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Table 1- Results of analysis of variance of mean squres of chickpeayield traitsin rainfed and
irrigated conditions of Gonbad city

1S £ 4 ){.?)Sod%‘” u..\.m‘:}tu.:]..a o . Gh.uw:&,.‘.ﬂ.\: c‘.&laxuaéu A e
CABEP o e T Al s (SRS B % g gt P 1o 5 039
Planting ~ S0\ @57 Length of e Cumulative Lo et Total grain
Kind .O.V. o granfilling Grainfilling  eyapotranspiration Maximum leaf area Nitrogen harvest  pitrogen
period speed index index
Year Jlw 24 132.51** 8.635** 5725.74** 0.2273** 199.98™ 14.896**
WU &b 2 2054.11** 83.53** 34642.12** 52.31** 31.560™ 515.08**
o Planting date
Rainfed _ . ol et 8 42.46** 40.31** 19293.67** 2.7958** 309.32** 78.907**
Climate change
PDxCC 16 4.354™® 1.85™ 1574.35%* 0.0606** 29.065™ 1.766™
Error s 624 7.92 1.16 403.25 0.0115 32.300 2.024
Oyl - 10 15.01 7.84 441 8.12 16.3
CV. (%)
Year Jlw 24 41.13** 17.88** 15424.41** 0.2965** 62.70** 14.824**
wu &b 2 1034.5%* 10.39** 9110.86** 75.46** 1875.42** 93.57**
_ Plenting date
<! el i
Irrigated Climate 8 3.69** 26.48** 47392.96** 3.73* 203.68** 44.21**
change
PDxCC 16 2.38™ 1.53™ 3419.95** 0.16** 12.63* 1.53™
Error s 624 243 1.08 1046.46 0.012 711 101
CV. (%) &y sy 5.14 11.29 10.68 4.05 355 8.46

*% x IS
9

oed8l s g cullS ;@;@CC, PD Doy S g g Jloiol maw jo o pixe (5l pixe pas o a4y
ns, * and**: no Significant, significant at 5% and 1% probability levels, respectively, PD and CC: Planting date and
Climate change, Respectively
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Figure 1- Effect of climate change scenarios on length of grain filling period in rainfed and
irrigated conditions on chickpea crop in Gonbad city
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NORMAL, Simulation of chickpea production in terms of available meteorological data.
T + 2°C, Simulation chickpea production when the air temperature has risen two degrees Celsius.
T + 4°C, Simulation chickpea production as the air temperature rises four degrees Celsius.
T + 6°C, Simulation chickpea production when the air temperature is raised to 6°C.
0.98R, Simulation of chickpea production in which rainfall decreased by 2%.
CC2°C, Simulation of chickpea production as Co, increased twice the current concentration, precipitation
decreased by 2% and air temperature increased by 2°C.
CC4°C, Simulation of chickpea production as Co, increased twice the current concentration, precipitation

decreased by 2% and air temperature increased by 4°C.
CC6°C, Simulation chickpea production as Co, increased twice the current concentration, decreased precipitation

by 2%, and increased air temperature by 6°C.
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Figure 2- Effect of planting date on length of grain filling period in rainfed and irrigated
conditions on chickpea crop in Gonbad city
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Figure 3- The effect of climate change scenarios on grain filling speed in rainfed and irrigated
conditions on Chickpea crop in Gonbad city

Rainfed, L5d(0.05)=0.15
Irrigated, LSD(0.05)=0.22
9.45 921 [IRainfed
M Irrigated

=
o
|

9.02

co
L

Grain filling speed(g/m?.day)

! ' Planting date
Nov-Dec Dec-Jan Jan-Feb

O oyl o 9958 Jgeamme ol g o daol il (0 dils ol e S R 5 S1-F Sl
Figure 4- Effect of sowing date on grain filling speed in rainfed and irrigated conditions of
Gonbad chickpea
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Table 2- Interaction effects of planting date and climate change on evapotranspiration in
rainfed and irrigated conditions on chickpeain Gonbad city

cls g9 ol i (mm)  Evapotranspiration Gy g s
Planting Date Climate Change December ,31 January o February s

NORMAL 294.84 2739 254.48
T+2°C 277.32 263.32 246.88
T+4°C 277.32 263.32 246.88
T+6°C 238.24 242.84 236.64
IS 0.98R 293.36 272.52 252.32
Rainfed 2xC02 268.08 268.84 249.36
CcCc2°C 267.16 256.36 238.76
CC4°C 245.4 245 234.24
CC6°C 229.32 230.92 227.12

LSD %5 6.84 6.37 5.94

NORMAL 3415 3354 331.3
T+2°C 309.6 316.37 321.48
T+4°C 282 316.37 321.48
, T+6°C 266 280 304.28

<! 0.98R 338.8 335 330.6
Irrigated 2xC02 320.36 310.64 304.32
cc2°C 292.6 296.48 293.6
CC4°C 265.56 280.48 288.56
CC6°C 247.64 256.32 283.68

LSD %5 11.55 12.72 11.57

D5 dxzl e N SS @y lagy s edgs 6l
For explanation of scenarios referral to Figure 1.
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Table 3- Interactions between planting date and climate change on leaf areaindex in rainfed
and irrigated conditions on chickpea in Gonbad city

Jf@a.uda:l.w)ﬂk\b

Bl gy oSl et Maximum leaf areaindex
Planting Date Climate Change December 31 January s February oo
NORMAL 2.64 2.16 1.79
T+2°C 2.89 2.37 1.93
T+4°C 2.89 2.37 1.93
T+6°C 3.20 2.65 2.13
PR 0.98R 2.64 2.16 1.80
Rainfed 2xCO2 2.70 222 184
ccz2°C 2.94 2.43 1.97
CC4°C 3.14 2.60 2.07
CC6°C 3.24 2.69 2.16
LSD %5 0.04 0.03 0.04
NORMAL 3.195 2.645 2.214
T+2°C 3.490 2.884 2.362
T+4°C 3.730 2.884 2.362
B T+6°C 3.865 3.216 2.580
<! 0.98R 3.195 2.645 2.216
Irrigated 2xCO2 3.254 2.704 2.263
ccz°C 3.544 2.939 2.410
CC4°C 3.781 3.143 2.514
CC6°C 3.909 3.260 2.628
LSD %5 0.048 0.034 0.033

D¢l d.u_">|).a \ JS...; 4 LQ%JLL...; C“"a?" ‘_gb.;
For explanation of scenarios referral to Figure 1.
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Table 4- Interactions between planting date and climate change on nitrogen harvest index in
rainfed and irrigated conditions on chickpea in Gonbad city

bl i 0395k Cudiloyy Ll
[ s Nitrogen harvest index
Climate Change December 31 January o February s
NORMAL 73.53 76.55 78.59
T+2°C 71.79 74.35 77.63
T+4°C 69.74 74.35 77.63
T+6°C 68.55 72.80 74.80
0.98R 73.53 76.55 78.49
2xC02 75.61 77.53 79.41
ccz°C 73.94 76.34 78.37
CC4°C 71.58 75.57 77.78
CC6°C 70.09 74.79 77.23
LSD %5 1.50 1.28 112

D dxzrlye VS 4 lagy L mdss sl
For explanation of scenarios referral to Figure 1.
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Figure 5- The effect of climate change scenarios on nitrogen harvest index in rainfed and
irrigated conditions on chickpea crop in Gonbad city
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Figure 6- The effect of climate change scenarios on grain filling rate in rainfed and irrigated
conditions on chickpea crop in Gonbad city
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Figure 7- The effect of climate change scenarios on total grain nitrogen in rainfed and
irrigated conditions on chickpea crop in Gonbad city
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Abstract

Climate changs is one of the most important issues that has been observed in
agriculture in recent decades and has limited production of crops. SSM-iLegum-
Chickpea model was used to simulate the effect of climate change on evapotranspiration
and leaf area index and growth indices of chickpea seed in Gonbad. Firgt,
meteorological data from the Dome Synoptic Meteorological Station from 1993 to
2017.The scenarios include increasing the temperature by two, four and six degrees,
increasing the Co, concentration by two times, and reducing rainfall by two percent, and
a combination of the above scenarios, which total 9 scenarios. For the high temperature
scenarios, the maximum and minimum daily temperature changes were added. Results
of analysis of variance showed that in dry and irrigated conditions the effect of sowing
date and climate change scenarios on al traits such as grain filling period, grain filling
speed, evapotranspiration, leaf area index and total grain nitrogen except Harvest index
nitrogen (NHI) was significant at 1% level in dryland conditions. But the interaction
effect of planting date and climate change was only significant on evapotranspiration
and leaf areaindex at 1% and NHI at 5% level. Duplication of concentrations of CO2
caused increasing about 6.2 in harvest index of nitrogen. Also, the best planting date for
Gonbad city is the beginning of December in the simulation conducted for Gonbad.

Key words. Food Security, Harvest Index Nitrogen, Grain Filling Period, Grain
Nitrogen.
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