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The DSSAT-CERES-Sorghum model was used to test
performance of four kharif sorghum genotypes to changes
in rainfall and temperature over three sowing windows.
Three rainfall scenarios (no change, —10%, —20%) and
three temperature scenarios (no change, +1°C, +2°C)
were incorporated to past 32 year (1985 to 2016) of
recorded weather data, and average simulated outputs
showed that, irrespective of cultivar and sowing time,
reduction in rainfall had minimal effect on crop dura-
tion, but lowered grain yield by 3.34% and 12.85% res-
pectively, at -10% and —20% rainfall scenarios. Rise in
temperature from current levels to +1°C and +2°C re-
duced crop duration by 7 and 12 days, while final yield
reduced by 9.4% and 20% respectively. Further, per cent
reduction in yield increased with delay in sowing under
both scenarios. This effect was more pronounced with
combined effect of reduced rainfall and increased tem-
perature. CSH-16 cultivar performed the best across
scenarios, while the remaining cultivars followed the
order: CSV-17 > CSV-23 > CSH-23. Early sowing (15
June) is suitable to attain higher yield compared to 30
June and 15 July sowing across scenarios.

Keywords: Grain yield, kharif season, rainfall, sensiti-
vity analysis, sorghum genotypes, temperature.

SORGHUM (Sorghum bicolor) is one of the major cereal
crops of India, grown mainly under rainfed conditions owing
to its higher drought tolerance ability compared to other cereal
crops. Hence it is extensively grown in the semi-arid tropics
(SAT) under varied moisture regimes'. In India, around
2.31 million tonnes of sorghum grain is produced during
kharif season from an area of 2.26 million hectares, but
the average sorghum productivity (864 kg ha ') is much
lower than the world average (1481kgha') according to
Department of Agriculture and Cooperation (DAC)”. Most
sorghum cultivation is limited to rainfed conditions of arid
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and semi-arid regions coupled with uncertain moisture
availability; its productivity is greatly constrained by cli-
matic factors, particularly temperature and rainfall, com-
pared to other crop management practices’. Karnataka,
India, is predominantly semi-arid and situated in the tropics.
Rainfall and temperature dominate all other climate para-
meters vis-a-vis crop growth and yield. The southwest
monsoon (SWM; from June to September) accounts for a
little more than 70% of the total annual rainfall of the
Northern Interior Karnataka (NIK) region. Hence spatial
and temporal variation in rainfall during this period greatly
influences crop yield as NIK is much drier and warmer
than the rest of the state. The long-term average rainfall
variability (CV) during SWM season in NIK is much
higher (21%) than that of entire Karnataka (15%) and India
(11%) as a whole’.

With climate change and associated variability in climatic
factors, even under the most optimistic and efficient tech-
nology-driven scenario, the temperature will increase by at
least 1°C and 2°C by 2050 and 2100 respectively. Some pro-
jections suggest that temperatures may even rise more than
3-4°C by the end of this century*®’. Correspondingly,
rainfall patterns may change further, increasing both spatial
and temporal variation in its occurrence. This would expose
kharif sorghum not only to warmer climates, but also to
moisture stress due to uneven or erratic distribution of
monsoon rainfall. Hence there is a need to understand the
response of the currently popular and/or recently released
kharif sorghum cultivars and other crop cultivars to changes
in both rainfall and temperature. This would help develop
and/or optimize not only new agronomic practices as adapta-
tion strategies, but also develop new cultivars which can
better cope with future projected climates if the current
cultivars fail to yield more. Likewise, researchers elsewhere
in India used various adaptation strategies, viz. change in
sowing date, optimizing irrigation and fertilizer schedule
to minimize the yield reduction in wheat and maize. Similar
strategies may also be required in sorghum, and detailed
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Figure 1.

studies are needed to quantify the impact of rising temper-
ature on sorghum yield*"'. However, due to huge logistical
requirements as well as time/resource constraints in under-
taking field-based studies on climate change, crop simula-
tion models (CSMs) are being used widely across the world
to study the impact of climate change on the performance
of crop(s), their different cultivars and overall system pro-
ductivity. It is noteworthy that CSMs have proved to be
handy and efficient tools to assess and quantify the impact
of climate change on a long-term basis through seasonal
analysis than a time-bound field experiment. For instance,
researchers used InfoCrop and CERES models to study the
impact of increased temperature and reduced rainfall in
sorghum'>". However, the effect on crop yield may vary
from region to region and from season to season within a
region for each crop and production system.

Therefore, climate studies to quantify the impact and de-
vice adaptation strategies are required in sorghum as well
for the NIK region as a whole, which is more vulnerable to
climate change than the rest of Karnataka and the Northern
Transitional Zone (NTZ) in particular. In this background,
a simulation study was undertaken to quantify the impact
of changes in daily rainfall amount and mean temperature
on rainfed kharif sorghum in NTZ grown on deep black
soils using seasonal analysis tools in the DSSAT-CERES-
Sorghum model.

Materials and methods
Experimental procedure
A field study was conducted at the University of Agricultural
Sciences, Dharwad, Karnataka (15°26'N, 75°07'E at an alti-

tude of 678 m amsl) under the AICRP on Sorghum project
during kharif seasons of 2011 and 2012, which included

922

Mean monthly meteorological data from May to September for the past 32 years (1985-2016) in the experimental site.

four sorghum cultivars, namely CSV-17, CSV-23, CSH-16
and CSH-23, grown across three sowing windows, i.e. 15
June, 30 June and 15 July. The data from this set of experi-
ments were used only to calibrate and validate the DSSAT-
CERES-Sorghum model after optimizing the genetic coeffi-
cients for all four cultivars'*. In the present study, we used
these four optimized cultivars for further analysis using the
DSSAT model. In order to simulate the impact of changes
in temperature and rainfall on the performance of each of
these four cultivars, the same four optimized and validated
cultivars were used in this study to quantify both the inde-
pendent and combined effects of increasing daily mean
temperature and reduced rainfall on kharif sorghum geno-
types using the DSSAT crop simulation model. For this
historic weather data of 32 years (1985-2016) were collected
from the same study location for seasonal analysis.

Seasonal analysis

For seasonal analysis study, the 32 years of observed histor-
ical weather data (1985-2016) from the Main Agricultural
Research Station, Dharwad weather observatory were col-
lected, and this period was considered as the ‘current’ sce-
nario (Figure 1). Three temperature and rainfall scenarios
were developed for this study. Temperature scenarios inclu-
ded current (observed during 1985-2016 with no changes)
and +1.0°C and +2.0°C rise in daily average maximum and
minimum temperatures over the current scenario. The
three rainfall scenarios included no change in rainfall (ob-
served during 1985-2016), and —10% and —20% reduction
in daily rainfall over the first scenario (no change in rain-
fall). Each of these scenarios was developed for the 32-
year period from 1985 to 2016. A total combination of
nine scenarios were developed (Table 1). The DSSAT-
CERES-Sorghum model was run for 32 years for each of
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Table 1. Future climate scenarios considered for the seasonal analysis study
Sce* no. Scenario Remarks**
Sce-1 RF: NC +0°C Rainfall and temperature no change, and is the current scenario
Sce-2 RF: -10% +0°C Rainfall reduced by 10% and no change in daily average maximum and minimum temperatures
Sce-3 RF: -20% +0°C Rainfall reduced by 20% and no change in daily average maximum and minimum temperatures
Sce-4 RF: NC +1°C Rainfall no change and rise in daily average maximum and minimum temperatures by 1.0°C
Sce-5 RF: NC +2°C Rainfall no change and rise in daily average maximum and minimum temperatures by 2.0°C
Sce-6 RF: -10% +1°C Rainfall reduced by 10% and rise in daily average maximum and minimum temperatures by 1.0°C
Sce-7 RF: -10% +2°C Rainfall reduced by 10% and rise in daily average maximum and minimum temperatures by 2.0°C
Sce-8 RF: -20% +1°C Rainfall reduced by 20% and rise in daily average maximum and minimum temperatures by 1.0°C
Sce-9 RF: -20% +2°C Rainfall reduced by 20% and rise in daily average maximum and minimum temperatures by 2.0°C

*Sce, Scenario. **Observed weather data for the period of 32 years (1985-2016).

four sorghum cultivars (CSV-17, CSV-23, CSH-16 and
CSH-23) and over three dates of sowing (15 June, 30 June
and 15 July). Totally 108 runs (four cultivars x three dates of
sowing x nine climate scenarios), for each cultivar, 32 years
were simulated, and only the average of 32 years of simu-
lation output from each run is presented and discussed here.

The main rationale behind the use of historic weather
(1985-2016) data was to simulate each cultivar exposed to
different growing conditions (i.e. three sowing dates) over
a period of 32 years that would expose the crops to naturally
occurring weather variability that is, below average, above
average and average weather (here rainfall and temperature)
as well as extremes, if any.

Model description

DSSAT is a multi-process-oriented dynamic crop simulation
model that operates on a daily time step and simulates crop
growth and development of more than 25 different crops,
including sorghum, in interaction with the weather, soil,
management and crop cultivar-specific genetic coefficients.
The DSSAT-CERES-Sorghum model, like most other mod-
els, requires four main types of input data: weather, soil,
crop and management'’. These input data were used for sor-
ghum according to the recommendations of the University
of Agricultural Sciences, Dharwad for the Northern Transi-
tional Zone (NTZ No. 8).

Results and discussion

Crop growth and yield are largely determined by weather
conditions during the growing season. Rainfall and tempera-
ture are two of the most important environmental factors
that have a major role in determining crop growth, deve-
lopment and yield'®.

Effect of change in rainfall amount and temperature
on physiological maturity

On average, under the current scenario (Sce-1, i.e. no change
in rainfall and temperature), CSH-16 took 121 days for
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physiological maturity, followed by CSV-23 (116 days),
CSH-23 (115 days) and CSV-17 (107 days), as shown by
32 years of simulation data. The DSSAT model captured
the crop duration of each cultivar accurately. For instance,
among the four tested cultivars, CSV-17 is a short-duration
variety, and the model could simulate it as 107 days. With
the increase in temperature, the duration for the physiological
maturity is reduced by an average of 5-6 days for each
1°C increase in temperature (Table 2). In contrast, a reduc-
tion in rainfall by 10% and 20% did not impact crop dura-
tion. This suggests that mild moisture stress imposed by
the reduction of daily rainfall during kharif season crop-
growing cycle does not reduce crop duration. As hypothe-
sized and expected, temperature alone affected phenology
and total crop duration during kharif season in NTZ. How-
ever, the effect of sowing time on phenology was minimal.
Averaged over all the scenarios and cultivars, delay in sow-
ing by 15 days shortened the crop duration, on average, by
only 1-2 days. This was expected in the kharif season
(June—September) in the NTZ as the daily cardinal tem-
perature ranges between 20°C and 30°C, and this period is
mostly covered by the SWM clouds carrying cool winds.
Similar observations on the decrease in the number of days
taken for physiological maturity of sorghum genotypes,
mainly due to high temperatures, have been made'’. As
high temperatures accelerate crop growth and development,
it limits the solar radiation interception by the crops during
the growing period. With less fuel for photosynthesis (i.e.
conversion of CO, to organic compounds), the plant bio-
mass tends to be lower, bringing mature plant biomass below
potential levels'®?'. Therefore, irrespective of other biotic
and abiotic stresses, the highest crop yields are obtained
when relatively mild temperatures increase the overall crop
duration®.

Effect of reduced rainfall amount on grain yield

Among the four cultivars examined, under Sce-1 (i.e. no
change in rainfall and temperature), CSH-16 recorded the
highest grain yield (2041 kg ha™"), followed by CSV-23
(1842kgha™'), CSH-23 (1731kgha') and CSV-17
(1059 kg ha"). The simulated findings of this study clearly
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Table 2.

Simulated physiological maturity (days) of kharif sorghum cultivars across dates of sowing as influenced by changes in mean temperature

and rainfall amount (average of 32 years, 1985-2016)

Treatments/scenarios/ RF: RF:-10% RF:-20% RF:NC+ RF:-10% RF:-20% RF: RF: -10% RF:-20%
sorghum cultivars NC + 0°C +0°C +0°C 1°C +1°C +1°C NC +2°C  +2°C +2°C
CSV-17 D, 107 107 107 101 101 101 96 96 96
D, 108 106 106 100 101 101 95 95 95
D; 105 105 104 99 100 99 95 96 95
Mean 107 106 106 100 101 100 95 96 95
CSV-23 D, 117 117 117 111 111 111 106 106 105
D, 117 115 116 109 109 111 104 105 105
D; 114 114 114 108 108 108 102 104 103
Mean 116 115 115 109 109 110 104 105 104
CSH-16 D, 123 122 122 116 116 116 111 111 112
D, 121 120 121 114 114 116 109 110 110
D; 119 119 119 113 113 113 107 107 107
Mean 121 120 121 114 114 115 109 109 110
CSH-23 D, 117 116 116 110 110 111 105 105 105
D, 116 113 115 108 108 109 103 105 104
D; 112 112 112 107 107 106 101 103 102
Mean 115 114 114 108 108 109 103 104 104
Mean within DOS D, 116 115 116 110 109 110 104 105 105
across cultivars D, 115 114 114 108 108 109 103 104 103
D; 113 112 112 107 107 107 101 102 102
Grand mean 115 114 114 108 108 108 103 104 103

DOS, Date of sowing; RF, Rainfall; NC, No change; Dy, 15 June; D,, 30 June; D5, 15 July.

show that the CSH-16 and CSV-17 cultivars being the long-
est and shortest duration types, have the highest and lowest
grain yields respectively.

When rainfall was reduced by 10% and 20%, i.e. for
Sce-2 and Sce-3, the simulated yield was reduced to 1955 and
1800, 1770 and 1627, 1653 and 1533, 1081 and 950 kg ha™'
respectively, for the cultivars CSH-16, CSV-23, CSH-23 and
CSV-17. It was observed that a 10% drop in rainfall re-
duced the grain yield by 4.39%, 4.06%, 4.71% and 2.03%
for CSH-16, CSV-23, CSH-23 and CSV-17 respectively,
with an average of 3.80% across the cultivars. However, a
20% drop in rainfall reduced the grain yield much more,
i.e. 13.38%, 13.21%, 12.91% and 11.47% respectively, with
an average of 12.74% across the cultivars (Table 3). This
shows that the effect of moisture stress on yield with an
increased reduction in rainfall is not linear, i.e. not at a
constant rate.

Effect of rising temperature on grain yield

Based on the simulation outputs of the four cultivars across
sowing dates over 32 years, under Sce-1, CSH-16 recor-
ded the highest grain yield (2041 kgha') followed by
CSV-23 (1842 kg ha™"), CSH-23 (1731 kg ha™') and CSV-
17 (1059 kg ha '). Whereas with an increase in tempera-
ture by +1°C and +2°C, i.e. Sce-4 and Sce-5, the yield of
all four cultivars was reduced (1880 and 1722, 1633 and
1565, 1615 and 1444, 972 and 829 kg ha ' respectively).
The simulated per cent reduction in yield was 8.56 and
18.52, 12.79 and 17.69, 7.18 and 19.87, 8.95 and 27.74 res-
pectively, for Sce-4 and Sce-5 (Table 3).

924

Combined effect of reduction in rainfall and rise
in temperature on grain yield

The ranking of cultivars with respect to yield remained the
same, under Sce-6 and Sce-7, i.e. 10% and 20% reduction
in rainfall, and each scenario coupled with +1°C rise in
temperature, compared to Sce-1, but the reduction in yield
of all the cultivars was greater than the individual effects of
either reduced rainfall or rise in temperature. The simulated
yield of cultivars in the same order as above, compared to
Sce-1, reduced to 1747 and 1618, 1538 and 1448, 1444 and
1361, 890 and 846 kg ha ' respectively, for Sce-6 and Sce-7.
The reduction was to the extent of 16.82 and 33.22, 19.76
and 29.80, 19.87 and 27.93, 18.98 and 38.61% respectively,
for Sce-6 and Sce-7 (Table 3). Similarly, under Sce-8 and
Sce-9, i.e. 10% and 20% reduction in rainfall, and each
coupled with a +2°C rise in temperature, the simulated yield
of cultivars in the same order, compared to Sce-1, reduced
further to 1618 and 1369, 1448 and 1239, 1361 and 1186,
846 and 687 kg ha' respectively. The simulated per cent re-
duction in grain yield was 26.14 and 49.08, 27.20 and 48.66,
27.18 and 45.95, 25.17 and 54.14 respectively, for Sce-8
and Sce-9. Among the four cultivars tested, CSH-16 perfor-
med better under all the temperature and rainfall scenarios,
followed by CSV-17, CSH-23 and CSV-23. The short-
duration variety CSV-17 performed better than CSH-23 and
CSV-23 when the crops were exposed to reduced rainfall
and rise in temperature, which may be due to an early harvest
and escaping from stress at the critical period of growth.
The extent of the reduction in grain yield was directly
linked to increased temperature and reduced rainfall. Ex-
posure to higher temperatures led to faster accumulation
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Table 3. Simulated grain yield (kg ha™) of kharif sorghum cultivar across dates of sowing as influenced by changes in mean temperature and rainfall
amount (average of 32 years, 1985-2016)

Treatments/scenarios/ RF:
sorghum cultivars NC+0°C +0°C

RF: -10% RF:-20% RF:
+0°C NC+1°C +1°C

RF: -10% RF:-20% RF: RF: -10% RF:-20%
+1°C NC+2°C +2°C +2°C

CSV-17 D, 1164 1190 1075
D, 1126 1056 973

D; 952 931 802

Mean 1081 1059 950

CSV-23 D, 2026 1926 1822
D, 1789 1694 1628

D; 1710 1689 1431

Mean 1842 1770 1627

CSH-16 D, 2256 2163 1974
D, 1969 1866 1813

D; 1897 1835 1614

Mean 2041 1955 1800

CSH-23 D, 1928 1836 1777
D, 1654 1571 1503

D; 1612 1551 1318

Mean 1731 1653 1533

Mean within DOS D, 1850 1772 1662
across cultivars D, 1617 1564 1479
D; 1538 1507 1291

Grand mean 1668 1614 1478

1082 1001 961 924 805 755
1036 921 862 868 856 682
797 747 714 695 630 623
972 890 846 829 764 687
1864 1749 1657 1705 1516 1387
1656 1456 1392 1649 1472 1238
1380 1408 1296 1341 1270 1093
1633 1538 1448 1565 1419 1239
2035 1940 1840 1974 1696 1604
1831 1697 1546 1673 1456 1301
1774 1603 1468 1519 1445 1203
1880 1747 1618 1722 1532 1369
1899 1660 1586 1694 1434 1358
1537 1363 1304 1373 1393 1150
1409 1308 1192 1266 1231 1049
1615 1444 1361 1444 1353 1186
1720 1588 1511 1574 1363 1276
1515 1359 1276 1391 1294 1093
1340 1267 1168 1205 1144 992
1525 1404 1318 1390 1267 1120

of thermal units/heat units, which indicates fulfilment of
thermal requirements without producing sufficient biomass
or economic yield”**. Lower yield under reduced rainfall
could be mainly attributed to moisture stress. Soil moisture
plays a crucial role in crop growth, uptake of nutrients and
yield. Moreover, inadequate moisture dramatically affects
seed germination, cell division, tillering and plant nutrient
uptake. The nutrients enter the root surface from the soil
by mass flow and diffusion mechanisms. These mechanisms
are highly correlated to soil moisture content. Due to water
deficit, stomatal conductivity, transpiration, photosynthesis
and various physiological processes are affected and harm
crop growth and yield™.

Drought-like situations are induced by moisture stress,
which can be caused by increased temperatures and/or lack
of water’”’. Further, it can occur at seedling, flowering, and
ripening stages of growth and adversely affect the yields®"*.
Most morphological and physiological characteristics at the
seedling stage are disturbed by moisture stress®’. Likewise,
many studies have reported that moisture stress predomi-
nantly inhibits shoot growth more than root growth®®>?,
Reduction in the growth of seedlings is also the result of
restricted cell multiplication and elongation, as drought stress
directly inhibits development by reducing cell division and
elongation®®; hence rise in temperature and moisture stress
both affect the plant biophysiological processes.

Effect of changes in rainfall across dates of sowing
on crop performance

The simulated effect of change in temperature and rainfall
during the crop growing period sown on different dates (15
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June, 30 June and 15 July) revealed that the grain yield
decreased with an increase in temperature under all three
dates of sowing. Simulation outputs also revealed that the
extent of reduction in grain yield varied with the date of
sowing. Among the three dates of sowing, irrespective of
cultivars, under Sce-1, 15 June-sown crops recorded the
highest grain yield (1850 kg ha™') followed by 30 June
(1617kgha™') and 15 July (1538 kg ha'). Whereas the
reduction in rainfall alone by 10% and 20%, i.e. for Sce-2
and Sce-3, the simulated yield was reduced to 1772 and
1662, 1564 and 1479, 1507 and 1291 kg ha™' respectively.
This shows that a 10% reduction in rainfall reduces grain
yield by 4.40%, 3.38% and 2.05% respectively, for 15 June,
30 June and 15 July sowing (average of 3.27%). However,
a 20% reduction in rainfall alone lowers the yield much
more, i.e. 11.31%, 9.33% and 19.13% respectively, which
across the dates of sowing averaged at 13.25%.

Effect of rising temperature across dates of sowing

Irrespective of the cultivars, under Sce-1, 15 June-sown crops
recorded the highest grain yield (1850 kg ha™"), followed
by 30 June (1617 kg ha') and 15 July (1538 kg ha'). How-
ever, when temperature alone was increased by 1°C and
2°C, i.e. Sce-4 and Sce-5, the simulated yield was reduced
to 1720 and 1574, 1515 and 1391, 1340 and 1205 kg ha '
respectively. This showed that a 1°C increase in temperature
alone lowers the grain yield by 7.55%, 6.73% and 14.77%
respectively, for 15 June, 30 June and 15 July. However, a
2°C increase in temperature lowers the yield much more,
ie. 17.53%, 16.24% and 27.63% respectively, which across
the dates of sowing averaged at 20.46% (Table 3). Further,
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with the rise in temperature from the current levels to
+2.0°C, the reduction in yield was simulated to be higher
in late-sown crops, i.e. 15 July (9.52%) in comparison with
early sowing, i.e. 15 June (5.23%) and 30 June (8.80%).

Combined effect of reduction in rainfall and rise in
temperature across dates of sowing on grain yield

The reduction in rainfall by 10% and each coupled with
+1°C and +2°C rise in temperature reduced the yield of all
the cultivars. The effect was much more than that of either
reduced rainfall or a ++rise in temperature alone. The reduc-
tion was to an extent of 16.49% and 35.73%, 18.98% and
24.96%, 21.38% and 34.44% respectively, for Sce-6 and
Sce-7 under 15 June, 30 June and 15 July sowing. Similarly,
under Sce-8 and Sce-9, i.e. 20% reduction in rainfall, and
each coupled with +1°C and +2°C rise in temperature, the
yield of cultivars in the same order reduced to 1511 and
1276, 1276 and 1093, 1168 and 992 kg ha™' respectively.
The simulated reduction in grain yield was 22.43% and
44.98%, 26.72% and 47.94%, 31.67% and 55.04% respec-
tively, for Sce-8 and Sce-9.

In all the scenarios, higher grain yields were simulated
in early-sown crops (15 June), which might be attributed to
relatively longer crop duration and improved access to soil
moisture. This helps enhance metabolite synthesis, which
will increase total dry matter production during grain-filling
and maturity, thereby improving the yield. As a result,
early sowing with the commencement of SWM often bene-
fits the crop due to higher soil moisture availability, thus
preventing the moisture stress likely to occur with late
sowing, even during the kharif season.

Among the four cultivars tested, CSH-16 performed
better under all the temperature and rainfall scenarios, fol-
lowed by CSV-17, CSH-23 and CSV-23. Several studies also
reported the simulated outputs on sorghum genotypes in
India, e.g. the grain yield of CSH-16 would increase sub-
stantially (0.1%) at Gwalior, Madhya Pradesh, up to 2020
and then decline, whereas both CSH-16 and CSV-17 would
produce higher yields (3.3% and 1.7% respectively) at Kota,
Rajasthan up to 2020. No variation was simulated thereafter
until 2050, but yields again declined beyond 2050 up to
2080 in both cultivars. The changes in grain yield reduc-
tion with the projected climate change scenarios at different
locations across India have been primarily attributed to cur-
rent variations in the temperature range and rainfall'*.

Conclusion

This DSSAT model-based study shows that at 10% and 20%
reduced rainfall, the per cent reduction in grain yield
would be 3.23 and 11.39 respectively, whereas an increase
in temperature alone would decrease grain yield to the tune
of 8.57% and 16.67% at +1°C and +2°C respectively. The
combined effect of reduced rainfall (—20%) and rise in
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temperature (+2°C) results in the maximum reduction of
grain yield by 32.85%. This indicates that rainfall and
temperature are pivotal in deciding the crop duration and
grain yield of kharif sorghum under future climatic condi-
tions of the NTZ, which is considered a safe environment
for kharif sorghum. The present study shows that even the
kharif sorghum crop requires supplemental irrigation dur-
ing long, dry spells or if the crop experiences moisture
stress due to deficit rainfall for better yield. Thus, this study
recommends early sowing with the normal commencement
of monsoon or wherever possible with one irrigation crop
must be sowed early to obtain maximum yield.
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