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Crop simulation models are essential tools to design management practices to mitigate such adverse 
conditions. They can be used to predict crop yield expectancies under limited environmental resources 
and various management scenarios. However, the application of crop models requires an accurate 
knowledge of the genotype-related coefficients, which are commonly not available. This paper aimed to 
evaluate the DSSAT crop model in Algeria for wheat, including the determination of DSSAT-specific 
genetic coefficients of wheat. Experimental data from three seasons and of nine cultivars were used for 
model calibration and testing. The results showed that the root mean squared error (RMSE) were 9.5 d 
and 1.8 d for anthesis and maturity respectively for model calibration ; and  was 4.4 d and 3.5 d for 
anthesis and maturity in testing of the model, respectively. The RMSE of final grain yield was 0.7 t ha-1 
for calibration and testing. This study showed that DSSAT may be used to predict the growth and yields 
of wheat genotypes in Algeria. In consequence to compare several crop management strategies in a 
wheat cropping area. 
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INTRODUCTION 
 
Wheat (Triticum durum, aestivum L.) is the most widely 
grown crop species in the world. In Algeria, the Tiaret 
region provides one-third of the national wheat produc-
tion. However, several climatic and agronomic factors 
currently prevent the full intrinsic yield potential of wheat 
cultivars from being realized in this region. These include, 
by order of importance: limited soil moisture availability, 
late frosts, nutrients deficiency and diseases. While the 
latter two factors can be managed by adequate fertilizer 
and pest control practices, the former two – irrigation is 
not available in the region – require the development of 
strategies tailored to the particular climate of Tiaret. In 
recent years, the inter-annual fluctuations of climate have 
been characterized by a higher frequency of drought  epi- 
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sodes, enhancing the vulnerability of crop yields to this 
factor. This shift is expected to increase in the near future 
due to climate change (Alexandrov and Hoogenboom, 
2001). Adaptation to this trend requires a capacity to 
investigate the relationships between crop management 
practices (such as cultivar selection and planting date), 
and the environmental factors (essentially soil properties 
and weather conditions), which interplay ultimately deter-
mine final crop yields.     

There are currently three main approaches to estimate 
crop production, namely statistical, biophysical models 
and remote sensing of crop yields. Statistical models are 
primarily based on empirical relationships between a 
given phenomenon and some external driver, for instance 
between grain yield and rainfall amounts (Feeds et al., 
1978; Van Keulen, 1982). The second approach involves 
holistic crop simulation models, which integrate know-
ledge of the biophysical  processes  governing  the  plant- 



 
 
 
 
soil-atmosphere system. According to Hoogenboom 
(2000), one of the main goals of crop simulation models 
is to estimate agricultural production as a function of 
weather and soil conditions as well as crop management. 
This provides the proper means to analyse the effects of 
the changes of soil characteristics or weather pattern 
separately, which is difficult to achieve in field experi-
ments. While the latter are indispensable to develop, 
parameterize and test crop models, they may only invest-
tigate a limited number of variables and geographical 
locations. Crop simulation models are therefore useful to 
extrapolate the results obtained under particular experi-
menttal conditions over time and space.   

Under Mediterranean environments, wheat yields vary 
greatly across years due to markedly irregular rainfall 
distribution, and this random pattern makes it difficult to 
identify optimal farming practices and to make decisions 
on planting date or cultivar selection. In principle, crop 
simulation models have the capacity to address these 
risk issues, and to factor out environmental effects from 
management effects. They may be used to test what-if 
scenarios under a range of soil or climate conditions, and 
help to find answers to questions such as: what is the 
best planting date? What cultivar to use? How much 
fertilizer to apply? They also provide a realistic approach 
to the study of genotype and environment interactions 
over the entire life of the crop (Jagtap et al., 1999; 
Ghaffari et al., 2001). 

In this study, the crop simulation model DSSAT (Deci-
sion Support System for Agrotechnology) was chosen 
because it has been successfully used worldwide in a 
broad range of conditions and for a variety of purposes: 
as an aid to crop management (Hunkár, 1994; Ruiz-
Nogueria et al., 2001); fertilizer N management (Gabrielle 
and Kengni, 1996; Gabrielle et al., 1998; Zalud et al., 
2001); irrigation management (Ben nouna et al., 2000; 
Castrignano et al., 1998); precision farming (Booltink and 
Verhagen, 1997; Booltink et al., 2001); climate change 
(Iglesias et al., 2000; Semenov et al., 1996); yield fore-
casting (Landau et al.,1998; Saarikko, 2000); and 
sustainability (Hoffmann and Ritchie, 1993). Pecetti and 
Hollington (1997) indicated that the CERES-Wheat model 
was applicable with sufficient reliability under Mediter-
ranean conditions. Nevertheless, none of these regions 
reflect the actual pedoclimatic or agronomic conditions of 
Algeria. However, DSSAT has not been applied in Algeria 
or in any other neighbouring country.The objective of this 
work was to evaluate the capacity of DSSAT to predict 
the phenology and yield of wheat crops in the Tiaret 
region of Algeria.  
 
 
MATERIALS AND METHODS  
 
Experimental data  
 
Nine wheat cultivars (T. aestivum and durum) were sown during the 
winter of 2001, 2002 and 2003. The three experiments were located 
at the farm experiment center at Tiaret (35°22' N; 1°22' E; 900 m 
altitude) in Algeria; on a sandy  clay  loam  (USDA-taxonomy).  The 
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sowing dates were 15 Dec. 2001, 23 Dec. 2002 and 6 Dec. 2003, 
respectively.  A complete block design with three blocks was used 
in each year. Seeding rate was 300 seeds m-2. Diseases, weeds 
and pest infestations were controlled to achieve full expression of 
the water and N constraints on yield. The experiment conducted 
during the 2003-2004 growing season was used to find genetic 
coefficients for the DSSAT model, and the experiments conducted 
during the 2001-2002 and 2002-2003 growing seasons were used 
for model testing. 

Daily weather data were obtained from the meteorological station 
of the experiment site. They included maximum and minimum air 
temperature (°C), rainfall (mm), and solar radiation (MJ.m-2). The 
latter was estimated using daily sunshine hours and the Angstrom 
formula (Sys et al., 1991).  

Soil surface parameters namely soil pH, organic carbon, nitro-
gen, cation exchange capacity and bulk density were determined 
(Ryan et al., 1996; Ogoshi et al., 1999). Surface soil evaporation 
limit, runoff curve number (Soil conservation service, 1972) and 
albedo were determined according to Jones et al., (1986) and the 
drainage rate following Suleiman and Ritchie (2004). Soil physical 
properties, namely the permanent wilting point (or lower limit of soil 
water content, LL), the water content at drained-upper limit (DUL), 
the saturation water content (SAT), and the saturated hydraulic 
conductivity, were estimated using the pedo-transfer functions 
developed by Ritchie et al. (1999; see also Suleiman and Ritchie, 
2001; Gabrielle et al., 2002). 
 
 
The DSSAT model  
 
DSSAT v. 4.0 (Jones et al., 2003) was applied in this study. In v. 
4.0, all crop models were combined into the Cropping System 
Model (CSM), which is based on a modular modelling approach. 
CSM uses one set of code for simulating soil water, nitrogen and 
carbon dynamics, while crop growth and development are 
simulated with the CERES, CROPGRO, CROPSIM, or SUBSTOR 
module (Hoogenboom et al., 2003). The model simulates the 
impact of the main environmental factors such as weather, soil type, 
and crop management on wheat growth, development and yield. 

Input requirements for DSSAT include weather and soil condition, 
plant characteristics, and crop management. The minimum weather 
input requirements of the model are daily solar radiation (MJ m-2d-1), 
maximum and minimum temperature (°C) and precipitation (mm). 
Soil inputs include albedo, evaporation limit, mineralization and 
photosynthesis factors, pH, drainage and runoff coefficients. The 
model also requires water holding characteristics, saturated 
hydraulic conductivity, bulk density and organic carbon for each 
individual soil layer. Required crop genetic inputs are PHINT 
(thermal time between the appearance of leaf tips), G3 (tiller death 
coefficient), G2 (potential kernel growth rate), G1(kernel number per 
unit weight of stem + spike at anthesis), P5 (thermal time from the 
onset of linear fill to maturity), P1D (Photoperiod sensitivity 
coefficient), P1V (vernalization sensitivity coefficient). Management 
input information includes plant population, planting depth, and date 
of planting. Latitude is required for calculating day length. The 
model simulates phenological development, biomass accumulation 
and partitioning, leaf area index, root-, stem-, and leaf-growth and 
the water- and N-balance from planting until harvest at daily time 
steps.   
 
 
Model calibration and evaluation  
 
Model calibration is the adjustment of parameters so that simulated 
values compare well with observed data. The so-called 'genetic 
coefficients' that influence the occurrence of developmental stages 
in the DSSAT can be derived iteratively by manipulating the 
relevant coefficients to achieve the exactly match between the 
simulated and observed  number  of  days  to  phenological  events. 
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Table 1. Genetic coefficients fitted for the 9 wheat cultivars. 
  

Coefficients  
Cultivar P1V P1D P5 G1 G2 G3 PHINT 

SEMITO (T d) 58 43 320 19 37 2.99 95 
MEXICALI (T d) 60 45 322 17 36 2.99 95 
OFANTO (T d) 60 45 340 20 45 2.98 95 
VITRON (T d) 60 55 221 21 46 2.99 95 
BIDI17  (T d) 58 55 320 19 49 2.99 95 
MBB  (T d) 60 56 328 17 34 2.99 95 
MEXICANO (T a) 60 58 293 23 33 2.99 95 
HD1220 (T a) 60 58 300 20 35 2.99 95 
MAHONDEMIAS (T a) 60 56 305 20 37 2.99 95 

 

T d : Triticum durum  ; T a : Triticum aestivum  
P1V    Days at optimum vernalizing temperature required to complete vernalization.  
P1D    Percentage reduction in development rate in a photoperiod 10 hour shorter than the optimum relative to 
that at the optimum 
P5   Grain filling (excluding lag) period duration (GDD0) 
G1   Kernel number per unit canopy weight at anthesis (g-1). 
G2   Standard kernel size under optimum conditions (mg).  
G3 Standard, non-stressed dry weight (total,including grain) of a single tiller at maturity (g). 
PHINT Phyllochron interval (GDD0). 

 
 
 
The GENCALC software (Hunt and Pararajasingham, 1994) does 
this type of adjustment automatically and therefore uses the 
observations of phenological events from one or several experi-
ments from a range of environments. We chose the manual 
approach because there were relatively few experimental data 
percultivar, impeding the identification of optimal parameter values 
by such a mathematical algorithm. Godwin et al. (1989) suggested 
that such a manual, iterative approach usually reaches reasonable 
estimates of the genetic coefficients.  

The DSSAT model was calibrated using the data from the 2003 
field trial, and tested with the data of the remaining two years (2001 
and 2002).  

In the testing phase, model performance was evaluated with 
standard statistical indicators. According to Willmott (1982) the cor-
relation coefficient and the coefficient of determination are of little 
practical value in evaluating the predictive capabilities of models 
because their magnitudes are not consistently related to the 
accuracy of the prediction. More appropriate criteria include mean 
bias error (MBE), root mean square error (RMSE) and mean 
absolute percentage error (MAPE). These measures are defined as 
follows: 
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Where modeli is the ith forecast value, datai is the ith mean 
measured value and n is the number of observations. 

RESULTS   
 
Cultivar calibration  
 
Table 1 shows the values of the seven DSSAT genetic 
coefficients for the nine wheat genotypes obtained by 
fitting the model against the data from the experimental 
trials. Parameter values obtained with a previous release 
of DSSAT (v3.5) were converted into the DSSAT v4.0 
format using the relationships supplied by Hunt (2006). 
Godwin et al. (1989) suggest using a default value of 95 
growing degree days for PHINT for winter genotypes in 
Europe and the North plains of America (Table 2). In the 
present work, this default value provided the best-fit for 
all cultivars, and that was in agreement with Ghaffari et 
al. (2001), Bannayan et al. (2003) and Moreno-Soto-
mayor and Weiss (2004) in the United Kingdom and Mid 
West of USA., respectively. In a Mediterranean climate 
(Southern Italy), Rinaldi (2004) used 100 GDDs for 
durum wheat. Under semiarid climate, Saseendran et al. 
(2004) estimated PHINT at 76 GDDs for the winter wheat 
cultivar TAM 107 in Colorado, USA, while Yang et al. 
(2006) and Nakayama et al. (2006) set it at 90 GDDs for 
some cultivars in the Northern China plain. The range of 
values reported in the above references for PHINT sug-
gests that values specific to the particular genotypes and 
geographical region at stake should be sought when 
applying DSSAT. 

The vernalization coefficient (P1V) was set to 60 d for 
all cultivars, with the exception of cultivars Simito and 
Bidi17 for which the best-fit value was 58. The prediction 
of anthesis by the model was very sensitive to P1V: 
change this parameter by 1 d resulted in a 3 d difference 
delay in the simulated anthesis date. Ritchie (1991) 



Rezzoug et al.        287 
 
 
 

Table 2.  Genetic coefficient for winter wheat from various studies. 
 
Cultivar Latitude Location          Climate Coefficients SOURCE 
 PIV PID P5 G1 G2 G3 PHINT  
Mercia (Ta) 51°04 to 51°24N 

 
00°40 to 01°27E 

United Kingdom Temperate 
climate 

30 92 548 25 49 2.3 95 Ghaffari et al., 
2007 

Mercia (Ta) 52°50 to 53°13N 
 
00°02 to 02°39E 

United Kingdom Temperate 
Climate 

30 93 553 29 38 2.2 95 Bannayan et 
al., 2003 

Simeto (Td) 41°27N to 3°04E Southern Italy Mediterranean 
climate 

20 30 570 15 47 1.9 100 Rinaldi, 2004 

 
Arapahoe 
 
Karl 92 (Ta) 

 
40.85°N 96.6°W 
 
41.13°N 96 5°W 

 
Nebraska,USA 

 
Sub-humid 
Climate 

 
60 

 
60 

 
54 

 
58 

 
512 

 
480 

 
3125 

 
36 

 
41 

 
1.8 

 
2.0 

 
95 

 
95 

 
Moreno-
Sotomayor 
and  Weiss 
2004 

TAM107 (Ta) 40°9N 40°9W Eastern Colorado Semiarid 
Climate 

65 60 610 50 62 1.7 76 Saseendran et 
al., 2004 

No. 4185 (Ta) 37° to 40°N 
 
114° to 117°E 

North China plain Semiarid 
Climate 

15 48 330 24 50 2.9 90 Yang et al., 
2006 

Jimai28 (Ta) 37°90N  114°46E North China plain Semiarid 
Climate 

10 100 332 32 75 2.9 60 Nakayama et 
al., 2006 

Ww - America/ N. plains - 6.0  (60) 2.5  
(50) 

2.0 
(490) 

4.0 
(25) 

2.0 
(40) 

1.5 95.0 Godwin et al., 
1989 

Ww - West Europe - 6.0  (60) 3.5 
(70) 

4.0 
(530) 

4.0 
(25) 

3.0 
(50) 

2.0 95.0 Godwin et al., 
1989 

Ww - East Europe - 6.0  (60) 3.0 
(60) 

5.0 
(550) 

4.5 
(27) 

3.0 
(50) 

2.0 95.0 Godwin et al., 
1989 

 

T d : Triticum durum ;  Ta : Triticum aestivum ;  Ww : Winter wheat 
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indicated that spring wheat, which virtually does not 
require any vernalization should obtain a P1V values 
lower than 5 d. Godwin et al. (1989) suggest to use a 
default value of 60 d for winter genotypes in Europe and 
the North plains of America (Table 2). In practice, P1V 
was reported to vary within a wide range, from 10 to 65 d, 
independent of climate type or continent (Table 2). Under 
Mediterranean climates (Southern Italy), Rinaldi (2004) 
used a value of 20 d for durum wheat.  

The photoperiod coefficient (P1D) varied between 43 
and 58%, evidencing differences in sensitivity to photo-
period across the cultivars. The P1D values obtained for 
cultivars Mexicano and HD1220 were similar to the value 
found by Moreno-Sotomayor and Weiss (2004) for culti-
var Karl92. For winter wheat, Godwin et al. (1989) sug-
gest to use a default value of 50% in the Northern plains 
of America, of 60 in Eastern Europe, and of 70 in 
Western Europe. Under Mediterranean climate, albeit for 
durum wheat, Rinaldi (2004) reported a value of 30%, 
lower than the range we obtained. In Northern China, 
Yang et al. (2006) estimated a P1D of 48%, which falls 
within our range. Similarly to parameter P1D, the 
prediction of maturity by DSSAT was highly sensitive to 
P1V: a relative change of 2% in P1V affected the maturity 
date by 3 d.  

The grain filling duration (P5) ranged from 221 to 340 
GDDs, depending on cultivar. This range was thus 
outside that originally suggested by Godwin et al. (1989), 
and from the various literature studies. Godwin et al. 
(1989) give a default value of 490 GDD0 for winter wheat 
in the Northern Plains of America, and of 530 and 550 
GDD0 for Western and Eastern Europe, respectively. 
However, there was only a slight difference between our 
values and that used by Yang et al. (2006) and 
Nakayama et al. (2006) in Northern China. Literature 
values for P5 ranged from 332 to 610 GDD0 (Table 2).  

The kernel number coefficient (G1) varied between 17 
and 23 k g-1, which is 60 to 90% lower than the default  

values of Godwin et al. (1989), and in the lower half of 
the worldwide range. Under a similar climate, Rinaldi 
(2004) reported a value of G1 of 15 k g-1, which is close  
to this study values. Godwin et al. (1989) suggest a 
default value of 25 k g-1 for winter wheat genotypes in the 
Northern Plains of America, and of 27.5 k g-1 for Europe. 
In later studies, G1 was found to vary between 15 and 50 
k g-1, worldwide.  

The kernel weight coefficient (G2) varied between 33 
and 49 mg across the nine cultivars, which falls in the 
lower half of the 36 to 76 mg range reported by other 
authors (Table 2). Godwin et al. (1989) suggest a default 
value of 40 mg for winter wheat genotypes in the 
Northern Plains of America and Eastern Europe, and of 
50 mg for Western Europe. The highest G2 values were 
given by Saseendran et al. (2004) and Yang et al. (2006), 
in Colorado, USA and Northern China, respectively. Our 
result indicates that there is cultivar variability in final 
grain weight and grain numbers (Ritchie et al., 1998). 

 
 
 
 

The optimal value for the spike number coefficient (G3) 
was 2.9 g for all cultivars. This value is outside the 1.5-
2.0 g range proposed by Godwin et al. (1989), but at the 
top of the 1.5-2.9 g range reported in later studies. Only 
Yang et al. (2006) reported a similar G3 value in Northern 
China.  
 
 
DISCUSSION 
 

The performance of the DSSAT model after calibration 
was evaluated. The variables tested included the key 
phenological dates (anthesis and harvest maturity), the 
final yield and the yield components, as recommended by 
Hunt et al. (1993). In general, the model gave good 
predictions of crop development and final grain yields, 
and for all cultivars (Table 3).  

The model predicted the anthesis and maturity dates, 
with an overall root mean squared error (RMSE) value of 
6.6 and 3.0 d, respectively. The mean absolute percent-
tage errors (MAPE) were of 3.4 and 1.2%, respectively. 
Overall, the differences between the simulated and 
observed anthesis and maturity dates for all cultivars and 
for three years were less than 2 weeks. 

This goodness of fit statistics compare favorably to 
those reported by Bannayan et al. (2003) for the simu-
lation of winter wheat with DSSAT: the model achieved 
root mean squared errors (RMSEs) of 7.1 and 10.0 d, 
and the mean percentage errors (MPEs) of 2 and 2.4% 
for the anthesis and maturity dates, respectively. For 
three winter wheat cultivars (Arapahoe, Karl 92, 
NE92458), Xue et al. (2004) found a RMSE of 4.7d using 
CERES-Wheat (within DSSAT v3.0). However, Timsina 
and Humphreys (2006) found when they combined a 
wide range of data sets, the fit of DSSAT to phenology 
data tended to improve, with an RMSE of 4.49 and 5.08 d 
for anthesis and maturity, respectively. Humphreys et al. 
(2005) cited by Timsina and Humphreys (2006) reported 
similarly good results with DSSAT v3.5 predicted anthe-
sis and maturity quite well in 2 cases out of 3 without 
giving quantitative goodness of fit figures. Overall, the 
simulation of grain yield was quite acceptable with a 
RMSE of 0.76 t ha-1. The model tended to underesti-
mated grain yield, with a mean bias error (MBE) of -0.50 t 
ha-1. These values are similar to those mentioned in pre-
vious tests of DSSAT: Bannayan et al. (2003) reported a 
slight underestimation of grain yield with a MBE of -0.03 t 
ha-1, while Timsina and Humphreys (2006) calculated an 
RMSE of 0.48 t ha-1 by compiling a large number of data 
sets. Jamieson et al. (1998) compared 5 different wheat 
models in Australia, including CERES-Wheat, and found 
a MBE of 0.13 t ha-1 and an RMSE of 0.9 t ha-1. Staggen-
borg and Vanderlip (2005) reported CERES-Wheat over-
estimated wheat yields by 16% with a MBE of – 0.3 t ha-1, 
while Ntiamoah (2001) reported an underestimation of 
grain yield. The latter two authors suggested that the 
model does not perform as well under dry land conditions 
as under more humid conditions.  This  was supported by 
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Table 3. Statistical comparison between observed and simulated values for days to anthesis, maturity, grain yield and components yield for model 
DSSAT evaluation. 
 
Harvest 

year 
Cultivars Anthesis  Maturity  Grain 

yield 
 Thous-

and grain 
weight 

 Number 
of ears 
m2 

 

  DAP  DAP  t ha-1  g    
  Sim Obs Sim Obs Sim Obs Sim Obs Sim Obs 
2002 Vitron  153 150 176 172 1.383 1.433 36 39 119 194 

2002 Bidi17 152 155 180 184 1.271 1.357 44 47 130 147 
2002 Mexicali 151 153 179 174 0.690 1.257 36 43 121 152 
2002 Semito 150 155 178 171 0.583 1.032 37 45 174 187 
2002 Ofanto 151 158 180 182 0.974 1.425 43 44 200 186 
2002 MohamedBenBachir 153 155 182 182 1.051 0.850 34 40 146 150 
2002 Mexicano 153 154 180 175 1.290 1.129 33 36 223 199 
2002 HD1220 153 155 180 182 1.458 1.650 35 34 150 131 
2002 Mahondemias 153 150 180 176 1.346 1.388 37 40 186 107 
2003 Vitron  147 148 166 170 2.162 2.416 40 39 173 267 
2003 Bidi17 144 153 180 180 1.508 2.208 49 47 136 277 
2003 Mexicali 145 150 169 171 1.677 2.916 36 43 112 204 
2003 Semito 142 150 166 173 1.434 2.290 37 46 133 274 
2003 Ofanto 147 148 169 169 1.666 2.790 45 45 212 272 
2003 MohamedBenBachir 145 153 181 180 1.553 1.875 34 43 145 202 
2003 Mexicano 147 147 169 170 1.002 2.937 33 36 157 252 
2003 HD1220 147 147 170 170 1.853 3.290 35 35 119 201 
2003 Mahondemias 147 147 170 171 1.688 2.458 37 42 278 207 
2004 Vitron  168 157 192 192 4.268 4.650 37 48 387 477 
2004 Bidi17 167 163 197 197 3.182 2.290 44 42 280 363 
2004 Mexicali 166 155 196 192 2.837 3.442 36 45 553 478 
2004 Semito 164 153 194 192 3.747 4.306 37 44 412 470 
2004 Ofanto 166 159 197 194 3.223 4.782 42 48 457 481 
2004 MohamedBenBachir 169 163 198 197 2.081 1.962 34 44 378 472 
2004 Mexicano 169 158 197 197 3.319 3.532 33 48 389 481 
2004 HD1220 169 158 197 197 2.887 3.630 35 38 394 472 
2004 Mahondemias 169 158 197 197 3.267 3.550 37 39 576 470 
 All years            
 MBE 1.29  0.48  -0.50  -4.59  -38.25  

 RMSE 6.60  3.08  0.76  6.28  76.57  

 MAPE 3.40  1.23  24.22  11.52  25.43  

 Calibration           

 MBE 9.22  1.11  -0.37  -6.77  -37.55  

 RMSE 9.58  1.82  0.72  8.35  81.08  

 MAPE 5.85  0.57  16.76  15.89  16.98  

 Testing           

 MBE -2.66  0.16  -0.56    -3.50  -38.61  

 RMSE 4.40  3.55  0.79  4.92  74.21  

 MAPE 2.18  1.56  27.94  9.33  29.66  
 

Obs : observed; Sim: simulated; DAP: days after planting; MBE: mean bias error; RMSE: root mean square error; MAPE: mean absolute 
percentage error. 
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Figure 1. Regression analysis of simulated and observed values for a) anthesis, b) 
maturity, c) kernel weight, d) ear number and e) grain yield. 

 
 
 
our results: model our results: model errors were higher 
in the drier years than in the wetter 
 ones.   

Regarding the yield components, the thousand grain 
weight was underestimated by the model, with a MBE of -
4.5 g and an RMSE of 6.2 g (Table 3). Also, the number 
of ears per m2 was underestimated, with a MBE of -38.2 
ears m-2 and a RMSE of 76.5 ears m-2. This is probably 
due to the fact that genetic coefficients were obtained 
from a limited set of field observations. Because some of 
the genetic coefficients are probably correlated (for 
instance, the kernel weight G1 and kernel number G2), 
different compensations of may explain this behavior 
though compensation between these components lead to 
simulated grain yields that were in good agreement with 
the observed values.  

Regression analysis gave an r2 of 0.59 and 0.92 for 
anthesis and maturity dates, respectively (Figures 1a, b), 
and with r2 of 0.71 and 0.77 for grain yields and number 

of ears m-2 respectively (Figures 1e, d). Only the regres-
sion of measured and simulated kernel weights the other  
variables,  the  good  coefficients  of  determination achi-
eved by the model could be partially explained by the  
ample  variation  range of the  explanatory varia-bles (the 
observed data), as a result of contras-contrast-ed climatic 
years during the wheat trials.  

 There were little differences in model performance 
between the calibration and independent testing phases, 
as may be seen on Figure 2. The differences between 
simulated and observed dates of maturity ranged bet-
ween 0 and 4 d in the calibration and between 0 and 7 d 
for testing. The prediction of anthesis was slightly less 
successful, with a mean model error ranging from 4 and 
11 d for the calibration and between 0 and 9 d in the test-
ing phase. The differences between simulated and 
observed thousand-grain weights ranged between 1 and 
15 g for the calibration and between 0 and 9 g for the 
testing. The differences between simulated and observed  
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Figure 1 (continuation). Regression analysis of simulated and observed values for a) anthesis, b) 
maturity, c) kernel weight, d) ear number and e) grain yield. Simulated ears m-2, Observed ears m-

2Simulated grain yield (kg ha-1) , Observed grain yield (kg ha-1) 
 
 
 
grain yields ranged between 0.11 tha-1 and 1.55 t ha-1 in 
the calibration and between 0.04 t ha-1 and 1.93 t ha-1 in 
the testing phase.  Godwin  et al.  (1989)  advocated  the 

use of a common set of genetic coefficients for all winter 
wheat cultivars. Pecetti and hollington (1997) and 
Chippanshi et al.  (1997)  used a standard   vernalization 
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Figure 2. Comparison of simulated and observed data for a) anthesis, b) maturity, c) 
kernel weight, d) ear number and e) grain yield for the nine cultivars for calibration (�) and 
testing years (�). 

 
 
 
coefficient value of 0.5 for spring wheat in their studies. In 
the present study, different winter wheat cultivars pro-
duced different values of genetic coefficient, proving the 

use of default values for all winter wheat cultivars to be 
inappropriate. The capacity of DSSAT to reproduce the 
response  of  nine wheat cultivars  to  inter-annual climate 



Rezzoug et al.        293 
 
 
 

50
100
150

200
250

300
350
400

450
500
550

600

50 100 150 200 250 300 350 400 450 500 550 600

Observed ears m-2 

1:1Line 

Si
m

ul
at

ed
 e

ar
s 

 m
-2

 

(d) 

 

500
1000

1500
2000

2500
3000

3500
4000

4500
5000

5500
6000

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Observed grain yield (kg ha-1) 

1:1Line 1:1Line 

(e) 

Si
m

ul
at

ed
 g

ra
in

 y
ie

ld
 (k

g 
ha

-1
) 

 
 
Figure 2 (continuation). Comparison of simulated and observed data for a) anthesis,  b) 
maturity, c) kernel weight, d) ear number and e) grain yield for the nine cultivars for 
calibration (�) and testing years (�). 

 
 
 
variability was evaluated. Figure 3 shows there were 
large differences in observed grain yields across the 3 
growing seasons. The 2002 season was unfavorable with 
a seasonal rainfall of only 190 mm, and a severe frost in 
the weeks following planting. Cultivar HD1220 achieved 
the highest grain yield (1.65 t grain DM ha-1), while 
cultivar  

Mohamed BenBachir had the lowest one, at 0.85 t 
grain DM ha-1. The 2003 season was more favorable, 
with more frequent rainfall events, and a seasonal 
cumulative value of 354 mm. The highest and lowest 
grain yields were again achieved by cultivars HD1120 
and Mohamed BenBachir, with values of 3.29 and 1.87 t 
grain DM ha-1, respectively. The 2004 season was the 
best of all, with a cumulative rainfall of 476 mm. Cultivar 
Ofanto had the highest grain yield (4.78 t grain DM ha-1), 
while cultivar MohamedBenBachir  had the lowest one 
(1.96 t grain DM ha-1), similarly to the two previous 
seasons. There were thus significant variations across 
cultivars for a given year, with final grain yields differing 

by a factor of 1.5 to 2 between the lowest- and highest-
yielding crops. The variations were still ampler between 
climatic years, evidencing the prominent effect of water 
availability on wheat growth.  

As noted earlier, the model also underestimated the 
grain yields across the 3 years. This was probably due to 
the under-estimations of the number of grains per ear, 
which could not be corrected in the calibration phase 
because of strong interactions between genetic para-
meters. A simple sensitivity analysis showed that grain 
yield was mostly influenced by the values of coefficients 
PHINT, G1, G2, and G3. The model was highly sensitive 
to the latter two: a +1 or -1 change on G1 resulted in a 
10% variation in grain yield, while G2 and G3 had a 
similar influence on the kernel weight and number of ears 
per m2, respectively.  In practice, only G1 and G2 varied 
across cultivars and could explain most of the differences 
between them. Improvement should rather be sought in 
the way the model handles water stress in moderately dry 
years, i.e., in the  mid-range  of  the  response  curves  to 
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Figure 3. Observed (a) and stimulated (b) final grain yields for the three growing seasons for the nine cultivars. 

 
 
 
soil water shortage. 
 
 
Conclusion  
 
The DSSAT model was calibrated and evaluated 
for winter wheat under Algerian environmental 
conditions, for which it had not been evaluated 
yet. Studies with similar purposes have already 
been carried out in neighboring countries in the 
Mediterranean (Pecetti and Hollington, 1997; 
Rinaldi, 2004; Heng et al., 2007; Ouda et al., 
2005). However, none of these regions reflect the 
actual pedoclimatic or agronomic conditions of 
Algeria. Thus the results obtained elsewhere in 
the Mediterranean could not be readily transferred 

to the Tiaret area. This also provides scope for 
demonstrating the usefulness of crop models for 
providing decision-support for agriculture in 
Algeria, which has not been done yet.  Our results 
confirm the possibility of applying DSSAT to 
predict the yield of various winter wheat cultivars, 
provided the genetic coefficients are calibrated 
based on local field trials. There were little 
differences in model performance between the 
calibration and testing years, and the model errors 
were acceptable. The model correctly predicted the 
ranking of cultivars in terms of grain yield in two out 
of the three years of the field trials. In the remaining 
year, it could only partly render the differences 
between cultivars, and this limitation could not be 
overcome by a recalibration of genetic coefficients 

A more robust determination of these parameters 
may have been achieved by using several 
experimental sites rather than only one. In the 
future, the model may be used as a management 
tool to determine an optimum planting date or 
cultivar choice, taking into account the variability 
of weather and the associated yield loss risks. It 
may also be used to predict crop performance in 
regions where the crop has not been grown 
before, by predicting probabilities of grain yield levels 
for a given soil type and rainfall distribution. Such 
analysis may be carried out to evaluate the effect of 
global climate change on crop production. Assessing 
such effects is important at the producer as well as 
at the government level for planning purposes, and 
models such as DSSAT  are  expected  to  play  a 



 
 
 
 
major role in that area. 
 
 
ACKNOWLEDGEMENTS 
 
This work was supported by the government of Algeria 
and France through their joint Research Funding 
Program. 
 
 
REFERENCES Alexandrov V, Hoogenboom G (2001). Climate 

Variations and Agricultural Crop Production in Georgia, USA. Clim. 
Res. 17: 33-43 

Bannayan M, Crout NMJ, Hoogenboom G (2003). Application of the 
CERES-Wheat model for within-season prediction of winter wheat 
yield in the United Kingdom. Agron. J. 95: 114-125. 

Ben Nouna  B, Katerji  N, Mastroilli  M  (2003). Using the CERES-Maize 
model in a semi-arid Mediterranean environment. New modelling of 
leaf area and water stress    functions. Eur. J. Agron. 19:115-
123.Booltink HWG, Verhagen J (1997). Using decision support 
systems to optimize barley management on spatial variable soil. In: 
Kropff, M., et al. (Eds.), Applications of    Systems Approaches at the 
Field Level, vol. 2. Kluwer Academic Publishers, Dordrecht,  
Netherlands. pp. 219-233. 

Booltink HWG, van Alphen BJ, Batchelor WD, Paz  JO, Stoorvogel JJ, 
Vargas R (2001).Tools for optimizing management of spatially-
variable fields. Agric. Syst. 70: 445-476. 

Castrignano A, Katerji N, Karam F, Mastrorilli M, Hamdy A (1998). A 
modified version of CERES-Maize model for predicting crop response 
to salinity stress. Ecol.  Modell. 111: 107-120. 

Chippanshi AC, Ripley EA, Lawford RG (1997). Early prediction of 
spring wheat in Saskatchewan from current and historical weather 
data using the CERES-Wheat model. Agric. For. Meteorol. 84: 223-
232. 

Feeds  RA, Kowalik PJ, Zaradny H (1978). Simulation of field water use 
and crop yield. PUDOC  Wageningen (NLD). p.189.  

Gabrielle B, Kengni L (1996). Analysis and field-evaluation of the 
CERES models’ soil components: nitrogen transfer and 
transformations. Soil  Sci. Soc. Am. J. 60: 142-149. 

Gabrielle B, Denoroy P, Gosse G, Justes E, Andersen MN (1998). 
Development and evaluation of a CERES-type model for winter 
oilseed rape. Field Crops Res. 57: 95-111. 

Gabrielle B, Roche R, Angas P, Cantero-Martinez C, Cosentino L, 
Mantineo M, Langensiepen M,  Hénault C, Laville P,  Nicoullaud B, 
Gosse G (2002). A priori parameterisation of the CERES soil-crop 
models and tests against several European data sets. Agronomie. 
22 : 119-132. 

Ghaffari  A, Cook HF, Lee HC (2001). Simulating winter wheat yields 
     under temperate conditions: exploring different management 

scenarios. Eur. J. Agron. 15: 231-240.  
Godwin DC, Ritchie JT, Singh U, Hunt L (1989).  A user’s guide to 

CERES-Wheat v2. p. 10.  
Hoffmann F, Ritchie JT (1993). Model for slurry and manure in CERES 

and similar models. J. Agron. Crop Sci. 170: 330-340. 
Hoogenboom G (2000). Contribution of agrometeorology to the 

simulation of crop production and its applications. Agric. For. 
Meteorol. 103: 137-157. 

Hoogenboom G, Jones JW, Porter CH, Wilkens PW, Boote KJ, 
Batchelor WD, Hunt LA, Tsuji GY (2003). DSSAT v4 vol. 1, Univ. of  
Hawaii, Honolulu, HI. 

Hunkár M (1994). Validation of crop simulation model CERES-Maize. 
Quarterly J. Hungarian Meteorology Series 98: 37-46. 

Hunt LA, Pararajasingham S, Jones JW, Hoogenboom G, Imamura DT, 
Ogoshi RM (1993). GENCALC- software to facilitate the use of crop 
models for analyzing field experiments. Agron. J. 85: 1090-1094. 

Hunt LA,  Pararajasingham S (1994). Genotype coefficient calculator. 
In: IBSNAT (International Benchmark Sites Network for 
Agrotechnology Transfer) (eds.), DSSAT Manual Version 3, vol. 3, 
pp. 201-223. 

Hunt  LA (2006). DSSAT  v4.0.2.0  Update  Online  Help.  
    http://168.29.150.63:81/readme/index.html 

Rezzoug et al.        295 
 
 
 
Iglesias A, Rosenzweig C, Pereira D (2000). Agricultural impacts of 

climate change in Spain: developing tools for a spatial analysis.  
Global Environ. Change 10: 69-80. 

Jagtap SS, Abamu FJ, Kling JG  (1999). Long-term assessment of 
nitrogen and variety technologies on attainable maize yields in Nige- 

   ria.  Agric. Syst. 60: 77-86. 
Jamieson PD,  Porter JR, Goudriaan J,  Ritchie JT, van Keulen H, Stol 

W (1998). A comparison of the models AFRCWHEAT2, CERES-
Wheat, Sirius, SUCROS2 and SWHEAT with measurements from 
wheat grown under drought. Field Crops Res. 55: 23-44. 

Jones CA, Kiniry JR, (1986).  Ceres-N Maize: a simulation model of 
maize growth and development Texas A&M University Press, College 
Station. 

Landau S, Mitchell RAC, Barnett V, Colls JJ, Craigon J, Moore KL, 
Payne RW (1998).Testing winter wheat simulation models’ 
predictions against observed UK grain yields. Agric. For. Meteorol. 
89: 85-99. 

Moreno-Sotomayor A, Weiss A (2004). Improvements in the simulation 
of kernel number and grain yield in CERES-Wheat. Field Crops Res.  
p. 88, pp. 157-169. 

Nakayama T, Yang Y, Watanabe M, Zhang X (2006). Simulation of 
groundwater dynamics in the North China Plain by coupled hydrology 
and agricultural models. Hydrol. Process. 20: 3411-3466.   

Ntiamoah C (2001). Effect of temperature, photoperiod and 
vernalization on the growth, development and predictions by the 
CERES-Wheat Model for spring wheat cultivars. PhD thesis, 
University of  Manitoba, Winnipeg, Canada. 

Ogoshi R.M, Cagauan BG, Tsuji GY (1999). DSSAT v3, volume 4-8. 
University of Hawaii, Honolulu, HI. 

Pecetti L, Hollington PA (1997). Application of the CERES-Wheat 
simulation model to durum wheat in two diverse Mediterranean 
environments. Eur. J. Agron. 6: 125-139. 

Rinaldi M (2004). Water availability at sowing and nitrogen management 
of durum wheat: a seasonal analysis with CERES-Wheat model. 
Field Crops Res. 89: 27-37. 

Ritchie JT (1991). Wheat Phasic Development.  In: Hanks, J., Ritchie, 
J.T (eds), Modeling Plant and Soil Systems. ASA, CSSA, SSSA, 
Madison, WI, pp.31-54.  

Ritchie JT, Singh U, Godwin DC, Bowen WT (1998). Cereal growth, 
development and yield. In Tsuji GY, Hoogenboom G, Thornton PK 
(Eds) Uderstanding options for agricultural production. Kluwer 
Academic Publ. Dordrecht, the Netherlands.  pp.79-98. 

Ritchie JT, Gerakis  A, Suleiman  AA (1999). Simple model to estimate 
field-measured soil water limits, Transactions of ASABE 42(6): 1609-
1614, 1999. 

Ruiz-Nogueira B, Boote KJ, Sau F (2001). Calibration and use of 
CROPGRO-soybean model for improving soybean management 
under rainfed conditions in Galicia, Northwest Spain. Agric. Syst. 68: 
151-173. 

Ryan J, Garabet S, Harmsen K, Rashid A (1996). A soil and Plant 
Analysis Manual Adapted for the West and North Africa Region. 
ICARDA, Aleppo, Syria. p.140 

Saarikko RA (2000). Applying a site based crop model to estimate 
regional yields under current and changed climates. Ecol. Modell. 
131: 191-206. 

Saseendran SA, Nielsen DC, Ma L, Ahuja LR, Halvorson AD (2004).  
Modelling nitrogen management effects on winter wheat production 
using RZWQM and CERES-Wheat. Agron. J. 96: 615-630. 

Semenov MA, Wolf J, Evans LG, Eckersten H, Iglesias A (1996). 
Comparison of wheat simulation models under climate change. II. 
Application of climate change scenarios. Clim. Res. 7: 271-281. 

Staggenborg SA, Vanderlip RL (2005). Crop simulation models can be 
used as dryland cropping systems research tools. Agron. J. 97: 378-
384.  

Suleiman AA, Ritchie JT (2001). Estimating saturated hydraulic 
conductivity from soil porosity, Transactions of ASABE 44(2): 235-
239. 

Sys IrC, van Ranst E, Debaveye J (1991). Land evaluation Part I 
Principales in land evaluation and crop production calculations. 
Internationals Training Centre for Post-graduate Soil Scientists.  
University Ghent. 

Timsina  J,  Humphreys  E  (2006).  Performance  of  CERES-Rice  and 



296       Afr. J. Agric. Res. 
 
 
 
CERES-Wheat models in rice-wheat systems: a review. Agri. Syst. 90: 

5-31.  
USDA (1972). Soil Conservation Service. National engineering 

handbook section 4: Hydrology. Washington, D.C., USA: United 
States Dept Agric.  

Van Keulen H (1982). Crop production under semi-arid conditions as 
determined by moisture availability. In Penning De VRIES FWT VAN   
LAAR HH (Eds) simulation of plant growth and crop production. 
PUDOC Wageningen  (NLD) 87-89. 

Willmott CJ (1982). Some comments on the evaluation of model 
performance. Bull. Am. Meteorol. Soc. 63: 1309-1313. 

Xue Q, Weiss A, Stephen Baenziger P (2004). Predicting phonological 
development in winter wheat.  Clim. Res. 25: 243-252. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Yang Y, Watanabe M,  Zhang X, Hao X,  Zhang J (2006). Estimation of 

groundwater use by crop production simulated by DSSAT-wheat and  
DSSAT-maize models in the piedmont region of the North China Plain. 

Hydrol. Process. 20: 2787-2802. 
Zalud Z, Stralkova R, Pokorny E, Podesvova J (2001). Estimation of 

winter wheat nitrogen stress using the CERES crop model. Rostl. 
Vyroba. 47: 253-259. 

 
 
 


