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The concept of yield per day (Swaminathan, 1968)

lays down that under irrigation,  the yield of any given

cultivar of a given crop in a given season,  when expressed

as yield per unit area per day of crop life remains same across

locations. Any crop cultivar requires a specific amount of

heat-units accumulated above a specified base temperature

to complete its life cycle. Thus global warming  will reduce

unit area crop yields through reduction in field-life duration

of crops. It is not possible to breed varieties with higher heat

unit requirements. Attention has rightly been given to

estimating the reduction in yields of crops likely under

global warming, particularly of rice and wheat.

The percentage reduction in life duration of crops  for

one degree centigrade rise in temperature will vary with

mean crop season temperature and with crops depending on

the value of base temperature used for calculating the heat

units. Thus,  exercises on reduction in crop life duration due

to global warming has to be carried out on a season- wise,

location-wise and crop-wise basis. However, this can be

overcome by adopting a simple approach (Venkataraman

2004) on account of the following. Carbon dioxide level is

expected to reach a value of 660 ppm by end of this century

with an increase of 3 degree centigrade over the present

temperatures.  The base temperature varies with crops but

not with their varieties. So extent of reduction in crop life for

unit increase in temperature will be the same for all varieties

of a crop. The base temperatures for computing heat units

for various crops vary from 10.0 to 3.3 degrees centigrade.

Mean crop season temperatures range from 15 to 30 degrees

centigrade.  Thus,   the percentage reduction in crop life to

be expected for increase of 1 to 3 degrees centigrade for

ambient mean crop season temperatures from 15 to 30

degrees centigrade in 1 degree steps for crops with base

temperatures ranging from 10 to 3.3 degrees centigrade

have been given by Venkataraman (2004). The above should

cover all agricultural crops and crop seasons.

 Venkataraman (2015) has drawn attention to the

possibility that the durations of reproductive phase of rice,

vegetative phase of groundnut and pod maturation phase of

soybean may be temperature-insensitive.  If confirmed, the

application of data given by Venkataraman (2004) will

overestimate the reduction in crop duration of the rice,

groundnut and soybean. The pod maturation phase of

soybean is too small with reference to its field-life duration

to significantly influence the reduction figures. So that

leaves us to grapple with rice and groundnut only.

Simple arithmetic will show that the figures of reduction

in the above referred table of Venkataeaman (2004)  multiplied

by the exposure factor (EF) which is the fraction of crop life

affected by temperature will give the actual reduction. At

present factual data to compute EF appear to be available

only for rice and the same is detailed below.

For rice phenology, the 3 main recognised phases are

(i) vegetative phase from sowing to panicle initiation (ii )

reproductive phase from panicle initiation to 50% flowering

and (iii) maturation phase from 50% flowering to

physiological maturity. From world-wide experiments

conducted on rice under a wide range of climates, varieties

and cultural practices, Oldeman et al (1987) reported that

(i)  the differences in duration of rice varieties are mainly due

to differences in duration of vegetative phase and (ii) the

maturation period of rice is 30 plus or minus 5 days. Data on

rice varieties for South Telengana presented by Raji Reddy

et al. (2007) show that difference in duration of long and

short duration variety in the rainy season and of short

duration variety in rainy and rabi seasons are mainly reflected

in the duration of vegetative phase, Data of Jayapriya et. al.

(2016) show that difference in duration of 15 days between

varieties CO9R0 51 and IET 30924 in the kharif season at

Coimbatore is mainly due to difference in duration of

vegetative phase.  Data of Raji Reddy et al (2007)  show that

for the short duration variety the temperature during

vegetative phase is 26 and 22 degrees Centigrade

respectively in the rainy and rabi season. For same short

duration variety the temperature increases from 22 degrees

centigrade in the vegetative phase to 27 degrees centigrade

in the reproductive phase. However it increases to 30 degrees

centigrade in the maturation phase. This is an increase of 5
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decrease in value of EF for a decrease and increase

respectively of 5 days in reproductive duration from the

assumed 55 days.

In view of the above,  computed values of EF for

varieties with Heat Unit needs above 10ºC of 1100,1200,

1300, 1400 and 1500 but fixed reproductive period of 55

days for temperatures from 20 to 30 degrees centigrade in

1 degree steps are given in Table 1. In this the temperature

refers to the mean temperature of the vegetative phase.   In

the table underlined figures in italics mean that they are not

likely to be encountered in farming practice but have been

put in for sake of completeness

The computations bring out the following features.

For all varieties EF decreases with an increase in temperature.

The rate of decrease is nearly the same for all cultivars. For

any given variety EF increases with an increase in heat unit

requirements for the vegetative phase.. It was noticed that

EF changes inversely by value of 0.02 per change of 5 days

in duration of the reproductive phase from the assumed 55

days. .The values of EF have to be increased or decreased

by 0.02 respectively per 5 days decrease or increase from 55

days. Since this value is very small this adjustment is not

totally necessary.

Mention about getting actual values of reduction by

multiplying the percentage reduction figures given by

Venkataraman (2004) has been made earlier. To facilitate

readers directly using the table, the percentage reduction

for 1,2, 3 degrees rise in temperature for rice as given by

Venkataraman (2004)  are also given against the

degrees centigrade compared to that in the rainy season.

This should have led to a 25% reduction in maturation

period of rabi rice. However, both at 25 and 30 degrees

centigrade the maturation period remains the same at 29

days.  Data of Jayapriya et. al. (2016) show that amongst rice

cultivars the duration of (i)  reproductive phase is 27  3 days

(ii) maturity phase is 30  3 days   (iii) of panicle initiation to

physiological maturity is 55  5 days. Thus, it emerges that

maturity phase is 30  3 days the duration of the phase from

panicle initiation to physiological maturity is a varietal

attribute and can range from 50 to 60 days amongst rice

cultivars. This complicates the picture due to the following.

At the same temperature EF will decrease with an increase in

heat unit requirements for completion of the vegetative

phase. This decrease may be augmented or reduced by a

decrease and increase respectively of the reproductive period

from any assumed figure, say 55 days.

 Mean daily crop season temperature for rice range

from 20 to 30 degrees Centigrade. Data of Raji Reddy et al

(2007) show that the heat unit requirements above a base of

10 º C for completion of vegetative phase of rice,   may range

from 1100 for early varieties to 1500 for late varieties. It was

decided to compute EF values for varieties of rice requiring

1000,1100. 1200 1300, 1400  and 1500 heat units above

a base of 10 degrees centigrade for completion of their

vegetative phase with a reproductive phase duration of 55

days. EF values were computed in one degree steps in the

range 20 to 30 degrees centigrade. Values of EF for sub-

classes with reproductive phase duration of 50, and 60 days

were also carried out to assess the extent of increase and

 Table 1: Values of exposure factor (EF)  and normal percentage reduction

Temp.                                    Heat units above 10º C for vegetative phase                        Normal % reduction

(º C) 1000 1100 1200 1300 1400 1500 + 1º C +2º C +3º C

20 0.65 0.67 0.69 0.70 0.72 0.73 9 17 23

21 0.62 0.65 0.67 0.68 0.70 0.71 8 15 21

22 0.60 0.63 0.65 0.66 0.68 0.69 8 14 20

23 0.58 0.61 0.63 0.65 0.66 0.68 7 13 19

24 0.56 0.59 0.61 0.63 0.65 0.66 7 13 18

25 0.55 0.57 0.59 0.61 0.63 0.65 6 12 17

26 0.53 0.56 0.58 0.59 0.61 0.63 6 11 16

27 0.52 0.54 0.56 0.58 0.60 0.61 6 11 15

28 0.50 0.53 0.55 0.57 0.59 0.60 5 10 14

29 0.49 0.51 0.53 0.55 0.57 0.59 5 9 14

30 0.48 0.50 0.52 .0.54 0.56 0.58 5 9 13
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corresponding temperature in the last 3 columns (Table 1).

Thus, find EF from table relating to a given variety and

ambient crop mean air temperature of vegetative phase of

the crop, then multiply by value of  EF the corresponding

percentage reduction table to get the actual reduction
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