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 Abstract 
Introduction  

Deficit irrigation is a solution for less water use with the aim of maximum use of the unit volume of water use 

and water storage and saving for the development of agriculture or the development of other consumption 

sections. Although the direct result of the lack of irrigation is the reduction of yield at the unit level, the 

reduction of production costs and the optimization of net profit will compensate for the reduction of yield. In 

order to adapt and deal with the limitation of water, it is necessary to use mechanisms to increase the efficiency 

of water use and water resources. Deficit irrigation is used as a technical and economic method in irrigation to 

improve the relationship between drinking water and the functioning of agricultural plants, and also as one of the 

productivity solutions in conditions of water shortage. This method requires consistent, accurate, and efficient 

management, which is different from traditional irrigation management. Another to solve this problem is the use 

of crop models that simulate crop yield under different soil and climate conditions. The great advantage of these 

models is the low cost and the short time spent to obtain results, besides helping better agricultural planning and 

management towards higher profits. The DSSAT model is a computational system that includes a database 

management system, crop models, and application programs. Plant simulation models can be useful for 

predicting crop yield and investigating the effect of drought stress on plant growth and development. The 

DSSAT model is able to evaluate the impact of environmental factors such as weather, soil properties, and field 

management decisions. The data and information needed to run the model include spatial location (longitude and 

latitude, altitude above sea level, average annual temperature) and meteorological information (daily minimum 

and maximum temperature, solar radiation, and radiation), soil science (such as soil texture, soil structure and 

depth of each layer, apparent specific weight, nutrients, wilting point, and electrical conductivity), and 

agricultural operations (type of number and Its type is planting date, planting depth, line spacing, planting 

density, irrigation dates, amount of irrigation water). In this research, the DSSAT model was used to simulate 

seed yield, pod, biomass, soil water balance components, and water consumption efficiency in cowpea cultivars. 

 

Materials and Methods 

This experiment was conducted for two consecutive cropping seasons in 2018 and 2019 in Guilan province and 

in Astaneh-Ashrafiyeh city with an average height of -5 meters at sea level. The amount of rainfall during the 

growing season of cowpea in the first and second years was 93 and 94 mm, respectively. This research was done 

in the form of split plots and in the form of a randomized complete block design with three replications, and the 

main factor in it includes irrigation at three levels: 100% of water requirement (I1), 75% of water requirement (I2) 

and 50% of water requirement (I3), and the secondary treatment included three cultivars of cowpea, Kamran 

cultivar (C1), Khuzestan local variety (C2) and Dehsari local cultivar (C3). The amount of water supplied to each 

experimental unit was measured by a counter. The amount of water used during the plant growth period included 

the total amount of irrigation water and the amount of rainfall. 
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Results and Discussion 

The results showed that the average relative error between the observed and simulated values in 2018 and 2019 

for biomass yields were -0.88 and -0.89%, respectively. With full irrigation and providing 100% of water needs, 

the amount of biomass, seed, and pod yield in cowpea cultivars increased and the model was able to simulate the 

process of yield changes in different water needs. The relative error (MRE) between the observed and simulated 

values in biomass yields in 2017 were between -1.14 and -0.55 percent and in 2018 between -1.19 and It was -

0.55 percent. The root mean square error in estimating the productivity of water use based on biomass yield 

based on water use, for Kamran, Khuzestan, and Dehsari cultivars in 2017 respectively 0.0106, 0.01078, and 

0.01087 kg.m-3 and per the year 2018 were estimated as 0.01044, 0.01079, and 0.01091 kg.m-3 respectively. 

Examining the values of simulation and observation on biomass, seed, and pod yield showed that root means 

square error and average relative error rate and other statistical tests were within the acceptable range and the 

DSSAT model was able to reproduce the yield of cowpea cultivars in simulate well the conditions of deficit 

irrigation. The average relative error between observed and simulated values in water productivity based on 

water use in biomass, seed, and pod yields in 2018 were -0.95, 0.29, and -0.47 % respectively, and in 2019 it was 

-0.67, 0.001, and -0.40 % respectively. The mentioned values in water productivity based on transpiration and 

also based on evaporation and transpiration in the yield of biomass, seeds, and pods were -0.88, 0.08, and -0.45% 

respectively in 2018 and in 2019, were -0.89, 0.07, and -0.45%, which indicates the appropriate evaluation of the 

model in simulation and observation conditions. 

 

Conclusion  

In the field experiment, with the increase in the amount of irrigation water, the seed and biomass yields in 

cowpea cultivars increased and the DSSAT model was able to change these traits at different levels of irrigation, 

in accordance with the results observed in the simulation field. However, with the increase of drought stress, the 

percentage of simulated relative error was higher in stressed conditions than in irrigated conditions. The values 

of RMSE and RMSEn statistics for each function and water productivity parameters showed that the DSSAT 

model has an acceptable error. The simulation of the yields of seed, pod, and biomass under the influence of 

deficit irrigation was acceptable with the mentioned model and it is able to be an efficient tool to support 

decisions and improve research in management. Water use in cowpea should be recommended for the study area. 
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{ÉĂĊ¿wÅć  ÿ ¹¾îöúÝā¾Ąz½ÿć zĀõ ÷wé½v xjwĊć øÊ¯ö{özĈ v¾É ¢´£Ôĉ øízjĊ½wć ºù ¿v ā¹wæ¤Åv wz ó
DSSAT  
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,( Ăùºêù 

wĊzĀõć øÊ¯Ĉö{öz, øĄù ¿v Ĉîĉ ¾¨ív ½¹ Ăí ¢Åv ¡wzĀ{³ üĉ¾£
 ºÉ½ ûwĄ« ÓwêýĈùºþí $Bhowmik et al., 2020; Daramy 

et al., 2016 )# óÿvº¤ù āwĊñ üĉvā½wé ½¹ ¡wzĀ{³ üĉ¾£ Iwêĉ¾åj ćwă
 ÿ ĈzĀþ« ÿ ćÀí¾ù ćwîĉ¾ùj IwĊÅjøă üĊþ¯ă½ĀÊí Ĉĉw~ÿ½v ćw

Ăýv¾¤ĉºù ćwĉ½¹ ãv¾Õv  ¢ÊíĈù¹ĀÉ $Shardendu et al., 

2011; Basaran et al., 2011#) wĊzĀõć øÊ¯Ĉö{öz  ¿v×w´õ 
Ăĉ¼â£  ÿ ûwÆýv ćv¾z÷v¹  ÿ ā¹Āz ºþúÉ¿½vĂz¡½ĀÍ  ÿ ā¿w£ IìÊ·
 À{Åćv¾z ûwÆývI  ÿ÷vºývćwă ûj ĈĉvĀăI Ăz ¡½ĀÍ ĂåĀöÝ ÷v¹ ćv¾z
 ¹½Āù ā¹wæ¤Åv ½v¾éĈù¹¾Ċñ $;Chemutai et al., 2018 

Chimonyo et al., 2016)# Ăýv¹wĊzĀõ ćwăć øÊ¯Ĉö{öz  ćÿw³
-+  w£-1  ÿ üĊu£ÿ¾~ ºÍ½¹0+  w£12  óĀÕ ÿ ¢Åv Ă¤ÅwÊý ºÍ½¹
½ÿ¹ą  üĊz ¢Év¹¾z w£ ¢Êí ûwù¿ ¿v ûj äö¤¸ù ÷wé½v ºÉ½2+  w£
,-+  ¾Ċâ¤ù ¿ÿ½¢Åv  $Lomeling et al., 2014; Prakasham 

et al., 2019)# Èþ£  Ĉzjā¾Ązć½ÿ  IûwĄ« ¾Åv¾Å ½¹ v½ ûwăwĊñ
Ăz ½¹ āÂĉÿø¤ÆĊÅćwă ĂúĊý ÿ ìÊ· ć¿½ÿwÊí ¹ÿº´ù ìÊ·
Ĉùºþí $Shardendu et al., 2011 ½¹ ĈõwÆîÊ· ¡ºÉ )#

ĂêÖþù ÃwĊêù ÿ wù¹ ÈĉvÀåv wz āv¾úă Ĉñºý½wz Èăwí ÿ ćv
Ăz )ºÉ ºăvĀ· Èþ£ üĉv ºĉºÊ£ y«Āù Iç¾Þ£ ÿ ¾Ċ¸{£ ÈĉvÀåv ½ĀÕ

 IĈöíĈzj Èþ£ ôùvĀÝ ìĉÁĀõĀå½ĀùI åIìĉÁĀõĀĉÀĊ  ĈĉwĊúĊÉĀĊz  ÿ  
¢´£ v½ ĈõĀîõĀù £m ¾Ċ§ ½v¾éĈùºă¹  Ăí À¤þÅĀ¤å ½¹ ÿ  ¿v Ĉîĉ

 I¢Åv ĈîĉÁĀõĀĉÀĊå ãvºăvÈĊz¾£  ûwĉwúýĈù¹ĀÉ  ćwăºþĉj¾å ÿ
øÆĊýwîù ÿ ĈăwĊñĈîÊ· Ăz ôú´£ ćwă v½  Iäö¤¸ù ÷wé½v ½¹

Ăzûj āÂĉÿāºÉ ½wñ¿wÅ ìÊ· Ôĉv¾É wz Ăí Ĉĉwă Iºýv ¹Ā{Ąz
Ĉù ºÊ¸z$Osakabe et al., 2014 )# 

wĊzĀõć øÊ¯Ĉö{öz  wz ĈzĀ· ć½wñ¿wÅÈþ£wă ćĈÖĊ´ù  ¹½v¹
 ÿ ôú´£ ĈĉwývĀ£«½¹Ć đwz ¡½v¾³I  ÿ Èþ£ ¾zv¾z ½¹ ¢ùÿwêù ûvÀĊù

 ¡wýwÅĀý Ă¤ĉºĊÅv ½¹¹½v¹ v½ ëw· $Lomeling et al., 2014 )#
¾îöúÝ ¹đĀÎ´ùv½¿ ¡ ĈÝ ÿā¾Ązć½ÿ  xj ã¾ÎùÈĊz¾£  Üzw£
ºêùj xj ½vwĊzv ć½ ¢Å ÿĀÝ Èêýv ôù¹ ¾òĉ yÅwþ£ Ăzøí¾£ ¢Åv )
 ¢Ą«vÀåv Èĉ¾Ązāć½ÿ  ½¹ xjwÊí È¸zv ć¿½ÿº¤z ºĉwz v wĉ ôùwÝ
ĀÝv ôù v½¾í ĈĉwÅwþÉ ½¹ ÿ ¹Ăùv¹v Ăùwý¾z½Àĉ ÿ ćwêĊê´£ ½¹ ÷¿đ ¡

 ¢Ą«½vwê£ ć¾Ązāć½ÿ  ûjĀÍ ¡½¾Ċñ ¿v Ĉîĉ )¹Çÿ½wă  ÈĉvÀåv
ā¾Ązć½ÿ wñºĉ¹ wz xjºĊõĀ£ ÈĉvÀåv ā  Ăz vćv¿  Ixj ã¾Îù º³vÿ
 Çÿ½øíĊzjć½w ¢Åv Çÿ½ ¿v ā¹wæ¤Åv )øíĊzjć½w  Ĉ¤ĉ¾ĉºù Üévÿ ½¹

 ¹Ā{Ąz ãºă wz Ăí Ăýwăwñj ¢Åvā¾Ązć½ÿ  Èăwí ÿ ć½wĊzj xj
÷w¬ýv ºĊæù¾Ċá ã½wÎù Ĉù¹¾Ċñ) Çÿ½ üĉv ĀþÝĂz½wîăv½ ûv½¹ ć 

¾Îù ãøí¾£  xj ÿºă wz ãvwæ¤Å¹ą º³v¾¨ívÿ ¿v ć º³ ø¬³ xj
Ĉå¾ÎùI »¾Ċ·Ăå¾Í ÿ ā ĈĉĀ«xjI ¾z ćvÞÅĀ£ą wÊíć¿½ÿ ¢Åv) v¾ñ 

                                                 
1 Vigna unguiculata (L.) Walp 

 Ă¯Ć¬Ċ¤ý øĊê¤Æù øíjwĊzć½ ¾îöúÝ Èăwívÿ ½¹ ¹ ²ÖÅ º³v¢ÅI 
ÿwăĂþĉÀă Èăwí Ĉõ ć ºĊõĀ£ ÿºÉ ĂþĊĄz ûĀÅ ¹Ìõw· I y«Āù
¾{« ûv¾îöúÝ Èăwí ¹ĈùĀÉ ¹$Ghadami et al., 2015 ćv¾z )#
wÅ¿wñ Ăözwêù ÿ ć½º´ù wz¹ÿ ¢ĉ Ixj ºĉwz ¿vwÅÿ¿wí½¾z Ĉĉwă ćv
vÀåv Èĉ¾Ązāć½ÿ  ÿ xj ã¾Îù Üzwþùj Ĉzvwæ¤Å ā¹¾í )¹øíjwĊz ć½

ĀþÝĂz ûv ìĉ Çÿ½ Ĉþåv ÿwÎ¤éć¹ ½¹ jwĊz ć½¾z ćvwùwÅ û
ºĊÊ¸z û Ăzvÿ½ Ôz xjĈå¾Îù ÿ ¾îöúÝ ¹wăwĊñ¿ ûv½ ĈÝ ÿ
øăüĊþ¯ ĀþÝĂz ûv Ĉîĉv½ ¿vwîă½wă ć¾Ązāć½ÿ  ½¹¾ÉvĀ{úí Ôĉ ¹
 xjĂzĈù ½wí¹ÿ½ )Çÿ½ üĉv wĊý¿ø¬Æþù Ĉ¤ĉ¾ĉºù ºþù¹ I èĊé ÿ
wíj½ ºùv ¢ĉ¾ĉºù wz Ăí ¢ÅjwĊzĈ¤þÅ ć½ wæ¤ù ¡ÿ¢Åv  ÿ ¢ĉ¾ĉºù
jwĊz ć½ üĊĊÞ£Ĉùºþí Ăí Ă¯ ûvÀĊù  ¿vøíjwĊz ÿ ć½ ĈÝĀý Ă¯ ûj ¿v
ºĉwz vwúÝ ó¹ĀÉ w£ vĀòõ ćĆþĊĄz ¢Êí ÿ v Ç¿½vwÎ¤éć¹  Ă«Ā£ wz
 Ăz¿wùû IĀõĀĉÀĊå ćÁwĊñ ÿ āĀù½ĀõĀå ćÁw· ëĂzĈ¤Å½¹ ÷w¬ýv āºÉ 

ºÉwz $Ghadami et al., 2015; Sepaskhah et al., 2006)#  
óºù-

DSSAT $ýwùwÅĆ  ć½ÿwþå ówê¤ýv ćv¾z øĊúÎ£ Ĉýw{Ċ¤Ê~
 I#ć¿½ÿwÊíãÿ¾Þù ¿v ĈîĉĂ¤Æz üĉ¾£¹¾z½wí¾~ ÿ üĉ¾£ ćwă

÷¾ý½vÀåv ć Ăí ¢Åv ćÿw³óºùćwă ĂĊ{É¿wÅ  ĈÝv½¿ ûwăwĊñ¢Åv 
ÿ  ¾·vÿv ¿vă¹Ć ,43+  ¿v ÈĊz ½¹ ûĀþíw£4+  wĊý¹ ½ĀÊíā¹wæ¤Åv 
āºÉ $ ¢ÅvHoogenboom et al., 2019; Jones et al., 

2003 )# üĉv÷¾ý½vÀåv Ăz Iûwêê´ù ¿v Ĉăÿ¾ñ ÇĒ£ ôÍw³ āÂĉÿ
óºùĊ«½Ā« āwòÊýv¹ Ivºĉ½Āöå āwòÊýv¹ ûv¿wÅLötĀñ āwòÊýv¹ IwL ÿ ä

ă āwòÊýv¹L Ĉĉvÿw¢Åv $Hoogenboom et al., 2019)#  üĉv
 ôùwÉ ø¤ÆĊÅóºùwăĉ Ĉ¡Ēá ćv¾z äö¤¸ù  Ăöú« ¿v¡½» I÷ºþñ I
 Iû¿½v I÷Āñ½ĀÅĀ« ÿ ªý¾zøă IüĊþ¯  ¡đĀêz ÿ ¡wzĀ{³ ºþýwù IwĉĀÅ

÷v¹wz wĊzĀõ ÿ ĈþĊù¿ć  )¢Åv ìÊ·óºùćwă Ăýv¹ ¡wzĀ{³ wz ćv
 ÷wý Ăz ĈùĀúÝ óºù ìĉ ¿v ā¹wæ¤ÅvCROPGRO ÷w¬ýv Ĉù¹ĀÉ )

óºù v¾«v ćv¾z  Ăzā¹v¹wăć  ôévº³ ÿ ¾¨ívº³$ vĀă ÿ xj Iëw·
 #ćºĊÉ½Ā· Èzw£ ÿ Ç½wz Iwù¹ ÿ¡wĊÍĀÎ· ĈăwĊñ ½v¹ ¿wĊý ¹

$Tsuji et al., 1994 )# ½¹ üĉv ¾ĉwÅ ûºýw¬þñ ûwîùv óºù
 ½¹ ¡w³ĒÍv wz ¡đĀÎ´ùåôĉw øăv¾å øé½ ćwăāºÉ  üĊĊÞ£ )¢Åv

 wz óĀÎ´ù ¹¾îöúÝ ôĊÆýw¤~Çÿ½wă  Èĉwù¿j Ăz ¿wĊý óÿvº¤ù
¾~ ÿ ¡ºù ĈýđĀÕ  ½¹ Ăí ¹½v¹ ĂþĉÀăÈĊz¾£  ½¹ ¢Åv üîúù ¹½vĀù
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Figure 1( Meteorological variables measured from the beginning of the simulation for the study area in 2018 and 2019 
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Table 1- Physicochemical characteristics of the studied field soil 

ówÅ 
 ëw· èúÝ

$Ĉ¤ýwÅ¾¤ù#  

 ¢åwz
ëw· 

¢ĉvºă Ĉîĉ¾¤îõv
$ĈÅ¹¾¤ù ¾z Äþúĉ¿# 

 Ĉõj üz¾í
  #ºÍ½¹$ 

 ôí ûÁÿ¾¤Ċý
 #ºÍ½¹$ 

 x¼« ôzwé¾æÆå
$ppm# 

ôzwé øĊÅw¤~ 
$ x¼«ppm# 

üÉ    ¢öĊÅ   Ã½ 

#ºÍ½¹$ 

,.42 
2018 
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2019 
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ùüĊòýwĊ wÖ·ć {ÆýĈ , $MRE #½ ÿÊĉù ĆüĊòýwĊ  wÖ· ¡wÞz¾ù
$-RMSE¹wêù ÿ ¾æÍ Ăz I#¾ĉ  èåvĀ£ Ì·wÉwĉ ½wñ¿wÅć $.d ÿ #
¾Ñyĉ v½wíĈĉ/ $EF#  Ăzìĉ ¹Àýìĉ£ûwÊý IºþÉwz ¾ ąºþă¹
{ÉĂĊć¿wÅ $ ¢Åv óºù ¾¤ĄzWillmott, 1982; Singh et al., 

2008½ ¾ñv )#Êĉù ĆüĊòýwĊ {Æý ćwÖ· ¡wÞz¾ùĈ $0nRMSEøí I# ¾£
 ¿v,+ {É ºÉwz ºÍ½¹ĂĊć¿wÅ õwÝIĈ züĊ ,+  w£-+ z IxĀ· ºÍ½¹üĊ 
-+  w£.+  ¿v ¾£đwz ÿ ÔÅĀ¤ù ºÍ½¹.+ ÞÑ IºÍ½¹äĊ  ¢Åv
$Jamieson et al., 1991; Yang et al., 2014ù )#ûvÀĊ  Ì·wÉ

$ wÖ· ¾¨ívº³1
MEûwÊý I#z ąºþă¹ÈĊüĉ¾£ z wÖ·üĊ ¹wêù¾ĉ 

{ÉĂĊć¿wÅ āºăwÊù ÿvć øí Ă¯¾ă Ăí ¢ÅvûwÊý IºÉwz ¾£ ąºþă¹
v½wíĈĉ ¾Ñ Ì·wÉ )¢Åv óºù ¾¤Ązyĉ éwzĈāºýwù $2CRM ¹½ÿj¾z I#
øí ¾£wĉ zÈĊ º³ ¿v wêù ½¹ v½ĂÆĉ v¾É wzÔĉ ā¿vºývñć¾Ċ  ûwÊý āºÉ
ùĈºă¹ ¹Àý ¾æÍ Ăz Ă¯ ¾ă ÿìĉ  ¹Āz ºăvĀ· ¾£đwz ¢é¹ IºÉwz
$Walpole et al., 1998#) 

 

.( ªĉw¤ý ÿ ¦´z 
,-.(  óºù Ĉzwĉ¿½vDSSAT ½¹ wĊzĀõć øÊ¯Ĉö{öz 

ā¹v¹wă ćā¿vºývć¾Ċñ  āºÉĈÕ ówÅwă ć,.42 ÿ ,.43  ćv¾z
Ĉzwĉ¿½v  óºùDSSAT ½¹ wĊzĀõć øÊ¯Ĉö{öz ½¹ ĂÝ½Àù v )ºÉ ÷w¬ý
½¹ Ăýv¹ ¹¾îöúÝ IóºùI ¢Æĉ¿ ÿ ãĒá ā¹Ā£ĂĊ{Éć¿wÅ  ÿ āºÉ

āºăwÊùćv äö¤¸ù ćwă½wúĊ£ ćv¾z  ć½wĊzjĈÅ½¾z )ºÉ v¾Ñ Ĉ{ĉ
ĈñÂĉÿ ĂíwĊzĀõ ćwăć øÊ¯Ĉö{öz ù äĉ¾Þ£ óºù ½¹ v½Ĉ Iºþþí½¹ 
 óÿº«- )¢Åv āºÉ Ătv½v 

zj wzć½wĊ ùm£ ÿ ôùwíüĊ ,++ ý ºÍ½¹¿wĊ zjIĈ öúÝ ½vºêù ¹¾î
¿¢ÆĉzĀõ ÷wé½v ½¹ ãĒá ÿ Ăýv¹ Iā¹Ā£ćwĊ øÊ¯ö{özĈ vÀåvÈĉ åwĉ¢  ÿ

â£ ºýÿ½ ¢ÆývĀ£ óºù¡v¾ĊĊ ý ½¹ v½ ¹¾îöúÝćwă¿wĊ zjĈ ö¤¸ù ä
{ÉĂĊć¿wÅ w¤ý )ºþíªĉ ¿½vĈzwĉ ¹v¹ ûwÊý óºù ½vºêù Ăí wÖ·ć {ÆýĈ 
$MRE #züĊ ¹wêù¾ĉ āºăwÊù {É ÿ āºÉĂĊć¿wÅ öúÝ ½¹ āºÉ ¹¾î
¿¢Æĉ ówÅ ½¹ ā¹Ā£,.42 züĊ ,4*,(  w£0/*+( Å ½¹ ÿ ºÍ½¹ów 

,.43 züĊ -+*,(  w£0/*+( ºÍ½¹ ¾Ċâ¤ù ¹Āz  óÿº«$.)# 
ćv¾z ½Āí¼ù ¾ĉ¹wêù  ówÅ ½¹ Ăýv¹ ¹¾îöúÝ,.42  üĊz+1*+  w£

,/*+  ówÅ ½¹ ÿ ºÍ½¹,.43  üĊz+1*+  w£,/*+  )¹Āz ¾Ċâ¤ù ºÍ½¹

                                                 
1 Mean Relative Error 
2 Root Mean Square Error 
3 Index of Agreement 
4 Coefficient of Efficiency 
5 Normalized Root Mean Square Error 
6 Maximum Error 
7 Coefficient of Residual Mass 



 ---                                               ć¾ăĀñ¹v¿º{Ý ÿā¹v¿wzwz* óºù Ăĉ¾Êý *ëw· ÿ xj ¢ĉ¾ĉºù ÿ ć¿wÅā½ÿ¹ .I  ā½wúÉ, I ówÅ,/+- ¡w´æÍ I-,0  w£-.-  

Ăz½ĀÕ  ÿ āºÉ āºăwÊù ¾ĉ¹wêù üĊz Ĉ{Æý ćwÖ· ûvÀĊù ÔÅĀ¤ù
ĂĊ{Éć¿wÅ  ½¹ āºÉówÅwă ć,.42  ÿ,.43  ¹¾îöúÝ ćv¾z
¢Æĉ¿ā¹Ā£ ĂzyĊ£¾£ 33*+(  ÿ34*+(  Ăýv¹ ¹¾îöúÝ ćv¾z IºÍ½¹

Ăz¾£yĊ£ ,+*+  ÿ+4*+  ãĒá ¹¾îöúÝ ćv¾z ÿ ºÍ½¹ĂzyĊ£¾£ 
/0*+(  ÿ//*+(  ¹Āz ºÍ½¹ óÿº«$.)# 

 
 óÿº«-( Ì·wÉćwă ā¿vºývć¾Ċñ  wĊzĀõ øé½ ĂÅ ½¹ āºÉ Ĉ¬þÅvÿ ÿ āºÉøÊ¯Ĉö{öz 

Table 2( Measured and recalibrated indices in three cowpea cultivars 

yĉv¾Ñ äĉ¾Þ£ 
÷wé½v ćv¾z ¾ĉ¹wêù 

º³vÿ  ÜzwþùÌ·wÉwă 
Ĉö´ù¾Æă¹ Ĉö´ù ûw¤Å¿Ā· ûv¾ùwí 

$ ôñ ½ĀĄÙ ÿ āwĊñ Èĉÿ½ üĊz ûwù¿1R# 38.14 38.14 38.14 

photothermal days 

Ĉ¬þÅvÿ 

$ ãĒá üĊõÿv ÿ ôñ üĊõÿv üĊz ûwù¿3R# 2.5 2.5 2.5 ÈĊ~Ï¾å 

 üĊz ûwù¿$ Ăýv¹ üĊõÿv ÿ ôñ üĊõÿv5R# 5.2 5.2 5.2 Ĉ¬þÅvÿ 

$ Ăýv¹ üĊõÿv üĊz ûwù¿5R$ ĈîĉÁĀõĀĉÀĊå ßĀöz ÿ #7R# 48.1 48.17 48.17 Ĉ¬þÅvÿ 

$ ôñ üĊõÿv üĊz ûwù¿1Rï¾z ÓwÆ{ýv ćwĄ¤ýv ÿ # 17 17 17 ÈĊ~Ï¾å 

¹½vºýw¤Åv ºÉ½ Ôĉv¾É ½¹ øé½ Ëw· ï¾z ²ÖÅ 67 68 68 cm2/g ā¿vºývć¾Ċñ āºÉ 

ôùwí ï¾z ā¿vºýv ¾¨ívº³ 233 233 233 cm2 ā¿vºývć¾Ċñ āºÉ 

Ă¤ÅĀ~ & Ăýv¹ ¾z øĊÆê£ Ăýv¿ÿ½ ºÉ½ ¿v ć¾Æí ¾¨ívº³ 1 1 1 - Ĉ¬þÅvÿ 

Ăýv¹ ¾ă ½¹ û¿ÿ ¾¨ívº³ 0.08 0.08 0.09 g ā¿vºývć¾Ċñ āºÉ 

¹½vºýw¤Åv ºÉ½ Ôĉv¾É ½¹ ãĒá āÿ¾ñ ćv¾z ½¼z ûºÉ ¾~ ¡ºù 13.5 13.5 13 photothermal days Ĉ¬þÅvÿ 

¹½vºýw¤Åv ºÉ½ Ôĉv¾É ½¹ ãĒá ¾ă ½¹ ½¼z üĊòýwĊù 15.2 15.2 15.5 - ā¿vºývć¾Ċñ āºÉ 

ĂþĊĄz Ôĉv¾É ½¹ ãĒá ĈĉwĄý ½wz Ăz ûºĊÅ½ ćv¾z øé½ ¿wĊý ¹½Āù ûwù¿ 30 30 30 - Ĉ¬þÅvÿ 

ßĀöz ½¹ ##Ă¤ÅĀ~&Ăýv¹$*Ăýv¹$ ¢{Æý ¾¨ívº³ 77.6 77.6 77.7 - Ĉ¬þÅvÿ 

 

 óÿº«.(  Ôĉv¾É ½¹ ¢Év¹¾z Ì·wÉ ÿ ¹¾îöúÝ ¾ĉ¹wêù ÿ Ĉ{Æý ćwÖ· ºÍ½¹ĂĊ{Éć¿wÅ  ÿ āºÉāºăwÊùćv 
Table 3  (Relative error percentage, yield values, and harvest index in simulated and observed conditions 

  ¹¾îöúÝ¢Æĉ¿ā¹Ā£ #½w¤îă ½¹ ÷¾ñĀöĊí$ Ăýv¹ ¹¾îöúÝ #½w¤îă ½¹ ÷¾ñĀöĊí$ ãĒá ¹¾îöúÝ #½w¤îă ½¹ ÷¾ñĀöĊí$ ¢Év¹¾z Ì·wÉ #ºÍ½¹$ 

 wă½wúĊ£ 1397 1398 1397 1398 1397 1398 1397 1398 

ĂĊ{Éć¿wÅ 
āºÉ 

I1C1 4923 4977 1534 1547 1940 1956 0.31 0.31 
I1C2 4869 4962 1367 1422 1727 1797 0.28 0.29 

I1C3 4849 4803 1347 1283 1701 1620 0.28 0.27 

I2C1 3978 4009 1237 1230 1568 1557 0.31 0.31 
I2C2 3807 3886 1117 1123 1414 1423 0.29 0.29 

I2C3 3554 3638 1005 997 1277 1267 0.28 0.27 

I3C1 2529 2389 719 649 916 826 0.28 0.27 
I3C2 2361 2241 668 606 856 775 0.28 0.27 

I3C3 2223 2207 590 557 768 724 0.27 0.25 

üĊòýwĊù 3677 3679 1065 1046 1352 1327 0.29 0.28 

 Ôĉv¾É
āºăwÊùćv  

I1C1 4867a 4920a 1536a 1549a 1927a 1943a 0.32a 0.32a 
I1C2 4812a 4903a 1369b 1424b 1717b 1786b 0.29c 0.29b 

I1C3 4792b 4747b 1349b 1284c 1691c 1611c 0.28d 0.27d 

I2C1 3942c 3972c 1238c 1231c 1560d 1549d 0.31a 0.31b 

I2C2 3773d 3850c 1118d 1124d 1407e 1416e 0.30b 0.29b 

I2C3 3524e 3606d 1006e 998e 1272f 1262f 0.29c 0.28c 

I3C1 2514f 2375e 719f 649f 913g 824g 0.29c 0.27d 
I3C2 2348g 2229f 668g 606g 854h 773h 0.29c 0.27d 

I3C3 2211h 2195g 590h 557h 766i 722i 0.27e 0.25e 

üĊòýwĊù 3643 3644 1066 1047 1345 1321 0.29 0.28 

 ćwÖ· ºÍ½¹
Ĉ{Æý 

I1C1 -1.15 -1.16 0.13 0.13 -0.67 -0.67 1.27 1.27 

I1C2 -1.18 -1.20 0.15 0.14 -0.58 -0.62 1.40 1.03 
I1C3 -1.19 -1.18 0.15 0.08 -0.59 -0.56 1.42 1.48 

I2C1 -0.91 -0.93 0.08 0.08 -0.51 -0.52 0.96 0.97 

I2C2 -0.90 -0.94 0.09 0.09 -0.50 -0.49 1.01 1.03 
I2C3 -0.85 -0.89 0.10 0.10 -0.39 -0.40 1.05 1.08 

I3C1 -0.60 -0.59 0.07 0.06 -0.33 -0.24 0.70 0.37 

I3C2 -0.55 -0.54 0.06 0.06 -0.23 -0.26 0.70 0.74 
I3C3 -0.54 -0.55 0.06 0.06 -0.26 -0.28 0.75 0.79 

üĊòýwĊù -0.88 -0.89 0.08 0.07 -0.45 -0.45 1.03 0.97 
 ¿v ºÞz äö¤¸ù ãÿ¾³āºăwÊù ûĀ¤Å ½¹ ¹vºÝvûwÊý Ićvºþă¹ą þÞù ¡ÿwæ£w½v¹ć ½¹ $ ¢Åv wă½wúĊ£ üĊzp < 0.01)#



 {ÉĂĊć¿wÅ ā¾Ąz ÿ ¹¾îöúÝ½ÿć zĀõ ÷wé½v xjćwĊ øÊ¯ö{özĈ øí Ôĉv¾É ¢´£))) ć½wĊzj                                                                                         --.  

 óÿº« Ăz Ă«Ā£ wz/ù IüĊòýwĊ ùûvÀĊ wÖ·ć {ÆýĈ züĊ ¹wêù¾ĉ 
 ÿ āºÉ āºăwÊù{ÉĂĊ¿wÅć  ½¹ āºÉā¾Ąz½ÿć wþ{ù ¾z xjć  xj

å¾ÎùĈ ¹¾îöúÝ ½¹ ¿¢Æĉā¹Ā£ ówÅ ½¹ IãĒá ÿ Ăýv¹ I,.42 Ăz£¾£yĊ 
40*+(I -4*+  ÿ/2*+(  ówÅ ½¹ ÿ ºÍ½¹,.43 Ăz£¾£yĊ 12*+ I
++,*+  ÿ/+*+( ¹¹wêù )¹Āz ºÍ½¾ĉ  ½¹ ½Āí¼ùā¾Ąz½ÿć wþ{ù ¾z xjć 

øă ÿ ç¾Þ£þ¯üĊ wþ{ù ¾zć ¸{£¾Ċ  ç¾Þ£ ÿ¹¾îöúÝ ½¹ ¿¢Æĉā¹Ā£ ÿ Ăýv¹ I
 ówÅ ½¹ IãĒá,.42 Ăz£¾£yĊ 33*+(I +3*+  ÿ/0*+(  ½¹ ÿ ºÍ½¹

 ówÅ,.43 Ăz£¾£yĊ 34*+( I+2*+  ÿ/0*+( Ăí ¹Āz ºÍ½¹ íw³Ĉ  ¿v
¿½vĈzwĉ v¾É ½¹ óºù yÅwþùÔĉ {ÉĂĊ¿wÅć  ÿāºăwÊùvć  ½¹ )¹½v¹
ÊăÿÂ~Ĉ ¾Ċ§m£ øĉÁ½ćwă  äö¤¸ùĈ¤zĀÕ½ ¹¾îöúÝ ÿ ºÉ½ ¾z wz ¡½» 

 óºùCERES-Maize ¿½vĈzwĉ w¤ý ÿ ºÉªĉ Êý£ ½¹ Ăí ¹v¹ ûwćwă½wúĊ 
 ¹½ĀùIĈÅ½¾z ûvÀĊù ¾Ċ¸{£  ç¾Þ£ ÿĈÞú¬£ ćv½v¹  ºýÿ½Mw{ĉ¾ê£ ĈĄzwÊù 
 ¢Év¹ ½¹ ÿÔĉv¾É ĂÝ½Àùćv  ÿĂĊ{É¿wÅć  ½¹ IāºÉº¤zvćv  ºÉ½ ôÎå
ûvÀĊù ¾Ċ¸{£  ç¾Þ£ ÿĈÞú¬£  wz yÅwþ¤ùûvÀĊù ï¾z ²ÖÅ Ì·wÉ  ÿ

 ôí ìÊ· û¿ÿāwĊñ ÀĊ¯wý ¹ĀzI Ĉõÿ  wz Ăùv¹v ½¹ ĆÞÅĀ£÷vºývćwă ĈĉvĀă 
øă ÿüĊþ¯ ¡v¾ĊĊâ£ Ôĉv¾É  ÿ xjĈĉvĀă Ăz¡½ĀÍ ĈÖ·  w£ćwĄ¤ýv  ą½ÿ¹
 ºÉ½ÈĉvÀåv ¢åwĉ  ÿûvÀĊù ¾Ċ¸{£  ç¾Þ£ ÿĈÞú¬£  ½¹Ôĉv¾É ÀùĂÝ½ćv 
 ÿĂĊ{É¿wÅć  ¢´£¾Ċ§m£  äö¤¸ù ±ĀÖÅć½wĊzj ÿ ¢å¾ñ ½v¾é  wz

ÈĉvÀåv ûvÀĊù  xjIć½wĊzj ûvÀĊù ¾Ċ¸{£  ç¾Þ£ ÿĈÞú¬£ ÀĊý vÈĉvÀå 
¢åwĉ $Mondani et al., 2021)# 
 
.--( xj ûĒĊz ćvÀ«v 

óÿº« ½¹ 0I ùoĂæõ Èĉwù¿j ½¹ ëw· xj ó¹wÞ£ ćwăĂÝ½Àùćv 
 )¢Åv āºÉ ā¹v¹ ûwÊý¾z½ ĈÅvÀ« ćvĒĊz ÿ xj û¾îöúÝwĊzĀõ ¹ć 

øÊ¯Ĉö{öz wÊý ½¹ Ăí ¹v¹ ûwúĊ£½wă ćøíjwĊz ć½Ăz¹ Èþ£ ôĊõ
jĈz I¾Þ£ çwĊñ ā Ă¤åwĉ Èăwív )¢Å ½vºêù ÿ Ĉzj ¿wĊý Ăz Ă«Ā£ wz

½wĊzj ûvÀĊù Ić½wĊzj üĊz āºÉ ówúÝv ć,40  w£//+ ĈöĊù¾¤ù ćv¾z 
 ówÅ,.42 ÿ  üĊz,40  ÿ/0+ ĈöĊù ówÅ ćv¾z ¾¤ù,.43  ¾Ċâ¤ù

 ªĉw¤ý ÃwÅv ¾z )¹ĀzĂĊ{Éć¿wÅ  ¹¾îöúÝ IĈzj ¿wĊý ÈĉvÀåv wz IāºÉ
¢Æĉ¿ā¹Ā£ ówÅ ½¹ ãĒá ÿ Ăýv¹ I,.42  ÿ,.43  )¢Év¹ ÈĉvÀåv
øă ÿ Ăýv¹ ¹¾îöúÝ üĊz üĊþ¯Ċzj Èþ£ ć½wÓw{£½v Ĉæþù  ¹Ā«ÿ

 ówÅ ½¹ Ić½wĊzj ¾ĉ¹wêù Ăz Ă«Ā£ wz )¢Év¹,.42 I ¿v ¾Ċ¸{£ µ¾ý
..3  w£/1. ĈöĊù¾¤ù  ówÅ ½¹ ÿ,.43  ¿v..3  w£/13 ĈöĊù¾¤ù 

 ÿ ¾Ċ¸{£ ûvÀĊù Ić½wĊzj xj ÈĉvÀåv wz ¢Åv ĈĄĉºz )¹Āz ¾Ċâ¤ù
Ĉù ÈĉvÀåv ç¾Þ£ )ºzwĉøí¾£ wz ç¾Þ£ ÿ ¾Ċ¸{£ ûvÀĊù üĉ..3 

ĈöĊù¾¤ù  ½wúĊ£ ćv¾z3C3I  Ĉzj ¿wĊý ½¹ Ăí ºÉ ¢{§0+  ÿ ºÍ½¹
 I¾òĉ¹ ćĀÅ ¿v )¹Āz ć¾Æă¹ Ĉö´ù øé½ÈĊz¾£ ÿ ¾Ċ¸{£ ûvÀĊù üĉ

 ½wúĊ£ ½¹ ç¾Þ£1C1I Ôĉv¾É ½¹ ÿ  µ½ ûv¾ùwí øé½ ÿ ôùwí ć½wĊzj
¹v¹ ĈÊăÿÂ~ ½¹ )wív½Ĉĉ ÿ ¹¢é  óºùDSSAT ½¹ ¾z¹½ÿj ½¢zĀÕ 
¾~ÿôĊå w·ë ¢´£ ÿ¹ ²ÖÅ øíć½wĊzj ôùwí ć½wĊzj ÿ ½¹ ÀùĆÝ½ 
¡½» ĂåĀöÝćv  ĈÅ½¾zºÉ  ÿÉĂĊzć¿wÅ ½¢zĀÕ ½¹ øĊýµ½ w·ë 

wz wêù¹¾ĉ vºýā¿v¾Ċñć ºÉā ½¹ Àù½ĂÝ ĂÆĉwêù ºÉ Iªĉw¤ý wÊýû ¹v¹ 
Ăí Êĉ½Ć üĊòýwĊLù ¡wLÞz¾ù  ćwÖL·ºùó ½¹ zL¾¹½ÿj ½¢zĀÕ 
¾zćv wúĊ£½wăć äö¤¸ù IĂ¤Æz Ăz èúÝ üĊz 2*,  w£1*,. ½¹ºÍ 
½¢zĀÕ  Ĉú¬³ ÿ ¹ĀzwÖ·ć ÔÅĀ¤ù ¼¬ù ½ÿwÞz¾ù¡ vÅºýw¤¹½v 
¾zćv wúĊ£½ øíjwĊzć½ ½¹ ¾z¹½ÿj ôí xj w· ë332*4 ÿ zL¾ćv 
wúĊ£½ jwĊzć½ ôùwí +21*,. ½¹ºÍ zLĀ ÿ ¹ĀÕĂz½ íLĈö IzLĂ«Ā£ w 

Ăz ¢Ċăwù ¢í¾³ xj ½¹ w·ë ÿ ªĉw¤ý Ăz¹¢Å jºùā Ióºù 

DSSAT ¾zćv vwæ¤Åā¹ ½¹ ¾ÉvÔĉ øíjwĊzć½ ôzwé ĂĊÍĀ£ ¢Åv 
$Dokoohaki et al., 2012#)  

 óÿº« Ăz Ă«Ā£ wz1 Ì·wÉ I$ Ĉĉv½wí yĉ¾ÑEF½¹ # 
Åów ćwă,.42 ÿ ,.43 ¢Æĉ¿ ¹¾îöúÝ ½¹z ā¹Ā£Lv¾øé½ ć 
íLûv¾ùw I ûw¤Å¿Ā· ÿ¾Æă¹ üĊz I443.0*+  ÿ4432-*+  )¹Āzv ¿
ûjĈz Ĉæþù üĊz IĈĉv½wí yĉ¾Ñ Ì·wÉ Ăí Ĉĉw«{¨ù w£ ¢ĉwĄý ¢

üĉv ¿v I¢Åv ¾Ċâ¤ù ìĉ ¾ĉ¹wêù ÿ½ĂĊ{É¿wÅāºÉ ć  Ĉíw³v ôzwé ¿
)¹½v¹ ªĉw¤ý û¹Āz ûwþĊúÕv $ ¡Āúöĉÿ èåvĀ£ Ì·wÉd ćv¾z #

¢Æĉ¿ ¹¾îöúÝwĊzĀõ ÷wé½v ½¹ Ăýv¹ ÿ ā¹Ā£ć øÊ¯Ĉö{öz  ½¹
ówÅwă ¿v ĂÞõwÖù ¹½Āù ć443*+  w£444*+ í ¹Āz ¾Ċâ¤ù ìĉ¹Àý Ă

Ý Ăz Ì·wÉ üĉv û¹ĀzL Iìĉ ¹ºûwÊýºþă¹ą zwéLþĊúÕv ô ûw
 ¾ĉ¹wêù û¹ĀzĂĊ{É¿wÅÉ ćLÅv āº)¢ ÉLÌ·w ³L¾¨ívº IwÖ· 

ûwÊýºþă¹ą ÈĊz¾£ ¾ĉ¹wêù üĊz wÖ· üĉĂĊ{Éć¿wÅ  ÿāºăwÊùćv 
¾ă v¼õ I¢Åv  Ì·wÉ üĉv Ă¯øí¾£ Ąz Ĉĉv½wí óºù IºÉwz ć¾¤
¢Év¹ ºăvĀ·) ·¾z ĈzĀ· ¢é¹ ¿v Ì·wÉ üĉv I÷wé½v ÷wú£ ½¹½v¹½Ā 

Ĉéwz ÷¾« yĉ¾Ñ Ì·wÉ ĈÅ½¾z )¹Āz ¹¾îöúÝ ½¹ āºýwù
¢Æĉ¿ā¹Ā£ ½¹ Ăýv¹ ÿ ú£Lé½v ÷wL Ĉæþù ÷wĂz¢Å¹ ùjLí ºL Ă
ûwÊýºþă¹ą  óºù º³ ¿v ÈĊz üĊú¸£¢ÅvúĊ£ ÷wú£ ½¹ ) Iwă½w
 ¾ĉ¹wêùĂz¢Å¹  ¾æÍ Ăz ìĉ¹Àý āºùj¹Āz  ĂíûwÊýºþă¹ą  ¢é¹

 ½¹ óºù ćđwzĂĊ{É¿wÅ ćÌ·wÉ ćwăā¿vºývć¾Ċñ ÉL ¢Åv āº
 óÿº«$1)# Êĉ½Ć  ûvÀĊù ¹½ÿj¾z ½¹ ¡wÞz¾ù üĊòýwĊùā¾Ązć½ÿ 
xj ã¾Îù ¢Æĉ¿ ¹¾îöúÝ ¾z Ĉþ¤{ù IĈå¾Îù xj ÃwÅv ¾z ā¹Ā£

ówÅ ½¹ ć¾Æă¹ ÿ ûw¤Å¿Ā· Iûv¾ùwí ÷wé½v ćv¾z ,.42 ĂzyĊ£¾£ 
+,+1*+ I+,+23*+  ÿ+,+32*+ ówÅ ½¹ ÿ ,.43 ĂzyĊ£¾£ 
+,+//*+ I+,+24*+  ÿ+,+4,*+ )¹Āz yÞîù¾¤ù ¾z ÷¾ñĀöĊí 

ÿ¹ ĈÕ ½¹ Ĉĉv½wí yĉ¾Ñ Ì·wÉ  ½¹ ówÅā¾Ązć½ÿ  xj ã¾Îù
¢Æĉ¿ ¹¾îöúÝ ¾z Ĉþ¤{ùÅ¿Ā· Ĉö´ù Iûv¾ùwí ÷wé½v ½¹ ā¹Ā£ÿ ûw¤ 
 üĊz ¾Æă¹ Ĉö´ù34.0*+ ÿ 42-1*+ ¹¾îöúÝ ćv¾z ÿ Ăýv¹ üĊz 

+++-4*+  ÿ+++.3*+ ³ ½¹ )¹Āz ¾Ċâ¤ùLí ĈõwLĉv ĂL¾ĊĊâ£ ü ½¹ ¡v
ā¾Ązć½ÿ  üĊz ãĒá ¹¾îöúÝ ¾z Ĉþ¤{ù xj ã¾Îù++,14*+ ÿ 
++--4*+ «$ ¹Āz ¾Ċâ¤ù óÿº1#) 
 

 

  



 --/                                               ć¾ăĀñ¹v¿º{Ý ÿā¹v¿wzwz* óºù Ăĉ¾Êý *ëw· ÿ xj ¢ĉ¾ĉºù ÿ ć¿wÅā½ÿ¹ .I  ā½wúÉ, I ówÅ,/+- ¡w´æÍ I-,0  w£-.-  

 óÿº«/(  ¾ĉ¹wêù ÿ Ĉ{Æý ćwÖ· ºÍ½¹ā¾Ązć½ÿ  Ôĉv¾É ½¹ xjĂĊ{Éć¿wÅ  ÿ āºÉāºăwÊùćv 
Table 4( Relative error percentage and water productivity values in simulated and observed conditions 

 
 ûvÀĊùā¾Ązć½ÿ  xj ¾z ÷¾ñĀöĊí$#yÞîù¾¤ù 

 Ĉå¾Îù xj ćwþ{ù ¾z¹¾îöúÝ ½¹ 
 ûvÀĊùā¾Ązć½ÿ  xj#yÞîù¾¤ù ¾z ÷¾ñĀöĊí$ 

¾Ċ¸{£ ćwþ{ù ¾z  ÿ¹¾îöúÝ ½¹ ç¾Þ£ 
 ûvÀĊùā¾Ązć½ÿ  xj#yÞîù¾¤ù ¾z ÷¾ñĀöĊí$ 

¹¾îöúÝ ½¹ ç¾Þ£ ćwþ{ù ¾z 

 ¢Æĉ¿ā¹Ā£ Ăýv¹ ãĒá ¢Æĉ¿ā¹Ā£ Ăýv¹ ãĒá ¢Æĉ¿ā¹Ā£ Ăýv¹ ãĒá 

wă½wúĊ£ ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 ,.42 ,.43 

 āºÉ ć¿wÅ ĂĊ{É Ôĉv¾É 

1C1I 1.12 1.11 0.35 0.34 0.44 0.44 1.06 1.06 0.33 0.33 0.42 0.42 2.24 2.24 0.70 0.70 0.88 0.88 

2C1I 1.16 1.15 0.33 0.33 0.41 0.42 1.05 1.06 0.29 0.30 0.37 0.38 2.17 2.20 0.61 0.63 0.77 0.80 

3C1I 1.23 1.20 0.34 0.32 0.43 0.41 1.05 1.04 0.29 0.28 0.37 0.35 2.11 2.10 0.59 0.56 0.74 0.71 

1C2I 1.21 1.19 0.37 0.36 0.48 0.46 0.94 0.94 0.29 0.29 0.37 0.37 2.00 1.99 0.62 0.61 0.79 0.77 

2C2I 1.21 1.20 0.35 0.35 0.45 0.44 0.91 0.92 0.27 0.27 0.34 0.34 1.90 1.92 0.56 0.56 0.71 0.70 

3C2I 1.20 1.21 0.34 0.33 0.43 0.42 0.88 0.90 0.25 0.25 0.32 0.31 1.80 1.83 0.51 0.50 0.65 0.64 

1C3I 1.15 1.06 0.33 0.29 0.42 0.37 0.73 0.67 0.21 0.18 0.26 0.23 1.55 1.49 0.44 0.41 0.56 0.52 

2C3I 1.12 1.04 0.32 0.28 0.41 0.36 0.69 0.65 0.20 0.18 0.25 0.22 1.48 1.44 0.42 0.39 0.54 0.50 

3C3I 1.13 1.10 0.30 0.28 0.39 0.36 0.66 0.65 0.17 0.16 0.23 0.21 1.42 1.41 0.38 0.35 0.49 0.46 

üĊòýwĊù 1.17 1.14 0.34 0.32 0.43 0.41 0.89 0.88 0.26 0.25 0.33 0.32 1.85 1.85 0.54 0.52 0.68 0.66 

 āºÉ āºăwÊù Ôĉv¾É 

1C1I 1.11g 1.09f 0.35b 0.34c 0.44c 0.43c 1.05a 1.05a 0.33a 0.33a 0.42a 0.42a 2.21a 2.22a 0.70a 0.70a 0.88 0.88 

2C1I 1.15d 1.14d 0.33d 0.33d 0.41f 0.42d 1.04b 1.05a 0.30b 0.30b 0.37b 0.38b 2.15b 2.17b 0.61c 0.63b 0.77 0.79 

3C1I 1.21a 1.19b 0.34c 0.32e 0.43d 0.40e 1.04b 1.03b 0.29c 0.28d 0.37b 0.35d 2.08c 2.07c 0.59d 0.56d 0.74 0.70 

1C2I 1.19c 1.18c 0.38a 0.36a 0.47a 0.46a 0.93c 0.93c 0.29c 0.29c 0.37b 0.36c 1.98d 1.98d 0.62b 0.61c 0.78 0.77 

2C2I 1.20b 1.19b 0.35b 0.35b 0.45b 0.44b 0.90d 0.91d 0.27d 0.27e 0.34c 0.33e 1.89e 1.91e 0.56e 0.56d 0.70 0.70 

3C2I 1.19c 1.20a 0.34c 0.33d 0.43d 0.42d 0.87e 0.89e 0.25e 0.25f 0.32d 0.31f 1.79f 1.81f 0.51f 0.50e 0.65 0.63 

1C3I 1.14e 1.06g 0.33d 0.29f 0.42e 0.37f 0.72f 0.67f 0.21f 0.18g 0.26e 0.23g 1.54g 1.48g 0.44g 0.41f 0.56 0.52 

2C3I 1.12f 1.04h 0.32e 0.28g 0.41f 0.36g 0.69g 0.65g 0.20g 0.18g 0.25f 0.22h 1.48h 1.43h 0.42h 0.39g 0.54 0.50 

3C3I 1.12f 1.10e 0.30f 0.28g 0.39g 0.36g 0.65h 0.65g 0.17h 0.16h 0.23g 0.21i 1.41i 1.40i 0.38i 0.35h 0.49 0.46 

üĊòýwĊù 1.16 1.13 0.34 0.32 0.43 0.41 0.88 0.87 0.26 0.25 0.32 0.31 1.84 1.83 0.54 0.52 0.68 0.66 

 Ĉ{Æý ćwÖ· ºÍ½¹ 

1C1I -0.90 -1.83 0.001 0.001 -0.68 -0.69 -1.15 -1.16 0.13 0.13 -0.67 -0.67 -1.15 -1.16 0.13 0.13 -0.67 -0.67 

2C1I -0.87 -0.88 0.001 0.002 -0.49 -0.72 -1.18 -1.20 0.15 0.14 -0.58 -0.62 -1.18 -1.20 0.15 0.14 -0.58 -0.62 

3C1I -1.65 -0.84 0.001 0.002 -0.70 -0.50 -1.19 -1.18 0.15 0.08 -0.59 -0.56 -1.19 -1.18 0.15 0.08 -0.59 -0.56 

1C2I -1.68 -0.85 2.632 0.001 -0.42 -0.44 -0.91 -0.93 0.08 0.08 -0.51 -0.52 -0.91 -0.93 0.08 0.08 -0.51 -0.52 

2C2I -0.83 -0.84 0.001 0.001 -0.45 -0.46 -0.90 -0.94 0.09 0.09 -0.50 -0.49 -0.90 -0.94 0.09 0.09 -0.50 -0.49 

3C2I -0.84 -0.83 0.001 0.001 -0.47 -0.24 -0.85 -0.89 0.10 0.10 -0.39 -0.40 -0.85 -0.89 0.10 0.10 -0.39 -0.40 

1C3I -0.88 0.00 0.001 0.001 -0.24 -0.27 -0.60 -0.59 0.00 0.00 -0.33 -0.24 -0.60 -0.59 0.00 0.00 -0.33 -0.24 

2C3I 0.00 0.00 0.001 0.001 -0.49 0.00 -0.55 -0.54 0.00 0.00 -0.23 -0.26 -0.55 -0.54 0.00 0.00 -0.23 -0.26 

3C3I -0.89 0.00 0.001 0.001 -0.26 -0.28 -0.54 -0.55 0.00 0.00 -0.26 -0.28 -0.54 -0.55 0.00 0.00 -0.26 -0.28 

üĊòýwĊù -0.95 -0.67 0.29 0.001 -0.47 -0.40 -0.88 -0.89 0.08 0.07 -0.45 -0.45 -0.88 -0.89 0.08 0.07 -0.45 -0.45 

 ûĀ¤Å ½¹ ¹vºÝv ¿v ºÞz äö¤¸ù ãÿ¾³āºăwÊùćv IûwÊýºþă¹ą  ¡ÿwæ£þÞùw½v¹ć  ½¹ ¢Åv wă½wúĊ£ üĊz$p < 0.01)#

 óÿº«0( vÀ«vć zĊûĒ xj  ½¹¢ĉ¾ĉºùćwă zj äö¤¸ùĊ½wć 
Table 5( Water balance components in different irrigation management 

ă½wúĊ£
v 

ć½wĊzj 
$ĈöĊù¾¤ù# 

Ç½wz 
$ĈöĊù¾¤ù# 

 ç¾Þ£ ÿ ¾Ċ¸{£
$ĈöĊù¾¤ù# 

ç¾Þ£ 
$ĈöĊù¾¤ù# 

¾Ċ¸{£ 
$ĈöĊù¾¤ù# 

Ĉå¾Îù xj 
$ĈöĊù¾¤ù# 

ĈêúÝ »Āæý 
$ĈöĊù¾¤ù# 

¢zĀÕ½ ā¾Ċ·» ëw· 
$ĈöĊù¾¤ù# 

,.4
2 

,.4
3 

,.4
2 

,.4
3 

,.42 
,.43 ,.4

2 
,.4
3 

,.4
2 

,.4
3 

,.4
2 

,.4
3 

,.4
2 

,.4
3 

,.42 ,.43 

I1C1 440 450 93 94 463 468 220 222 243 246 533 544 3 8 67 68 

I1C2 420 430 93 94 464 468 224 226 239 242 513 524 3 8 46 48 
I1C3 395 400 93 94 460 461 230 229 230 231 488 494 3 7 25 26 

I2C1 330 338 93 94 422 426 199 201 223 225 423 432 3 8 -2 -2 

I2C2 315 323 93 94 419 423 200 202 219 221 408 417 3 8 -14 -14 

I2C3 296 300 93 94 403 406 197 199 206 207 389 394 3 5 -17 -17 

I3C1 210 225 93 94 348 354 163 160 186 194 303 319 3 5 -48 -40 

I3C2 200 205 93 94 341 345 159 156 183 189 293 299 3 5 -51 -51 

I3C3 195 195 93 94 338 338 157 157 181 181 288 289 3 5 -53 -54 

 
 óÿº« ½¹2 IôĊö´£ ½wùjć ûwÊý óºù ¹½ÿj¾z ¢é¹ ÿ ûj ąºþă¹
½ Ăí ¢ÅvÊĉù ĆüĊòýwĊ {É ½¹ ¡wÞz¾ùĂĊ¿wÅā¾Ąz ć½ÿć wþ{ù ¾z xjć 
¸{£ ÿ ç¾Þ£¾Ċ þ¤{ù ç¾Þ£ ÿĈ ¿ ¹¾îöúÝ ¾z¢Æĉā¹Ā£ ½¹ ãĒá ÿ Ăýv¹ I

 ÷wé½vćwĊzĀõ øÊ¯ö{özĈ ö´ù øé½ Iûv¾ùwí øé½ ĂÅ ¾ă ½¹Ĉ  ûw¤Å¿Ā·
ö´ù øé½ ÿĈ zĀ· ¢é¹ ¿v ¾Æă¹Ĉ ówÅ ½¹wăć  ½v¹½Ā·¾z ĂÞõwÖù ¹½Āù
¿½v ÿ ¹ĀzĈzwĉ wÅ¾ĉ Ì·wÉwăć ½Āù ā¹wæ¤Åv ¹ÀĊý oùºĉ  yÅwþù ¹½ÿj¾z



 {ÉĂĊć¿wÅ ā¾Ąz ÿ ¹¾îöúÝ½ÿć zĀõ ÷wé½v xjćwĊ øÊ¯ö{özĈ øí Ôĉv¾É ¢´£))) ć½wĊzj                                                                                         --0  

ā¾Ąz ÛvĀýv ½¹ óºù½ÿć ÊăÿÂ~ ½¹ )¢Åv xjĈ Ramezani-

Vasokolaei et al. (2022) §m£¾Ċ ºù¢ĉ¾ĉ v ²LÖÅĈzw¤Æĉ  ¾z
vÀL«v ÿ ªý¾z ¹¾îLöúÝć óºù ¿v ā¹wæ¤Åv wz v½ ûjDSSAT  ĂĊ{É¿wÅć 

 Ćö³¾ù ÿ¹ ¾ă ½¹ Ăí ºý¹¾í Ç½vÀñ ÿ ºý¹ĀúýĈ¬þÅvÿ  ÿ
¢´ÍIĈ¬þÅ  ¿v óºùĈĉv½wí Ĉ{Åwþù ćv¾z ÈĊ~ĈþĊz  ¹¾îöúÝ
ìĉÁĀõĀĊz  Ćö³¾ù ½¹ ÿ ¹Āz ½v¹½Ā·¾z Ăýv¹ ¹¾îöúÝ ÿĈ¬þÅvÿ  ÿ
¢´ÍIĈ¬þÅ  ½¼«üĊòýwĊù  ¡wÞz¾ùćwÖ·  āºÉ ówù¾ýĂzyĊ£¾£  ½¹
 ą¹ÿº´ù1*2( 2*+  ÿ1*2(,  èåvĀ£ Ì·wÉ ÿ ºÍ½¹¡Āúöĉÿ 
ĂzyĊ£¾£  ą¹ÿº´ù ½¹44*+(23*+  ÿ44*+(3-*+  )¢Év¹ ½v¾é ½¹

ÊăÿÂ~Ĉ Nouri et al. (2022) óºù Ăí ºý¹Āúý Ç½vÀñ DSSAT 

 ½¹Ôĉv¾É Èþ£ Ĉzj ¢ĊÅwÆ³ ć¹wĉ¿  óºù xw¸¤ýv Ăz¾Ċ¸{£  ç¾Þ£ ÿ
 )¹½v¹Attia et al. (2022) óºù DSSAT  ½¹ v½āwĊñ  ¡½»ćv¾z 
Ôĉv¾É Ĉýwù¿ ĈýđĀÕ  ¡ºùĈÅ½¾z  Ăí ºý¹¾í Ç½vÀñ ÿ ā¹Āúýüĉv 

 IĂýv¹ ¹¾îöúÝ óºù¾Ċ¸{£  ÿ óĀÎ´ù ç¾Þ£ ÿćvĀ¤´ù  v½ ëw· ¢zĀÕ½
 Ăz ¶Åw~ ½¹ćwă½wúĊ£  äö¤¸ùć½wĊzj  ĂzĈzĀ· ĂĊ{Éć¿wÅ  ÿ ¹¾í

Ăùwý¾z Ăí ¹v¹ ûwÊý ¡ºùºþöz ½¹ óºù ¹¾z½wíćÀĉ½ ć½wĊzj  ôÍvĀå ½¹
Ĉýwù¿  ½¹ ¢zw§ÔĊ´ù  ôÍvĀå ¿v ¾£ºùj½wí IìÊ·¾Ċâ¤ù ćv¾z 
ā¾Ązć½ÿ )¢Åv wă¹¾îöúÝ ½¹ xj ã¾Îù 

 óÿº«1( ôĊö´£  ½¹ óºù ¹½ÿj¾z ¢é¹ ÿ ć½wùjĂĊ{É¿wÅ ć Iwă¹¾îöúÝÌ·wÉ ¢Év¹¾z Iā¾Ązć½ÿ xj ã¾Îù  ¹¾îöúÝ ¾z Ĉþ¤{ù¢Æĉ¿ā¹Ā£ãĒá ÿ Ăýv¹ I 
Table 6( Statistical analysis and model estimation accuracy in simulating yields, harvest index, and water use efficiency based on 

biomass, seed, and pod yield 
   ówÅ,.42  ówÅ,.43 

  ûv¾ùwí øé½ Ĉö´ù øé½ûw¤Å¿Ā· øé½Ĉö´ù¾Æă¹ øé½ûv¾ùwí øé½Ĉö´ùûw¤Å¿Ā· Ĉö´ù øé½¾Æă¹ 

 ¹¾îöúÝ¢Æĉ¿ā¹Ā£ 

d (%) 0.99982 0.99983 0.99985 0.99985 0.99986 0.99985 

EF (%) 0.99835 0.99851 0.99872 0.99855 0.99866 0.99867 
RMSE (t/ha) 0.03935 0. 03904 0.037693 0.040038 0.040242 0.038074 

(%) nRMSE 1.4275 1.07139 1.07417 1.06606 1.09928 1.08294 

CRM (%) -0.00947 -0.00954 -0.00939 -0.00958 -0.00970 -0.00953 
ME (%) 1.47349 1.55965 1.61309 51513/1 1.59941 1.60290 

Ăýv¹ ¹¾îöúÝ 

d (%) 0.99983 0.99984 0.99986 0.99986 0.99987 0.99986 

EF (%) 0.99998 0.99998 0.99999 0.99998 0.99999 0.99999 
RMSE (t/ha) 1.46008 1.16748 1.07691 1.45971 1.22979 0.99640 

(%) nRMSE 0.12537 0.11101 0.10971 0.12768 0.11697 0.10527 

CRM (%) 0.00112 0.00100 0.00097 0.00112 0.00103 0.00093 
ME (%) 0.17825 0.15597 0.16192 0.18448 0.16906 0.15226 

ãĒá ¹¾îöúÝ 

d (%) 0.99995 0.99996 0.99997 0.99996 0.99997 0.99997 

EF (%) 0.99956 0.99961 0.99971 0.99964 0.99969 0.99973 

RMSE (t/ha) 8.79944 7.05141 6.49067 8.81350 7.42459 6.00482 
(%) nRMSE 0.59990 0.53179 0.52218 0.61263 0.56028 0.50108 

CRM (%) -0.00535 -0.00479 -0.00457 -0.00535 -0.00491 -0.00441 

ME (%) 0.85514 0.74964 0.77580 0.88633 0.81215 72986/0 

¢Év¹¾z Ì·wÉ 

d (%) 0.99430 0.97539 0.98567 0.99717 0.98821 0.98924 

EF (%) 0.94658 0.70577 0.87871 0.97327 0.89574 0.90947 

RMSE (%) 0.00313 0.00302 0.00277 0.00303 0.00293 0.00291 
(%) nRMSE 1.02633 1.04497 0.99453 1.01219 0.02795 1.08880 

CRM (%) 0.01006 0.01006 0.00970 0.00949 0.01007 0.01054 

ME (%) 1.21681 1.22441 1.26629 1.33121 1.22491 1.39000 

ā¾Ązć½ÿ  Ĉå¾Îù xj
 ¹¾îöúÝ ¾z Ĉþ¤{ù

¢Æĉ¿ā¹Ā£ 

d (%) 0.98980 0.98895 0.99367 0.99535 0.99741 0.99535 
EF (%) 0.91424 0.89350 0.92519 0.95749 0.97265 0.94388 

RMSE (kg/m3) 0.01060 0.01078 0.01087 0.01044 0.01079 0.01091 

(%) nRMSE 0.92398 0.93460 0.92616 0.94157 0.95994 0.93879 

CRM (%) -0.00899 -0.00897 -0.00879 -0.00907 -0.00912 -0.00893 

ME (%) 1.11694 1.18853 1.23704 1.15680 1.22830 1.22817  

ā¾Ązć½ÿ  xjù Ĉå¾Î
Ăýv¹ ¹¾îöúÝ ¾z Ĉþ¤{ù 

d (%) 0.99996 0.99996 0.99998 0.99999 0.99999 0.99998 
EF (%) 0.99964 0.99958 0.99975 0.99988 0.99987 0.99985 

RMSE (kg/m3) 0.00038 0.00032 0.00031 0.00036 0.00032 0.00029 

(%) nRMSE 0.10706 0.09675 0.09515 0.10818 0.10018 0.09215 
CRM (%) 0.00103 0.00094 0.00092 0.00102 0.00095 0.00089 

ME (%) 0.13012 0.11453 0.12094 0.13604 0.12540 0.11421 

ā¾Ązć½ÿ  Ĉå¾Îù xj
 ¹¾îöúÝ ¾z Ĉþ¤{ù
ãĒá 

d (%) 0.99893 0.99894 0.99920 0.99968 0.99967 0.99955 
EF (%) 0.99062 0.98901 0.99091 0.99678 0.99660 0.99541 

RMSE (kg/m3) 0.00229 0.00194 0.00184 0.00221 0.00195 0.00169 

(%) nRMSE 0.51866 0.46033 0.44213 0.52776 0.48094 0.42728 
CRM (%) -0.00495 -0.00443 -0.00418 -0.00494 -0.00451 -0.00404 

ME (%) 0.64386 0.56010 0.58456 0.67538 0.61640 0.55011 

 

 ôîÉ ½¹-wêù IÆĉ¹wêù Ć¾ĉ ¿ ¹¾îöúÝ¢Æĉā¹Ā£ ÿ ãĒá IĂýv¹ I
øăþ¯üĊ v¾É ½¹ ¢Év¹¾z Ì·wÉÔĉ {É ÿ āºÉ āºăwÊùĂĊ¿wÅ ć

Åÿ Ăz āºÉöĊzĀõ ÷wé½v ½¹ Ióºù ĆćwĊ øÊ¯ö{özĈ  Ô· wz,5,  ûwÊý

w¤ý ½¹ )¢Åv āºÉ ā¹v¹ªĉ  óºù Ăí ºÉ āºăwÊùDSSAT I
{ÉĂĊ¿wÅ¿ ¹¾îöúÝ ć¢Æĉā¹Ā£ ½¹ ¢Év¹¾z Ì·wÉ ÿ ãĒá IĂýv¹ I
v¾ÉÔĉ vāºĉ¹ÀLý IĂÕĀz¾ù Ówêý ÿ ¹Āz ójìĉ  Ô· Ăz,5,  Iºþ¤Æă



 --1                                               ć¾ăĀñ¹v¿º{Ý ÿā¹v¿wzwz* óºù Ăĉ¾Êý *ëw· ÿ xj ¢ĉ¾ĉºù ÿ ć¿wÅā½ÿ¹ .I  ā½wúÉ, I ówÅ,/+- ¡w´æÍ I-,0  w£-.-  

ùĈûvĀ£ {ÉĂĊć¿wÅ ¿ ¹¾îöúÝ¢Æĉā¹Ā£ Ì·wÉ ÿ ãĒá IĂýv¹ I
v¾z v½ ¢Év¹¾zć v¾ÉÔĉ øízjĊ½wć ówÅ ½¹wăć  IĂÞõwÖù ¹½Āù
¿½v xĀöÖùĈzwĉ  )¹¾íÈþ£ Ā{úí¹  xjĈîĉ  ¿vĀÝvôù º´ù¹ÿ ºþþí ą

½ºÉ zĀõ ½¹ćwĊ øÊ¯ö{özĈ v¢Å )ºêù½v  xjĈå¾Îù wz Ă«Ā£ Ăz 
¾ĊĊâ£ ÿ¢ĊÞÑ  ÿ xjĀăIv ¢ĉ¾ĉºù  ÿĀÕó ôÎå ½ºÉ wæ¤ù¡ÿ v¢Å )

 ôîÉ ½¹.ā¾Ąz I½ÿć þ¤{ù xj ã¾ÎùĈ ¿ ¹¾îöúÝ ¾z¢Æĉā¹Ā£ I
 ÿ ¢Åv āºÉ ā¹v¹ ûwÊý ãĒá ÿ Ăýv¹wúăûĂýĀñ Ăí vwÚ¤ý½ Ĉù½¢åI 

wz Èăwí ºêù½v  xjĀù¹½ wĊýI¿ ºêù½v ā¾Ąz½ÿć vÀåvÈĉ  ÿ ¢Év¹
ºùó ÀĊý wz ¹¢é ôzwé ĈõĀ{é vüĉ  v½ ÛĀÑĀùÉĂĊzć¿wÅ  ½¹ ÿ ¹Āúý

 ¹½Āù ÷wé½v ÷wú£ù IĂÞõwÖùûvÀĊ yĉ¾Ñ üĊĊ{£ $2Rđwz ¢é¹ ¿v #Ĉĉ 
 ¹Āz ½v¹½Ā·¾zĂí íLw½¾í¹ v ¿v ā¹wæ¤Åv ÿüĉ ùLºó  ½¹ v½ĈþĊzÈĊ~ 

ā¾Ąz½ÿć zĀõ ½¹ xj ã¾ÎùćwĊ øÊ¯ö{özĈ  ¹½ĀùºĊĉm£ ¾é½v 
ùLĈ¹ºă )øí Āzû¹ ùûvÀĊ ¾Ċ¸{£  ÿ¾Þ£ç  ½¹wúĊ£½wăć äö¤¸ù 

øíjwĊzć½  MđĀúÞùĂzõ¹ôĊ  ÈăwíÌ·wÉ ²ÖÅ ¾zï wăĂ£Āzć 
ñāwĊ v¾É ½¹Ôĉ øíjwĊzć½ ĂzvÿÅ ĆÕº´ù¹ÿ¢ĉ  xjôzwé ¹¾¤ÅÃ 
¾zćv wĊñā  ÿĀ£vºþúýć wĊñā  ½¹¾¤þíó  ÿÈăwí ¾Þ£ç wz vÀåvÈĉ 
Āă½Āùû Ă«Ā£ wz )¢Åv wăĂz  øíºÉû ùûvÀĊ ¾Ċ¸{£  ÿ¾Þ£ç  ½¹
ĀÖÅ± äö¤¸ù øíjwĊzIć½ Èăwí wăÌ·wÉć åìĉÁĀõĀĉÀĊ  ½¹
wĊñā zĀõćwĊ øÊ¯ö{özĈ ôzwé vwÚ¤ý½ v¢Å) 

ôîÉ ½¹ ćwă/  ÿ0Æĉwêù IĆ  ûvÀĊùā¾Ązć½ÿ  ÃwÅv ¾z xj
¾Ċ¸{£ ÿ ç¾Þ£  ÿ¢Æĉ¿ ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£ ÿ Ăýv¹ Iā¹Ā£

 ÿ āºÉ āºăwÊù Ôĉv¾É ½¹ ãĒáĂĊ{É¿wÅāºÉ ć Ăz óºù ĂöĊÅÿ
DSSAT ÷wé½v ½¹ IõwĊzĀć øÊ¯Ĉö{öz  Ô· wz,5,  āºÉ ā¹v¹ ûwÊý

 ¾ĉ¹wêù û¹Āz ìĉ¹Àý ¿v Ĉíw³ ªĉw¤ý )¢ÅvĂĊ{É¿wÅ ÿ āºÉ ć
āºăwÊùćv  Ô· Ăz,5, ¹Āzā  ûvÀĊù ÿ üĊĊ{£ yĉ¾Ñ½ĀĊÅ¾ñ û
 ĈÖ· Ĉĉđwz ¢é¹ ćv½v¹ ÀĊý¢Åv)  

 óÿº«2( ôĊö´£  ½¹ óºù ¹½ÿj¾z ¢é¹ ÿ ć½wùjĂĊ{É¿wÅ ćā¾Ązć½ÿ  ćwþ{ù ¾z xj ç¾Þ£¾Ċ¸{£ ÿ  ÿç¾Þ£ 
Table 7( Statistical analysis and model estimation accuracy in simulating water productivity based on transpiration and 

evapotranspiration 

ā¾Ązć½ÿ ¾z xj ÃwÅv  
ûv¾ùwí øé½  øé½Ĉö´ùûw¤Å¿Ā· øé½Ĉö´ù¾Æă¹ 

,.42 ,.43 ,.42 ,.43 ,.42 ,.43 

¾Ċ¸{£  ÿ ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£
¢Æĉ¿ā¹Ā£ 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 
EF (%) 0.996 0.997 0.996 0.997 0.997 0.997 

RMSE (kg/m3) 0.009 0.009 0.009 0.009 0.009 0.009 

RMSEn (%) 1.012 1.013 1.009 1.033 1.009 1.010 
CRM (%) -0.010 -0.009 -0.009 -0.010 -0.009 -0.009 

ME (%) 1.330 1.356 1.371 1.383 1.401 1.402 

¾Ċ¸{£  ÿĂýv¹ ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£ 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 

EF (%) 1.000 1.000 0.998 1.000 1.000 1.000 
RMSE (kg/m3) 0.001 0.001 0.002 0.001 0.001 0.001 

RMESn 0.361 0.374 0.792 0.328 0.418 0.435 

CRM (%) -0.001 -0.001 -0.008 -0.003 -0.001 -0.002 
ME (%) 0.362 0.375 0.793 0.402 0.418 0.435 

¾Ċ¸{£  ÿ ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£
ãĒá 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 

EF (%) 0.999 0.999 1.000 0.999 1.000 1.000 
RMSE (kg/m3) 0.002 0.002 0.001 0.001 0.001 0.001 

RMSEn (%) 0.618 0.541 0.451 0.444 0.443 0.425 

CRM (%) -0.006 -0.004 -0.004 -0.004 -0.003 -0.003 
ME (%) 0.859 0.889 0.638 0.628 0.687 0.659 

 ç¾Þ£¢Æĉ¿ ¹¾îöúÝ ¾z Ĉþ¤{ùā¹Ā£ 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 

EF (%) 0.995 0.996 0.996 0.996 0.996 0.996 

RMSE (kg/m3) 0.019 0.019 0.019 0.019 0.018 0.017 

RMSEn (%) 1.002 1.020 1.008 1.052 0.992 0.981 

CRM (%) -0.009 -0.010 -0.009 -0.010 -0.009 -0.009 
ME (%) 1.360 1.374 1.415 1.472 1.421 1.363 

Ăýv¹ ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£ 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 

EF (%) 1.000 1.000 1.000 1.000 1.000 1.000 

RMSE (kg/m3) 0.001 0.001 0.001 0.001 0.001 0.001 
RMSEn (%) 0.098 0.101 0.109 0.110 0.116 0.173 

CRM (%) 0.001 0.001 0.001 0.001 0.001 0.001 

ME (%) 0.170 0.175 0.189 0.191 0.204 0.212 

ãĒá ¹¾îöúÝ ¾z Ĉþ¤{ù ç¾Þ£ 

d (%) 1.000 1.000 1.000 1.000 1.000 1.000 

EF (%) 0.999 0.999 0.999 0.999 0.999 0.999 

RMSE (kg/m3) 0.004 0.004 0.003 0.003 0.003 0.003 
RMSEn (%) 0.584 0.585 0.440 0.516 0.508 0.492 

CRM (%) -0.005 -0.005 -0.004 -0.005 -0.004 -0.005 

ME (%) 0.811 0.833 0.598 0.755 0.803 0.668 
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Figure 2( Simulated and observed values of biomass yield, seed, pod, and harvest index in cowpea cultivars 
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Figure 3( Simulated and observed values of water use efficiency based on biomass, seed, and pod yields 
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et al., 2007 )#øăüĊþ¯ ĉw¤ý© Â~ÿwăÈăć ¹¾òĉ ćÿ½ wĊñā  ÿ ¡½»
wĊzĀõć øÊ¯Ĉö{öz IĈíw³ ¿v ¹¢é ôzwé Ā{éó ºùó DSSAT ½¹ 
ÉĂĊzć¿wÅ ùnwăĂæõć ½ºÉ ½¹ èÕwþù äö¤¸ù Āzā¹ v¢Å $Lomeling 

et al., 2014; Chisanga et al., 2015)# 
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Figure 4( Simulated and observed values of water productivity based on transpiration based on biomass, seed, and pod yields 
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Figure 5( Simulated and observed values of water productivity based on evapotranspiration on biomass, seed, and pod yields 
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