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ABSTRACT 
  

The effect of different irrigation regimes was examined in this study on yield and water use of 
green beans (Phaseolus vulgaris L.) irrigated with drip irrigation system under field conditions in 2013 and 
2014 seasons. Three irrigation treatments (100, 80, and 60 % of ET crop and three snap bean varieties 
(Giza 6, Bronco and Paulista) were investigated. The data recoded i.e. plant length, leaves number, bodes 
number, and total yield. Total protein, leaf chlorophyll content and fiber were also estimated in this study. 
The obtained results revealed that increasing irrigation to 100% ET crop promoting vegetative growth, pod 
parameters and yield. Paulista variety gave higher values of plant length, number of branches, pod weight, 
pod parameters and total green yield followed by Bronco and Giza 6. However, in regions where water low 
prevails, water can be lowered to 80% of its full irrigation for the production of snap bean with average 
yield reduction of about 15.6% but with 20% water saving. Therefore, we recommended that the 80% of 
ET crop could be used with Paulista variety because it will be more effective in water use efficiency to 
save the irrigation water and gave the optimal yield of green bean. This study revealed that under deficit 
irrigation, snap bean plants suffered from yield losses than well water plants. This suggests that greater 
precautions need to be taken when using water saving treatments for the production in areas where water is 
not a limiting factor.  
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INTRODUCTION 
 

Snap bean, Phaseolus vulgaris L. which commonly known in Egypt as Phasolia is an important 
vegetable crop for local market and exportation. China is the top producers of snap bean in the world and 
Egypt is considered as 6th ranked with 263.080 tones (FAO, 2013). It is one of the most important food 
crops in Egypt and consumed as a cooked vegetable either as dry seeds or fresh pods. Water is becoming 
increasingly scarce, creating droughts which are becoming still more serious due to changing climate 
conditions, especially in the arid region. As will as, the shortage of fresh water and drought is considered 
one of the most important environmental factors that limit crop production in arid regions.  Irrigation 
scheduling methods based on pan evaporation are widely used because of their easy applications (Elliades, 
1988). With available pan coefficient in hand, pan evaporation (Class A Pan) can be used in the 
arrangement of irrigation programs. Bharat, (1989) compared different pan coefficients and suggested a 
pan coefficient of 0.80 for optimal yield in Fort Valley, USA. 

Beans are rapidly growing plants and very sensitive to soil water conditions and quality, so yield 
can suffer greatly from even brief periods of water shortage. Under such conditions, water stress reduces 
yield of the crop, but cultivars vary in the degree of reduction. Water management in green bean 
production is important at all stages of plant development due to its influence on growth yield and yield 
quality (Smesrud et al., 1997). 

Water stress has been reported to reduce the expression of many parameters in faba beans except days 
to flowering and moisture retention in the leaf (Husain et al.; 1990; Molina et al., 2001). Many studies 
showed that the vegetative growth, total and exportable yield and pod quality of snap bean are greatly 
affected by variation in genotypes Nassar, (1986), Abou El Hassan et al., ( 1993), Amer et al., ( 2002-a), 
Abdel-Mawgoud et al., ( 2007). All plant nutrients, is absorbed in a dissolved form and therefore its 
absorption and utilization is dependent on the availability of water in the root zone. Despite water 
limitation, plant nutrients availability is the main constraint limiting yield in south the Mediterranean basin 
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(Passioura, 2002). Willigen and Noordwijk (1995) demonstrated different studies that modeled the 
relationship of water availability and absorption and utilization rates of plant nutrients. Some management 
practices, for example irrigation, can contribute to the maintained yield under water low conditions, thus 
the development of tolerant genotypes becomes an efficient and economical production strategy. 
Therefore,  the  aim  of  this  work  is  to  study the  effect  of water deficit on growth, yield and water use 
efficiency on some snap bean varieties. 

 
Materials and Methods 

 
 Experimental design and treatments 

The experiment was carried out in the experimental farm Salehia, Ismailia province, Egypt during two 
successive growth seasons of 2013 and 2014 using seeds of snap bean (Phaseolus vulgaris L.). Seeds of 
green bean varieties were sown on two sides of soil beds, 40 cm width at 10 cm apart within the plant rows 
on the 1st of March in both 2013 and 2014 seasons. Before snap been planting, drip lines were placed on 
soil surface at 1.5 meter apart in each row at the center of the soil beds. The treatments comprised of three 
water levels (100, 80 and 60%) of the potential evapotranspiration (ET) referred as (1.0, 0.8 and 0.6 ET) 
estimated according to soil water balance (Allan et al., 1998) and three varieties (Giza 6, Bronco and 
Paulista). The experimental design was split plot randomized block design, where main plot was irrigation 
treatments and sub plot was three cultivars of snap bean. The treatments were replicated three times in 
plots 12.8 m2.  Fertilization with Calcium super-phosphate (15% P2O5) at a rate of 300 kg ha-1 was applied 
during the soil preparation. Nitrogen at rate of 250 kg N ha-1 as ammonium nitrate (33% N) and potassium 
at a rate of 150 kg K ha-1 as potassium sulphate (48 % K2O) were applied during the growth season. 
Cultural management, disease and pest control programs were followed according to the recommendations 
of the Egyptian Ministry of Agriculture. 

 
Crop water requirement  
 

The three irrigation treatments were 100, 80 and 60% of the estimated crop evapotranspiration (ET 
crop), which represented 337 and 342 mm ha-1 of water, for 2013 and 2014, respectively. Crop water use 
was estimated as ET crop using weather data obtained from the Central Laboratory of Agricultural Climate 
for Salhia and the Penman-Monteith method equation (Allen et al., 1998) with FAO crop coefficients for 
snap bean (0.5 for initial, 1.05 for developmental, 0.9 for maturity stages) as suggested by Allen et al. 
(1998). The lengths for the four growth stages were adjusted according to visual observations, which were 
20/30/30/10 days for initial, developmental, mid and maturity stages, respectively. Irrigation frequency 
was carried out every other day throughout drip irrigation system. 

 
Soil and plant measurements 
 

The permanent wilting point (PWP) and field capacity (FC) of the trial soil were determined 
according to Israelsen & Hansen (1962). To determine vegetative growth, samples of 5 plants from each 
plot was taken randomly at 60 days after sowing and the following characters were recorded: plant length, 
leaves number, branches number snap bean per plant. At harvest stage pods yield, the mature pods of bean 
for each experimental plot were collected along the harvesting season and the total pods yield was recorded 
as ton ha per. Pods quality Random sample of 100 pods at the second harvest from each plot was taken and 
average pod weight (g) and pod length (cm) were recorded. At 60 days after sowing, total chlorophyll was 
determined using chlorophyll meter (SPAD502, Osaka, Japan) which estimate SPAD value according to 
the method of Castelli et al., (1996). Total protein (%) was determined as nitrogen content and converted 
to protein % by multiplying N% by 6.25. A random sample of pods was taken from the second harvest 
from each plot and used to determine total soluble solids by Carle Zeis Refract meter. Fiber in pods was 
determined according to Rai and Mudgal, (1988). 

 

Statistical analyses 
 
All data were subjected to statistical analysis using Mstatic (M.S.) software. The comparison 

among means of the different treatments was determined, as illustrated by Snedecor and Cochran (1982). 
Means of the treatments were compared by the Least Significant Differences Test at (0.05) level of 
significance                                           
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Results and Discussion 
 
Plants received 100% of ET crop showed higher total yield for all varieties in both seasons (Table 

1). Snap bean varieties were significantly different in their yield parameters. Furthermore, the highest 
values of total yield and pod weight were recorded in Paulista variety. However, variety Giza 6 recorded 
the lowest values of total yield and pod weight. These data held true in the both seasons of the work. The 
effect of the highest irrigation regime (100%) on plant growth may be due to increasing the available soil 
moisture which in turn may increase the absorption of water and the uptake of nutritional elements. 
However, both water stress treatments significantly affected yield and yield parameters and the snap bean 
variety were responded differently to water deficit. Plant height, leaf number and branch number per plant 
reduced significantly by 80% and followed by 60% of ET crop. The lowest vegetative growth was 
obtained by 60% during the both seasons.  

 
Table 1: Effect of different levels of irrigation on yield and yield parameters of some snap bean varieties. 
Variety  2013 2014 

1.0 ET 0.8 ET 0.6 ET Means 1.0 ET 0.8 ET 0.6 ET Means 
Pod yield (t ha−1) 
   Giza 6 12.69 c 11.07 d 8.47 e  10.47 B 13.76 b 11.28 c 9.23 d 11.42 AB 
   Bronco 14.99 b 12.09 e 10.04 d 12.37 AB 15.34 ab 12.90 b 1058 c 13.03 AB 
   Paulista 17.61 a 15.09 b 12.42 c  15.04 A 17.47 a 15.09  ab 11.61 c 14.72 A 
   Means  15.10 A 12.75 B 10.31 C  15.52 A 13.09 B 10.56 C  
Plant length (cm) 
    Giza 6 42. 3 b 43.5 ab 40.2 bc 40.0  C 43.3 b 43.5 b 40.2  c 40.0  C 
   Bronco 44.5 ab 39.3 c 41.2 bc 41.9  B 44.9 ab 39.9 c 41.5  b 41.9  B 
   Paulista 46.2 a 40.2 bc 42.3 b 43.3  A 47.2  a 40.2 bc 47.2  a 43.3  A 
   Means  42.5  A 41.0  B 35.7  C  43.1  A 41.2  B 36.0  C  
Number of leaves (plant−1) 
    Giza 6 19.2  b 18.3  b 13.2 d 16.0  C  19.3 b 18.90 b 13.23 d 16.0  C 
   Bronco 20.2  ab 14.2  cd 14.2 cd 18.3  B 20.3 ab 15.23 cd 14.23 cd 18.3  B 
   Paulista 21.3  a 15.2  c 15.3 c 19.7  A 22.3  a 16.45 c 22.3  a 19.7  A 
   Means  18.0   A 14.6  B 15.0  C  18.7 A 14.7  B 15.6   C  
Branch number (plant−1) 
Giza 6 8.2  b 8.5  ab 7.1 c 7.9  B 8.2 b 8.9  ab 7.4  c 7.8  B 
   Bronco 8.5  ab 7.1  c 8.1 b 8.5 AB 8.9 ab 7.1  cd 8.1  b 8.3 AB 

Paulista 9.1  a 7.4 c 8.2  b 8.9  A 9.4 a 7.4 c 9.4  a 8.6  A 
   Means  8.1  A 7.7  B 7.5  C  8.2  A 7.9  B 7.3  C  
Number of pods (plant−1) 
    Giza 6  13.5 f 13.1f 18.1 c 14.9  C 14.1  f 15.5 e 19.1  c 24.4  C 
   Bronco 14.1 ef 15.1e 21.2  b 16.8  B 15.4 e 17.4 cd 22.1 b 27.4  B 
   Paulista 15.4  e 16.8 d 31.2 a 21.1 A 16.2 cd 18.1d 32.5  a 33.4  A 
   Means  14.3  C 15.0  B 23.5 A  15.2 C 17.0  B 24.5  A  
Fresh weight of pods (g plant−1) 
    Giza 6 4.90 bc 4.90 bc 3.80 d 4.30  B 6.20 ab 5.20 b 4.10 c 4.77 B 
   Bronco 5.30 b 4.30 c 4.10 c 4.53 AB 6.60 ab 4.90 b 4.60 bc 5.13 A 
   Paulista 6.40 a 4.70 bc 4.20 c 5.27 A 7.20 a 5.10 b 7.20  a 5.50 A 
   Means  5.12   A 4.08   B 3.86  C  6.00   A 4.54  B 3.62  C  
Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
These results agree well with the work by Fatthallah and Gawish, (1997) who found that the 

reduction in plant growth may be due to low soil moisture level which reflects on the reduction in the 
uptake of nutritional elements. Similar trend was obtained by Sing (1989), Ismail (2000) and Amer et al., 
2002 a & b) and Abdel-Mawgoud, (2006) who showed that increasing irrigation regimes significantly 
increased vegetative growth parameters of snap bean. Paulista variety was the highest yield and vegetative 
growth followed by Bronco then Giza 6 varieties in the both growing seasons. Paulista variety increased 
vegetative growth characteristics (Plant height, leaf number, branch number per plant and fresh weight of 
pods) in both seasons. On the contrary the lowest values of vegetative growth were recorded in Giza 6 
variety. The results agree with those reported by El-Noemani, et al. (2009) on pea and 2010 on snap bean, 
Abdel-Mawgoud, (2006) on snap bean. Also, Mozumder et al. (2015) reported that increase of irrigation 
amount increased plant height of bean plants.  
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Regarding interaction effect between different varieties and water stress had a significant effect on 
the vegetative growth characteristics. The highest growth of snap bean plants was found with using 100 % 
of field capacity and Bronco variety in the two seasons. On the other hand, the lowest values of growth 
criteria were showed in 60 % of ET crop for Giza 6 variety. All growth, i.e. plant length, number of leaves, 
branch number and fresh weight of pods as well as total yield and yield parameters, i.e. pod length, total 
soluble solids, total protein, total pigment and fibers were significantly affected by reducing the irrigation 
from 80 to 60% ET crop in both experimental seasons but there is no trend could be detected in the two 
seasons. The same response pattern was also observed in the second season. The showed differences in 
yield parameters of varieties are mainly due to the genotype. These results agree with previous 
observations work by Candilo et al., (1991); Barbieri and de Pascale, (1992). They reported Irrigation level 
of 100% of evapotranspiration was found to produce 90-95% of maximum yield. Ferreira et al., (2000) 
mentioned that the observed inconsistent trend of pod diameter in response to irrigation level can be 
explained on the basis that soil water level had no consistent effect on pod quality characteristics. 

Relationships between irrigation level and bean yield were also showed by Calvache et al., 
(1997);Ustun et al., (1997); Soyergin (1999);Ozekici (2001);Sezgin et al. (2002); Sezen et al. (2005) and 
Mozumder et al. (2005). The application of 100% treatment produced the highest values of (pod length, 
T.S.S and Total protein) while 60% level gave the lowest values of pod quality parameters. The highest 
pod quality parameters (pod length, T.S.S and Total protein) were obtained by Paulista variety. However, 
Giza 6 gave the lowest values of theses parameters in the two study seasons. Similar data were given by 
Mauk et al., (1984); Cselotei and Varga, (1988); Sangakkara, (1990); Castonguay et al., (1991); Folegatti 
(et al., 1998). They suggested that plants grown at full irrigation supply produced higher number of green 
pods with higher quality compared with irrigation at low levels. Mozumder et al. (2005) showed that 
increase of irrigation value increased number of pod and pod yield. The highest values of fiber were 
recorded with plants gave 60% water level while ,the lowest value was gave by plants treated with 100 % 
water level in two gowning seasons. Similar trend was reported by El-Noemani, et al., (2010) and Abdel-
Mawgoud, (2006) on snap bean. 

Result in Table (2) found clearly that, snap bean varieties in two seasons were significantly different 
in fiber. Meanwhile, the highest values of fiber were recorded in Giza 6 variety.  

 
Table 2:  Effect different irrigation levels on quality parameters of some snap bean varieties. 

Variety  2013 2014 
1.0 ET 0.8 ET 0.6 ET Means 1.0 ET 0.8 ET 0.6 ET Means 

Pod length (cm)  
   Giza 6 13.20 ab 13.90 ab 12.10 b 12.43 B 13.90 ab 14.30 ab 13.20 b 13.20 AB 
   Bronco 13.60 ab 12.40 b 12.50 b 13.07 AB 14.50 ab 13.20 b 13.50 b 13.63 AB 
   Paulista 15.40 a 12.80 b 13.20 ab 14.17  A 14.90 a 13.60 b 13.90 ab 14.00 A 
   Means  13.48  A 12.62  B 11.94  C  14.02  A 13.60  AB 12.04  B  

Total soluble solids (TSS)  
   Giza 6 3.12  f 3.51cd 4.11  b 3.76  B 3.11  f 3.54  cd 4.12  b 3.45  B 
   Bronco 3.25  e 3.76c 4.24  ab 4.39  A 3.24  e 3.77  c 4.29  ab 4.12  A 
   Paulista 3.43  d 3.91b 4.53  a 4.55  A 3.44  d 3.92  b 4.54  a 4.34  A 
   Means  3.88  B 4.11A 4.34  A  3.78  B 4.23  A 4.54  A  

Total protein (%) 
   Giza 6 20.11  b 20.11b 17.67 d 17.46 B  20.11 b   18.78 c 17.67 d 17.34 B 
   Bronco 21.88 ab 21.88ab 18.12 cd 19.50 AB 21.88 ab 19.23 bc 18.15 cd 19.23 AB 
   Paulista 22.23 a 22.23 a 18.63 c 21.22 A 22.23 a 19.99 bc 18.66 c 21.11 A 
   Means  20.34  A 18.86 A 15.25  B  21.32  A 17.86 A 15.13 B  

 Chlorophyll Content 
   Giza 6 16.78 c 21.40 a 16.78 c 17.02 B 18.34 c 19.45 b 14.67 fg 15.99 B 
   Bronco 18.67 b 16.43 c 18.67 b 18.66 B 19.78 b 15.34 f 15.34 f 16.89 B 
   Paulista 19.70 b 16.78 c 19.70 b 20.79 A 21.30 a 17.20 d 16.34 e 18.68 A 
   Means  18.23 A 18.39  A 16.09  B  18.39  A 16.01  B 14.19  C  

Fibers (%) 
Giza 6 4.90 bc 4.90 bc 3.80 d 6.12 A 3.80 d 5.20 b 4.10 c 6.15 B 

   Bronco 5.30 b 4.30 c 4.10 c 5.56 AB 4.10 c 4.90 b 4.60 bc 5.66 BC 
   Paulista 6.40 a 4.70 bc 4.20 c 5.34 B 4.20 c 5.10 b 7.20  a 5.37 C 
   Means  6.33  A 6.49  A 6.59  A  6.57  A 6.56  A 6.43  A  

Values followed by the same letter (s) within column are not significantly different (P<0.05) 
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On the other hand, Paulista variety gave the lowest values of fiber. The obtained data held true in the two 
seasons of the study. The obtained data could be correlated with the gene action of the studied varieties. 
This result was agree with Abdel -Mawgoud et al. 2005 on snap bean and Sezen et al. (2005); Mozumder 
et al. (2005) and Ibrahim et al., 2010. However, the lowest fiber was observed in the combined treatment 
of Paulista variety with 100% water level in the two seasons. They also suggested that low irrigation level 
or drought stress caused decreased plant size due to a reduction in extension growth and increased leaf 
thickness. They also indicated that there were changes in leaf area due to the reduction of leaf growth, 
accelerated leaf senescence and a great leaf abscission by the end of stress period. Since plant biomass 
showed moderate tolerance to high heritability and exhibits low genotype interactions has been suggested 
that this variety maybe used as an indirect for selection criterion to improve and stabilize seed yield for 
varieties grown in arid regions (Shenkut and Brick, 2003). 

According to Chaves et al., (2002) the ability of varieties to partition stored vegetable growth to 
reproductive organs to a large extent determines the degree of yield reduction under drought stress 
conditions.  

 

Water use efficiency 
 

Water use efficiency (WUE) is the product of total yield produced over the amount of water applied 
for each treatment (Table 3). The highest value was under 60% ET crop regime. In general, the trends for 
the WUE related to the total amount of irrigation water and the and the production of total fresh pod yields 
for the various treatments showed that the lower the amount of irrigation water received, the higher the 
water use efficiency.  
 
Table 3: Effect of different levels of irrigation on water use efficiency by some snap bean varieties. 
Treatments  Year 2013 Year 2014 

Water applied 
(mm) 

WUE (kg ha−1 mm−1) Water applied (mm) WUE (kg ha−1 mm−1) 

Giza 6   1.0 ET 337 38 342 40 
              0.8 ET 270 41 274 41 
                     0.6 ET 202 42 205 45 
Pronco  1.0 ET 337 44 342 45 
              0.8 ET 270 48 274 47 
                     0.6 ET 202 50 205 53 
Paulista 1.0 ET 337 52 342 51 
              0.8 ET 270 56 274 55 
                     0.6 ET 202 62 205 57 
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