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Table 1- Geographical characteristics of selected weather stationsfor the different regionsin Khuzestan province

adlais Wl oy aldlra Job gl S5l A 8,93
location Latitude Longitude  Elevation (m) Simulation period
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Figure 1-The geographical area of the study locations
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1- Weather Data Manager
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2- Normalized Root Mean Square Error
3- Agriculture Production Systems sIMulator
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1- Long Ashton Research Station Weather Generator
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Table 2— Genetic coefficients of wheat cultivar ‘Chamran’ (11)
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Table 3- Comparison of observed and simulated radiation, precipitation, minimum and maximum temper atur es by
Normalized Root Mean-Squared Error (NRMSE) in the baselinein Khuzestan province

ol ! gye )

Station Par ameter NRMSE (%)

Ahwaz jlsal T min 4.8 lod 1.08

T max aiw clod 0.69

Radiation b 1.41

Precipitation j5,L 21.67

Behbahan )l T min 4ueS o 1.12

T max awiw gl 0.76

Radiation b 1.18

Precipitation s, 19.18

Dezful Jg83 T min aueS slos 1.28

T max aiw glod 1.05

Radiation b 0.63

Precipitation _3,b 11.42

Izeh ol T min a8 los 1.98

T max awiw gl 0.77

Radiation b 1.45

Precipitation )L 15.47

Omidiyeh 4. T min a8 los 0.63

T max aiw sl 0.66

Radiation b 1.67

Precipitation )L 21.9

Ramhormoz jeyqel, T min aueS sle 1.04

T max aiw glod 0.63

Radiation b 0.76

Precipitation _3,b 25.47
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Table 4— Seasonal evapotranspiration, days after sowing, grain yield, aver age temperature (sowing to harvest) and water use
efficiency in the baseline and futur e scenarios throughout all study locations

adhiso

Cdo 92w L ocation

Trait scenario IP! oke J# ekl ae el
Ahwaz Behbahan Dezful 1zeh  Omidiyeh Ramhormoz

. e e Baseline  15.85 15.42 1505 13.17 16.1 16.1
(P g8l e 3) et bl Sl Les (il Bl 16.97 16.19 16.14 1385 16.94 17.04
Average temperature from sowing to AlB 17.38 16.52 1657  14.14 17.29 17.39
harvest("c) A2 17.25 1649 1639 14 17.22 17.28
Baseline  145.9 149.3 151.9  168.1 145.4 145.1
els 3 g 3 Bl 138.5 143.3 143.8  161.1 139.7 139.3
DAP® AIB 13673 1415 1417 1589 138.2 137.8
A2 137.15 1416 1423 1597 138.4 138.1
Baseline 5628.6  5385.1  5659.9 67672 52302 5800
(ESe 55 p5kS) als 3,Slas Bl 6524.1 6392 6580.1 7699 62125 6594.7
Grain yield(Kg.ha™) AIB 65265  6451.6 65041 77753 63133 6631
A2 65746 64389  6566.3 7791.6  6346.5 6661.3
Baseline 41931  418.13  430.73 4417 4118 401.5
(o skee) 3y s Bl 398.01  400.75  409.83 41439  402.11 379.59
ET (mm) AIB 3903 3949 40099 40622  397.56 373.34
A2 390.84  394.66  401.54 408.07  397.46 373.23
) Baseline  13.42 12.87 13.14 1532 12.7 14.44
(oo 1 iSa)3 p SolS) ol B pumo S Bl 16.39 15.95 16.05  18.57 15.44 17.37
WUE'(Kg.ha'.mm™) AlB 16.72 16.33 1622 19.14 15.88 17.76
A2 16.82 16.31 1635 19.09 15.96 17.84

* DAP: Days after sowing, ET: Evapotranspiration, WUE: Water Use Efficiency
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Table 5- Correlation between different traitsin the baselinein Khuzestan province
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als 3 Slos L Silel W G-y ol dpae s fié”
Grainyield Temperature Irrigation requirement ET WUE ;ZP
&l 5, Slos |
Grain yield
= 0317 1
Temperature
] J{9%) ok *
ek ’l" 0.43 0.19 1
Irrigation requirement
S 0.84" 0.15° 0.73" 1
ET
l_)i 8 I K *k *k *k
o Crae 0.81 -0.36 -0.01™ 0.40 1
WUE
casls sl ) *ok Hk * * %
o e 0.34 -0.92 -0.19 0.17 0.39 1
DAP

do > S5 Jloss ! mlaws )0 50 dize Coglassin doyd gy Jlein] e 53 )b dxe Gglii o e cgles pac S
ns: No significant difference; *significant difference at 0.05 probability level; **significant difference at0.01 probability level.
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Table 6- Correlation between different traitsunder climate changein Khuzestan province
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Grainyield Temperature Irrigation requirement ET WUE ;ZP
&l 5, Slos |
Grain yield
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Temperature
] J{9%) sk *%
ekl -0.14 0.34 1
Irrigation requirement
S 0.50" -0.44" 036" 1
ET
ATJT l_é).\m &I)K *k *k Kk ns
0.86 -0.63 -0.37 -0.01 1
WUE
cusls 3l 3 *k % % s s
) o9 0.79 -0.98 -0.37 0.42 0.67 1
DAP

20,0 S Jlein! a5 0 gine gl ao )y gy Jlesin ] gdaw 50 )5 gime cglasi I e ©gliS pas inS
ns: No significant difference;*significant difference at 0.05 probability level; **significant difference at0.01 probability level.
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Table 7—- Seasonal irrigation requirement and transpiration during growing season in the baseline and future scenarios
throughout all study locations
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Cdo 92l L ocation

Trait scenario IP! oke J$ ekl al el
Ahwaz Behbahan Dezful Izeh  Omidiyeh Ramhormoz

Baseline  289.45 290.58 303.05 309.96 282.32 273.81
(recsko) 3y Bl 277.85 283.14 292.94 291.11 279.42 258.34
Transpiration (mm) AlB 272.06 278.78 286.11 285.45 276.24 253.94
A2 272.57 278.29 286.83 287.02 276.14 254.23
] Baseline  337.28 317.24 301.02 281.99 318.49 296.6
(sresleo) 55kl 5L 23 320.52 304.82  280.71 233.75  306.49 268.67
A2 312.48 295.63 267.84 221.77 298.88 256.58
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Figure 2- Changesin grain yield, seasonal cumulative ET, aver age temperature (sowing to harvest), irrigation requirement,
water use efficiency and days after sowing from the baseline toward future scenariosin Khuzestan province
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Introduction: One of the most important consequences of the future climate change is its impact on water
use and water use efficiency (WUE) in agriculture which could challenge the water resources management.
Khuzestan province is one of the most important areas of crops production in Iran particularly for wheat, so that
15.73 percent of total irrigated wheat production and 8.85 percent of total arable land is located in this province.
Therefore, investigating climate change effects on irrigated wheat production, WUE and irrigation requirement
will be necessary in the Khuzestan province. In this context, this study was conducted to simulate the growth and
yield of irrigated wheat under climate change conditions, and to calculate WUE and irrigation requirement in this
province.

Materials and Methods: The current study was done at six locations of Khuzestan province in southwestern
Iran, included Ahwaz, Behbahan, Dezful, Izeh, Omidiyeh and Ramhormoz. Historical daily weather data
including solar radiation (MJ m” d™), precipitation (mm) and maximum and minimum temperatures ("C) for the
baseline period gathered for each study location from their established meteorological stations. To predict the
climatic variables in the future, HadCM3 climate model was applied under three emission scenarios (B1, A1B
and A2) for one future time period (2046-65). The observed historical daily weather data at each location was
used to generate the future scenario files to be applied in LARS-WG (Long Ashton Research Station-Weather
Generator) program. These parameters are necessary for future projection of weather variables. The downscaled
daily weather data obtained from the LARS-WG included maximum and minimum temperatures, rainfall and
solar radiation for each period of future climate. These data are required for running crop simulation model. The
Agricultural Production Systems simulator (APSIM) was used to predict the impacts of climate change on wheat
yield, WUE and irrigation requirement. The model requires daily weather variables (maximum and minimum
temperatures, precipitation and solar radiation), soil properties, type of genotype (as cultivar-specific
parameters), and crop management information as inputs to simulate crop growth and development. In order to
evaluate the climate model NRMSE (Normalized Root Mean Square Error) index was used. Finally, the outputs
obtained from the model simulation experiments were analyzed using excel, SAS and Sigma Plot.

Results and Discussion:Results of climate model evaluation indicated that LARS-GW well predicted
radiation (NRMSE from 0.63 to 1.67%), maximum (NRMSE from 0.63% to 1.05%) and minimum (NRMSE
from 0.63% t01.97%) temperatures. However, the accuracy in prediction of rainfall (NRMSE from 11.42% to
21.47%) was not as good as the other climatic variables. The simulation results in the baseline by APSIM-Wheat
showed that maximum and minimum grain yield were obtained in the Izeh (6764.2 Kg.ha™') and Omidiyeh
(5230.2 Kg.ha), respectively. Under climate change conditions (rising temperature and elevated CO,), on
average, the highest and lowest grain yield were obtained in Izeh (7755.3 Kg.ha') and Omidiyeh (6290.76
Kg.ha'), respectively. The simulation results in the baseline also indicated that the highest and lowest
evapotranspiration (ET) were obtained in the Izeh (441.7 mm) and Ramhormoz (401.5 mm), respectively. When
averaged acrossall future scenarios, themaximum and minimum ET were obtained in Izeh (409.56 mm) and
Ramhormoz (375.38 mm), respectively. The future rising temperature will intensify the ET, whereas reducing
stomata conductance due to higher CO, concentration in one hand, and shortening growing period due to rising
temperature on the other hand, will reduce the cumulative ET in wheat.The simulation results in the baseline
showed that the highest and lowest WUE were obtained in Izeh (15.32 Kg.ha'.mm™) and Omidiyeh (12.7 Kg.ha"
. mm™), respectively. In climate change conditions (rising temperature and CO, elevated), on average the highest
and lowest WUE were obtained in Izeh (18.93 Kg.ha'.mm™) and Omidiyeh (15.76 Kg.ha'.mm™), respectively.
Wheat crop would be benefitted under future climate change in Khozestan province as it is a C3 plant, and under
optimal conditions (no water and nitrogen limitations), it will produce more grain because of reduced stomata
conductance and increased photosynthesis and WUE owing to elevated CO,. Simulation results also indicated
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that under climate change conditions, on average, the highest and lowest irrigation requirement were obtained in
Ahwaz (315.39 mm) and Izeh (225.96 mm), respectively.The reduced irrigation requirement of wheat under
climate change conditions could be attributed to decreasing length of growing season and increasing CO,
concentration.

Conclusion: In the current study, the effects of climate change caused by rising temperature and elevating
CO, concentration on WUE, irrigation requirement, growth and yield of wheat were investigated in the
Khuzestan province. The simulation results showed that, wheat grain yield under climate change conditions
(averaged across all scenarios) will increase by 16 % compared to the baseline. In addition, WUE will be
increased 23 percent owing to increasing grain yield (+16%) and decreasing ET (5%) under different scenarios.
Overall, under climatic conditions of Khuzestan province in 2046-2065, WUE would be increased by 23% and
irrigation requirement would be decreased by 9%. The reasons behind these increases and decreases are rising
temperature (7%), elevating CO, concentration (up to 526 ppm for 2046-65) and decreasing the length of
growing season and ET both by 5%.
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