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ABSTRACT

Three years (2014-15 to 2016-17) experimental data collected at Pulse Research Station,
Vadodara was used to calibrate and validate the CROPGRO- pigeon pea model for three cultivars of
pigeon pea (BDN 2, AGT 2 and Vaishali). The validated model was used to simulate the seed yield by
changing the maximum and minimum temperature (-3° to +3°C) in different months (June to January)
and rainfall (-25% to +25%) during July, August and September. Results revealed that the elevated
temperature had negative effect on seed yield and reduced temperature had positive effect. Among the
varieties, AGT 2 was least affected by the temperatures and rainfall. Vaishali was found to be most
sensitive to elevated temperature.Higher rainfall during August was beneficial on seed yield of pigeon
pea. Pigeon pea sown in June was most affected due to elevated temperatures and July sown was most
affected by rainfall. The effect of minimum temperature on seed yield was less than that observed with

maximum temperature.
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Pigeon pea [Cajanus cajan (L.) Millsp] commonly
known as arhar, red gram or tur isa legume crop belonging
to the family Fabaceae and subfamily Papilionaceae. Itisan
important source of protein, carbohydrates, B-group
vitamins, and certain minerals (iron and iodine). India ranks
firstinarea (74%) and production (63%) of pigeon pea in the
world, where itis mostly consumed as dehusked splits or dal
(Lohot ef al. 2018). It is the second most important pulse
crop next to chickpea, covering an area of around 4.42 M
ha (occupying about 14.5% of area under pulses) and
production of 2.86 Mt (contributing to 16% of total pulse
production) and productivity of about 707 kg ha"'. Gujarat
isthe fifth largest pigeon pea producing states in the country
after Maharashtra, Karnataka, Madhya Pradesh and Uttar
Pradesh with average yield of 1044 kg ha!(Annon, 2017).

Large number of high yielding varieties have been
released, but the productivity in the crop remains stagnant
around 700 kg ha! as compared to its potential yield (1500-
3000 kgha"). This gap may be attributed to several biotic
and abiotic factors(Kumar ez al. 2014). Since it ismainlya
rainfed crop, unfavorablerainfall (delayed, erratic, improper
distribution) leads to terminal drought or heavy down pour.
Non adoption of improved management practices and lack
of proper research and commercial perspective for the crop
influence the low productivity to a greater extent. Delayed

sowings result in progressive reductions inyield due to early
flowering and slow growth and subsequently results in poor
pod and grain development, due to low temperature during
the pod-filling stage. Cloudy weather and excessive rainfall
at flowering time damage the crop to a great extent. Thus,
the intra-seasonal variation in weather parameters has
significant influence on seed yield of pigeon pea.

Crop simulation models have been used to study the
effect of intra-seasonal variation in temperature on yield of
wheat in India (Sandhu et al., 2016). Patil etal. (2018) have
reported the effect of intra-seasonal variation of temperature
on tuber yield of potato in Gujarat. Yadav et al., (2016) had
attempted to predict the productivity of different crops
under changing climatic conditions using DSSAT group of
models.In this paper an attempt has been made to assess the
effect of intra-seasonal variation in temperatures and rainfall
on seed yield of pigeon pea in middle Gujarat using
CROPGRO- pigeon peamodel.

MATERIALS AND METHODS

Experimental and weather data

The data collected during three years of
experimentation (2014-15,2015-16and 2016-17) on three
cultivars (V -BDN2,V -AGT2and V- Vaishali) of pigeon
pea sown on five dates (D,- 19" June, D,- 1* July, D - 15"
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Table 1: Mean seed yield (kgha') of pigeon pea as affected by dates of sowing and varieties during three years (2014-15 to

2016-17)
Treatments 2014-15 2015-16 2016-17 Mean
Dates of sowing
D, (June 19) 1473 2125 1877 1825
D, (July01) 1389 2093 1843 1775
D, (July 15) 1136 1754 1467 1452
D, (July30) 947 1158 1324 1143
D, (August 14) 716 898 1098 904
Cultivars

V,(BDN2) 1048 1465 1422 1311
V,(AGT2) 1225 1740 1645 1536
V, (Vaishali) 1124 1612 1500 1412
Mean 1132 1606 1522 1420
July, D,- 30" July and D.- 14™ August) and planned in split Impact studies

plotreplicated three times, was obtained from Pulse Research
Station, Anand Agricultural University, Vadodara. Seeds
were sown with spacing of 60cm x 30cm and with
recommended dose of fertilizer 25:50:00 NPK kg ha™' during
all the growing seasons. The soil type of the experimental
site was sandy loam a true representative soil ofthe region.
Irrigation was applied during dry spell and plant protection
measures were followed as per the scheduled package of
practices. The corresponding weather data was obtained
from Department of Agricultural Meteorology, Anand
Agricultural University, Anand.

CROPGRO-pigeon pea model

The DSSAT family of CROPGRO- pigeon pea model
(Hoogenboom ef al., 2004) was employed to simulate seed
yield of pigeon pea crop. The model was calibrated and
validated for different cultivars with the experimental data.
The pertinent daily weather, soil and crop management data
for all the sowing dates and varieties were used as input. The
model was calibrated with the two years (2014-15and 2015-
16) of experimental data and validated with the third year
(2016-17) data. The cultivar coefficients were estimated by
repeated iteration’s by running the GLUE coefficient
estimatoruntil aclose match between simulated and observed
seed yield was obtained.

The model performance was evaluated using test
criteria viz. root mean square error (RMSE), mean absolute
error (MAE), mean bias error (MBE), coefficient of
determination (R?) and percent error (PE) and calculated as
reported by Patil and Patel (2017).

The validated CROPGRO-pigeon pea model was used
to study the effect of intra seasonal variation of temperatures
and rainfall on seed yield of all three varieties sown on five
dates by incremental change in the monthly maximum and
minimum temperatures from -3°C to 3°C during June to
January months at 1°C interval and rainfall change by £10,
+15and £25 per centduring July to August. The simulated
seed yields were compared with the mean observed yield
and the percent departures were calculated.

RESULTS AND DISCUSSION
Seed yield

The mean observed seed yield of three cultivars of
pigeon pea under five dates of sowing during three years are
presented in Table 1. Among different dates of sowing, the
maximum seed yield (1825 kgha') was observed in first date
i.e. June 19 sown pigeon pea followed by July 1 (1775 kg
ha'), July 15 (1452 kgha), July 30 (1143 kg ha') and the
lowest (904 kg ha') in late sown (August 14) pigeon pea.
Among the varieties, the highest seed yield (1536 kg ha™')
was observed in cultivar AGT 2 followed by Vaishali (1412
kg ha'). During three years of experimentation, the mean
seed yield varied between 716 kg ha™' in 2014-15 to 2125
kg ha'in2015-16 (Table 1). Thus, it is clear that the seed
yield of pigeon pea varied significantly with dates of sowing,
variety and year.

Calibration and validation

The genetic coefficients derived for three cultivars



288 Effect of intra-seasonal climatie variation on pigeon pea cultivars in Gujarat

December 2018

Table 2: Genotype coefficients of pigeon pea cultivars for CROPGRO-pigeon pea model

Symbol Description

Genotype coefficients

BDN2 AGT?2 Vaishali
CSDL  Critical Short Day Length below which reproductive 12 12 12
development progresses with no day length effect
(for short day plants) (hour)
PPSEN  Slope of the relative response of development to photoperiod 0.35 0.35 0.35
with time (Positive for short day plants) (1/hour)
EM-FL Time between plant emergence and flower appearance (R1) 71.5 74.3 67.8
(photothermal days)
FL-SH Time between first flower and firstpod (R3) (photothermal days) 10.8 9.7 10.0
FL-SD  Time between first flower and firstseed (R5) (photothermal days) 24.2 20.2 25.5
SD-PM  Time between firstseed (R5) and physiological maturity (R7) 59.04 58.09 56.08
(photothermal days)
FL-LF  Time between first flower (R 1) and end ofleaf expansion 56.28 59.01 50.63
(photothermal days)
LFMAX Maximum leaf photosynthesis rate at 300 C, 350 vpm CO, and 1.10 1.10 1.10
highlight (mgCO,/m*-s)
SLAVR  Specific leafarea of cultivar under standard growth 320.0 320.0 320.0
conditions (cm?/g)
SIZLE  Maximum size of full leaf (three leaflets) (cm?) 172.0 172.0 172.0
XFRT Maximum fraction of daily growth that is partitioned to seed+shell ~ 0.83 0.86 0.81
WTPSD Maximum weight per seed (g) 0.11 0.11 0.14
SFDUR  Seed filling duration for pod cohort at standard growth conditions  49.0 51.0 46.0
(photothermal days)
SDPDV  Average seed per pod under standard growing conditions (#/pod) 3.3 3.3 3.3
PODUR Timerequired for cultivar toreach final pod load under optimal 21.0 24.0 22.0
conditions (photothermal days)
THRSH Threshing percentage. The maxi. ratio of seed [seed/(seed+shell)] 74.0 73.0 70.0
SDPRO Fractionprotein inseeds [g(protein)/g(seed)] 0.225 0.225 0.225
SDLIP  Fractionoilinseed [g(oil)/g(seed)] 0.015 0.015 0.015

(BDN 2, AGT 2 and Vaishali) are presented in Table 2. The
observed and simulated seed yield of pigeon pea cultivar
during calibration (2014-15 and 2015-16) and validation
period (2016-17) are presented in Fig. 1 (a & b). The model
performance evaluated by test criteria viz. RMSE (140.3),
MBE (-1.07), MAE (1.07), R? (0.95) and PE (10.2) for
calibration years indicated close relationship with minimum
error. During validation period (Fig. 1b) also, the performance
of model was quite satisfactory as indicated by the test
criteria (RMSE- 120.74, MBE- 0.65, MAE- 0.65, R?-0.91
and PE-7.4). Hence, this model can be used to simulate the
seed yield of three cultivars of pigeon pea under different
environments.

Effect of temperature variations on varieties

The effect of increase and/or decrease in maximum
and minimum temperatures from -3°C to +3°C during crop
season on seed yield of three varieties of pigeon pea are
presented in Table 3. It is seen that the increase in maximum
and minimum temperatures caused decrease in seed yield in
all the cultivars, the magnitude varied with the cultivars, as
well as the extent of increase in temperature. Conversely, the
decrease in temperature caused increase in the seed yield.
There was generally linear trend in yield variation due to
change in temperature. With change in maximum temperature
by +1°C, the change inseed yield was -5.8 to +5.5 per cent.
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Table 3:Percent change in seed yield of pigeon pea due to change in maximum and minimum temperatures.

Change in temperature Maximum temperature Minimum temperature
BDN2 AGT2 Vaishali BDN2 AGT2 Vaishali

-3 10.3 10.3 10.8 9.9 9.8 10.3
-2 7.8 6.9 8.2 7.4 6.7 7.8
-1 4.8 4.4 5.5 4.4 3.9 5.1

1 -4.4 -4.9 -5.8 -3.7 -4.6 -5.2
2 -7.6 -7.5 -9.2 -6.9 -7.0 -8.6
3 -10.9 -10.2 -11.7 -10.6 -9.7 -10.2

Table 4:Per cent change in seed yield of pigeon pea varieties due to change in maximum and minimum temperatures under
different dates of sowing

Change in Maximum temperature Minimum temperature

temperature D, D, D, D, D, D, D, D, D, D,
-3 10.5 9.9 10.3 9.5 8.6 9.7 8.4 8.2 8.0 7.1
-2 8.0 7.6 7.5 6.4 6.1 7.8 6.2 5.6 5.5 4.8
-1 4.9 4.4 4.4 3.9 3.0 3.4 3.3 2.6 2.7 2.5
1 -5.8 -5.4 -4.8 -4.2 -3.8 -5.0 -3.1 -2.6 -2.6 -2.6
2 -8.7 -8.3 -7.8 -7.5 -6.6 -7.4 -6.0 -5.5 -5.3 -4.8
3 -11.0 -10.7 -10.2 -9.6 -9.0 -10.1 -5.4 -8.2 -8.1 -6.7

Where D, - June 19; D,- July 1; D.- July 15; D,- July 30 and D_- August 14
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Fig.1: Observedandsimulated yield of pigeon pea during (a) calibration period (2014-15and2015-16) and (b) validation
(2016-17) of CROPGRO- pigeon pea model

While with +3°C change in maximum temperature, the seed supply of photosynthates, pollen production, pollen
yield varied between +10.8 to-11.7 per cent. The effect of viability, fertilization, pod/ seed-setall of which lead to poor
maximum temperature variation was highest in cv. Vaishali productivity in pigeon pea (Kesava Rao et al., 2013).
followedby BDN 2 and lowest in AGT 2. Higher temperatures Birthal et al. (2014) also reported that 1 °C rise in the
during reproductive stage may have caused abnormal maximum temperature in kharif season reduced the yield of
development ofthe male/ female reproductive tissues, poor pigeon pea by 11-12 per cent.

production of growth regulators in sink tissues, reduced The effect of minimum temperature on seed yield of
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Fig.3: Per cent change in seed yield (%) due to intra
seasonal variation of rainfall in different varieties

different cultivars was slightly less than that observed with
maximum temperature (Table 3). The increase in minimum
temperature up to 3°C had highest (-10.6%) yield reduction
incv. BDN 2 followed by -10.2 per centin Vaishaliand -9.7
per cent in AGT 2. Cultivar AGT 2 having highest yield
(Table 1) was least influenced by change in maximum and
minimum temperatures in comparison to other two cultivars.

Effect of temperature under different sowing environment

The effect of change in maximum and minimum
temperatures during crop growing period on seed sown on
different dates (June 19, July 1, July 15, July 30 and August
14) revealed that the seed yield decreased with increase in
temperature and vice versa under all the five dates of sowing
(Table4). Itis seen that the extent of variation in seed yield

Fig. 2: Percent change in seed yield (%) of pigeon pea due to change in mean temperature in different months.
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Fig.4: Per cent change in seed yield (%) due to intra
seasonal variation of rainfall in different dates of
sowing

varied with the dates of sowing. The maximum effect (+10.5
to -11.0%) was observed in early sown (D, — June 19) and
lowest variation (+8.6 t0-9.0%) was in late sown (D .- August
14) pigeon pea due to change in maximum temperature from
-3 to +3°C respectively. The late sown crop produced less
seedyield and was least affected by the change in temperature.
The increase in maximum temperature by 3°C caused highest
yield reduction (-11.0%) on crop sown on June 19, followed
by July 1 sown crop (-10.7%). Higher seed yield reduction
maybe due to increased temperature which caused increase
in rate of respiration resulted higher loss of
photosynthates.About 10.2, 9.6 and 9 percent yield
reduction was observed under Julyl5, 30 and August 14
sown pigeon pearespectively (Table 4).
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Theeffect of change in minimum temperature on seed
yield of pigeon pea under different dates of sowing was
lower than that observed with maximum temperature. The
early sown pigeon pea (June 19) was affected more with
change in minimum temperature in comparison to other
sowing dates (Table 4).

Effect of intra-seasonal change in temperature

The effect of intra-seasonal change in temperatures
during crop growing period (June to January) on seed sown
revealed that the seed yield decreased with increase in
temperature and vice versa (Fig. 2).The maximum effect
(+11.6t0-10.5%) was observed during October month and
lowest (+2.9t0-5.2%) during June month. The increase in
temperature by 3°C caused highest reduction (-11.4%)
during September month. Higher decrease in seed yield
during September and October may be due to the fact that
higher temperature during developmental stage affected
the pollination which is one of the sensitive phenological
stage.

Effect of rainfall variations

The effect of increase and/or decrease in rainfall
by+10,+15 and £25 per cent in the months of July, August
and September onseed yield of three varieties of pigeon pea
are presented in Fig. 3. It is seen that the increase in rainfall
caused increase in seed yield in all the cultivars, the
magnitude varied with the cultivars, as well as the period and
the extent of increase rainfall. The variation was highest (-
32.8%1024.3%)in Cv. Vaishali (V,) during August month
followedby BDN 2 (-30.2% t0 20.5%) and AGT 2 (-26.7%
to 18.5%). Rainfall during August month affected the seed
yield most followed by July and September in all the
varieties.Dubey et al., (2011) reported that the decline in
rainfall decreased the seed yield of pigeon pea. Variety AGT
2 was least affected due to rainfall as well as
temperature. Among the dates of sowing, the variation in
seed yield due to change inrainfall was maximum (-37.8%
t030.7%) in July 15sown and least (-26.0% to0 23.5%) sown
crop in August 14 (Fig. 4).

CONCLUSION

The CROPGRO- pigeon pea model of DSSAT family,
calibrated and validated for three cultivars of pigeon pea,
simulated the seed yield under different environments
satisfactorily with error percent less than 10. Hence this
model can be used for studying the effect of different
environments and management practices on pigeon pea
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crop inmiddle Gujarat. The increase and decrease in maximum
and minimum temperatures had negative/positive impact of
seed yield of pigeon pea, the extent of which varied with
cultivars, time of sowing and the period/month of temperature
change. Highyielding variety AGT 2 was least affected by
change in temperature and rainfall while Cv. Vaishali was
most affected due to temperatures and rainfall. Rainfall
during August was found to have favourable effect on the
seedyield of pigeon pea. Early sown pigeon pea were most
affected by change in temperature while July sown crops
were most affected by rainfall.
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