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Background and objectives: Chickpea is the third most important cereal
crop in the world after beans and peas. European scientists found that
studying 542 plant species in 26 European countries, including 125,000
time series, found that in 78% of the time between 1971 and 2000, the rate
of development increased due to rising temperatures and shorter stages.
The shortening of the growth period caused by the increase in temperature
in most crops reduces Yyield because it absorbs less radiation and has less
time for dry matter accumulation. The purpose of this study was to identify
the effects of climate change on phenological traits of chickpea in Gonbad
city in order to adapt and improve yield for future conditions.

Materials and Methods: First, meteorological data from the Dome
Synoptic Weather Station from 1993 to 2017, and then processed and
converted to DOY using the Srad -calc program. Solar radiation was
calculated based on sunny hours and days of the year. Then, new changes
were made to the meteorological data based on climate change scenarios.
The SSM-iLegume-Chickpea model was implemented for both rain and
water conditions and each scenario. Planting type was selected according to
the climatic conditions of the region, autumn and the type of free cultivar.
Simulations For each rainfed and irrigated condition, three different
planting dates (December, January and February) were selected and
simulations were performed for 25 years (1993-2017).

Results: Planting date and climate change scenarios were significant at 1%
level for all phenological traits in both rainfed and irrigated conditions,
while the interaction effects of planting date and climate change except day
to emergence were significant at 1% level. As the temperature rises in the
future climate, the length of the phenological stages, ranging from day to
flowering, day to pod start, day to physiological maturity, and day to
harvest maturity will be reduced compared to normal conditions.
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Maximum decrease in phenology length was related to increase in
temperature of 6°C and combined effects of doubling CO, concentration,
two percent decrease in precipitation and increase of 6°C under normal
conditions, and minimum decrease in temperature increase scenario by
2°C. CO, is a two percent decrease in recipitation and an increase of two
degrees Celsius in both rainfed and irrigated conditions. Therefore, due to
unchanged phenological stages under CO, doubling scenarios and 2%
reduction in rainfall compared to normal conditions, and reduction in
phenological stages under the influence of temperature rise scenarios and
similarity of the results of the temperature rise scenarios alone compared to
the combined effects of CO, doubling and 2% decrease in precipitation and
an increase in temperature can be deduced that only an increase in
temperature reduces the length of the phenological stages.

Conclusion:Simulation results in Gonbad city showed that increasing CO,
concentration in both rainfed and irrigated conditions and different planting
dates had no effect on the phenological stages of chickpea but increasing
temperature would significantly decrease the chickpea growth period,
although this decrease in the length of chickpea growth is greater in the
vegetative growth stage. As a result, the chickpea plant enters the
reproductive stage faster, enjoys better temperature and humidity
conditions in the reproductive stages, and causes premature and eventually
evaporation of drought and late-season heat, and ultimately increases yield
under conditions that will be dry. But delay in chickpea planting will
shorten the chickpea growth period, depletion of available resources such
as radiation, optimum humidity and temperature, dealing with end-season
heat and drought, and ultimately yield loss.
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Figure 1- Effect of planting date on planting stage to green in rainfed and irrigated conditions of
chickpea crop in gonbad city.
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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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Table 2- Interaction effects of planting date and climate change on phenological stages of chickpea in rainfed
conditions of Gonbad city.

o i gar5 G 50, 375G 55 g3 555 ":AT) ¢ }?’) Shes B 59,
ey ((ilirvg; AS s Sl 04 S il
(Planting date) change) (Day_to (Day to pods) (Day to grain ph)flsaigl);g;cal Day to)
flowering) filling) maturity) harvest)
ﬁg;;‘: 121.4a 135.8a 142.6a 172.4a 179.9a
T+2°C 105.8b 120.5b 127.8b 159/2b 167.3b
T+4°C 92.3c 106.3c 113.4c 146.3c 154.8¢c
(December) ,si T+6°C 80.7d 94d 100.9d 133.3d 141.5d
0.98R 121.4a 135.8a 142.6a 172.4a 179.7a
2xCO, 121.4a 135.8a 142.6a 173a 180.6a
ccz2°Cc 105.8b 120.5b 127.8b 159.6b 167/9b
CC4°C 92.3c 106.3c 113.4c 146.3c 154.8¢
Ccc6°C 80.7d 94d 100.9d 133.5d 141.8d
S %5, Leb 143 1.20 1.05 1.25 1.35
(lssime oMt
jj(;;:;;j 104.6a 116.7a 123.1a 149.8a 157a
January) s T+2°C 93.3b 105.6b 111.9b 139.4b 146.7b
T+4°C 83.2c 95.5¢ 101.8¢c 129.9c 137.7c
T+6°C 74.5d 86d 92.1d ARRVAL 127.9d
0.98R 104.6a 116.7a 123.1a 149.7a 156.8a
2xCO, 104.6a 116.7a 123.1a 150.5a 157.9a
CC2°C 93.3b 105.6b 112b 140b 147.5b
CC4°C 83.2c 95.5¢ 101.8c 129.9c 137.7c
CC6°C 74.5d 86d 92.1d 120.8d 128.9d
Jsla) %5 LSD 0.92 0.76 0.74 1.09 1.22
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Olasine M|

ES;I:XL) 84.1a 95.5a 101.2a 126b 132.6a
T+2°C 75.7b 86.5b 92.2b 117/7c 124.6d
T+4°C 68.6¢ 79c 84.5¢ 110.6d 117.9e
(February) . T+6°C 62.2d 72.4d 78d 103.2e 110.4f
0.98R 84.1a 95.5a 101.2a 125.8b 132.6d
2xCO, 84.1a 95.5a 101.3a 126.7a 133.6a
cc2°C 75.7b 86.5b 92.4b 118.3¢c 125.6¢
CC4°C 68.6¢ 79c 84.5¢ 110.6¢ 117.9e
CCe°C 62.2d 72.4d 78d 103.7¢e 111.2f

%5 LSD 0.62 058 0.62 072 081

38 sl am s 93 1s los a8 ol 5 p5 550 15 (leand (TH2°C G ge wlidlsn laosls Ll o 53 5550 W55 (ilaand 1 35S Lol 5
53555 5 (oleands THEC ol anl il 5l S slo s Sl 1on glos S a2 53 5555 A 5 (gileans (THAC (ol wsl 2055l
CC2°C ol aily 2als doys 53 (SN,L oS ol 53 5550 5 (3lowacs 098R ol il [l 550 o S slo 453 15a glos a5 ol 2
;ljfg".}b a3 53 s las 5l falS sy o8 ;J.JL Oljee cadly 2l 580 _;}Sg;iabﬁiﬁﬁ‘g!ﬁCoNs&lf: 03 o5 Mg (gileand
5Bl RalS Ao 5 Sk Ol sl SR S Clls s ¢ 158 COp o8 il 15 5 5 5 (s3leand CCAPC ol sty 331
Ol sl Jiulsdl oS chle ol w8 COp &8 Jal 5 5 558 W5 (gileans (CCBC ot anly [2lsl ol § sl a3 g 1on gles

o a5l o S Sl amys Vg gles 5 4l alS Aos 53 S50
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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Table 3- Interaction effects of planting date and climate change on phenological stages of chickpea in irrigated
conditions of Gonbad city.

T -
) i ga-5 6 50, 3,506 5, gar5 6 50, S o S b3
S 5l PR L= R
" ) dm.\lf UM als Qs IR Sl
(Planting (Climate <t i (Day to
date) change) (Day_to (Day to pods) (Day t_O gran physiological (Day to
flowering) filling) . harvest)
maturity)
oS Ll s
S5 Rl 121.4a 135.8a 142.6a 174.6a 182.8a
NORMAL
T+2°C 105.8b 120.5b 127.8b 160.6b 168.9b
} T+4°C 92.4c 106.4c 113.4c 146.8¢c 155.3c
3 T+6°C 80.8d 94.1d 101d 133.9d 142.3d
(December) 0.98R 121.4a 135.8a 142.6a 174.6a 182.8a
2XCO, 121.4a 135.8a 142.6a 174.6a 182.8a
ccz°C 105.8b 106.4c 127.8b 160.6b 168.9b
CC4°C 92.4c 106.4c 113.4c 146.8¢ 155.3c
CCe6°C 80.8d 94.1d 101d 133.9d 142.3d
%5 LSD 1.46 1.86 1.03 0.84 0.78
oSl s
oS 104.6a 116.7a 123.4a 153.1a 161.2a
NORMAL
T+2°C 93.3b 105.6b 112b 142b 150.1b
T+4°C 83.2c 95.3c 101.7¢c 131.4c 139.6¢
-3 T+6°C 74.5d 86d 92.1d 121.7d 129.9d
January) 0.98R 104.6a 116.7a 123.4a 153.1a 161.2a
2XCO, 104.6a 116.7a 123.4a 153.1a 161.2a
ccz°C 93.3b 105.6b 112b 142b 150.1b
CC4°C 83.2c 95.3c 101.7¢c 131.4c 139.6¢
CC6°C 74.5d 86d 92.1d 121.7d 129.9d
%5 LSD 0.92 0.76 0.71 0.61 0.59
. h‘ 5
) S 84.2a 95.6a 101.4a 129.9a 138a
(Febrary) NORMAL
y T+2°C 75.8b 86.6b 92.5b 121.2b 129.3b
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T+4°C 68.8¢c 79c 84.6¢ 113.1c 121.4c
T+6°C 62.3d 72.4c 78.1d 106.3d 114.6d
0.98R 84.1a 95.6a 101.4a 129.9a 138a
2xCO, 84.2a 95.6a 101.4a 129.9a 138a
ccz2°C 75.8b 86.6b 92.5b 121.2b 129.3b
CC4°C 68.8¢ 79c 84.6¢ 113.1c 121.4c
CC6°C 62.3d 72.4c 78.1d 106.3d 114.6d
%5 LSD 0.62 0.59 0.59 0.51 0.58

JI;J‘:JL a3 93 lea sles &S ol 3 s 550 g (gleand T+2°C Sy ge oolilea glaesls Ll 5 s s A5 gilaan i s S g8 bl 3
033555 W5 (gleans THE°C ol asly ol 5l aLS Sl am s sl a les oSl i 55 550 A5 (gileans T+4°C (ol asl 5l
CC2°C ml wily [2alS s 55 Sa,L oS ol 53 5555 A 55 (ileans 10.98R ol aily j2ul5l 5l S slo aomjn W 1n glos oS ol 5
518 sl ams 55 Ion glos 5 4l [2alS Aoys 55 SUOL Ol il 2058l 58 clale ol e 4 1ea €Oz &8 ol 2 55 5550 W55 (giluand
sasl S o ys g vf,\;)p Ol caly 20580 L;};Sg;l'al‘;ﬁiﬁjzyl}ncozddlailfi)s 3 M g giluand CCA°C ool il ol
Oy el o5l oS e s 4158 COp &8 Jal 5 s 558 W 5 (g3luans CCB°C ol wil 2058l 51 8 2l a5 L 1n glas

(sl sl 2l 59 o S sl a3V lga glos 5 4l 2alS doys 53 S0

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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