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Introduction

Accurate knowledge of water balance components is necessary to optimize water consumption in agriculture.
On the other hand, measuring water balance components is expensive and difficult. Therefore, the use of models that
can simulate water balance values is important for water management in agriculture and water used by plants. Crop
simulation models have been turned into essential tools for studying plant production systems. In the SSM-iCrop2
models, it is presumed that diseases and weeds are optimally managed and will not affect growth and yield.
Additionally, except in cases where the model accounts for specific nutrients such as nitrogen, it is generally assumed
that nutrient deficiencies are eliminated through fertilization. Therefore, parameterized and evaluated models are
designed to fit these conditions. These factors are present in the field and affect crop growth and yield as well as
water use. However, in several cases it is required to estimate yield and water balance components and irrigation
water volume under grower conditions. Naturally, models parameterized using experiments are unable to simulate
these conditions. Therefore, a model must be prepared so that it can simulate the real conditions of farmers. In this
study, the SSM-iCrop2 model has been calibrated for the real conditions of farmers, and the purpose of this study is
to use the SSM-iCrop2 model in simulating water performance and water balance for farmers.

Materials and Methods

In this study, the SSM-iCrop2 model was calibrated for farmers conditions using variables such as yield and
harvest index, which are available for farmers’fields or are cheap to measure. The effect of factors such as pests
and diseases, weeds and unsuitable nutrients, density and sowing date entered the model along with the calibration
of three parameters of radiation use efficiency, maximum leaf area and maximum harvest index for farmers’ fields.
Calibration was done by comparing the performance of farmers against the performance simulated by the model
and by changing the parameters of radiation use efficiency (IRUE), maximum leaf area (LAIMX) and maximum
harvest index (HIMAX). This calibration was done at Hashem Abad station in Gorgan for irrigated rice (paddy)
and wheat. The simulated actual yield was calibrated with the actual yield. Due to the acceptable simulation of
actual yields after calibration, it was presumed that other estimates made by the model are also reliable.
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Results and Discussion

Measurement of water balance and other estimates of the model from growth and yield formation in the grower
fields is expensive, but a calibrated model can estimate them at a low cost. In this study, it was shown that with the
model calibrated for farmers' conditions, not other easily measured information (such as the irrigation water volume)
can be obtained, with the assumption that the model accurately captures this information as well as performance. To
evaluate the simulated real performance model, it was compared with the actual performance of farmers (Agricultural
Jihad Report) after calibration. In addition to phenology, the SSM model simulates traits related to growth and yield,
evapotranspiration values, irrigation water volume, runoff, available soil water during planting and harvesting,
cumulative drainage, etc. The output of the model shows the amount of irrigation water is needed for a certain amount
of performance in a given place (with specified rainfall and transpiration). The irrigation water volume calculated by
the model was compared with the results of field tests from previous studies conducted by researchers at agricultural
research centers. It was found that the model's output and the observed values were in good agreement. The root
mean square error for rice and wheat was 216.6 and 157.6 kg per hectare, respectively, and the coefficient of variation
and correlation coefficient were 4 and 85% for rice and 3 and 94% for wheat, respectively. Then, the irrigation water
volume estimated by the model was evaluated and validated with the measured irrigation water volume in different
crops (in Golestan province for different years). Based on the results of the evaluation, the coefficient of variation
and the correlation coefficient for the simulated irrigation water volume were 8.9 and 98%, respectively, compared
with the observed value. This calibration was done for rice (paddy) and irrigated wheat in the fields of Gorgan town,
and the simulation and running were done using the meteorological statistics recorded in Hashem Abad weather
station, Gorgan. Noting the fact that the actual yield has been simulated with good accuracy after the calibration, it
was assumed that the other estimates of the model are also reliable. Thus, the calibrated model estimates them with
low cost and appropriate accuracy and can complement field experiments.

Conclusion

This study discovered that the SSM_iCrop2 model, when calibrated for the conditions of farmers' fields, can
accurately simulate both growth and yield traits as well as water balance characteristics. Notably, the model
provides reliable estimates of irrigation water volume in farming scenarios, a crucial factor for agricultural
planning and drought adaptation.
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Table 2- The dominant soil characteristics of Gorgan township, Hashemabad meteorological station district, Gorgan
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Table 3- Parameters used to simulate potential (Yp) and actual (Yact) yield of rice and blue wheat plants.
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Figure 1- Actual yield simulated by SSM model versus the reported actual yield (long-term data based on the Agricultural
Jihad data) for rice (paddy) and irrigated wheat (kg.ha)
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Figure 2- Comparison of system estimates of the volume of irrigation water (m3.ha) in the

conditions of farmers against the measured values related to tomato (Abbasi et al., 2021),

soybean (Kiani et al., 2022), olive (Abbasi et al., 2020), potato (Baghani et al., 2019), peach
(Akbari et al., 2021) and rice (Razzaghi et al., 2019)
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Figure 3- Index of leaf area, dry matter and Evapotranspiration simulated by the model for potential (continuous line) and
actual (dashed line) conditions of water wheat
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Figure 4- Leaf surface index, dry matter and simulated evapotranspiration for potential (continuous line) and actual
(dashed line) conditions of rice (medium and late yield paddy)
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Table 4- Water balance components, productivity and water footprint estimated for actual conditions
and potential for rice plants and water wheat
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Potential Actual Potential Actual
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(MM) (o2 Uy, 0 0 2.38 2.48
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CE
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WP
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*Irrigation water productivity (defined as the ratio of grain yield in kilograms per hectare to the volume of irrigation water
in cubic meters per hectare) has been calculated.
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Table 5- Simulated plant traits in actual and potential conditions for rice and blue wheat plants
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Supplementary figure- Simulated versus observed cumulative irrigation water (CIRGW) and simulated versus observed
grain yield of wheat (a: Zahed et al., 2019). Simulated versus observed evapotranspiration (ET) and simulated versus
observed grain yield of rice (paddy) (b: Keramat et al., 2020). Simulated versus observed net irrigation water (NIW) or
evapotranspiration (ET) and grain yield of grain crops (c: Soltani et al., 2020b).
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Table 1- The parameters used for this study in the SSM-iCrop2 model for irrigated wheat a cultivar similar to
Tajen) and rice (a late-maturing cultivar with medium yield).

Syl cisee &l e (S9dsd) &5
Parameter (Unit) Abv irrigated wheat Rice
SJslsS Pl
Phenology
so3 sly al slod TBD 0 8
Base temperature for development (°C)
79 Sl ST ogllas slod TP1D 25 30
Lower optimum temperature for development (°C)
9 sl ogh oplhe slod TP2D 28 37
Upper optimum temperature for development (°C)
9 Sl e slad TCD 40 45
Ceiling temperature for development (°C)
Temperature unit for emergence (°C day)
(59) 31,5 il “?)J)I‘Qélu“’ dl"’l 45".) O g 5o E9xd ol 3 &8 aled sl tuBSG 1620 1435
Temperature unit for beginning seed growth occurs (°C day)
(395 21,5 sl a2 po) Bl oo il &> ()0 50 (b o 3 &5 e ol tuTSG 2172 2095

Temperature unit for termination seed growth occurs (°C day)
(15 o 2 p0) (St olo oz Y) (Seiglnid Esb gl alod 0y
Temperature unit for physiological maturity (end of dry mass tuPM 2170
accumulation) (°C)
09) Jl)f d"l“" 4-?)‘5) C"‘;l‘))f g; ) Ol"). » Lﬁl"‘l '\>l5 tuHAR 2400 2200
Temperature unit for harvest or leaf fall (°C day)
Sy o
Leaf area
#oad 03lo 5 b (god god dl g Jilie )0 (pod Sy o a3 ls ) dais
Point #1 Relative leaf area index versus relative or normalized (X1, Y1) (0.2, 0.06) (0.01, 0.15)
development stage™

#2005 050l 5 b oo g3 dlinyo bllo 3 o Sy a3l ¥ alais

Point #2 Relative leaf area index versus relative or normalized (X2,Y2) (0.5,0.88) (0.7, 0.95)
development stage**
Sl S L
S S gl 23! LAIMX 6.5 35

Maximum leaf area index
(59 o) olo 4 yd) wbl oo sl Sy A o 45T (Shwy B oled slg tUBLS 1620 1435

Thermal unit from planting to the beginning of leaf aging (°C)

SR OM S pS SRATE 1 1
Leaf senescence rate coefficient
(31,5 sl 453) ool sbod | S Sy (sl slassl il FrzTh 5 8

slosdl &bzl Lol slod pj lod s da > o (glil 4 S s S po

Relative leaf death per each degree below low temperature / FrzLDR 0.01 0.01
freezing threshold

(313 5o 43 p3) S by (slys boyS alin (lod

HeatTH 30 37
Heat threshold temperature for leaf senescence (°C)
Lo)S bl (glod jl Lod yiuljal as p> s (glil 4 S (gym Cspur (mnd (i3
Relative increase in leaf senescence rate per each degree above heat ~ HILDR 01 01
threshold
it odlo

Dry matter
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(51,5 b 4 53) Sid o3lo g5 sl Al slod TBRUE 0 .
Base temperature for dry matter production (°C)
315 Blo aspd) S o3le W5 (gl Slis gllas (glod TP1RUE 15 15
Lower optimum temperature for dry matter production (°C)
(51,5 (Bl dsy0) Sid odlo W5 (4l (SBgd Lollae (slod TP2RUE 29 35
Upper optimum temperature for dry matter production (°C)
(51,5 (slo doy0) Sid odlo os (glyy b (glod TCRUE 35 50
Ceiling temperature for dry matter production (°C)
5y Jib el Sl (bl KPAR 0.65 0.60
Extinction coefficient for photosyntheticaly active radiation
(J?)K" b f’)f) ‘\“") ""9’“4" Ja;l).w » é“"“""’ )l oslél u,»‘)lf RUE 22 2.2
Radiation use efficiency under optimal growth conditions (g MJ-1)
CO2 chlé & RUE gl oy caca 0.8 0.8
Coefficient for response of RUE to CO2 concentration
slos LS5
Yield formation
ety pabld Sl Himax 05 0.38

Maximum harvest index
2 p5) My Jl ) 0gme [yl 4y (pdugy <L 5l plmls BB SUiS 0355 5l (g S
(5 FRTRL 0.2 0.25

Fraction of dry mass remaobilizable from the vegetative tissue to the
developing seeds/fruits (g g%)

Grain conversion coefficient (g g%)
<l by,
Water relations
("I)fgr""““’ d‘.>)J) Ay Ay £gpab LSl)" u‘ul"" '\>l9 tuBRG 132 0.001
Temperature unit for beginning root growth (°C)
(bl)fL;”L"' “?)3) Adyy M) u‘-’b tﬁ‘)’- &L"" “\)'9 tuTRG 1620 0.65
Temperature unit for termination root growth (°C)
Viole] 38 3w 0lof 2 ) o iDEPORT 200 200
Initial depth of roots at emergence or beginning leaf growth (mm)
Linise) 4y byt S 5l ol gl 5l 50 Goe 51> MEED 1000 250
Maximum effective depth of water extraction from soil (mm)
85 G TEC 5.8 5.8
Transpiration efficiency coefficient
S s0 pS St odlo Wi ol 5l 58 p0 &5 S L psd BB Gl s WSSG 0.3 0.6
FTSW threshold when dry matter production starts to decline
FTSW threshold when leaf area development starts to decline
I B 82 5 5 5 900 Sl 0 WSSD 0.4 0

Developmental susceptibility coefficient and aging to drought stress
Bl sl qpm s 3 oS ¥0+) obS 65155 (5 52 53 @y ol W PLAMX) Coglao Lulys 53 paiS Sy s Sl iy
Do ca 03l (Ll
%% used as maximum wheat leaf area under optimal condition (PLAMX: 186 cm? per plant) product by plant density
(350 plant per m? for irrigated conditions)
(el bl (sl oy yio 53 olS Ve olS o815 L (W52 p2 )3 @iye el B+ + PLAMX) cosllas Lalyis 0 @ S s yiShs (lgieas ™
2945 g0 03wl
%% used as maximum Rice leaf area under optimal condition (PLAMX: 500 cm? per plant) product by plant density
(70 plant per m? for irrigated conditions)
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