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Extended Abstract \
Introduction

Climate change, characterized by rising temperatures, altered’ precipitation regimes, and increased
evapotranspiration, poses a severe threat to sustainable agricultural pro%\tion, particularly for rice. As
a globally critical staple crop, rice is indispensable for food security but s highly water-intensive and
vulnerable to heat stress. In northern Iran, gice is traditionally, cultivated under continuously flooded
conditions, a practice that ensures high yields butconsumes.excessive water resources. Given escalating
water scarcity and warming trends, optimizing irrigati nmagement and deploying heat-tolerant
cultivars are essential adaptation strategies. This study aimed to_simulate the agronomic performance
ofthe Fajr rice cultivar under alternative irrigationigégimes (flood; sprinkler, and drip) and establishment
methods (transplanted and directsseeded) using the'CERES-Rice crop model. The research evaluated
the impacts of projected climate‘change on grain yield and biomass in SarkhonKolah, Gorgan County
(Golestan Province), for the fature peried 203122090 relative to a baseline (1990-2020), under three
Shared Socioeconomic Pathway (SSP) seenarios: SSP126, SSP245, and SSP585.

Materials and Methods

The CERES-Ricemodel was ealibrated and walidated using field experimental data for the Fajr cultivar,
including flowering date,physielogical maturity, plant height, leaf area index (LAI), and grain yield.
Model perfermancey was quantified using root mean square error (RMSE), normalized RMSE
(NRMSE),'and Willmett’sindex of agreement (*d*). Future climate projections were downscaled using
the {LARS-WG stochﬁ%lijc weather generator and the HadGEM3-GC31-LL global climate model
(CMIPG6 dataset) across three future time slices: 2031-2050, 2051-2070, and 2071-2090. Simulations
were conductegg three irrigation systems combined with two planting methods, analyzing grain yield,
biomass,accumulation, and water-use efficiency under SSP126, SSP245, and SSP585. A sensitivity
analysis'was,also performed to isolate the effects of incremental temperature rises, combined heat—soil
moisture stressyand elevated atmospheric CO: concentrations on crop productivity.

Results and Discussion

Model validation demonstrated high predictive accuracy (d > 0.9, NRMSE < 10%), confirming its
suitability for regional climate-impact simulations. Climate projections indicated that under the high-
emission SSP585 scenario, mean maximum and minimum temperatures could increase by 2—5 °C, with
reference evapotranspiration (ETo) rising by up to 11% compared to the baseline. Simulations revealed
that the Fajr cultivar exhibits strong yield stability under future climates. In the transplanted—flood
system, grain yield increased from 8,978 kg ha™ (baseline) to 10,259 kg ha™ under SSP585 (2051—
2070), representing a 14.26% gain, with biomass increasing by 13.65%. Although yields slightly
declined in the 2071-2090 period due to intensified heat stress, they remained above baseline levels.
Direct-seeded systems showed more pronounced gains: sprinkler irrigation yielded an 18.18% increase
(from 4,868 to 5,753 kg ha™), while drip irrigation achieved the highest gain of 25.55% (from 4,666 to
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5,858 kg ha™) during 2051-2070 under SSP585. Both systems maintained yields above baseline in the
late century. Sprinkler irrigation provided the most stable yields under extreme heat, as evaporative
cooling reduced canopy temperature and mitigated spikelet sterility above 35 °C. Drip irrigation
excelled in water-use efficiency under moderate stress (SSP245), whereas flood irrigation, despite
current high productivity, is projected to face declining efficiency due to rising evapotranspiration and
water scarcity. Sensitivity analysis indicated that each 1 °C increase in daily maximum temperature
reduced grain yield by 4-6%, primarily through flowering-stage spikelet sterility. Combined heat and
moisture stress exacerbated losses by >10%, but elevated CO: (up to 868 ppm under SSP585) exerted
a compensatory fertilization effect via enhanced photosynthesis. The cultivar’s extended grain-filling
period and inherent physiological efficiency underpinned its resilience.

Conclusion

The Fajr rice cultivar demonstrates considerable adaptive capacity and yield resilienée under projected
climate change scenarios, making it a suitable candidate for climate-smart agriculture imnorthern Iran.
Transitioning from traditional flood irrigation to modern, pressutized systems is critic\ngr sustainable
water management and yield stability. Sprinkler irrigation is recommendedsforheat-proneenvironments
due to its canopy-cooling benefits, while drip irrigation is optimal for water-limited conditions. Both
methods significantly reduce water consumption and mitigate climate-indl,& yield penalties. To
enhance long-term climate resilience, agricultural policymakersand extension services should promote
direct-seeded cultivation integrated with sprinkler or drip irrigationyia@ecelerate the development and
dissemination of heat-tolerant cultivars like Fajr, and invest in farmer fraining, adaptive irrigation
infrastructure, and advanced climate monitoring and modeling frameworks.

Keywords: Food security, Climate resilience, ‘Global warming, Crop modeling.
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Table 2. Calibrated Genetic Parameters of the CERES-Rice Model for the Fajr Rice Cultivar in Gorgan

Coefficient Unit Fajr cultivar Description
S s>l Pl Clrnsei

The period (growth degree days) from seedling emergence during
which the rice plant does not respond to photoperiodic changes
Pl °Cday 3324 Do 2 g oS T b o8 azalS a8 e ol 51 (45, 9,742 )9) 09

a3 ool gl Gg) Job) 992 52953
The developmental range in which each hour of photoperiod
increases above P20 delays'panicle initiation

P2R °Cday 53.86 P20 51 5V (02 298) (5599 0,90 Jobo ial 33l S8l 5o ()] 50 45" (g, aial

wOgdige (g 4by3) JoSaily eSSl Josb ey
Length of grain filling eyele based on dégree-days from the start date
of the cycle to physiological matutity
P °Cday 654.9 Sy Boy90 cnl g9 5 B 3ldajgimadys ulal y als ads 5y 090 Jsbo
St
The longest day length thatgproduces the maximum growth rate
S oo Sl oy C’)&(‘*’ & sy Job ot
Potential spikelet number coefficient
Gl - 75.0 boarlins ol oslty ey
Single seeNight under optimal growing conditions
X5 bl 0 Al SG o5
Tillesing coeffictent compared to the IR64 variety under favorable
G3 - 1 growing conditions
iy Ollhe byl h Cow IRO4 08, b dslie o Sy <oy
Time, intefval (degree-days) for the tip of each leaf to emerge under
non-stress conditions
PHINT °Cday 83.0 9 il )0 Sy e Soi ol ol gl (Goymaz o ca ) Sloj alols

P20 hr 11.00

G2 ar 0.025

The maximum temperature above which spike fertility is affected by

THOT °C 35.0 heat.

\‘ S e )8 ol S 5 il cod Al 59,k 0T 5 VL & Gles STas
\ 5.0

TCLDP °C The temperature below which panicle initiation is delayed

The temperature below which the fertility of spikes is affected by low

TCLDF °\ 15.0 temperatures.
D55 2 8 ol slales )-*JL’ v balaws y5,L ol 5 Fomb & gl

Table 2. Genetic factors calibrated in the CERES-Rice model - Fajr cultivar, Gorgan city
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Table 3. Calibration of plant factors of CERES-Rice model - Fajr cultivar, Gorgan city

NRMSE RMSE
Parameter Unit d . R?
Lo ol Goalyy asLi Sy Egone Egaze JOU SO
= 9 9 B> ot Jlo i gllas s ole yo O 9 o
Anthesis day day 0.90 8.82 6.62 0.86
Tops wt Kg ha'! 0.88 14.89 1805.57 0.87
Mat Yield Kg ha'! 0.99 3.54 190.19 0.99
Maturity day 0.94 4.12 4.86 0.97

CERES-Rice Joo riawcons alo po 53 oS S0 jgleid slajy sl oo (gilwmeds 9 gpuSojlil yrolio F Joux
Table 4. Measured and simulated values for plant phenological days in the validation phase of the
CERES-Rice model

Maturity day Anthesistda
Sy 393 EEST)) \
Treatment . 3
. Error Simulation
slos Measurement  Simulation (%) Measuréement &M Error (%)
ol 5 w5 ojll oud gilw Al . y . od | g S o3l 2 ’ (1) b
(1) Uas Sduw
: -1 -1 Kg ha’ 1 1 -1
Unit Kg ha Kg ha 1 Kg ha Kg ha Kg ha
TFGF 94 104 -10 51 58 -7
DSGF 123 123 0 78 78 0
DTGE 123 123 0 78 78 0
N\

CERES-Rice Juo oo al> po )0 oo (o3 Ldiill g (5305 0 31a3lails o ,Slos g 00gicans ) polio .0 Jouo
Table 5. Biomass and grain yield values measured and simulated in the validation phase of the CERES-

Rice model
Mat Yield Tops wt
ails o Slae 0095 Ly ) O ySlos
Treatment . " . .
s Simulation o Simulation o

o Measurement 63l A Error (%) Measurement 63l dnis Error (%)

ol (g yaS 0l ) (1) las ouus (g S o3Il ) (1) las
o odww
: Kg ha-

Unit Kg ha-1 Kg ha-1 1 Kg ha-1 Kg ha-1 Kg ha-1
TEGF 802 8144 -123 16710 15179 1531
DSGFE 5578 5547 31 12678 9637 3041
DTGF 4 4890 5106 -216 11372 10269 1103

OB e gy Jgrame 8 o8y — (5 k] cilizo sl sless' 51 CERES-Rice Juo o5 (wwcaro ¥ Jguz
Table 7. Validation of CERES-Rice model performance for different irrigation treatments — Fajr cultivar,

Gorgan city
NRMSE
Parameter Unit d .. RMSE R?
o " sl Ol o £ gomo . .
oL a>ly Ggelig Lo s Uas Ol yo & gozxo Ot g b
ol Jlo
Anthesis day 0.97 5.86 4.0 0.99
Tops wt Kg ha'! 0.83 15.21 2066.3 0.89
Mat Yield Kg ha'! 0.99 2.35 144.6 0.99
Maturity day 0.94 5.11 5.8 0.99
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Golwand ) gl 98 o jo gy o, Slee DSSAT jl oolaswl L (Tefera et al., 2023) )], Son ¢ 1,85 005 ()35 VY
JL 3 RMSE g Wloads  ciomsiam (s )0 4 dad als 0, Slos g (S (235 U sl olaws a5 ols Lis laaidl o405
By Joo cpl a5 wisges 3155 o] il oy VIV g VIFF § VIV (i3 a andllae 0550 o8] (gjlwacds (oo
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P & e By el (e 05d oo oanlive ST SSPS8S Sailiass eyl ;0 Wy, cnl Sab gl e
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sanlllne (i WS 0By 0o )3 V) B 53 5 e Gliee 5 il Gl o5 e 4z FIY B ol (See T 090
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o,k @lpss CMIP6 slaosls s CMHyd l58le 5 5l (6,50 40 L (Babaeian et al., 2023) ), SKe o L3LL (i 4o
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Fig2. Rainfall changes,in different “ compa the rainfall in the base period (growing period
- only)
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Fig 3. Changes in the referenced evapotranspiration in different scenarios compared to the referenced
evapotranspiration in the base period (only in growing period)
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Table 7. LARS-WG evaluation of HadGEM3 model (p-value)

Parameter May Jun Jul Aug Sep
el Sl Slo 5 » 31> yo 29 RS
Rain 0.524 0.698 0.493 0.422 0.968
TMin 0.479 0.86 0.454 0.048 0.386
TMax 0.515 0.391 0.615 0.404 0.226
RAD 0.066 0.574 0.407 0.348 0.247

(oo 1+ B gy Vo 51) sl 399 55 oouldl (sl (a5 yolio A Sl
Table 8. Values of climatic parameters in the base period (May to October)
ETo- T Max -

Average Averag T Min - P- Co2
Scenario Time eSilio aSilae Averag Ave?hg{ cdile
) . Sl Sl e e ‘
99 )b ol Py clod Luango oSl oSl &S 1S
Bl slod ol S|
& Jrijres -
i -1 ° ° mm
Unit year mm mm C C\ ! ppm
Base time 1990-220 771.59 31.36 20.68 135.53 389'10

U g,y 10 Nt (05155 (sbog )L (bl (FIle sloolunglizioy it 9 by (sWey90 lp il e @l A Jgua

"
Table 9. Modeling results for the base and future,periods at'studiéd stations based on the sixth report
scenarios (from May to September)

ETo/EToba Tmin-
se Tmax- Tminbas P/ P
e - Tmaxpase - base
oS Lo Lo il
Scenario Time = u-::’-’ Bowigio (il < u-5~' i Sk CO:
(&0 % - Jloo . oS cdalé
91)bs ol i, Shesle It '
= T ks ST g e
20 &0 BN ) 0590 Jslo> .
aly 0yg90 yiSlos ol ot
aly0yed aly
] mm
Unit ear\ mm mm’! °C °C ! ppm
2030-2050 0.99 0.6 1.0 1.37 455.7
SSP126 2050-2070 1.02 1.3 1.0 1.29 472.0
V070-2090 1.01 1.4 1.7 1.62 465.7
030-2050 1.00 0.8 1.1 1.27 475.3
SSP245 2050-2070 1.02 1.7 2.1 1.36 536.0
2070-2090 1.06 2.8 2.8 1.21 582.3
2030-2050 1.02 1.5 1.7 1.39 505.0
SSP585 2050-2070 1.05 2.9 3.0 1.20 650.0
2070-2090 1.11 5.1 5.1 1.09 868.7
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ihad Sl slo S Jood g als (ol )93 Job ol 095 (el b (sla Shg b p2d o) Lol ewslasdly (il cenld]
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Table 10. Results of changes in average grain yield and biomass compared to the baseline period for

TFGF treatment
Change V.S Change V.S
Time Yield base period Biomass base period
ok @15 5 ,Slos Ok’ b2y 0395 Canmas 3 0 S Lok O k' a0 53
Al 090 4 Lo AU 090 4 S
Unit Kg ha'! % Kg ha'! \ %

Hist: 1990-2020 8978.61 - 16816.48 -
SSP126: 2031-2050 9935.45 10.66 18542.8 10.27
SSP126: 2051-2071 9967.45 11.01 18526.75 10.17
SSP126: 2071-2090 9871.65 9.95 18253.7 8.55
SSP245: 2031-2050 9942.85 10.74 18498.65 10.00
SSP245:2051-2071 10081.85 12.29 12&.95 10.6
SSP245:2071-2090 10144.15 12.98 18568.2 10.42
SSP585: 2031-2050 9792.50 9.06 18158.2 7.98
SSP585:2051-2071 10259.15 14.26 18735.9 11.41
SSP585: 2071-2090 9584.0 6:74 19112.0 13.65
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Table 11. Results of changes in average grain yield and biomass per unit area compared to the baseline
period for DSGF treatment

Change V.S base . Change V.S
. Biomass .
Time Yield period base period
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sl % al 0y95 & Cod
Unit Kg ha'! % Kg ha'! %
Hist: 1990-2020 4868.39 - 9148.81 -
SSP126: 2031-2050 5443.4 11.81 9684.84 5.86
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SSP126: 2051-2071 5489.45 12.76 9914.8 8.37

SSP126: 2071-2090 5416.4 11.26 9849.25 7.66
SSP245:2031-2050 5485.9 12.68 9785.95 6.96
SSP245: 2051-2071 5603.85 15.11 10076.60 10.14
SSP245:2071-2090 5702.85 17.14 10276.15 12.32
SSP585:2031-2050 5434.8 11.63 9794.90 7.06
SSP585:2051-2071 5753.6 18.18 10353.2 13.16
SSP585: 2071-2090 5567.05 14.35 10869.95 18.81
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Table 12. Results of changes in average grain yield and biomass per unit area compared to the baseline
period for DTGF treatment
Change V.S base

Biomass Change V.S base

Time Yield period o period
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aloygo @ 2 0599
Unit Kg ha'! % Kg ha'! \ %
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SSP126: 2071-2090 5315.0 13.91 10568.9 6.61
SSP245: 2031-2050 5411.10 15.97 10769.90 8.64
SSP245: 2051-2071 5539.0 18.71 \ 10886.75 9.82
SSP245: 2071-2090 5711.40 22.40 \ 10986.25 10.82
SSP585:2031-2050 5296.70 13252 1059190 6.85
SSP585: 2051-2071 585810 25.55 11061.80 11.59
SSP585: 2071-2090 4995115 7.05 11649.50 17.52
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