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Optimization of rice (Oryza sativa L.) and subsequent soybean (Glycine max L.
Merr) cropping calendars under the climate change conditions using dynamical

general circulation models (GCMs) and DSSAT crop model
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Table 1. Physical and chemical properties of the soil at the experiment site

Soil properties

Soil depth (cm) S Gos

S £y, 0-20 20-40  40-60  60-80

Clay (%) oy 44 47 49 61
Silt (%) e 39 42 42 34
Loam (%) Gy 17 11 9 5
Orc (%) Slocs bbb, 265 267 28.3 29.5
Opwp (%) Sappaascasb, 157 158 16.0 17.0
EC (dS.m™?) S S s 0.78 0.75 0.52 0.52
pH el 7.7 7.0 6.9 6.1
Bulk density (g.cm®) S AL o st p 1.2 1.3 1.3 1.2
Hydraulic conductivity (cm.day?)  sial Sdy,uscula 308 114 10.4 8.3

Organic carbon (%)

J,s 154 076 063  0.67

K (ava.) (mg.kg™)

o b ks 176 161 147 195

P (ava.) (mg.kg)

Cde BB aus 7.3 3.2 2.3 2.9
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Table 2. Information of Atmospheric-Ocean General Circulation Models

S e 22 5 Je
Atmosphere-Ocean General Circulation Model

Js ki &) s g0
Model Provider Institute

Jbe S5 oyt
Model resolution (*)

Ol ¢ Jis Sl e Slalllas S0

HadGEM2-ES Hadley Centre Global Environment Model, UK 1257 %1875
MR- Wil 5 57 olpn 5 ST S eis e o o

CSIRO-MK3-6-0 Queensland Centre for Climate Change Studies, Australia 18757 < 1.875

GFDL-ESM2M &L}" oyl ‘5-<:‘LL’ 3 ‘5-<i):5}55 °\§‘i‘il‘)" 2°x2.5°

Geophysical Fluid Dynamics Laboratory (GFDL), USA
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Table 3. Results of statistical measures of the General Circulation Models, compared against

the observed data (2010-2019)
CSIRO-Mk3-6-0 GFDL-ESM2M HadGEM2-ES

R? 0.70 0.69 0.70

Sl sles D 0.91 0.90 0.91

Tuin (C) RMSE 4.67 4.70 4.60
NRMSE (%) 12.4 12.7 11.3

R? 0.72 0.71 0.72

S sles D 0.88 0.88 0.88

Twmax (C) RMSE 5.64 5.67 5.62
NRMSE (%) 14 53 4.2

R? 0.63 0.61 0.72

sy JS i D 0.61 0.60 0.61

Radiation (Mj.m2.day?) RMSE 9.94 9.93 9.81
NRMSE (%) 6.2 9.1 3.4

R? 0.58 0.61 0.69

b D 0.29 0.60 0.67

Rainfall (mm) RMSE 12.87 9.95 8.92
NRMSE (%) 9 7.1 6.5
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Table 4. Modified genetic coefficients of the rice cultivars, derived by GENCALC of DSSAT
Rice cultivars 05,0 Pi1(Cday) P2R(Cday) P20(hr) Ps(Cday) Gi Ga2(g) Gs Gs
Hashemi eodila 318 23 13 366 55 00265 1 1
Alikazemi LIS Je 351 29 135 353 62 0.0258 1 1
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P1: Thermal period at the basic vegetative phase of plant, P20: Critical photoperiod for maximum plant development, P2R:

Photoperiod at the panicle initiation, Ps: Grain filling duration, G1: Potential number of spikelet, G2: Single grain weight at
ideal growth condition, Gs: Coefficient of germination at ideal growth condition, G4: Coefficient of temperature tolerance
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Table 5. Modified Genetic coefficients of the soybean cultivars, derived by GENCALC of DSSAT

b s g
Soybean cultivars
s Cole S5l s
Williams  Hobbit Genetic coefficients
135 14.3 CSDL (hour)”
0.295 0.288 PPSEN (1.hour?)
18.9 23 EM-FL (photothermal days)
6 7 FL-SH (photothermal days)
13.5 13 FL-SD (photothermal days)
31.3 30.7 SD-PM (photothermal days)
26 24 FL-LF (photothermal days)
1.03 1.03 LFMAX (mg CO2.m?)
375 400 SLAVR (cm?.gh)
200 195 SIZLF (cm?)
1 1 XFRT
0.21 0.19 WTPSD (g)
20 23 SFDUR (photothermal days)
2.3 2.2 SDPDV
10 12 PODUR (photothermal days)
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Lyl s 55 OO 5 a5l slda o 520 :SDPDV sy 5 st Loyl o 55 CMe 5 ails 0dé 3 Olej e :SFDUR waits 05 ST WTPSD o555 0 D

,u«);)mubii,;);gw@_@;mq,.,l:f;)v\,ﬂ)él”ymuj;w PODUR 5 wsy s,k
CSDL: Critical Short Day Length below that reproductive development progresses with no daylength effect, PPSEN: Slope
of the relative response of development to photoperiod, EM-FL: Time between seedling emergence and flowering, FL-SH:
Time between first flower emergence and first pod, FL-SD: Time between first flower emergence and first seed, SD-PM:
Time between first seed formation and physiological maturity, FL-LF: Time between first flower emergence and final leaf
expansion, LFMAX: Maximum leaf photosynthesis rate at 30 °C, SLAVR: Leaf area index at standard growth condition,
SIZLF: Maximum size of fully expanded leaf, XFRT: Maximum fraction of daily plant growth that partitioned to seed + pod,
WTPSD: Maximum weight of seed, SFDUR: Seed filling duration in pod at standard growth condition, SDPDV: Mean
number of seed per pod at standard growth condition, PODUR: Time required to reach final number of pods at standard
growth condition
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Table 6. Statistical measures within the validation periods for rice and soybean cultivars

als ;j..{l.u—
Yield (kg.hal)
LSC‘)J' c\:f Vj) ol odalin okl 6)\.»44:..2
Crop Cultivar  Observational ~ Simulation RMSE (kg.hal) NRMSE (%) D R?
il . 3952.4 4034.1 114.0 8.3 0.98 0.93
= Hashemi
Rice oL yougg 4507.7 191.9 9.7 099 097
Alikazemi
f’“t?li’ 3350.0 3419.0 35.9 7.3 0.97 0.92
(P Williams
Soybean - Zal 3400.0 3456.0 30.4 5.4 098 0.94
Hobbit
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Fig. 1. Mean of the observed and simulated yield of rice cultivars in the near (2021-2035) and far
(2036-2050) futures in three RCP scenarios
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Fig. 2. Mean of the observed and simulated yield of soybean cultivars in the near (2021-2035) and far
(2036-2050) futures in three RCP scenarios
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Fig. 3. Simulated yield of rice cultivars for periods and scenarios using delays of 10, 20 and 30 days of planting

date compared to the present planting date
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Fig. 5. Simulated yield of soybean cultivars for periods and scenarios, using three planting dates compared

to the present planting date
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Optimization of rice (Oryza sativa L.) and subsequent soybean (Glycine max L.
Merr) cropping calendars under the climate change conditions using dynamical
general circulation models (GCMs) and DSSAT crop model

Seifzadeh Momensaraei, A.R.! and A.A. Sabziparvar?

ABSTRACT

Seifzadeh Momensaraei, A.R. and A.A. Sabziparvar. 2022. Optimization of of rice (Oryza sativa L.) and subsequent soybean
(Glycine max L. Merr) cropping calendars under the climate change conditions using dynamical general circulation models
(GCMs) and DSSAT crop model. Iranian Journal of Crop Sciences. 23 (4): 357-372. (In Persian).

Climate change and the global warming phenomenon is one of the main concerns of human societies. In this
study, the impact of climate change on rice, as the main crop in Guilan province, Iran and soybean production as
the second crop was investigated. To adapt to the negative impact of climate change in future, optimal crop
calendars were indentified for different rice and soybean cultivars using two periods of 2021-2035 and 2036-
2050. We used a 12-year phenological dataset of two rice cultivars (Hashemi and Alikazemi) and two years data
of two soybean cultivars (Williams and Hobbit). Moreover, we used downscaled meteorological parameters of
MarkSimGCM data based on the output of three general circulation models (GCMSs) under three different RCP
scenarios. Finally, the aforementioned data were used as the inputs of the DSSAT crop model to simulate the
genetic coefficients and crop yields of rice and soybeans. The results showed that yield values decreased as
compared to the observation period. Rice, cv. Hashemi, yield decreased 31% under the RCP8.5 scenario within
2036-50 period and 23% for cv. Alikazemi as compared to the observation period. Model results indicated that
10 days of acceleration in planting date, in all scenarios and periods, will lead to higher crop yields than the
current planting date. For the RCP8.5 scenario of 2036-50 period, changing the planting date reduced the yield
by up to 15%. For soybeans unlike the rice, delaying the planting date will increase crop yield. Therefore, on the
third planting date (6" of September) for soybeans cv. Williams, up to 24% reduction in seed yield will be
mitigated. For cv. Hobbit, on average 28% seed yield increase was estimated as compared to the current planting
date. In conclusion, shifiting the planting date for rice to the early days of growing season and delaying the

planting date for second crop (soybean) can mitigate crops yield reduction due to climate change.

Key words: Climate change, Mark Sim-GCM, RCP scenarios, Rice and Yield simulation
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