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Abstract 

CropSyst (Cropping Systems Simulation) is used as an analytic tool for studying irrigation water manage-
ment to increase wheat productivity. Therefore, two field experiments were conducted to 1) calibrate CropSyst 
model for wheat grown under sprinkler and drip irrigation systems, 2) to use the simulation results to analyse the 
relationship between applied irrigation amount and the resulted yield and 3) to simulate the effect of saving irri-
gation water on wheat yield. Drip irrigation system in three treatments (100%, 75% and 50% of crop evapotran-
spiration – ETc) and under sprinkler irrigation system in five treatments (100%, 80%, 60%, 40%, and 20% of 
ETc) were imposed on these experiments. Results using CropSyst calibration revealed that results of using 
CropSyst calibration revealed that the model was able to predict wheat grain and biological yield, with high de-
gree of accuracy. Using 100% ETc under drip system resulted in very low water stress index (WSI = 0.008), 
whereas using 100% ETc sprinkler system resulted in WSI = 0.1, which proved that application of 100% ETc 
enough to ensure high yield. The rest of deficit irrigation treatments resulted in high yield losses. Simulation of 
application of 90% ETc not only reduced yield losses to either irrigation system, but also increased land and wa-
ter productivity. Thus, it can be recommended to apply irrigation water to wheat equal to 90% ETc to save on the 
applied water and increase water productivity. 

Key words: crop modeling, CropSyst model, deficit irrigation, drip irrigation, sprinkler irrigation, Triticum 
aestivum, water saving 

INTRODUCTION 

Agriculture is central of food security and eco-
nomic growth in developing countries. However, food 
production requires substantial amounts of water. Ag-
riculture water demand is one of the serious pressures 
on water sector in Egypt, since 85% of total available 
water is consumed in agriculture and coupled with 
poor irrigation management. Water scarcity is a prob-
lem facing Egypt these days. Therefore, irrigation 

water should be adequately applied to crops to avoid 
water waste. Hence, the efficiency of water use in 
agriculture needs to increase in a sustainable manner, 
i.e. food production (quantitatively and qualitatively) 
per unit of water used has to be raised [OWEIS, HA-
CHUM 2003].  

Another option to increase water productivity is 
deficit irrigation. Deficit irrigation is an optimizing 
strategy under which crops are deliberately allowed to 
sustain some degree of water deficit and yield reduc-

DOI: 10.1515/jwld-2015-0016 



58 T. NORELDIN, S. OUDA, O. MOUNZER, M.T. ABDELHAMID 

© PAN in Warsaw, 2015; © ITP in Falenty, 2015; Journal of Water and Land Development. No. 26 (VII–IX) 

tion [ENGLISH et al. 1990]. Application of water to 
assure less than total water requirements for a crop 
could increase water productivity and conserve water 
for irrigating new lands. The adoption of deficit irri-
gation implies appropriate knowledge of crop water 
use and responses to water deficits, including the 
identification of critical crop growth periods and of 
the economic impacts of yield-reduction strategies 
[OWEIS, HACHUM 2003]. Although an appreciable 
step towards more rational use of water was pre-
sented, adopting deficit irrigation principles implies 
the acceptance of a certain level of reduction in yield 
level [HAMDY et al. 2005]. As long as that certain 
level of yield reduction is low, there is a large possi-
bility that farmers will adopt it.  

Wheat is a very important crop in Egypt, where 
its production is not enough to meet the demand on it. 
The crop is more sensitive to the timing of a water 
deficit period rather than the total reduction of applied 
irrigation water. Exposing wheat plants to high mois-
ture stress depressed seasonal consumptive use and 
grain yield [BUKHAT 2005]. During vegetative 
growth, phyllochron decreases in wheat under water 
stress [MCMASTER 1997] and leaves become smaller, 
which could reduce leaf area index [GUPTA et al. 
2001] and number of reproductive tillers, in addition 
to limit their contribution to grain yield [DENCIC et al. 
2000]. Furthermore, Wheat is very sensitive to high 
temperature [SLAFER, SATORRE 2000]. The amount of 
wheat yield reduction as a result of water stress is af-
fected by the stage of grain development, where early 
grain development stage is more vulnerable to water 
stress than latter grain development stage [EL-KHOLY 
et al. 2005]. Therefore, modeling can assist in deter-
mining when to reduce the amount of applied irriga-
tion water to wheat plants and what is the expected 
yield losses would be. 

Crop simulation models are the dynamic simula-
tion of crop growth by numerical integration of con-
stituent processes with the aid of computers [MAT-
THEWS et al. 2000]. CropSyst (Cropping Systems  
 

Simulation) is a process based simulation model uses 
dynamic simulation of crop growth to by numerical 
integration of constituent processes with the aid of 
computers [STOCKLE et al. 1994; 2003]. The model is 
characterized by simplifications in describing some  
processes (e.g. monolayer canopy, constant specific 
leaf area, absence of daily assimilates partitioning). 
This makes CropSyst easier to be calibrated and 
a reduced set of crop parameters is needed. These as-
pects make CropSyst a useful tool for large-scale 
simulations and it can be considered a management-
oriented model [CONFALONIERI, BECHINI 2004]. In 
Egypt, the model was validated for wheat grown in 
sandy soil [IBRAHIM et al. 2012; OUDA et al. 2010]. 
The model was calibrated for wheat grown in three 
soil conditions clay, sandy and salt affected soils 
[OUDA et al. 2013]. The model was applied for wheat 
grown in salt affected soil [NORELDIN et al. 2013].  

Therefore, the objectives of this study were (i) to 
calibrate CropSyst model for wheat grown under 
sprinkler and drip irrigation systems; (ii) to use the 
simulation results to analyze the relationship between 
applied irrigation amount and the resulted yield; (iii) 
and to simulate the effect of saving irrigation water on 
wheat yield.  

MATERIALS AND METHODS 

Two field experiments were conducted during the 
season 2012/2013 at the experimental farm of the Na-
tional Research Centre, Nubaria region, Egypt, repre-
senting the newly reclaimed sandy soils (30°52'00"N 
31°10'00"E). The experimental area has an arid cli-
mate with cool winters and hot dry summers. Table 1 
summarizes the mean climatic data for the experimen-
tal site in Nubaria. Some physical and chemical prop-
erties of the experimental soil are shown in Table 2 
and 3. Irrigation water was obtained from an irrigation 
channel passing through the experimental area. Some 
characteristics of the irrigation water used are shown 
on Table 4. The experimental field was deep  
 

Table 1. Averages weather data on the experimental site in Nubaria in the growing season 2012/2013  

Date Temperature, °C Relative humidity Solar radiation Wind speed Rainfall Month and year 
from–to mean max. min. mean, % W·m–2 m·s–1 mm 

November 2012 21–30 17.2 22.7 11.6 59.6 141.7 7.3 0.1 
December 2012 1–10 17.5 23.4 11.4 32.7 142.9 2.6 0.0 
December 2012 11–20 15.0 19.9 9.9 33.4 143.4 13.7 0.0 
December 2012 21–31 14.2 19.8 8.5 44.5 144.5 1.7 0.0 
January 2013 1–10 12.9 17.5 8.1 72.4 160.9 2.0 0.0 
January 2013 11–20 11.5 16.4 6.5 72.8 158.0 2.4 0.0 
January 2013 21–31 13.2 17.9 8.5 74.8 145.5 2.5 0.6 
February 2013 1–10 13.8 15.5 12.2 74.4 170.5 1.5 1.3 
February 2013 11–20 12.8 16.3 9.3 75.9 175.5 2.4 0.1 
February 2013 21–28 14.0 19.5 8.5 77.0 203.4 4.3 0.2 
March 2013 1–10 14.0 19.9 8.1 79.7 227.4 4.1 0.0 
March 2013 11–20 15.1 20.9 9.1 65.7 252.9 4.7 0.0 
March 2013 21–31 16.3 22.9 9.6 73.3 295.0 7.7 0.0 
April 2013 1–10 21.7 30.0 13.4 61.6 315.0 3.6 0.0 
April 2013 11–20 19.9 27.2 12.4 57.1 300.9 3.6 0.0 
Source: own study. 
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Table 2. Chemical analyses of extract of saturated soil at the site of the experiment 

Depth pH EC SP Anions, meq·L–1 Cations, meq·L–1  
cm 1:2.5 dS·m–1 % CO3

2– HCO3
– Cl– SO4

2– Ca2+ Mg2+ Na+ K+ 
0–20 8.13 1.90 22.1 0.00 2.00 12.00 4.30 5.20 4.10 8.27 0.73 
20–40 8.10 1.88 21.0 0.00 1.00 13.00 2.80 5.08 4.00 7.20 0.52 
40–60 8.09 1.96 21.0 0.00 1.30 12.20 4.65 5.00 3.00 9.61 0.54 

Explanations: EC = electrical conductivity, SP = saturation percentage. 
Source: own study.  

Table 3. Mechanical analyses and the elemental concentration of the soil 

Mechanical analyses of the soil, % Elemental concentration of the soil, mg·kg–1 of soil 
coarse sand fine sand silt clay texture N P K Fe Zn Mn Cu 

68.9 17.4 8.4 5.3 sandy 32.5 78.1 3.39 0.39 0.49 7.13 0.26 

Source: own study. 

Table 4. Chemical characteristics of irrigation water used 

EC Anions, meq·L–1 Cations, meq·L–1 
ds·m–1 

pH 
SO4

2– Cl– HCO3
– CO3

2– K+ Na+ Mg+2 Ca+2 
SAR % 

0.41 7.35 1.3 2.7 0.1 – 0.2 2.4 0.5 1.0 2.8 

Source: own study. 

ploughed before planting. First disc harrow, then duck 
food was used for further preparation of the field for 
planting. A combined driller that facilitated concur-
rent application of fertilizer and seeds was used. 

In order to achieve the objectives of this study, 
two irrigation methods were investigated i.e., sprin-
kler irrigation method (solid-set sprinkler) and drip 
irrigation (surface drip irrigation). The technical spec-
ifications of each irrigation network could be summa-
rized as follows: The solid-set sprinkler irrigation sys-
tem consisted of the following components: a pump 
unit (capacity 50 m3·h–1) and control head unit; main, 
sub-mains and laterals tubes (inside diameters are 
150, 110, 63 mm, respectively; sprinkles line length 
18 m, distance between sprinklers 6 m; couplers; 
sprinkler discharge at operating pressure 3.5 bar is 1.4 
m3·h–1; and other accessories such as valves, bends, 
plugs and risers. The surface drip irrigation system 
consisted of the following components: a pump unit 
(capacity 50 m3·h–1) and control head unit; main, sub-
mains and laterals tubes (inside diameters are 150, 
110, 63 mm, respectively; manifold lines (inside di-
ameter 2.54 mm); lateral lines (inside diameter 16 
mm); GR drippers (built-in and discharge), lateral 
lines lengths 15 m; operating pressure 1.5 bar; dripper 
discharge (4.0 lph); 50 drippers are per each lateral 
line and the distances between lateral lines is 20 cm; 
and other accessories such as valves, bends, plugs and 
risers. The control of pressure and adjusting it by the 
first valve and pressure gauges at the control head 
unit, and the time of irrigation by stop watch accord-
ing to irrigation water requirements, soil and crop 
type which calculated from specific equations.  

The experimental design was complete random-
ized block with three replicates. Wheat was planted in 
2012/2013 under drip irrigation in three treatments 
(100%, 75% and 50% of ETc) and under sprinkler 
irrigation in five treatments (100%, 80%, 60%, 40%, 
and 20% of crop evapotranspiration; ETc). 

A wheat cultivar ‘Sakha 93’ was planted on 23 
November 2012, and harvest was done on 17 April 
2013. The driller setting was such that it applied 167 
kg of seed per hectare. All plots received the same 
amount of fertilizer. The recommended fertilizers 
were applied as follow: 285 kg N·ha–1 as ammonium 
nitrate, ten percent applied to the soil before planting 
and the remainder was six equal doses applied to the 
soil before each irrigation and until before heading 
stage, 70 kg P2O5·ha–1 as single superphosphate ap-
plied to the soil in two equal doses before planting 
and at tillering stage, and 115 kg K2O·ha–1 as potas-
sium sulphate applied once after 30 days after sowing. 
All other cultural practices for wheat crop were car-
ried out according to those recommended by the Min-
istry of Agriculture and Land Reclamation, Egypt. 

Leaf area index was measured at three crop 
growth stages. The dates of these stages were re-
corded and growing degree days required to the estab-
lishment of each growth stage was calculated. Wheat 
grain and biological yields were measured at harvest 
and harvest index was calculated. All these measure-
ments needed to calibrate CropSyst model. 

For determination of the crop water requirements 
CWR, crop evapotranspiration ETc was calculated 
under standard conditions as follows: 

 ETc = ETo · Kc  (1) 

where:  
ETc = crop evapotranspiration, mm·day–1; 
ETo = reference crop evapotranspiration, mm·day–1;
Kc = crop coefficient. 

The values of ETc and CWR are identical, where-
by ETc refers to the amount of water lost through 
evapotranspiration and CWR refers to the amount of 
water that is needed to compensate for the loss. ETc 
calculated from climatic data by directly integrating 
the effect of crop characteristics into ETo. The Food 



60 T. NORELDIN, S. OUDA, O. MOUNZER, M.T. ABDELHAMID 

© PAN in Warsaw, 2015; © ITP in Falenty, 2015; Journal of Water and Land Development. No. 26 (VII–IX) 

and Agriculture Organization of the United Nations 
(FAO) Penman–Monteith method is now recom-
mended as the sole standard method for calculating 
ETo. The Penman–Monteith equation is given by the 
following equation [ALLEN et al. 1998]. 

Amount of irrigation water was calculated ac-
cording to the following equation for the sprinkler 
irrigation systems: 

 
( )LREa
ETcAW
−

=
1

  (2) 

where: 
AW = applied irrigation water depth, mm·day–1; 
Ea = application efficiency equals 75% for

sprinkler irrigation system and 90% for
drip irrigation system; 

LR = leaching requirements equals 10% for
sprinkler irrigation system and 90% for
drip irrigation system. 

The seasonal irrigation water applied (m3·ha–1) 
for both sprinkler and drip irrigation systems are 
shown in Table 5. 

Table 5. Amount of irrigation water and number of irriga-
tion applied under sprinkler and drip irrigation systems 

Irrigation  
system 

Treatment 
ETc 

Water amount applied 
m3·ha–1 

Irrigation 
No. 

100% 3 709 38 
  75% 2 894 38 Drip 
  50% 2 079 38 
100% 4 143 38 
  80% 3 405 38 
  60% 2 666 38 
  40% 1 927 38 

Sprinkler 

  20% 1 189 38 

Explanations: ETc = crop evapotranspiration. 
Source: own study. 

The CropSyst (Cropping Systems Simulation 
Model) objective is to serve as an analytical tool to 
study the effect of cropping systems management on 
crop productivity and the environment. For this pur-
pose, CropSyst simulates the soil water budget, soil-
plant nitrogen budget, crop phenology, crop canopy 
and root growth, biomass production, crop yield, resi-
due production and decomposition, soil erosion by 
water and pesticide fate. These are affected by weath-
er, soil characteristics, crop characteristics, and crop-
ping system management options including crop rota-
tion, variety selection, irrigation, nitrogen fertiliza-
tion, pesticide applications, soil and irrigation water 
salinity, tillage operations, and residue management. 
The water budget in the model includes rainfall, irri-
gation, runoff, interception, water infiltration and re-
distribution in the soil profile, crop transpiration, and 
evaporation. The nitrogen budget in CropSyst in-
cludes nitrogen application, nitrogen transport, nitro-
gen transformations, ammonium absorption and crop 
nitrogen uptake. The calculation of daily crop growth, 
expressed as biomass increase per unit area, is based 

on a minimum of four limiting factors, namely light, 
temperature, water, and nitrogen. PALA et al. [1996] 
suggested that minor adjustments of some of these 
parameters, accounting to cultivar-specific differ-
ences, are desirable whenever suitable experimental 
information is available. Details on the technical as-
pects and use of the CropSyst model have been re-
ported elsewhere [STOCKLE et al. 1994; STOCKLE, 
NELSON 1994]. 

The model was calibrated using the data obtained 
from the three experiments. Input files required by 
CropSyst model for wheat crop were prepared and 
used to run the model. One management file was pre-
pared represent each irrigation treatment. The date of 
each phenological stage was used to calculate grow-
ing degree days for that stage. Total biomass and 
grain yield were used for model calibration. The val-
ues of the crop input parameters were either taken 
from the CropSyst manual [STOCKLE, NELSON 1994] 
or set to the values observed in the experiments. The 
calibration consisted of slight adjustments of wheat 
input parameters to reflect reasonable simulations. 
These adjustments were around values that were ei-
ther typical for the crop species or known from previ-
ous experiences with the model. These parameters 
were: aboveground biomass-transpiration coefficient 
(kPa·kg·m–3) and light to aboveground biomass con-
version (g·MJ–1).  

The relationship between applied irrigation 
amount and the resulted wheat yield was analyzed by 
graphing above ground biomass, as well as water 
stress index to obtain insights on when water stress 
occurred.   

The effect of saving 10% of the applied irrigation 
water on wheat yield was simulated under both irriga-
tion systems. Applied of 10% of irrigation water in 
each single irrigation was deducted for each treat-
ment. New irrigations files were developed and used 
to run CropSyst model. 

Land and water productivity were calculated to 
assess the effect of using deficit irrigation treatments. 
Land productivity (LP, kg·m–2) is estimated as the 
amount of economic yield produced from a unit of 
land [NYAMAI et al. 2012]. It could be quantified by 
the following equation: 

 LP = wheat yield (kg·ha–1)/10 000 (3) 

Crop water productivity WP (kg·m–3) is a quanti-
tative term used to define the relationship between 
crop produced and the amount of water involved in 
crop production. It is a useful indicator for quantify-
ing the impact of irrigation scheduling decisions, with 
regard to water management [FAO 2003].  

WP = wheat yield (kg·ha–1)/applied water (m3 ha–1) (4) 

RESULTS AND DISCUSSION 

Application of less than 100% ETc reduced wheat 
grain and biological yield with different percentage 
under both drip and sprinkler systems (Tab. 6). Under  



CropSyst model for wheat under deficit irrigation using sprinkler and drip irrigation in sandy soil 61 

 © PAN in Warsaw, 2015; © ITP in Falenty, 2015; Journal of Water and Land Development. No. 26 (VII–IX) 

Table 6. Reduction in wheat grain and biological yield as 
a result of imposed treatments under drip and sprinkler irri-
gation systems 

Grain yield  Biological yield Irrigation 
system 

Treatment 
ETc measured

t·ha–1 
% of 

reduction 
measured

t·ha–1 
% of 

reduction
100% 6.78 – 21.00 – 
  75% 5.40 20 17.70 16 Drip  
  50% 3.71 45 14.60 30 
100% 6.20 – 19.33 – 
  80% 5.10 18 15.92 18 
  60% 2.80 55 12.25 37 
  40% 1.85 70   9.13 53 

Sprinkler 

  20% 1.09 82   6.10 68 
Explanations: ETc = crop evapotranspiration. 
Source: own study. 

drip irrigation wheat grain yield was reduced by 20 
and 45% under application of 75 and 50% ETc. How-
ever, the losses in biological yield was lower, i.e. 16 

and 30%. Similar trend was observed under sprinkler 
irrigation, where reduction in biological yield was 
higher than reduction in grain yield, except for appli-
cation of 80% ETc, where reduction in both grain and 
biological yield was similar, i.e. 18%. This result im-
plied that 20% reduction in the applied irrigation wa-
ter, the reduction in both grain and biological yield 
could be similar (Tab. 6). These results suggested that 
high wheat yield losses could occurred in sandy soil 
under sprinkler irrigation if 20% or more of the ap-
plied irrigation water was deducted. 

There were good agreements between measured 
and predicted grain and biological wheat yield (Tab. 7). 
Percentage of difference between measured and pre-
dicted yield was low. RMSE values was 0.03 and 0.14 
t·ha–1 for grain and biological yield, respectively. The 
value of d was 0.97 in both growing seasons. Similar 
results were obtained by OUDA et al. [2010], IBRAHIM 
et al. [2012] and OUDA et al. [2013] where the value 
of RMSE was low and the value of d was high. 

Table 7. Measured versus predicted wheat grain and biological yield grown under drip and sprinkler irrigation systems 

Grain yield, t·ha–1 Biological yield, t·ha–1 Irrigation system Treatment 
ETc measured predicted PD % measured predicted PD % 

100% 6.78 6.71 1.00 21.0 20.97 0.24 
75% 5.40 5.39 0.20 17.7 17.39 1.64 Drip  
50% 3.71 3.69 0.52 14.6 14.77 1.35 

100% 6.20 6.15 0.40 19.33 19.21 0.57 
80% 5.10 5.08 0.37 15.92 15.88 0.23 
60% 2.80 2.83 0.44 12.25 12.28 0.27 
40% 1.85 1.83 1.08 9.13   9.15 0.25 

Sprinkler 

20% 1.09 1.09 0.14 6.10   6.03 1.10 
RMSE  0.03   0.14   
 d  0.97   0.97   
Explanations: ETc = crop evapotranspiration. 
Source: own study. 

The accumulation of above ground biomass un-
der drip irrigation was higher, compared with it under 
sprinkler irrigation (Fig. 1). Results in Fig. 2 indicated 
that low water stress prevailed under sprinkler irriga-
tion in the beginning of vegetative growth. The high-
est water stress index WSI value was 0.1. However, 
under drip irrigation, WSI was very low, i.e. 0.008, 
which implied that the applied irrigation amounts was 
enough to ensure highest yield. 

The rate of above ground biomass accumulation 
was the highest under application of 100% ETc while 
the lowest under application of 50% ETc (Fig. 3). Wa-
ter stress existed during flowering stage under appli-
cation of 75% ETc as a result wheat yield was re-
duced by 45% (Tab. 4). The value of WSI was the 
highest under the application of 50% ETc, where wa-
ter stress prevailed during flowering stage and most 
grain filling stage (Fig. 4). Water stress prevailed dur-
ing vegetative growth caused reduction in phyl-
lochron decreases in wheat under water stress 
[MCMASTER 1997] and leaves become smaller, which 
could reduce leaf area index [GUPTA et al. 2001]. 
Thus, assimilates can be reduced and its partitioning 
to plant parts also reduced and that negatively affected 

the final yield. Furthermore, water stress prevailed in 
reproductive stage under application of 50% ETc 
doubled damage as a result low productive tillers and 
cause negative effect of water stress on grain devel-
opment [EL-KHOLY et al. 2005].  

Under sprinkler irrigation, above ground biomass 
were obviously reduced as a result of reducing applied 
water to 80 and 60% ETc during vegetative and repro-
ductive growth (Fig. 5). Furthermore, similar reduction 
in accumulated above ground biomass was noticed un-
der application of 40 and 20%, although reduction of in 
the accumulated above ground biomass was observed 
in reproductive growth when 40% ETc was applied. 
Furthermore, the reduction in the accumulated above 
ground biomass during vegetative growth under 60, 40 
and 20% ETc were close to each other, which implies 
that the water stress in the vegetative growth under 
these three treatments  was maximum. However, dif-
ferences in the accumulated above ground biomass 
during reproductive growth were highly shown, where 
application of 20% ETc greatly reduced reproductive 
growth (Fig. 5), as a result of high water stress existed 
this phase, i.e. WSI was 0.8 (Fig. 6). 
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Fig. 1. Comparison between wheat above ground biomass 

under drip and sprinkler irrigation; source: own study 

 
Fig. 3. Comparison between wheat above ground biomass 

under three drip irrigation treatments;  
ETc = crop evapotranspiration; source: own study 

 
Fig. 5. Comparison between wheat above ground biomass 

under five sprinkler irrigation treatments;  
ETc = crop evapotranspiration; source: own study 

 
Fig. 2. Comparison between water stress index for wheat 

under drip and sprinkler irrigation; source: own study 

 
Fig. 4. Comparison between water stress index for wheat 

under three drip irrigation treatments;  
ETc = crop evapotranspiration; source: own study 

 
Fig. 6. Comparison between water stress index for wheat 

under five sprinkler irrigation treatments;  
ETc = crop evapotranspiration; source: own study 

As a result of high yield losses under deficit irri-
gation, the effect of application of 90% of full irriga-
tion on wheat grain yield was tested. Results in Table 
8 indicated that wheat grain yield could be reduced by 
3 and 4% under drip and sprinkler irrigation, respec-
tively. These low percentages of yield losses can be 
tolerated by farmers and easy to adopt to save irriga-
tion water. These saved amounts can be used to irri-
gate more land to produce wheat and compensate for 
these low losses. Figure 7 indicated that accumulated 
above ground biomass were lower under sprinkler  
 

system using 90% of full irrigation. These applied 
amounts caused low water stress during vegetative 
growth (Fig. 8) and no water stress during grain fill-
ing period under both irrigation systems. 

Regarding to land productivity LP, it was reduced 
as the amount of applied water was reduced. Further-
more, LP was higher under drip irrigation, compared 
to sprinkler irrigation (Tab. 9). This can be attributed 
to higher yield was produced under drip system, com-
pared to sprinkler system. However, 10% saving in 
the applied water under either drip or sprinkler system 
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Table 8. Measured versus predicted wheat grain yield under 
10% saving in irrigation water 

Grain yield, t·ha–1 Irrigation system 
measured predicted PR% 

Drip 6.78 6.58 3 
Sprinkler 6.15 5.89 4 

Explanations: PR% = percentage of reduction between measured 
and predicted values. 
Source: own study. 

 
Fig. 7. Simulated above ground biomass for wheat grown 
under drip and sprinkler system with 90% of full irrigation 

under both irrigation systems; source: own study 

 
Fig. 8. Simulated water stress index for wheat grown under 

drip and sprinkler system with 90% full irrigation under 
both irrigation systems; source: own study 

Table 9. Land and water productivity for wheat grown un-
der drip and sprinkler irrigation systems 

Irrigation 
system 

Treatment 
ETc 

Land productivity 
kg·m–2 

Water productivity 
kg·m–3 

100% 0.68 1.83 
  90% 0.66 1.97 
  75% 0.54 1.87 

Drip 

50% 0.37 1.79 
100% 0.62 1.49 
  90% 0.59 1.58 
  80% 0.51 1.50 
  60% 0.28 1.06 
  40% 0.19 0.96 

Sprinkler 

  20% 0.11 0.91 

Source: own study. 

reduce LP by low values, compared to the other defi-
cit treatments. 

With respect to water productivity WP, reduction 
in the applied water increased it until 25 and 20% of 
the applied water to drip and sprinkler systems, re-
spectively was deducted. If more water was deducted 
under either system, WP was reduced. Moreover, the 
highest WP was obtained when 90% ETc was applied 
under either system (Tab. 9). OUDA et al. [2010] ob-
tained similar value for WP to what was obtained in 
Table 9 equal to 1.35 kg·m–3. Furthermore, IBRAHIM 
et al. [2012] obtained WP value equal to 1.37 kg·m–3.  

CONCLUSIONS 

CropSyst (Croping Systems Simulation) model 
predictions of wheat grain and biological yield were 
close to the measured values. The model was able to 
simulate daily water stress throughout growing sea-
son. Application of 90% ETc not only reduced yield 
losses to either irrigation system, but also increased 
water productivity. Land productivity was reduced 
under all deficit irrigation treatments, but with low 
value. It could be recommended to apply irrigation 
water to wheat equal to 90% ETc to save on the ap-
plied water and increase water productivity.  
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Model CropSyst do nawodnień pszenicy metodą deszczowania i metodą kroplową  
na glebach piaszczystych  

STRESZCZENIE 

Słowa kluczowe: model CropSyst, modelowanie plonów, nawodnienia deszczowniane, nawodnienia kroplowe, 
oszczędność wody, potrzeby nawodnień, Triticum aestivum  

CrosSyst (ang. Cropping Systems Simulation) wykorzystano jako narzędzie analityczne do zarządzania 
wodą do nawodnień w celu zwiększenia produktywności pszenicy. Przeprowadzono dwa eksperymenty tereno-
we w celu: 1) kalibracji modelu CropSyst w odniesieniu do pszenicy uprawianej w warunkach nawodnień desz-
czownianych i kroplowych, 2) zastosowania wyników symulacji do analizy zależności między wielkością na-
wodnień a plonem i 3) symulacji wpływu oszczędności wody użytej do nawodnień na plon pszenicy. W ekspe-
rymentach zastosowano trzy warianty nawodnień kroplowych (100%, 75% i 50% ewapotranspiracji – ETc) 
i pięć wariantów nawadniania deszczownianego (100%, 80%, 60%, 40% i 20% ETc). Wyniki kalibracji wykaza-
ły, że wartość RMSE wynosiła 0,03 i 0,14 t·ha–1 odpowiednio dla ziarna i biomasy. Model umożliwiał symulację 
dobowego stresu wodnego w ciągu całego sezonu wegetacyjnego. W wariancie 90% ETc nie tylko stwierdzono 
zmniejszenie strat plonu w każdym z systemów nawodnień, ale także zwiększenie produktywności wody. Dlate-
go można zalecić stosowanie dawki 90% ETc w celu oszczędności wody i zwiększenia jej produktywności. 
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