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Agro-ecological zoning of agriculatural lands of Iran based on simulation of growth
and forage yield of irrigated and rainfed alfalfa (Medicago sativa L..) under current
and future climatic conditions

Paravar, E.!, Soltani, A.2"", Zeinali, E.>"*', Kazemi, H.*(") and Dadrasi, A.

ABSTRACT

Paravar, E., Soltani, A., Zeinali, E., Kazemi, H. and Dadrasi, A. 2025. Agro-ecological zoning of agricultural lands of Iran
based on simulation of growth and forage yield of irrigated and rainfed alfalfa (Medicago sativa L.) under current and future
climatic conditions. Iranian Journal of Crop Sciences. 27(3): 285-303. (In Persian).

Introduction: Agro-ecological zoning provides a comprehensive scientific database for identifying suitable areas for crop
cultivation and plays an important role in agricultural planning and adaptation to existing ecological conditions. It also
contributes to evaluating the potential impacts of climate change on agricultural production and supports decision-making
for sustainable crop management. Alfalfa (Medicago sativa L.) is one of the most important perennial forage crops in Iran,
and its productivity is strongly influenced by climatic conditions. Therefore, evaluating the spatial distribution of alfalfa
productivity under present and future climatic conditions is essential for sustainable agricultural development. The objective
of this study was to determine the agro-ecological zoning of irrigated and rainfed alfalfa across Iran using the SSM-
iCrop2 crop simulation model and to evaluate the effects of climate change under the Representative Concentration
Pathway (RCP4.5 and RCP8.5) scenarios.

Materials and Methods: The study was conducted at the national scale covering the agricultural lands of Iran. Long-
term climatic data, soil characteristics, and crop management information were integrated into the SSM-iCrop2
simulation model to estimate alfalfa forage yield. Future climatic conditions were evaluated using the Representative
Concentration Pathways (RCP4.5 and RCP8.5). Agro-ecological zoning was performed based on simulated forage yield
and annual accumulated growing degree-days (GDD) using a base temperature of 0°C. The simulated yields were
spatially analyzed in a geographic information system (GIS), and thematic zoning maps were produced for both irrigated
and rainfed alfalfa. The country was classified into five productivity classes according to simulated forage yield.
Results: The simulation results revealed considerable spatial variation in alfalfa productivity across Iran. For irrigated
alfalfa, five productivity zones were identified (<20, 20-25, 25-30, 30-35, and >35 t.ha™), representing approximately
1%, 14%, 46%, 34%, and 5% of the country's agricultural lands, respectively. The highest-yielding areas (>35 t.ha™)
were mainly located in central and southeastern provinces, including Fars, Kerman, Yazd, Sistan and Baluchestan, and
parts of South Khorasan. Future climate projections indicated that regions with annual GDD values below 6000 would
benefit from climate change through increased forage production. In contrast, areas with annual GDD values of 7000 or
higher would experience yield reductions because of excessive heat accumulation and increased evapotranspiration
demand. Rainfed alfalfa was also divided into five productivity classes (<5, 5-10, 10-15, 15-20, and >20 t.ha™). The
highest productivity zones were restricted to limited areas of Guilan and Mazandaran provinces, accounting for less than
1% of the country's agricultural land. Approximately 34% of agricultural lands produced less than 5 t.ha™, while nearly
55% produced between 5 and 10 t.ha™. Unlike irrigated conditions, climate change generally increased rainfed alfalfa
productivity in most agro-climatic zones due to improved thermal conditions and longer growing seasons.

Conclusion: The present study produced national agro-ecological zoning maps for irrigated and rainfed alfalfa under
current and projected climatic conditions using the SSM-iCrop2 simulation model. The results indicated that climate change
will improve forage production in cooler regions while reducing productivity in warmer environments. Therefore,
adaptation strategies should be region-specific and consider local climatic characteristics. The findings provide valuable
scientific information for policymakers, agricultural planners, and researchers to optimize land use, improve water resource
management, and enhance the resilience of forage production systems under future climatic conditions.
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Fig. 1. Agro-ecological zoning of arable lands in Iran (Paravar et al., 2022)
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Table 1. Estimated parameters in the SSM-iCrop2 model for irrigated alfalfa (Pourshirazi et al., 1400)

Parameter el Abv el sy~ Value s
Base Temp. for development (°C) swiabls TBD 5
Lower Opt. Temp. for development (°C) goi Slmw wglkes s TP1ID 30
Upper Opt. Temp. for development (°C) go3 JB glba s TP2D 30
Ceiling Temp. for development (°C) soi i gy TCD 40
Thermal units from Jan. 1 for spring regrowth o)lg 3dze Ly gl 4 15 Jl 5l sbsu=ly  FOrReq 180
Thermal units for growth Ly sg,b il sbksdsly  tUEMR 6.5
Thermal units for beginning of seed growth Shds, s sl slsasly  tUBSG 7.15
Thermal units for termination of seed growth S, ol ¢l s sbsasly  tUTSG 643.5
Thermal units to physiological maturity S e Shey sl gty tUPM 643.5
Thermal units to harvest Cails el sbs sty tUHAR 650
First point of normalized leaf area index curve ods Jlo 5 68 ) b s li oo Jglabis X1Y1 0.15,0.01
Second point of normalized leaf area index curve ol Jb 8 b aslipgsdas XYL 0.8,0.95
Maximum leaf area index K b Lesls S1a=  LAIMX 3-5
Thermal units to beginning of leaf senescence weS , 0dd 55,56 s 5l sbsdsls  tUBLS 643.5
Leaf senescence rate coefficient K008 e mes s SRATE 0
Freezing threshold for leaf death £, 8 pslal slnT  FrzTh -7
Relative leaf death below freezing threshold los 28l (ljl 4 slaeil sles 5568 5 i S FrzLDR 0.01
Heat threshold for leaf senescence e, o y abal ls  Heat TH 35
Relative increase in leaf senescence due to heat s 203 il oS 5 (6 e i I3 HELDR 0.1
Base temperature for dry matter production St osle W5 sl pub s TBRUE 0
Lower optimum temperature for dry matter production Szt o3l W5 (6l b oglae sls  TPIRUE 8
Upper optimum temperature for dry matter production et o3l W5 6l YU o glbs s TP2RUE 25
Ceiling temperature for dry matter production St osle W 5 (5l wiw ss TCRUE 40
Light extinction coefficient for PAR sl a6 ol St oo KPAR 0.65
Radiation use efficiency b O ee T8 RUE 23
CO: response coefficient for RUE oS LSl cble s RUE #ut 0 C3,C4 0.8
Maximum harvest index Sl esls ST HImax 0.9
Fraction of remobilized dry matter sdome JUal B Sz ool FRTRL 0.05
Grain conversion coefficient 4l s s, GCC 1
Thermal units for root growth initiation Ay dd,y syl glsdsly  TUBRG 6.5
Thermal units for root growth termination Aoy i, 0Lk ¢l gls sty UTRG
Root depth at emergence Od e Ol 43 4dyy ee IDEPORT 1000
Maximum effective rooting depth aiv) Sse ges STu>=  MEED 1300
Transpiration efficiency coefficient 6,5 21,8 ,» TEC 5
Fraction of available soil water reducing dry matter production St osle W5 gl s pE STl WSSG 0.5
Fraction of available soil water reducing leaf expansion K b 528 gl s BB ST 6T WSSL 0.5
Sensitivity coefficient of development and senescence to water stress (S A5 4 Odd 5 ged Cowla o o0 WSSD 0
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Fig. 2. Agro-ecological zoning of agricultural fields in Iran based on dry forage yield of irrigated alfalfa under

current and future climatic conditions
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future climatic conditions
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Fig. 6. Zoning of agricultural fields in Iran based on irrigation water volume for alfalfa under current and

future climatic conditions
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Fig. 7. Zoning of agricultural fields in Iran based on the percentage changes in irrigation water volume for

alfalfa under future climatic conditions
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Fig. 8. Agro-ecological zoning of agricultural fields in Iran based on simulated dry forage yield of rainfed alfalfa

under current and future climatic conditions
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climatic conditions
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