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ABSTRACT 

Two open-field experiments were conducted during 2015/2016 and 2016/2017 seasons at 
the experimental farm, Faculty of Environ. Agric. Sciences, Arish University (31° 08' 04.3" 
N, 33° 49' 37.2" E). Egypt. This work was aimed to evaluate the performance of four bread 
wheat (Triticum aestivum L.) cultivars i.e.; Misr-1, Sakha-93, Giza-168 and Gemmeiza-9) in 
relation to different irrigation pattern i.e. surface supplemental irrigations (12 irrigations) and 
rainfed under the metrological conditions of North Sinai. Results obtained from the 
experimental field studies were used as indicators to test the performance of DSSAT-CSM 
(Cropping System Model) Ver. 4.5.1.023. Field experiment results indicated that under North 
Sinai environmental conditions, the significantly highest values of the most significant values 
of vegetative growth and yield and it's component were recorded by Gemmeiza-9 cultivar 
under supplementary irrigation pattern, followed by rainfed Misr-1 cultivar. The output data 
from the CERES-Wheat model showed that Gemmeiza-9 cultivar recorded the highest 
observed grain yield in the 1st and 2nd seasons (7344 and 5928 kg ha-1, respectively) and the 
highest predicted grain yield (3957 kg ha-1 and 4619 kg ha-1, respectively) as compared to 
other wheat cultivars Misr-1, Sakha-93 and Giza-168. Generally, Supplementary irrigated 
Gemmeiza-9 cultivar is recommended to maximize bread wheat grain yield under North Sinai 
environmental conditions and all similarity regions. 

Key words: bread wheat (Triticum aestivum L.) cultivars, CERES-Wheat model, irrigation 
pattern, rainfed wheat, crop simulation, calibration, validation, North Sinai 
environmental conditions. 

INTRODUCTION 

Wheat (Triticum aestivum L.) is one of 
strategic food crops in the world and tops of 
cereal crops list in terms of area and 
production. Wheat crop can be grown under 
lot of different topographic and soil 
conditions and is adaptable to extreme 
weather conditions. Wheat total cultivated 
area in the world was about 215 million 
hectares during the 2017/2018 season 
which produced about 734.74 million tons 
(3. 24 ton/ha.) (USDA, 2018) thus will 

control the future of food security of the 
world, particularly under the existence of 
large gap among wheat production and 
consumption. The irrigation occurs in the 
arid and semi-arid regions where there is 
insufficient rainfall to uphold crop growth. 
In these areas, the inter-annual variability in 
irrigation application is relatively small as 
irrigation provides the majority of crop 
water requirements to sustain crop growth. 
Whilst such areas have tended to be the 
focus for most research on irrigation 
demand assessment, water efficiency and 
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economic evaluation (Deng et al., 2006; 
Prasad et al., 2006). Changes in 
precipitation patterns would modify the 
natural soil water balance. As some areas 
are expected to have an increase in annual 
precipitation levels, the intensity of blue 
water usage on irrigated land to compensate 
for any soil moisture deficiencies for 
optimal crop growth could thus be reduced 
(Gerten et al., 2011). Thus, the great 
challenge for the coming decades will 
therefore be the task of increasing food 
production with less water, especially in 
arid and semi-arid regions (Abouzeid, 1992; 
FAO, 2003). Water shortage and unbalanced 
precipitation distribution as a major problems 
threatening agricultural sustainability, 
especially winter wheat (Triticum aestivum 
L.) production. The proportion of water 
consumption from jointing to maturity 
averaged 56% under rain-fed conditions, 
but reached 64% under the optimal 
conditions (Wang, 2017). Grain yield and 
dry matter were negatively affected by 
water stress (Laura et al., 2008).  

The Decision Support System for Agro-
technology Transfer (DSSAT) is a software 
application program integrating the effects 
of soil, crop phenotype, weather and 
management options that allows users to 
comprises crop simulation models for over 
28 crops, as of Version 4.5 (DSSAT.net, 
2018). CERES-Wheat model (Godwin et 
al., 1989; Ritchie and Otter, 1985) is a 
simulation model for wheat in the DSSAT 
package that describes daily phenological 
development and growth in response to 
environmental factors (soils, weather and 
management). The objectives of this study 
are to evaluate the performance of some 
wheat cultivars in relation to irrigation 
pattern under El-Arish-North Sinai 
environmental conditions. Investigation was 
also extended to evaluate the application of 
DSSAT-CERES-Wheat model for prediction 
of growth and yield of wheat under such 
conditions. 

MATERIALS AND METHODS 

Field Experiments 

Two open field experiments were 
conducted at the experimental farm, Faculty 
of Environ. Agric. Sciences, Arish 
University, North Sinai (31° 08' 04.3" N, 
33° 49' 37.2" E). Egypt during the two 
seasons of 2015/2016 and 2016/2017. This 
work was aimed to evaluate the 
performance of four bread wheat (Triticum 
aestivum L.) cultivars i.e.; Misr-1, Sakha-
93, Giza-168 and Gemmeiza-9 in relation to 
different irrigation pattern i.e. surface 
supplemental irrigations (12 irrigations) and 
rainfed under climatic conditions of North 
Sinai as a semi-arid areas. The climatic data 
of the field experiments, during the growing 
season of wheat plants in 2015/2016 and 
2016/2017 were obtained from Central 
Laboratory for Agriculture Climate (CLAC, 
Egypt) and presented in Table 1. 

Surface supplemental irrigations (12 
Irrigations) during wheat growth period was 
added as recommended for semi arid 
region. Treatments were arranged in 
randomized complete block design (RCBD) 
in three replicates for each treatment. An 
area of 359 m2 was ploughed and divided to 
two blocks for each irrigation pattern (main 
plots) and wheat cultivars were arranged in 
the sub-plots. Row spacing was 15 cm 
apart, grains were sown by handly drilled. 
Fertilization and all other agricultural 
practices were carried out as recommended 
for wheat growing under the conditions of 
North Sinai as a semi-arid land. 

Recorded data 

(1) Vegetative growth; Plant height (cm) 
and number of tillers/plant. 

(2) Yield and its components; Spike length 
(cm), spike weight (g), spike kernel 
weight (g), 1000-kernel weight (g), 
number of kernel/spike, dry biological 
yield and grain yield (kg ha-1). 
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Table (1): Meteorological data of El-Arish, North Sinai, region during wheat growing 
seasons of 2015/2016 and 2016/2017. 

Air Temp. [°C] 
Period 

Day (from-to) /Month/Year Min. Max. Aver. 

 Av. 
Relative 

Humidity 

[%] 

Solar 
Radiation 

[MJ-hr/m²/D] 

Total 
Precipitation 

[mm] 

 2015/2016 season 

15-30 November 2015 18.28 23.15 20.71 66.15 10.96 8.49 

1-15 December 2015 14.63 18.65 16.64 65.43 9.45 15.83 

16-31 December 2015 13.70 18.64 16.17 65.21 9.99 16.85 

1-15 January 2016 12.96 17.68 15.32 69.24 8.96 14.82 

16-31 January 2016 11.35 15.09 13.22 68.71 9.92 31.28 

1-15 February 2016 12.38 18.06 15.22 69.89 12.99 12.46 

16-29 February 2016 14.31 20.73 17.52 70.84 16.56 13.48 

1-15 March 2016 14.51 21.42 17.97 65.46 17.31 1.41 

16-31 March 2016 14.09 19.74 16.91 67.81 19.08 7.61 

1-15 April 2016 16.46 23.51 19.98 68.45 21.24 9.90 

16-30 April 2016 17.94 25.69 21.81 64.99 24.18 0.00 

1-15 May 2016 19.23 26.05 22.64 62.88 24.61 0.05 

 2016/2017 season 

15-30 November 2016 16.83 22.53 19.68 55.64 11.79 53.60 

1-15 December 2016 14.74 18.73 16.74 68.39 9.10 55.97 

16-31 December 2016 12.45 16.36 14.40 67.74 9.38 17.15 

1-15 January 2017 10.97 16.04 13.51 66.23 10.01 5.44 

16-31 January 2017 12.14 16.60 14.37 70.47 10.61 10.06 

1-14 February 2017 11.70 16.72 14.21 70.57 13.25 10.41 

15-28 February 2017 11.25 16.85 14.05 67.18 13.82 22.81 

1-15 March 2017 13.45 19.42 16.44 71.22 17.76 3.21 

16-31 March 2017 13.90 19.35 16.62 72.22 19.06 0.23 

1-15 April 2017 15.14 21.35 18.25 70.73 19.91 3.31 

16-30 April 2017 16.16 23.02 19.59 66.97 24.02 0.00 

1-15 May 2017 18.34 25.36 21.85 68.91 25.61 0.00 

Source: Central Laboratory for Agricultural Climate (CLAC, Egypt). 
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Statistical Analysis 

All data were subjected to statistical 
analysis for two seasons and their combined 
using analysis of variance technique 
(MSTAT-C) computer software package 
(Russell, 1986) with three replicates. The 
means values were compared at 0.05 level of 
probability using Duncanۥs Multiple Range 
Test of Mean Separation (Duncan, 1955). 

Crop modeling 

Results obtained from experimental field 
studies and the environmental conditions 
were used as a data base for calibration and 
validation of CERES-Wheat through 
DSSAT-CSM (Cropping System Model) 
Ver. 4.5.1.023 software to simulate and 
predict wheat growth and yield. The 
comparison between actual data (observed) 
and predicted data were done through 
CERES-Wheat model under DSSAT 
interface in three steps, retrieval data 
(converting data to CERES-Wheat model), 
and validation data (comparing between 
predicted and observed data) and run the 
DSSAT model provides validation of the 
crop models that allows users to compare 
simulated outcomes with observed results. 
Necessary files were prepared as required. 
Calibration and validation of applying 
CERES-Wheat model was done through 
using d-Stat index of agreement between 
simulated and observed values. 

Genetic coefficient 

DSSAT model analyzed the sensitivity 
of the crop biological responses to changes 
in the coefficients that relate to phenology. 
The DSSAT-CERES-Wheat Model was run 
with weather data and experimental data for 
the studied four cultivars i.e.; Misr-1, 
Sakha-93, Giza-168 and Gemmeiza-9 to 
calculate the genetic coefficient (P1V, P1D, 
P5, G1, G2 and PHINT) for each variety by 
using sub model GENCALC program, 
which is part of the DSSAT. The 
coefficients were prepared as provided by 
Fayed et al. (2015). 

Evaluation of applying DSSAT-CERES-
Wheat Model 

There are different statistic indexes that 
comes with the model output files, 
including, the normalized root mean square 
error (RMSE) that is expressed in percent, 
calculated as explained by Loague and 
Green (1991)  

RMSE gives a measure (%) of the 
relative difference of simulated vs. 
observed data. The simulation is considered 
excellent with RMSE<10%, good if 10–
20%, fair if 20–30%, poor >30% 
(Jamieson et al., 1991). For yield and yield 
components, the mean square error (MSE) 
was calculated into a systematic (MSEs) 
and unsystematic (MSEu) component as it 
is explained by Willmott (1981). The Index 
of Agreement (d) as described by Willmott 
et al. (1985).  

RESULTS AND DISCUSSION 

Field Experiments 

The interaction between irrigation pattern 
and wheat cultivars on growth and yield 
and it's components under North Sinai 
environmental conditions in both 2015/ 
2016, 2016/2017 seasons and their combined 
were investigated (Tables 2-4). 

Vegetative characters 

Obtained results (Table 2) indicate that 
plant height (cm) and number of tillers per 
wheat plant were significantly governed by 
the studied interaction either in both the 
two experimental seasons (2015/2016 and 
2016/2017) or the combined analysis. 
Gemmeiza-9 cultivar planted under 
supplementary irrigation achieved the 
tallest wheat plant. This finding was true in 
either 1st and 2nd seasons or the combined 
(92.23, 94.10 and 93.17 cm, respectively). 
Moreover, plant height of such interacted 
treatment were not at par with that achieved 
by the same cultivar under rainfed irrigation 
treatment. Rainfed wheat of such potent 
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Table (2): Effect of the interaction between irrigation pattern and wheat cultivars on 
plant height (cm) and no. tillers/plant of wheat plants under North Sinai 
environmental conditions (2015/16 and 2016/17 seasons and combined 
analysis). 

Plant height (cm) No. tillers/plant        Cultivars 

Irri. 

Pattern 
Misr-1 Sakha-93 Giza-168 Gem.-9 Misr-1 Sakha-93 Giza-168 Gem.-9 

2015/2016 Season 

Supplemental Irri. 89.53 ab 77.03 c 82.80 bc 92.23 a 3.23 b 2.79 d 2.87 cd 3.76 a 

Rainfed 78.40 c 67.60 d 69.13 d 77.93 c 2.90 cd 2.62 de 2.47 e 3.10 bc 

2016/2017 Season 

Supplemental Irri. 91.69 ab 79.59 c 85.02 bc 94.10 a 3.33 b 3.06 bcd 2.94 cd 3.76 a 

Rainfed 81.31 c 69.80 d 71.66 d 80.57 c 3.00 cd 2.86 d 2.56 e 3.19 bc 

Combined 

Supplemental Irri. 90.61 ab 78.31 c 83.91 bc 93.17 a 3.28 b 2.91 cd 2.91 cd 3.64 a 

Rainfed 79.86 c 68.70 d 70.39 d 79.25 c 2.96 cd 2.74 de 2.51 e 3.11 bc 

** Means having the same letter within each factor are not significantly differed at 0.05 level, 
according to Duncan's multiple range test. 

 

Table (3): Effect of the interaction between irrigation patterns and wheat cultivars on 
spike kernel weight (g) and 1000-kernel weight (g) under North Sinai 
environmental conditions (2015/16 and 2016/17 seasons and combined 
analysis). 

Spike kernel weight (g) 1000-kernel weight (g) Cultivars 

Irri. 

Pattern 
Misr-1 Sakha-93 Giza-168 Gem.-9 Misr-1 Sakha-93 Giza-168 Gem.-9 

2015/2016 Season 

Supplemental Irri. 2.73 ab 2.13 d 2.23 d 2.90 a 57.15 ab 48.0 b 42.89 bc 58.75 a 

Rainfed 2.5 c 1.88 e 1.92 e 2.61 bc 54.06 ab 43.3 bc 37.95 c 45.58 b 

2016/2017 Season 

Supplemental Irri. 2.78 b 2.34 c 2.3 c 3.27 a 54.67 bc 50.77 d 49.1 de 61.81 a 

Rainfed 2.72 b 1.97 d 2.06 d 2.9 b 51.28 cd 45.74 e 39.51 f 56.49 b 

Combined 

Supplemental Irri. 2.75 b 2.23 c 2.27 c 3.06 a 55.28 b 48.01 cd 45.75 d 60.34 a 

Rainfed 2.61 b 1.95 d 1.99 d 2.78 b 53.17 b 45.92 d 38.98 e 51.08 bc 

** Means having the same letter within each factor are not significantly differed at 0.05 level, according to 
Duncan's multiple range test. 
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Table (4): Effect of the interaction between irrigation pattern and wheat cultivars on 
biological yield (kg/m2) and grain yield (ton/fed.) under North Sinai 
environmental conditions (2015/16 and 2016/17 seasons and combined 
analysis). 

Biological yield (kg m-2) Grain yield (ton fed-1) Cultivars 
Irri. 
Pattern Misr-1 Sakha-93 Giza-168 Gem.-9 Misr-1 Sakha-93 Giza-168 Gem.-9 

2015/2016 Season 

Supplemental Irri. 2.99 a 1.95 bc 1.74 bc 3.29 a 2.68 2.83 2.66 3.06 

Rainfed 1.96 bc 1.6 c 1.12 d 2.12 b 1.9 1.75 1.63 2.61 

2016/2017 Season 

Supplemental Irri. 3.07 a 2.36 b 1.61 c 3.45 a 2.54 a 2.02 b 1.39 c 2.82 a 

Rainfed 1.99 bc 1.59 c 1.05 d 2.07 bc 1.52 c 1.40 c 1.01 d 1.99 b 

Combined 

Supplemental Irri. 3.03 ab 2.16 b 1.68 c 3.37 a 2.61 b 2.43 b 2.03 c 2.94 a 

Rainfed 1.98 bc 1.59 c 1.09 d 2.1 b 1.71 c 1.58 cd 1.32 d 2.3 b 

** Means having the same letter within each factor are not significantly differed at 0.05 level, according to 
Duncan's multiple range test. 

 

cultivar reduced it's height in the 1st and 2nd 
seasons and combined by 15.5, 14.4 and 
14.9%, respectively. However, the shortest 
plant height of supplementary irrigated 
wheat cultivars was recorded for Sakha-93 
cultivar (77.03, 79.59 and 78.13 cm, 
respectively). This finding was fairly true in 
both two experimental seasons and their 
combined. 

Under climatical conditions of North 
Sinai number of tillers per wheat plant was 
significantly affected by the interaction 
between irrigation pattern and cultivars in 
two experimental seasons and combined 
analysis. The highest value of number of 
tillers per plant was produced from 
supplementary irrigated Gemmeiza-9 
cultivar. However, number of tillers/plant 
values of such potent interaction treatment 
was not in the par with those obtained from 
the same cultivar (Gemmeiza-9) under 
rainfed irrigation. Similarly, the lowest 
values of number of tillers/plant was 
produced under rainfed irrigation from 
Giza-168 cultivar. Meanwhile, Misr-1 and 

Sakha-93 cultivars was taken the same 
trend. 

Precipitation during the vegetative stage 
was the dominant and beneficial factor for 
wheat yields while increasing maximum 
temperature had a negative influence. Crop 
yields were strongly dependent on solar 
radiation under normal rainfall conditions. 
As the effect of rainfall on soil water is 
relatively long-lasting, its beneficial effect 
in vegetative stage was higher than its 
effect during the reproductive stage (Yu et 
al., 2013).  

In this respect Mohammadi et al. (2012) 
reported that the nearly equal value of 
correlation and path coefficients of plant 
height and grain yield showed that plant 
height had positive and direct effect on 
grain yield, in both conditions and 
suggesting a criteria trait for improving of 
grain yield. Similar results were obtained 
by Tawfelis et al. (2006), Abd El-Aty and 
El-Borhamy (2007), Gafaar (2007) and 
Semun-Tayyar (2008). 
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Yield and its Components 

Grains weight/spike and thousand grains 
weight 

Results obtained in Table 3 reveale the 
significant effect of interaction between 
irrigation pattern and wheat cultivars on 
grains weight per spike and wheat seed 
index in 2015/2016 ; 2016/2017 seasons 
and their combined analysis. The highest 
value of kernel weight of wheat spike was 
achieved by supplementary irrigated 
Gemmeiza-9 cultivar. Also, Values of such 
potent interaction treatment was exceeded 
significantly all the other studied interaction 
treatments in this respect. Moreover, the 
lowest value of the spike kernel weight was 
recorded by rainfed Sakha-93 cultivar. This 
facts was fairly true in the two experimental 
seasons and their combined analysis.  

Seed index (1000-kernel weight) of all 
the studied cultivars were progressively 
decreased by rainfed irrigation pattern. This 
trend was fairly true either in the two 
experimental seasons or the combined. The 
highest value of seed index was recorded 
with supplementary irrigated Gemmeiza-9 
cultivar. One thousand kernel weight value 
of such potent interaction treatment was 
exceeded significantly all the other studied 
interaction treatments in this respect. Seed 
index of the studied cultivars were 
remarkably differed in their depression 
response befell by rainfed irrigation pattern. 
Estimated improvement in 1000-kernel 
weight values by adding sufficient 
supplementary water requirements in 
combined were 3.8% for Misr-1; 4.4% for 
Sakha-93; 14.8 % for Giza-168 and 15.3% 
for Gemmeiza-9 as compared with rainfed 
irrigation pattern. Such finding clear that 
the highest reduction in seed index was 
carried out for the potent Gemmeiza-9 
cultivar irrespective to its insignificant 
superiority than the other tested cultivars in 
rainfed irrigation. Slight depression value 
of Misr-1 indicate the high flexibility of the 
cultivar to irrigation pattern and it's 

suitability to water stress. With respect to 
such trait, water shortage and unbalanced 
precipitation distribution is a major 
problems threatening agricultural 
sustainability, especially winter wheat 
(Triticum aestivum L.) production. Wang 
(2017) pointed that the proportion of water 
consumption from jointing to maturity 
averaged 56% under rain-fed conditions, 
but reached 64% under the optimal 
conditions. Also, the main water supply 
during the different growth periods that was 
suitable for achieving high yield had a 
nearly constant volume. Similar results also 
recorded by: Semun-Tayyar (2008), Hafez 
et al. (2012), Mohammadi et al. (2012) 
and Keser et al. (2017). 

Biological yield (kg/m2) and grain yield 
(ton/fed.) 

Obtained results (Table 4) show that 
supplementary irrigation pattern favored 
vegetative growth of Gemmeiza-9 cultivar 
to produce the highest value of dry 
biological yield. This finding was fairly true 
in both the two experimental seasons and 
their combined analysis (3.29 ; 3.45 and 
3.37 kg m-2, respectively). On the contrary, 
the lowest value of wheat dry biomass was 
recorded in each of the 1st; 2nd seasons and 
combined with rainfed irrigated Giza-168 
cultivar (1.74; 1.61 and 1.68 kg m-2, 
respectively). Supplementary irrigation seem 
to be more suitable pattern for both Misr-1 
and Sakha-93 cultivars either in the 1st and 
2nd season or in combined analysis to 
produce the optimum vegetative growth and 
consequently their highest values of dry 
biomass comparing with rainfed irrigated 
cultivars. More or less, supplementary 
irrigated Gemmiza-9 cultivar out-yielded 
those of rainfed in 1st ; 2nd and combined 
by about (35.6%; 40.0% and 37.8%, 
respectively). These results agree with those 
reported by Laura et al. (2008) who found 
that grain yield and dry matter were 
negatively affected by water stress Some of 
researchers indicated the positive correlation 
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between grain yield and yield component 
traits in wheat such as biological yield 
(Ghaderi et al., 2009; Kandic et al., 2009), 
plant height (Leilah and Al-Khateeb, 
2005), grains per spike (Khan et al., 2010) 
and 1000 kernel weight (Leilah and Al-
Khateeb, 2005). 

Recorded results indicated that grain 
yield (ton/fed) was significantly governed 
by the studied interaction treatments either 
in 2016/2017 experimental seasons or in the 
combined analysis. Supplementary irrigated 
Gemmeiza-9 cultivar achieved the highest 
value of grain yield. This finding was true 
in either 2nd season or the combined (2.82 
and 2.94 ton/fed.). However, grain yield of 
such interacted treatment was at par with 
that yielded by the same cultivar under 
rainfed irrigation pattern in the 2nd season 
and combined. Rainfed irrigation for such 
potent cultivar decreased its grain yield 
value in the 2nd season and combined by 
29.4 and 21.8%  

Misr-1 cultivar produced its highest 
value of grain yield under supplementary 
irrigation pattern in the combined analysis 
(2.61 ton/fed). However, Sakha-93 and 
Giza-168 were in the same trend of each 
Misr-1 and Gemmeiza-9 cultivars in the 
combined analysis in order to its highest 
grain yield in supplementary irrigation 
pattern (2.43 and 2.03 ton/fed). On the 
contrary, rainfed irrigation pattern for each 
of the studied cultivars ordinarily decreased 
the grain yield. In this connection, the 
lowest grain yield was provided by Giza-
168 cultivar (1.01 ton/fed) in the 2nd season.  

This trend of results may refer to the 
importance of adding a supplemental 
irrigation at tillering stage that only 
increased plant height and number of 
tillers/plant. However, the supplemental 
irrigation at heading stage only gave the 
highest grain yield and increased its 
components (Hussein, 2005). Variation in 
wheat cultivars grain yield as affected by 
irrigation pattern was also reported by 

Mostafa et al. (2018) who revealed that the 
grain yield was marginally influenced by 
irrigation intervals under double and single 
line a bed. The supplemental irrigation caused 
the grain yield to increase significantly up 
to 58% (Erekul et al., 2012) 

Crop Model 

The CERES-Wheat model was used to 
quantify variability in wheat growth and 
grain yield over the two seasons, 2015/2016 
and 2016/2017 in North Sinai (El-Arish) 
region conditions. The model simulated 
growth and grain yield of the studied four 
cultivars (Misr-1; Sakha-93; Giza-168 and 
Gemmeiza-9) and two irrigation patterns 
(supplementary and rainfed). Daily weather 
data, soil profile properties, soil profile 
initial conditions, irrigation management 
data, crop management data and genetic 
coefficients of wheat as described in the 
materials and methods. DSSAT-CERES-
Wheat model  was validated and evaluated 
by d-Stat  between observed values of field 
measurements and predicted values 
obtained by the model. 

Number of days from sowing to anthesis 

Results presented in Table 5 showed the 
comparison between observed and predicted 
number of days from sowing to anthesis 
date in the two experimental seasons, 2015/ 
2016 and 2016/2017 in North Sinai (El-
Arish) environmental conditions. 

It will be necessary to clarify that the 
CERES-Wheat model calculated the 
number of days from sowing to anthesis 
using the input Agro-meteorological data 
on the basis of optical-clocks received by 
the plant and not the days recorded.  

Anthesis date results indicated that the 
output data from the CERES-Wheat model 
were in harmony with the observed data in 
both seasons (2015/2016 and 2016/2017) of 
the experiment. Differences in number of 
days from sowing to anthesis due to 
irrigation pattern effect in both results of
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Table (5): Observed and predicted number of days from sowing to anthesis four bread 
wheat cultivars as affected by different irrigation pattern in 2015/2016 and 
2016/2017 seasons     

Seasons 2015/2016 2016/2017 

Cultivar Irrigation Pattern Observed Predicted d-Stat* Observed Predicted d-Stat* 

Supplemental Irri. 93 99 95 101 
Misr-1 

Rainfed 87 96 
0.811 

88 98 
0.864 

Supplemental Irri. 92 100 94 102 
Sakha-93 

Rainfed 88 97 
0.807 

89 97 
0.853 

Supplemental Irri. 93 99 95 101 
Giza-168 

Rainfed 87 97 
0.801 

88 97 
0.855 

Supplemental Irri. 95 106 97 105 
Gemmeiza-9 

Rainfed 90 99 
0.903 

91 96 
0.916 

*Index of agreement (d-Stat) as described by Willmott et al. (1985) 
 

observed and predicted data, Misr-1; 
Sakha-93 and Giza-168 cultivars under 
supplementary irrigation had earlier 
flowering as compared to Gemmeiza-9 
cultivar. Whereas, supplementary irrigation 
pattern prolonged the observed and 
predicted number of days to anthesis for all 
wheat cultivars in 2015/2016 and 2016/ 
2017 seasons. The CERES-wheat model 
predicted that Gemmeiza-9 cultivar had the 
longest number of days to anthesis as 
compared to Misr-1, Giza-168 and Sakha-
93 cultivars. 

The d-Stat index of agreement, as 
absolute values, between observed and 
predicted number of days to anthesis for the 
1st season was from 80.1 to 90.3 % and 
from 85.3 to 91.6 % for 2nd season. 

These results may refer to the water 
stress effect that cause a reduction in 
growing cycle length of wheat for all 
cultivars under North Sinai (El-Arish) 
environmental conditions. Simulation 
ability of the model was similar to what 
obtained by Ouda et al. (2005) and 
Hassanein and Medany (2007). In this 
respect, Hassanein et al. (2012) showed 
that Gemmeiza-9 cultivar gave the longest 
observed and predicted number of days for 
anthesis date. Sakha-93 cultivar gave the 
shortest observed and predicted number of 
days for anthesis date. 

Number of days from sowing to 
physiological maturity date 

The comparison between observed and 
predicted number of days from sowing to 
physiological maturity date in the two 
experimental seasons 2015/2016 and 
2016/2017 under North Sinai (El-Arish) 
environmental conditions is presented in 
Table 6.  

Obtained results on the differences in 
number of days from sowing to physiological 
maturity due to irrigation pattern and 
cultivars in both results of observed and 
predicted data indicated that, Gemmeiza-9 
cultivar was the latest cultivar to reach the 
physiological maturity as compared with 
Misr-1; Sakha-93 and Giza-168 cultivars 
under supplementary irrigation pattern for 
observed data averaged by 1.4 % in the 1st 
season. Gemmeiza-9 needed the longest 
observed period (145 d) to reach the 
physiological maturity stage. Likewise, the 
length of growing cycle was reduced by 
2.8% when Sakha-93 cultivar irrigate by 
supplementary irrigation in the 2nd season. 
However, the prevailing climatic conditions 
and fallen rains compelled such cultivar to 
reach the physiological maturity early as 
compared to Gemmeiza-9 cultivar for 
observed data in the 1st season by 1.5%.  
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Table (6): Observed and predicted number of days from sowing to physiological 
maturity of four bread wheat cultivars as affected by different irrigation 
pattern in 2015/2016 and 2016/2017 seasons     

Seasons 2015/2016 2016/2017 

Cultivar Irrigation Pattern Observed Predicted d-Stat* Observed Predicted d-Stat* 

Supplemental Irri. 142 149 144 149 
Misr-1 

Rainfed 130 137 
0.812 

133 139 
0.78 

Supplemental Irri. 140 147 141 149 
Sakha-93 

Rainfed 129 134 
0.824 

131 138 
0.81 

Supplemental Irri. 141 147 142 148 
Giza-168 

Rainfed 130 134 
0.844 

132 136 
0.801 

Supplemental Irri. 143 149 145 150 
Gemmeiza-9 

Rainfed 131 136 
0.891 

134 141 
0.86 

*Index of agreement (d-Stat) as described by Willmott et al. (1985) 

 

These results may clarify that wheat 
growth cycle was more sensitive to climatic 
conditions and chiefly concerned by 
precipitation which provide shorter period 
for the vegetative growth and compels the 
wheat cultivars to complete its life cycle 
earlier. Simulation ability of the model was 
similar to what obtained by Ouda et al. 
(2005) and Hassanein and Medany 
(2007). In this respect, Hassanein et al. 
(2012) showed that Gemmeiza-9 cultivar 
gave the longest observed and predicted 
number of days for physiological maturity 
date at different irrigation regimes and 
Misr-1 cultivar gave the shortest observed 
and predicted number of days for 
physiological maturity date. Whereas, effects 
of climate factors on crop growth stages and 
development inter-related within specific 
pattern. Meteorological conditions before and 
after flowering will influence to wheat yield 
and production (Yu et al., 2013). 

The d-Stat index of agreement, as 
absolute values, between observed and 
predicted number of days from sowing to 
physiological maturity date in 2015/2016 
season was from 81.2 to 89.1% and was 
from 78 to 86% for 2016/2017 season. 

Grain yield at maturity 

Table 7 shows the results of observed 
and predicted grain yield at maturity (kg ha-1) 
in the two experimental seasons (2015/2016 
and 2016/2017) under North Sinai (El-
Arish) environmental conditions. 

Regarding to the influence of irrigation 
patterns and the effect of varietal 
differences among the four wheat cultivars 
results indicate that the output data from the 
CERES-Wheat model (predicted data) was 
different with the observed data (Table 8). 
The d-Stat index of agreement, as absolute 
values, between observed and predicted 
grain yield at maturity in the 1st season was 
from 78.4 to 87.9 % and from 83.2 to 
91.6% in the 2nd season. 

Supplementary irrigated Gemmeiza-9 
cultivar recorded in the 1st season the 
highest observed and predicted grain yield 
(7344 and 5635 kg ha-1, respectively) 
14.7% more than that of rainfed and 
exceeded other wheat cultivars Misr-1, 
Sakha-93 and Giza-168 in observed grain 
yield by 12.4, 7.5 and 13.07%, respectively. 
Whilst, for predicted grain yield by 8.2, 3.6 
and 25.9%, respectively. However, the observed  
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Table (7): Observed and predicted grain yield (kg ha-1) of four bread wheat cultivars as 
affected by different irrigation pattern in 2015/2016 and 2016/2017 seasons. 

Seasons 2015/2016 2016/2017 

Cultivars Irrigation Pattern Observed Predicted d-Stat* Observed Predicted d-Stat* 

Supplemental Irri. 6432 5173 6096 5274 
Misr-1 

Rainfed 4560 3165 

0.784 

 3648 3544 

0.911 

 

Supplemental Irri. 6792 5430 4848 4341 
Sakha-93 

Rainfed 4200 3982 

0.826 

 3360 2665 

0.832 

 

Supplemental Irri. 6384 4178 3336 4250 
Giza-168 

Rainfed 3912 1949 

0.862 

 2424 2564 

0.856 

 

Supplemental Irri. 7344 5635 6768 5950 
Gemmeiza-9 

Rainfed 6264 5193 

0.879 

 4776 4092 

0.916 

 

*Index of agreement (d-Stat) as described by Willmott et al. (1985). 

 

and predicted values of grain weight in the 
2nd season are on par with those obtained 
from the 1st season. Supplementary 
irrigation showed the superiority of 
observed and predicted grain yield at 
maturity. Predictions for kernel weight 
were more uncertain with a slightly 
increasing trend in response to increasing 
temperatures and decreasing rainfall. 
(Dettori et al., 2017) Whereas, under 
rainfed, Gemmeiza-9 cultivar recorded also 
the highest observed and predicted grain 
yield (6768 and 5950 kg ha-1, respectively) 
29.4% more than that of rainfed and 
exceeded all other wheat cultivars Misr-1 
Sakha-93 and Giza-168 in observed grain 
yield by 9.9, 28.4 and 50.7%, respectively 
and in predicted grain yield by 11.4, 27 and 
28.6%, respectively. Simulation ability of 
the model was similar to what obtained by 
Jin et al., (2018) who reported that the ratio 
of irrigated and rainfed wheat under no 
water stress was 31.55% and 17.16%, 
respectively 

It is important to note that the results of 
simulation study using the CERES-Wheat 
model under DSSAT interface are in trend 
with those obtained from field experiment 
particularly in grain yield (Table 6). Yield 
reduction typically occurs because water 

stress hastens the onset of senescence. This 
results in the crop not being able to capture 
season-ending solar radiation for biomass 
production, and it also shortens the 
timeframe for the mobilization and 
translocation of N and assimilate from plant 
tissues to the grain (Uauy et al., 2006; 
Sadras and Lawson 2013; Woo et al., 
2013; Zhao et al., 2015 and Grogan et al., 
2016). In this respect, Li li et al., (2018) 
describe the ability of the CERES-Wheat 
model simulation to predict wheat grain 
yield responses to different irrigation 
management methods; ranging from rainfed 
using historical weather data from crop 
easons over 33 years (1981–2014). They 
found that the grain and biomass yield 
responses to irrigation management were 
influenced by precipitation among years, 
whereby yield increased with higher 
precipitation. 

Conclusion 

Field experiment results indicated that 
under North Sinai environmental 
conditions, the most significant values of 
vegetative growth and yield and it's 
component were recorded by Gemmeiza-9 
cultivar under supplementary irrigation 
pattern, followed by rainfed Misr-1 cultivar. 
The output data from the CERES-Wheat 
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model showed that Gemmeiza-9 cultivar 
recorded the highest observed grain yield in 
the 1st and 2nd seasons (7344 and 5928 kg 
ha-1, respectively) and highest predicted 
grain yield (3957 kg ha-1 and 4619 kg ha-1, 
respectively) as compared to other wheat 
cultivars Misr-1, Sakha-93 and Giza-168. 
So, to maximized bread wheat grain yield 
under Arish-North Sinai, it will necessary 
to recommend cultivation of Gemmeiza-9 
wheat cultivar under supplementary 
irrigated pattern. Such recommendation will 
be a suitable practices to reduce yield 
variability as affected by increasing of 
potential temperature scenarios under North 
Sinai environmental conditions and all 
similarity regions. 
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 ـــــــــــــــــــــــــــــ
 :المحكمــــــــون

 .، مصر الزقازيق جامعة، كلية الزراعة،المحاصيلستاذ أ عبدالستار عبدالقادر حسن الخواجه  .د. أ-١
 .، مصر عين شمس جامعة، كلية الزراعة،المحاصيلستاذ أ د  ـــــــــــــــيـــــات فـــــــاھر بھجـــط. د.أ -٢

 الملخص العربي

  الزراعة المطريةالتقييم والتنبوء بإنتاجية بعض أصناف القمح تحت ظروف 
 شمال سيناءبمنطقة 

 ٣حسن عبداللهياسر محمد ، ٢ السراج إسماعيلإيمان، ١ عليأحمد مجدي
 .، مصر وزارة العدل،مصلحة الخبراء -١
 .، مصريش جامعة العر،كلية العلوم الزراعية البيئيةقسم ا{نتاج النباتي،  -٢
 .، مصرجامعة مطروح، كلية الزراعة الصحراوية والبيئية -٣

 -ً شما� °٣١ '٠٨ "٣.٠٤( جامعة العريش -أجريت تجربتان حقليتان فى المزرعة البحثية بكلية العلوم الزراعية البيئية 
 الخبز  لتقييم أربعة أصناف من قمح٢٠١٦/٢٠١٧ و٢٠١٥/٢٠١٦خ�ل موسمين شتويين ) ً شرقا°٣٣ '٤٩ "٢.٣٧
تحت ظروف منطقة ) ، ري مطريسطحيري تكميلي (تحت نمطين للري ) ٩، وجميزة ١٦٨، جيزة ٩٣، سخا ١مصر(

 DSSATثم تم إستخدام النتائج المتحصل عليھا من التجارب الحقلية كقاعدة بيانات {ختبار أداء برنامج ، شمال سيناء
 CERES-Wheat Model لمحصول والمقارنة بينھم باستخداملمحاكاة ظروف نمو ا) برنامج دعم واتخاذ القرار الزراعى(

 تحت أشارت نتائج التجارب الحقلية إلى أنه . وھو نسبة التوافق بين القيم الفعلية والمتوقعةd-Statمن خ�ل استخدام معامل 
لنمو الخضري والمحصول ومكوناته تحت نمط صفات ا قيم لى أعل٩-يزةالظروف البيئية لشمال سيناء، سجل صنف جم

ناتج محصولي  سجل أعلى ٩- أن صنف جميزةCERES-Wheatأظھرت بيانات المخرجات من نموذج ، الري التكميلي
وأعلى محصول حبوب متوقع ) ، على التواليھكتار/ كجم٥٩٢٨ و ٧٣٤٤(الثاني من الحبوب في الموسمين ا°ول وفعلي 

التوصية ُ وخلصت الدراسة إلى ،مقارنة بأصناف القمح ا°خرى) ھكتار، على التوالي/ كجم٤٦١٩ھكتار و/ كجم٣٩٥٧(
 وإضافة ما يكفي من الريات التكميلية له ٩-صنف جميزةالزراعة بإمكانية معظمة إنتاجية القمح تحت ظروف شمال سيناء ب

ً والحد من تأثير زيادة درجة الحرارة المحتملة مستقب� في ظل الحبوب وكتدبير للتكيفمن إنتاجية للحصول علي أعلي 
 .الظروف البيئية لشمال سيناء وجميع مناطق التشابه

أصناف قمح الخبز، أنماط الري، القمح المطري، نماذج محاكاة المحاصيل، الظروف المناخية : ا�سترشاديةالكلمات 
 .لشمال سيناء
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