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Article Info ABSTRACT
Article type: Background and Objectives: According to global warming and climate
Full Length Research Paper  change, investigating and assessing the efficiency of adaptation strategies
are necessary for achieving agricultural sustainable development under
Article history: future climate cond_itions. Change _in sowing date and dorman_t seeding _for
Received: 07.06.2022 crops can bg .con5|dered as a sunable. strategy to adapt with changing
Revised: 09.11.2022 cllma}te condltlt_)ns. Under dormant seedlng_ management (DSI\/_I), the seeds
Accepted: 10.02.2022 remain ungerminated in the soil, and germinate and emerge with the onset
of warming to exploit late-winter rainfalls, and consequently decrease frost
risk stress at seedling stage and increase water use efficiency. The main

Keywords: objective of the current study was to investigate the effect of sowing dates
Cumulative rainfall, especially dormant seeding on the yield of rainfed chickpea in Kermanshah
Seed yield, (West) and Tabriz (Northwest) climatic conditions.

Sowing date,

Temperature during

growing season Materials and Methods: In the current study, three general circulation

models (MPI-ESM-LR, MPI-ESM-MR and NorESM1) were used under
two emission scenarios (RCP4.5 and RCP8.5) for 2039-2069 in
Kermanshah and Tabriz regions. GCM outputs were downscale by AgMIP
methodology. The SSM-Chickpea model was employed to simulate the
growth and development of chickpea. Five sowing dates including
21 December (DSM), 6 March, 21 March, 4 April and 21 April were
considered as an adaptation strategy to possible impacts of climate change.
The studied traits included leaf area index, number of days to maturity,
mean temperature over the growing season, cumulative rainfall,
evapotranspiration, biological yield, and grain yield.

Results: The results of model validation showed that the model was able to
predict the grain yield properly (R°=0.92 and RMSE=14%). Overall,
averaged grain yield at all sowing dates in Tabriz was 131% more than
Kermanshah in the baseline. High grain yield in Tabriz compared with
Kermanshah can be attributed to more leaf area index and length of
growing season. At the baseline and both locations, the average grain yield
in dormant seeding sowing date was 13.51, 22.30, 31.94 and 46.86%
higher than in comparison to 6 March, 21 March, 4 April and 21 April
sowing dates, respectively. On average (GCMs, emission scenarios and
locations), dormant seeding had the highest grain yield (24.93%) than other
sowing dates in future climate change conditions compared to baseline.
The reasons of superiority of dormant seeding of chickpea compared to
other sowing dates was due to coinciding of crop growth period with
rainfall, reduction in negative effects of high temperatures on grain yield
especially during grain filling, increasing transpiration efficiency due to
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lower temperatures over the growing season and escaping terminal drought
stress at end of growing season. Averaged grain yield (locations, sowing
dates and GCMs) under RCP4.5 and RCP8.5 scenarios increased by 8.97
and 14.12% compared to baseline. Increasing grain yield was due to the
positive effects of boosting the carbon dioxide concentration on the
photosynthesis rate of chickpea as a Cs plant under changing climate.

Conclusion: The results indicated that the air temperature will increase
under climate change, and adaptation strategies needs to be investigated to
mitigate the negative effects of climate change. Under future climate
change conditions, dormant seeding had the highest grain yield across all
GCMs, scenarios and locations, so that in Kermanshah and Tabriz, dormant
seeding compared to other sowing dates showed the highest grain yield
(+43.93% and +14.86%, respectively). Therefore, it is recommended that
in the baseline and future climate change, rainfed chickpea can be planted
as dormant seeding, so that the highest grain yield is obtained using winter
rainfall and other optimal environmental factors during the growing season.
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chickpea in dormant seeding using general circulation models in west and north western of
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Fig. 2. Trend of changes in annual mean temperature in Kermanshah and Tabriz.
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Table 2. Changes in climatic parameters under two scenarios and three GCMs compared to the baseline in
Kermanshah and Tabriz.

s 2
Kermanshah Tabriz
Jde
2ol o ‘L .
Scenario s o S LS sles Lodew glos oo £oaS gles aiy e ook
GCM Gffir) GS sy ) Sl o) GLS gl ek
T Min (°C) T Max (°C) R(ér‘]'q’:;f;" T Min (°C) T Max (°C) R(an']’:ff)‘”
Baseline - 6.72 23.19 42913 752 18,59 269.78
MPI-ESM-LR +31.54 +11.77 2.72 +25.13 +13.34 +6.74
RCP45  MPI-ESM-MR +23.80 +9.01 -0.03 +22.73 +11.72 -4.68
NorESM1-M +24.55 +7.76 +15.29 +23.27 +9.46 -3.66
MPI-ESM-LR +44.94 +15.30 -0.81 +37.76 +18.23 +8.91
RCP85  MPI-ESM-MR +34.22 +12.97 -4.10 +31.91 +16.83 -8.33
NorESM1-M +45.83 +14.27 +6.96 +42.15 +18.55 221
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Fig. 4. Grain yield of rainfed chickpea affected by sowing date in Kermanshah and Tabriz.
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Table 3. Studied traits of rainfed Chickpea affected by sowing date in Kermanshah and Tabriz.
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Location sowing date | eaf area Days to Cumulative Evapotranspiration o dureinmpe;?)tvl\i:ﬁ
index maturity  rainfall (mm) (mm) Biological 99 " Y
yield (kgha®) ~ season ('C)
o) CiS
& 214 150 207 285 394 8.03
DSM
SEIRTN
e 1.83 99 114 222 323 14.61
6-Mar
oliile il Yo
4 - 1.67 87 83 199 287 16.12
Kermanshah 21-Mar
353,510
R84 1.49 78 53 177 247 17.70
4-Apr
Cetgmny)
23 1.05 71 33 154 180 19.98
21-Apr
Ll s
& 2.16 165 139 233 496 6.82
DSM
EIAT
e 2.05 113 106 216 461 1451
6-Mar
o Gl Y
gl - 1.96 101 94 208 431 16.18
Tabriz 21-Mar
353,510
S 1.80 90 78 192 387 17.73
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Cetgmny)
23 1.60 80 58 175 324 19.78
21-Apr
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Fig. 5. Changes in seed yield of rainfed chickpea using three GCMs and two scenarios in future under
Kermanshah and Tabriz climatic conditions.
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Table 4. Changes (%) in length of growing season of rainfed chickpea using three GCMs and two scenarios in
future in Kermanshah and Tabriz.

il SECp MPI-ESM-LR MPI-ESM-MR NorESM1-M
Location Sowing date RCP45  RCP85 RCP45  RCP85 RCP4.5 RCP8.5
Lol S
& -5.33 -6.00 -4.00 -6.00 -3.33 -6.66
DSM
Lol VO
-6.06 -6.06 -6.06 -7.07 -5.05 -8.08
6-Mar
oLisle S A ¥
-5.74 -5.74 -5.74 -6.89 -3.44 -6.89
Kermanshah 21-Mar
. N 3 \
20300 -6.41 -6.41 -3.84 6.41 -3.84 641
4-Apr
- AR
TR -8.45 -8.45 -5.63 -8.45 -5.63 -8.45
21-Apr
o
S -4.84 -6.66 -4.24 -6.66 -4.24 -7.27
DSM
Ll VO
-6.19 -7.96 -6.19 -7.96 -6.19 -9.73
6-Mar
5 s il Y
i _— -5.94 -6.93 -5.94 -7.92 -5.94 -9.90
Tabriz 21-Mar
. 5\0
RESTT -4.44 -6.66 -5.55 -6.66 -5.55 -8.88
4-Apr
- AR
TR -3.75 -3.75 -5.00 -5.00 -3.75 -5.00
21-Apr
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Table 5. Changes (%) in mean temperature over growing season of rainfed chickpea using three GCMs and
two scenarios in future in Kermanshah and Tabriz.

il SECp MPI-ESM-LR MPI-ESM-MR NorESM1-M
Location sowing date RCP45 RCP85 RCP45 RCP8.5 RCP45  RCP85
ol ¢S
S0 +30.01  +40.97 42279 +33.13 +21.30 +39.85
DSM
sl )
L0 +16.56  +22.59 +1259  +18.28 +11.77 +21.97
6-Mar
oLzl S A ¥
+15.07  +20.47 +1148  +16.56 +10.73 +19.91
Kermanshah 21-Mar
. N \
203210 +1362  +18.64 +10.34  +15.08 +9.66 +18.14
4-Apr
Wy AR
B +12.11  +16.47 +9.21 +13.31 +8.61 +16.02
21-Apr
Uil o iS
<o +31.96  +45.60 +2845  +40.47 +25.66 +48.53
DSM
ol )
Lal1e +15.09  +21.50 +13.44  +19.09 +12.13 +22.88
6-Mar
S Lol Yo
+1347  +19.28 +11.99  +17.12 +10.82 +20.52
Tabriz 21-Mar
. N \
2203200 +12.30  +17.54 +10.94  +1557 +9.87 +18.67
4-Apr
Wy AR
g +11.02  +15.72 +9.81 +13.95 +8.85 +16.73
21-Apr
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Fig. 7. Changes in leaf area index and biological yield of rainfed chickpea using three GCMs and two scenarios
in future in Kermanshah and Tabriz.
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