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ABSTRACT 
The 'CropSyst' (Cropping Systems Simulation) Model is a multi-

year, multi-crop, daily time step crop growth simulation model, linked  

to a weather generator ClimGin v 4 (Stockle, 1996) was evaluated for 

its ability to simulate growth, biomass and grain yield, water and 

nitrogen use of crop production of wheat cultivar (Giza 168) grown in 

Giza region. Field experiment was conducted involving three water 

regimes (irrigating at 1.25, 1.00 and 0.75 evaporation pan coefficient 

EPC and three nitrogen levels (144, 180 and 216 kg N/ha) in Meddle 

Egypt environment (Giza region). Data collected from two distinct 

growing seasons (2004/2005, 2005/2006) were used in Calibration/ 

Validation model. Then, the model was used to predict the 

aboveground biomass, grain yield and ET crop. Results reveal that the 

CropSyst model was able to track the aboveground biomass, grain 

yield, ET crop and N uptake progress throughout the season when 

compared with observed data from the filed experiments. Statistical 

analysis showed a high correlation between simulated versus observed 

data with values of correlation coefficient (R
2
) between 0.93 and 0.99. 

Running simulation showed that increasing soil water increased 

simulated aboveground biomes, grain yield and ET crop while N 

uptake was not effected by increasing soil water. Yields were 

positively affected by increased N-level and maximum simulated 

values were obtained at 216 kg N/ha but the ET crop increase was 
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limited. In general, the CropSyst model was useful to use particularly 

in the long term cropping system and climate change strategy. 

However future research should be done to evaluate the model for a 

wider use and different conditions and regions.   
 

INTRODUCTION 
In Egypt, water is a scarce natural resource for crop production. 

The agricultural sector uses about 83% of the total water resources 

(Abu Zeid, 1999).  With increasing population, serious water 

shortages well occur and slow down further agricultural development. 

The great challenge for the coming decades will therefore be the task 

of increasing food production with less water especially in areas 

located in arid and semi-arid regions (FAO, 2002). Wheat is the most 

important winter cereal crop in Egypt used as a major food crop. The 

area devoted for wheat production is about 1.05 million hectares 

giving an average yield of 6.11 metric ton/ha (Awad et al., 2000). 

However, the local production does not meet the consumption. 

Therefore, increasing wheat production is very important; this is done 

by increasing newly reclaimed area and increasing yield per unit area 

which can be accomplished via improved agronomic practices 

including the use of high- yielding cultivars and efficient irrigation 

management as well as fertilization. 

The importance of N for wheat in arid regions has increased the 

use of N fertilizers, particularly in the past two decades causing 

increased production of the wheat grains (Pala et al. 1992). 

The impact on productivity of water application and N 

fertilization can not be analyzed independently of weather, soil 

characteristics, field hydrology, crop characteristics and rotation, 

among other factors. To develop best management practices (BMPs),  

Pala et al. (1996) stated that  it is necessary to integrate these factors 

into a comprehensive cropping systems approach. A successful 

method of determining BMPs would provide valuable information to 

meet the growing demand for agricultural products and in the same 

time minimizing the environmental impact of agricultural activities 

and this can hardly be obtained by simple reliance on conventional 

field experimentation.  

Computer simulation models, which are able to capture the long-

term effects of weather fluctuations and the effects of various soil 

properties and management practices on the soil water balance, 
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nutrient dynamics, and crop growth could contribute to further our 

understanding of cropping systems performance under different water 

and N regimes. Such models should improve the efficacy of decision 

making for fertilizer and water management. The model 'CropSyst 

Version 1' introduced by Stockle et al (1994) and developed by 

Stockle and Nelson (2001) 'CropSyst Version 3 ' is a management-

oriented cropping systems model able to simulate a range of 

weather/management scenarios using few experiments as a base. The 

field experiments are required for model calibration and validation, 

which are the necessary steps before application of the model can be 

developed for a given region. 

In anticipation of future applications of the CropSyst model in 

the region, the objective of this study was to evaluate its ability to 

simulate growth, yield, water and nitrogen use of a wheat cultivar 

grown under different water and N regimes in Middle Egypt at the 

Giza Research Station of Agriculture Research Center of Egypt.  
 

MATERIALS AND METHODS 

The field experiments 
The field data used for model calibration/ validation were obtained 

from two field experiments carried out at Giza Agricultural Research 

Station, Egypt, during 2004/2005 and 2005/2006 growing season under 

Giza region condition in Middle Egypt. The experiment was laid out in a 

split - plots design with three replicates. The plot area was 20.0 m
2
 (4 x 5 

m). The main plots were assigned to irrigation pan coefficient treatments 

and the sub-plots were assigned to nitrogen levels. Sowing dates were 8
th

 

and 1
st
 December for the first and second seasons, respectively. Plants 

were harvested on 6
th

 and 2
nd

 of May for the two respective seasons. The 

preceding crop was sunflower in the two seasons. Irrigation was 

practiced according to the accumulative values of the daily evaporation 

records from class A pan establish in Giza Agro- cilametological Station 

for the different irrigation treatments. Application of irrigation regime 

treatments started from the third irrigation and corresponded to 

Evaporation Pan Coefficient (EPC). Treatments were as follows: (I1) 

1.25 EPC; (I2) 1.00 EPC and (I3) 0.75 EPC. Water consumptive use 

(CU) was determined via soil samples from the sub plots just before 

each irrigation and 48 hrs later as well as at harvest. Sampling depths 

were 15-cm successive layers down 60-cm depth of the soil profile. 
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The CU was calculated according to Israelsen and Hansen (1962) as 

follows:  

CU = D x Bd x Q2 - Q1 / 100 

Where: 

 CU = actual evapotranspiration (in mm). 

 D    = effective root depth (in mm). 

 Bd   = bulk density of soil in (g/cm
3
).             

 Q2   = soil moisture percentage two days after irrigation (w/w). 

 Q1   = soil moisture percentage before next irrigation (w/w).  

The fertilizer nitrogen treatments were as follows: (N1) 144 kg/ha; 

(N2) 180 kg and (N3) 216 kg N/ha in the forms of ammonium nitrate 

(33.5%N). Application was done in two equal splits; the first was 

applied before the life irrigation (El- Mohayah irrigation) and the second 

one after 21 days from the first one. All other practices were applied as 

adopted in the area. At harvest, the plants of each entire sub-plot were 

harvested in order to determine straw and grain yield. The number of 

spikes / m
2
 was measured by counting all spikes per square meter 

selected in random from each sub-plot Ten spikes were randomly 

taken, from each sub-plot, and the weight of grains / spike and the 

1000-grain weight was recorded, then all plots were harvested and 

yields were measured. 

Weather data from a Agro- metological Station located at the Giza 

(Lat 30:03, Long: 31,13 and sea level 19.5 m) 50 m from the 

experimental site were recorded .Therefore, the weather data represent 

the field conditions reasonably well. Precipitation, maximum and 

minimum temperatures, sunshine and solar radiation were measured on 

a daily basis in each growing season for the model and then summarized 

as monthly weather data in Table1. Irrigation interval days are presented 

in Table 2  
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Table (1): Some meteorological data at Giza Agric. Res. Station, 

2004/2005 and 2005/2006 seasons 

 
 

T max and T min =   maximum and   minimum temperatures, °C
   
;    RF = rain fall, mm 

; SS = actual sun shine, hr ; SR = solar radiation, cal/cm
2
/day . 

Table (2): Date of different irrigation for some wheat cultivars 

grown in Giza region in 2004/2005 and 2005/2006 seasons. 

 

The 'CropSyst' model simulation input: 
The 'CropSyst' is considered a user-friendly, conceptually simple 

but sound multi-year multi-crop daily time step simulation model. It was 

developed by the Biological Systems Engineering Department, 

Washington State University (Stockle and Nelson 2001) to serve as an 

analytical tool to study the effect of cropping system management on 

productivity and the environment. The model simulates the soil water 

budget, soil-plant nitrogen budget, crop canopy and root growth, dry 

matter production, grain yield, residue production and growing season 

length. 

Simulation Models parameter requirements    
Simulation files contain information allowing the user to build 

simulation conditions from a database of existing location, soil, crop, 

and management files. Simulation files also contain information 

regarding the period of simulation and initial values for variables, which 

require initialization.  
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1- Climatic Data  
Location file includes latitude, longitude and sea levels, storms 

evapotranspiration, wind for the study site. Weather database file 

includes daily maximum and minimum temperatures, precipitation in 

real daily weather database format 'DAT 'or the Universal 

Environmental Data UED files generated byClimGen can be used 

directly by CropSyst for climate change scenarios. 

 2- Soils Data  
The Giza soil is a montmorillonitic, thermic, deep (Abdel - Wahed 

1983). Soil properties are shown in Table 3 and Table 4. 

Table (3): Soil moisture constants (% by weight) and bulk density 

(g/cm
3
) of soil site of Giza Agricultural Research Station. 

Depth, cm Field capaciy Wilting point Available  water Bulk density 

00-15 

15-30 

30-45 

45-60 

41.9 

33.7 

28.4 

28.1 

18.6 

17.5 

16.9 

16.5 

23.24 

16.18 

11.46 

11.51 

1.15 

1.20 

1.22 

1.28 

Table (4): Some physical and chemical properties of the soil at 

Giza.  

Particle-size distribution      

Soil fraction      Content %  

Coarse sand    2.91  

Fine sand    13.40  

Silt    30.51  

Clay      53.18  

Textural class     Clay  

Soil chemical analyses     Content  

Organic matter      1.80%  

Available  N (KCl-extract)     40. 0   mg kg-1 

Available  P  (Na - bicarbonate 

extract) 

  19.0   mg kg-1 

Available  K (NH4 - a acetate 

extract) 

   304    mg kg-1 

pH (1:2.5, soil: water suspension)     7.4  
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3- Crop Variables:  
Daily crop growth, expressed of biomass increase per unit area, is 

calculated on the basis of the minimum of four limiting factors; light, 

temperature, water and nitrogen. Details on the technical aspects and use 

of the CropSyst model are reported elsewhere ( Stockle and Nelson 

2001).  

4 Management Variables: 
Management variable include: cultivar selection (Giza168), crop 

rotation (including fallow years), irrigation, nitrogen fertilization, tillage 

operations and residue management as follows:  

1. Planting and harvesting date  

2. Maximum leaf area index at the flowering period. 

3. Grain and biomes yield/ ha. 

4. Water management: date, amount and irrigation system. 

5. Fertilizer nitrogen management: date, amount, forms and method of 

application. 

6. Pre-planting practices (type, date, and times of application). 

7. Previous crop residue: quantity and depth. 

5- Crop model calibration/ validation: 
Calibration of the model was done using data of field experiment 

established as described above by modifying the model data with data 

collected from 9 out of 18 combinations of  the two growing seasons, 3 

water treatments, and 3 nitrogen treatments. Then, the model was 

validated by comparing observed experimental field results for a normal 

treatment (irrigation at 1.00 EPC with 180 kg N/ha) with simulated 

values obtained form the same treatment inputs including the fluctuation 

of growing season length, aboveground biomass, grain yield, cumulative 

evapotranspiration (ET) in both growing seasons. The crop and other 

input parameters calibrated are marked in Table 5.  
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RESULTS AND DISCUSSION 

Filed experimental results 

A seasonal summary of data collected during the two years of the 

experiment, on which the model was validated, is shown in Table 6. In 

general, total aboveground biomass and grain yields were increased with 

increasing amount of water applied and as responses to N fertilization. 

There was also a positive response due to N- fertilization levels for all 

water regimes in the two growing seasons. Water use (ET crop) ranged 

between 273 and 450 mm for 2004/2005 season and from 300 to 468 

mm for 2005/2006 season. Obviously, water use increased with 

increasing amount of water applied according to EPC.  

Table (6): water consumptive use (mm), grain and biological yield 

(kg /ha) of wheat cultivar Giza168 as affected by irrigation regime 

and fertilizer N level at Giza region in 2004 /2005 and 2005/2006 

seasons as collected from experimental data. 
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Also, N application increased the average water use by 20.15 % 

for both seasons. Growing season duration value patterns of both 

seasons were also having a similar pattern. Growing season duration 

values were 149 and 153 day for season 1 and 2, respectively. 

Throughout the experiment, all other yield components increased due to 

increased N fertilization and also increased with increasing Evaporation 

Pan Coefficient (EPC). 
The model performance 

Crop model Calibration:  
Calibration of crop input parameters allowed the CropSyst 

model to perform satisfactorily in mimicking the changes throughout 

the growing season. Also aboveground biomass, grain yield, ET, and N 

uptake at harvest for all treatment combinations were simulated 

reasonably well.  

Crop Validation: 
Data selected for validation were collected from field at Giza 

region to represent the major conditions e.g. Et crop, growing season 

duration, final grain yield and biomess for the two growing seasons. 

Crop model was validated comparing the observed experimental field 

results for normal treatment (irrigation at 1.00 EPC with 180 kg N/ha) 

with simulated values obtained form the same treatment input in both 

growing seasons (table 7) 

Validation results indicate that the observed and the simulated 

values are comparable for the wheat cultivatar of the experiment. 

Change percentage ranged from 0.94 to 1.05 % while values of 

correlation coefficient (R
2
) ranged between 0.93 and 0.99 for the tested 

variables, and the most similar ones were growing season duration, grain 

yield values and Et crop while biological yield values were rather 

different. On other hand the selected cultivar (Giza168) was superior in 

matching with the model. This trend was true in both growing seasons. 

Crop phonology was predicted closely to the observed values for 

anthesis, grain filling and physiological maturity for the 2004/2005 and 

2005/2006 seasons (data not shown). Simulated maturity date was one 

week later than observed in 2005/2006 season. In general, validation 

results were acceptable for the purpose of the study, which indicates that 

the CropSyst model is valid for predicting wheat crop production and 

water requirement under middle Egypt (Giza) environmental condition. 
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Table (7): Correlation coefficient (R
2
), relating observed data to 

predicted (simulated) data and the change rate % (predicted/ 

observed) regarding various parameters for wheat crop during 

2004/2005 and 2005/2006 seasons  

 
 

Crop simulated results  
Simulated aboveground biomass, grain yield, cumulative ET crop 

and growing season duration at harvest are presented in table 7. The 

simulated treatment followed closely the 1:1 line when plotted against 

the experimental data (Figures 1a-b, 2a-b 3a-b and 4a-b). The statistical 

analysis confirmed that the CropSyst model predicted the tested variable 

reasonably well.  

The statistical analysis results as recorded in table 8 indicate that 

ETc was predicted very closely to the actual ET values with correlation 

coefficient (R
2
) values of 0.99 and 0.94 while root mean error square 

RMES were 1.68 and 4.73 for both seasons, respectively (Figures 3:a,b). 

On the other hand ET values varied due to Evaporation Pan Coefficient. 

The ET values increased as EPC values increased but ET crop value 

showed diminutive effect due to N levels. This my be due to the model's 

phonology response to N uptake by plant and possible variations with 

low level of nitrogen.  

Regarding grain yield, the same trend was true in both growing 

seasons with R
2
 values being 0.99, 0.93 and RMES were 0.082 and 

0.254(Figures 1:a, 2:a). Simulated grain yield recorded high response to 

EPC and N application levels with most positive response to irrigation at 

1.25 EPC and 216 kg N/ha N3. Maximum grain yield was obtained by I1 

x N3 and I2 xN3   in the first and second seasons, respectively.  

Aboveground biomes prediction values followed closely the 1:1 

line when plotted against the observed data and R
2 

values of 0.0.93 and 

0.94 for season 1 and 2, respectively while root mean error square 

RMES were 0.444 and 0.664 for the same respective seasons (Figures 

1:b, 2:b). Regarding irrigation treatment, predicted aboveground biomes 

values increased positively with increases reached to 24 and 31 % with 



J. Biol. Chem. Environ. Sci., 2009, 4(1), 41-61 

 
51 

I1  1.25 EPC compared to I3 0.75 EPC for season 1 and 2, respectively. 

The same trend was found with respect to N-levels. There was an 

increase of 9.71 % due to N3 over N1 in season 1 and 10.39 % in season 

2. Crop phonology was predicted closely to the observed values for 

anthesis, grain filling and physiological maturity for 2004/2005 and 

2005/2006 seasons (Figures 4:a,b).  

The statistical analysis indicate that growing season duration was 

predicted very closely to the actual values with R
2
 value of 0.99 and 

RMES values of 1.32 and 1.26 for season 1 and 2, respectively. 

Simulated maturity date was one week later than observed in 2005/2006 

season. However, although over estimation occurred in the upper end of 

the N uptake range, predicted values of response to N level were 

increased with increased N application levels. N use efficiency as 

pointed in table 9, showed very high response to the model with value 

between 0.98 and 1.00. All other simulated details are recorded in tables 

8 and 9 as a sample of daily output files. 
 

Table 8. Statistical summary comparing simulated vs. observed 

data. 
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Table (9): Summary simulated values at harvest for wheat 

cultivatar Giza 168 as effected by water and nitrogen regime during 

2004/2005 and 2005/2006 seasons. 
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Table (10) biological and grain yield, cumulative ET and growing 

season length values at harvest in related to observed data for wheat 

cultivatar Giza 168 as effected by water and nitrogen regime during 

two growing seasons. 

 
 

CONCLUSIONS 

These results for site and years need to be extrapolated in time 

(long-term responses) and to other regions in order to be more useful. 

The study suggests that the use of crop modeling, after proper 

calibration and validation may be a feasible approach for such future 

extrapolations as climate change and other crop prediction studies, 

especially with linking the model with the weather generator ClimGin 

v 4 and GSP techniques. It may be recommended that more research is 

necessary to evaluate CropSyst in other regions.  
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 للخٌبؤ بوحصول القوح الٌبهً ححج CropSyst أسخخذام برًبهج الوحبكبة 

هعبهلاث هخخلفت هي الري والخسوٍذ ححج الظروف البٍئٍت لوصر الوسطى 

  (هٌطقت الجٍزة)

 ًعوت الله ٌوسف عثوبى
2

 هحوذ كوبل صبدق- 
1

 على هحوذ أحوذ عبذ الحلٍن-
1

حلوً هحوذ - 

 عٍذ
2

 هٍثن هحوذ سبلن-
1 

 
1

 .جبِعت بٕٙب– و١ٍت اٌضساعت بّشخٙش –  لسُ عٍَٛ الأساضٟ 
2

ِشوض اٌبحٛد – ِعٙذ بحٛد الأساضٟ ٚا١ٌّبٖ ٚاٌب١ئت – لسُ بحٛد اٌّمٕٕبث اٌّبئ١ت  ٚ اٌشٞ اٌحمٍٟ  

 .اٌضساع١ت

 

 ٚ 2004/2005 ِٛسّٟ   أل١ّج حجشبت حم١ٍت  بّحغت اٌبحٛد اٌضساع١ت ببٌج١ضة خلاي 

ّٔٛرجَ ِحبوبة )  CropSyst لاسخخذاَ ٔخبئجٙب فٟ حم١ُ ِمذسة بشٔبِج اٌّحبوبة  2005/2006

عٍٝ  حَم١ٍذ ٚ اٌخٕبؤ ببٌّحصٛي   ) ٌٍّٕٛ ٚ  اٌّحصٛيِ ِخعذّدِ اٌّحصٛيَ ِخعذّدَ اٌسََٕٛاثَ،

إٌبِٟ ححج اٌظشٚف اٌب١ئ١ت ٌّٕغمت  (168ج١ضة )صٕف  ٚالاسخٙلان اٌّبئٟ ٌّحصٛيِ اٌمّح

 ِعبِلاث   ٌٍبخش ِٓ اٌٛعبء  ثلادجذٌٚت ا ٌشٜ ببسخخذاَ   ح١ذ حُ  (اٌج١ضة)ِصش اٌٛسغٝ

ِسخ٠ٛبث ِخضا٠ذة ِٓ اٌخس١ّذ  ثلاد ٚ أضبفٗ ( 0.75 &1.00 & 1.25 )اٌم١بسٟ ٟ٘ 

بعذ حعذ٠ً ب١بٔبث اٌبشٔبِج   ببٌب١بٔبث  . (٘ىخبس/ وجُ 216 ٚ 180 ؛  144)ا١ٌٕخشٚج١ٕٟ ٟ٘ 

اٌحم١ٍت حُ إجشاء اخخببس اٌخأوذ ٚاٌصلاح١ت  بّمبسٔت  اٌم١ُ اٌفع١ٍت ٚاٌّخٕبأ بٙب ٚ وّب حُ حسبة 

ِشبع أحشافبث اٌخغأ اٌخجش٠بٟ ِٚعبًِ اٌخٛافك  ٚلذ اظٙش   اٌبشٔبِج  وفبءة عب١ٌت ٌٍخٕبؤ  عٕذ 

  0.93وّب أْ  اٌخح١ًٍ الإحصبئٟ أظٙش ل١ّب عب١ٌت ٌّعبًِ الاسحببط  حشاٚحج ب١ٓ . ِمبسٔت اٌم١ُ 

 ٚلذ أظٙشث ٔخبئج اٌّحبوبة بعذ حشغ١ً اٌبشٔبِج  أْ ص٠بدة ِسخٜٛ اٌّبء ا١ٌّسش 0.99ٚ 

اٌّحصٛي اٌب١ٌٛٛجٟ ٚوزا -لاِخصبص إٌببث فٟ اٌخشبت أدٜ إٌٝ ص٠بدة ِحصٛي اٌحبٛة 

وّب أظٙشث إٌخبئج .   أعٍٝ اٌم1.25ُ١الاسخٙلان اٌّبئٟ ٌٍٕببث ح١ذ سجً ِعبًِ بجش اٌٛعبء 

أ٠ضب س٠بدة فٟ اٌّحصٛي  بض٠بدة ِسخ٠ٛبث ا١ٌٕخشٚج١ٓ اٌّضبف ح١ذ سجٍج أعٍٝ اٌم١ُ ِع 

ٚعٍٝ رٌه ٠ّىٓ اٌخٛص١ت . ٘ىخبس إلا إْ الاسخٙلان اٌّبئٟ صاد ص٠بدة عف١فت فمظ/ وجُ 216ْ

 فٟ اٌخٕبؤ ببٌّحبص١ً عٍٝ ٔغبق أٚسع ٚححج ظشٚف ِٕبخ١ت CropSystببسخخذاَ بشٔبِج 

ِخخٍفت خبصت فٟ ِشبس٠ع اٌخ١ّٕت اٌّسخذاِت ٚ أ٠ضب فٟ اٌذساسبث اٌّسخمب١ٍت ٌٍخغ١ش فٟ إٌّبخ 

 .اٌخٟ ٠خضّٕٙب اٌبشٔبِج ClimGin v 4  ٚرٌه ببسخخذاَ بشاِج اٌخٕبؤ ببٌّٕبخ 

 

 


