weight, water intake in 24 hours and radicle 
emergence in 24, 48, 72 and 96 hours.Ahmad 
et al. (2014) reported that some genotypes 
exhibited lower seed germination, which may 
be due to presence of higher proportion of hard 
seeds. They observed highly significant positive 
association of seed germination in pods with per 
cent seed germination. The rate and amount of 
water absorbed directly determines the rate and 
percentage of germination, however, some seeds 
that otherwise were normal, failed to imbibe water 
and do not germinate even though sufficient 
moisture is available to the seed for initiation 
of germination process. Lower germination 
percentage resulting from presence of hard 
seeds, therefore, lowers the incidence of seed 

Table 2: Correlation coefficients among traits affecting pre-harvest sprouting in mungbean

Trait DM PGH PCUR PL PH DPOD DSEED RSW IMB 24H 48H 72H 96H

PGH -0.038

PCUR 0.336** 0.090

PL 0.323* 0.111 0.101

PH 0.621** -0.108 0.183 0.402**

DPOD 0.515** 0.160 0.427** 0.234 0.353**

DSEED 0.515** 0.168 0.428** 0.167 0.313* 0.888**

RSW 0.439** -0.040 0.485** -0.062 0.257* 0.668** 0.633**

IMB 0.226 0.044 0.252* -0.084 0.114 0.383** 0.402** 0.467**

24H 0.256* 0.144 0.173 -0.023 0.224 0.324* 0.384** 0.421** 0.549**

48H 0.125 -0.007 0.161 -0.038 0.109 0.128 0.074 0.379** 0.518** 0.570**

72H 0.157 -0.010 0.319* -0.093 0.119 0.250 0.188 0.500** 0.471** 0.413** 0.838**

96H 0.253* 0.096 0.361** -0.092 0.217 0.364** 0.320* 0.590** 0.395** 0.391** 0.706** 0.921**

HS -0.087 -0.146 -0.304* 0.168 -0.090 -0.347** -0.293* -0.557** -0.315* -0.243 -0.548** -0.716** -0.789**

DM-Days to maturity, PGH-Plant growth habit, PCUR-Pod curvature, PL-Pod length, PH-Plant height, 
DPOD-Damaged pod, DSEED-Damaged seed, RSW-Reduction in seed wt., IMB-Imbibition by seeds in 
24hrs, 24H-Radicle emergence in 24hrs, 48H-Radicle emergence in 48hrs, 72H-Radicle emergence in 
72hrs, 96H- Radicle emergence in 96hrs, HS- Hard seeds after 96hrs
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germination inside the pod and indirectly reflects 
pre-harvest sprouting resistance. Association 
of hard seededness with pre-harvest sprouting 
resistance was reported earlier by Imrie (1983) 
also in mungbean. 

The below given multiple regression equation 
developed for prediction of per cent damaged 
seeds based on per cent imbibition and radicle 
emergence in 24, 48, 72 and 96 hours determines 
65 per cent variation in per cent damaged seeds 
by the independent variables.

Y=6.55 + 0.38 (imb) + 0.73 (24h) – 0.46 (48h)–
0.49 (72h) + 1.11(96h) (R2 = 0.65)

Scatter plots between per cent damaged 
seeds and per cent imbibition, per cent damaged 
seeds and radicle emergence in 24 hours and per 
cent damaged seeds and radicle emergence in 96 
hours are given as Fig. 2, 3 and 4, respectively.

Fig. 2. Scatter plots between per cent damaged 
seeds and per cent imbibition

Fig. 3. Scatter plots between per cent damaged 
seeds and radicle emergence in 24hrs

Fig. 4. Scatter plots between per cent damaged 
seeds and radicle emergence in 96hrs

The genotypes Basanti, Ganga-8, Pusa 
Vishal, Pusa Ratna, SML 668, Vamban-2, SML 
832 and Pant Mung-2 (released varieties) and MH 
1142, MH 1436, MH 1451 and MH 1457 (advanced 
lines), exhibited varying degrees of tolerance 
towards pre-harvest sprouting with losses <20% 
(pod damage, seed damage and reduction in seed 
weight), low water intake in 24 hrs and slower 
germination rate. These genotypes can be utilized 
for development of pre-harvest sprouting tolerant 
varieties in mungbean. Most of the genotypes 
exhibiting tolerance for pre-harvest sprouting 
were found to have semi-erect to erect growth 
habit and with intermediate to above canopy 
pod position.These two traits may have helped 
the pods of these genotypes to have exposure 
to more open environment, thereby subjecting 
them to faster loss of moisture, however, Singh 
et al. (2017) revealed non-significant correlation 
of growth habit with water imbibition and seed 
germination in pods. 
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ABSTRACT
Population dynamics of two spotted spider mite, Tetranychus urticae Koch on parthenocarpic 

cucumber crop grown under naturally ventilated polyhouse was studied by releasing 2, 4, 8 and 
16 adult female mites/ leaf on 4, 6 and 8 weeks, after transplanting (WAT) with the infestation 
initiated 4-WAT, the mite population increased gradually up to 21 days after release (DAR). The 
population increased significantly 28-DAR onwards till final harvesting of the crop (70 days after 
release) with the resultant population levels of 209.8, 225.7, 314.7 and 351.4 mites/ leaf at 
release levels of 2, 4, 8 and 16 mites/ leaf. Whereas, mites released 6 and 8-WAT, resulted in 
population to increase significantly at all observational dates. Cumulative mite days worked out 
on the basis of population buildup at different release levels, resulted in higher values (3809-
8598) for infestation initiated 4-WAT in different release levels. However, it ranged between 1743-
7062 and 1250-5634 for the infestation initiated 6- and 8-WAT. Relationship worked out between 
population levels and weather parameters revealed the minimum temperature, maximum and 
minimum relative humidity to influence the population buildup of T. urticae positively, significant 
for infestation initiated 4 and 6-WAT only. Whereas, maximum temperature influenced the 
population negatively, but the influence being non-significant. Step-wise regression analysis of 
population buildup of T. urticae revealed the minimum temperature to be the lone abiotic factor in 
determining abundance of two spotted spider mite and influenced the buildup of the mite to the 
extent of 75 and 87 per cent for the infestation initiated 4- and 6-WAT, respectively.

Key words: Tetranychus urticae, population dynamics, polyhouse, temperature, relative humidity, 
population buildup 

INTRODUCTION
Protected cultivation is the most intensive 

method of crop production and offers protection 
to different plant growth stages from adverse 
environmental conditions. The protected 
environment also provides stable and congenial 
micro-climate which is favourable for the 
multiplication of insect-pests, to become one of 
the limiting factors for the successful crop under a 
protected environment (van Lenteren, 2000; Kaur 
et al., 2010; Slathia et al., 2018 and Sood et al., 
2018). Cucumber, Cucumis sativus L. is one of the 
most important crops grown round the year under 
polyhouses. In India crop is affected by ravages 
of wide array of insect and mite pests, amongst 
them spider mites - Tetranychus ludeni Zacher, T. 
neocalidonicus Andre and T. urticae Koch; tobacco 
caterpillar, Spodoptera litura (F.); whiteflies - 
Bemisia tabaci (Gennadius) and Trialeurodes 
vaporariorum (Westwood); aphids - Myzus persicae 
(Sulzer) and Aphis gossypii Glover; leaf miner - 
Liriomyza trifolii (Burgess) are important (Singh 

et al., 2004; Kaur et al., 2010; Sood et al., 2012; 
Sood et al., 2018; Ghongade and Sood, 2018). 

In Himachal Pradesh, two spotted spider mite, 
T. urticae is a predominant pest of cucumber with 
wide distribution in all agro-ecological regions 
(Anonymous, 2011; Sood et al., 2012; Vashisth 
et al., 2013 and Sood et al., 2015). T. urticae is 
well adapted to various environmental conditions, 
causing loss of quality and yield or death of plants 
by sucking out the contents of leaf cells (Mondel 
and Ara, 2006; Kumaran et al., 2007). Indirect 
effects of mite feeding may include decreased 
photosynthesis and transpiration. Park and Lee 
(2005; 2007) observed the response of cucumber 
plants to same level of T. urticae infestation to 
change drastically in different seasons under 
glass-house conditions. They established that 
introduction of a mite to cucumber early in growing 
season reduced the yield by 5.03, 3.20, 1.12 and 
2.86 g/ plant in spring, summer, autumn and 
winter seasons, respectively. Sood et al. (2015) 
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observed the loss in cucumber yield inflicted by 
red spider mite to be the function of initial mite 
population and crop age at which the infestation 
initiates and recorded loss in fruit yield to the 
extent of 62.5 per cent. 

Due to high reproductive potential and 
extremely short life cycle, associated with frequent 
acaricide applications, the mite has developed 
resistance to almost all the conventional pesticides 
and becoming difficult to manage (Chiasson 
et al., 2004; Leeuwen et al., 2009; Hoy, 2011; 
Radadia et al., 2014 and IRAC, 2017). However, 
the information regarding population buildup 
of T. urticae on parthenocarpic cucumber under 
polyhouse environment is scanty. Therefore, 
present investigations generated information on 
abundance of T. urticae and to deduce relationship 
with the abiotic factors, which would help in 
planning strategies for the management of the 
mite under polyhouse cultivation situations. 

MATERIALS AND METHODS
In order to study the population dynamics 

and impact of weather parameters on the 
abundance of T. urticae on parthenocarpic 
cucumber under naturally ventilated polyhouse, 
an experiment was conducted at the experimental 
farm of Department of Entomology, CSK Himachal 
Pradesh Krishi Vishvavidyalaya, Palampur, 1290 
m asl, India during April-July 2014. Twenty days 
old seedlings (F1 hybrid “Kian”) raised in protrays 
were transplanted on April 06, 2014 at a spacing 
of 60x30 cm (row and plant wise, respectively). The 
crop was raised in insecticide free environment by 
following recommended agronomical practices for 
the production of cucumber and disease control 
measures under naturally ventilated polyhouse. 
Cucumber plants were trained on single stem by 
regular pinching.

Stock culture of T. urticae was maintained on 
young potted plants of cucumber under screen-
house conditions to ensure availability of large 
number of mites required for artificial infestation 
of cucumber plants at different intervals. Identity 
of the mite was confirmed from Dr Chinnamade 
Gowda, Acarologist, University of Agricultural 
Sciences, GKVK, Bangalore (Karnataka). 
Environmental parameters viz., minimum and 
maximum temperature and relative humidity were 
recorded daily with the help of digital thermo-
hygrometer placed inside the polyhouse at canopy 
height throughout the study period. 

In order to study the population buildup 
under differential population levels of T. urticae 
infestation on cucumber, 2, 4, 8 and 16 mites/ 
leaf, were released artificially on 4, 6 and 8 weeks 
after transplanting – WAT (May 05, 2014; May 
19, 2014 and June 2, 2014, respectively). At each 
population level mites were released on eight plants. 
In between two mite infestation levels, two plants 
were kept free of infestation to restrict movement 
of mites amongst different population levels. The 
experimentation was done in randomized block 
design (RBD) and replicated thrice. For recording 
the population buildup at different infestation 
levels, weekly in-situ observations on number of 
motile mites were made from four leaves/ plant, 
one leaf each from upper and lower canopy and 
two leaves from middle canopy. Based on the 
observations recorded mean population/ leaf was 
worked out. 

Mite density was also expressed as cumulative 
mite days calculated by averaging the count of 
mites/ plant and multiplying by the number of 
intervening days as per Sanchez et al. (2007) 
given hereunder:

Where, xi is the number of mites at sampling 
date ‘i’, and t is days of the sampling interval. 

To find out the specific impact of weather 
parameters, data on mite population buildup 
were correlated with meteorological parameters to 
using SPSS software i.e. online platform for on-
campus user. 

RESULTS AND DISCUSSION
Population buildup 

Infestation initiated 4-WAT: At the time 
of mite release, number of fully opened leaves/ 
plant ranged from 4 to 6 (mean + SE: 5.2 + 0.5). A 
perusal of the data contained in Table 1 revealed 
that initially mite population increased slowly up 
to 21- days after release (DAR) and remained on 
a par amongst them. The population increased 
significantly 28-DAR onwards till final harvesting 
of the crop on 70-DAR, with the population levels 
of 209.8, 225.7, 314.7 and 351.4 mites/ leaf at 
release levels of 2, 4, 8 and 16 mites, respectively. 
The data also revealed the mite population to differ 
significantly amongst different levels of initial mite 
release. Population recorded at 2-mite release level 
(MRL) was minimum, being on a par to 4-MRL and 
differed significantly to the population recorded at 
8 and 16-MRL. Population buildup of T. urticae 
was on a par in all mite release levels. Also the 
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population recorded at 2 and 4-MRL was on a 
par to each other on 35 and 42-DAR. However, a 
significant increase was evident for 8 and 16-MRL 
from 35-DAR onwards till final harvesting of the 
crop. Population recorded on 70-DAR at 2-MRL 
was on a par to mite population observed on 70, 
56 and 49- DAR at 4, 8 and 16-MRL, respectively.

Infestation initiated 6-WAT: At the initiation 
of experimentation, the number of fully opened 
leaves varied from 9 to 12/ plant (10.5+0.7). 
A perusal of data contained in Table 1 revealed 
the mite population to increase significantly 
on all observational days. The population levels 
recorded at final harvest (56 DAR; 70 DAT) varied 
from 95.2 to 274.5 mites/ leaf, with minimum and 
maximum values corresponding to 2 and 16-MRL. 
Population buildup of T. urticae was on a par up to 
14 DAR in 2 and 4-MRLs. But in 8 and 16-MRLs, 
it increased significantly on 7 DAR onwards till 
final harvesting of the crop. It was also observed 
that the population level achieved on 56 DAR in 
2-MRL, was on a par to the population recorded 
between 42 to 49 DAR in 4-MRL, whereas, it was 
achieved much earlier i.e. 28 and 21-DAR at 8 
and 16-MRL, respectively.

Infestation initiated 8-WAT: The number of 
fully opened leaves varied from 13 to 15/ plant 

at the time of mite release. Mite population 
increased significantly at different MRL on all 
the observational days (Table 1). The population 
levels recorded at final harvest (42-DAR) was 88.8, 
156.2, 242.1 and 344.8 mites/ leaf at 2, 4, 8 and 
16-MRL, respectively, differing significantly at all 
the levels of mite release. The population count 
of 88.8 mites/ leaf recorded at 2-MRL on 42-
DAR was achieved between 28-35 DAR at 4-MRL 
and earlier i.e. 28 and 21-DAR in 8 and 16-MRL, 
respectively. 

Cumulative mite days
After feeding exposure of 10 weeks for the 

infestation initiated 4-WAT, cumulative mite days 
(CMD) worked out on the basis of weekly mean 
population resulted in 3809, 4148, 6819 and 8598 
CMD for the corresponding release levels of 2, 4, 
8 and 16 mites/ leaf (Fig. 1). Value of cumulative 
mite days increased slowly up to 28 DAR, whereas 
in subsequent observations it increased at faster 
rate. Whereas for the infestation initiated 6-WAT 
(8 weeks of feeding exposure), the cumulative mite 
days of 1743, 2937, 4560 and 7062 were obtained 
(Fig. 1). It was evident that CMD increased 
consistently throughout the observational period. 
For the feeding exposure of 6-weeks (infestation 
initiated 8-WAT), CMD values of 1250, 2280, 

Table 1: Population build-up of Tetranychus urticae at different release levels initiated 4, 6 and 8-weeks after 
transplanting on Parthenocarpic cucumber

Sam-
pling 
pe-
riod 
(Days 
after 
re-
lease)

Mites (numbers/ leaf) at indicted mite release level (MRL)

4 WAT 6 WAT 8 WAT

2 4 8 16 Mean 2 4 8 16 Mean 2 4 8 16 Mean

7 0.8 1.7 2.3 2.0 1.7 2.8 6.4 13.0 31.8 13.5 2.1 7.4 18.1 32.7 15.1

14 4.5 3.3 4.9 7.3 5.0 6.5 15.0 26.1 58.2 26.4 8.0 18.2 32.5 55.0 28.4

21 7.9 7.8 11.2 16.1 10.8 13.8 25.0 49.3 106.5 48.7 19.4 33.6 58.7 91.7 50.9

28 14.3 17.7 20.7 25.0 19.4 25.8 50.6 86.8 140.3 75.9 35.0 62.5 113.8 163.0 93.6

35 26.4 27.6 49.3 77.9 45.3 35.0 66.4 102.9 146.3 87.7 68.7 123.9 202.3 282.0 169.2

42 47.6 51.0 95.9 135.2 82.4 46.3 79.8 120.7 171.0 104.4 88.8 156.2 242.1 344.8 208.0

49 83.4 93.9 180.3 230.6 147.1 70.2 106.9 155.1 209.5 135.4 - - - - -

56 108.1 117.9 206.1 255.9 172.0 95.2 135.0 187.1 274.5 173.0 - - - - -

63 145.3 156.8 242.1 294.6 209.7 - - - - - - - - - -

70 209.8 225.7 314.7 351.4 275.4 - - - - - - - - - -

Mean 64.8 70.3 112.7 139.6 36.9 60.7 92.6 142.3 37.0 67.0 111.3 161.5



3853 and 5634 for the infestation levels of 2, 4, 
8 and 16 mites/ leaf released initially at the time 
of initiating experimentation. Mite infestation 
initiated 4, 6 and 8-WAT resulted in cumulative 
mite days varying from 3810 to 8598, 1744 to 
7079 and 1251 to 5649, respectively, for different 
levels of infestation. More number of cumulative 
mite days got accumulated for infestation initiated 
4 and 6-WAT can be attributed to the availability 
of more number of feeding days (70 and 56-
days, respectively) as compared to the infestation 
initiated 8-WAT resulting in lesser number of 
feeding days (42 days).

Fig. 1. Cumulative mite days at different release 
levels initiated 4, 6 and 8 weeks after   transplanting 

Population of T. urticae increased consistently 
and significantly throughout the cropping period 
after its initial release on 4, 6 and 8-WAT in all 
the mite release levels. However, increase was 
comparatively low for the infestation initiated 
4-WAT, which can be attributed to formation of 
more number of new leaves (5.3) in the early plant 
growth stage (between 4 to 6-WAT) as compared 
to 3.3 leaves formed between 6 to 8-WAT. In the 
present investigation, mite infestation initiated 
during 1st week of May and the abundance 
was higher during last week of June to second 

week of July. The findings of Prasanna (2007) 
from Karnataka, are in accordance to present 
investigations who observed that the peak 
incidence of Tetranychus macfarlanei (7.03 mites 
per 4 cm2 leaf area) was in second fortnight of 
June, and in our study also T. urticae showed 
similar trend. Also the findings of Monica et al. 
(2014) are supportive to present outcome, who 
also observed mite population to remain at lower 
level initially with an average of 0.57 mites per 
cm2 leaf area and increased gradually to result 
in maximum population (6.91 mites/ cm2 leaf 
area) in the first week of June. Further, Shah 
and Shukla (2014) in Gerbera under polyhouse 
conditions observed T. urticae to remain active 
throughout the crop season with a peak during 
last week of July, is also supportive to the present 
findings of peak activity. 

With regard to cumulative mite days the 
findings of Park and Lee (2007) are supportive 
to present investigations, as they also observed 
variations in CMD at different levels of mite 
infestation initiated in seedling stage of cucumber. 
They observed the cumulative mite days of 33184, 
78342 and 168255 at the initial infestation levels 
of 98, 195 and 390 mites/ plant. Also the findings 
of Jayasinghe and Mallik (2010) are supportive 
to present outcome, who also observed similar 
relationship in tomato, the cumulative mite days 
(CMD) per plant were highest in treatments with 
higher feeding duration such as 12 and 9 weeks 
with higher densities of mites (400 mites per 
plant) initially released to the plants and they told 
this relationship was true, when the mites were 
released either during the early growth stage of the 
plant or later growth stage of the plant. Although 
there was a slight increment in CMD when mites 
were released during later growth stage of the 
plant, this was not significantly different from 
early release of mites. 

Table 2: Correlation coefficient (r) between mean mite population in cucumber and abiotic environmental 
factors under protected environment 

Relative humidity 
(%)

Temperature (oC) Relative humidity (%)

Maximum Minimum Maximum Minimum
4 WAT -0.464 0.770* 0.713* 0.698*
6 WAT -0.436 0.801* 0.699* 0.705*
8 WAT -0.612 0.664 0.526 0.294

* Significant at 5% level of significance
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Relationship with weather factors 
Relationship between mite population levels 

recorded at different MRLs and abiotic factors 
(temperature and relative humidity) prevailing 
under naturally ventilated polyhouse presented 
in Table 2 revealed the minimum temperature, 
maximum relative humidity and minimum 
relative humidity to influence the population 
buildup of T. urticae positively, being significant 
(P=0.05) for infestation initiated 4 and 6-WAT 
with correlation values ranging from 0.698-0.801. 
However, maximum temperature prevailing under 
protected environment was found to influence the 
population negatively, being non-significant. 

A literature survey revealed no such study 
was conducted under protected environment on 
cucumber. However, the findings of Shah and 
Shukla (2014) from Gujarat on Gerbera under 
protected environment are partially supportive 
to our findings as they observed the population 
of T. urticae to result in negative correlation with 
minimum and maximum temperature, being non-
significant. They also observed the average relative 
humidity to influence the population positively. 
The variations observed can be attributed to the 
variability in prevailing abiotic factors in both the 
locations under polyhouses. Desai et al. (2017) in 
rose grown under polyhouse conditions observed 
T. urticae population to result in highly significant 
positive correlation with minimum temperature 
(r=0.748) and average temperature (r=0.611). 

These variations in having differential 
influences of abiotic factors on population 
buildup of tetranychid mite can be attributed 
to the prevailing environmental conditions 
under naturally ventilated polyhouse in mid-
hill regions of Himachal Pradesh, where the 
maximum temperature varied from 35.5 to 
39.00C, resulting in negative influences on 
population growth. Whereas, the minimum 
temperature of 15 to 200C prevailing during 

the study period was favourable for the growth 
of T. urticae as observed by Puttaswamy and 
Channabasvanna (1979) and Liu (1989). Relative 
humidity resulted in positive and significant 
relationship with mite population initiated 4 and 
6-WAT can be attributed to comparatively lower 
values of minimum (21.9–60.0%) and maximum 
(68.3-89.0%) relative humidity, as compared to 
the infestation initiated 8-WAT when the relative 
humidity was comparatively high (minimum: 
36.7-53.3; maximum: 90.7-97.3%) and resulted 
in non-significant positive correlation.

From, the results, it can be concluded that 
the infestation initiated 4-WAT resulted in higher 
cumulative mite days as compared to other mite 
release periods. Minimum temperature, relative 
humidity (morning and evening) influenced the 
population buildup of T. urticae positively, being 
significant for infestation initiated 4 and 6-WAT 
only. 

Regression analysis
Step-wise regression analysis of population 

buildup of T. urticae and abiotic factors presented 
in Table 3 revealed the minimum temperature to 
be the major abiotic factor determining abundance 
of two spotted spider mite and influenced the 
buildup of the mite population to the extent of 75 
and 87 per cent for the infestation initiated 4- and 
6-WAT, respectively.
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ABSTRACT
Wild Lens taxa are invaluable sources of useful traits for broadening genetic base of 

cultivated lentil. Interspecific crosses were made successfully between cultivated (Lens culinaris 
ssp. culinaris) and wild lentils (L. culinarisssp.culinaris and Lens ervoides). Substantially, higher 
variations for seed yield and its attributing traits were exhibited in fixed recombinant lines, 
indicating transgressive segregation. In this study, a pollinator line ILWL 30 belongs to secondary 
gene pool (GP2) i.e. wild line possessing desirable traits like higher number of pods, earliness; 
drought resistant and short inter-nodal distance was crossed to the promising breeding line 
ILL-10829 received from ICARDA, Syria. More than 160 recombinant lines were developed and 
evaluated in the advanced stages under rainfed conditions of Jammu region (Kathua, Samba, 
Jammu, Udhampur & Resai districts) during Rabi 2016-17 and 2017-18. On the basis of mean 
data for yield, yield attributing traits, insect-pest resistance and wilt resistance, a new variety 
under release namely Jammu Lentil 144(ILL10829 x ILWL30) possessing higher seed yield by 
2.45 q/ha with major targeted traits i.e. earlier in maturity by 30 days in comparison to standard 
check PL406 and highly resistant against wilt, root rot, pod borer and aphids. This is a new variety 
under release and is being a better option for commercial cultivation in Rabi under rainfed areas 
of Jammu region. The heat use efficiency of RIL 144 was 64.8% higher than the control, whereas 
24.0% higher over RIL 156. Jammu Lentil 144 observed 24.1 and 15.3% higher RWUE over the 
control and RIL 156. This new variety completed its maturity by the end of March and escaped 
from the rise in temperature during the month of April. Hence, a new drought, insect & disease 
resistant variety namely Jammu Lentil 144 is developed for the rainfed areas (Kathua, Samba, 
Jammu, Reasi and Udhampur) of J & K, which will become boon to the lentil growing farmers.

Key words: RILs, Lens culinaris, Lentil orientalis, Wilt, Root rot, pod borer

INTRODUCTION
Lentil (Lens culinaris) is an important cool 

season pulse crop and it is cultivated world-
wide in diverse agro ecological conditions. Lentil 
is pulse crop of Rabi season mainly grown in 
Kathua, Samba, Jammu and Udhampur districts 
of Jammu region of state J & K. Concomitantly, 
the average productivity is also enhanced from 
560kg/ha in 1961-63 to 1080kg/ha by 2014-15 
(FAOSTAT 2016). However, lentil production and 
productivity has not increased to its potential 
due to several biotic, abiotic stresses, low 
yielding and unstable varieties affect its growth 
and development. Utilization of wild species may 
provide useful genes for broadening the genetic 
base of lentil in respect of disease resistance, 
abiotic stresses and desirable agronomic traits.In 

India, cultivated lentil species have an intrinsically 
narrow genetic base and that situation limits 
our plant breeder’s progress today (Earskine 
et al. 1998). To attain further breakthrough in 
increasing yield and improving stability in future 
crop cultivars, new sources of variation need to 
be incorporated into the cultivated gene pool for 
increasing their adaptability in rainfed areas. 
Therefore, some efforts for broadening the genetic 
base of lentil cultivars using wild Lens taxa have 
been initiated by the National Bureau of Plant 
Genetic Resources, Pusa, New Delhi, India (Singh 
et al. 2013), and also in some other research 
organizations (Ahmad et al. 1995; Fratini and Ruiz 
2006; Gupta and Sharma, 2007). Incorporation 
of different traits of interest in the background of 
cultivated varieties, has helped in the flow of useful 
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genes with increased allelic frequency from wild 
Lens taxa in the common gene pool of cultivated 
varieties (Ladizinsky et al., 1988). In the present 
study, three fixed recombinant inbred lines i.e. 
F7: F8F8: F9 (RILs) along with standard check 
PL406 were evaluated during Rabi 2016-17 and 
2017-18, on the experimental farm and farmers 
field for earlier in maturity, higher seed yield and 
resistance against both biotic and abiotic stresses. 
On the basis of these data, RIL 144 (Jammu Lentil 
144) is an alternative for the farmers of rainfed 
areas of Jammu region of State J & K.

MATERIALS AND METHODS
The genetic materials comprised of three 

fixed RILs of inter specific recombinants 
(ILL10829 x ILWL 30) i.e.ILL10829 x ILWL30/
RIL113, ILL10829 x ILWL30/RIL144/Jammu 
Lentil 144 and ILL10829 x ILWL30/RIL156 in 
the fixed generations like F7: F8 & F8:F9 along 
with a standard check (PL06) received from the 
ICAR National Bureau of Plant Genetic Resources 
during Rabi 2016-17 were evaluated with 20 rows 
of each RILs along with control and spacing of 30x 
10 cm in Randomized Block Design (RBD) with 
three replications on the experimental farm of 
Advanced Centre for Rainfed Agriculture (ACRA), 
Rakh Dhiansar of Sher-e-Kashmir University 
of Agriculture Sciences & Technology (SKUAST) 
Jammu during Rabi 2016-17 and 2017-18.The 
data were recorded on 25 randomly selected 
plants for three traits related to yield, namely 
days to 50% flowering, days to maturity and seed 
yield (q/ha) and four traits related to disease and 
insect-pest wilt, root rot, pod borer and aphid 
during Rabi 2016-17 and 2 Rabi 2017-18. Pooled 
mean data were subjected to statistical analysis. 
Maximum and minimum temperature in Rabi 
2016-17 and 2017-18 for lentil growing seasons 
at Rakh Dhiansar, Jammu is depicted in Fig. 1.

Fig. 1. Maximum and minimum temperatures 
during Rabi 2016-17 and 2017-18

Weather data was recorded at Agro-
Meterological Observatory, ACRA, Rakh Dhiansar 
and the following agro-meteorological indices were 
calculated:

The growing degree days (GDD) or heat units 
(HU) were calculated by adopting the formula 
given by Nuttonson (1955):

where, T max, daily maximum temperature (°C); 
T min, daily minimum temperature (°C); Tb, Base 
temperature

Photothermal units (PTU)
The PTU for a day represent the product of 

GD and the maximum possible day length for that 
day. This was calculated by multiplying GDD with 
maximum possible bright sunshine hours and 
was calculated using the formula (Rajput 1980):

Photo thermal units (PTU) = ΣGDD x maximum 
day length (0C days hrs)

Heat use efficiency (HUE) was computed by the 
expression given below:

HUE (kg/ha/0C day) =   

Accumulated dry matter (kg/ha)
––––––––––––––––––––––––––––––––
Accumulated GDD (0C day)

Analysis of variance
The data were statistically analyzed as per the 

procedure given by Panse and Sukhatme (1984). 
Separate statistical analysis was done for all the 
characters studied under different environments 
(Rabi 2016-17 and 2017-18)

Diseases and Insect pest
Disease observations were recorded at 

various crop growth and reproductive stages total 
numbers of affected plants of each RILs along with 
standard check PL 406 in the three replications 
were counted.

Pathological screening
Observations of infected/wilted plant on plot 

basis were recorded at vegetative, and maturity 
stages following 1-9 scoring scale (Bayaa et al., 
1997) 1 = No infection (Highly Resistant), 3 = 
1-10% plants affected, (Resistant), 5 = 10- 20% 
of plants affected (Moderately Resistant), 7 = 20-
50% of plants affected (Susceptible), 9 = More 
than 50% of plants affected (Highly Susceptible)



Entomological screening: 
Gulshan Kumar (2016) Lentil pod borer 

–*PSR- Pest susceptibility rating (1-9 scale) where 
1= Resistant and 9= Susceptible), (1-3) –Least 
Susceptible, (4-6)- Moderately susceptible, (7-9)- 
Highly susceptible Lentil Aphid - Kumari et al., 
2011.

RESULTS AND DISCUSSION
Significant differences were observed among 

three fixed recombinants including a variety to be 
released for earlier in maturity and yield related 
traits and four related to disease and insect pest, 
of a variety under release of lentil for rainfed areas 
of Jammu region. A thorough screening of the 
fixed recombinant inbred lines (RILs) in F7:F8& 
F8:F9 under the present investigation revealed, 
huge amount of variability for all the eight per 
cent flowering, characters viz., days to 50 days to 
maturity, seed yield(q/ha) during both the years 
i.e.Rabi 2016-17 and 2017-18 (Table1). Thus, 
there appears to be a greater scope of Jammu 
lentil 144 for releasing in the rainfed areas to stay 
away from the high temperature i.e.the second 
half of March and April by reducing the maturity 
by 30 days and yield by 18% as compared to 
standard check PL 406. Similarly, wide variability 
for seed yield (q/ha) and days to 50% flowering 
and days to maturity have also been reported 
in lentil by Sharma and Luthra (1987) and Jain 
and Rao (1995). It is evident from the Table 1that 
recombinant inbred line (ILL10829 x ILWL30/
RIL113) exhibited 75.54 days to days to 50% 
flowering as compared to standard check PL406 
(124days), which is 50 days earlier during Rabi 
2016-17 and exhibited 78.84 days as compared 

to check PL 406 (128.08 days), which is 49 days 
earlier in days to 50% flowering during Rabi 
2018-19. Overall, 45 days earlier in days to 50% 
flowering. Similar results were also showed by 
Singh (2014) and Kumar (2014).

Another recombinant inbred line (ILL10829 
x ILWL30/RIL156) on the basis of two years data 
of days to 50% flowering exhibited 23 days earlier 
as compared to check PL 406. Jammu Lentil 144 
(ILL10829 x ILWL30/RIL144) exhibited 38 days 
earlier in days to 50% flowering as compared to 
check. Standard Check PL 406 exhibited 123.83 
days for possessing 50 days to flowering. Jammu 
Lentil 144 showed 29 days earlier in maturity 
along with higher seed yield by 20% as compared 
to check PL 406. Another Recombinant inbred 
line (ILL10829 x ILWL30/RIL113), showed higher 
seed yield 8.70/ha as compared to check less 
than by 67% but earlier in maturity by 32 days. 
The objective in the present study is development 
of earlier maturing varieties /lines, which will 
complete their maturity in the month of March for 
escaping from the high temperature in the month 
of April. ILL10829 x ILWL30/RIL156 showed 20 
days earlier in maturity as compared with check 
PL 406 but at par in maturity. Similar results 
were also showed by Singh et al, (2013), Gupta et 
al, (2006) and Gupta et al, (2007).

Diseases and Insect pest resistance
Jammu Lentil 144 exhibited earlier in maturity 

and higher in seed yield (q/ha) in comparison 
to standard check PL 406by 20% along with 
resistance against wilt (Fusarium oxysporumf.sp. 
lentis) and rootrot (Sclerotium rolfsii) which are the 

Table 1: Performance of Jammu Lentil 144 (RIL 144) along with Check (PL 406) during Rabi 2016-17 
and 2017-18 for earliness

Recombinant  
Inbred Lines

Rabi 2016-17 Rabi 2017-18 Pooled

DFL 50% DTM GY q/ha DFL 50% DTM GY q/ha DFL 50% DTM GY q/ha

ILL10829 x 
ILWL30/RIL113

75.74 126.66 9.2 81.90 129.50 8.20 78.82 128.08 8.70

ILL10829x 
ILWL30/RIL144*

84.24 131.64 17.67 86.33 131.31 16.83 85.29 131.48 17.21

ILL10829 x 
ILWL30/RIL156

100.08 139.90 15.32 98.33 138.66 14.16 99.21 139.28 14.74

Check (PL 406) 124.00 163.66 15.18 123.66 158.00 14.00 123.83 160.83 14.59

CV 1.86 1.72 7.88 3.03 1.60 7.98 1.55 1.48 7.27

CD 5% 3.63 4.87 2.25 5.87 4.46 2.12 1.86 2.57 1.23

*Jammu Lentil 144
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serious diseases of lentil (Table 2). It also showed 
moderate resistance against pod and aphids. 
RIL113 and RIL156 also indicated high resistance 
against wilt, root rot, pod borer and aphids but all 
these recombinant inbred lines are lower in yield 
(q/ha) as compared to the variety under release 
Jammu Lentil 144. Hence, on the basis of earlier 
in maturity and significant superiority yield (q/
ha) over check PL 406 is recommended for release 
in the rainfed areas of Jammu region of state 
Jammu and Kashmir.

Thermal Units
Relationship between duration of different 

growth stages and temperature could be well 
explained through GDD or heat units. The 
requirement of GDD to attain flowering and 
physiological maturity varied with inbred lines of 
lentil and check variety. The values of accumulated 
growing degree days (AGDD) and Photothermal 
Units (APTU) from sowing to 50% flowering and 
physiological maturity differed among inbred lines 
of lentil and check variety (Table 3). The check 
variety (PL 406) accumulated maximum GDD and 
PTU values followed by RIL 156 and Jammu Lentil 
144. The higher values were due to a greater 
number of days to attain various phenol-phases 
but the grain yield values were higher in Jammu 
Lentil 144 along with early maturity which was 
the main aim of the experiment. This clearly 
describes objectives of the experiment as the lentil 

crop needed a specific amount of GDD and HTU to 
enter from one phenol-phases to another. Jammu 
Lentil 144 absorbed sufficient GDD and PTU, in 
relatively less time in comparison to the other lines 
and completes its life cycle in relatively less time 
and higher yield. Also, it escaped the possible loss 
of grain yield due to higher temperatures during 
the later period of time.

Heat and Rain water use efficiency
Heat and rain water use efficiency computed 

for grain yield of inbred lines and check variety of 
lentil (Table 3). Jammu Lentil 144 registered the 
highest value of heat and rain water use efficiency, 
which is the major indicator of drought tolerance. 
The heat use efficiency of Jammu Lentil 144 was 
64.8% higher than the control whereas 24.0% 
higher over RIL 156. The higher values observed 
by Jammu Lentil 144 may be due to its genetic 
makeup to attain more grain yield by absorbing 
less heat and consuming less water as a premier 
peculiarity under rain fed conditions as compared 
to other inbred lines and check variety of lentil 
crop. Jammu Lentil 144 observed 24.1 and 15.3% 
higher RWUE over the control and RIL 156.

Yield and weather relationship
Grain yield of fixed recombinant inbred lines 

of lentil grown under rainfed conditions gave 
higher grain yield than the check (PL406). This 
is related with minimum temperature during the 

Table 2: Pathological and entomological screening of Jammu Lentil 144 (RIL-144) for earliness during 
Rabi 2016-17 and 2017-18

Fixed Recom-
binant Inbred 

Lines

Wilt incidence (%)  
2016-17 & 2017-18

Root Rot 
2016-17 & 
2017-18

Lentil Pod 
Borer (% 

pod damage) 
Pooled mean 
2016-17 & 
2017-18

Aphids (no. of 
aphids/plant) 
Pooled mean 
2016- 17 & 
2017- 18

Mean Reac-
tion

DTM 
Pooled

Yield 
q/ha 
Pooled

Mean Reac-
tion

Mean Reac-
tion

Mean Reac-
tion

ILL10829 x 
ILWL30/RIL113

3.51 R 128.08 8.70 4.25 R 0.85 R 1.64 R

ILL10829 x 
ILWL30/Jammu 
Lentil 144*

2.45 R 131.48 17.21 5.25 R 3.05 LS 2.16 MR

ILL10829 x 
ILWL30/RIL156

4.66 R 139.28 14.74 3.50 R 1.70 LS 5.05 MR

Check PL 406 17.38 MR 160.83 14.59 15.75 MI MS 161.03 23.26 MS

*Jammu Lentil 144



reproductive stage of the crop (Fig.2). Minimum 
temperature during reproductive stage of lentil 
showed a positive relationship with grain yield of 
the crop. The positive relationship of grain yield of 
lentil with minimum temperature at reproductive 
stage was significant with R2 value to the tune of 56 
per cent. A unit increase in minimum temperature 
during reproductive stage of lentil crop increased 
the grain yield by 93.76 kg/ha. It might be due to 
the fact that post flowering minimum temperature 
is an important factor for grain filling period of 
early maturing lentil crop.

Fig. 2. Effect of minimum temperature at 
reproductive stage on grain yield of inbred lines 
of lentil 

CONCLUSION
On the basis of two years study for yield, 

yield attributing traits, insect-pest and disease 
resistance, thermal units (GDD, PTU), heat use 
efficiency and rain water use efficiency a new 
variety under release namely Jammu Lentil 144 
(ILL10829 x ILWL30), possessed higher seed 
yield by 2.45 q/ha with major targeted traits i.e. 
earlier in maturity by 30 days in comparison 
to standard check PL406 and highly resistant 
against wilt, root rot, pod borer and aphids. The 
heat use efficiency of RIL 144 was 64.8% higher 
than the control whereas 24.0% higher over RIL 
156. Jammu Lentil 144 observed 24.1 and 15.3% 
higher RWUE over the control and RIL 156. This 
new variety completed its maturity by the end of 
March and escaped from the rise in temperature 
during the month of April. This is a new variety 
under release and is being a better option for 
commercial cultivation in Rabi under rainfed 
areas of Jammu region. Hence, a new drought 
and disease resistant variety namely Jammu 
Lentil 144 is developed for the rainfed areas of J 
& K which will become bone to the lentil growing 
farmers of rainfed areas. 
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ABSTRACT
Spatial yield variability results from complex interactions among several biotic and abiotic 

factors and management etc. To understand causes of spatial yield variability, yield gap analysis 
for factors that limit yield, and estimate the economic consequences of moving from uniform to 
spatially variable management, the present investigation was carried out in contiguous area of 
groundnut in adjoining Salem, Namakkal, Tiruvannamalai and Villuppuram districts of Tamil 
Nadu State. In this study, CROPGRO-Peanut, a dynamic process crop growth model was used 
and validated for 20 sites during Kharif and Rabi seasons, 2015-16 under rain fed condition 
at different locations of Salem and Namakkal districts of Tamilnadu. Crop management data 
were obtained from farmers’ fields in study area. The simulated yield values agreed well with 
the observed data (80%) from the farmer’s field experiments with R2 value of 0.60 (yield) and 
RMSE value of 431kg ha−1. Similarly, the good agreement observed in biomass also. These results 
indicate that plant growth, development and yield of groundnut can be simulated efficiently using 
DSSAT crop growth model spatially.

Key words: DSSAT, peanut, simulation and spatial yield variability

INTRODUCTION
Spatial simulations with a point-based 

simulation model involve the application of the 
model at different spatial scales. Spatial prediction 
of crop production using crop growth models 
would help decision making on food production 
and planning on climate change adaptation 
and spatial variations (soil physical properties, 
management practices) for a region of interest. 
Still, traditional decision support systems (DSS) 
based on crop simulation models are normally 
site-specific. Variations in landscape features, soil 
properties, and soil moisture within a specific land 
area contribute to unevenness in plant growth 
and productivity. Different approaches for spatial 
simulation of crop growth have been developed 
using existing models. 

Among the numerous crop growth models, 
the most widely used are the Decision Support 
System for Agro-technology Transfer (DSSAT) 
models, which were designed to simulate growth, 
development, and yield of a crop growing on a 
uniform area of land, as well as the changes in soil 
water, carbon, and nitrogen that take place under 

the cropping system over time and space (Jones et 
al., 2003). A method has developed to use DSSAT 
crop growth model towards understanding the 
factors that influencing spatial yield variability, 
conduct yield gap analysis for factors that limit 
yield of moving from uniform to spatially variable 
management. Crop growth simulation models have 
been developed and used worldwide as operational 
or strategic research and decision support tools 
in crop production and resources management. 
Groundnut (Arachis hypogea L.) is an important 
oilseed crop grown by small and marginal 
farmers. In India the crop is mainly grown under 
rainfed conditions during the kharif season from 
June–October. Climate change is becoming more 
intense and demand for edible oil and vegetable 
protein in India is increasing, the groundnut 
production needs to be improved to meet the 
future demand. (Singh et al. 1994) ICRISAT, 
Hyderabad in a collaborative research project at 
Anand, Anantapur, Bhavanisagar, Hissar and 
Ludhiana modified the functions for prediction 
of crop development in ‘PNUTGRO’ model and 
simulated the effect of stress environments such 
as high temperature and vapour pressure deficit 
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on partitioning of photosynthates. They used this 
model for predicting phenological development, 
light interception, canopy growth, dry matter 
production and yield of groundnut as influenced 
by row spacing and plant population.

In order to select the models to be adopted 
by farmers and industry, an assessment needs to 
be made to determine the ability to predict spatial 
yields in independent environments. To date, all 
published work has focused on calibrating the 
models to predict within-field yield variability 
and evaluate yield–limiting factors. Therefore, 
this study was conducted to identify the changes 
of groundnut yield and growth in Salem and 
Namakkal districts, Tamilnadu under different 
field locations and weather conditions using 
DSSAT model. In the present investigation, the 
CROPGRO-Peanut model was used to simulate 
yield at spatial level for groundnut cv. CO6, VRI2 
and TMV7 in rainfed areas of study area. 

MATERIALS AND METHODS
Study Area

The major groundnut growing districts of Tamil 
Nadu viz., Namakkal, Salem, Tiruvannamalai and 
Villupuram was selected for the study (Fig. 1). 
These districts geographically lies from 11º 0’ to 12º 
52’ North Latitude and from 77º 38’ to 80º 0’ East 
Longitude. The study area was approximately 2.2 
million hectares characterized by multiple crops 
at different seasons under irrigated and rain fed 
conditions. The dominant land cover types were 
irrigated agriculture, orchards, grasslands and 
human settlements.

Fig. 1. Study Area and location of monitoring sites

Crop yield simulation using CROPGRO-Peanut 
model 

Within the DSSAT crop growth model, 
CROPGRO-Peanut is a generic grain legume model 
that computes crop growth processes including 
phenology, photosynthesis, plant nitrogen, carbon 
demand, and growth partitioning. In addition, the 
plant development and growth module is linked to 
soil-plant-atmosphere modules. Hence, the model 
has the potential for large area yield estimation 
by input of soil and daily weather data.The user 
can then simulate multi-year outcomes of crops 
management strategies for different crops at any 
location in the world and hence the DSSAT was 
used in the present investigation. 

(a) Weather file
The daily weather data on maximum 

temperature (°C), minimum temperature (°C), 
solar radiation (MJ m-2 day-1) and rainfall (mm) 
for the year 2015 and 2016 (upto March) for the 
study area collected from Automatic Weather 
Stations (AWS) and regular observatories situated 
at the study districts, was used to create weather 
file for running CROPGRO-Peanut model.

DSSAT model requires weather data for the 
entire growing season of the crop to predict the 
yield. In this study, the actual weather data during 
the crop growth period was used for simulations. 
For the missing data, the weather data is generated 
either from the historical mean or using analogue 
technique, wherein, the past year’s weather that 
behaved similar to the current season was chosen 
to fill the missing or erroneous data. 

(b) Soil data file
Soil information for creating the soil files was 

obtained from the Department of Remote Sensing 
and Geographical Information system, Tamil 
Nadu Agricultural University, Coimbatore. Digital 
soil information system containing information 
on soil characters (1:50000) viz., depth, texture, 
BD, drainage, pH, EC, Organic Carbon, Available 
P and K, Ca and Mg and CEC was used for this 
purpose. The profile details as required in DSSAT 
were extracted for the study area from the above 
database using ArcGIS (GIS Tool) and the extracted 
information were given as input in S-Build tool 
of DSSAT to create soil file. About to 13 different 
parameters were derived from soil analysis as 
input file of soil to simulate the crop growth. The 
derived parameters are as follows, SLB - Depth 
until base of layer (cm); SLLL - Lower limit of plant 
extractable soil water (cm3 cm-3); SDUL - Drained 



upper limit (cm3 cm-3); SSAT - Saturated upper 
limit (cm3cm-3); RGF - Root growth factor (0-1 
scale); SSKS - Saturated hydraulic conductivity 
(cm h-1); SBDM - Bulk density (moist) (g cm-3); 
SLOC - Soil organic carbon concentration (%); 
SLCL Clay (<0.002 mm) (%); SLSI - Silt (0.002 to 
0.05 mm) (%); SLCF - Coarse fraction (>2mm) (%); 
SLHW - pH in water; SCEC - Soil cation exchange 
capacity (Cmol(+)kg-1).

(c) Experimental detail file
This file documents the inputs to the models 

for the twenty monitoring sites (farmer’s fields), 
from the study area to be stimulated. Location of 
each site are shown in Fig. 1. The experimental 

detail file has contains the detailed information 
of the experimental conditions and field 
characteristics such as weather station name, 
soil, and field description details, initial soil, 
water and inorganic nitrogen conditions, planting 
geometries, irrigation and water management, 
fertilizer management details, organic residue 
application, chemical applications, tillage 
operations, environmental modifications, harvest 
management, in simulation control section,  the 
specification of simulation options e.g. simulation 
starting dates, on/off options for water and 
nitrogen balances, symbiosis and output options.

Table 1: Genetic coefficients for groundnut cv. CO6, TMV-7 and VRI-2 at study area condition

Code Description CO 6 TMV-7 VRI-2

CSDL Critical Short Day Length below which reproductive development 
progresses with no day length effect (for short-day plants) (hour)

11.84 11.84 11.84

PPSEN Slope of the relative response of development to photoperiod with 
time (positive for short day plants) (1/hour)

0.00 0.00 0.00

EM-FL Time between plant emergence and flower appearance (R1) (pho-
to-thermal days).

16.40 16.40 16.40

FL-SH Time between first flower and first pod (R3) (photo thermal days) 7.00 7.00 7.00

FL- SD Time between first flower and first seed (R5) (photo thermal days) 17.50 17.00 16.50

SD-PM Time between first seed (R5) and physiological maturity (R7) stages 
(photo-thermal days)

62.00 62.00 62.00

FL-LF Time between first flower (R1) and end of leaf expansion (pho-
to-thermal days)

70.00 66.00 66.00

LFMAX Maximum leaf photosynthesis rate at 300 C, 350 vpm CO2, and 
high light (mgCO2/m2/s)

1.23 1.23 1.34

SLAVR Specific leaf area of cultivar under standard growth conditions 
(cm2/g)

205.00 245.00 220.00

SIZLF Maximum size of full leaf (three leaflets) (cm2) 16.00 16.00 16.00

XFRT Maximum fraction of daily growth that is partitioned to seed + 
shell

0.73 0.80 0.76

WTPSD Maximum weight per seed (g) 0.310 0.360 0.38

SFDUR Seed filling duration for pod cohort at standard growth conditions 
(photo-thermal days)

29.00 29.00 29.00

SDPDV Average seed per pod under standard growing conditions (#/pod) 1.60 1.55 1.55

PODUR Time required for cultivar to reach final pod load under optimal 
conditions (photo-thermal days)

16.00 16.00 15.00

THRSH The maximum ratio of (seed/(seed+shell)) at maturity. Causes seed 
to stop growing as their dry weights increase until shells are filled 
in a cohort.(Threshing percentage)

74.00 78.00 74.00

SDPRO Fraction protein (g) per g seed 0.27 0.27 0.27

SDLIP Fraction oil (g) per g seed 0.51 0.51 0.51

Vol. 21, Special Issue-1   DEIVEEGAN et al. 213



214 December 2019

(d) Estimation of genetic co-efficient groundnut 
Model calibration or parameterization is 

the adjustment of genetic parameters, so that 
simulated values compare well with observed 
values. Data obtained from the experiments 
were used to estimate genetic parameters. The 
genetic coefficients that influence the occurrence 
of developmental stages in the CROPGRO-
Peanut model embedded in DSSAT 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 grain yield 
at harvest. A detailed description of the cultivar 
coefficients used by CROPGRO-Peanut for 
groundnut varieties of study area viz., Co 6, TVM 
7 and VRI 2 is presented in Table 1.

(e) Output files
The output file, generated by the model runs 

gives an overview of input conditions and crop 
performance and yield spatially.

(f) Model calibration, validation and future 
yield simulations

Three input files were created to run the 
DSSAT model using collected data.

a.  Weather file: ‘Weatherman’ program in 
DSSAT and collected weather data

b.  Soil file: ‘S Build’ program in DSSAT and soil 
data

c.  Experimental data file: ‘X Build’ program in 
DSSAT and crop management data 

The model was calibrated using collected data 
from the experimental trials in kharif and rabi 
season 2015 through determination of genetic 
coefficient for CO 6, TMV 7 and VRI 2 varieties with 
spatial analysis mode in DSSAT. The model was 
validated using the experimental data in kharif 
and rabi season 2015 by comparing the observed 
results with simulated results. Yields from trials 
(hereafter referred to as observed) conducted at 
farmers’ fields in rain fed areas of study districts 
were considered as observed data. To evaluate 
the quality of the simulations different quality 
measures were applied. For a quick overview of 
the modelling quality, graphs of the measured 
against the simulated values were drawn together 
with the linear regression and the correlation 
coefficient.

Results and Discussion
DSSAT’s spatial analysis option which 

allowed multiple locations run with the different 
initial conditions was used to simulate the effects 
of soil profile and climate variability on groundnut 
yields for the seven locations to study the impact 
of virtual cultivars and management scenarios 
using baseline weather data. 

Model calibration and validation
AS DSSAT does not offer any automated 

procedures for calibration, changes to parameters 
of the model in order to calibrate it for specific 
conditions, must be done one-by-one, manually. 
Quantitative comparisons of model output to 
observations required the data to be exported to 
an analysis package. In order to accomplish this 
in a yield simulation, this process was repeated 
for each site. The data collected from the field 
experiments was used for model evaluation. The 
genetic coefficients required in the CROPGRO 
model version 4.5 were estimated by entering 
varietal character as incorporated in the model in 
the form of ‘genetic coefficients’ for CO 6, TMV 7 and 
VRI 2 cultivars (Table. 1). An inbuilt programme 
in DSSAT called GENCALC, calculates genetic 
coefficients. The genetic coefficients determined 
in CROPGRO model using identical management 
and other conditions were used in the subsequent 
validation and application.

Validation of model for groundnut pod yield 
and Biomass

The observed and model simulated 
groundnut biomass production for 20 monitoring 
fields during both kharif and rabi 2015 were 
compared. It shows that the observed biomass 
production ranged from 5246 kg ha-1 to 8969 
kg ha-1 as compared to 4516 kg ha-1 to 9576 kg 
ha-1 of simulated values. The simulation of final 
biomass and pod yield showed good agreement 
with the observed values as reported by Anothai 
et al., 2008 and Halder et al., 2017.

The agreement between simulated and 
observed values was more acceptable for almost 
all monitoring field locations. The agreement of 
fields ranged from 78 to 98 per cent. The maximum 
level of agreement of 98 per cent was recorded in 
Moongathur followed by 97 and 96 per cent in 
Pothiyampatti and Pudhupuliyampatti. The model 
prediction for biomass production at maturity 
was considered excellent and the average errors 
as computed by R2, RMSE and NRMSE were 
0.79, 844 kg ha-1 and 11 per cent respectively 
and overall agreement between simulated and 
observed values was 89 per cent (Table 2 & Fig. 



2). The model prediction was in close agreement 
with measured values. Similar results were also 
reported by Soleret al. (2007). Singh et al., 1994 
and Halder et al., 2017 also found similar trend of 
biomass simulation for groundnut by PNUTGRO 
model at Patancheru (ICRISAT) and at Anantapur.

Simulated pod yields across the locations 
ranged from 1796 to 3060 kg ha-1 depending 
upon agro climatic conditions of the study sites, 
soil parameters and the cultivar grown. Higher 
mean yields were obtained in Kharif 2015 (2705 
kg ha-1) as compared to rabi 2015 (2054 kg 
ha-1). Singh et al. (2012) also observed similar 
variations in simulated yields (1000 to 3370 kg 
ha-1) of groundnut between different locations 
and regions. Regression of simulated pod yields of 
two seasons against observed data of the test sites 

showed a strong relationship between simulated 
and observed pod yields. 

Table 2: Validation of DSSAT CROPGRO-Peanut model for groundnut biomass (kg ha-1)
S.No. District Village Simulated 

Biomass
Observed 
Biomass

Agreement 
(%)

1 Namakkal Palayapuliyampatti 7466 8275 90
2 Namakkal Pudhupuliyampatti 8156 7845 96
3 Namakkal Kakapalayam 9548 8969 94
4 Namakkal Kandarkulamanickam 9099 8011 86
5 Namakkal Velagavundmpatti 9173 7768 82
6 Namakkal Manathi 9012 7895 86
7 Namakkal Morepalayam 7466 8660 86
8 Namakkal Nochokarakadu 8399 8929 94
9 Salem Pudhuchatram 8569 7753 89
10 Salem Pothiyampatti 8734 8456 97
11 Salem Pappambadi 9456 8715 91
12 Salem Moongathur 9045 8832 98
13 Salem Vellapillakovil 9576 8778 91
14 Tiruvannamalai Keelravandavadi 4525 5788 78
15 Tiruvannamalai Manmalai 6366 5862 91
16 Tiruvannamalai Thandrampattu 4516 5246 86

17 Villupuram Arkandanallur 6179 6678 93
18 Villupuram Padiyandhal 4807 5681 85
19 Villupuram Tindivanam 4716 5683 83
20 Villupuram Melsevalambadi 5030 5883 86

Mean 7492 7485
R2 0.79
RMSE (kg ha-1) 844
NRMSE (%) 11

Total Agreement (%) 89
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Fig. 2. Comparison of groundnut growth and yield 
simulated by the DSSAT model with measured 
values

The average errors between simulated and 
observed values as computed by R2, RMSE and 

NRMSE were 0.81, 342 kg ha-1 and 16 per cent 
respectively (Table 3). The individual agreement of 
pod yield for all field locations ranged from 77 to 
98 per cent. The maximum agreement of 98 per 
cent was recorded in Morepalayam field location. 
Even though the model predicted slow increase 
with underestimation in case of LAI, the model 
takes into consideration of effects of temperature 
on SLA and predicted the growth in terms of 
biomass and yield accurately at various stages 
and overestimates by 10 to 15% at maturity. 
Moongathur, Pothiyampatti, Nochokarakadu and 
Velagavundanpatti also recorded a fairly good 
agreement of 91 per cent of pod yield in groundnut 
between observed values and the values simulated 
by DSSAT PNUTGRO crop growth model. The 
lowest agreement of 67 per cent was recorded 
in Manathi and Vellapillakovil locations followed 
by Padiyandhal and Keelravandavadi with 74 
and 76 per cent agreement and the remaining 
sites recording an agreement of above 80 per 

Table 3: Validation of DSSAT CROPGRO-Peanut model for groundnut pod yield (kg ha-1)

S.No. District Village Simulated yield Observed yield Agreement (%)
1 Namakkal Palayapuliyampatti 2348 2050 85
2 Namakkal Pudhupuliyampatti 2640 2400 90
3 Namakkal Kakapalayam 2957 2607 87
4 Namakkal Kandarkulamanickam 2827 2376 81
5 Namakkal Velagavundanpatti 2687 2464 91
6 Namakkal Manathi 2587 1950 67
7 Namakkal Morepalayam 2348 2400 98
8 Namakkal Nochokarakadu 2641 2419 91
9 Salem Pudhuchatram 2429 2115 85
10 Salem Pothiyampatti 2747 2525 91
11 Salem Pappambadi 3060 2750 89
12 Salem Moongathur 2922 2689 91
13 Salem Vellapillakovil 2969 2240 67
14 Tiruvannamalai Keelravandavadi 1796 1450 76
15 Tiruvannamalai Manmalai 2519 2187 85
16 Tiruvannamalai Thandrampattu 1825 1710 93
17 Villupuram Arkandanallur 2340 2221 95
18 Villupuram Padiyandhal 2088 1660 74
19 Villupuram Tindivanam 1806 1535 82
20 Villupuram Melsevalambadi 2005 1885 94

Mean 2477 2182
R2 0.81
RMSE (kg ha-1) 342
NRMSE (%) 16
Total Agreement (%) 84



cent on groundnut pod yield (Table 3 & Fig. 2). 
This meant that predicted pod yields were not 
significantly different from observed yields. The 
PNUTGRO model was able to reasonably simulate 
pod yield and final biomass with low normalized 
root mean square error (RMSE), low absolute root 
mean square error (RMSE) and high coefficient of 
determination (R2>0.7) as reported by Halder et 
al. (2017).

Considering the variation in monitoring fields 
under varied environments in which groundnut 
was grown, concluded that PNUTGRO can be 
used to predict groundnut yields as influenced by 
several factors such as water availability, sowing 
dates, and seasons. Simulation of groundnut 
yield in monitoring sites showed that simulated 
pod yields followed a similar trend as observed 
yields. The differences between simulated and 
observed yields were less than 400 kg ha-1 in most 
monitoring fields. This analysis further confirms 
that PNUTGRO can be used to predict changes 
in yield caused by variation in seasons, sowing 
dates and moisture availability. Similar result was 
obtained by Singh et al., (1994) at four different 
locations, Padma et al., (1991) at Hyderabad and 
Patilet al., (1993) at Raichur in kharif groundnut.

CONCLUSIONS 
Crop models provide a mechanistic way to 

estimate the interaction of spatial differences 
in soil properties and weather parameters on 
yield variability within a field. Once calibrated 
to simulate the spatial yield variability between 
different fields, crop models are a powerful tool 
to develop risk management strategies that can 
balance economic risk incurred by the producer 
with environmental risks that impact society. This 
study developed and tested a tool for investigating 
the spatial implications of climate change, 
on groundnut production in study area. The 
CROPGRO-Peanut model that has been calibrated 
and validated for many groundnut growing regions 
of the world, was found to estimate the spatial 
responses to various genetic and agronomic 
management practices under different weather 
and soil profile conditions precisely as indicated 
from higher agreement between simulated and 
observed yields with high R2 values.
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ABSTRACT
Weather forecasting has a key role in increasing agriculture production by minimizing 

production losses through improvising decision making process. Hence, it is necessary to verify 
the correctness, usability and unusability of medium range weather forecast, issued by IMD for six 
weather parameters to the benefit of farming community. The forecast is used after value addition 
by meteorological centre, Dehradun and utilized for verification of forecast with the observed daily 
weather parameters from March 2017- February 2018 for Udham Singh Nagar district. A study on 
verification of weather forecast was carried out on the basis of criteria specified by IMD for correct, 
usable & unusable forecasts and their seasonal percent was calculated. The ratio score and H. 
K. Score were also calculated for proportion of correct seasonal forecast. The overall forecast of 
cloud was slightly better compared to overall forecast of wind speed & direction where it is poor. 
The maximum temperature predictions were correct up to 61% during post monsoon season. The 
correct and usable minimum temperature predictions were maximum (78%) during monsoon, 
whereas it was (50%) during summer season. The rainfall prediction during post monsoon season 
was excellent with 100% accuracy and lowest during monsoon season with 40% accuracy and 
20% as usable which need further refinement.Therefore, it is observed from the study that there 
is a need to increase the reliability & accuracy of quantitative rainfall forecast for monsoon season 
and minimum temperature forecast during winter season.

INTRODUCTION
Regulating the erratic weather on a large 

scale is beyond human control. However, weather 
cannot be modified except on limited scale but 
agricultural operations can be reoriented to nearly 
accurate weather forecasts. Out of the total annual 
crop losses, a substantial portion is because of 
aberrant weather. Agricultural operations can be 
advanced or delayed with the help of advanced 
weather forecast from three to ten days (Manjappa 
and Yeledalli, 2013). The loss could be minimized 
by making adjustment with coming weather. For 
this purpose, weather forecasting is an effective 
task taken up by India Meteorological Department 
(IMD), which provides weather data along with 
5 days advance weather forecast to the farmers 
through Agromet Advisory Service under Gramin 
Krishi Mausam Sewa (GKMS). Agromet Advisory 
Bulletins are prepared under Agromet Advisory 
Services based on the medium range weather 
forecast issued by IMD and includes advisory 
on Crop, horticulture, vegetable science, plant 
protection, poultry and animal husbandry with 
information on past week weather. The advisories 
on these related disciplines are collected from 
different scientists of respected discipline and the 

bulletins are issued to the farmers twice a week. 
Agromet advisory services based on medium 
range weather forecasts have been identified as 
a management strategy for mitigating the impact 
of climatic variations on agricultural production 
and income (Devi and Rao 2008). The information 
gathered through agro-advisory service has been 
very useful and helpful to the farmers reported by 
Gandhi et al 2018. The utility of weather forecast 
depends upon their reliability and applicability at 
micro level. The emerging ability to provide timely, 
skillful weather forecasts offers the potential to 
reduce human vulnerability to weather vagaries 
(Hansen, 2002). Hence, the verification and 
validation process provides with the information 
regarding accuracy of weather forecast and how 
it can be effectively improved in order to help the 
farmers. Damrath et al., (2001) reported that the 
statistical interpretation methods are used to 
increase the reliability of the precipitation forecast.

MATERIALS AND METHODS
The study area, Pantnagar is located in 

Udham Singh Nagar district of Uttarakhand and 
located at 29ºN & 79.3ºE and at an altitude of 
243.84 m above mean sea level. Value added 
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medium range weather forecast of Udham Singh 
Nagar on rainfall, cloud cover, wind speed & 
direction, maximum and minimum temperature 
was received from IMD in collaboration with MC 
Dehradun and compared with the actual weather 
data recorded at agro meteorological observatory 
located at Norman E. Borlaug Crop Research 
Centre in Govind Ballabh Pant University of 
Agriculture and Technology, Pantnagar for the 
year 2017-18.

Table 1: Ratio Score and Hanssen and Kuiper 
score:

Forecasted Observed
Rain No Rain

Rain YY NY
No Rain YN NN

Ratio Score=((YY+NN)/N) * 100
H K Score= (YYNN-YNNY) / (YY+NN)(NY+NN)
where, Y=Yes and N=No

First letter in the pair is observed rainfall 
while the second depicts the predicted rainfall.

To validate the different weather parameters 
i.e. rainfall, temperature, wind and cloud cover 
of medium range weather forecast, IMD criteria 
(Table 2) of error structure as correct, usable and 
unusable were used. The usability of forecast was 
calculated by adding correct and usable events. 
Root Mean Square Error (RMSE) and correlation 
coefficient were calculated for all the parameters. 
The RMSE value representing the absolute error 
and correlation coefficient determines the skill 
of the forecast by assessment of the relationship 
between the predicted and observed values for all 
six major weather parameters. The reliability of 
rainfall forecast was validated with Ratio score 
(RS) and Hanssen and Kuiper score (H K score) and 
the formula were represented in table 1. The Ratio 
Score measures the proportion of correct forecasts 
& varies from 0 to 100 where 100 represent the 
perfect forecasts and H K score indicating the skill 
to correctly predict events and non-events, has a 
range of -1 to +1 with 0 representing no skill.

Table 2: Criteria for error structure of Rainfall, 
Wind Direction, Wind Speed, Cloud Cover and 
Maximum & Minimum Temperature:

Error Structure of rainfall
obs< 35 mm obs>35mm

Correct obs-5mm<fc-
st<obs+5mm

obs-10mm<fc-
st<obs+10mm

Usable obs-10mm<fc-
st<obs+10mm

0.5*obs<fc-
st<2*obs

Error Structure of wind direction
Correct obs-45º<fcst<obs+45 º
Usable obs-60 º<fcst<obs+60 º

Error Structure
Cloud Cov-
er (okta)

Wind 
Speed 
(kmph)

Max/Min 
Tempera-
ture (ºC)

Correct 1 1 1
Usable 2 3 2
Unusable >2 >3 >2

The study on Validation of Medium Range 
Weather Forecast was carried out for four 
meteorological seasons given by IMD i.e. pre 
monsoon (March to May), South West monsoon 
(June to September), post monsoon (October 
to December) and winter season (January to 
February) in Udham Singh Nagar district of 
Uttarakhand.

RESULTS AND DISCUSSION
The Validation of weather forecasts received 

from India Meteorological Department, Pune 
in collaboration with Meteorological Centre, 
Dehradun for various parameters are done as per 
criteria for error structure provided by IMD and 
parameter wise results are presented as follows:

Rainfall
Seasonal rainfall error structure between 

observed and predicted values is presented in 
Table 3 and observations from the table revealed 
that during the post monsoon and winter 
seasons, the predicted rainfall was correct up to 
100% and 97% respectively, while it was lowest 
during monsoon season (40%). Almost similar 
results were also observed in Palampur, Himachal 
Pradesh found by Rana et al., (2013).

Table 3: Seasonal rainfall error structure between 
observed and predicted values

Winter Summer Mon-
soon

Post 
Mon-
soon

Correct 
(%)

97 93 40 100
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Usable 
(%)

2 4 20 0

Unus-
able (%)

1 2 39 0

Ratio 
Score

88 68 61 100

H K 
Score

-0.081 0.055 0.230 0

RMSE 2.212 4.325 21.308 0
Correla-
tion Co-
efficient

-0.041 -0.061 0.340

The unusable predictions were highest 
during monsoon season i.e., 39% while it was 
negligible during remaining seasons (0-2%). The 
qualitative rainfall predictions such as no rain 
predictions were highest during the year except 
monsoon season. The qualitative analysis as 
indicated by ratio score (100%) was highest during 
post monsoon followed by winter season (87.8%). 
The H.K. Score was very low and varied between 
-0.081 and 0.230 during the year. The correlation 
coefficient was significant during monsoon season 
while it was not significant during remaining 
seasons. The RMSE value was highest during 
monsoon season indicating high variability in the 
forecasted and observed values. 

Cloud cover
The error structure of the cloud cover is 

presented in table 4. The cloud cover predictions 
were correct during post monsoon season up 
to 57%, while it was usable up to 28% in the 
monsoon season. The unusable cloud cover 
predictions were 48% during winter which was 
highest. The predicted cloud cover amounts 
were lower than the observed values during the 
year. The RMSE values varied between 2.051 
and 2.575. The correlation coefficient between 
observed and predicted values was positive and 
significant during monsoon seasons, while it was 
not significant in remaining seasons. 

Table 4: Seasonal error structure of cloud cover

Winter Summer Monsoon Post 
Monsoon

Correct 
(%)

34 41 44 57

Usable 
(%)

18 22 28 16

Unus-
able (%)

48 37 28 26

RMSE 2.051 2.575 2.308 2.456
Correla-
tion Co-
efficient

-0.010 0.277 0.384 0.068

Wind Speed
The error structure of wind speed during 

different seasons is presented in table 5. The 
correct and usable wind speeds were 59% during 
summer season followed by monsoon season 
(54%). However, the unusable predictions varied 
between 41 and 80% over the year. The correlation 
coefficient between observed and predicted values 
was non- significant during the year. 

Table 5: Seasonal error structure of Wind Speed

Winter Summer Mon-
soon

Post 
Mon-
soon

Correct 
(%)

12 20 15 3

Usable 
(%)

31 39 39 16

Unus-
able (%)

57 41 46 80

RMSE 3.739 3.426 3.917 5.285
Correla-
tion Co-
efficient

0.200 0.286 0.262 0.248

Wind Direction
The error structure of wind direction (table 

6) revealed that the correct wind direction 
predictions varied between 31 and 39% during 
the year. The unusable predictions were highest 
(54%) during post monsoon season followed by 52, 
51% during winter, summer seasons respectively. 
The RMSE was lowest (102º) during summer 
season, while it was highest during post monsoon 
season with 125º. The correlation coefficient 
between predicted and observed values was non-
significant throughout the year except in summer 
season where it was significant.

Table 6: Seasonal Error structure of Wind 
Direction

Winter Summer Mon-
soon

Post 
Mon-
soon

Correct 
(%)

32 39 39 31

Usable 
(%)

16 10 12 15



Unus-
able (%)

52 51 49 54

RMSE 109.366 101.730 115.588 125.450
Correla-
tion Co-
efficient

0.003 0.426 0.140 0.107

Maximum Temperature
The error structure of maximum temperature 

(table 7) revealed that the correct predictions 
varied between 32 and 61% throughout the year. 
The correct and usable predictions were highest 
(89%) during post monsoon season followed by 
monsoon season (58%). The unusable maximum 
temperature predictions were 48, 43 and 42% 
during winter, summer and monsoon seasons 
respectively. The highest RMSE of 3.509 was 
observed during winter season. The correlation 
coefficient between observed and predicted values 
was significant during monsoon season, while it 
was highly significant during remaining seasons.

Table 7: Seasonal Error structure of Maximum 
temperature

Winter Summer Mon-
soon

Post 
Mon-
soon

Correct 
(%)

32 37 34 61

Usable 
(%)

20 20 24 28

Unus-
able (%)

48 43 42 11

RMSE 3.509 2.472 2.733 1.458
Correla-
tion Co-
efficient

0.697 0.857 0.555 0.898

Minimum Temperature
The error structure of minimum temperature 

is presented in table 8. The minimum temperatures 
were predicted correctly up to 49% during monsoon 
season, while it was lowest (27%) during winter 
season. The unusable minimum temperatures 
were highest (50%) during summer season while it 
was 46, 26 and 22% during winter, post monsoon 
and monsoon seasons respectively. The RMSE 
values varied between 1.673 and 3.095 during the 
year. The correlation coefficient was found to be 
highly significant during post monsoon, summer 
and winter seasons, while it was non-significant 
during monsoon season.

Table 8: Seasonal Error structure of Minimum 
Temperature (°C)

Winter Summer Mon-
soon

Post 
Mon-
soon

Correct 
(%)

27 29 49 39

Usable 
(%)

28 21 29 34

Unus-
able (%)

46 50 22 26

RMSE 2.448 3.095 1.818 1.673
Correla-
tion Co-
efficient

0.714 0.883  0.220 0.961

Success of the forecast with its usefulness 
during the season in giving agro advisory:Integrated 
Agromet Advisory Bulletins in English and Hindi 
are being prepared based on the medium range 
weather forecast and sent to IMD, Pune and 
MC Dehradun for preparing national and state 
Agromet Advisory Bulletins respectively. Agromet 
Advisory Bulletins are also distributed to local 
news papers for publications, NGO, progressive 
farmers of the region through Email and uploaded 
on the University website (http://www.gbpuat.
ac.in) as well as on IMD website with SMS’s 
(http://www.imdagrimet.gov.in) regularly. SMS’s 
regarding future weather and plant protection 
measures are also being sent twice a week to 
about 82, 000 farmers from districts of Nainital 
& Udham Singh Nagar registered through mKisan 
portal, Govt of India (http://mkisan.gov.in). 
Weather forecast and advisory are also provided 
on mobile whenever asked by the farmers of the 
region about the weather forecast and Agromet 
advisories provided in the bulletin were collected, 
farmers rated the bulletin as excellent with respect 
to weather forecast, crop management practices, 
animal husbandry and plant protection measures 
with the suggestion that weather forecast still 
have scope for improvement in terms of their 
accuracy and distribution, since all agricultural 
operations are based on the forecast. Farmers also 
suggested, to organize the Awareness Programme 
on Weather and Climate in different blocks/village 
of the region.

CONCLUSION
The qualitative rainfall prediction during post 

monsoon season was excellent with 100% accuracy 
followed by winter season (97%) and summer 
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(93%) respectively. However, it was lowest during 
monsoon season with 40% accuracy. A study on 
Verification of Medium Range Weather Forecast 
for Udham Singh Nagar Region in order to Improve 
Methodology Followed done by Kothiyal et al. 
2017, observed lowest accuracy of forecast during 
monsoon season. The correct cloud cover amount 
varied between 34 and 57% during the year. The 
correct and usable wind speed predictions were 
59% during summer season followed by monsoon 
season (54%). The wind direction predictions were 
correct varied between 31 and 39% while unusable 
forecast ranges from 49 to 54% during the year 
i.e. as a result unusable forecasts dominated 
the correct and usable forecasts. The maximum 
temperature predictions were correct up to 61% 
during post monsoon season. The correct and 
usable minimum temperature predictions were 
maximum (78%) during monsoon season, followed 
by post monsoon season (73%), winter season 
(55%) whereas it was (50%) during summer 
season.
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ABSTRACT
Probability analysis is a very useful tool for making important decisions in agricultural 

operations. The present study has been carried out to find the probability of occurrence of wet 
week (W), wet week proceeded by wet week (W/W) and wet proceeded by dry week (W/D) by using 
Markov chain model at rainfall threshold of 5mm/week. For the analysis, a week period was 
considered as the optimum length of time and the weekly rainfall data of 29 years from 1989 to 
2017 for Medak district of Telangana state are used. The average annual rainfall of the Medak 
district is around 910 mm. The results revealed that probability of occurrence of wet week during 
pre monsoon season (18th SMWto 23rd SMW) was around 30% and in monsoon season (24th SMW 
to 40th SMW) was around 70% and the conditional probability of wet week followed by wet had the 
similar pattern as that of probability of wet week. The expected good monsoon was observed for 
about 17 weeks. Thus short duration rice (100-110 days duration) can be easily being grown in 
the region, with little fear of drought. During 41th SMW to 43rd SMW the probability of occurrence 
of wet is around 45% and from 44th to 47th SMW it was between 14-34%. So the crops like black 
gram, Bengal gram and groundnut etc., can be grown by utilising residual moisture.

Key words: Weekly Rainfall, Dry and Wet spells, Coefficient of Variation, Probability, Markov 
chain model

INTRODUCTION
Agriculture is the back bone of Indian 

economy as well as our food and nutritional 
security. Of all the climatic factors, rainfall 
is of greatest concern to farmers in rain fed 
agriculture. The knowledge of amount and 
occurrence of rainfall is of paramount important 
for crop planning.Adverse weather conditions tilt 
the balance and badly affect the livelihood and 
food production system. The analysis of weather 
parameters would enable the farmers to adapt 
proper agricultural practices to minimize adverse 
effects under the aegis of climate change. Under 
these scenarios dry and wet spell analysis in rain 
fed region helps the farmers to a greater extent. 
Rainfed agriculture still plays a critical role in 
sustaining agricultural production. The yield of 
crop is mainly depending on the rainfall in some 
area where cropsgrown in rain fed condition. It 
is nevertheless possible to optimize the farm 
production by adjusting cropping pattern and 
agronomic practices according to weather (Sharda 
and Das, 2005; Dijk and Bruijnzell, 2001). The 
yield of crops,  particularly in rain fed condition 
depends on the rainfall pattern. 

 The probable behaviour of rainfall was studied 
by many researchers Jat et al, 2010, Chand et al, 
2011. The wet and dry spell analysis will help in 
characterization of command area crop,  cropping 
system planning and design of conservation 
structures. The Markov Chain Model has been 
used extensively to study the spell distributions 
and other properties of rain occurrences. The 
proper understanding and efficient utilization of 
the natural resources especially rainfall is of great 
concern for the improvement and sustainability 
of agriculture in rainfed areas. So,  Markov Chain 
Model has been found suitable to describe the 
long term frequency behaviour of wet or dry spells.
The annual and seasonal analysis of rainfall will 
give general idea about the rainfall pattern of the 
region, whereas the weekly analysis of rainfall will 
be of much use as far as agricultural planning 
is concerned. Markov chain probability model 
has been used extensively to find the long-term 
frequency behaviour of wet and dry spells (Victor 
and Sastri, 1979). Another aspect of crop planning 
is forward and backward accumulation of rainfall 
to determine the onset and termination of wet 
season based on precipitation data. A number of 
studies have been conducted for location specific 

Journal of Agrometeorology Vol. 21, Special Issue-1  : 223-228 (December 2019)



224 December 2019

(Sharda and Bhushan, 1985; Bhatt et al., 1996; 
Kumar, 1999; Mohanty et al., 2001) agricultural 
planning in general and crop planning in particular 
by analysis daily,  weekly,  monthly, seasonal and 
annual rainfall data. Markov chain probability 
has also been used for computation of probability 
of occurrence of daily precipitation (Stern, 1982).

Singh et al (2008) analyzed daily rainfall data 
of fifty two years (1952-2004 for establishing the 
long term averages of weekly, monthly, seasonal 
and annual rainfall and its variability. Subash et 
al (2009) studied Markov chain model to know 
the initial and conditional probability of having 
a dry or a wet week and also the occurrence of 
consecutive dry or wet periods of 2 or 3 weeks, 
for selected stations of Bihar State representing 
different agro-ecological zones. Chand et al (2011) 
analyzed the historical rainfall data for the period 
of 34 years (1975-2008) of Jhansi in Bundelkhand 
agro climatic zone of U.P to know weekly, monthly, 
seasonal and annual probabilities at different 
levels of rainfall for suitable crop planning.Kar 
et al. (2014) analysed weekly rainfall data of 
Kandhamal district during the period of 1965 to 
2010 was taken for analysis purpose.

Medak district originally know as a 
“Methukudurgam”, is famous for growing fine 
and coarse variety rice, so subsequently changed 
into Methukur. It is in the geographical area of 9, 
699km2 and forms a part of Deccan Plateau under 
Godavari basin and lies between North Latitudes 
(17027’ - 18018’) and East longitudes (77028’ - 
79010’) falling in topographical sheet nos. 56 F, 
G, J and K of Survey of India. The district has a 
population of 30, 31, 877 (as per 2011 census). 
The population density is 313 persons per sq.km. 
The forest cover is 91, 390 hectares and the net 
area sown is 4, 80, 841 ha. An area of 9, 32 ha is 
being irrigated by surface water sources and an 
area of 1, 45, 452ha is being irrigated by ground 
water. The average annual rainfall of the district 
is 910mm and the crops grown in Medak district 
are rice, Jowar, Bajra, sugarcane, black gram, 
red gram, Bengal gram, cotton, and groundnut. 
Rainfall have more impact on Agriculture in 
Medak district. In this paper two- state Markov 
Chain probability model, has been used to study 
the pattern of occurrence of rainfall in Medak 
district of Telangana.

MATERIAL AND METHODS
For the present study, the daily rainfall data 

of Medak district were collected from the IMD New 
Delhi for a period of 29 years from 1989 to 2017, 
was processed and converted into weekly rainfall. 
Assessment of dry and wet spell has been carried 
out using weekly rainfall data based on Markov 
chain probability model.

Markov chain model 
A Wet week (or a Dry week) has been defined 

as one with ≥ 5 mm (≤ 5 mm) of rainfall according 
to definition proposed by the Indian Meteorological 
Department. This gives a sequence of wet and dry 
weeks. Further, under the assumption that the 
occurrence of a wet or a dry week is influenced only 
by the weather condition of the previous week, the 
process of occurrence of wet and dry weeks can 
be described by a 2- state Markov chain with wet 
and dry weeks as the two states. The transition 
probability matrix P, which describes the 2 – state 
Markov chain model is given by, 
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with PD/D+PD/W=1 and PW/D+PW/W=1, where 
PD/D, PD/W, PW/D and PW/W are the transition 
probabilities. That is, they are respectively the 
probabilities of the following conditional events:

ED/D: A week is a dry week given that the 
preceding week was a dry week.

EW/D: A week is a wet week given that the 
preceding week was a dry week.

ED/W: A week is a dry week given that the 
preceding week was a wet week. 

EW/W: A week is a wet week given that the 
preceding week was a wet week.

Suppose that each week from January to 
December is classified according to the occurrence 
of the four events ED/D, ED/W, EW/D and EW/W 
such that 1st week depends on the 52nd week of 
December. Then, repeating this process for each 
year, frequencies of the occurrences of events 
are counted. Let these observed frequencies be 
denoted a, b, c and d for the respective events 
with a + b = n0 and c + d = n1. The maximum 
likelihood estimates of the unknown probabilities 
PD/D, PD/W, PW/D and PW/W i.e., the parameters of the 
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The transition probabilities are conditional 
probabilities. But,  the probability of a dry week 
(PD) and the probability of wet week (PW) are 
estimated from the observed frequencies of the 
conditional events as follows:
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These unconditional probabilities are also 

called binomial probabilities treating a wet week 
as a success and a dry week as a failure.

RESULTS AND DISCUSSION
The descriptive statistics of weekly rainfall 

of Medak district (Table 1) showed that from 23rd 
SMW onwards the rainfall was recorded within 
the range of 25.18mm to 80.68mm per SMW 
and continued up to 42nd SMW. 31st SMW had 
the highest rain of 80.68mm and 51st SMW had 
the lowest rainfall of 0.21mm. The coefficient 
of variation was minimum (81.87%) during 27th 
SMW and was maximum (498.79%) during 3rd 
SMW. 

The mean weekly rainfall distribution (Fig.1) 
was increased from 23rd SMW and decreased after 
42nd SMW. It revealed that these 20 SMW’s were 
the safe for growing crops.

Table1: Descriptive statistics of Standard Metrological weekly rainfall in Medak district from 1989-
2017

SMW Mean(mm) SD(mm) CV (%) SMW Mean(mm) SD(mm) CV (%)
1 4.41 13.28 300.97 27 46.89 38.39 81.87
2 0.90 3.46 385.63 28 68.60 69.10 100.74
3 2.34 11.68 498.79 29 64.34 77.66 120.70
4 2.72 9.74 357.38 30 80.22 121.34 151.25
5 2.71 9.97 367.70 31 80.68 97.14 120.41
6 1.38 6.33 458.70 32 65.21 65.40 100.30
7 2.12 5.79 272.44 33 59.32 62.22 104.89
8 0.90 3.39 378.65 34 60.59 62.76 103.58
9 3.70 13.73 370.77 35 48.11 45.44 94.46
10 5.19 13.13 253.21 36 33.85 34.42 101.69
11 0.61 2.21 362.74 37 33.67 37.41 111.13
12 5.36 18.66 348.13 38 37.13 53.83 144.99
13 3.02 7.35 243.38 39 27.14 36.32 133.84
14 3.63 8.31 229.05 40 24.10 34.46 142.97
15 1.21 3.52 291.58 41 17.36 27.97 161.10
16 4.79 10.70 223.53 42 27.60 62.48 226.42
17 2.20 5.17 235.15 43 15.53 26.55 170.93
18 5.96 13.71 230.01 44 8.15 18.29 224.50
19 12.88 35.49 275.64 45 1.78 5.03 281.98
20 6.78 19.66 289.95 46 6.69 18.51 276.71
21 8.37 16.43 196.45 47 1.79 5.64 314.61
22 7.27 9.97 137.18 48 0.91 3.08 340.12
23 25.18 37.17 147.62 49 2.60 8.96 344.07
24 38.61 32.79 84.94 50 0.36 1.27 351.41
25 37.26 55.21 148.19 51 0.21 0.82 382.40
26 42.83 38.79 90.55 52 1.95 8.42 431.22
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Fig. 1. Mean weekly rainfall distribution of Medak 

district (1989 – 2017)

Probabilities of Wet and Dry spell
The daily rainfall data was converted to 

Standard Meteorological Week (SMW) based 
on the quantum of rainfall (5mm), to study the 
pattern of rainfall the SMW’s were classified as 
dry and wet spells. A two state Markov chain 
model was used to evaluate the marginal and 
conditional probabilities of dry and wet spells, 
by considering less than 5 mm rainfall in a week 

Table 2: Marginal and Conditional probabilities of Rainfall during 1989- 2017 (Limit = 5mm/ week)

SMW Marginal 
probability 

Conditional Probability SMW Marginal 
probability 

Conditional Probability 

P(D) P(W) P(D/D) P(D/W) P(W/W) P(W/D) P(D) P(W) P(D/D) P(D/W) P(W/W) P(W/D)

1 0.92 0.08 0.92 1.00 0.00 0.08 27 0.14 0.86 0.25 0.12 0.88 0.75

2 0.93 0.07 0.85 1.00 0.00 0.15 28 0.17 0.83 0.40 0.11 0.89 0.60

3 0.97 0.03 0.93 1.00 0.00 0.07 29 0.14 0.86 0.75 0.13 0.87 0.25

4 0.90 0.10 0.96 1.00 0.00 0.04 30 0.14 0.86 0.50 0.13 0.87 0.50

5 0.95 0.05 0.96 0.33 0.05 0.04 31 0.21 0.79 0.17 0.13 0.87 0.83

6 0.97 0.03 0.89 1.00 0.00 0.11 32 0.14 0.86 0.15 0.18 0.82 0.85

7 0.93 0.07 1.00 0.75 0.06 0.00 33 0.14 0.86 0.33 0.18 0.82 0.67

8 0.93 0.07 0.89 0.50 0.10 0.11 34 0.14 0.86 0.33 0.18 0.82 0.67

9 0.93 0.07 0.93 1.00 0.00 0.07 35 0.21 0.79 0.17 0.17 0.83 0.83

10 0.90 0.10 1.00 0.50 0.06 0.00 36 0.28 0.72 0.38 0.14 0.86 0.63

11 0.97 0.03 0.86 1.00 0.00 0.14 37 0.38 0.62 0.45 0.17 0.83 0.55

12 0.86 0.14 0.96 1.00 0.00 0.04 38 0.38 0.62 0.45 0.33 0.67 0.55

13 0.83 0.17 0.88 0.80 0.20 0.13 39 0.41 0.59 0.50 0.29 0.71 0.50

14 0.76 0.24 0.91 0.57 0.08 0.09 40 0.41 0.59 0.50 0.35 0.65 0.50

15 0.90 0.10 0.73 1.00 0.00 0.27 41 0.52 0.48 0.33 0.50 0.50 0.67

16 0.76 0.24 0.86 1.00 0.00 0.14 42 0.52 0.48 0.53 0.50 0.50 0.47

17 0.79 0.21 0.83 0.50 0.35 0.17 43 0.55 0.45 0.63 0.38 0.62 0.38

18 0.69 0.31 0.80 0.78 0.22 0.20 44 0.66 0.34 0.63 0.72 0.28 0.37

19 0.72 0.28 0.76 0.50 0.47 0.24 45 0.86 0.14 0.68 0.74 0.26 0.32

20 0.79 0.21 0.83 0.33 0.45 0.17 46 0.76 0.24 0.91 0.73 0.27 0.09

21 0.69 0.31 0.85 0.67 0.33 0.15 47 0.86 0.14 0.76 0.75 0.25 0.24

22 0.62 0.38 0.67 0.73 0.27 0.33 48 0.93 0.07 0.89 0.80 0.20 0.11

23 0.38 0.62 0.73 0.56 0.44 0.27 49 0.93 0.07 0.93 1.00 0.00 0.07

24 0.14 0.86 0.75 0.32 0.68 0.25 50 0.97 0.03 0.96 1.00 0.00 0.04

25 0.14 0.86 0.25 0.12 0.88 0.75 51 1.00 0.00 0.97 1.00 0.00 0.03

26 0.14 0.86 0.25 0.12 0.88 0.75 52 0.93 0.07 1.00 1.00 0.00 0.00



as a dry week and 5 mm or more as a wet week.
The Marginal probabilities of wet weeks P(W), dry 
weeks P(D), Conditional probabilities of wet week 
followed by dry week P(W/D), dry week followed by 
wet week P(D/W) and wet week followed by wet week 
P(W/W) and Dry week followed by dry week P(D/D) for 
the period from 1989 to 2017, were computed and 
given in the Table 2.

The result reveals that the Probability of 
occurrence of wet week during the pre monsoon 
season (18th SMW to 23rd SMW) was around 30% 
and during monsoon season (from 24th SMW to 
40th SMW) was around 70%, and 41st SMW to 43rd 
SMW it was around 45%. Conditional probability 
of wet week followed by wet week P(W/W) had the 
similar pattern as that of marginal probability 
of wet weeks. During pre monsoon season(18th 
SMW to 23rd SMW) conditional probability of wet 
given wet weeks P(W/W) was around 30%. However, 
during the monsoon season it was found to be 
around 85% (24th SMW to 37th SMW), 38th SMW 
to 43rd SMW it was around 60% but from 44th 
SMW to 48th SMW it was found to be around 
25%. Conditional probability of wet week followed 
by dry weeks P (W/D) was found to be below 25% 
during pre monsoon and around 60 % in monsoon 
season. The probabilities of standard weeks 
being wet are presented in the figure (Fig.2). The 
difference between P(W/D) and P(W/W), decreased as 
the monsoon season progressed indicating that 
the probabilities of having a wet week became 
less dependent on the condition of the week, as 
the rains became more steady. Similarly, the 
difference between P(D/D) and P(W/D) decreased as 
the monsoon season progressed corroborating 
the observation that the probabilities of having a 
wet week became less dependent on the condition 
of the previous week as the rains became more 
steady. However, the difference between P(D/D)
and P(D/W) increased during the monsoon season 
to show that the conditional dependence of dry 
weeks was inevitable even during the monsoon 
seasonal months of June to October in Madak 
district. Summer crops (cowpea,  black gram,  
green gram,  maize and direct sown rice etc) could 
also be grown successfully in this region with 
supplemental irrigation. Rains at 75% probability 
level can be utilized for seedbed preparation for 
raising rice seedlings of short duration (100 days) 
or direct sown rice. The transplanting of kharif 
rice in first week of July will have additional 
advantage of almost assured water supply 
through rain during August and September. 

Green gram, cowpea, black gram could be grown 
during summer in upland areas. Less water 
demanding short duration smaller millets (finger 
millet, fox tail millet, etc) can be raised during 
summer season. Maize can be sown in the 22nd 
week with low risk, as rainfall at 50 % probability. 
This study clearly indicates that during monsoon 
season, cereals crop like Rice, Maize, Jowar, etc., 
can be easily taken up and by using Residual 
moisture along with the post monsoon rain, pulse 
crops like Green gram, Bengal Gram, Black gram, 
etc., can be taken up. 

Fig. 2. Probability of Standard week being wet for 
Medak District

CONCULSION
The analysis indicates that the consecutive 

dry and wet spells during pre monsoon season 
(18th SMW to 23rd SMW) was around 30% and 
monsoon season reveals that there was around 
70 % chances than 2 consecutive wet weeks may 
occurs during 24th SMW to 40th SMW, and from 
41st SMW to 43rd SMW having probability of 45%. 
Therefore, we expected good monsoon shower for 
about 17 weeks (24th SMW to 43rd SMW) in Medak 
district. Thus short duration rice of about 100 
to 110 days, can easily be grown in the region. 
The short duration rice can be harvested before 
the monsoon terminates from the region in order 
to lower thechances of reduction of the yield of 
rice due to water stress. More ever the residual 
moisture can be used for growing the pulse crops 
like Bengal gram, black gram, etc.
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Evaluation of different micro-irrigation techniques and moisture regimes 
in terms of fruit yield, economics and water use efficiency in Banana 

under Konkan region of Maharashtra State
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ABSTRACT 
Field experiment was conducted consecutively during the year 2013-15 at Agronomy farm, 

department of Agronomy, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, Maharashtra 
to study response of banana to different micro-irrigation techniques and irrigation levels on 
evapotranspiration basis to assess the yield of banana. The experiment was laid on Randomised 
Block Design with three replications. There were nine treatments consisting three methods of 
irrigation and four irrigationregimes. Water applied during experimentation period was as per the 
evapotranspiration basis prevailing under site. Six plants were taken for each replication. Results 
revels that crop irrigated with Microjet method @ 100 per cent of ET has exhibited significantly 
highest growth and banana fruit yield (23.54 t/ha) over all other treatments under study except the 
treatments T6, T7 and T8 where irrigation was delivered through microjet. However, Maximum WUE 
was observed under drip irrigation method where crop is irrigated @ 55 per cent of ET. Economics 
of the treatment under study, recorded that the treatment where crop irrigated through micro jet 
irrigation @ 100 per cent of ET was used, shoed maximum net return.

Key words: Banana, Microjet, Drip irrigation, WUE, Yield and Economics

INTRODUCTION
Banana (Musa sp.) is the second most 

important fruit crop in India next to mango. It 
characterised as large perennial herb with leaf 
sheaths that form trunk like pseudo stem. As the 
fifth largest agricultural commodity in the world 
trade, banana is a nutritious gold mine. Banana 
fruits are rich in vitamin B6 which helps to fight 
infections and is essential for the synthesis of 
heme, the iron containing part of hemoglobin. 
Its year-round availability, affordability, varietal 
range, taste, nutritive and medicinal value, 
makes it the favourite fruit among all classes of 
people. They are also rich in potassium and are 
great source of fiber. The benefit of this crop is 
the availability of fruits round the year. (Uddipta 
et al., 2018)

Konkan region of Maharashtra is a narrow 
strip situated adjacent to Arabian sea having 720 
km coastline. Banana has been traditional crop of 
Konkan, performed well because of peculiar and 
favorable agro-climatic condition of this region. 
Though its commercial cultivation was limited to 
few locations like vasai tahsil of Thane district 
of Maharashtra, its cultivation is becoming 
popular in recent past in some parts of Ratnagiri 

and Sindhudurg districts. Due to this situation 
costs involved in transportation while procuring 
banana from Jalgoun region happens to be 
very high. However, there are large marketing 
destinations like greater Mumbai and Goa beside 
ever-increasing tourism in the region as a whole. 

Water is a precious commodity in arid 
and semi-arid regions, and its judicious use is 
essential for maximizing the water use efficiency 
(WUE) and crop yield. Over irrigation, on the 
other hand, reduces WUE, crop yield, and in 
the long run, results in high water table and soil 
salinity. Further, traditional irrigation methods 
cause 27 to 42 per cent loss of water through 
deep percolation. (Kakhandaki et al. 2013). The 
total water requirement of banana plants is about 
900-1200 mm for its entire life cycle and this 
can be met both through natural precipitation 
(rainfall) as well as supplementary irrigation. 
India is struggling with the challenges of water 
scarcity, including water for crops. Drip irrigation 
is introduced primarily to save water and increase 
the water use efficiency in agriculture. However, 
it also delivers many other economic and social 
benefits to the society. In this system water is 
applied drop by drop or by micro jet, on the soil 
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surface or below it (sub-surface), at a rate lower 
than the infiltration rate of the soil. Banana need 
assured soil moisture to meet its evaporative 
demand throughout the year. However there 
happens to be water shortage especially during 
summer months almost throughout the Konkan 
region. The limited water resources need to be 
used cautiously and efficiently. Considering the 
facts, it was felt essential to study performance 
of banana crop under micro-irrigation methods. 
Moreover, such irrigation system has been found 
efficient for enhancing fertilizer use efficiency. 
Therefore, the present experiment was planned 
to study Performance of banana under micro-
irrigation.

MATERIAL AND METHODS
The annual rainfall of Konkan region is 

2500 to 3500 mm, which is mainly received in 
June-September. Agronomy Farm, College of 
Agriculture, Dapoli, Dist. Ratnagiri is situated in 
tropical region at 170 4’ North latitude and 730 1’ 
East longitude, having elevation of 250 meters 
above the mean sea level. The climate is tropical, 
warm and humid which is very much favorable 
for a horticultural crop like banana. The data 
regarding different weather parameters required 
for the estimation of evapotranspiration, was 
recorded at the meteorological observatory of 
Agronomy Farm, College of Agriculture, Dapoli 
during the period of experimentation. The soil 
of the experimental plot was sandy clay loam in 
texture, moderately acidic in pH and very high in 
organic carbon content. It was low in available 
nitrogen, available phosphorus and moderately 
high in available potassium. The field experiment 

was conducted in the year 2012-13, 2013-14 and 
2014-15, consisting of treatments viz., T1– Drip 
irrigation 100 % of ET, T2– Drip irrigation 85 % of 
ET, T3– Drip irrigation 70 % of ET, T4– Drip irrigation 
55 % of ET, T5– Micro-jet irrigation 100 % of ET, 
T6– Micro-jet irrigation 85 % of ET, T7– Micro-ject 
irrigation 70 % of ET, T8– Micro-jet irrigation 55 
% of ET and T9– Check basin irrigation as per 
recommendation with randomized block design 
for statistical interpretation. Banana cv Safed 
velchi, was used during investigation period for 
their special market preference. The statistical 
analysis was done as per the method suggested 
by Gomez and Gomez (1976). The three methods 
of irrigation were evaluated consisting six plants 
per treatment with four replications. Two drippers 
at 60 cm spacing with discharge of 4 LPH and one 
micro-jet was installed during irrigation. Crop 
was irrigated by check basin which was covered 
with paddy straw mulch. The crop was harvested 
at the maturity of fruits when it becomes round 
and the edges on fruits completely disappears.

Quantum of water application 
The evaporation and water applied to banana 

bush during the study period over all three years is 
presented in Table 1. The water applied to banana 
through drip and micro-jet irrigation systems is 
represented in lit/day/plant, whereas, in case of 
basin irrigation method, (Control treatment), it 
is represented in depth (mm). The water applied 
to banana through drip irrigation with 100% ET 
application was in the range of 4.5 to 7.4 lit/day/
plant, from October to May months, while it was 
in the range of 6.5 to 11.3 lit/day/plant for micro-
jet irrigation with 100% ET application during 
the same months. Number of irrigations varied 

Table1 : Mean Monthly evaporation (mm) and water applied to Banana (lit./day/plant).

Month Evap. 
(mm)

Water applied (lit./day/plant) Control 
(mm)

T1 T2 T3 T4 T5 T6 T7 T8 T9

Oct. 118.7 4.6 3.9 3.2 2.5 6.9 5.9 4.8 3.8 200

Nov. 124.2 5.0 4.2 3.5 2.7 7.5 6.3 5.2 4.1 200

Dec. 112.8 4.4 3.7 3.0 2.4 6.5 5.5 4.5 3.6 200

Jan. 117.5 4.5 3.8 3.2 2.5 6.8 5.7 4.7 3.7 200
Feb. 155.1 6.6 5.6 4.6 3.6 10.8 9.1 7.6 5.9 300
March 163.9 6.3 5.4 4.4 3.5 9.5 8.0 6.6 5.2 300

April 180.6 7.2 6.1 5.0 3.9 10.8 9.1 7.5 5.9 300
May 191.0 7.4 6.2 5.2 4.1 11.3 9.6 7.9 6.2 350
June 34.6 4.1 3.5 2.8 2.2 6.2 5.3 4.3 3.4 50



from 4 to 7, from October to May in case of basin 
irrigation, depending upon the evaporation. 

Irrigation Scheduling
Microjet
Time of irrigation = 

Pan evaporation two days (mm) x Crop factor x 
Pan factor
Rate of precipitation (mm/hr)
Drip 
V = Ep x Kp x Kc x A x Aw
Where-  V = Volume of water to be applied  
    (lit / alternate day / plot)
 Ep = Pan evap. of previous two days.
 Kp = Pan factor (0.7)
 Kc = Stage wise crop coefficient
 A = Area of plot m2

 Aw = Wetted area of banana

RESULTS AND DISCUSSION
Effect on growth characters 

Pooled mean data of growth character 
presented in table 3 revealed that the growth 
characters viz., plant height and plant girth, were 
significantly influenced due to various treatment 
under study except number of leaves per bush. 
Significantly taller plant was observed when 
crop was irrigated by micro-jet of 100 per cent 
evapotranspiration (T5). However, treatments T5– 
Micro-jet irrigation 100 % of ET and T6– Micro-jet 
irrigation 85 % of ET which remained statistically 

on a par with each other in respect of plant height. 
Both drip and micro-jet irrigation at all level ET 
recorded significantly maximum plant girth over 
check basin irrigation and remained statically on 
a par with each other. 

Among various micro-irrigation methods 
water applied through micro-jet @ 100 per cent 
of ET (T5) showed higher values in respect of plant 
height.Remaining growth characters viz., plant 
girth and height were significantly highest under 
the treatment T5 over all other treatments under 
study.

Effect of yield contributing characters
Significantly a maximum number of hands 

per bush were recorded under treatment micro-
jet irrigation 100% of ET over drip irrigation 
55% of ET and Check basin irrigation and which 
remained statically on a par with the treatment T6, 
T7, T8, T1, T2 and T3, 

Application of irrigation by micro-jet irrigation 
100% of ET recorded significantly higher weight of 
1st hand (kg), number of fingers in 1st hand and 
weight of bunch per plant over all other treatment 
under study except treatment T6, which behaved 
in similar way with treatment T5. In relation to 
number of fingers per bush treatment T5 showed 
its superiority over rest of the treatment except 
treatment T6 and T7.

Water application
Data presented in Table 2 indicates that, 

mean total depth of water applied to banana 

Table 2: Mean amount of irrigation water applied, saving of irrigation water and water use efficiency as 
influenced by various treatments.

Treatment details Quantum of 
water applied

(ha. cm)

Saving of irrigation 
water over control

WUE
(t/ha cm of water)

T1 - Drip irrigation 100% of ET 84.29 59.86 0.25

T2 - Drip irrigation 85% of ET 73.54 64.98 0.28

T3 - Drip irrigation 70% of ET 61.94 70.50 0.33
T4 - Drip irrigation 55% of ET 51.33 75.58 0.38
T5 – Micro-jet irrigation 100% of ET 120.31 42.71 0.19

T6 – Micro-jet irrigation 85% of ET 111.31 46.98 0.20

T7 – Micro-jet irrigation 70% of ET 100.26 52.26 0.21

T8 -  Micro-jet irrigation 55% of ET 88.16 58.01 0.22

T9 - Check basin irrigation as per rec-
ommendation 210 0 0.10
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under study period, water applied to banana 
under control treatment (T9) was 210 ha-cm, 
whereas, in case of drip irrigation (treatment T1 to 
T4), total water applied was in the range of 51.33 
to 84.29 ha-cm resulting in the water saving 
in the range of 59.86 to 75.58% over control 
treatment. Similarly, water applied to banana 
under micro-jet irrigation (treatment T5 to T8), was 
in the range of 88.16 to 120.31 ha-cm resulting in 
the water saving in the range of 42.71 to 58.01 % 
over control treatment. The drip irrigation system 
indicated maximum water saving than other 
irrigation methods. Higher the quantum of water 
applied during investigation period under check 
basin method followed by micro-jet and drip. The 
extra quantities of water applied, was lost through 
the deep percolation and immediate evaporation 
takes place in the field.

Effect on fruit yield of banana
Pooled data of fruit yield of banana presented 

in Table 4 indicates that the treatment T5 (Micro-
jet irrigation 100 per cent of ET), where water was 
applied through micro-jet irrigation @ 100% ET 
has exhibited significantly highest banana fruit 
yield (23.74 t/ha), over all other treatments under 

study except the treatments T6, T7 and T8 where 
irrigation was delivered through micro-jet @ of 
85 and 70% ET respectively. Fruit yield observed 
maximum during investigation period was due to 
cumulative effect of all the phenophases of the 
plant showed positive result in respect of sources 
and sink. These findings are in conformity with 
the Deepa et al., (2016), J.J Araujo et.al.(2018).
The higher availability of inputs due to regular 
supply of requisite amounts of water through 
micro-jet system might have improved the better 
physiological conditions, which probably resulted 
in increased nutrients uptake and in effect, 
increased the growth attributes of plants (Table 
No.-3). These results are in accordance with the 
findings of Pramanik et.al. (2016), who observed 
higher growth attributes of banana with micro-
irrigation as compared to surface irrigation 
methods.

Economics:
Economics of the various treatments assess 

during experimentation, recorded that the 
treatment comprising micro-jet irrigation @ 100 
per cent of ET was the best exhibiting maximum 
net return of Rs. 97446 ha-1 followed by the same 

Table 3 : Pooled mean values in respect of Growth attributing characters of banana (SafedVelchi) as 
influenced by various treatments (Pooled mean of 2012-13, 2013-14 and 2014-15 )

Treatment details Plant 
height 
(m)

No. of 
leaves 
per bush

Plant 
girth 
(cm)

No. of 
hands 
per bush

Wt. of
1st hand 
(kg)

No. of 
fingers in 
1st hand

No. of 
fingers 
in per 
bush

Wt. of 
bunch per 
plant

T1 - Drip irrigation 
100% of ET 2.77 9.47 53.50 10.47 0.905 13.67 138.96 8.63

T2 - Drip irrigation 
85% of ET 2.69 9.22 52.74 9.96 0.856 12.92 136.45 8.56

T3 - Drip irrigation 
70% of ET 2.68 9.24 52.02 9.71 0.830 12.89 135.78 8.32

T4 - Drip irrigation 
55% of ET 2.59 9.14 51.17 9.55 0.816 12.85 135.22 7.92

T5 – Micro-jet irrigation 
100% of ET 2.94 10.28 54.97 10.77 0.962 15.48 150.04 9.96

T6 – Micro-jet irrigation 
85% of ET 2.88 10.13 53.73 10.49 0.888 14.11 149.77 9.63

T7 – Micro-jet irrigation 
70% of ET 2.73 9.81 53.68 10.32 0.859 13.79 148.05 9.08

T8 -  Micro-jet irriga-
tion 55% of ET 2.64 9.61 52.61 10.22 0.823 13.58 143.78 8.84

T9 - Check basin irri-
gation as per recom-
mendation

2.43 8.88 42.94 9.62 0.806 13.17 140.50 8.00

SE± 0.04 N.S. 1.61 0.24 0.02 0.34 1.77 0.22

C.D.@ 5 % 0.13 -- 4.83 0.71 0.07 1.03 5.32 0.66



method where irrigation was scheduled @ 85 and 
70 per cent of ET. Similar trend was observed in 
respect of B:C ratio. 

Effect on WUE  
Water use efficiency is one of the important 

aspects undertaken for the interpretation during 
experimentation to observed the superiority of the 
different methods evaluated. The maximum WUE 
was observed due to drip irrigation @ 55 per cent of 
ET, followed by the treatment namely T3, T8, T2, T1, 
T7, T6 and T5. The WUE is found to be maximum, 
was due to drip method where water was applied 
at very lower quantum near to the root bowl. This 
might be due to manifestation in the methodology 
of application which was not found under rest 
of the methods provided the operating time and 
scheduled. These findings are in conformity with 
Salvin et al. (2000), he studied the efficiency of 
drip irrigation in banana, reveals that highest 
WUE was recorded in plants under drip irrigation 

at lowest WUE was recorded in the basin irrigated 
plants (146.09 Kg/ha-cm). Pramanik and Biswas 
(2012) showed that WUE was higher under drip 
irrigation then those conventional methods of 
irrigation. 

CONCLUSION
It may be concluded from present study that, 

for obtaining maximum yield from banana cv 
Safed velchi crop in Konkan region of Maharshtra 
recommended to grow with micro-jet irrigation and 
be irrigated on alternate day 13 to 15 lit./plant 
during October to January and 18.00 to 21.00 
lit./plant during February to onset of mansoon for 
obtaining higher yield and profitability.
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ABSTRACT 
The daily rainfall data from the self recording rain gauge installed at the Department of 

Agricultural Meteorology, Kerala Agricultural University, Vellanikkara, Thrissur, Kerala for the 
period 2012 to 2017,  was used to study the rainfall variability during different seasons. The 
analysis showed that the southwest monsoon rainfall was recorded more during 2.00 AM to 8.00 
AM time interval and less during 8.00 AM to 2.00 PM interval, at Vellanikkara during the last five 
years (2012-2017). The northeast monsoon rainfall was experienced more during 8.00 PM to 2.00 
AM time interval and less during 8.00 AM to 2.00 PM interval. The winter rainfall was recorded 
more during 2.00 AM to 8.00 AM time interval and no rainfall during 8.00 AM to 2.00 PM interval. 
The summer rainfall was recorded more during 2.00 PM to 8.00 PM time interval and less during 
8.00 AM to 2.00 PM interval at Vellanikkara. The annual rainfall at Vellanikkara was analyzed 
and it was found that rainfall was recorded more during 8.00 PM to 2.00 AM time interval less 
during 8.00 AM to 2.00 PM interval. It was understood from the analysis that, the minimum 
amount of rainfall is received during 8.00 AM to 2.00 PM, i.e. during the day time hours in all 
the seasons and the maximum amount of rainfall is received after 8.00 PM, i:e, during the night/
early morning hours in all the seasons except summer season. This type of analysis will help the 
planners to make decisions to open the dams/reservoirs and this is also helpful for the farmers 
for the timely agricultural operations for harvest of the crop during the day time. 

Key words: Southwest monsoon, North east monsoon, Rain gauge

INTRODUCTION
Over the past few years extreme precipitation 

events have received considerable attention due to 
their damage potential. Most of the studies have 
used daily precipitation totals for extreme rainfall 
analysis, but the precipitation events concentrated 
over short time periods, are important as they 
lead to flash floods, mudslides etc. and thus 
cause unpredicted damages, particularly in 
highly populated and farm areas. Studies based 
on hourly rainfall data are very few over Indian 
region. Using hourly data from self-recording 
rain gauge stations , diurnal variation of rainfall 
in Brahmaputra valley was studied in the early 
seventies and the results showed a well-marked 
diurnal variation in the rainfall, with a maximum 
in the early morning hours and minimum in the 
afternoon hours for NE India (Haldar et al., 1991) 
analysed spatial and temporal diurnal variation of 
rainfall and the effect of meso scale system on the 
diurnal cycle of rainfall over central India. In this 
study, hourly data were collected from agromet 
observatory in the Department of Agricultural 
Meteorology, KAU, Vellanikkara and diurnal 
variation of rainfall were studied from 2012 to 
2017.

MATERIALS AND METHODS
The daily rainfall data from the self recording 

rain gauge installed at the Department of 
Agricultural Meteorology, KAU Vellanikkara, 
Thrissur, Kerala for the period 2012 to 2017 were 
collected and studied the rainfall variability in a 
day during different seasons. The daily rainfall 
data collected was divided into different time 
period ranging from 8.00am to 2.00pm, 2.00pm to 
8.00pm, 8.00pm to 2.00am and 2.00am to 8.00am 
and for different seasons including southwest 
monsoon (June-September), northeast monsoon 
(October-December), winter season (January-
February) and summer season (March-April). 
Plotted graph using the data in excel worksheet, 
calculated the sum of rainfall for different time 
period and for different seasons for the period 
2012 to 2017. Inference was made using graphs 
for different time period.

RESULTS AND DISCUSSION
Last five year data of Vellanikkara showed 

a significant diurnal variation in rainfall. The 
analysis showed that the southwest monsoon 
rainfall was recorded more during 2.00 AM to 
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8.00 AM time interval and less during 8.00 AM to 
2.00 PM interval at Vellanikkara (Fig.1), during 
the last five years (2012-2017). The northeast 
monsoon rainfall was observed more during 8.00 
PM to 2.00 AM time interval and less during 
8.00 AM to 2.00 PM interval (Fig.2). The winter 
rainfall was recorded more during 2.00 AM to 
8.00 AM time interval and no rainfall during 
8.00 AM to 2.00 PM interval (Fig.3). The summer 
rainfall was recorded more during 2.00 PM to 
8.00 PM time interval and less during 8.00 AM 
to 2.00 PM interval at Vellanikkara (Fig. 4). The 
annual rainfall at Vellanikkara was analyzed 
and it was found that rainfall was observed more 
during 8.00PM to 2.00AM time interval less 
during 8.00AM to 2.00PM interval (Fig.5). It was 
understood from the analysis that, the minimum 
amount of rainfall is received during 8.00 AM to 
2.00 PM, i.e. during the day time hours in all the 
seasons and the maximum amount of rainfall, 
is received after 8.00PM, i:e, during the night/
early morning hours in all the seasons except 
summer season. Central zone of Kerala exhibited 
significant diurnal variations in rainfall pattern 
and it shows a tendency of higher frequency of 
rainfall in the early morning hours. Occurrence 
of extreme precipitation events can lead to 
widespread damage in the form of floods and 
associated destruction, particularly in vulnerable 
areas like Kerala. A major portion of Indian region 
has most rainfall from tall clouds (Cumulonimbus 
or Cumulus) formed by convection within a deep 
layer of the atmosphere. The usual force for 
such clouds to form is the heating from below 
by the solar radiation, absorbed by the ground 
during the day (Basu, B. K. 2007). Thus the 
observed distribution of the hour of maximum 
rainfall events over most of India is similar to 
that expected from diurnal variation of the force 
by solar radiation. Diurnal variations in rainfall 
over a particular region were mostly dependent 
on the orography and physical characteristics of 
that place. A station in northeast India will have 
night or early morning maximum and an inland 
station will have an afternoon/evening maximum. 
Stations with prominent diurnal variations (high 
difference in highest and lowest frequency of 
rainfall events) in rainfall were strongly guided by 
the diurnal variation of heating by solar radiation 
and radiation cooling of cloud tops (Ray et al., 
2016). 

   
Fig. 1. Mean South West rainfall    

Fig. 2. Mean North East rainfall

Fig. 3. Mean Winter rainfall



Fig. 4 : Mean Summer rainfall

Fig. 5. Mean annual rainfall

CONCLUSION
This study helps the planners to make 

decisions about the time of opening of the dams/
reservoirs, so that the people in the vulnerable 
areas could take some precautionary measures 
to escape from flash flood. The study also 
helps the farmers for taking timely agricultural 
operations during day time, because minimum 
rainfall obtained during 08:00am to 02:00pm. 
For example if crop harvesting is done during this 
time loses due to heavy rainfall can be minimized 
to some extent.
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ABSTRACT 
A case study was conducted to study the economic benefits of farmers adopting the Agromet 

Advisory Services (AAS) under the “All India Coordinated Research Project on Agrometeorology- 
National Innovation on Climate Resilient Agriculture” (AICRP-NICRA) project for the selected 
villages in Aurangabad district during the year 2016-17 in kharif season. The two villages were 
selected for this study and two groups of farmers were selected namely, a group adopting the 
Agromet Advisories (40 famers), regularly in their operation (AAS Farmers) and other group of 
farmers not aware of Agromet Advisories (Non AAS Farmers). In these two villages total 80 farmers 
was identified, AAS information issued for only 40 farmers in two villages during kharif season 
and care was taken to implement the advisories by this group. The crop situation of these farmers 
was compared with nearby fields having the same crops, where forecast is not adopted in Non 
AAS farmers field. The data was recorded from both the farmers group particularly on crops 
expenditure incurred by the farmers from land preparation to harvest at every stage, has been 
worked out and crop growth and yields were observed regularly. The result observed that those 
farmers who adopted AAS information and implemented it in their field, found the better crop 
growth and high yield over the non adopted AAS farmers. The net income of AAS farmers was 
about Rs. 35, 000 for soybean and Rs. 1, 31, 525 for intercropping of cotton + black gram while 
non AAS farmers about Rs. 22, 500 and Rs. 87, 475 respectively. Those farmers have adopted the 
Agromet Advisories on their day to day operation carried out the additional benefits of 55.5 % and 
50.3 in soybean and cotton + black gram crops respectively.

Key word: Weather forecasting. AAS bulletin, soybean, cotton + black gram and economics.

INTRODUCTION
Agriculture in India is monsoon dependent 

and under such circumstances the farmers are 
unaware of the future behaviour of monsoon for 
making decisions on their day to day agricultural 
operations. Farming community needs to be 
advised on time by producing custom-tailored 
weather forecasts to initiate suitable measures 
to increase the production and to minimize the 
impact of unfavourable weather on agriculture. 
Agricultural production depends upon many 
factors, of which weather is the major factor. 
Weather varies with space and time, hence 
medium range forecast can help to curtail the 
farm losses through proper management of 
agricultural operations.

A reliable system of medium range 
weather forecasting for farm level decisions was 
established under the National Centre for Medium 
Range Weather Forecasting (NCMRWF) at Delhi 
by Government of India for the application of 
weather forecasts in agriculture through Agro 
meteorological Advisory Services (AAS). The 

major objective of AAS was to help the farmers in 
capitalizing prevailing weather conditions in order 
to optimize the resource use and to minimize the 
loss due to harsh/aberrant weather conditions 
(Venkataraman, 2004).

Weather forecast and weather based Agromet 
Advisories help in increasing the economic 
benefit to the farmers by suggesting them the 
suitable management practices according to the 
weather conditions. For assessing the impacts 
of agromet advisory services, users of Agromet 
Advisory Services (AAS) and non-users of Agromet 
Advisory Services (non AAS), were selected from 
different villages of “National Innovation on 
Climate Resilient Agriculture” (NICRA). Results 
showed that the farmers, who followed the 
Agromet Advisories, are able to reduce the input 
cost and increases in the net profit as compared 
to the non AAS farmers in Soybean, Cotton + 
Black gram crops. This profit was due to the crop 
management done by the farmers according to 
Agromet Advisory Bulletins. Thus, the application 
of Agromet Advisory Bulletin, based on current 
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and forecast weather is a useful tool for enhancing 
the production and income. The emerging ability 
to provide timely, skilful weather forecasts offers 
the potential to reduce human vulnerability to 
weather vagaries (Hansen, 2002). Therefore, any 
forecast on weather would have tremendous 
benefits in terms of exact management of the 
negative impacts of vagaries of weather.

MATERIALS AND METHODS
To study the economic benefits of farmers 

adopting the Agromet Advisory Services, a field 
survey was conducted at Shekta and Shiregaon, 
district Aurangabad, a district of Marathwada 
region, about 80 farmers of different categories 
such as big, marginal and small was identified in 
these villages. Under the “All India Coordinated 
Research Project on Agro meteorology- National 
Innovation on Climate Resilient Agriculture” 
(AICRPAM-NICRA) project during the year 2016-
17 during kharif season. The two villages were 
selected for this study and two groups of farmers 
were selected, namely, a group adopting the 
Agromet Advisories regularly in their operation 
(AAS Farmers) and other groups of farmers not 
aware of Agromet Advisories (Non AAS Farmers). 
In these two villages, total 80 farmers were 
identified, AAS information was issued for only 
40 farmers in two villages during kharif season 
and care was taken to implement the advisories 
by this group. The Progressive farmers have been 
taking interest in the agro-advisories. The major 
objective of this programme is to advise timely and 
need-based crop management practices. Weather 
forecast on rainfall, maximum and minimum 
temperature, wind speed, wind direction, cloud 
cover, maximum and minimum humidity, are 
being received on every Tuesday and Friday from 
IMD, Pune. Once the forecast was received, the 
experts’ opinion from different disciplines was 
obtained. Based on the advice, the agro advisories 
are being prepared on every Tuesday and Friday in 
Marathi as well as in English language. Bulletins 
are regularly communicated to the farmers on real 
time basis through personal contact/telephone/
SMS etc. Agromet Advisory Bulletins are also 
sent by E-mail to local Marathi newspapers 
for publication. The weather forecast based 
Agromet Advisory Bulletin contains a weather 
forecast information for the next five days, crop 
management, which is based on weather forecast 
and giving warning to the farmers well in advance, 
regarding rainfall variation, its amount and 
other weather variables including pest/disease 

problems. Thus, farmers can decide on crop 
management options, application of nutrients and 
strategies to overcome other problems.

Weather forecast and weather based Agromet 
advisories help in increasing the economic benefit 
to the farmers by suggesting them the suitable 
management practices according to the weather 
conditions. A study was, therefore, undertaken on 
adaptation the Agromet advisories (AAS farmers) 
and those who have not adopted the advisories 
(Non- AAS Farmers), as any information were 
provided to them. The expenditure incurred to 
raise the crop in both the situations has been 
documented in each stage. Regular observations 
were made on the situation and constantly 
compared with nearby fields having the same 
crops where forecast is not adopted by non AAS 
farmers. Further, Economic impact was also 
assessed based on the input incurred during 
all cultural operation from sowing to harvest. 
Executed adoption of forecast was critically 
evaluated, including the yield differences and 
comparing prices in both AAS and non AAS 
farmers based on our Agromet Advisory Services. 
For assessing the impacts of Agromet Advisory 
Services, users of Agromet Advisory Services (AAS) 
and non-users of Agromet Advisory Services (non 
AAS) were selected for Soybean, Cotton + black 
gram crop during kharif season 2016-2017. 

RESULTS AND DISCUSSION
During the month of August 2016 due to dry 

spell soybean and cotton crop was under water 
stress condition, hence the farmers are adviced 
to irrigate the crop as per availability of water by 
using micro irrigation system only and if water 
is not available then take a spray of potassium 
nitrate 2 % (200 gm per 10 litter of water), so that 
the crop will survive. Advisory are also given to 
control Semilooper as well as sucking pests at 
growth and development stage, Girdle beetle at 
flowering stage in soybean crop and sucking pests 
(Aphids, Jassids, thrips and white fly) at growth 
and development stage, pink bollworm at flowering 
and boll formation stage in cotton crop as well as 
sucking pests and disease (Powdery mildew) on 
black gram crop during Kharif season of 2016. 
Due to which farmers are able to overcome dry 
spell by proper management and control pests 
and diseases at proper time resulting in reduction 
of losses. Hence, the Net profit of AAS farmers was 
found more than the Non AAS farmers.
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The economic benefit obtained by farmers has 
been evaluated for Kharif seasons for the period 
2016-17. Total cost of cultivation, crop yield and 
net returns for Soybean crop grown by the AAS 
Farmers and non AAS farmers during Kharif 
season are presented in Table 1.The total cost 
of cultivation was found to be lower in the case 
of AAS farmers, who have effectively adopted the 
Agromet advisory compared to non AAS farmers. 
Further, the net income and B:C ratio for soybean 
crop were 35, 000 Rs/ha and 2.4 respectively in 
case of AAS farmers and 22, 500 Rs/ha, and 1.9 in 
case of non-AAS farmers for Soybean crop. Those 
farmers have adopted the agro advisories in their 
day to day operation carried out the additional 
benefits of 55.5 % in Soybean crop.

From Table 1 it is observed that the AAS 
farmers realised good benefit than non-AAS 
farmers. In case of intercropping of Cotton + 
Black gram, the net returns and B:C ratio were 
1, 31, 525 Rs/ha and 4.4 respectively in case of 
AAS farmers and 87, 475 Rs/ha, and 3.5 in case 
of non-AAS farmers. Those farmers have adopted 
the agro advisories in their day to day operation 
carried out the additional benefits of 50.3 % in 
intercropping of (cotton + black gram) crops.

Even here also the yield and other returns 
were lower in case of non-AAS farmers compared to 

the AAS farmers. This may be due to the advisories 
issued for the AAS units contain advises for crop 
production strategies like ploughing, sowing, pest 
and disease management, harvesting, threshing 
and post harvest procedures, to derive maximum 
benefit of the benevolent weather and to mitigate 
the impact of malevolent weather for enhanced 
productivity of all crops. Similar results were 
also reported by Jagadeesha et al. (2010) and 
Ananta et al (2013). Bi-weekly forecast given 
to the AAS farmers helped to avoid the adverse 
effects of weather events like heavy rain, dry 
spell, high wind speed which influence the 
growth of the crops. Most of the AAS farmers 
have realized higher additional benefit of 55.5 
% and 50.3 in soybean and cotton + black gram 
crops respectively. Similar observations were also 
reported by Singh et al. (2004) and Venkataraman 
(2004). According to them, the need for Agromet 
advisories and input requirements for Agromet 
advice on field operations, crop prospects and 
avoidance of pest and disease under adverse 
environment condition is essential. 50 percent 
farmers are aware about the Agromet advisory 
bulletins, which was utilized for all farm activities, 
who rated the usefulness of forecast between 
good to excellent. Similarly, Ravindrababu et al., 
(2007), reported that the forecasts were found to 
be encouraging and of benefit to the AAS farmers 

Table 1: Economic impact of AAS on Soybean and Cotton + Black Gram during Kharif season 2016-17

Particulars Soybean Cotton + Black gram

AAS Non AAS AAS Non AAS

Yield kg ha-1 2375 1850 2750 + 450 1900 + 400

Rate/qtl 2500 2500 5200 + 6000 5200 + 6000

Land preparation ha-1 5500 6250 5000 5000

Seed treatment ha-1 4500 4500 5325 5325

Fertiliser ha-1 5500 5500 8250 7000

Insecticides ha-1 2500 2000 4000 4500

Weeding ha-1 1875 1000 3000 4000

irrigation 00 00 400 0

Harvesting 4500 4500 12500 9500
Cost of cultivation 24375 23750 38475 35325

Gross return 59375 46250 170000 122800

Net income 35000 22500 131525 87475

BC ratio 2.4 1.9 4.4 3.5



compared to non AAS farmers sampled. The above 
points concluded that high benefit depends on 
efficient management practices based on the AAS 
bulletin, which contains the information mainly 
on weather parameters and not depend on high 
input application. This helped the day-to-day 
agricultural operation so AAS farmers got higher 
benefit than non AAS farmers. This article clearly 
shows enhanced livelihood of rural farmers, who 
were adopting agro advisory services than the 
ones not aware of Agromet advisory services.

CONCLUSION
The studies showed that the application of 

Agromet Advisory Bulletin, based on current and 
forecasted weather, is a useful tool for enhancing 
the production and income. AAS farmers received 
weather forecast based Agromet advisories, 
including optimum use of inputs for different farm 
operations. Due to judicious and timely utilization 
of inputs, production cost for the AAS farmers 
reduced. The increased yield level and reduced 
cost of cultivation led to increased net returns.
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ABSTRACT 
In this study, the effect of different mulches on soil pH, organic carbon, soil N, P, K and 

microbial biomass carbon content and their influence on yield of tomato was evaluated. Split plot 
design was adopted with six dates of planting viz., 15th September, 1st October , 15th October, 
1st November, 15th November and 1st December as the main plot treatments and three types 
mulches viz., black top white bottom polythene, white top black bottom polythene, straw mulch 
and control as the sub plot treatments. The results show that soil pH was high (6.4) in paddy 
straw mulch and control recorded lower soil pH(6.0). High organic carbon (%) and microbial 
biomass carbon content (kg C ha-1), was recorded in soil under straw mulch (1.0% and 175.8 kg C 
ha-1), whereas low organic carbon and microbial biomass carbon content was recorded for control 
(0.7 % and 147.2 kg C ha-1). The soil N, P, K (kg ha-1) was also found to be high in soil under straw 
mulch (N-206.3, P-38.6 and K-224.2 kg ha-1), whereas low organic carbon and microbial biomass 
carbon content was recorded for control (N-146.8, P-21.2 and K-161.9 kg ha-1). Hence the yield 
was more in mulch treatments than in control (fruit yield per plant showed that, plants under 
black top white bottom polythene mulch recorded high yield (1.11 kg plant-1), which was found to 
be on par with straw mulch (1.06 kg plant-1) and control recorded lowest yield (0.75 kg plant-1)). 

Key words: Mulches, Soil nutrients and yield

INTRODUCTION
Tomato (Solanum lycopersicum L.) is known 

as protective food because of its special nutritive 
value and wide spread production. As it is short 
duration crop and gives high yield, it is important 
from economic point of view and hence area under 
its cultivation is increasing day by day. It is grown 
in an area of 4.5 million hectares worldwide with 
annual production of 152.9 million tons and 
productivity of 32.8 t ha-1. In India, it ranks third 
after potato and onion and is cultivated in an area 
of 3, 50, 000 hectares with an annual production 
of 5.3 million ton and productivity of 19.5 t ha-1 

(Indian Horticulture Database, 2011). In Kerala, 
productivity of tomato is 15 to 30 t ha-1. Tomato 
is a rich source of minerals, vitamins, essential 
amino acids and dietary fibers and health acids 
and used in many preserved products like ketch-
up, sauce, chutney, soup, paste, puree (Kalloo, 
1993).

The soil nutrients are important for cultivation 
of tomato, which affects its growth as well as yield. 
Main function is in activating enzymes, synthesis 
of protein, sugar and it also regulates plants 
turgor.

The practice of mulching has been utilized 
in crops and has been proven to significantly 
conserve moisture, maintain favorable soil 
temperature, prevent erosion and reduce weed 
growth, which results in better plant growth and 
development (Rao et al., 2016). Moisture stress is 
one of the major problems for the cultivation of 
tomato, which affects the production adversely. 
Hence much attention has to be paid on the use 
of soil cover.

MATERIALS AND METHODS
The present study entitled “Effect of mulches 

on soil chemical properties for enhancing yield of 
tomato“(Solanum lycopersicum L.)” was carried out 
at the Department of Agricultural Meteorology, 
College of Horticulture, Vellanikkara during 2017-
2018. 

Experimental design and treatments
The experiment was laid out under split plot 

design, replicated three times with six dates of 
planting at 15 days interval from 15th September 
to 1st December as main plot treatments. The 
three types of mulching, white top black bottom 
polythene, black top white bottom polythene, 
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organic mulch (paddy straw) and control (without 
mulch) as subplot treatments. 

Micro meteorological observations
Soil temperature (ºC) at different depths 5cm, 

15cm and 30cm was taken daily at morning 7.30 
pm and afternoon 2.30 pm, from transplanting 
to harvesting and average was computed. Soil 
moisture (%) at 15cm depth was taken at every 
week, from transplanting to harvesting and 
average was computed.

Biometric observations
Two plants were selected randomly from each 

plot and tagged. The number of trusses per plant, 
number of fruits per plant and fruit yieldper plant 
was recorded from these sample plants.Number of 
weeds per square meter area was also recorded at 
monthly intervals and mean value was computed.

Analysis of soil
Soil samples were collected from a depth of 

0-15cm and analyzed for pH, OC, major nutrients 
(N, P and K) and microbial biomass carbon content. 
The methods followed are detailed in Table 1.

Table 1: Methods of soil analysis 

Parameter Method Reference

pH 1:2.5 soil water suspen-
sion- pH meter

Jackson 
(1973)

Organic 
carbon

Walkley and Black 
method

Walkley 
and Black 
(1934)

Available 
nitrogen

Alkaline permanganate 
method

Subbiah 
and Asija 
(1956)

Available 
phospho-
rous

Ascorbic acid reduced 
molybdo phosphoric 
blue colour method

Jackson 
(1973)

Available 
potassium

Neutral normal ammo-
nium acetate extraction 
followed by flame pho-
tometry

Soil mi-
crobial 
biomass 
carbon

Fumigation extraction 
method

Jenkinson 
and Powl-
son (1976)

RESULTS AND DISCUSSIONS
Micro meteorological observations
Soil temperature (oC)

The soil temperature was recorded from 
the stage of transplanting to harvesting and 
average was computed. The result of average soil 
temperature showed that highest soil temperature 
was recorded under black top white polythene 
mulch, followed by white top black bottom 
polythene and straw mulch during both forenoon 
and afternoon. The lowest soil temperature was 
recorded in control (Fig. 1). Black plastic mulches 
are more effective in increasing soil temperature 
due to a greater net radiation under the mulch 
compared to bare soil. This observation is in 
agreement with the properties of black bodies as 
good heat emitters as well as good heat absorbers. 
Black plastic mulches raise soil temperatures 
so that mineralization of nutrients takes place. 
Hence it results in increased plant growth and 
higher yields compared to bare ground.

Soil moisture (%)
The soil moisture was recorded weekly from 

transplanting to harvesting and average was 
computed. The result showed that among the 
mulch treatments black top white polythene 
mulch retained highest soil moisture, followed 
by straw mulch and white top black bottom 
polythene. The lowest soil moisture was recorded 
in control (Fig 2.). The increased moisture content 
in black polythene and other mulches might 
be due to adequate soil cover provided by the 
mulches. This prevented contact between the soil 
and dry air, which reduced the evaporation. Also, 
mulches reduce impact of raindrops and splash, 
thereby preventing soil compaction, reducing 
surface run-off and increasing water infiltration. 
All these combined to increase the soil moisture 
content and reduce moisture depletion. Higher 
soil moisture content increases root proliferation 
and thus enhances availability of nutrients to 
crop roots. 
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Soil parameters
Effect of mulching on soil pH and organic 
carbon

The analysis of soil pH and organic carbon 
showed that, the soil samples taken after the 
harvest of the crop recorded high pH and more 
organic carbon compared to initial samples (Fig 
3 & 4). Among the mulch treatments paddy straw 
mulch recorded higher pH and organic carbon. 
This might be due to addition of organic matter by 
decomposition of straw and release of bases. 

Effect of mulching on soil microbial biomass 
carbon 

Among the mulches and control, mulches 
had highest microbial biomass content (Fig 
4.). This might be due to availability of more 
soil moisture in mulches, which increased the 
microbial population. 

Effect of mulching on soil N, P and K 
The available soil nutrients (N, P and K) was 

more in mulch treatments compared to control (Fig. 
5). The increased availability of available nitrogen 
and phosphorus in polythene mulched plot might 
be due to the optimum soil temperature, optimum 
soil moisture levels, increased mineralization, 
reduction in nutrients leaching and lower uptake 
of nutrients by weeds. The increased availability 
of available potassium in paddy straw mulched 
plot might be due to addition of potassium to the 
soil which is present in the straw.

Biometric parameters
Number of trusses per plant

The effect of mulch treatments on number 
of trusses per plant showed non-significant 
difference (Table 2.)

Table 2: Effect of mulching on yield parameters 
and weed count

Type 
of 
mulch-
ing

Yield(kg 
per 
plant)

Num-
ber of 
trusses    
(per 
plant)

Num-
ber of 
fruits     
(per 
plant)

Num-
ber of 
weeds 
per sq. 
meter

Con-
trol

0.75c 35.86 22.38c 152.2a

White 0.93b 37.5 29.77b 30.0c

Black 1.11a 37.27 35.88a 29.5c

Straw 1.06a 38.13 30.55b 80.6b

CD 0.05 NS 1.85 12.13

Number of fruits per plant
Significant difference was observed between 

mulch treatments with respect to number of 



fruits per plant (Table 2). Black top white bottom 
polythene mulch has recorded more number of 
fruits per plant (36) and control has recorded 
lowest number of fruits (22).

Fruit yield per plant 
The effect of mulch treatments on fruit 

yield per plant is provided in Table 2. Significant 
difference was observed between mulch treatments 
with respect to number of fruits per plant. Black 
polythene mulch has recorded yield of 1.11 kg/
plant and was on par with straw mulch (1.06kg/
plant) and control has recorded lowest yield of 
0.75 kg/plant. Sufficient soil moisture, nutrient 
utilization and reduction in the weeds competition 
might be reason for more yield under mulches. 

Number of weeds per square meter
The results on number of weeds showed that 

polythene mulches have recorded significantly 
lowest number of weeds and control has recorded 
highest number of weeds (Table 2.). As polythene 
mulch act as physical barrier and prevents light 
to enter the soil, which is required for germination 
and nourishment of weed seeds, the number of 
weeds was found to be minimum.

CONCLUSION
High yield under mulch treatments was 

due to sufficient soil moisture, optimum soil 
temperature, nutrient utilization and reduction in 
the weeds competition compared to control (bare 
soil). Since yield of straw mulch was on par with 
black polythene mulch, use of organic mulches 
can be increased instead of plastic mulch.
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ABSTRACT 
Rainfall is a very discontinuous parameter and therefore, verification is a difficult and 

complex process. This research paper provides an overview on the verification of CORDEX 
forecasted rainfall for moderate scenario (RCP 4.5) using various skill scores. The accuracy of 
forecasted rainfall in selected stations representing two agro-climatic zone of Haryana, was verified 
for the period (1986 – 2016) using the statistical tools of Forecast Accuracy, Critical Success 
Index and Heidke Skill Score. The performance evaluation of the forecasted rainfall was done by 
deriving the indicator for drought monitoring matrix in the selected study region. The analysis of 
rainfall verification shows that number of hits was 59.02, 54.92, and 55.66 for Ambala Station 
and 65.49, 65.87, 60.21 for Sirsa Station in Decade I, II and III respectively. Similarly, Critical 
Success Index (CSI) recorded the values of 0.26, 0.28, 0.25 in Ambala Station for decade I, II and 
III and 0.13 in decade I, 0.12 in decade II and 0.14 in decade III for Sirsa station. Heidke skill 
score was accounted from 0.05 to 0.1 in Ambala Station and -0.01 to 0.04 for Sirsa Station. The 
RMSE (that measures error of prediction) revealed that the values for Ambala station were high 
as compared to Sirsa Station, whereas correlation analysis indicated positive correlation between 
forecasted and observed rainfall for both the selected stations.The skill scores and statistical 
results clearly indicates that the rainfall forecast by the CORDEX model is quite accurate.

Key words: Rainfall, CORDEX, Climate Change, Drought Monitoring, Rainfall Departure

INTRODUCTION
Verification is a process to find the accuracy 

of rainfall forecast by comparing with observed 
data either qualitatively or quantitatively. 
The traditional point to point verification of 
continuous variables like temperature cannot 
be adopted for discontinuous parameters like 
rainfall and cloudiness due to the limitation of not 
representing the spatially coherent characteristics 
of the discontinuous parameters. 

One of the very important weather 
parameters from the perspective of final grain 
yield that is rainfall, is selected for the purpose 
of verification as the advance forecast related to 
rainfall, is a game changer factor in the day to 
day physiological growth of plants and final grain 
yield. The accurate rainfall forecast is very much 

needed and important for a state like Haryana, 
where more than 60% of economy is directly and 
indirectly dependent on agriculture and allied 
sectors. (Khichar et al., 2010; Kothiyal et al., 
2018).

The daily statistics of rainfall in most of 
the literatures related to verification of rainfall 
forecast averaged and summarized monthwise for 
the quantitative analysis and assessment of model 
performance, which then further aggregated in 
to season or yearly scale to condense the huge 
amount of information. 

The main approach is to assess the 
CORDEX model bias corrected projections of 
rainfall, for baseline period (1986-2016) and 
further performance evaluation to validate the 
future projected rainfall in simulating the yield 
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and assessing the sensitivity of climate change. 
Coordinated Regional Climate Downscaling 
Experiment (CORDEX), is a framework developed 
for generating regional-scale climate projections 
for impact assessment and adaptation studies 
worldwide within the IPCCAR5 timeline and 
beyond, and sponsored by World Climate 
Research Program (WCRP) (Sanjay et al., 2017). 
The assessed downscaled historical and future 
projections for rainfall till the end of 21st Century 
belong to the driving model CNRM-CEREFACS-
CNRM-CM5 of IITM-RegCM4 simulations, forcing 
under the framework of CORDEX South Asia 
Experiment were obtained from IITM, Pune in the 
Net CDF format. In this study, the rainfall observed 
and forecasted during the monsoon season (June-
September), was also verified at decadal scale 
because Indian agriculture productivity and 
outputs are largely influenced by the monsoon 
rainfall.

MATERIALS AND METHODS 
The main objective of this study is to verify 

the CORDEX forecasted rainfall for monsoon 
season, with the recorded values by IMD using 
different types of statistical tools and tests. 
Further, verified forecasted rainfall by CORDEX 
model, was evaluated at decadal scale using the 
indicator based on rainfall deviation for drought 
assessment.

The weather elements can be either 
continuous or a categorical variable. The rainfall 
is a discrete variable like 0 (no rain) and 1 (rain) 
and hence is a categorical variable. (Joseph et al., 
2017).

Verification Methods
Considering the multitude of situations of 

metrological variables in terms of continuous/
discrete, ordered/unordered and bounded/
unbounded various forecast verification methods, 
have been developed by meteorologists across the 
globe. The major approach is the recording of the 
frequencies with which the event was observed 
and forecasted in a two by two tables and then 
summarizes the measures of tables to quantify the 
quality of forecast. Therefore, the starting point of 
verification is the preparation of contingency table 
that provides the information regarding the skill of 
the forecast as well as the types of error that occur 
in the forecast. (Murphy et al. 1989; Murphy and 
Winkler, 1987).

Using the contingency table 1, the verification 

scores such as Forecast Accuracy, False Alarm 
Ratio (FAR), Critical Success Index (CSI) or Threat 
Score (TS) and Heidke Skill Score (HSS) were 
calculated for quantitative verification.

Table 1: Contingency table illustrating the counts 
used in verification statistics for dichotomous 
(e.g., Yes/No) forecasts and observations. The 
values in parentheses illustrate the combination 
of forecast value (first digit) and observed value. 
For example, YN signifies a Yes forecast and a No 
observation.

Fore-
cast Observed

Yes No

Yes Hits (YY) False alarms 
(YN) YY + YN

No Misses 
(NY)

Correct 
rejections 

(NN)
NY + NN

YY + NY YN + NN

Total = 
YY + YN 
+ NY + 

NN

Forecast Accuracy (ACC) or Ratio Score or Hit 
Score

It is the ratio of correct forecast of the total 
number of forecasts. It varies from 0 and 1 with 1 
indicating perfect score

False Alarm Ratio (FAR)
This score predicts about what fraction of 

the predicted “yes” events actually did not occur 
and the range is between 0 and 1 with perfect 
score is “0”. The FAR is sensitive to false alarms, 
but ignores misses and is very sensitive to 
climatologically frequency of the event.

FAR

Critical Skill Score (CSI) or Threat Score (TS)
CSI measures the fraction of observed and/or 

forecast events that were correctly predicted. The 
range is between “0” and “1” with “0” indicates no 
skill and “1” indicates perfect score.
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Heidke Skill Score (HSS)
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The HSS measures the fractional improvement 
of the forecast over the standard forecast. It 
accounts for all current forecast (events and no-
events), that would be made due to chance. The 
range of the HSS varies between-∞ to 1 where “0” 
means no skill, and a HSS of 1 obtains a perfect 
forecast. 

Performance Evaluation of verified forecasted 
rainfall 

A rainfall-based index developed as a case 
study in the selected study area for evaluating the 
forecasted rainfall for further usage especially in 
climate change impact studies on agriculture. The 
rainfall-based indices help in the identification 
and assessment of drought years as rainfall is 
the most important indicator in assessment of 
droughts, especially meteorological droughts.

The difference between the actual value for the 
day and normal is defined as the rainfall departure. 
The departure in rainfall from its normal value 
from Long Period Average (LPA), of atleast 30 years 
or more in terms of magnitude and distribution, 
is fairly considered as good indicator of drought 
by IMD. For this purpose, the rainfall data from 
CORDEX model and observed data 
collected from India Meteorological 
Department (IMD) for thirty years (1986-2016) 
utilized at decadal scale.

The rainfall deviation which is expressed in 
percentage terms is calculated as below: 

Where, 

RFi = Current Rainfall for a comparable 
period (mm)

RFn = Normal Rainfall (at least 30 years’ 
average) for same period (in mm)

RESULTS AND DISCUSSIONS 
The results obtained using the standard 

approach and skills scores for the verification of 
forecast are presented below (table 2 to 4).

Table 2: Forecast Verification for Decade I (1986-
1995) – RCP 4.5

Scores Eastern Agro-
Climatic Zone

Western Agro-
Climatic Zone

Ambala Sirsa

Skill Score 59.02 65.49

False Alarm 
Ratio (FAR)

0.61 0.83

Critical Success 
Index (CSI)

0.26 0.13

Heidke Skill 
Score (HSS)

0.1 0.04

RMSE 17.71 11.99

Correlation 0.02 0.01

Table 3: Forecast Verification for Decade II (1996-
2005) – RCP 4.5

Scores Eastern 
Agro-Climatic 
Zone

Western Agro-Cli-
matic Zone

Ambala Sirsa

Skill Score 54.92 65.87

False Alarm 
Ratio (FAR)

0.55 0.85

Critical Success 
Index (CSI)

0.28 0.12

Heidke Skill 
Score (HSS)

0.06 0.06

RMSE 17.11 13.1

Correlation 0.02 0.04

Table 4: Forecast Verification for Decade III (2006-
2016) – RCP 4.5

Scores Eastern 
Agro-Cli-
matic Zone

Western 
Agro-Climat-
ic Zone

Ambala Sirsa

Skill Score 55.66 60.21

False Alarm Ratio (FAR) 0.63 0.8

Critical Success Index 
(CSI)

0.25 0.14

Heidke Skill Score (HSS) 0.05 -0.01

RMSE 21.81 12.72

Correlation 0.01 0.04



Forecast Accuracy 
The forecast accuracy was measured using 

the skill score. The skill score revealed that the 
accuracy score for Ambala station ranged from 
59.02 to 54.92 and the highest was observed in 
the Decade I (59.02). For Sirsa station skill score 
ranged from 65.49 in decade I, 65.87 in decade II 
and 60.21 decade III respectively.  

False Alarm Ratio
This score predicts about what fraction of 

the predicted “yes” events actually did not occur 
and the range is between 0 and 1 with perfect 
score is “0”. The range for false alarm ratio was 
highest (0.8 to 0.85) for Sirsa Station in all the 
three decades.

Critical Success Index or Threat Score (CSI)
CSI ranged from 0.13 to 0.26 in decade I, 0.12 

to 0.28 in decade II and 0.14 to 0.25 in decade 
III respectively. Ambala station evidenced ideal 
forecast than the Sirsa station on the decadal 
basis CSI score.

Heidke Skill Score
Heidke Skill Score range from -1 to +1 with 

0 indicating no skill compared with random or 
chance forecast. The highest correctness of rainfall 
forecast was observed in decade I (0.1) followed by 
decade III and II and station wise Ambala Station 
has the highest correctness.

Case Study - Drought monitoring based on 
Rainfall (Verified and Bias -Corrected) Departure 
as an Indicator.

The another major objective of the study was 
to determine the drought years and conditions 
in the selected area, in comparison to drought 
years identified and reported in literature for the 
same area and study period (1986-2016), using 
the IMD classification of rainfall deviation as per 
new criteria (table 5). The 30-year bias corrected 
model forecast and observed data, were subjected 
to seasonal rainfall departures at decadal scale 
for the identification of the drought years and 
extent of deficit rainfall in a decade. A comparative 
picture (Fig 1) of observed and forecasted rainfall 
indicated that CORDEX model forecasted rainfall, 
was able to capture the years with deficient rainfall 
quite accurately.

Table 5: IMD classification of rainfall deviation 
(as per new criteria’s)

Distribution % Dep. Of Rainfall

Large Excess +60% and above

Excess +20% to +59%

Normal +19% to -19%

Deficient -20% to -59%

Large Deficient -60% or less

No Rain -100%

Fig. 1. Decadal Fequencies (number of years) based on 
rainfall percent departures

CONCLUSION
In conclusion, it is found out that the rainfall 

forecast by CORDEX model is quite accurate, on 
the basis of results obtained using various skill 
scores, statistical test and case study conducted 
for evaluating the performance of forecast 
rainfall. The skill for seasonal precipitation are 
particularly low because in general, precipation 
is difficult to forecast due to its high variability. 
The key remains in our ability to understand and 
represent underlying physical processes more 
accurately, as the statistical tools are just aid in 
climate forecast verification process.
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ABSTRACT 
The present study was intended to investigate the probable occurrence of dry and wet 

weeks as well as onset and withdrawal of rainy season for the districts of Jorhat and Dibrugarh 
under upper Brahmaputra valley zone (UBVZ) of Assam, for a period of 30 years (1988-2017), by 
using Markov chain model and forward and backward accumulation method to suggest suitable 
and feasible rainfall based crop planning. The average annual rainfall of Jorhat and Dibrugarh 
were found to be 1923.4 mm and 2597.4 mm, respectively. The investigation revealed that there 
is more than 50 per cent chance of getting wet weeks from 12th and 13th SMW in Jorhat and 
Dibrugarh, respectively. So, early sowing of autumn rice as well as other summer crops such as 
greengram, blackgram could be suggested. Further, sowing of sali rice (winter rice) may be done 
during 22nd-23rd SMW, so that transplanting can be completed within July, as there is more than 
80 per cent chance of receiving wet weeks during the period. Land preparation for rabi crops 
such as potato, rapeseed etc may be started from 43rd SMW onwards since sufficient amount of 
moisture will be present in the soil from the previous weeks. There are chances of occurrence 
of dry spells on 27th, 31st, 32nd and 35th SMWs, if a dry week occurs in the previous week in the 
district of Dibrugarh during the rice growing season, hence, irrigation facilities might have to be 
arranged if such a situation occurs. The mean week for onset of rainy season was found to be 23rd 
SMW for both the districts and for withdrawal, it was found to be 37th and 36th SMW for Jorhat 
and Dibrugarh, respectively.

Key words: Dry and wet week, Markov chain model, crop planning

INTRODUCTION
Rainfall is the principal abiotic factor that 

plays an essential role in crop production especially 
in rain fed farming. Hence, it is the most limiting 
factor for improving crop productivity. Some of the 
important characteristics of rainfall influencing 
production under rain fed farming are the date of 
onset of monsoon, duration of rainy spells, dates of 
occurrences and duration of intervening dry spell, 
distribution of weekly rainfall, number of rainy 
days etc. (Pratap, 2014). The frequent rainfall 
variability, mainly the distribution characteristic, 
has lead to a great loss of agricultural production. 
Therefore, knowledge on weekly distribution of 
rainfall may help in strengthening the agricultural 
decision making. Criteria related to sequential 
phenomena like dry and wet spell could be used 
for analysing rainfall data to obtain specific 
information needed for crop planning and for 
carrying out agricultural operation. Probability of 
getting a threshold amount of rainfall is important 
because a value above or below the threshold, will 
have negative impact on crop growth. Kar et al 
(2014), Vanitha and Ravikumar (2017), Victor 

and Sastry (1979), had carried out dry and wet 
spell analysis using Markov chain model for crop 
planning in different parts of India, but Upper 
Brahmaputra Valley Zone (UBVZ) lacks such type 
of study. Keeping these points in mind the study 
was carried out with an objective to find out the 
initial, conditional and consecutive probability of 
occurrence of dry and wet spells in the region, 
determination of onset and withdrawal of rainy 
seasonand to suggest crop planning. 

MATERIALS AND METHODS
The present study was carried out for two districts viz, 

Jorhat and Dibrugarh out of the five districts under Upper 
Brahmaputra Valley Zone (UBVZ) of Assam, a state situated 
in the north eastern part of India extending from 24º 8′ N to 
28º 2′ N latitude and 89º42′ E to 96º E longitude. The average 
cropping intensity of the state is found to be 145.9 per cent. 
The average annual temperature of the state is 23.2ºC and the 
average annual rainfall of the state is 2125mm with monsoon 
season contributing nearly 60-65 per cent of the rainfall. 
Based on variation in climatic feature and physiographic 
feature there are three crop growing seasons in the valley viz, 
summer, kharif and rabi. Rice is the major crop in the region 
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and the farmers generally follow mono cropping. Other 
field crops grown in the region are black gram, green gram, 
sugarcane, sesame, wheat, rapeseed, potato, pea, lentil etc. 
Major cropping patterns followed by the farmers include sali 
rice – potato/vegetables, sali rice-toria, direct seeded rice 
– sali rice – potato/pea/vegetable, summer sesame – kharif 
green gram/ blackgram – potato/rapeseed etc. The harvesting 
of summer crops face problem as during the pre – monsoon 
season itself, the region receives very high amount of rainfall. 
On the other hand due to late withdrawal of monsoon the 
sowing of Rabi crops becomes a problem in the region.

Daily rainfall data for 30 years (1988-2017) of two 
stations viz., Jorhat (26.760 N, 94.20 E, MSL: 87m) and 
Dibrugarh (27.470N, 94.90E, MSL: 109.4m), under UBVZ of 
Assam was collected from Agromet observatory of Assam 
Agricultural University, Jorhat and India Meteorological 
Department, Pune, respectively. The daily data were 
converted to weekly values for the analysis. A standard 
meteorological week (SMW) was considered as one spell 
and a threshold value of 20mm, was considered to classify 
the spells as dry or wet (Pandarinath, 1991).

Fig. 1. Map of study area

The probabilities were calculated as follows:

Initial probabilities:

                   (F(W)
P (W)= --------------------

         
 (F (W)+ F (D) 

    
(F(D)

P (D)=  --------------------
           (F (W)+ F (D) 

Where, 

P (D) = probability of week being dry

P (W) = probability of week being wet

F (D) = frequency of dry week

F (W) = frequency of wet week

Conditional probabilities:

Where, 

P (D/D) = probability of a week being dry preceded 
by another dry week

P (W/W) = probability of a week being wet preceded 
by another wet week

F (D/D) = frequency of dry week preceded by 
another dry week

F (W/W) = frequency of wet week preceded by 
another wet week

F (D/W) = frequency of dry week preceded by a 
wet week

F (W/D) = frequency of wet week preceded by a 
dry week

Consecutive probabilities:
Consecutive week probability

I. P (2D) is the probability of occurrence of 
dry spell of 2 consecutive weeks 

P (2D) =P (Dw1) × P (DDw2)

II. P (3D) is the probability of occurrence of 
dry spell of 3 consecutive weeks

P (3D) =P (Dw1) × P (DDw2) × P (DDw3)

III. P (2W) is the probability of occurrence of 
wet spell of 2 consecutive weeks 

P (2W) =P (Ww1) × P (WWw2)

IV. P (3D) is the probability of occurrence of 
dry spell of 3 consecutive weeks

P (3W) =P (Ww1) × P (WWw2) × P (WWw3)

Where, 

P (Dw1) = initial probability of first week 
being dry

P (DDw2) =conditional probability (D/D) of 



second consecutive week 

P (DDw3) = conditional probability (D/D) of 
third consecutive week

P (Ww1) =initial probability of first week being 
wet

P (WWw2) = conditional probability (W/W) of 
second consecutive week 

P (WWw3) = conditional probability (W/W) of 
third consecutive week 

Forward and backward accumulation for 
onset and withdrawal of rainy season

The dates of onset and withdrawal of 
rainy season was calculated using forward 
and backward accumulation of weekly rainfall 
(WMO, 1982). For the calculation of forward and 
backward accumulation weekly rainfall were 
arranged in column and the year in rows. For 
forward accumulation, the corresponding week for 
each year in which 75mm and 200mm of rainfall 
was accumulated after adding week wise from 
9thSMW was found out. Similarly, for backward 
accumulation, the week for each year in which 
300mm and 500 mm of cumulative rainfall was 
accumulated by adding backward from 52nd SMW 
was noted down. The years were then assigned 
with rank numbers. The probability of each rank 
was calculated by using Weibull’s formula. Then 
the mean week for onset and withdrawal of rainy 
season was determined at 75 per cent probability 
level. 

To find out the probabilities Weibull’s formula 
was used

P= {M/ (N+1)} X 100

Where, P: Probability,  M: Rank number given to 
the weeks

N: Number of years taken for observation. 

RESULTS AND DISCUSSION
The average annual rainfall of Jorhat and 

Dibrugarh were found to be 1923.4mm and 
2624.5 mm respectively (Table 1). During pre-
monsoon season both the districts receive more 
than 200mm of rainfall, which is sufficient 
to grow rain fed summer crop effectively. The 
districts receive highest amount of rainfall during 
monsoon season, which contributes more than 
60 per cent to the total rainfall. Hence, the region 
is very much suitable for cultivation of rice. Post 
monsoon rainfall along with the residual soil 
moisture can effectively sustain a third crop after 
kharif rice. Winter rainfall contributes the least to 
total annual rainfall in both the districts as well 
as Coefficient of Variation (C.V), is found to be 
the highest during the season. From Fig.1 C.V. 
is found to be stabilized during the rice growing 
season depicting that there is less chance of 
moisture stress during rice growing season.

Probabilities:
The probability of getting dry week at Jorhat 

is more than 80 per cent from 1st to 11th SMW 
(1st to 18th March) and it decreases sharply after 
the week(Table 2), whereas, in Dibrugarh the 

Table 1: Seasonal rainfall distribution in the two districts (1988-2017)

Season Jorhat Dibrugarh
Total rainfall (mm) CV (%) Total rainfall (mm) CV (%)

Pre-monsoon 470.1 20 622.0 30

Monsoon 1242.6 12 1714.1 18

Post-monsoon 148.3 43 160.7 43
Winter 62.4 62 99.6 46
Annual 1923.4 13 2597.4 13
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Table 2: Initial and conditional and consecutive probability for occurrence of dry and wet weeks in 
Jorhat district

SMW Period P(W) P(D) P(W/W) P(D/D) P(2D) P(3D) P(2W) P(3W)
1 1 Jan - 7 Jan 3.5 96.6 0.0 96.3 89.9 86.7 0.0 0.0
2 8 Jan - 14 Jan 6.7 93.3 0.0 93.1 90.0 80.7 0.0 0.0
3 15 Jan -21 Jan 3.3 96.7 0.0 96.4 86.7 83.5 0.0 0.0
4 22 Jan - 28 Jan 10.0 90.0 0.0 89.7 86.7 80.7 0.0 0.0
5 29 Jan - 4 Feb 3.3 96.7 0.0 96.3 90.0 63.3 3.3 2.2
6 5 Feb - 11 Feb 10.0 90.0 100.0 93.1 63.3 50.7 6.7 0.7
7 12Feb - 18 Feb 33.3 66.7 66.7 70.4 53.3 44.8 3.3 0.0
8 19Feb - 25 Feb 16.7 83.3 10.0 80.0 70.0 61.9 0.0 0.0
9 26 Feb - 4 Mar 13.3 86.7 0.0 84.0 76.7 65.3 0.0 0.0
10 5 Mar - 11 Mar 10.0 90.0 0.0 88.5 76.7 36.8 3.3 1.3
11 12 Mar - 18 Mar 16.7 83.3 33.3 85.2 40.0 16.0 6.7 4.9
12 19 Mar - 25 Mar 50.0 50.0 40.0 48.0 20.0 6.0 36.7 22.0
13 26 Mar - 1 Apr 66.7 33.3 73.3 40.0 10.0 3.6 40.0 19.0
14 2 Apr - 8 Apr 63.3 36.7 60.0 30.0 13.3 4.8 30.0 28.1
15 9 Apr - 15 Apr 53.3 46.7 47.4 36.4 16.7 2.8 50.0 39.6
16 16 Apr - 22 Apr 80.0 20.0 93.8 35.7 3.3 1.1 63.3 52.8
17 23 Apr - 29 Apr 80.0 20.0 79.2 16.7 6.7 2.2 66.7 52.8
18 30 Apr - 6 May 80.0 20.0 83.3 33.3 6.7 2.9 63.3 55.1
19 7 May - 13 May 76.7 23.3 79.2 33.3 10.0 1.7 66.7 58.3
20 14 May - 20 May 80.0 20.0 87.0 42.9 3.3 0.8 70.0 64.6
21 21 May - 27 May 86.7 13.3 87.5 16.7 3.3 1.1 80.0 77.0
22 28 MAY-3rd Jun 90.0 10.0 92.3 25.0 3.3 1.7 86.7 71.2
23 4 Jun - 10 Jun 93.3 6.7 96.3 33.3 3.3 0.0 76.7 67.1
24 11 Jun - 17 Jun 80.0 20.0 82.1 50.0 0.0 0.0 70.0 70.0
25 18 Jun - 24 Jun 90.0 10.0 87.5 0.0 0.0 0.0 90.0 84.0
26 25 Jun - 1 July 100.0 0.0 100.0 0.0 0.0 0.0 93.3 90.0
27 2 July - 8 July 93.3 6.7 93.3 0.0 0.0 0.0 90.0 90.0
28 9 July - 15 July 96.7 3.3 96.4 0.0 0.0 0.0 96.7 90.2
29 16 July - 22 July 100.0 0.0 100.0 0.0 0.0 0.0 93.3 76.7
30 23 July - 29 July 93.3 6.7 93.3 0.0 0.0 0.0 76.7 61.3
31 30 July - 5 Aug 83.3 16.7 82.1 0.0 0.0 0.0 66.7 58.7
32 6 Aug - 12 Aug 83.3 16.7 80.0 0.0 0.0 0.0 73.3 62.5

33 13 Aug - 19 Aug 90.0 10.0 88.0 0.0 3.3 0.0 76.7 67.5
34 20 Aug - 26 Aug 83.3 16.7 85.2 33.3 0.0 0.0 73.3 57.0
35 27 Aug - 2 Sep 90.0 10.0 88.0 0.0 3.3 0.5 70.0 63.9
36 3 Sep - 9 Sep 76.7 23.3 77.8 33.3 3.3 2.2 70.0 51.9
37 10 Sep - 16 Sep 90.0 10.0 91.3 14.3 6.7 1.5 66.7 41.3
38 17 Sep - 23 Sep 70.0 30.0 74.1 66.7 6.7 3.3 43.3 23.8
39 24 Sep - 30 Sep 66.7 33.3 61.9 22.2 16.7 7.1 36.7 25.2
40 1 Oct - 7 Oct 53.3 46.7 55.0 50.0 20.0 9.1 36.7 13.5
41 8 Oct - 14 Oct 63.3 36.7 68.8 42.9 16.7 12.8 23.3 7.2



42 15 Oct - 21 Oct 43.3 56.7 36.8 45.5 43.3 43.3 13.3 0.0
43 22 Oct - 28 Oct 26.7 73.3 30.8 76.5 73.3 70.9 0.0 0.0
44 29 Oct - 4 Nov 0.0 100.0 0.0 100.0 96.7 93.3 0.0 0.0
45 5 Nov - 11 Nov 3.3 96.7 0.0 96.7 93.3 86.9 0.0 0.0
46 12 Nov - 18 Nov 3.3 96.7 0.0 96.6 90.0 83.6 0.0 0.0
47 19 Nov - 25 Nov 6.7 93.3 0.0 93.1 86.7 86.7 0.0 0.0
48 26 Nov - 2 Dec 6.7 93.3 0.0 92.9 93.3 87.1 0.0 0.0
49 3 Dec - 9 Dec 0.0 100.0 0.0 100.0 93.3 90.0 0.0 0.0
50 10 Dec -16 Dec 6.7 93.3 0.0 93.3 90.0 83.8 0.0 0.0
51 17 Dec - 23 Dec 3.3 96.7 0.0 96.4 90.0 0.0
52 24 Dec- 31 Dec 6.7 93.3 0.0 93.1

Table 3: Initial and conditional and consecutive probability for occurrence of dry and wet weeks in 
Dibrugarh district

SWM Period P(W) P(D) P(W/W) P(D/D) P(2D) P(3D) P(2W) P(3W)
1 1 Jan - 7 Jan 0.0 100.0 0.0 100.0 86.6 86.6 0.0 0.0
2 8 Jan - 14 Jan 13.3 86.7 0.0 86.7 90.0 87.0 0.0 0.0
3 15 Jan -21 Jan 13.3 86.7 0.0 84.6 96.7 93.3 0.0 0.0
4 22 Jan - 28 Jan 13.3 86.7 25.0 88.5 93.3 86.9 0.0 0.0
5 29 Jan - 4 Feb 10.0 90.0 0.0 88.5 90.0 83.6 0.0 0.0
6 5 Feb - 11 Feb 13.3 86.7 0.0 85.2 86.7 77.4 0.0 0.0
7 12Feb - 18 Feb 30.0 70.0 25.0 69.2 83.3 71.0 0.0 0.0
8 19Feb - 25 Feb 36.7 63.3 44.4 66.7 76.7 61.3 3.3 1.3
9 26 Feb - 4 Mar 40.0 60.0 27.3 52.6 66.7 63.8 6.7 1.0
10 5 Mar - 11 Mar 23.3 76.7 16.7 72.2 73.3 62.9 3.3 0.0
11 12 Mar - 18 Mar 30.0 70.0 28.6 69.6 80.0 61.5 0.0 0.0
12 19 Mar - 25 Mar 43.3 56.7 44.4 57.1 66.7 63.5 10.0 5.6
13 26 Mar - 1 Apr 73.3 26.7 84.6 35.3 66.7 63.9 16.7 16.7
14 2 Apr - 8 Apr 63.3 36.7 54.6 12.5 76.7 73.3 20.0 17.1
15 9 Apr - 15 Apr 73.3 26.7 73.7 27.3 73.3 70.1 20.0 17.1
16 16 Apr - 22 Apr 83.3 16.7 81.8 12.5 73.3 70.1 20.0 17.1
17 23 Apr - 29 Apr 73.3 26.7 76.0 40.0 73.3 63.8 20.0 8.6
18 30 Apr - 6 May 76.7 23.3 77.3 25.0 66.7 52.8 10.0 6.7
19 7 May - 13 May 73.3 26.7 65.2 0.0 63.3 57.3 13.3 8.9
20 14 May - 20 May 76.7 23.3 77.3 25.0 63.3 51.8 20.0 12.5
21 21 May - 27 May 83.3 16.7 82.6 14.3 60.0 34.3 16.7 14.8
22 28 MAY-3rd Jun 90.0 10.0 88.0 0.0 40.0 18.5 26.7 22.0
23 4 Jun - 10 Jun 80.0 20.0 77.8 0.0 20.0 11.1 46.7 33.3
24 11 Jun - 17 Jun 90.0 10.0 91.7 16.7 16.7 6.1 50.0 36.8
25 18 Jun - 24 Jun 96.7 3.3 96.3 0.0 13.3 7.4 46.7 35.6
26 25 Jun - 1 July 96.7 3.3 96.6 0.0 16.7 8.3 53.3 34.7
27 2 July - 8 July 93.3 6.7 96.6 100.0 16.7 5.6 43.3 40.9
28 9 July - 15 July 100.0 0.0 100.0 0.0 13.3 0.0 56.7 40.8
29 16 July - 22 July 100.0 0.0 100.0 0.0 0.0 0.0 60.0 41.7
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probability of getting dry weeks during the same 
period ranges from 60-70 per cent (Table 3). There 
is more than 70 per cent probability of getting a 
wet week from 16th SMW to 37th SMW in Jorhat and 
is extended till 39th SMW in Dibrugarh. Since this 
period falls in Sali rice growing season, the crop 
can be grown effectively with sufficient amount of 
moisture in both the districts. Probability of getting 
dry week is more than 80 per cent from 43rd SMW 
onward till the last week of the year. Probability of 
getting a wet week preceded by a wet week ranges 
from 60-100 per cent from 16th SMW onward till 
39th SMW in Jorhat and in Dibrugarh it starts 
from 15th SMW and extends till 40th SMW. There 
is more than 60 per cent chance of getting two 
consecutive wet weeks from 16th to 37th SMW and 
three consecutive wet weeks from 20th to 30th SMW 
in Jorhat. Whereas, in Dibrugarh probability of 
getting two consecutive wet week ranges from 40-
50 per cent from 23rd to 37th SMW and probability 
of getting three consecutive wet week remains to 
be always less than 40 per cent. In the district 
of Dibrugarh there is chance of occurrence of a 
condition on 27th, 31st, 32nd and 35th SMW, where 
a dry week may occur if it is preceded by a dry 

week. In the district, on 27th and 32nd SMW 100 
per cent probability of occurrence of dry week 
preceded by a dry week was found because in the 
previous week dry week occurred only for once out 
of the 30 year of study period and which too was 
followed by a dry week. That is why probability 
was found to be 100 per cent. Similar condition 
was also reported by Ray et al. (2019) in Tura, 
Meghalaya for 100 percent chance of occurrence 
of wet week preceded by a wet week on 4th SMW. 

Onset and withdrawal of rainy season
The mean week for onset and withdrawal 

of rainy season for Jorhat and Dibrugarh were 
determined using the forward and backward 
accumulation method. For onset of rainy season 
accumulation of 75mm and 200mm rainfall was 
considered and for withdrawal of rainy season 
300mm and 500mm rainfall was considered 
(Table 4).

Onset of rainy season
From the result of forward accumulation, the 

mean week for accumulation of 75mm of rainfall 
from 9th SMW onwards was found to be 14th SMW in 

30 23 July - 29 July 96.7 3.3 96.7 0.0 6.7 3.0 53.3 43.2
31 30 July - 5 Aug 86.7 13.3 89.7 100.0 13.3 5.0 56.7 28.3
32 6 Aug - 12 Aug 83.3 16.7 84.6 25.0 10.0 5.0 36.7 27.5
33 13 Aug - 19 Aug 93.3 6.7 92.0 0.0 23.3 12.7 40.0 35.8
34 20 Aug - 26 Aug 86.7 13.3 85.7 0.0 20.0 5.0 56.7 36.1
35 27 Aug - 2 Sep 83.3 16.7 88.5 50.0 6.7 5.3 46.7 28.0
36 3 Sep - 9 Sep 86.7 13.3 84.0 0.0 26.7 10.0 40.0 37.1
37 10 Sep - 16 Sep 83.3 16.7 84.6 25.0 20.0 20.0 43.3 17.0
38 17 Sep - 23 Sep 80.0 20.0 80.0 20.0 23.3 14.4 30.0 13.3
39 24 Sep - 30 Sep 86.7 13.3 83.3 0.0 43.3 28.9 13.3 4.4
40 1 Oct - 7 Oct 63.3 36.7 65.4 50.0 40.0 30.0 13.3 4.0
41 8 Oct - 14 Oct 53.3 46.7 52.6 45.5 50.0 43.2 10.0 1.3
42 15 Oct - 21 Oct 50.0 50.0 56.3 57.1 63.3 58.5 3.3 0.0
43 22 Oct - 28 Oct 16.7 83.3 13.3 80.0 80.0 77.1 0.0 0.0
44 29 Oct - 4 Nov 10.0 90.0 0.0 88.0 90.0 86.9 0.0 0.0
45 5 Nov - 11 Nov 3.3 96.7 0.0 96.3 93.3 86.9 0.0 0.0
46 12 Nov - 18 Nov 3.3 96.7 0.0 96.6 90.0 90.0 0.0 0.0
47 19 Nov - 25 Nov 16.7 83.3 0.0 82.8 93.3 90.1 3.3 0.0
48 26 Nov - 2 Dec 6.7 93.3 0.0 92.0 93.3 90.1 0.0 0.0
49 3 Dec - 9 Dec 0.0 100.0 0.0 100.0 93.3 93.3 3.3 1.7
50 10 Dec -16 Dec 6.7 93.3 0.0 93.3 93.3 90.1 3.3 3.3
51 17 Dec - 23 Dec 3.3 96.7 0.0 96.4 93.3 3.3
52 24 Dec- 31 Dec 6.7 93.3 0.0 93.1



both the district. Forward accumulation of 200mm 
of rainfall from 9th SMW (Table 4), determined 
that mean week for onset of rainy season was on 
18th SMW in Jorhat and 17th SMW in Dibrugarh. 
Accumulation of 75mm rainfall was considered as 
the onset time for sowing of dry-seeded crops in 
sandy loam soil and 200mm accumulated rainfall 
for initiation of puddling i.e., transplanting of rice. 
The results reported were nearly similar to Dabral 
et al. (2014), who had reported the mean week for 
onset of rainy season of 75mm on 14th SMW and 
for 200mm on 15th SMW in the district of North 
Lakhimpur, Assam. 

Withdrawal of rainy season
Result of backward accumulation of rainfall 

reveals that for 300mm of cumulative rainfall 
(Table 4), the mean week of accumulation from 52nd 
SMW was 35th for Jorhat and 36th for Dibrugarh. 
From the result of backward calculation from 52nd 
SMW the mean weak for accumulation 500mm of 
cumulative was 32nd SMW for Jorhat and 33rd for 
Dibrugarh (Table 4). It is considered that 500 and 
300mm accumulated rainfall values represent 
the week after which sufficient rain would be 
expected to sustain a second rice crop or any 
other short duration field crop, assuming fully 
charged soil moisture at planting (WMO, 1982). 
The withdrawal of rainy season does not mean the 
withdrawal of rainfall, it refers to the time on or 
before which, if sowing of any crops are done than 
it can be grown under purely rain fed condition. 
The delayed sowing of rice crop may be done latest 
by the week on which rainy season ends after 
backward accumulation of 500mm of rainfall. On 
the other hand sowing of short duration crops 
with low water requirements may be done latest 
by the week on which there will be backward 

accumulation of 300mm of rainfall.  

Existing cropping pattern in the region
Rice is the major crop in the region and the 

farmers generally follow mono-cropping. Rice is 
grown in 3 distinct seasons autumn, winter and 
summer. Sowing of direct seeded autumn rice 
which is locally known as ahu is done during 
the months of March- April and is harvested 
during the months of June- July. Sowing of sali 
rice (winter) is extended from June till the end 
of July and harvesting is completed before the 
month of November. Boro rice (summer) is grown 
during November/December to May/June. Other 
field crops grown in the region are blackgram, 
greengram, sugarcane, sesame, wheat, rapeseed, 
potato, pea, lentil etc. Major cropping patterns 
followed by the farmers include sali rice – potato/
vegetables, sali rice-toria, direct seeded rice – sali 
rice – potato/pea/vegetable, summer sesame – 
kharif greengram/ blackgram – potato/rapeseed 
etc.

Suggested cropping pattern
In a direct seeded ahu rice- sali rice- toria 

cropping system, the direct seeded ahu can be 
sown from 8th-9th SMW onwards with the residual 
moisture from previous weeks or with one 
irrigation so that crop will get sufficient moisture 
during vegetative stage, as there is more than 50% 
chance of getting wet weeks from 12th SMW and 
13th SMW in Jorhat and Dibrugarh respectively. 
Early sowing will also lead to early harvesting, so 
the crop can escape excess water stress during 
later part of the growth stage. Rautaray (2011) 
suggested sowing of direct seeded upland rice 
in the mid of February, if a place receives good 
amount of rainfall early in the month of March. 
Sowing of sali rice seeds in the nursery may 

Table 4: Mean week for onset and withdrawal of rainy season in Jorhat and Dibrugarh

Forward accumulation Backward accumulation
Station 75mm* 200mm** 300mm*** 500mm***

From 9th SMW From 9th SMW 52nd SMW
Jorhat 14th 18th 37th 35th

Dibrugarh 14th 17th 36th 33rd

*75 mm accumulation of rainfall is considered as the onset time of sowing of rain fed crop.

**200 mm forward accumulation of rainfall is the initiation of puddling time for rice crop.

*** It is considered that 500 and 300 mm accumulated rainfall values represents the week after 
which sufficient rain would be expected to sustain a second rice crop or any other short duration field 
crop assuming fully charged soil moisture at planting.
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be completed within June particularly on 22nd 
to 23rd SMW as sufficient quantity of rainfall is 
generally received before this month (Table 2) so 
that transplanting can be completed within July. 
Deka et al.(2000) also suggested to complete the 
transplanting of sali rice within July on the basis 
of analysis of rainfall during 1974-89. Sowing 
of rapeseed (toria) can be done between 40th 
and 42nd SMW because after these weeks there 
is very less chance of getting a wet week. From 
43rdSMW, land preparation as well as planting of 
potato can be done utilizing residual soil moisture 
as there is very less chance of getting a wet week 
afterwards. Sowing of summer sesame, blackgram 
or greengram is to be done around 9th SMW with a 
pre sowing irrigation. Harvesting of summer crops 
are to be completed before 20th SMW as there 
is more than 70 per cent chance of getting two 
consecutive wet weeks in both the districts, so 
that the crop doesn’t suffer from excess moisture 
stress. On 37th SMW in the district of Dibrugarh, 
there is chance of occurrence of dry spell if it is 
preceded by a dry week. This period falls during 
the panicle initiation stage of sali rice, so proper 
measures such as provision of supplemental 
irrigation should be undertaken to minimize loss.
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ABSTRACT 
A study to investigate the impact of abiotic factors on the population dynamics of whitefly 

varied from 1.60 to 6.00 adults per leaf and leafhopper from 1.48 to 7.12 nymphs/leaf. The 
experiment was conducted at CCS Haryana Agricultural University, Hisar during kharif 2016 
and 2017. Observations (n-1=14 d.f.) of whitefly adults and leafhopper nymphs were recorded at 
weekly intervals. The correlation studies of whitefly adults with weather parameters revealed that 
it had significant and positive correlation with minimum temperature (0.463*) in 2016, whereas 
in 2017 adults population had significant and positive correlation with minimum temperature 
(0.593*) and morning relative humidity (0.370*). Nymphal population of leafhopper correlated 
with weather parameters revealed that in 2016, it had highly significant and positive correlation 
with evening relative humidity (0.764**), significant and positive correlation with morning relative 
humidity (0.551*), while in 2017 it had highly significant and positive correlation with minimum 
temperature (0.774**) and evening relative humidity (0.830**). Morning relative humidity had 
significant and positive correlation with nymphal population of leafhopper (0.581*) whereas 
maximum temperature had significant and negative correlation.   

Key words: Abiotic facor, population dynamics, whitefly, leafhopper, cotton

INTRODUCTION 
Cotton (Gossypium arborium L.) is an 

important cash crop and plays a vital role in the 
agriculture of the country. India ranks first in 
case of cultivated area, occupying 35.9% of the 
global cotton area, followed by United States (3.85 
M ha) and contributes 25.5% of the global cotton 
produce (27 M bales of 480 lb), ranking first in the 
world (Anonymous, 2017). Cotton is attacked by 
several insect pests causing drastic reductions in 
yield. In many cotton growing areas of the world, 
the major limiting factor in its production is 
damage due to insect pests (Bennett et al., 2004). 
In the early stages of the crop, sucking insect 
pests like whitefly, Bemisia tabaci (Gennadius),  
leafhopper, Amrasca biguttula biguttula (Ishida),  
thrips, Thrips tabaci Hood and in later stages, 
the bollworms complex, spotted bollworm (Earias 
vittella Fabricius), (Earias insulana Boisdual), 
American bollworm (Helicoverpa armigera Hubner) 
and pink bollworm (Pectinophora gossypiella 
Saunders), cause significant damage to the crop. 
Among the sucking pests, whitefly and leafhopper 
cause both qualitative and quantitative losses in 
cotton (Dhaliwal et al., 2006). Cotton whitefly is a 
serious pest of cotton belongs to family Aleyrodidae 

of Hemiptera order and first observed in the late 
1920s and early 1930s by (Misra and Lamba, 
1929) in northern India. It has become serious 
pests, causing heavy losses during certain years 
(Janu and Dahiya, 2017). In heavy infestation it 
sucks the phloem sap resulting in the reduction of 
plant vigour and honeydew excreted by the insect 
interfere in normal photosynthesis with growth 
of sooty mould (Oliveira et al., 2001). Leafhopper 
is also a serious pest of cotton. It sucks the sap 
from the under surface of the leaf during the 
early stages of the crop causing symptoms like; 
crinkling, distortion of leaves and reddening all 
along the sides of leaves with downward curling 
leading to the production of typical “hopper burn” 
symptoms (Uthamasamy, 1985). While congenial 
weather conditions favour pest multiplication, 
unfavourable conditions reduce their population 
levels and hence the damage. The climate changes, 
mitigation strategies and management systems 
should be considered for crop adaptations to 
reduce the risks of pest population (Bemal et 
al, 2013 and Kumar et al, 2013). The present 
study considered the data sets of sap feeders 
and weather variables for understanding their 
nature, status, seasonal dynamics and influence 
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of weather factors on the population build up 
which will be helpful to develop the management 
strategy (Patel and Radadia, 2018; Sathyan et al, 
2017 and Kumar et al, 2018).

MATERIALS AND METHODS
The experiment was conducted on cotton 

variety HD-432 (desi), in a randomized block design 
(RBD) replicated thrice in a plot size of 16.17 m2 

keeping a spacing of 30 x 67.5 cm. The crop was 
sown on May 15, 2016 and May 17, 2017. The 
population of whitefly (adults) and leafhopper 
(nymphs) were recorded from three leaves, each 
one from top, middle and bottom canopies on five 
randomly selected plants per plot. Observations 
were recorded at weekly intervals starting from 
10 days after sowing of crop. The observations 
recorded on sucking insect pests were later 
averaged to per leaf basis.

Meteorological Data
Meteorological data on temperature ºC 

(maximum and minimum), relative humidity per 
cent (morning and evening), rainfall mm/week 
and wind speed Km/hr (May to October, 2016 
and 2017) were obtained from Department of 
Agricultural Meteorology, CCS HAU, Hisar.

Statistically Analysis
The averaged data of population dynamics 

of whitefly and leafhopper was subjected to 
correlation and regression analysis with weather 
parameters with the help of OPSTAT software 
following standard procedure.

RESULT AND DISCUSSION
Whitefly, Bemisia tabaci (Gennadius) 

The incidence of whitefly adults was recorded 
from the 22nd SMW (Standard Meteorological Week) 
i.e 1.60 adults/leaf and continuous throughout 
the crop season (Fig-1). The population of 
whitefly adults varied from 1.60 to 6.00 per leaf 
during the season. Four peaks of whitefly adults 
population were observed at 25th, 28th, 31st and 
33rd SMW with 5.02, 6.00, 5.10 and 4.60 adults/
leaf, respectively during 2016. In 2017, whitefly 
population appeared in 23rd SMW i.e 0.02 adults/
leaf and remained throughout the crop season. 
Four peaks were recorded on 24th, 28th, 30th 
and 33rd SMW with 4.47, 6.89, 6.76 and 5.21 
adults/leaf, respectively. The present findings 
are in conformity with the findings of Kadam et 
al. (2015) and Mehra and Rolania (2017), who 
reported that whitefly acquired its peak in 31st 

and 33rd SMW. Rolania et al. (2018) also found the 
peak incidence of whitefly in 31st SMW which is in 
agreement with our findings. The present findings 
are not in agreement with Dhaka and Pareek 
(2008), who reported that whitefly population 
attained only one peak in the season. This may be 
due to different environmental condition and a bit 
separate geographical area.

  Fig. 1. Population dynamics of whitefly adults 
during different SMW

Correlation
The coefficient of correlation between whitefly 

adult population and weather parameters are 
presented in Table-1. The correlation studies of 
whitefly adults with weather parameters revealed 
that it had significant and positive correlation 
with minimum temperature (0.463*) and rest of 
parameters i.e. morning relative humidity (0.062), 
evening relative humidity (0.149), wind speed 
(0.483) and rainfall (0.036), showed non-significant 
positive correlation during 2016 whereas in 2017, 
adult population had significant and positive 
correlation with minimum temperature (0.593*) 
and morning relative humidity (0.370*). The 
present findings are in line with Sitaramaraju et 
al. (2010) and Mehra and Rolania (2017), who 
reported positive effect of evening and morning 
evening relative on whitefly population. Similarly, 
the present findings are in agreement with Rolania 
et al. (2018), who reported the highly positive 
correlation between minimum temperature and 
whitefly population on cotton crop.

Table 1: Correlation of adult population of Bemisia 
tabaci with abiotic factors 

Weather Parameters 2016 2017

Temperature max. (ºC) 0.138 -0.145

Temperature min. (ºC) 0.463* 0.593*

Morning RH (%) 0.062 0.370*



Evening RH (%) 0.149 0.510

Rainfall (mm) 0.036 -0.063

Wind speed (Km/hr) 0.483 0.491

*Significant at 5%, ** Significant at 1% (n-
1=14 d.f.)

Regression equation
The multiple linear regression coefficients of 

whitefly population on weather parameters were 
computed by taking the population of whitefly as 
dependent variables and maximum & minimum 
temperature, morning & evening relative 
humidity, rainfall and wind speed as independent 
variables. It was apparent from the study that 
all weather parameters collectively accounted 
32.01 and 47.82 per cent variability in whitefly 
population during 2016 and 2017, respectively 
(Table 2). The present findings are in agreement 
with Mahalakshmi et al. (2012) and Rolania et 
al. (2018), who reported 58.42 to 68.72 per cent 
variability.

Table 2: Multiple linear regression equation along 
with coefficient of determination on the  
population fluctuation of Bemisia tabaci

Years Regression 
Equation

100 R2

2016 Y=32.67+0.26Tm
ax+0.71Tmin+0.
12RHm-0.03Rhe-
0.08RF+0.01WS

32.01

2017 Y=26.97-0.89Tmax 
+ 0.88Tmin - 
0.12RHm-0.04RHe 
- 0.02RF-0.03WS

47.82

Fig. 2. Population dynamics of leafhopper during 
different SMW 

Leafhopper, Amrasca biguttula biguttula 
(Ishida)

The results of present study revealed that 
during 2016 the leafhopper nymphal population 
incidence started from the 23rd SMW and remains 
active upto the picking of cotton with population 
varied from 1.48 to 7.12 nymphs/leaf. There were 
two peaks were observed at 28th and 32nd SMW with 
7.12 and 4.25 nymphs/leaf, respectively. During, 
2017 the leafhopper incidence also started from 
the 23rd SMW and remains throughout the season. 
The nymphal population of leafhopper varied from 

0.01 to 5.87 nymphs per leaf during the season. 
The peaks were recorded on 27th and 31st SMW 
with the population of 5.87 and 4.16 nymphs/
leaf, respectively (Fig 2). The present study is in 
agreement with Kalkal et al.(2015) and Janu et 
al, (2017), who recorded the maximum leafhopper 
population during the 28th and 32nd SMW. The 
present study also supported by Jeyakumar et al. 
(2008), Dahiya et al. (2018) and Dhaka and Pareek 
(2008) who reported that leafhopper incidence 
increased gradually and reached to its peak in 
32nd and 33rd SMW.

Fig. 2. Population dynamics of leafhopper during 
different SMW 

Correlation
The coefficient of correlation between 

leafhopper nymphal population and weather 
parameters revealed that it had highly significant 
and positive correlation with evening relative 
humidity (0.764**), significant and positive 
correlation with morning relative humidity 
(0.551*) in 2016, while in 2017 it had highly 
significant and positive correlation with minimum 
temperature (0.774**) and evening relative 
humidity (0.830**). Morning relative humidity 
had significant and positive correlation with 
nymphal population of leafhopper (0.581*), 
whereas maximum temperature had significant 
and negative correlation (Table 3). These findings 
are in accordance with Soujanya et al. (2010) 
and Selvaraj et al. (2011), who reported positive 
influence of morning and evening RH on leafhopper 
population. The present results are in conformity 
with Ramamurthy et al. (2000) who reported that 
the leafhopper population had negative correlation 
with maximum temperature. 

Table 3: Correlation of nymphal population of 
Amrasca biguttula biguttula with abiotic factors

Weather Parameters 2016 2017

Temperature max. (ºC) -0.456 -0.531*
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Temperature min. (ºC) 0.399 0.774**

Morning RH (%) 0.551* 0.581*

Evening RH (%) 0.764** 0.830**

Rainfall (mm) 0.059 0.423

Wind speed (Km/hr) 0.076 0.748

*Significant at 5%, ** Significant at 1% (n-
1=14 d.f.)

Regression equation 
Based on regression analysis by taking 

leafhopper nymphal population (Y) as a dependent 
variable and abiotic factors as independent 
variables, showed that the fluctuation of leafhopper 
nymphal population was explained upto 75.23 per 
cent and 51.02 per cent with the abiotic factors 
during 2016 and 2017, respectively (Table 4). The 
present results are in conformity with the findings 
of Shera et al. (2013), who revealed that the R2 
values of multiple regression analysis various from 
0.49 to 0.80 per cent for leafhopper under Punjab 
conditions. Similarly Rajasekhar et al. (2015) and 
Dahiya et al. (2018) also concluded that the total 
influence of all abiotic factors accounted for 57.2 
percent variation on leafhopper population.

Table 4: Multiple linear regression equation along 
with coefficient of determination on the population 
fluctuation of leafhopper nymphal population.

Years Regression Equation 100 R2

2016 Y= -97.45 + 1.09 Tmax + 
1.21Tmin + 0.41RHm-0.04Rhe 
- 0.48RF + 0.01WS

    
75.23

2017 Y=13.19-0.51Tmax + 
1.48Tmin + 0.02RHm-0.11Rhe 
+ 0.09RF + 0.01WS

    
51.02

CONCLUSION
It is concluded from the studies that impact 

of abiotic factors on the population dynamics of 
whitefly varied from 1.60 to 6.00 adults per leaf 
and leafhopper from 1.48 to 7.12 nymphs/leaf. 
Correlation parameters showed that whitefly 
adults had significant and positive correlation 
with minimum temperature and morning relative 
humidity, while nymphal population of leafhopper 
had highly significant and positive correlation 
with evening relative humidity, significant 
and positive correlation with morning relative 
humidity, whereas it had significant and negative 

correlation with maximum temperature. Based 
on regression analysis, all weather parameters 
collectively accounted 32.01 to 47.82 per cent 
variability in whitefly population while 51.02 to 
75.23 per cent in leafhopper population. 
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ABSTRACT 
Field experiments were conducted at CCS Haryana Agricultural University, Hisar during 

April to November 2016 and 2017, to determine the effect of abiotic factors on the incidence 
of citrus butterfly, Papilio demoleus L. on Kinnow mandarin. The study revealed that the P. 
demoleus remained active practically throughout the year. The peak activity of caterpillars was 
observed during 39th standard meteorological week (SMW) of September (16.20 larvae/plant) and 
40th SMWof October (15.80 larvae/plant). The leaf infestation activity was also at peak during 
39thSMW (55.19%) and 40th SMW (53.36%). Pest progression was correlated with weather 
variables. Correlation analysis indicated that the larval population and per cent leaf infestation 
had significant negative correlation with maximum temperature and significant positive correlation 
with relative humidity. Regression models were developed using significant weather parameters 
pooled for both the years for the estimation of larval population and per cent leaf infestation using 
step wise regression technique. Values of coefficient of determination (R2) ranged between 71 to 
72per cent. 

Key words: Abiotic parameters, correlation and regression, Kinnow, Papilio demoeus, seasonal 
incidence

INTRODUCTION 
The genus citrus includes a large number of 

species and cultivars, among which, mandarin, 
sweet orange (mosambi, malta, or satgudi), lime 
and grapefruit are very popular. In citrus group 
plants, mandarin is the largest cultivated fruit in 
India and world because of their unique feature 
of having high value of vitamin C, sugars, acids, 
calcium, phosphorous and iron, it ranks first 
with 41% of area and 2.6% of fruit production. 
Punjab is the leading state in production of 
Kinnow, whereas Haryana ranks fourth. Haryana 
contributes about 8.5 per cent citrus to nation’s 
citrus pool with total area and production of 12746 
ha and 243.5 thousand tonnes (Anonymous, 
2017) from its major citrus growing districts viz., 
Sirsa, Hisar, Bhiwani, Gurugram and Fatehabad. 
The area under citrus is increasing at a faster rate, 
especially under Kinnow mandarin, which has 
emerged as the most remunerative and popular 
fruit crop due to its wider range of adaptability, 
precocious bearing and fruit quality. Despite a 
significant increase in area and production of 
Kinnow, its cultivation is under the severe threat 
of abiotic and biotic stresses, and among them, 
the insect-pest attack is one of the major factors, 

which hinder the citrus culture worldwide. All over 
in India, citrus plants are attacked by more than 
250 insect pests alone at all stages of growth right 
from budding and seedlings in nurseries (Bhutani 
1979). Out of these, 165 species are important in 
India, causing an estimated loss of 30-40 per cent 
in yield (Pruthi and Mani, 1945). 

Among the insect pests, citrus butterfly, 
Papilio demoleus L. (Lepidoptera: Papilionidae), 
is a regular pest of nurseries, young seedlings 
and flush of full grown up trees. The caterpillars 
feed voraciously and cause extensive damage to 
nurseries and young seedlings leaving behind 
midribs only. Severe infestation results in 
defoliation of trees (Bhutani and Jotwani, 1975) 
and retarding plant growth and decreasing fruit 
yield. The larvae prefer 30-60cm tall young plants 
and are capable of completely defoliating nursery 
groves (Narayayanamma et al., 2001) in India. 
The citrus caterpillar can be found throughout 
the year, with population peaks in rainy days, 
the period of greatest vegetative flushes in citrus 
plants. Inspite of its serious damage to citrus crop, 
very little attention has been given to this pest, 
especially in generating the pin point information 
on the effect of different abiotic factors on the 
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population fluctuation in agro climatic conditions 
of Haryana. Thus, in view of these facts, the field 
study was undertaken to study the seasonal 
incidence of citrus butterfly in relation to abiotic 
factors on Kinnow mandarin in Haryana (India).

MATERIALS AND METHODS 
The present investigation was carried out 

from April to November of 2016 and 2017 at 
Horticulture Research Farm of CCS Haryana 
Agricultural University, Hisar, Haryana (290 10’ 
N 75046’ F2 and 215.2 above MSL). Observation 
on citrus butterfly incidence was taken at weekly 

interval on Kinnow nursery plants and these 
plants were kept free from insecticidal treatments 
throughout the period of study.Seasonal incidence 
was determined on randomly selected five rows 
(10 plants each row) of Kinnow at weekly interval 
and recorded on the basis of number of larvae 
andleaf infestation per plant.

The weather data namely: maximum 
temperature (Tmax), minimum temperature 
(Tmin), morning relative humidity (RHM), evening 
relative humidity (RHE), bright sunshine hours 
(BSS), and rainfall(mm) were taken from Agrimet 

Table 1: Population dynamics of citrus butterfly, Papilio demoleus on Kinnow in 2016 and 2017

Month SMW 2016 2017 Pooled mean
Mean larval 
population/ 

plant*

Mean leaf 
infestation/ 

plant*

Mean larval 
population/ 

plant*

Mean leaf 
infestation/ 

plant*

Mean larval 
population/ 

plant*

Mean leaf 
infestation/ 

plant*
April 16 0.25 3.91 0.00 0.00 0.10 1.96

17 0.85 5.00 0.00 0.00 0.40 2.50

18 0.00 0.00 0.00 0.00 0.00 0.00
May 19 0.39 4.54 0.00 0.00 0.20 2.27

20 0.00 0.00 0.00 0.00 0.00 0.00
21 0.00 0.00 0.00 0.00 0.00 0.00
22 0.21 3.65 0.00 0.00 0.10 1.83

June 23 0.15 1.89 0.00 0.00 0.10 0.95
24 0.00 0.00 0.00 0.00 0.00 0.00
25 0.00 0.00 0.23 3.81 0.10 1.91

July 29 0.63 4.67 1.00 7.83 0.80 6.25
30 0.29 3.75 0.74 5.97 0.50 4.86
31 3.43 9.84 0.71 5.90 2.10 7.87

August 32 5.57 17.00 2.80 10.42 4.20 13.71
33 5.16 16.37 5.30 16.76 5.20 16.57
34 7.84 24.56 8.10 30.00 8.00 27.28
35 10.11 32.89 7.60 28.58 8.90 30.74

September 36 12.57 43.70 7.42 28.63 10.00 36.17
37 10.69 35.64 10.89 39.01 10.80 37.33
38 9.28 34.00 17.51 60.12 13.40 47.06
39 16.01 56.73 16.43 53.64 16.20 55.19

October 40 15.67 54.5 15.92 52.25 15.80 53.36
41 15.00 50 16.45 48.00 15.70 49.00
42 14.30 44.1 14.78 45.08 14.50 44.59
43 10.19 30.04 12.56 38.56 11.40 34.30
44 8.23 26.00 14.23 39.87 11.20 32.94

November 45 6.00 15.58 15.00 39.05 10.50 27.34
46 4.88 12.06 11.34 28.16 8.10 20.11
47 4.20 9.00 8.60 18.25 6.40 13.63

SMW- Standard Meteorological Weeks, *mean of five replicates and each replication having 10 
plants 
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observatory situated 500m away from orchard. 
The seasonal population of citrus butterfly 
caterpillar was pooled for seasons and correlation 
and regression analysis was carried out to study 
the relationship between caterpillar population 
and weather using regression technique. 

RESULTS AND DISCUSSION 
The data on incidence of Papilio demoleus 

in Kinnow was pooled for the years 2016 and 
2017 and are presented in (Fig. 1). During the 
experimental period, average temperature varied 

from 42.27 and 12.64°C (Tmax. and Tmin.), R.H 
(%) 92.93 and 20.79 (M and E), sunshine 4.43 and 
9.64hrs and rainfall (0.00 and 101.25mm). Larval 
population and leaf infestation varied from 0.10 to 
16.20 larvae/plant and 0.95 to 55.19% during this 
period. The larvae of citrus butterfly were found 
on Kinnow trees throughout the year whenever 
new flushes are available. While there was no 
population of caterpillar recorded during month 
of December to March in 2016 and 2017. This 
could be due to unfavorable weather conditions 
and low over wintering of adult population.The 

Table 2: Correlation coefficient between larval population, leaf infestation and abiotic factors on Kinnow 
in 2016 and 2017

Weather parameter 2016 2017 Pooled mean
Larval

Population
Leaf

infestation
Larval

population
Leaf

infestation
Larval

population
Leaf

Infestation
T. (max.) °C -0.544** -0.420** -0.592** -0.603** -0.609** -0.559**

T. (min.) °C -0.254 NS -0.128NS -0.386* -0.427* -0.327NS -0.345NS

RH (M) % 0.556** 0.501** 0.621** 0.658** 0.624** 0.616**

RH (E) % 0.455* 0.449* 0.388* 0.504** 0.464* 0.528**

SS (hrs) -0.019NS -0.017NS -0.331NS -0.373* -0.229NS -0.238NS

Rainfall (mm.) -0.236NS -0.204NS -0.175NS -0.162NS -0.271NS -0.202NS

Between leaf infestation 
and larval population in 
2016 and 2017

0.99**

*Significant at 5 per cent level, **Significant at 1 per cent

Fig. 1. Population of citrus butterfly in relation to different weather parameters (pooled mean)



initial larval population and leaf infestation of 
the pest was noticed during 2nd week of April 
with green flush of leaves (0.10 larvae/plant 
and 1.96%), when the mean temperature (max 
and min.) was 41.46 and 21.89°C, morning and 
evening RH as 50.93 and 20.79%. The maximum 
larval population (16.20 larvae/plant) and highest 
leaf infestation (55.19%) on number basis was 
observed in the fourth week of September (39th 
SMW) followed by 15.80 larvae/plant and 53.36% 
infestation were observed in 40th SMW (first week 
of October), when the mean temperature (Tmax.) 
was 34.68 and 35.46°C and Tmin. 24.08 and 
22.81°C, morning RH as 88.64 and 88.50% and 
evening RH as 67.64 and 65.71%, sunshine 7.68 
and 6.48hrs and rainfall 26.15 and 6.00mm. The 
rainy season and new flush was responsible for 
the increase in larval population in September 
and October. The population and leaf infestation 
gradually decreased after 39th to 47th SMW. In 
the initial phase of experiment during April, low 
incidence of P. demoleus was observed, when the 
temperature was high and RH was comparatively 
lower. However, as the temperature declined 
and RH increased average larval population and 
per cent leaf infestation was also increased. The 
pest population was correlated with the weather 
parameters.

These studies are in accordance with the 
findings of Rampratap et al. (2000), who showed 
highest population of P. demoleus during August-

September and peak was observed during 
September on citrus as per study conducted 
for four years at Bundelkhand region of Uttar 
Pradesh. Mathur and Upadhyay (1996) have also 
reported the maximum infestation in August to 
September. Reshma et al. (1986) reported the 
population was negligible in winter months. 
According to Maheswarababu (1988), pest 
population declined during October and there was 
no population from second fortnight of November 
to the end of December. Surpur et al. (2014) also 
reported peak population of P. demoleus during 
August-September. Bindra (1969) reported that 
pest population dwindled during summer (April- 
June). Bindra (1969) and Nair (1975) observed the 
peak population in the months of April and July 
to October.Narayanamma and Savithri (2002) 
also noticed the peak activity of lemon butterfly 
during August. Such variation in peak activity 
period of P. demoleus may be due to variation in 
the climatic condition of the places particularly, 
with reference to the temperature and humidity 
factors.

The correlation coefficient of larval population 
and leaf infestation of P. demoleus with monthly 
maximum and minimum temperature (0C), 
relative humidity morning and evening (%), 
sunshine (hrs) and rainfall (mm) are presented in 
Table. 2. Morning and evening relative humidity 
(%) had positive and significant correlation with 
larval population, whereas negative significant 

Table 3: Regression equation of larval population and leaf infestation of P. demoleus with different 
weather parameters

Year Pest Regression Equation R2 value
2016 Larval Y1= 9.05-0.232x1-0.115x2+0.142x3+0.129x4+1.182x5-

0.051x6

0.51

Leaf 

infestation

Y2= 37.716-0.589x1-0.380x2+0.481x3+0.431x4+3.996x5-
0.164x6

0.49

2017 Larval Y1 =10.756+0.442x1-1.369x2+0.220x3+0.226x4+0.901x5-
0.038x6

0.72

Leaf infestation Y2= 28.183+1.283x1-4.598x2+0.849x3+0.661x4+2.663x5-
0.131x6

0.74

Pooled Larval Y1 = 39.663+0.701x1-1.138x2+0.235x3+0.298x4+1.954x5-
0.028x6

0.71

Leaf 

infestation

Y2= 126.678+2.104x1-
3.778x2+0.835x3+0.934x4+6.817x5-0.075x6

0.72

Y1= Larval population of citrus butterfly, Y2=Leaf infestation, x1= Temperature (max.), x2= Temperature (min.), 
x3=Relative Humidity (morning), x4=Relative Humidity (evening), x5= Sunshine (hrs) and x6= Rainfall (mm)
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correlation with the maximum temperature but 
the effect of minimum temperature, sunshine 
hours, and rainfallon larval population was 
negative and non-significant during both the 
years. These studies are in corroboration with 
the findings of Haldhar et al. (2010) who reported 
negative correlation between lemon butterfly egg, 
larval population and maximum temperature 
(-0.53 and -0.55), whereas relative humidity (M 
and E) was positively correlated (0.44 and 0.53). 
The egg and larval population gradually increased 
and reached to its peak, when temperature 
decreased and humidity increased. It was also 
observed that there was negative correlation with 
rainfall. Rao (2004); Reddy and Kumar (2005) 
and Rao et al. (2015) obtained a negative and 
significant correlation between larval population 
and temperature (max.-min.) and a positive 
correlation with relative humidity. The rainfall 
showed negative and non-significant correlation.

Regression equations were quantified for 
best fit relationship of citrus butterfly larvae and 
leaf infestation with weather parameters, the 
required minimum multiple regressions along 
with R2 value are presented in Table 3. The co-
efficient of determination (R2) indicated that all 
abiotic factors collected, contributed collectively 
about 71.0 and 72.0 per cent variability in 
buildup of larval population and leaf infestation, 
respectively. These studies are in conformity with 
the findings of Kumar and Singh (2008), who 
reported significant values of multiple regression 
equation and coefficient of determination (r2= 
0.666), which indicated weather parameters 
influenced the larval population and infestation. 
Arthropods predators like yellow wasp (Polistes 
hebreus F.), preying mantis (Creobrator gemmatus) 
and spiders were observed to feed on larvae of the 
P. demoleus under field conditions. Trichogramma 
Chilonis and Telenomus sp. are egg parasitoids 
on lemon butterfly during experimental studies 
which were in conformity with Atwal (1964) and 
Krishnamurthy and Singh (1988).

CONCLUSION
Population of P. demoleus was observed 

throughout the year while there were fewer 
populations of larvae recorded during month 
of November to April. The larval population 
reached at its highest peak during September and 
October. The larval population had significant 
negative correlation with maximum temperature 
(°C) and significant positive correlation with 

relative humidity (%). There was non-significant 
and negative correlation of the population with 
minimum temperature, sunshine hours and 
rainfall (mm).
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