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ABSTRACT 
 
 The field experiment was carried out during the two growing  summer seasons of 2011 and 2012, at the 
experimental farm, Faculty of Agriculture, Ain Shams University, Shoubra El-Kheima, Egypt, in order to 
investigate the effect of different sources of nitrogen and foliar application of chelated calcium on vegetative 
growth, flowering characteristics, chemical constituents, seed yield and quality of common bean plants 
(Phaseolus vulgaris L. cv. Bronco). Three sources of nitrogen (ammonium nitrate, ammonium sulphate, 
calcium nitrate) and foliar application of chelated calcium was used at four concentrations (control, sprayed 
with distilled water), 250, 500, 750ppm),were laid out in a split plot design with three replicates. Results 
indicated that ammonium nitrate combined with chelated calcium at 750 ppm, increased leaf number and area 
as well as dry weight of leaves and stem as compared with the other studied sources of nitrogen combined with 
foliar application of chelated calcium. The same treatment also increased chlorophyll reading in leaves. 
Moreover, ammonium nitrate combined with foliar application of 750 ppm chelated calcium produced the 
highest seed yield and quality (lowest electrical conductivity, increased total carbohydrate, seed germination 
and rate). It was therefore concluded that productively and seed yield characteristics of common bean responded 
positively to ammonium nitrate combined with foliar application at 750 ppm chelated calcium.   
 
Key words: Common bean; Phaseolus vulgaris L, source of nitrogen; chelated calcium, vegetative growth, seed 

yield and quality. 
 
Introduction 
 
 Common bean plants (Phaseolus vulgaris L.) is considered one of important legume crops cultivated in 
Egypt for both its green pods and dry seeds which considered as a good source of protein. This crop is an 
important crop in Egypt for either local consumption or for exportation. 
 Andreotti et al. (2005)reported that nitrogen is the nutrient absorbed in higher quantities by bean 
(Phaseolus vulgaris) plant and it is considered a quality element because it is part of the protein composition of 
all plant. Ghoname et al. (2009), on hot pepper, reported that the best nitrogen fertilizer form was ammonium 
nitrate followed by calcium nitrate, ammonium sulfate and lastly coming urea in all vegetative growth 
parameters except for plant height where urea resulted in taller plants than ammonium sulfate. El-Tantawy and 
Ahmed (2013) reported that nitrogen as urea and ammonium nitrate significantly recorded the highest values of 
dry weight for different plant organs as well as total dry weight per plant. Application of N as urea or 
ammonium nitrate recorded the highest values of chlorophyll a in leaves with no significant difference between 
them. In addition, the highest values of chlorophyll b in leaves were recorded when broad bean plants were 
fertilized with urea or ammonium nitrate in the second season only. Fertilizing broad been plants with 
ammonium nitrate significantly increased yield per plant as well as per feddan compared to the other used N 
sources. 
 Favaro et al. (2007)reported that the calcium ions (Ca) play an important role in many biochemical 
processes, i.e., delaying senescence and controlling physiological disorders in fruits and vegetables. Asfanani et 
al.(2008) indicated that the calcium chelate and inhibitor of calcium channels inhibited flower bending caused 
by heaviness in some flower stems. Abou El-Yazied (2011) indicated that the foliar application of 250 or 500 
ppm chelated calcium on common bean increased leaf number and leaf area in the two tested seasons compared 
to the control treatment. On the other hand, Chauhadry et al. (2012) studied the effect of different concentration 
of calcium chloride (0.1, 0.2, 0.3, 0.4 and 0.5 m) on tomato, showed that the highest fruit set was obtained with 
0.5m calcium chloride with maximum number of compound leaves per plant and fruit weight per plant.     
 The objectives of this study were to determine the effects of different sources of nitrogen such as, 
ammonium nitrate, ammonium sulphate and calcium nitrate and foliar application of chelated calcium on seed 
productivity and quality of common bean. 

http://www.trjfas.org/pdf/issue_6_2/123_127.pdf�
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Material and Methods 
 
 The field experiment was carried out during the two growing seasons of 2011 and 2012, at the experimental 
farm, Faculty of Agriculture, Ain Shams University, Shoubra El-Kheima, Egypt, in order to investigate the 
effect of using sources of nitrogen and foliar application of chelated calcium on vegetative growth, flowering 
characteristics, seed yield and quality of common bean (Phaseolus vulgaris L.). 
 Seeds of snap bean “bronco” cultivar were sown on the 1st of March 2011 and 2012 seasons. The area of 
the experimental plot was 8.4 m2 consisted of three rows; each row was 4 m length and 0.7 m width.Theplant 
distance was 7 cm apart on one side. 
 Calcium super-phosphate (15 % P2O5) at 300 kg / fed. was banded on rows at two times, the first (200kg) 
was added during the soil preparation and the second one (100kg) was carried out in the flowering period. 
Potassium sulphate (48% K2O) at 100 Kg/fed. was applied assoil application in two parts, the first part was 
done after three weeks from sowing at the first irrigation and the second one was carried out after one month 
from the first addition. Other cultural managements were followed according to there commendations of the 
Egyptian Ministry of Agriculture. Harvesting was carried out for each sowing date when seeds were matured 
(start yellowing and drying of leaves, i.e., after 80-90 days from planting). 
 
The experimental design and treatments: 
 
 Three sources of nitrogen were applied at rate of 50 Kg N/fed.: ammonium nitrate (33.5 % N), with rate of 
150 kg/ fed., ammonium sulphate (20.5 % N) at 245 kg/fed and calcium nitrate (15.5 % N), with rate of 323 
kg/fed ,were applied as soil application in three portions. The first addition was done during soil preparation, 
second addition after three weeks from planting and the last one was carried out after one month from the 
second addition.  
 Chelated calcium (12% Ca2+ chelated with EDTA produced by U.A.D. Co. Egypt) as foliar application was 
used three times at four concentrations, i.e.,0 (control, sprayed with tap water),250 , 500 and 750 ppm applied 
after 21days from planting, after two weeks from the first spray and after two weeks from second spray. 
 The experiment was laid out in a split plot design with three replicates. The applied sources of nitrogen 
were in the main plots and the foliar applications of  chelated calcium were devoted in the subplots. 
 
Studied characteristics: 
 
 Vegetative growth characteristics: nine plants were chosen at random from three replications (from the 
inner rows) at 50 days from sowing to determine leaf number, leaf area, fresh and dry weight of leaves and 
stem(A.O.A.C., 2005). Leaf area was determined using the recently full expanded fourth leaf from the plant top 
as relation between unit area and leaf fresh weight (Koller, 1972). 
 
Leaf area (cm2)   =    
                Disk FW 

Disk area × No. Disks × Leaf FW 

 
 Flowering characteristics: nine plants from each plot were labelled at random before flowering stage. 
Number of flowers per plant was recorded and fruit set percentage was calculated as follows: 
 
Fruit set %   =      X  100 
 
 
 Leaf chlorophyll reading (SPAD), was determined using the recently full expanded mature upper leaf of 21 
plants in the middle row per plot. A digital chlorophyll meter, Minolta SPAD-502, (Minolta Company, Japan) 
was used. 
 Seed yield and quality: seed yield per feddan was calculated. The electrical conductivity test (EC) of 
common bean seed leakage was determined according to the method of A.O.S.A.(2002), using a digital conduct 
meter model LYS Le1tfahigkeit-35330 (DR LANGE Co., the Netherlands). Seed total carbohydrate and protein 
percentage were measured color imetrically according to A.O.A.C. (2005).Seed germination percentage and 
rate were determined in the laboratory, germination tests were performed in the dark in incubators at constant 
20 ºC. Seeds were placed in plastic Petri dishes volume 10 on a double layer of What man No.1 filter papers 
moistened with 5 ml of distilled water. Percentage of germination as radical protrusion and the rate of 
germination were recorded. All experiments in the laboratory were conducted with four randomized blocks with 
100 seeds from each treatment.  
 
 

Number of setting pods/plant 
Total number of flowers /plant 
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Statistical analysis: 
 
 Data of the two seasons were arranged and statistically analyzed using Mstatic (M.S.). The comparison 
among means of the different treatments was determined, as illustrated by Snedecor and Cochran (1982). 
 
Results and Discussion 
 
Vegetative growth: 
 
 Data presented in Table 1show that ammonium nitrate was, in general, the most favorable for increasing 
plant growth, i.e. leaf number, leaf area and haulm dry weight of leaf and stem, in the two seasons, as compared 
with the other studied sources of nitrogen. Similar findings were obtained by Abd El-Lattief (2011)who found 
that application of ammonium nitrate on sweet sorghum gave the highest leaf number. Similar result were 
reported by El-Tantawy and Eisa (2011) who found that application of ammonium nitrate significantly 
increased dry weight of table beet leaves. On the contrary, Kaleem et al. (2013) reported that ammonium 
sulphate gave the highest value of leaf area compared with other sources of nitrogen on rain fed maize. 
 Respecting the foliar application of chelated calcium, data show that the foliar application of 750 ppm 
chelated calcium showed the highest values of leaf number, leaf area and haulm dry weight of leaves and stem. 
These results may be attributed to the vital role of calcium inside plant tissues, as regulates plant activities, 
especially through protein phosphorylation, and it has major role in cell function and signal transduction 
(Poovaiah, 1986). The obtained results agree with those of Kamel et al. (1986) and Hunter et al. (1995). These 
results are in harmony also with those obtained by Lopez and Satti(1996) who found that addition of calcium to 
saline nutrient solution increased leaf dry weight on tomato. Inaddition, Zaman et al. (2010) found that at 4, 6, 8 
and 10 mM of Ca2+ application, the increase in the leaf are a ratio was 10, 17, 23 and 30%, respectively. The 
obtained results agree with those of Simone et al.(2010), they found a general tendency of higher amounts of 
dry matter with increasing calcium concentrations in the nutrient solution, for all parts of snap bean plants. 
Abou El-Yazied (2011)showed that the foliar application of 500 ppm chelated calcium increased leaf number 
and linearly total leaf area per plant on common bean. In addition, Chauhadry et al. (2012)showed that the 
maximum number of tomato leaves plant was noted with higher concentration of Ca at 400mg L-1. While, 
minimum number of leaves plant was produced by control (without foliar spray of Ca). Lolaei (2012) found 
alsoon tomato that the increase in calcium concentration increased leaf area. 
 Concerning the interactions, the highest values of leaf number, leaf area, dry weight of leaves and stems 
were obtained by ammonium nitrate with foliar application at 750 ppm chelated calcium in both seasons. The 
obtained satisfactory influences of nitrogen treatments and chelated calcium treatments on plant growth may be 
attributed to their favorable effects on chlorophyll reading (Table 3). 
 
Table 1: Effect of different sources of nitrogen and foliar application of chelated calcium on vegetative growth of common bean plants in two season (2011 and 2012).     

2012 season 2011 season Treatments 
chelated calcium 

Mean 75 0ppm 500 ppm 250 ppm 0 ppm mean 750 ppm 500 ppm 250 ppm 0 ppm 
Leaf number 

11.70A 14.16a 12.26c 11.31de 9.83fgh 12.83A 15.83a 13.16c 12.31ed 10.33f NH4NO3 
10.58B 11.33dc 12.18c 10.08fg 9.00h 12.12B 14.00b 12.33d 12.16ed 10.12f NH4)2SO4 (
11.58A 14.21a 13.46b 10.16fe 9.16gh 12.56A 14.52b 14.21b 11.52e 10.27f Ca(NO3)2 

 13.11A 12.33B 10.38C 9.33D  14.77A 13.16B 11.88C 10.20D Mean 
Leaf area (cm2) 

177.8A 196.9a 186.2ab 170.8a-c 157.3c 179.3A 188.0a 177.8b 176.8cb 175.2cb NH4NO3 
157.4B 166.2bc 161.1bc 157.9bc 144.5c 169.4B 174.2b-d 170.3d-f 167.8fe 166.3fg NH4)2SO4 (
158.4B 167.3bc 160.3bc 154.8c 151.1c 166.1C 173.2b-d 171.7c-e 161.6hg 158.4h Ca(NO3)2 

 176.8A 169.2AB 161.2BC 150.9C  178.4A 173.2B 168.6C 166.4C Mean 
Leaf dry weight (g) 

11.89B 13.20b 12.55bc 11.83cd 10.18e 12.97A 15.85a 13.40bc 12.51d 10.15f NH4NO3 
10.96C 14.75a 10.93de 9.79e 8.37f 11.31B 15.71a 10.31f 10.24f 9.19g NH4)2SO4 (
12.51A 13.59ab 13.06bc 12.38bc 11.02de 12.70A 13.83b 13.06cd 12.60d 11.33e Ca(NO3)2 

 13.84A 12.18B 11.33C 9.79D  15.12A 12.25B 11.78C 10.16D Mean 
Stem dry weight (g)  

2.49A 3.63a 2.80b 2.05c 1.50c-e 3.24A 4.85a 3.75ab 2.89cd 1.76cd NH4NO3 
1.39B 1.83cd 1.38de 1.31de 1.03e 1.72B 1.84cd 1.95cd 1.44d 1.66d NH4)2SO4 (
1.46B 2.08c 1.51c-e 1.32de 0.92e 2.08B 2.90cd 1.83cd 1.35d 2.23cd Ca(NO3)2 

 2.51A 1.90B 1.56C 1.15D  3.11A 2.51AB 1.89B 1.88B Mean 
  * Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), small letters (interactions). 
 
Table 2: Effect of different sources of nitrogen and foliar application of chelated calcium on flower number and fruit set of common bean plants in two season (2011 and 2012). 

2012 season 2011 season Treatments 
chelated calcium 

Mean 750 ppm 500 ppm 250 ppm 0 ppm mean 750 ppm 500 ppm 250 ppm 0 ppm 
Flower number / plant 

26.33A 31.66a 27.09cb 24.77cd 21.88f 25.13A 28.77a 28.66a 22.11cd 21.00d NH4NO3 
24.08B 28.22b 25.66cd 21.66f 20.77f 21.69B 24.55ab 23.66b-d 21.43d 17.55e NH4)2SO4 (
24.38B 26.77c 25.88cd 23.88e 21.00f 24.19A 26.22ab 24.11b-d 23.77b-d 22.66cd Ca(NO3)2 

 28.88A 26.18B 23.44C 21.22D  26.51A 25.48B 22.29B 20.40C Mean 
Fruit set (%) 

30.58A 32.44a 30.33a-c 30.33a-c 29.66bc 29.45A 30.66a 29.50a-c 29.33a-d 28.33cd NH4NO3 
29.45B 31.23ab 30.07bc 29.36cd 27.83d 28.58B 29.66a-c 28.66b-d 28.33cd 27.66d NH4)2SO4 (
29.54B 31.33ab 30.16a-c 28.66cd 28.11d 29.41A 30.33ab 30.00a-c 29.00a-d 28.33cd Ca(NO3)2 

 31.44A 30.16B 29.33CB 28.50C  30.22A 29.38BA 28.88BC 28.11C Mean 
* Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), small letters (interactions).        
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Flowering and fruit setting: 
 
 Data in Table 2 presented the response of flowering characters, i.e., number of flowers per plant and fruit 
set percentage, to nitrogen source and chelated calcium. It is obvious that ammonium nitrate source was 
superior than other sources of nitrogen for increasing number of flowers and fruit set percentage.  
With regard to foliar application of chelated calcium, the foliar application of 750 ppm chelated calcium 
showed the highest values of number of flowers and fruit set percentage than the other foliar application 
treatments. The obtained results agree with those of Chauhadry (2012) who showed that Ca2+spray produced 
more number of flower and fruit set percentage on tomato.  
 As for the effect of the different tested interaction treatments, the highest values of number of flowers and 
fruit set percentage were observed when plants were applied with ammonium nitrate combined with spraying 
with 750 ppm chelated calcium. 
 
Leaf chlorophyll reading:  
 
 Data presented in Table 3 show that ammonium nitrate as a sources of nitrogen resulted in the highest 
values of chlorophyll reading compared to the other studied treatments in the two tested seasons. However, no 
significant difference was detected between ammonium and calcium nitrates. 
 With regard to foliar application of chelated calcium, chlorophyll reading values were decreased by 
increasing chelated calcium concentration and the foliar application of 750ppm showed the lowest values of 
chlorophyll reading in two seasons. On the contrary, Abou El-Yazied (2011)reported that the foliar application 
of chelated calcium had insignificant effect on chlorophyll reading of bean leaf. 
 As for the effect of the different tested interaction treatments,the highest values of chlorophyll reading were 
observed when plants reported that the received calcium nitrate and without chelatedcalcium spray. 
 
Table 3: Effect of different sources of nitrogen and foliar application chelated calcium on chlorophyll reading (SPAD) of common bean in two seasons (2011 and 2012). 

2012 season 2011 season Treatments 
chelated calcium 

Mean 750 ppm 500 ppm 250 ppm 0 ppm mean 750 ppm 500 ppm 250 ppm 0 ppm 
39.89A 37.97b-d 39.16a-c 40.23a-c 42.18ab 39.22A 36.99de 37.88cd 40.11bc 41.93ab NH4NO3 
35.72B 34.16de 34.18de 37.71cd 36.73d-e 32.33B 35.26e 30.30g 31.06fg 32.70f NH4)2SO4 (
39.35A 33.03e 39.18a-c 42.23ab 43.05a 38.91A 31.90fg 38.22cd 41.56b 44.45a Ca(NO3)2 

 35.05C 37.51B 40.02A 40.65A  34.72C 35.46C 37.58B 39.54A Mean 
* Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), small letters (interactions).        
 
Seed yield: 
 
 Data presented in Table4 show that ammonium nitrate as a source of nitrogen increased seed yield per 
feddan compared with the other studied sources. Such increments in total produced seed yield might be 
attributed to increase of vegetative growth (Table 1), flower number and fruit set percent (Table 2), as well as 
stimulating the production of chlorophyll (Table 3). In this concern, Mroczkowski and Stuczynski (2006) found 
ammonium nitrate treated barley plants produced higher seed yield. On the contrary, Elsayed et al. (2008) found 
that ammonium sulfate was superior than the other two nitrogen forms in biomass production of yield of basil.  
 Foliar application of calcium chelated at 750ppm produced the maximum seed yield per feddan compared 
with the other studied foliar applications of chelated calcium. It may be deduced therefore, that the bio 
productivity of the horticultural plants could be improved by the application of chelated calcium. The results are 
in agreement with those obtained on sweet corn by Smith (1984) and Hunter et al. (1995). Lopez and Satti 
(1996) on tomato found that addition of calcium to saline nutrient solution increased fruit yield per plant. In this 
respect, Rubio et al. (2009) on pepper found that increasing Ca2+ concentration in the nutrient solution 
increased the fruit production, and the marketable yield. Moreover, Abo Sedera et al. (2010) reported that 
spraying strawberry plants with mineral salts (calcium chloride at 0.5% and calcium nitrate at 1%) increased 
total fruit yield and its components. The obtained results agree with the point of view which was reported by 
Lolaei (2012) who found that fruit yield was higher by calcium application at 150 mM rather than 50 and 100 
mM in Tomato. 
 The differences detected for the interaction between sources of nitrogen and foliar applications of calcium 
chelated treatments were significant. It was noticed that the seed yield per feddan was significantly increased as 
a result of applying ammonium or calcium nitrates accompanied with 750ppm foliar application of calcium 
chelated. 
 
Seed quality: 
 
 Data in Table 5 indicated that seeds produced from plants treated by ammonium nitrate showed the lowest 
electrical conductivity, while those from plant received calcium nitrate resulted in the highest values of 
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electrical conductivity in the two tested treatments. Seeds produced from common bean plants sprayed with 750 
ppm chelated calcium had the lowest electrical conductivity compared with other studied concentrations and the 
untreated chelated calcium gave highest value of electrical conductivity in two tested treatments. As to the 
interactions, the highest values of the electrical conductivity of seed in the two tested season were observed in 
seed of plants treated with calcium nitrate and without chelated calcium. 
 
Table 4: Effect of different sources of nitrogen and foliar application of chelated calcium on seed yield (kg/fed) of common bean seeds in 

two season (2011 and 2012). 
2012 season 2011 season Treatments 

chelated calcium 
Mean 750 

ppm 
500 
ppm 

250 
ppm 

0 ppm mean 750 
ppm 

500 
ppm 

250 
ppm 

0 ppm 

1418A 1560ab 1498a-c 1380dc 1234d-f 1268A 1658a 1212d 1184ed 1018g NH4NO3 
1196B 1407bc 1202ef 1097e-g 1078fg 1230B 1389b 1308c 1144e 1080f NH4)2SO4 (
1249B 1619a 1245ed 1130e-g 1003g 1243B 1648a 1137e 1137e 1049g Ca(NO3)2 

 1529A 1315B 1202C 1105D  1565A 1219B 1155C 1049D Mean 
* Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), 
small letters (interactions).        
 
 The application of ammonium nitrate resulted in the highest value of the total carbohydrate percentage of 
the seed in the two tested seasons. Meanwhile, in the two tested seasons, foliar application at 750 ppm chelated 
calcium gave the highest value of the total carbohydrate percentage of the seed. The untreated bean plants had 
the lowest total carbohydrate percentage of the seed compared with other treatments. This result did not agree 
with that of Abou El-Yazied (2011) who reported that the foliar application of chelated calcium did not 
significantly affect the  carbohydrate percentage of  common bean seed. The interaction effects between sources 
of nitrogen and foliar application of chelated calcium treatments indicated that ammonium or calcium nitrate 
combined with foliar application at 750 ppm chelated calcium gave the highest value of the total carbohydrate 
percentage of seed in both seasons. 
 The application of nitrogen as calcium nitrate resulted in the highest values of seed protein percentage 
compared with the other studied sources of nitrogen treatments in the two seasons. Seeds produced from plants 
untreated with chelated calcium gave the highest total protein percentage compared with the other 
concentrations in the two seasons. Concerning the interaction effects, the results indicated that calcium nitrate 
combined, generally, with untreated chelated calcium produced the highest seed protein. 
 
Table 5: Effect of different sources of nitrogen and foliar chelated calcium on electrical conductivity, total carbohydrates and protein 

percentages of common bean seed in two season (2011 and 2012). 
2012 season 2011 season Treatments 

chelated calcium 
Mean 750 

ppm 
500 
ppm 

250 
ppm 

0 ppm mean 750 
ppm 

500 
ppm 

250 
ppm 

0 ppm 

Electrical conductivity (mS/cm)  
1.29B 1.14f 1.19ef 1.25de 1.57b 1.31B 1.16d 1.26bc 1.30bc 1.51b NH4NO3 
1.30B 1.14f 1.16ef 1.30cd 1.61b 1.39A 1.28c 1.30bc 1.42bc 1.57b NH4)2SO4 (
1.49A 1.32cd 1.38c 1.54b 1.70a 1.44A 1.19d 1.21d 1.59ba 1.75a Ca(NO3)2 

 1.20C 1.24C 1.36B 1.63A  1.21C 1.26C 1.43B 1.61A Mean 
Total carbohydrates (g/100g DW)  

55.84A 58.43a 56.98b 56.06c 51.94e 55.70A 58.44a 56.06b 54.66c 53.74d NH4NO3 
53.14B 56.06c 56.06c 53.74d 46.72f 47.63C 49.06g 50.00f 47.08h 44.43j NH4)2SO4 (
55.81A 58.41a 57.46b 56.04c 51.36e 50.68B 58.42a 51.94e 47.08h 45.32i Ca(NO3)2 

 57.62A 56.83B 55.28C 50.32D  53.44A 48.59D 50.26c 53.07b Mean 
Protein percentages  

20.70B 19.88j 21.50d 21.06f 20.38h 21.22B 21.53e 20.55f 21.63d 20.38g NH4NO3 
20.70B 20.81g 21.13e 20.81g 20.06i 19.30C 20.13i 18.81j 18.13k 20.14i NH4)2SO4 (
22.07A 20.06i 21.69c 22.56b 24.34a 21.72A 20.19h 22.75a 21.69c 22.25b Ca(NO3)2 

 20.25C 21.44B 21.47A 21.48A  20.60C 20.68B 20.48D 20.92A Mean 
* Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), 
small letters (interactions).        
 
Seed germination: 
 
 The addition of ammonium nitrate gave the highest percentage of seed germination compared with other 
nitrogen sources (Table 6). However, no significant differences were detected in the second season among 
sources of nitrogen. Spraying with chelated calcium increased the seed germination percent in both season. 
 The interaction between sources of nitrogen and chelated calcium in the first season indicated that 
ammonium nitrate combined with foliar application at 750 ppm chelated calcium gave highest percentage of 
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seed germination. While, in the second growing season the germination percent was slightly affected by the 
interaction. 
 Concerning seed germination rate of common bean seed, the best rate (the lowest number of days) was in 
seeds produced from plants received ammonium nitrate compared to other treatments. Foliar application of 
chelated calcium at 750 ppm gave the highest rate of seed germination compared with other foliar application of 
chelated calcium in the both growing season 
 The interaction between sources of nitrogen and foliar application of chelated calcium indicated that 
ammonium nitrate combined with 750 ppm chelated calcium gave the highest germination rate compared with 
other treatments.  
 
Table 6: Effect of different sources of nitrogen and foliar chelated calcium on germination percentage and rate of common bean seed during two season (2011 and 2012). 

2012 season 2011 season Treatments 
chelated calcium 

Mean 750 ppm 500 ppm 250 ppm 0 ppm Mean 750 ppm 500 ppm 250 ppm 0 ppm 
Germination percentage  

97.17A 98.33a 98.41a 97.67a 94.67ab 95.79A 98.50a 95.50a-d 95.34a-d 94.17b-d NH4NO3 
96.33A 97.33a 97.10a 96.12ab 95.21ab 93.50B 97.11ba 95.44a-d 92.21dcd 90.22e NH4)2SO4 (
95.92A 98.07a 97.67a 96.22ab 92.00b 93.58B 95.67a-c 94.67a-d 92.33c-e 91.67de Ca(NO3)2 

 97.89A 97.56A 9.56A 93.89B  97.06A 95.06B 93.11CB 91.94C Mean 
Germination rate (days)  

3.91B 3.33c 3.67bc 4.33a-c 4.67a-c 4.42B 3.34d 4.33cd 4.67bc 5.67a-c NH4NO3 
4.92A 4.33a-c 4.67a-c 5.42ab 5.67a 5.67A 5.21a-c 5.67a-c 6.13ab 6.11ab NH4)2SO4 (

4.50BA 3.31c 4.67a-c 5.37ab 5.33ba 5.58A 4.67bc 5.33a-c 6.06ab 6.33a Ca(NO3)2 
 3.44B 4.33A 4.78A 5.22A  4.22C 5.11B 6.56AB 6.10A Mean 

* Values within the column followed by the same latter (s) are not statistically different; at the 0.05 level (Duncan's multiple range test), small letters (interactions).        

 
Conclusions:  
 
 It could be concluded that vegetative growth, flower characteristics, seed yield, and its quality of common 
bean responded positively to ammonium nitrate as a source of nitrogen with foliar application of 750 ppm in 
clay loam soil in the Qaliobia region of Egypt. 
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