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Introduction  

Challenges to global agriculture. Among the various climate-related factors, increased 

temperature and heat stress have been identified as major threats to crop productivity, 

particularly for crops that are sensitive to thermal fluctuations. Maize (Zea mays L.), a vital 

cereal crop cultivated worldwide for food, feed, and industrial purposes, is notably 

vulnerable to high temperatures during key phenological stages. As temperature rises above 

the physiological thresholds of the crop, adverse effects on photosynthesis, pollination, grain 

set, and ultimately yield become more pronounced. 

In light of these concerns, this study was conducted to assess the effects of temperature stress 

on maize growth, specifically focusing on two temperature-related indicators: (1) average 

maximum temperature and (2) cumulative temperature above the thermal threshold. The 

overarching goal was to develop linear regression models that could quantify and predict the 

impact of these parameters on maize yield and biomass at both seasonal and phenological 

stage levels. Such models could be instrumental in climate risk assessments and adaptive 

management strategies for maize cultivation in semi-arid regions like Qazvin, Iran.  
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Materials and Methods 

The study area comprised six maize fields within the Magsal Agro-Industrial Complex in Qazvin Province, 

characterized by a semi-arid climate. The single-cross maize hybrid SC 704 was selected due to its 

widespread cultivation in Iran and its known sensitivity to temperature stress during reproductive stages. 

Field-level data on crop growth, soil characteristics, management practices, and daily weather variables were 

collected. The AquaCrop model (developed by FAO) was used to simulate crop development, yield, and 

biomass. Model calibration was performed using observed data for flowering and maturity dates, biomass 

accumulation, and final yield. 

To quantify thermal stress, two key indicators were calculated: (1) the seasonal average of maximum daily 

temperature, and (2) the cumulative number of days with maximum temperature exceeding a defined 

threshold based on the physiological limits. Regression analyses were conducted to relate these indicators to 

observed yield and biomass, both at the full-season level and within four specific growth stages (vegetative, 

flowering, grain filling, and maturity). Model performance was evaluated using statistical metrics including 

RMSE (Root Mean Square Error), NRMSE, MBE (Mean Bias Error), R², and adjusted R². To further assess 

uncertainty, the F-factor and R-factor indices were applied. 

Result and Discussion 

Calibration of the AquaCrop model demonstrated reliable performance in simulating maize development, with 

RMSE values between 4.6 and 6.3 for flowering and maturity predictions. When regression models were 

developed using seasonal indicators, average maximum temperature was found to be a strong predictor of 

yield (R² = 0.79, RMSE = 0.84), while cumulative high-temperature days better explained biomass variation 

(R² = 0.67, RMSE = 0.72). 

However, the stage-based models consistently outperformed seasonal models in accuracy. Yield prediction 

models that incorporated maximum temperature and cumulative thermal stress during specific stages had R² 

values of 0.90 and 0.88, with corresponding RMSE values of 0.57 and 0.68, respectively. Similarly, biomass 

was best predicted using maximum temperature during critical stages (R² = 0.83, RMSE = 0.52). All 

regression coefficients were negative, indicating that temperature was associated with reductions in both yield 

and biomass. The flowering stage was identified as the most temperature-sensitive period, with high 

temperatures disrupting pollen viability and grain set. 

Simulated scenarios also showed that increased temperatures during sensitive stages could lead to a 13ï25% 

reduction in final yield. Uncertainty analysis using F-factor (0.1602) and R-factor (0.1944) demonstrated 

strong agreement between the model outputs and observed data, affirming the robustness of the developed 

regression models. 

Conclusion 

This study highlights the detrimental effects of temperature stress on maize productivity, particularly during 

flowering and grain filling stages. It emphasizes the need for stage-specific modeling approaches rather than 

seasonal averages, as stage-wise models provided more accurate predictions of yield and biomass. The 

regression models developed in this research can be integrated into decision support systems for better climate 

risk management and crop planning. 

Given the observed yield losses under projected temperature scenarios, adaptive strategies such as adjusting 

planting dates, selecting heat-tolerant hybrids, and modifying irrigation schedules should be prioritized. These 

findings also underscore the importance of integrating crop modeling tools such as AquaCrop with climate 

data to improve resilience and sustainability in maize production under future warming trends. 
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  óºù )¢Åv āºÉAquaCrop  ĉì  ñv¾å óºùLĊ¾   ¹¾z½wLí¾~ ÿ

v¾z Ăí ¢Åvć  Åÿ ā¹ÿº´ùĊÞĈ   Ýv½¿ ¡đĀÎ´ù ¿vĈ   ¹¾z½wLí

$ ¹½v¹Ramezani etedali & Safari, 2023v )#ĉü wz óºùĉº 

v¾zć    óĀÎ´ù ¾ăÿ ¬þÅvÿ Ëw· ĂêÖþù ¾ă ½¹Ĉ ¿½v ÿLĉzwĈ 

Àù )¹ĀÉĉ¢  wÅ Ăz ¢{Æý ûjĉ¾  óºùćwă  ñĊăwĈ   ĂLí ¢Æýj

wă¾¤ùv½w~ ¹vºÞ£ć  z ûj ¢zw§Ċ¾¤Ê  ¬þÅvÿ ÿ ā¹ĀzĈ   wLz óºLù

ā¹v¹ćwă ¾¤úíć Lù ÷w¬ývĈLĊñ¹¾ $Ramezani etedali & 

Safari, 2023v ¿v )#ĉü ÈăÿÂL~ ½¹ óºLùćwLă LÆzĊ½wć  ½¹

vĉûv¾  ºÉ ā¹wæ¤Åv ûwĄ« ÿā  v¾z IĂöú« ¿v ¢Åvć {ÉĊĂ ¿wÅć  

ñ ºLLÉ½ ÿ ¹¾LLîöúÝLLĊāw  óºLLù ¿vAquaCrop ā¹v¹ ¿v ÿćwLLă 

õĀ£Ċºć  wù¹ IÇ½wzć  zwL¤åj ¢ÝwÅ ÿ ¾¨ívº³ ÿ ôévº³Ĉ   wLz

ùĀLúÝ Ç¹¾Lñ óºLù ¿v ā¹wæ¤ÅvĈ  ½wþLÅ ¢L´£ ĀL«ĉwăĀć 

  ½wÊ¤ývA2   ÿB1 ā½ÿ¹ ½¹wăć -+0+(-+-+  )ºLÉ ā¹wæ¤LÅv

w¤ý è{ÕĉIª  ½wþÅ ½¹ĉwăĀć    ½wÊ¤ývA2   ~ĊÈzĊLþĈ  {LÅwþùĈ 

v¾zć  wă¾¤ùv½w~ć  öévĊúĈ  {É ÿĊĂ¿wLÅć  j ºLÉ½ ôLÎåĉāºLþ 

wù¹ ½¹ ÿ ¢Év¹ ¹Ā«ÿć  vÀLåv Ç½wz ÿ ¾¨ívº³ ÿ ôévº³ĉÈ 

¹ĉāº  v¾z ºÉ½ ā½ÿ¹ óĀÕ )ºÉć  v ¾Lăĉāwò¤LÆ   ĂLz ĂL«Ā£ wLz

â£ĊĊ¾  öévĊø  vÀåv wz ĂêÖþù ½¹ĉÈ  GDD   ºăvĀ· Èăwíĉ¢åw 

ù ÿĊûvÀ  ¿ĉ¢Æā¹Ā£    ¢Lzw§ Ï¾Lå wLz Ăýv¹ ¹¾îöúÝ ÿûºLýwù 

½w£ĉ¶  ýĀþí ¢ÊíĈ  zj ÿĊ½wć    ¹ÿº³ ôùwíĉì   ½¹ üL£ ÿ¹ w£

½wþLLLLÅĉwăĀć vÀLLLLåv ¡ÿwLLLLæ¤ùĉÈ  ºLLLLăvĀ·ĉ¢LLLLåw 

$Hajivandpaydari et al., 2023 )# 

½¹ ê´£ĊêĈ wă ÿ üýĀLíĀù ĂLíĉüýwîLÆ $Muukkonen 

and Heiskanen, 2017 ĂLí ºLÉ ā¹v¹ ûwÊý Iºý¹v¹ ÷w¬ýv #

â£ĊĊ¡v¾  ù wù¹ĈºývĀ£  §m£Ċ¡v¾  æþùĈ   ½¹ óĀÎ´ù ¹¾îöúÝ ¾z

v¾LLÉĉÔ öév äLLö¤¸ùĊLLúĈ LLþ°úă )ºLLÉwz Ă¤LLÉv¹ĊIü  ½¹

ĂLLÞõwÖùćv ¹ĉ¾LLò ÿ½ ¾LLz ĂLLíć ā¹v¹wLLăć  I½ÿ¹ ¿v È¬þLLÅ

§m£Ċ¡v¾  â£ĊĊ¡v¾  ¿ ¾z wù¹ĉ¢Æā¹Ā£  ñ ºLÉ½ ÿĊûwLăw   ÷wL¬ýv

w¤ý IºÉĉª  ĄzwÊùĈ  §m£ wz ĂÖzv½ ½¹ v½Ċ¾ æþùĈ  ºLÉ½ ¾Lz wLù¹

ñĊûwăw  ¿½ÿwÊíć $ ºý¹¾í āºăwÊùDorigo et al., 2010)# 

vĉü  Ăz ¡wÞõwÖùöí ½ĀÕĈ ù ûwÊýĈºLþă¹ ºLù ĂLíĉ¾ĉ¢ 

wù¹ć  ´ùĊÖĈ  óºù xw¸¤ýv ÿwăć  v¾z yÅwþùć   ~ĊÈzĊLþĈ 

§m£Ċ¡v¾  ¿ ÿ ¹¾îöúÝ ¾z ûjĉ¢ÆIā¹Ā£  úĄù ÈêýĈ   ¹Ā{Ąz ½¹

õĀ£LLLĊ¡vº ¿½ÿwLLLÊíć v ¡½» ûĀLLL°úăĉwLLLæ ùĈºLLLþí ½¹ )

ÈăÿÂ~ćwă  â£ ¾§v IĂ¤É¼ñ½¹ āºÉ ÷w¬ývĊĊ¡v¾ ÿ½ ¾Lz wù¹ć 

ùĊûvÀ   J¢LÅv āºLÉ ¡wL{§v MĒùwLí ¡½» óĀLÎ´ù ¹¾LîöúÝ

v¾zwþzĉü  v ¿v ãºăĉü  ê´£ĊIè  Å½¾zĈ  wLù¹ ¾¤ùv½wL~ ÿ¹ ¾§vĈĉ 

zw¸¤ývĈ  wù¹ ÔÅĀ¤ù$ć  wù¹ ÛĀLú¬ù ÿ ¾¨ívº³wLăć  đwLzć 

ñ ôú´£ Ăýw¤Åj º³Ċāwù ¾z #LĊûvÀ  ¿ ÿ ¹¾LîöúÝĉ¢LÆā¹ĀL£ 

öLÎå ¡½ĀLÍ ÿ¹ ĂLz ĂLí ¢Åv ¡½»Ĉ  ĂLö³¾ù ÿćvI   ÔLzvÿ½

ºÉ ā¹v¹ ĂÞÅĀ£ ĂÕĀz¾ù) 

¹vĀù   ÿ  Çÿ½wă 

 ĂÞõwÖù ¹½Āù ĂêÖþù 

v¾zć  v ÷w¬ývĉü   ¡wÝĒÕv IÈăÿÂ~1  ĂLÝ½Àù¿v  ÿ ¢LÊí

zj È¸z ½¹ Üévÿ ówÆòù ¢ÞþÍLĊì  ÿÀLé ûw¤LÅvĉü  Ą£LĊĂ 

  )ºÉ¡wÝĒÕv  ½¹ĉ¤åwĈ  ½¹  yõwé  óÿº«  ,  Ătv½v  āºLÉ  ¢LÅv  )

ÞéĀùĊ¢ ýwîùĈ   ôîÉ èzwÖù Û½vÀù,  )¢Åv 
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 óÿº«, )¡wÝĒÕv Û½vÀù)  

Table 1. Field data. 

ā½wúÉ   ĂÝ½Àù 

Farm No. 

½w£ĉ ¶  ¢Éwí 

Planting 

date 

½w£ĉ ¶  

 ¢Év¹¾z 

Harvest 

date 

ÛĀý  øé½ 

Cultivar 

type 

Çÿ½ zjĊ½w ć 

Irrigation 

method 

¢åwz  ëw· 

$.+ ¤ýwÅ Ĉ¾¤ù# 
Soil texture 

(30 cm) 

¢åwz  ëw· 

$1+ ¤ýwÅ Ĉ¾¤ù # 

Soil texture 

(60 cm) 

¢åwz  ëw· 

$4+ ¤ýwÅ Ĉ¾¤ù# 
Soil texture 

(90 cm) 

1 1401/03/20 1401/06/27 

Single 

cross-704 

Ãv¾í ôòþĊÅ(

2+/ 

Tape 

}Ċ£ 

Clay Loam 

 ĈÅ½ ĈùĀõ 
Clay Loam 

 ĈÅ½ ĈùĀõ 
Loam 

 ÷Āõ 

2 1401/03/31 1401/06/28 
Tape 

}Ċ£ 

3 1401/03/23 1401/06/25 
Linear 

 ĈÖ· 

4 1401/03/21 1401/07/04 
Tape 

}Ċ£ 

5 1401/03/17 1401/06/26 
Tape 

}Ċ£ 

6 1401/04/23 1401/07/29 

Center-

pivot 

 ¡ĀĊ~¾¤þÅ 

 

423552

4
0
0
2
7
6
9426519

3
9
9
9
0
4
6

 
ôîÉ , )ÞéĀùĊ¢ åv¾â«ĊwĈĉ Û½vÀù ¢Êí ÿ ¢ÞþÍ ówÆòù)  

Fig 1. Geographical location of Magsal agro-industrial farms .

wz  Ă«Ā£  Ăz  ā¹v¹wăć  ¹ÿ½ÿć  ý¹½ĀùĊ¿w  v¾zć  {ÉĊĂ¿wLÅć 

  óºù ½¹AquaCropI ĉì ìýwz £wÝĒÕvĈ ôùwLÉ 5ā¹v¹wLăć 

öévĊúĈ  wù¹$ć  zwL¤åj ¢ÝwLÅ IÇ½wLz Iôévº³ ÿ ¾¨ívº³Ĉ   ÿ

{Æý ¢zĀÕ½Ĉ  ā¹v¹$wăć  öévĊúĈ  v¾zć  ówLÅwLăć  ,43+  wL£ 

-+-.  ½¹ĉ¢åw  ºLÉ  I##ā¹v¹wLăć  ñLĊăwĈ  ½wL£$ĉ¶  ¢LÉwí ÿ 

I¢Év¹¾z  ÛĀý  Iøé½  øív¾£  I½¼z  óĀÕ  Ă·¾¯  óĀÎ´ù  ÿ  wLÅĉ¾ 

¡wÝĒÕv  ÓĀz¾ù  Ăz  ºýÿ½  ºÉ½  ñĊāw  I#ā¹v¹wLăć  ëwL·   ÛĀLý$

¢åwz  Iëw·  å¾ÙĊ¢   Ýv½¿Ĉ  ÿ  ĂÖêý  Lñ¹¾ùÂ~Ĉ  øLtv¹  I#ā¹v¹(

wăć  ºùĉ¾ĉ¤Ĉ    Çÿ½$zjĊ½wćI  ÛĀý  ¹Āí  å¾ÎùĈI  ½vºêù  ¹ĀLí 

½¹  I½w¤îă  öúÝĊ¡w  ëw·¿½ÿć  ÿ  ¡wùvºév  ô{é  ¿v  ¢LÉwí  #¿v 



                                                                                                              óºù¿wÅć  vÀåv ¾§vĉÈ  ¡½» ¹¾îöúÝ ivÀ«v ¾z wù¹ 

 

 

 
 Ăö¬ù ÈăÿÂ~ ćwă  ĈõwÆîÊ·£øĊöév ¾ĊĊâ 

 

ÿ I÷ĀÅ ā½ÿ¹ĉ āÂIĂùwý  ûw¤Æù¿,/+/  ¡w´æÍ I4/(24 

30 

ĂêÖþù  Üú«½ÿjć  ¹¾ñĉºv ¿v ā¹wæ¤Åv wz )ĉü  ¡wÝĒÕvI  wåĉô(

wLLăć öévĊLLúĈI ñLLĊăwĈ ºLLù ÿĉ¾ĉ¤Ĉ ¹½ĀLLù ýLLĊ¿w ½¹ óºLLù 

AquaCropI  Ăz  ½ĀÚþù¬þLÅvÿĈ  ÿ  {LÉĊĂ¿wLÅć  ¹¾LîöúÝ  ÿ 

¿ĉ¢Æā¹Ā£ Ą£ĊĂ ÿ ¹½Āù ā¹wæ¤Åv ½v¾é ¢å¾ñ  ) 

óºù  AquaCrop  ¿v  ¸{£Ċ  ¾(    ç¾LÞ£Ă{LÅw´ù  āºLÉ  wLz 

Ï¾å  îæ£Ċì  ûj  ā¹wæ¤Åv  ùĈºþí  )îæ£Ċì  vĉü    ĂæõoùĂz  ÿ¹ 

iÀ«  ¸{£Ċ¾  ÿ   ç¾Þ£  y{Å  ã¼³  ã¾LÎù   áĊõĀ£¾LĊºć xj ¿v 

¡đ¹wÞù  ùĈ¹ĀÉ  )wz  Þ£ĊĊü   ç¾Þ£  ÿ  ¸{£LĊ  ¾(    ç¾LÞ£½vºLêù 

¿ĉ¢Æā¹Ā£ ¿ ĂÖzv½ è{Õĉ¾ Lù ¹½ÿj¾LzĈ¹ĀLÉ $Safari and 

Kaviani, 2022# 5 

$,#  

½¹  vĉü  ĂÖzv½  ITr  ½vºêù   ôÎå óĀÕ ½¹ Ăýv¿ÿ½ ç¾Þ£ ôí

 Ýv½¿ĈI  WP  ā¾Ąz½ÿć    IxjOET  {£¾Ċ¸(ñ ç¾Þ£Ċāw   ÿ ÜL«¾ù

B  ¿ĉ¢Æā¹ĀL£    )¢LÅv½vºLêù  ¹¾LîöúÝ  $Y #ýLĊÀ  ÃwLÅv ¾Lz

¿ĉ¢Æā¹Ā£  ÿ  Ì·wÉ  ¢Év¹¾z $HI$ ĂLÖzv½ ¿v #- Ă{LÅw´ù #

ùĈ¹ĀÉ  $Safari and Kaviani, 20225# 

$-#  

óºù ¿v ā¹v¹ćwă ¾¨ívº³ ÿ ôévº³ ćwLù¹ ĂLýv¿ÿ½ ćv¾Lz 

Ă{Åw´ù Ă«½¹(¿ÿ½(ºÉ½ Ăz½ĀÚþù ôĉºÞ£  ÿ ¹¾îöúÝ¢Æĉ¿(

ā¹Ā£ ¾z ¾§v ¡v½wÆ· ĈÉwý ¿v Iwù¾Å ā¹wæ¤Åv ĈLùºLþí. ā¹v¹(

ćwă ćwù¹ IĂýv¿ÿ½ ½vºêù Ĉñºý½wz ĂLýv¿ÿ½ ÿ ĂLúă ¡wLÝĒÕv 

¹½Āù ¿wĊý ćv¾z Ă{Åw´ù oET  ¿v ¡wÝĒÕv ½wùjć ówLÅwLăć 

-+-.-,43+ vĉāwò¤Æ  ÅwþÉvĀăĈ ÿÀéĉü    )ºÉ ā¹wæ¤Åv 

wă¾¤ùv½w~ć  ¿ĉ¢Æā¹Ā£  ÿ  ¹¾îöúÝ ¿v ¾ÕLĉè ÔLzvÿ½ ¿Lĉ¾ 

óºù¿wÅć    )ºýºÉ 

v ½¹ĉü  §mL£ Mwå¾LÍ ĂÖzv½Ċ¾  â¤ùĊwLă¾ć  wLù¹ ÔLÅĀ¤ùć 

wăwù¹ ÛĀú¬ù ÿ ¾¨ívº³ć  đwzć   ĂL¤å¾ñ ¾Úý ½¹ Ăýw¤Åj º³

wÅ ÿ ºÉĉ¾   )ºÉ Ă¤Év¹ Ăòý ¢zw§ I¾§où ôùvĀÝ 

Ôzvÿ½  ÓĀz¾ù  Ăz  ĂÞÅĀ£  ¡đ¹wLÞù    ÃwLÅv ¾Lzā¹v¹wLăć 

ôÎå  ºÉ½  ñĊāw    ÿā¹v¹wLăć  ôL³v¾ù  ĂLýwñ½wĄ¯  ºLÉ½  ñLĊāw 

)¢Åv ¾ĉ¿ óÿº« èzwÖù 

 óÿº«-) ¡đ¹wÞù ĂÞÅĀ£ Ăz ÓĀz¾ù Ôzvÿ½)  

Table 2. Relationships used for equation development. 

 Ôzvÿ½ 
Relationships 

ā¹v¹  ¹½Āù ćwă

ā¹wæ¤Åv 
Data used 

 ĂÖzv½  ā½wúÉ 
Relationship 

No. 

 ā¹v¹ āwĊñ ºÉ½ ôÎå ćwă 
Crop growing 

season data 

3 

 4 

 5 

 6 

 ā¹v¹  ô³v¾ù ćwă

 āwĊñ ºÉ½ Ăýwñ½wĄ¯ 
Data for the Four 

Phenological Stages 

of the Crop 

7 

 8 

 9 

 10 

   

    5ÔÅĀ¤ù  wù¹ć   ôLÎå óĀLÕ ½¹ ¾¨ívºL³

  IºÉ½    5ÔÅĀ¤ù  wLăwù¹ ÛĀLú¬ùć  đwLzć   ºL³

  IºÉ½ ôÎå óĀÕ ½¹ Ăýw¤Åj  5ÔÅĀ¤ù  wù¹ć   ¾¨ívºL³

 ĂLLö³¾ù ½¹i ñ ºLLÉ½ ¿v ÷vLLĊIāw  5  ÛĀLLú¬ù ÔLLÅĀ¤ù

wăwù¹ć  đwzć    Ăö³¾ù ½¹ Ăýw¤Åjº³i  ÷v  ñ ºÉ½ ¿vLĊāw    ÿ5A  5

½v¹¾z  ¢zw§  wÅĉ¾  ôùvĀÝ  ¾§Āù  ¾z  ¹¾îöúÝ  ÿ  ¿ĉ¢Æ ā¹Ā£ ¢Åv )

½¹ ÷¾ý½vÀåv SPSSI  v¾Ñĉy ÜzvĀ£ õĀ£Ċº ¹½ÿj¾z ºÉ) 
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½¹  Ăùv¹v  v¾zć  Å½¾zĈ  ½wùjć  Ì·wLÉ ¿vwLăć  ùLĊòýwĊü 

½ĉĂÊ  ÷ÿ¹  wÖ·  $RMSE  I#½ĉĂÊ  ùLĊòýwĊü  ¡wLÞz¾ù  wLÖ·ć 

ówù¾ý  āºLÉ  $NRMSE  I#ùLĊòýwĊü  wLÖ·ć  ½vLĉy  $MBE I#

¾Ñĉy  {£ĊĊü  $2R  #ÿ  ¾LÑĉy  {£ĊLĊü  ºLÞ£ĉô  āºLÉ  $adj
2R #

ā¹wæ¤LLÅv ÞzwLL£ ¾LLă )ºLLÉĈ  ā½wLLùj ĂLLíRMSEI NRMSE ÿ 

MBE  ûj  ôévº³  ā¹Āz  ÿ  ĉw  ā½wùjwăć  2R  ÿ  adj
2R  ûj  ¹Àýĉì 

Ăz  ĉì  I¹Āz  Ăz  ûvĀþÝÜzw£  wz  v½wíĈĉ  ¾¤Ąz  ½¹  ú¸£Ċü  ¹¾îöúÝ 

ÿ  ¿ĉ¢Æā¹Ā£ ¹¾ñ xw¸¤ývĉº   óÿº«$.)# 

óÿº«.)  Ì·wÉwăć ½wùjć ¹½Āù ā¹wæ¤Åv Ăz ½ĀÚþù¿½vĉzwĈ w¤ýĉª )  

Table 3. Statistical indices used for evaluating the results. 
Ì·wÉ 
Index 

 ¹½ÿj¾z āĀ´ý 

Estimation Method 

RMSE 

 

NRMSE 

 

MBE 
 

R2 

 

R2
adj 

 
  

½¹  I½Āí¼LLù ÔLLzvÿ½nI OiI Pi I ǽI ←P ÿ P ĂLLz £¾£LLĊJy 

¹vºÞ£  ā¹v¹Iwă  ā¹v¹ ½vºêùwăć   ~ĊÈzĊþĈ  £vºăwLÊù ÿ āºÉĈI 

ā¹v¹ ÔÅĀ¤ùwăć  L~ĊÈzĊLþĈ  āºLÉ  ÿ  £vºăwLÊùĈ  ÿ  ¹vºLÞ£ 

â¤ùĊwă¾ć   ~ĊÈzĊü ¹Āz) 

w¤ýĉª   ÿ   ¦´z 

¬þÅvÿĈ óºù ñĊăwĈ  AquaCrop 

½¹  vĉü    IÈăÿÂ~¬þLÅvÿĈ  óºLù  AquaCrop wLz ãºLă 

vĉ¹w¬  ¾¤úíĉü  ãĒ¤·v  LzĊü  ¹wLêùĉ¾  ûwLù¿ ăºLöñĈI ûwLù¿ 

Å½ĊñºĈ  ÿ  ùĊûvÀ  ¿ĉ¢Æā¹Ā£  {ÉĊĂ¿wLÅć   ½vºLêù wLz āºLÉ

ÞévÿĈ  )ºÉ ÷w¬ýv 

w¤ýĉª  ½wùjć    óÿº« ½¹/  ā¹½ÿj    )¢Åv āºÉè{Õ ¹wêùĉ¾ 

IóÿºLL« ùLLĊòýwĊü wLLÖ·ć {LLÉĊĂ¿wLLÅć ¾LLă ĂLLÅ ¾¤ùv½wLL~ 

$RMSE  I#¿v  1-*/  w£  .-*1  ºÍ½¹  â¤ùĊ¾  ¹Āz  )½vºêù  wÖ·ć 

ówù¾ý  āºÉ  $NRMSE  #½¹  ā¹ÿºL´ù  ,+(+  ½v¾Lé  ¢LÉv¹  ÿ 

vĉü  ĉþÞĈ  wÖ·ć  óºù  ¢{Æý ĂLz ½vºLêù āºăwLÊùvć øLí ÿ 

óºù  ¹¾îöúÝ  zĀL·Ĉ  ½¹  ¹½ÿj¾Lz  ¾Lă  ĂLÅ  ¾¤ùv½wL~  ¹½v¹ ¾Lz )

  Ì·wÉ ÃwÅvMBE  ½¹  ¹wêùĉ¾  {LÉĊĂ¿wLÅć  āºLÉ  ûwLù¿ 

ăºöñĈ  ÿ  ¿ĉ¢Æā¹Ā£  úíĈ  øí  ½ÿj¾zć  ÿ  ½¹  ûwù¿  Å½ĊñºĈ 

{ÉĊĂ¿wÅć  āºÉ  úíĈ  zĊÈ  ¹½ÿj¾Lzć  µ½  Lõÿ Jā¹v¹Ĉ   ôLzwé

óĀ{é ¢Åv) 

è{Õ ê´£ĊêĈ Ăí ÅĊ³wĈ ÿ  ûv½wîúă $Sayyahi et al., 

2020ÿ½ ¾LLLz #ć ¿½vLLLĉzwĈ v½wLLLíĈĉ  óºLLLùAquaCrop ÿ 

WOFOST  ÷w¬ýv  v Ăz ºý¹v¹ĉü  ¤ýĊĂL¬  LÅ½Ċºýº   óºLù ĂLí

AquaCrop ¢é¹ ¾¤Ązć ¢{Æý  ĂzWOFOST  Ă¤Év¹ ÿ 

ùĊûvÀ  wÖ·ć  {ÉĊĂ¿wÅć    ÔÅĀ£ ¹¾îöúÝAquaCrop  ¾¤úí 

¹Āz) 

¾¨ív  ûwêê´ù  v¾zć  vĉü  óºLù  ¢Lé¹  zĀL·Ĉ  v½  Ç½vÀLñ 

ā¹¾íºýv $Alishiri et al., 2014 Liu et al., 2013; Stone, 

Sarkohaki et al., 2021; 2000 I#Ä~ Ăzöí½ĀÕĈ ùĈûvĀ£ 

¿v  ûj  Ăz  ûvĀþÝ½vÀzvć  üuúÖù  ½¹  Ăùwý¾z½ĉÀć  v¾Lzć  ¢LÊí 

¡½» )¹¾í ā¹wæ¤Åv 


