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Abstract: Two field experiments were conducted in the Production and Research Station of the 
National Research Centre in El-Nobaria, Al- Behaira Governorate, Egypt during the 2009/2010 and 
2010/2011 growing seasons. This study aimed to investigate the performance of some chickpea 
cultivars namely Giza 531, Giza 3 and Giza 195 under different levels of sprinkler irrigation water, i.e. 
100, 75 and 50% of reference crop evapotranspiration (ETo) in sandy soil. The obtained results 
exhibited that in both seasons, increasing irrigation level led to significant increases in all growth and 
yield characters except for No. of branches/ plant. Chickpea plants produced significantly more seed 
total carbohydrates content when irrigation amount was increased from 924  and up to 1686 m3/ fed. / 
season. On the contrary, seed total protein and water use efficiency of chickpea plants increased 
significantly by decreasing the irrigation level (water stress). Giza 3 variety exhibited superiority in 
plant height and No. of leaves/ plant followed by Giza 195 in both growth seasons. However, Giza 195 
showed its superiority in pods No./ plant and stem, leaves, pods, roots and total dry matter/ plant 
followed by Giza 3 in the two growing seasons. Giza 531 showed its superiority in most yield and 
quality parameters as well as WUE followed by Giza 195 and Giza 3 which gave the lowest values, 
however chickpea cultivar Giza 3 significantly surpassed the other two ones in plant height and 
number of pods/ plant.  
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INTRODUCTION 

 
The chickpea (Cicer arietinum L.) is a legume crop of the family Fabaceae. It is one of the earliest 

cultivated legumes: 7,500-years old, remains have been found in the Middle East (Wikipedia, 2012). The 
cultivated area in Egypt reached to 3896 hectare (9276 feddan) in the year 2009 which produced 7581 tons  
(FAO Statistics, 2010),and is concentrated in the governorates of Assiut, Qena and El- Behira.  The percentage 
of protein in chickpea seeds is three times higher than in grain crops (wheat - corn - rice) since it reaches up to 
20%, which is rich in amino acids such as lysine and tryptophan, also contains 61.5% carbohydrate, fat 4 - 4.5% 
fats, 2.5-3% minerals and 9% humidity. 

The first step in production of high quality chickpea yield, is cultivating the appropriate cultivars because 
some varieties are more suitable for a given location than others. Many investigators reported that chickpea 
growth, seed yield and its components are greatly affected by genotype of variety. Among them are: Hafiz 
(1999); Mokhtarand El-Warraky (2001); Woldeamanuel et al. (2006); Mirza, et al (2007); Bakhsh, et al. (2007); 
Zein El-Abdin (2007); Ghassemi-Golezani, et al. (2008); Khamssi1 et al., (2010); Mafakheri1 et al. (2010); and 
Akbar, et al. (2011). Also, El-Noemani, et al. (2010) on green beans showed that Paulista variety exhibited its 
superiority in growth parameters. However, Bronco variety surpassed Paulista one in pods yield /fed and WUE. 

Regarding the effect of varieties on seed quality, Hamed (2003) and Akbar, et al. (2011) revealed that 
chickpea varieties differ in their seed protein content and or protein yield. Moreover, Katerjia, et al. (2001) and 
Woldeamanuel et al. (2006) stated that chickpea cultivars vary in their efficiency in using water to produce high 
yield (WUE). The performance of any crop depends not only on its genetic characteristics but also on the 
surrounding environmental conditions particularly water supply. Water is the key factor of the agricultural 
production and development of different crops under arid and semi-arid conditions. Crop growth and yield are 
affected by the available water in the soil layers at the effective root zones. It is highly desirable to obtain higher 
yield using the least possible quality of water. Increasing irrigation level increased growth, seed yield and some 
quality parameters of chickpea plants. This fact was confirmed by: Mokhtarand El-Warraky (2001); Hamed 
(2003); Woldeamanuel et al. (2006); Bakhsh, et al. (2007); Zein El-Abdin (2007); Ghassemi-Golezani, et al. 
(2008); Khamssi1 et al., (2010); Mafakheri1 et al. (2010); and Hirich et al. (2011). Moreover, El-Noemani, et 
al. (2010) on green beans exhibited that increasing irrigation level up to 100% Eto increased vegetative growth.  

However, the highest values of pods yield/fed. and WUE were achieved by 80% Eto treatment. This 
investigation aimed to study the effect of different sprinkler irrigation levels on growth, yield and quality as well 
as water use efficiency of some chickpea cultivars in sandy soil. 
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MATERIALS AND METHODS 
 
Two field experiments were conducted in the Production and Research Station of the National Research 

Centre in El-Nobaria, Al- Behaira Governorate, Egypt during the 2009/2010 and 2010/2011 growing seasons. 
The study aimed to investigate the performance of some chickpea cultivars namely Giza 531, Giza 3 and Giza 
195 to different levels of sprinkler irrigation water. The adopted irrigation treatments were 100, 75 and 50% of 
reference crop evapotranspiration (ETo). These treatments reflecting conditions achieved as optimum level of 
water supply, moderate and severe water stress, respectively. In the two growing seasons, the amount of water 
applied for each irrigation was calculated according to the crop coefficient (Kc) and the daily reference crop 
evapotranspirationl (ETo). The latter was determined according to the Penman-Monteith equation depending on 
the predicted climatic factors at each irrigation time and the growth stage of chickpea plant. At the end of the 
growing season. The quantity of water applied for the different irrigation treatments was calculated according to 
the total amount of water added from sowing until harvesting for the two seasons. The average amounts of water 
during the two growing seasons were 1686, 1305 and 924 m3/fed for the three irrigation treatments, respectively. 
The experimental design used was a split plot one with three replications. Irrigation treatments were arranged in 
the main plots, whereas the chickpea cultivars were randomly distributed in the sub-plots. Physical and chemical 
characteristics of the experimental site soil are shown in Table (1). Particle size distribution and moisture of the 
soil sample was determined as described by Blackmore, (1972). Soil organic matter, CaCo3, EC and pH were 
determined according to Black et al., (1982). The growing season extended over a period of about five months 
from November to April. The air temperature during this period has mean monthly values ranging from 22.2 °C 
to 28.8 °C. The mean minimum monthly values never came below 18.5 °C. The relative humidity of the air was 
generally high. The wind speed did not exceed 10 km/ h during the experimental period.  

 
Table 1: Some physical and chemical properties of the experimental soil in El-Nobaria, Al- Behaira Governorate, Egypt (average of 2009  
              and 2010 seasons).                  

Particle size distribution:  
Sand % 
Silt % 
Clay % 
Texture 

70.80 
25.60 
3.60 
Sandy Loam 

Field capacity  20.10 
Chemical characters:  
Soil reaction pH (1:2.5)  
Electric conductivity (dSm-1) 
Organic matter (%)  
Calcium carbonate (%) 

 
7.90 
0.12 
0.23 
3.57 

Available macronutrients (mg/100g)  
N 
P 
K 

15.10 
13.00 
21.00 

Available micronutrients (ppm)   
                               Fe 
                               Mn 
                               Zn 
                               Cu 

4.47 
2.61 
1.44 
4.00 

 
Seeds of chickpea (Cicer arietinm L.) cultivars Giza 531, Giza 3 and Giza 195, which were obtained from 

Agricultural Research Centre, Giza, Egypt, were sown on 21 November in both seasons. The normal cultural 
treatments of growing chickpea in the location were followed.  After 18 days from sowing, the plants were 
thinned to secure one plant per hill. Phosphorus fertilizer was applied to the soil before sowing at a dose of 200 
kg/ fed in the form of calcium super phosphate (15.5% P2O5). Potassium was applied in the form of 50 kg/fed. 
potassium sulphate (48% K2O) and ammonium nitrate (33.5% N) at the rate of 20 kg/ fed., before the first 
irrigation. At 110 days from sowing, five plants were randomly taken for estimating the vegetative growth 
parameters: i.e. plant height (cm), number of leaves per plant, number of branches/ plant, number of pods/ plant 
and total dry matter per plant (g). At harvest (150 days from sowing) the following data were recorded:  plant 
height (cm), number of branches/ plant, number of pods/ plant, weight of pods/ plant (g), seed index (1000- seed 
wt.), seed yield per fed (kg), straw yield per fed (kg) and biological yield kg per fed. Seed total carbohydrate 
content was measured using the method described by Dubois et al. (1956). The crude protein percentage was 
obtained by multiplying the nitrogen content by 6.25 according to the method described by A.O.A.C. (1990). 

Water use efficiency (WUE) value was calculated according to the following equation (Jensen, 1983).  

WUE (kg/ m3)  = 
Seed yield (kg/ fed)  
Seasonal ET (m3/ fed)  

The obtained data were statistically analyzed according to analysis of variance method described by 
Snedecor and Cochran (1980).  
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RESULTS AND DISCUSSION 
 
1. Vegetative Growth Characteristics: 
 Effect of Irrigation Regimes: 

Data found in Table (2) contain the effect of irrigation regimes, i.e. 100 %, 75 % and 50 % of reference 
crop evapotraspiration (ETo), corresponding to 1686, 1305 and 924 m3/ fed./ season on vegetative growth of 
Cicer arietinum in the two experimental seasons of 2009/ 2010 and 2010/ 2011. Data showed that growth 
parameters; i.e. plant height, leaves No. and pods No. / plant as well as stem, leaves, pods, roots and total dry 
matter/ plant in the two growing seasons were significantly affected by irrigation treatments. With regard to the 
No. of branches/ plant, there were no significant differences among the three irrigation treatments in the two 
growing seasons. 

It is clear from Table (2) that an obvious trend was obtained in both experimental seasons regarding the 
effect of irrigation on the studied growth parameters indicating that in both seasons, plant height, leaves No. and 
pods No. /plant as well as stem, leaves, pods, roots and total dry matter/ plant in the two growing seasons were 
increased significantly by increasing irrigation amount from 924 and up to1686 m3/ fed./ season. These results 
coincided with those reported by Hamed (2003); Bakhsh, et al. (2007); Ghassemi-Golezani, et al. (2008) and 
Hirich et al. (2011), who found that increasing irrigation levels significantly increased vegetative growth 
parameters of chickpea. Moreover, El-Noemani, et al. (2009) on pea exhibited that increasing irrigation level up 
to 100% ETo increased vegetative growth (plant height, branches No. as well as dry matter of stem and total 
plant). Also, El-Noemani, et al. (2010) on green beans exhibited that increasing irrigation level up to 100% ETo 
increased vegetative growth.  

The strong influence of increasing irrigation up to the maximum level on plant height could be explained as 
a result of enhancing cell division and enlargement which need more water supplies (Hammad, 1991).  
Fatthallah and Gawish (1997) exhibited that the reduction in number of branches owing to the low soil moisture 
level may be due to the reduction in the uptake of nutritional elements that caused deterrence in the 
physiological processes needed for plant growth. The increase in dry matter of plants grown in high levels of 
soil moisture could be attributed mainly to the effect of water on some quantitative and qualitative changes in 
certain metabolic processes in the plant cell (Mahmoud, 2000). Generally, it could be suggested that increasing 
applied irrigation water to plants led to keeping higher moisture content in the soil and this in turn favored the 
production of dry matter content of different plant parts. This indicated the importance of water supply for 
increasing plant growth. On the contrary, shortening plant height and reduction in dry matter under soil moisture 
stress may be explained that water stress caused stomatal closure and reduced minerals uptake by plants and 
hence affected plant growth. 
 
Table 2: Effect of irrigation treatments, cultivars and their interaction on growth parameters of chickpea plants after 110 days from sowing  
              in 2009/ 2010 and 2010/2011 seasons. 

Irrigation 
treatments 

Cultivars 
Plant 
height 
(cm) 

No. of 
leaves 
/plant 

No. of 
branches/ 
plant 

No. of 
pods/ 
plant 

Dry matter/ plant (g) 

Stem Leaves Pods Roots Total 

2009/2010 

1686 m3/fed. 
Giza 531 42.00 44.67 1.33 12.00 2.80 1.58 2.36 1.20 7.42 
Giza 3 69.00 57.00 2.00 17.33 2.62 1.81 2.51 1.75 8.69 
Giza 195 56.33 51.67 2.00 21.33 3.58 2.05 2.81 1.81 10.25 

Mean 55.78 51.11 1.78 16.89 2.83 1.81 2.56 1.59 8.79 

1305 m3/fed. 
Giza 531 41.00 41.00 2.00 9.67 2.16 1.34 1.88 1.10 6.47 
Giza 3 63.00 52.67 1.33 15.67 2.04 1.48 2.24 1.39 7.16 
Giza 195 52.00 49.00 1.67 20.67 2.31 1.68 2.72 1.60 8.31 

Mean 52.00 47.56 1.67 15.33 2.17 1.50 2.27 1.36 7.32 

924 m3/fed. 
Giza 531 38.00 40.33 2.00 7.00 2.05 1.03 1.49 1.03 5.60 
Giza 3 60.33 49.00 1.67 12.67 1.82 1.33 2.04 1.21 6.41 
Giza 195 45.67 42.67 1.33 16.33 1.85 1.49 2.42 1.30 7.07 

Mean 48.00 44.00 1.67 12.00 1.91 1.28 1.98 1.18 6.36 

Mean values 
cultivars 

Giza 531 40.33 42.00 1.78 9.56 2.16 1.32 1.91 1.11 6.50 
Giza 3 64.11 52.89 1.67 15.22 2.16 1.54 2.27 1.45 7.42 
Giza 195 51.33 47.78 1.67 19.44 2.58 1.74 2.65 1.57 8.54 

L.S.D. at 5% 
I 1.65 2.60 N.S 1.21 0.32 0.04 0.15 0.04 0.21 
Cu 1.01 1.35 N.S 1.32 0.13 0.03 0.15 0.07 0.20 
I x Cu 1.67 2.35 N.S N.S 0.23 0.06 N.S 0.13 0.34 

2010/2011 

1686 m3/fed. 
Giza 531 42.33 43.33 2.00 12.00 2.43 1.71 2.35 1.29 7.79 
Giza 3 67.00 56.67 1.67 18.67 2.73 1.87 2.50 1.87 8.97 
Giza 195 57.67 47.67 2.00 21.67 3.47 2.15 2.95 1.91 10.31 

Mean 55.67 49.22 1.89 17.44 2.88 1.91 2.60 1.69 9.02 

1305 m3/fed. 
Giza 531 40.67 42.67 1.33 10.67 2.14 1.41 2.09 1.23 6.87 
Giza 3 66.00 52.00 2.00 15.67 2.34 1.63 2.37 1.40 8.08 
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Giza 195 54.00 45.33 1.33 17.67 2.86 1.89 2.71 1.55 9.01 
Mean 53.56 46.67 1.56 14.67 2.45 1.64 2.39 1.39 7.99 

924 m3/fed. 
Giza 531 40.33 40.33 1.33 8.67 2.05 1.13 1.58 1.27 5.76 
Giza 3 62.33 50.00 2.00 13.00 1.84 1.37 2.17 1.22 6.59 
Giza 195 50.33 42.33 1.67 15.00 1.79 1.57 2.51 1.42 7.29 

Mean 51.00 44.22 1.67 12.22 1.89 1.35 2.09 1.25 6.55 

Mean values 
cultivars 

Giza 531 41.11 42.11 1.56 10.44 2.21 1.42 2.01 1.22 6.80 
Giza 3 65.11 52.89 1.89 15.78 2.31 1.62 2.35 1.50 7.88 
Giza 195 54.00 45.11 1.67 18.11 2.71 1.87 2.73 1.63 8.87 

L.S.D. at 5% 
I 1.05 0.25 N.S 1.54 0.22 0.04 0.11 0.04 0.23 
Cu 1.21 0.92 N.S 1.06 0.19 0.03 0.05 0.06 0.29 
I x Cu 2.08 1.59 N.S N.S 0.32 N.S 0.10 0.10 N.S 

I = Irrigation                              Cu = Cultivars                                I x Cu = Interaction 

  
 Effect of Varieties 

Growth parameters of chickpea varieties in the two experimental seasons of 2009/ 2010 and 2010/ 2011 are 
exhibited in Table (2). Data showed that growth parameters; i.e. plant height, leaves No. and pods No./ plant and 
stem, leaves, pods, roots and total dry matter/ plant  in the two growing seasons were significantly affected by 
chickpea varieties. With regard to the No. of branches/ plant there were no significant differences among the 
three varieties in the two growing seasons. It is worthy to mention that Giza 3 variety exhibited its significant 
superiority in plant height and No. of leaves/ plant followed by Giza 195 in both growth seasons. However, Giza 
195 showed its superiority in pods No. / plant and stem leaves, pods, roots and total dry matter / plant followed 
by Giza 3 in the two growing seasons. Contrarily, Giza 531 variety showed its inferiority against the other two 
varieties in all significantly affected growth parameters in the two seasons of study. The different behavior of 
varieties observed in the studied characters might reflect the differential expressivity of certain genes during 
autogenetic processes. These results agree with those of Hafiz (1999), Hamed (2003) and Mirza, et al (2007) on 
chickpea ; Abou El-Hassan et al. (1993) on bean; Sohair et al. (1998) on soybean;  and El-Noemani et al. (2010) 
on green bean who showed that Paulista variety exhibited its superiority in growth parameters against Bronco 
variety.  

 
 Effect of Interaction: 

Effect of interaction between irrigation regimes and varieties on vegetative growth characters is exhibited in 
Table (2). Significant differences due to interaction were attained in all growth parameters in both experimental 
seasons except for No. of branches and pods No. / plant in both experimental seasons, dry matter of  pods in the 
first season as well as both dry matter of leaves and total plant in the second season. 

Data demonstrated that Giza 3 variety showed its highest values of plant height and leaves No. / plant when 
plants were irrigated by 1686 m3/ fed. / season in both years of investigation. However, Giza 195 exhibited its 
superiority in dry matter of stem and roots in both seasons of study, dry matter stem and roots in seasons, dry 
matter of leaves and total plant in the first season as well as dry matter of pods in the second season. No obvious 
trend was detected due to the lowest interaction values of plant growth parameters. 

 
2. Yield and its components: 
Effect of Irrigation Regimes: 

Data shown in Table (3) contain the effect of irrigation regimes; i.e. 1686, 1305 and 924 m3/ fed. / season 
on productivity and its related criteria of chickpea (Cicer arietinum L.) varieties in the two experimental seasons 
of 2009/ 2010 and 2010/ 2011.  It is clear from Table (3) that yield and its related parameters ; i.e. plant height 
(cm), number of pods/ plant, weight of pods/ plant (g), weight of seeds/ plant(g), seed index (100- seed wt., g), 
seed yield per fed. (kg), straw yield per fed. (kg) and biological yield per fed. (kg) in the two growing seasons 
were significantly affected by irrigation treatments. Concerning the No. of branches/ plant, there were no 
significant differences among the three irrigation treatments in the two growing seasons. It is worthy to reveal 
that a very clear trend was attained indicating that increasing irrigation level led to significant increases in all 
studied yield criteria in both growth seasons except for No. of branches/ plant. Decreasing irrigation amounts 
(water stress) led to substantial decreases in the aforementioned yield parameters. Irrigation treatments could be 
arranged as follows: 1686, 1305 and 924 m3/ fed. / season in a descending order. The results reported here in 
this investigation coincided with those previously obtained by: Mokhtarand El-Warraky (2001); Hamed (2003); 
Woldeamanuel et al. (2006); Bakhsh, et al. (2007); Zein El-Abdin (2007); Ghassemi-Golezani, et al. (2008); 
Khamssi1 et al., (2010); Mafakheri1 et al. (2010) and Hirich et al. (2011). Similarly, El-Noemani, et al. (2009) 
on pea found that increasing irrigation level up to 100% ETo increased green pods and dry seeds yields / fed. 
Moreover, El-Noemani, et al. (2010) on green beans exhibited that the highest values of pods yield/fed. were 
achieved by 80% ETo irrigation treatment.  

In the same connection Abdel-Mawgoud et al. (2005) on green bean also reported that increasing irrigation 
rate may increase water availability in the root zone resulting in improving plant water status and better stomatal 
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conductance which eventually reflects on photo- assimilates production. These effects are translated in terms of 
total fresh and dry weights of the plant which showed a positive response to increasing irrigation level. 
Moreover, Abdel-Mawgoud (2006) on snap been, stated that increasing irrigation level increased green pods 
yield. The increase in pods yield by increasing irrigation level may be due to that increasing applied water 
increased moisture content in the soil that reflects on plant metabolism and production of higher yield. Hsiao 
and Acevedo (1974) revealed that the detrimental effect of water stress on total yield of dry seeds and its 
components of pea plants may be attributed to the reduction in vegetative growth. Besides, low soil moisture 
adversely affected the hormonal balance, plant development, translocation and partition of assimilates among 
different plant organs which in turn may negatively affect dry seeds yield.  

 
Table 3: Effect of irrigation treatments, cultivars and their interaction on yield and its components of chickpea plants in 2009-2010 and  

               2010-2011 seasons. 

Irrigation 
treatments 

Cultivars 
Plant 
height 
(cm) 

No. of 
branches/ 
plant 

No. of 
pods/ 
plant 

Wt. of 
pods/ 
plant (g) 

Wt. of 
seeds/ 
plant 
(g) 

 100 
seeds 
wt. 
(g) 

Seed 
yield/fed. 
(kg) 

Straw 
yield/ 
fed. (kg) 

Biological 
yield/fed 
(kg) 

2009/2010 

1686 m3/fed. 
Giza 531 44.67 2.67 24.33 17.47 14.44 21.63 1155.20 2344.27 3499.47 
Giza 3 70.33 3.00 29.67 13.12 10.46 20.05 837.33 2300.80 3138.13 
Giza 195 60.33 3.00 29.33 18.04 13.43 20.56 1073.80 2262.67 3336.47 

Mean 58.44 2.89 27.78 16.21 12.78 20.74 1022.11 2302.58 3324.69 

1305 m3/fed. 
Giza 531 42.00 3.00 20.33 14.72 11.96 20.16 935.20 2207.20 3142.40 
Giza 3 66.00 2.67 26.00 10.97 8.40 19.71 672.27 2177.60 2849.87 
Giza 195 56.00 3.00 23.67 14.15 11.63 19.92 930.13 2165.33 3095.47 

Mean 54.67 2.89 23.33 13.28 10.57 19.93 845.87 2183.38 3029.24 

924 m3/fed. 
Giza 531 39.67 4.00 14.33 11.07 8.40 19.93 700.28 2058.40 2758.69 
Giza 3 61.00 2.67 19.33 8.95 7.67 18.58 612.53 1971.47 2584.00 
Giza 195 51.00 3.33 17.33 10.95 9.57 18.95 765.87 2051.73 2817.60 

Mean 50.56 3.33 17.00 10.34 8.66 18.97 692.89 2027.20 2720.10 

Mean values 
cultivars 

Giza 531 42.11 3.22 19.67 14.42 11.63 20.39 930.23 2203.29 3133.52 
Giza 3 65.78 2.78 25.00 11.01 8.84 19.45 707.38 2149.96 2857.33 
Giza 195 55.78 3.11 23.44 14.39 11.54 19.81 923.27 2159.91 3083.18 

L.S.D. at 5% 
I 0.61 N.S 1.44 0.96 0.74 0.07 59.62 4.56 56.61 
Cu 0.95 N.S 1.12 0.71 0.39 0.04 31.71 11.16 33.86 
I x Cu 1.64 N.S N.S 1.24 0.68 0.08 54.92 19.33 58.64 

2010/2011 

1686 m3/fed. 
Giza 531 45.00 3.00 24.33 18.90 14.61 24.36 1169.07 2357.60 3523.33 
Giza 3 69.00 2.67 32.33 16.53 11.74 22.17 938.67 2104.00 3042.67 
Giza 195 57.33 2.67 28.00 17.74 12.64 23.43 1010.93 2215.20 3226.13 

Mean 57.11 2.78 28.22 17.72 13.00 23.32 1039.56 2225.60 3764.04 

1305 m3/fed. 
Giza 531 43.33 2.67 21.00 19.95 12.60 21.70 1010.67 2166.13 3176.80 
Giza 3 65.33 3.33 26.67 14.21 10.26 20.08 821.07 1982.67 2803.73 
Giza 195 56.33 2.33 26.67 14.98 11.17 21.28 893.60 2110.47 3034.07 

Mean 55.00 2.78 24.78 15.04 11.35 21.02 908.44 2086.42 3004.87 

924 m3/fed. 
Giza 531 40.33 2.67 17.33 12.35 9.96 19.40 797.07 1950.66 2747.73 
Giza 3 62.00 3.33 20.67 10.35 8.40 18.09 672.27 1686.40 2358.67 
Giza 195 51.00 3.67 21.33 11.46 9.62 18.84 769.60 1872.80 2642.40 

Mean 51.11 3.22 19.78 11.39 9.33 18.78 746.31 1836.62 2582.93 

Mean values 
cultivars 

Giza 531 42.89 2.78 20.89 15.73 12.39 21.82 992.27 2158.13 3149.29 
Giza 3 64.44 3.11 26.56 13.69 10.13 20.11 810.67 1924.36 2735.00 
Giza 195 54.89 2.89 25.33 14.72 11.14 21.18 891.38 2066.16 2967.53 

L.S.D. at 5% 
I 0.59 N.S 1.79 0.50 0.13 0.18 11.31 44.70 42.42 
Cu 0.92 N.S 0.73 0.22 0.16 0.19 12.35 28.79 40.43 
I x Cu N.S N.S 1.26 N.S 0.28 0.33 21.40 49.87 70.03 

I = Irrigation                              Cu = Cultivars                              I x Cu = Interaction 

 
Effect of Varieties: 

Data shown in Table (3) exhibit the effect of chickpea varieties; i.e. Giza 531, Giza 3 and Giza 195 on yield 
and its related parameters in the two growing seasons of 2009/ 2010 and 2010/ 2011. The manner of the various 
chickpea cultivars regarding their responses to the different yield and its related parameters was different from 
one character to another. For instance, chickpea cultivar Giza 3 significantly surpassed the other two ones in 
plant height and number of pods/ plant. The rank of cultivars was: Giza 3, Giza 195 and Giza 531 in a 
descending order. This was true in the two experimental seasons. However, another obvious trend was detected 
referring that Giza 531 showed its superiority in weight of pods/ plant (g), weight of seeds/ plant(g), seed index 
(100- seed wt., g), seed yield per fed (kg), straw yield per fed (kg) and biological yield kg per fed. and gave the 
highest significant values followed by Giza 195 and Giza 3 which gave the lowest values in the same concern in 
the two growing seasons. Many investigators reported that chickpea seed yield and its components are greatly 



Aust. J. Basic & Appl. Sci., 6(8): 618-625, 2012 

623 

affected by genotype of variety. Among them are: Hafiz (1999); Mokhtarand El-Warraky (2001); 
Woldeamanuel et al. (2006); Mirza, et al (2007); Bakhsh, et al. (2007); Zein El-Abdin (2007); Ghassemi-
Golezani, et al. (2008); Khamssi1 et al., (2010); Mafakheri1 et al. (2010); and Akbar, et al. (2011).  Moreover, 
Amer et al. (2002-a) concluded that the differences in pods yield of bean varieties might be attributed to the 
different genetic potentiality of every variety. Also, El-Noemani, et al. (2010) on green beans showed that 
Bronco variety surpassed Paulista one in pods yield /fed.  

 
Effect of Interaction: 

Effect of interaction between  and  irrigation regimes and chickpea varieties on yield and its related criteria 
is exhibited in Table (3). Significant differences due to interaction were attained in all studied parameters in 
both experimental seasons except for plant height and weight of pods/ plant in the second season, number of 
pods/ plant in the first season and number of branches/ plant in the two growth seasons. The highest significant 
interaction values of plant height and number of pods/ plant were achieved by Giza3 when plants were irrigated 
by 1686 m3/ fed. / season, whereas Giza 531 showed its superiority in  weight of seeds/ plant(g), seed index 
(100- seed wt., g), seed yield per fed (kg), straw yield per fed (kg) and biological yield kg per fed. when plants 
were also irrigated by 1686 m3/ fed. / season. Regarding the lowest values of interaction for the different yield 
criteria, it was noticed that the lowest plant height and number of pods/ plant values were achieved by Giza 531 
when plants were irrigated by 924 m3/ fed. / season. Furthermore, Giza 3 was inferior in weight of seeds/ 
plant(g), seed index (100- seed wt., g), seed yield per fed (kg), straw yield per fed (kg) and biological yield kg 
per fed. when plants were also irrigated by 924 m3/ fed. / season. 

 
3. Seed total carbohydrates content %, seed total protein content % and water use efficiency Effect of 
Irrigation Regimes: 

Table (4) contains the data concerning the effect of irrigation regimes; i.e. 1686, 1305 and 924 m3/ fed. / 
season on seed total carbohydrates content %, seed total protein content % and water use efficiency (WUE) of 
chickpea (Cicer arietinum L.) varieties in the two experimental seasons of 2009/ 2010 and 2010/ 2011. It is 
clear from the results that irrigation regimes showed significant effect on the three aforementioned criteria in 
both seasons. It is worthy to mention that seed total protein content and water use efficiency of chickpea plants 
increased significantly by decreasing the irrigation level (water stress). In other meaning, chickpea plants 
produced more seed total protein content and used irrigation water more efficiently when they were  subjected to 
water shortage. On the contrary, seed total carbohydrates content exhibited another trend indicating that 
chickpea plants produced significantly more seed total carbohydrates content when irrigation amount was 
increased from 924 and up to 1686 m3/ fed. / season. Our results are in agreement with the results of El-
Noemani, et al. (2010) on green beans who exhibited that the highest values of WUE were achieved by 80% 
ETo treatment and not by 100% ETo.  

 In the literature it was found that increasing irrigation level increased seed quality as well as WUE of 
chickpea plants. This fact was confirmed by: Mokhtarand El-Warraky (2001); Hamed (2003); Woldeamanuel et 
al. (2006); Bakhsh, et al. (2007); Zein El-Abdin (2007); Ghassemi-Golezani, et al. (2008); Khamssi1 et al., 
(2010); Mafakheri1 et al. (2010); and Hirich et al. (2011). However our results were somewhat different from 
those obtained by the aforementioned authors. For example our results showed that seed total protein content 
and water use efficiency of chickpea plants increased significantly by decreasing the irrigation level (water 
stress). On the contrary, seed total carbohydrates content was higher when plants were irrigated by the highest 
amount of irrigation (1686 m3/ fed. / season).  

     
Table 4: Effect of irrigation treatments, cultivars and their interaction on seed total protein % and seed total carbohydrates content % of    

               chickpea plants in 2009-2010 and 2010-2011 seasons.                  
Irrigation 
treatments 

Cultivars Seed total carbohydrates % Seed total protein % W.U.E seed kg/m3 
2009/2010 2010/2011 2009/2010 2010/2011 2009/2010 2010/2011 

1686 m3/fed. 
Giza 531 61.30 60.86 18.06 18.25 0.68 0.69 
Giza 3 60.16 59.23 17.76 16.96 0.49 0.55 
Giza 195 60.86 60.15 18.42 17.90 0.63 0.54 

Mean  60.77 60.08 18.08 17.70 0.60 0.61 

1305 m3/fed. 
Giza 531 60.56 59.89 18.18 19.12 0.71 0.77 
Giza 3 59.28 58.06 18.66 17.85 0.51 0.62 
Giza 195 59.68 59.17 19.05 18.62 0.71 0.68 

Mean  59.84 59.04 18.63 18.53 0.64 0.69 

924 m3/fed. 
Giza 531 58.88 58.03 20.08 20.06 0.75 0.86 
Giza 3 57.67 56.89 19.27 18.36 0.66 0.72 
Giza 195 57.99 57.11 19.94 19.83 0.82 0.83 

Mean       58.16 57.35 19.76 19.60 0.74 0.80 

Mean values 
cultivars 

Giza 531 60.75 59.59 18.77 19.33 0.71 0.77 
Giza 3 59.03 58.06 18.56 17.72 0.55 0.63 
Giza 195 59.49 58.81 19.14 18.78 0.72 0.70 
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L.S.D. at 5% 
I 0.07 0.07 0.19 0.10 0.03 0.01 
Cu  0.06 0.08 0.13 0.90 0.01 0.08 
I x Cu 0.11 0.13 0.22 0.16 0.03 0.01 

I = Irrigation                              Cu = Cultivars                                I x Cu = Interaction 

 
 Effect of Varieties: 

Data shown in Table (4) exhibit the effect of chickpea varieties; i.e. Giza 531, Giza 3 and Giza 195 on seed 
total carbohydrates content %, seed total protein content % and water use efficiency of chickpea varieties in the 
two growing seasons. Generally, it could be concluded that the chickpea cultivar Giza 531 showed its 
superiority in the three aforementioned criteria in both seasons and was followed by Giza 195 and Giza 3, which 
showed the lowest values in the same regard. Regarding the effect of varieties on seed quality, Hamed (2003) 
and Akbar, et al. (2011) revealed that chickpea varieties differed in their seed protein content and or protein 
yield. Moreover, Katerjia, et al. (2001) and Woldeamanuel et al. (2006) stated that chickpea cultivars vary in 
their efficiency in using water to produce high yield (WUE). Also, El-Noemani, et al. (2010) on green beans 
showed that Bronco variety surpassed Paulista one in WUE. 

 
 Effect of Interaction: 

Effect of interaction between irrigation regimes and chickpea cultivars on seed total carbohydrates content 
%, seed total protein content % and water use efficiency is exhibited in Table (4). Significant differences due to 
interaction were detected in all previous three parameters in both experimental seasons.  

The response of chickpea plants regarding the effect of interaction was the same in both seed total 
carbohydrates content % and water use efficiency indicating that the highest significant interaction values were 
achieved by Giza 531 when plants were subjected to water stress (924 m3/ fed. / season). Whereas, the lowest 
significant values in the same connection were shown by Giza 3 plants when obtained the highest amount of 
irrigation (1686 m3/ fed. / season) in both growth seasons. On the contrary, the effect of interaction on seed total 
protein content exhibited another trend showing that chickpea plants of Giza 531cultivar produced significantly 
more seed total protein when plants were irrigated by the amount of 1686 m3/ fed. / season, however the lowest 
values of interaction for the same parameter were obtained by Giza 3 plants when obtained the lowest amount of 
irrigation (924 m3/ fed. / season) in both growth seasons.     
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