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ABSTRACT 
 
 Water and nitrogen supply are key limiting factors in determining plant growth and production however, the 
form of N supply is still debatable. This study is designed to investigate the effect of different N forms supply 
under different water field capacity in two growing seasons for green bean (Phaseolus vulgaris L.) cv. Bronco. 
The seeds were sown on 15th September in autumn season and on 15th February in summer season in 30cm-
diameter pots filled with sand. Three irrigation treatments (60, 80 and 100% field capacity) (as main plot) and 
five sub treatments of nitrogen forms (100 % of (NH4)2 SO4; 100 % of Ca (NO3)2; 75 % of (NH4)2 SO4 + 25 % 
of Ca (NO3)2; 50 % of (NH4)2 SO4 + 50 % of Ca (NO3)2; and 25 % of (NH4)2 SO4 + 75 % of Ca (NO3)2 were 
applied four weeks after sowing.  Data showed that percentage of water field capacity have strong significant 
effects on all growth parameters and pod yield elements. As field capacity decreased, all plant growth and 
production as well as pod quality decreased despite the growing season. Supply of nitrogen in the ammonium 
form has more positive effects compared to the nitrate form. However, the mixed forms especially the treatment 
of 75% N-NH4 + 25% N-NO3 showed the highest positive effects on most of the measured parameters. It could 
be concluded that when water content in the root zone is not limited, mixed forms of N fertilization in favor of 
N-NH4 will induce positive effects on plant growth and production of green bean crop despite the growing 
season.   
 
Kew words: Green bean (Phaseolus vulgaris L.) Nitrogen forms , Irrigation Regimes.    
 
Introduction 
 
 Nitrogen (N) is one of the major factors limiting plant growth. Worldwide food production doubled in the 
last four decades with a 7-fold increase in N fertilisation (Richards, 2000; Hirel et al., 2007). However, the 
indiscriminate use of N fertilization has led to agricultural, socio-economic and environmentally negative 
impacts such as global warming (from increasing atmospheric N2O), nitrate contamination of aquifers, 
eutrophication of surface water (Giles, 2005). Nitrogen is taken up by the roots principally in the form of nitrate 
(NO3

−) and ammonium (NH4
+), the most abundant N forms present in soil (Marschner, 1995). Taking into 

account both uptake and assimilation costs, NH4
+ should be preferred to NO3

− as a N source. However, NH4
+ 

nutrition usually has deleterious effects on plant growth and can result in toxicity symptoms in many plants 
(Brittoand Kronzucker, 2002). A number of studies have shown that the presence of NO3

− in the nutrient 
solution corrected the negative effects associated with NH4

+ nutrition in certain plant species (Cruz et al., 2003; 
Houdusseet et al., 2005, 2007). However, the nature of the biochemical and physiological events responsible for 
this beneficial effect of NO3

− on NH4
+ nutrition remains unknown. Several authors have suggested that it might 

be related to changes in the physiological pH (Babourina et al., 2007), the maintenance of appropriate 
carboxylate levels (Feng et al., 1998), or to specific changes in the levels of certain plant hormones and 
phytoregulators (Houdusse et al.,2005; Rahayu et al., 2005). 
 Nitrogen, as 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, nitrogen (N) availability is the 
main constraint limiting yield in south the Mediterranean basin (Passioura, 2002). Willigen and Noordwijk 
(1995) demonstrated different studies that modelled the relationship of water availability and absorption and 
utilization rates of plant nutrients. Moreover, the growing season is affecting the water status of the plant, the 
amount of water available in the root zone and the rate of nitrate losses to the air because of the temperature. 
Therefore the effect of nitrogen form (ammonium and/or nitrate) and water availability in the root zone need to 
be studied in different growing seasons for a finer tuning to the fertilization and irrigation strategies for an 
economically important crop such as green bean. 
 Green bean is very important crop in the agricultural system as well as for human consumption in Egypt. 
This importance appears in the form of production where Egypt is ranking in the fifth place in the world in 
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production (305,561 MT) and value (108,643,000 dollars) of green bean with China in the lead (FAOSTAT, 
2011). The total cultivated area in Egypt was estimated by 29367 ha (FAOSTAT, 2011). 
 
Material and Methods 
 
 Seeds of snap bean (Phaseolus vulgaris L.) cv. Bronco were sown on 15th September in autumn season and 
on 15th February in summer season. Plastic pots, 30 cm in diameter were used. Each pot contained 10 Kg of 
sandy soil. Field capacity (F.C) of the used soil was 13% and (EC) 0.4 mmhos/cm. Each pot contained three 
plants. Irrigation treatments were started four weeks after seed sowing, while nitrogen treatments were started 
ones the first true leaf as appeared. The experiment included three treatments of irrigation (main plot) and five 
treatments of nitrogen fertilizer (sub main plot). The experiment cultivated in autumn season and summer 
season. Irrigation treatments were 60 %, 80 % and 100 % of field capacity. Before the application of irrigation 
treatments water was applied at the level of 100 % of field capacity for four weeks.  
 Plants in both seasons were subjected to two sources of nitrogen fertilizer. Ammonium sulfate (NH4)2 SO4 

was used as source of ammonium nitrogen and Calcium nitrate Ca (NO3)2 was used as source of nitrate nitrogen. 
Using different mixtures of these two sources of nitrogen gave the following treatments: 100 % of (NH4)2 SO4; 
100 % 0f Ca (NO3)2; 75 % of (NH4)2 SO4 + 25 % of Ca (NO3)2; 50 % of (NH4)2 SO4 + 50 % of Ca (NO3)2; and 
25 % of (NH4)2 SO4 + 75 % of Ca (NO3)2. The amounts of nitrogen fertilizers for bean plants were applied 
according to the recommendation of Ministry of Agriculture and Land Reclamation of Egypt. The fertilizers 
other than treatments were applied to plants in form of nutrient solution. This nutrient solution consisted of all 
needed macro and micro elements for bean growth. The used nutrient solution was Modified Cooper according 
to Abou-Hadid et al. (1989). 
 All growth parameters were measured on 75 days after sowing and included: Plant height (cm); Number of 
leaves per plant; Fresh weight of leaves (g) as five leaves were taken to calculate the average fresh weight of 
leaf; Dry matter percentage of leaves was determined at 65 ºC for 72 hours using the standard methods as 
illustrated by A.O.A.C. (1984); Leaf area (cm2) as five leaves were taken to calculate the average leaf area and 
were measured using a digital leaf area meter (LI-COR – 300 Portable Area Meter). Yield parameters were 
determined as fresh yield of pods (g / m2); total number of pods (m2); average fresh weight of individual pod 
(g); dry matter percentage of pods was determined at 65 ºC for 72 hours using the standard methods as 
illustrated by A.O.A.C. (1984); and fibers of pods were determined as g/100g dry weight according to A.O.A.C. 
(1984). 
 The experimental treatments were arranged in split plots design (three treatments of irrigation levels and 
five sub-treatments of nitrogen levels) with three replicates. All data were subjected to statistical analysis 
according to the method of analysis of variance and value of least significant difference (L.S.D. at 5%) was 
calculated to compare between means according to Snedicor and Cochran (1980). 
 
Results: 
 
 Vegetative growth represented by plant height, number of leaves and leaf area (figure 1) responded 
positively to the increment in water field capacity with the highest values for the three parameters being reached 
at 100% field capacity. All parameters showed significant positive differences (p 0.95) in response to the 
increment of field capacity. The response could be presented in the linear regression relationships with R20.99. 
Although those responses were similar in their trend, their rates of response (slops) differed depending on the 
growing season. While plant height showed more than the double value of slope in the summer season 
compared to that recorded in the autumn, the slopes of number of leaves and leaf area showed an opposite trends 
in the two seasons with smaller difference values. On the other hand, with the same nitrogen fertilizer dosage, 
plant height, number of leaves and leaf area responded positively and linearly as the fraction of N-NH4

+ 
increased in the applied dose. The differences being significant at p 0.95. The rates of response (the slope) of the 
above mentioned parameters were not as high as that observed with the field capacity treatments. The effect of 
the growing season on those slopes were high in plant height and number of leaves in favor of summer season 
while there was no significant difference between the two slopes in the two growing seasons regarding the leaf 
area. However the initial start (the intercept) of the plant was clear and dominated all over the season for all 
three measured parameters (figure 1). 
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Fig. 1: Plant height, number of leaves/plant and leaf area of the forth leaf from the top of bean plants as affected 

by field capacity (left column)  and percentage of N-NH4 in the application dose (right column). 
 
 Plant fresh and dry weights (Figure 2) responded also positively to the increment in water field capacity. 
The responses could be represented by the linear relationships shown in the figures with R2 higher than 0.90 .All 
differences were significant. The effect of the growing season was clear on the slope of response of the two 
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parameters where higher slopes were observed in the autumn season compared to the summer season in plant 
fresh weight and the opposite trend was observed in the plant dry weight. 
 Similar trends were observed in response to the increment in N-NH4 fraction in the fertilizer dose. Plant 
fresh and dry weights responded positively and linearly to the increment in N-NH4 percentage in the fertilizer 
dose. The effect of the season was clear on the slope of such responses. Only plant dry weight during summer 
season that showed a negative response to the increment of N-NH4 percentage in the fertilizer dose. All 
differences were significantly different at p. 0.05 . 

 
Fig. 2: Plant fresh and dry weights of bean plants as affected by field capacity (left column)  and percentage of 

N-NH4 in the application dose (right column). Plant dry weight is a percentage of fresh weigh. 
 
 Yield components (figure 3) as total weight and number of pods per plant as well as pod quality responded 
positively and significantly to the increment of field water capacity. The responses were positively linear and the 
effect of the growing season was very strong in favor of the summer season. The effect of the growing season on 
pod yield and pod number per plant were not significantly different at 100% field water capacity. The effect of 
the growing season on individual pod weight was also positive but not as strong as in the previous two 
parameters. On the other hand, increasing the fraction of N-NH4 in the fertilizer dose increased pod yield and 
number per plant. The effect of the growing season on that response was not significantly different and the main 
difference was in the initial weight of the growing pods (the intercept). Only individual pod weight that tended 
to decrease in autumn season as the N-NH4 fraction increased in the fertilizer dose (figure 3).    
 
Interactions: 
 
 Plant growth parameters responded almost in the same manner under the interactive effect of the studied 
factors. The effect of water field capacity dominated the other factors specially that of N form. Plant height was 
the highest under 100% field capacity and all combinations of N forms (Table 1). While the shortest plants were 
those fed by NO3

- under 60% field capacity. Number of leaves showed the same trend where the highest values 
were observed in plants grown under 100% field capacity and fed with 75% NH4

+ and 25% NO3
- . Meanwhile, 

the lowest value of number of leaves was recorded under 60% field capacity and NO3
- fertilization.  Average 

leaf area/leaf followed also the same pattern and showed the highest effect under 100% field capacity and 
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fertilization with 75% NH4
+ and 25% NO3

-. Similarly, fresh and dry weights of plants showed also the same 
trend. Seasonal effect was also present where all above parameters were more positively affected in the autumn 
season compared to the summer season (Table 2). 
 

 
 
Fig. 3: Pod yield (g/m2), number of pods and average of individual pod weight(g) of bean plants as affected by 

field capacity (left column)  and percentage of N-NH4 in the application dose (right column). 
 
 Weight of crop yield recorded the highest significant value in plants grown in 100% field capacity and 
fertilized with 100% NH4

+-N followed by 75% NH4
+ and 25% NO3

- treatment (Table 2). Meanwhile, the lowest 
yield production was recorded in plants grown in 100% field capacity and fertilized with 100% NO3-N. The 
weight of pod yield was a reflection of pod number which also showed the same trend. Average weight of 
individual pods was not as clear as the total weight and number of pods however, the effect of water field 
capacity was very clear and dominant. Seasonal effect was very obvious in favor of autumn season compared to 
summer season regarding all yield parameters (Table 2). 
 Table (3) shows the effect of treatments interaction on pod dry matter and fiber contents as parameters of 
quality. The highest value for dry matter content was recorded in 100% and 75% NH4 with 100% and 80 water 
field capacity respectively with no significant difference between them. The lowest value of than parameter was 
recorded in 100% and 75% NO3 with 80% and 60% water field capacity respectively with no significant 
difference between them. 
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Table 1: Plant height, number of leaves/plant, leaf fresh and dry weights and leaf area of the forth leaf from the top of bean plants as 
affected by the interaction of different field capacity levels and percentages of N-NH4 in the application dose. 

Treatments Summer season Autumn season 
% of 
field 

capacity 

N source Plant 
height 

number 
of 

leaves 

leaf 
FW 
(g) 

leaf 
DW 
(%) 

LA Plant 
height 

number 
of 

leaves 

leaf 
FW 
(g) 

leaf 
DW 
(%) 

LA 

60% 100% NH4-N 20.28 4.11 0.75 18.37 29.10 29.61 7.83 2.07 18.63 105.07 
100% NO3-N 18.17 2.33 0.69 19.62 29.84 27.39 6.33 1.69 14.16 83.70 
75% NH4-N 

+ 25% NO3-N 
20.11 2.78 0.72 18.42 31.26 29.44 7.33 2.05 16.77 104.66 

50% NH4-N 
+ 50% NO3-N 

16.11 3.06 0.63 18.71 25.46 28.08 5.89 1.86 15.93 93.78 

25% NH4-N 
+ 75% NO3-N 

19.00 2.67 0.54 19.53 25.79 27.21 7.56 1.98 14.55 90.16 

80% 100% NH4-N 31.22 4.67 1.01 18.45 43.37 30.17 7.72 2.58 16.93 140.47 
100% NO3-N 27.83 3.33 0.61 20.64 27.29 29.17 8.94 2.89 15.46 124.23 
75% NH4-N 

+ 25% NO3-N 
28.11 4.78 0.96 19.83 38.46 33.39 9.78 2.93 17.20 129.87 

50% NH4-N 
+ 50% NO3-N 

26.50 4.00 1.02 18.95 37.96 32.06 10.22 2.92 15.63 122.49 

25% NH4-N 
+ 75% NO3-N 

23.61 3.06 0.68 20.56 28.73 32.00 8.56 2.55 15.43 129.97 

100% 100% NH4-N 33.72 6.11 1.32 20.22 55.32 36.75 10.50 3.18 17.73 145.08 
100% NO3-N 29.17 4.44 0.90 22.57 43.12 35.06 8.89 2.81 16.14 138.27 
75% NH4-N 

+ 25% NO3-N 
36.00 6.89 1.73 19.23 65.10 33.94 10.33 2.76 17.38 136.01 

50% NH4-N 
+ 50% NO3-N 

36.17 5.50 1.23 20.54 55.31 33.65 10.33 2.84 17.83 136.27 

25% NH4-N 
+ 75% NO3-N 

36.33 5.50 1.12 19.98 45.04 32.92 10.06 3.00 16.01 136.38 

L.S.D at 
0.05 

 3.29 0.76 0.21 1.26 6.90 2.12 1.20 0.13 0.94 7.55 

  
 
Table 2: Pod yield, number of pods and average weight of individual pods of bean plants as affected by the interaction of different field 

capacity levels and percentages of N-NH4 in the application dose. 
Treatments Summer season Autumn season 

% of field 
capacity 

N source F. yield/m2 

(gm) 
Number of 

pods/m2 
Avg.weight of 

pods (gm) 
F. yield/m2 

(gm) 
Number of 

pods/m2 
Avg.weight of 

pods (gm) 
60% 100% NH4-N 124.60 55.61 2.25 452.08 166.52 2.73 

100% NO3-N 49.58 28.42 1.78 234.50 77.42 3.04 
75% NH4-N 

+ 25% NO3-N 
113.28 50.76 2.31 555.92 186.66 3.04 

50% NH4-N 
+ 50% NO3-N 

70.00 41.77 1.76 361.43 144.24 2.53 

25% NH4-N 
+ 75% NO3-N 

106.75 63.52 1.64 238.93 85.91 2.81 

80% 100% NH4-N 313.83 118.07 2.67 638.05 231.01 2.78 
100% NO3-N 195.65 76.29 2.54 444.50 116.67 3.83 
75% NH4-N 

+ 25% NO3-N 
272.65 126.19 2.21 543.78 179.24 3.04 

50% NH4-N 
+ 50% NO3-N 

180.95 71.75 2.51 497.58 154.85 3.51 

25% NH4-N 
+ 75% NO3-N 

158.32 67.25 2.41 467.37 146.42 3.54 

100% 100% NH4-N 705.83 258.35 2.73 574.35 194.77 2.96 
100% NO3-N 381.50 147.36 2.58 582.17 193.03 3.04 
75% NH4-N 

+ 25% NO3-N 
624.40 229.02 2.72 565.48 172.88 3.27 

50% NH4-N 
+ 50% NO3-N 

608.53 218.00 2.79 695.57 200.45 3.48 

25% NH4-N 
+ 75% NO3-N 

501.67 171.33 3.00 515.55 151.67 3.39 

L.S.D at 
0.05 

 57.03 28.57 0.29 86.38 24.74 0.49 
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Table 3: Pod quality as dry matter and fiber contents of bean plants as affected by the interaction of different field capacity levels and 
percentages of N-NH4 in the application dose. 

Treatments Summer season Autumn season 
% of field 
capacity 

N source DM of pods (%) Fibers content (%) DM of pods (%) Fibers content (%) 

60% 100% NH4-N 10.82 6.39 8.41 10.80 
100% NO3-N 10.39 8.63 7.23 10.83 
75% NH4-N 

+ 25% NO3-N 
10.31 6.80 8.41 11.23 

50% NH4-N 
+ 50% NO3-N 

10.38 8.07 8.35 10.53 

25% NH4-N 
+ 75% NO3-N 

10.17 8.27 7.10 10.80 

80% 100% NH4-N 10.57 6.08 8.21 10.05 
100% NO3-N 10.07 7.82 7.84 9.09 
75% NH4-N 

+ 25% NO3-N 
11.16 5.80 8.14 11.13 

50% NH4-N 
+ 50% NO3-N 

10.63 6.10 8.07 11.35 

25% NH4-N 
+ 75% NO3-N 

10.52 6.15 7.66 10.40 

100% 100% NH4-N 11.50 4.90 8.83 10.87 
100% NO3-N 10.69 7.63 7.47 9.87 
75% NH4-N 

+ 25% NO3-N 
10.43 5.00 8.22 10.41 

50% NH4-N 
+ 50% NO3-N 

10.44 5.88 8.10 10.25 

25% NH4-N 
+ 75% NO3-N 

10.63 7.73 8.31 8.85 

L.S.D at 0.05  0.31 0.88 0.32 0.74 

    
Discussion: 
 
 There is no question about the necessity and importance of nitrogen as a nutrient for plant growth and 
production however; the debate will always be about the amount and form of application. In this regard, this 
study focused on the form of application as affected by water content in the root zone. Decreasing field water 
capacity decreased all plant growth parameters and crop yield. These results are common with water restriction 
and similar results have been reported recently with castor bean as water restriction increased (Riosa et al., 
2013). Earlier, Nunez-Barrious (1991) and Nielsen and Nelson (1998) reported that increasing water applied to 
snap bean plants (Phaseolus vulgaris L.) increased plant growth, plant size, plant height, number of leaves, total 
leaves area/plant and fresh weight of leaves. 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.  
 These results has also been observed in our study and the same explanation can be used. Regarding N form, 
as N-NH4 percentage increased more positive effects on plant growth and production increased. Many reports 
on positive effects of N-NH4 fertilization on bean plants growth and production have been reported earlier 
(Veiga and Ruchel, 1982; Almeida et al., 1982; Nathan et al., 1989). These effects can be explained based on 
the effect of the applied treatments on the internal hormonal balance of the plants. Several authors have reported 
that the concentration and the form of N sources have important influences on endogenous cytokinin (CK) 
synthesis (Singh et al., 1992; Wagner and Beck, 1993). According to some research, plants grown with the 
presence of NH4

+ in the nutrient solution present higher levels of CK than NO3
−-fed plants (Chen et al., 1998; 

Mercier et al., 1997). This explain the promoting growth effect as N-NH4 increased. Walch-Liu et al. (2000) and 
Rahayu et al. (2005) showed that a long and short-term NO3

− supply stimulated leaf growth and enhanced zeatin 
(Z) + zeatinriboside (ZR) levels in tomato and tobacco plants. Likewise, N nutrition involving NH4+ and NO3− 
also enhanced tillering in wheat plants due to a higher CK content (Chen et al., 1998). This explain the 
promoting effect of the mixed forms of N supply especially with the lower percentage of N-NO3. Endogenous 
levels of auxins can also be modulated by the mineral N supply. It has been reported that urea treated plants 
presented higher indole acetic acid (IAA) levels than NO3

− or NH4
+- fed plants (Mercier et al., 1997). Likewise, 

NO3
− nutrition enhanced the IAA/CK balance, while NH4

+ and urea shifted this ratio in favor of CK (Mercier et 
al., 1997). 
 Garnica et. al., (2010) reported that the application of NO3

− to NH4
+ -fed plants was also associated with a 

recovery in plant growth, both in roots and shoots, by the end of their experiment. They also observed that the 
beneficial effect of NO3

− treatment in improving plant dry weight was not dependent on the dose of NO3
− 

supplied and this explain the results of our study. Garnica et. al., (2010) observed similar effects either with 
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100_M or with 5mM of NO3
−, with the effect being faster with the lower dose. This explains our results with the 

lower percentage of NO3 (25%) in this study. 
 It can be concluded that low water content in the root zone has a dominant effect on plant growth and 
production of green bean regardless of N-forms supply. However, supplying nitrogen in NH4 forms has positive 
effect especially when mixed with low percentage NO3 form. 
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