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ABSTRACT 
 

 The objective of the present study is to investigate the effect of three spaces 
between plants of 15, 20 and 25 cm and three nitrogen forms of (NH4)2 SO4 20% N, 
NH4NO3 33% N and urea ammonium nitrate liquid (UAN) 32% N on broad bean var. 
Kassasen 1 growth, yield, protein and nitrate accumulation. Two field experiments 
were conducted at Disuq district Kafr El-Sheikh Governorate during the two 
successive winter seasons of 2004/2005 and 2005/2006. The results could be 
summarized as the following: 
1. Wider space (25 cm) between plants had the highest vegetative growth i.e., 

number of leaves plant-1, number of branches and leaf area plant-1, as well as the 
highest number of pods plant-1, green pods weight and green pods plant-1. On the 
other hand, the narrow spaces (15 cm) had the highest green pods weight fed.-1 
and the lowest nitrate, phosphorus %, total nitrogen % and total protein %. 

2. Urea ammonium nitrate had the highest vegetative traits parameter while the 
lowest values were recorded with ammonium sulphate form. Also, the highest 
yield and yield components values were obtained with urea ammonium nitrate in 
both seasons. The lowest nitrate accumulation in the green pods and dry seed 
samples were obtained with (NH4)2 SO4 in both seasons. The highest phosphorus 
% values were observed with (NH4)2 SO4 in both seasons while the highest 
protein % values were recorded with UAN forms. 

 

INTRODUCTION  
 

Broad bean is one of the most important legume crops as a cheap 
form of protein and less requirements of fertilizer. It can grow throughout 
different types of soils. Contaminant food is a reason of human diseases. 
Nitrate is one of the contaminating materials which affect human health. 
Nitrate accumulation in edible plants is a problem when eaten. Part of the 
ingested nitrate may be converted to nitrite causing methaemoglobinaemia or 
even to carcinogenic nitrosamines. ESCF (1997) reported that the committee 
has established an acceptable daily intake (ADI) of 0-5 mg of nitrate per kg 
body weight expressed as sodium nitrate equivalent to 0-3.7 mg/kg body 
weight for the nitrate ions. 

Arnaoot (2001) reported that the highest permissible limit for human 
total consumption is 3.65 mg NO3-N and 0.133 mg NO2-N for adult one. The 
determination of nitrate and nitrite in food stuffs become increasingly 
important because of the concern over excessive human dietary intake of 
these species causing a hazard effect on healthy (Abd El-Hamied, 2001). 
Nitrate occurs naturally in plants and it's levels in vegetables are influenced 
by genetic and interrelated geographic and seasonal factors of light intensity, 
temperature, extent of fertilizer use and weather. Strong positive response to 
supplementary nitrogen and low nitrogen use efficiency can result in high 
levels of nitrate accumulation in the marketable crops (Kaya et al., 2001). For 
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examples, nitrate accumulation of rice grain (Knany and Atia, 2003), nitrate 
accumulation of cucumber fruits (Knany and Abd Alla, 2006) and nitrate 
accumulation of spinach (Lamyaa, 2007). 

Spaces between plants can affect broad bean productivity, seed 
quality and nitrate accumulation. Numerous researchers working on some 
legumes reported variation in yield and yield components due to the change 
in plant density by changing either inter or intra row spacing Sharaf et al. 
(1980) and Uddin (1981) on soybean found that narrowing row spacing from 
60 to 30 cm apart decreased number of pods plant-1, 100 seed weight and 
seed yield. The closer, within row spacing and closer inter-row spacing were 
preferable in the highest yield. Moreover, large plant population and high 
density were economic value owing to obtained higher yield (White and 
Anderson, 1971 on pea, Saleh et al., 1980 on cowpea and Hussein et al., 
1994 on faba bean). Total seed yield fed-1 increased with decreasing the 
spacing between plants, Mohamed and Helal (1999), Masoud (2002). 
Concerning the effect of nitrogen forms. Nitrogen forms can affect broad bean 
productivity and nitrate accumulation of the pods. Knany et al. (2002) studied 
the effect of nitrogen forms on cowpea productivity. They reported that 
nitrogen forms significantly affected seeds yield.  

The objectives of the present study is to investigate effect of spacing 
between plant (light intensity) and nitrogen forms on broad bean productivity 
and nitrate accumulation in the seeds at different growth stages. 

 

MATERIALS AND METHODS 
 

 Two field experiments were carried out at Disuq district Kafr El-
Sheikh Governorate during two successive winter seasons of 2004/2005 and 
2005/2006 to assess effect of three spacing of 15, 20 and 25 cm between 
plants and the effects of three nitrogen forms of (NH4)2  
SO4, NH4 NO3 and urea ammonium nitrate (UAN) on faba bean var. 
Kassasen 1 growth, yield and green pods quality. In all treatments broad 
bean seeds were inoculated by an effective strain of Rhizobium bacteria just 
before sowing. Broad bean seeds were sown in November 5 and 10 in the 
first and second seasons, respectively. 

The experiments were conducted using split-plot system in a 
randomized complete block design, with four replications. The main plots 
were assigned by three spaces between plants and the sub-plot were 
assigned by three nitrogen forms. Each sub-plot contained 4 rows, 5 m in 
length and 0.6 m in width, comprising an area of 12 m2. Sowing was done on 
one side of row, 2 seeds in the hill. The other recommended agricultural 
practices were used. The experiments soil was loamy clay in texture. Some 
soil characteristics were measured according to Jackson (1958) and Black et 
al. (1965) and presented in Table 1. 

According to soil analysis 15 kg P2O5 fed-1 was applied as super 
phosphate calcium 15% P2O5 during soil preparation. The nitrogen fertilizer 
was applied as three forms of (NH4)2 SO4 20% N, NH4NO3 33% N and UAN 
32% N at the rate of 15 kg N fed-1 20 days after sowing. Broad bean growth, 
green yield and yield component were recorded. The obtained data were 
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statistically analysed using COSTAT Software (1985), and revised LSD test 
was used to compare the differences among treatments means (Snedecor 
and Cochran, 1972). 
 Fresh samples were collected during the growth period for monitoring 
nitrate states in green pods as follow: 
1. The first mature leaf (the fourth from top) with the first pod stage. 
2. The first green pod on the plant (when the seeds become suitable for 

eaten). 
3. The fifth green pod (the mid stage for the plants). 
4. Seeds at harvest. 
 Nitrate in the seeds of the collected samples were determined 
according to Singh (1988). 
 Ten samples oven dried at 70oC, crashed and digested using 
sulphoric + perchloric acids according to Piper (1947). 
 Total nitrogen was determined by Kjeldahel method, phosphorus was 
determined colorimetercally according to Jackson (1958), protein was 
calculated by multiplying total N% by 6.25. 
 
Table (1): Some soil characteristics. 

Season 
Mechanical analysis 

Texture pH* 
EC**  

dSm-1 O.M % 

Available nutrients mg 
kg-1 

Sand % 
Slit 
% 

Clay  
% 

N P K 

1st 9.0 51.0 40 Loamy clay 7.9 1.2 1.8 32 5.5 440 

2nd 8.7 52.0 39.3 Loamy clay 7.9 1.1 1.8 29 5.5 380 

* 1: 2.5 soil: water suspension 
* Soil past extract. 

 

RESULTS AND DISCUSSION  
 

I. Vegetative growth characters: 
a. Effect of spacing: 
 Data presented in Table (2) show that all vegetative traits, i.e. plant 
height, number of leaves, number of branches, leaf area and number of nods 
to first flower were affected by plant spacing. Plants grown under narrow 
spacing of 15 cm between plants were tallest (100 and 88.7 cm) and number 
of nods to first flower increased (5.2 and 5.0) than those grown under wider 
spacing of 25 cm between plants. The differences were significant in both 
seasons. On the other hand, it is clear that the other vegetative traits were 
improved as spacing between plants increased. The results may reasonably 
be explained as the narrower planting space causes more competition 
between plants for nutrients and light. While the wider space between plants 
gave the chance for more branching and correspondingly more leaves can be 
born by the increased number of branching per plant (Abd El-Rahman et al., 
1983; Morsy, 1986; Metwally et al., 1998 and Masoud, 2002). 
b. Effect of nitrogen forms: 
 Data in Table (2) show that nitrogen forms significantly affected plant 
height, number of leaves, number of branches, leaf area and number of 
nodes to first flower in both seasons. The highest values of vegetative growth 
were obtained by urea ammonium nitrate (UAN) fertilizer in both seasons. On 
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the other hand, the number of nodes to the first flower had the highest value 
with (NH4)2 SO4 in both seasons. This may be due to UAN is fertilizer contain 
the nitrogen in negative ions (NO-

3), positive ions (NH4) and organic 
molecular as urea which increased absorption. These results are in 
agreement with those obtained by Blondel and Blane (1973), Rao and Rains 
(1976) and Knany et al. (2002). 
 

Table (2): Effect of distance between plants and nitrogen forms on 
broad bean vegetative growth characters in 2004/2005 and 
2005/2006 seasons. 

Treatments 
Plant height 

(cm) 
No. of leaves 

plant-1 
No. of branches 

plant-1 

Leaf area plant-1 
(cm2) 

Nods to first 
flower (no.) 

Season 1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

 Spacing (cm) 

15 
20 
25 

100.0 a 
83.0 c 
86.7 b 

88.7 a 
78.1 c 
81.5 b 

54.7 c 
56.8 b 
62.4 a 

41.0 c 
43.5 b 
47.5 a 

2.5 a 
2.6 a 
2.6 a 

1.9 b 
2.0 b 
2.5 a 

3010.6 b 
4041.1 a 
4127.3 a 

2744.9 c 
2940.7 b 
3388.1 a 

5.2 a 
4.9 b 
4.9 b 

5.0 a 
4.9 a 
4.5 b 

 Nitrogen forms  

(NH4)2 SO4 
NH4NO3 

UAN 

86.8 c 
89.7 b 
93.3 a 

79.0 c 
81.5 b 
87.8 a 

55.1 c 
56.9 bc 
61.8 a 

41.2 c 
43.5 b 
47.3 a 

2.4 a 
2.5 a 
2.6 a 

1.8 c 
2.2 b 
2.4 a 

3562.9 c 
3739.5 b 
3876.8 a 

2788.1 c 
2985.5 b 
3300.1 a 

5.4 a 
5.1 b 
4.6 c 

5.1 a 
4.7 bc 
4.5 c 

Values having a similar alphabetical letter, within a comparable group of means, are not 
significantly different, using revised L.S.D. test at 0.05 level. 
 

c. Effect of spacing between plants and nitrogen forms interaction: 
 Data presented in Table (3) show that the interaction between 
spacing and nitrogen forms was significant for plant height, number of leaves, 
number of branches, leaf area and number of nods to the first flower, where 
the highest values of plant height 106.8 and 98.4 cm were obtained with 15 
cm between plants and UAN in the first and second seasons, respectively. 
The plants grown in wider space 25 cm and UAN produced more number of 
leaves, number of branches and leaf area in both seasons. On the other 
hand, the plants grown in narrow space 15 cm and (NH4) SO4 produced 
highest values of number of nodes to the first flower in both seasons. 
 

Table (3): The effect of interaction between distance between plants 
and nitrogen forms on broad bean vegetative growth 
characteristics in 2004/2005 and 2005/2006 seasons. 

Treatments 
Plant height 

(cm) 
No. of leaves 

plant-1 

No. of 
branches 

plant-1 

Leaf area plant-1 
(cm2) 

Nods to first 
flower (no.) 

Spacin
g (cm) 

Nitrogen 
forms 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

15 
(NH4)2 SO4 
NH4NO3 
UAN 

92.9 c 
100.4 b 
106.8 a 

82.3ef 
85.4 b 
98.4 a 

52.9 c 
54.1 c 
57.0 bc 

38.5 d 
41.0 cd 
43.5 cd 

2.3 a 
2.5 a 
2.6 a 

1.8 a 
1.9 de 
2.1 bcd 

2826.4 e 
3037.1 d 
3168.2 cd 

2425.3 g 
2765.5 f 
3043.8 d 

5.8 a 
5.2 c 

4.8 de 

5.3 a 
4.9 b 
4.8 b 

20 
(NH4)2 SO4 
NH4NO3 
UAN 

81.3 g 
82.4 g 
85.5fg 

74.0 l 
77.9 gh 
82.5 de 

54.0 c 
55.5 c 
61.0 b 

40.4 d 
42.5 cd 
47.5 b 

2.5 a 
2.5 a 
2.8 a 

1.9 de 
2.0 cde 
2.1 bcd 

3927.5 b 
4038.8 b 

4157.1 ab 

2742.5 f 
2790.7 ef 
3288.9 bc 

5.3 bc 
5.0 cd 
4.6 e 

5.2 ab 
4.7 b 
4.7 b 

25 
(NH4)2 SO4 
NH4NO3 
UAN 

86.1 fg 
86.3 ef 
87.8 d 

80.6 g  
81.3 f 

82.6 cd 

58.5 bc 
61.3 b 
67.5 a 

44.6 bc 
47.0 b 
51.0 a 

2.5 a 
2.5 a 
2.8 a 

1.9 de 
2.8 a 
3.0 a 

3934.2 b 
4142.7 ab 
4305.1 a 

3196.3 c 
3400.4 b 
3567.6 a 

5.3 bc 
5.0 cd 
4.4 e 

4.8 b 
4.6 b 
4.0 c 

Values having a similar alphabetical letter, within a comparable group of means, are not 

significantly different, using revised L.S.D. test at 0.05 level. 
II. Green pods yield and its components: 
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a. Effect of spacing between plants: 
 Data presented in Table (4) show that broad bean plants grown at 
wider spacing (25 cm between plants) produced the highest values of number 
of pods per plant, five green pods weight and green pods weight per plant. 
While, broad bean plants grown under narrow spacing (15 cm between 
plants) produced the lowest value. The differences were significant in both 
seasons. Pod length and number of seeds per pod were not significantly 
affected by spacing between plants in both seasons. 

On the other hand, broad bean grown at 15 cm between plants 
produced the highest green pods yield, i.e. 4.8 and 5.3 ton/fed. in the first and 
second season, respectively, while plants grown at 25 cm between plants 
produced the lowest green pods yield i.e., 3.0 and 3.3 ton/fed. in the first and 
second season, respectively. This may be due to 15 cm spacing between 
plants led to increase number of plants per fed. 66% (93000 plant fed-1) 
rather than that of 25 cm space (56000 plant fed-1). In this respect, many 
investigators reported that yield per feddan significantly increased as spacing 
between plants decreased. Saleh et al. (1980) on cowpea, found that less 
crowded plants led to higher seed yield per plant but lower seed yield per 
feddan. 
 

Table (4): Effect of distance between plants and nitrogen forms on 
green pod yield and its components for broad bean in 
2004/2005 and 2005/2006 seasons. 

Treatments 

No. of 
pods plant-1 

Five green 
pods weight 

(gm) 

Green pods 
weight plant-1 

(gm) 

Green 
pods 

weight fed-
1 (ton) 

Pod length 
(cm) 

No. of 
seeds  
pod-1 

1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

 Spacing (cm) 

15 
20 
25 

11.5b 
11.7ab 
12.2a 

12.9a 
13.4a 
13.6a 

50.2de 
51.9c 
54.1a 

50.3b 
51.0ab 
52.5a 

117.9b 
124.2a 
126.8a 

133.3b 
136.9ab 
139.9a 

4.8a 
3.9b 
3.0c 

5.3a 
4.4b 
3.3c 

10.0a 
9.8a 

10.1a 

9.8a 
9.9a 
9.9a 

3.7a 
3.7a 
3.9a 

3.8a 
3.8a 
3.9a 

 Nitrogen forms  

(NH4)2 SO4 
NH4NO3 

UAN 

10.2c 
11.5b 
13.7a 

11.5d 
12.9c 
15.5a 

49.8e 
52.0bc 
54.5a 

49.9c 
51.0bc 
52.8a 

101.5c 
124.9b 
142.7a 

115.9c 
136.4b 
157.9a 

3.2c 
4.0b 
4.5a 

3.7c 
4.4b 
5.0a 

9.8b 
10.1a 
10.2a 

9.7b 
9.8b 

10.2a 

3.5c 
3.8b 
4.0a 

3.6c 
3.8b 
4.0a 

Values having a similar alphabetical letter, within a comparable group of means, are not 
significantly different, using revised L.S.D. test at 0.05 level. 
 

b. Effect of nitrogen forms: 
 Data presented in Table (4) clearly show that nitrogen forms 
significantly affected number of pods per plant, five green pods weight, green 
pods weight per plant, green pods weight per feddan, pod length and number 
of seeds per pod in both seasons. The highest value were obtained by urea 
ammonium nitrate (UAN) fertilizer. This due to UAN is fertilizer contain NO3, 
NH4 and urea which help the plants in nitrogen absorption under widdly soil 
conditions and different plant stages. These results are in agreement with 
those obtained by Blondel and Blanc (1973) and Rao and Raino (1976). 
c. Effect of spacing between plants and nitrogen forms interaction: 
 Table (5) shows the comparisons among the various treatment 
combinations of spacing between plants and nitrogen forms application on 
green yield and its components, of broad bean plants.  
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 Data revealed that number of pods plant-1 and five green pods weight 
increased progressively with increasing spacing between plants up to 25 cm 
at urea ammonium nitrate (UAN) fertilizer in both seasons. On the other 
hand, no significant effects of the interaction between spacing between plants 
and nitrogen forms on green pods weight plant-1, green pods weight fed-1, 
pod length and number of seeds pod-1 in both seasons. 
 

Table (5): The effect of interaction between spacing between plants and 
nitrogen forms on broad bean yield and yield component in 
2004/2005 and 2005/2006 seasons.  

Treatments 
No. of 

pods plant-1 

Five green 
pods weight 

(gm) 

Green pods 
weight plant-

1 (gm) 

Green 
pods 

weight 
fed-1 (ton) 

Pod 
length 
(cm) 

No. of 
seeds  
pod-1 

Spacing 
(cm) 

Nitrogen 
forms) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

15 
(NH4)2 SO4 
NH4NO3 
UAN 

10.2f 
11.1e 
13.4b 

11.3h 
12.6e 
14.9b 

48.8f 
50.1ef 
51.8cd 

48.9d 
50.5cd 
51.3c 

99.2a 
120.5a 
134.2a 

114.2a 
135.0a 
150.8a 

4.0cd 
5.0ab 
5.4a 

4.6a 
5.4a 
6.0a 

9.8a 
10.0a 
10.1a 

9.5a 
9.8a 
10.0a 

3.5a 
3.7a 
4.0a 

3.6a 
3.7a 
3.8a 

20 
(NH4)2 SO4 
NH4NO3 
UAN 

10.2f 
11.3de 
13.6ab 

11.4gh 
13.0d 
15.7a 

49.9ef 
51.5de 
54.4b 

50.0cd 
51.0c 
51.9bc 

101.7a 
125.0a 
146.6a 

115.3a 
135.2a 
160.3a 

3.3e 
3.9d 
4.7b 

3.8a 
4.3a 
5.2a 

9.7a 
10.0a 
10.2a 

9.6a 
9.8a 
10.3a 

3.5a 
3.7a 
4.0a 

3.6a 
3.7a 
4.0a 

25 
(NH4)2 SO4 
NH4NO3 
UAN 

10.3f 
12.1c 
14.3a 

11.8fg 
13.2cd 
15.9a 

50.8e 
54.3b 
57.3a 

50.9c 
51.4c 
55.3a 

104.1a 
129.2a 
147.2a 

118.2a 
138.9a 
162.5a 

2.5f 
3.1e 
3.5d 

2.8a 
3.3a 
3.9a 

9.8a 
10.1a 
10.2a 

9.6a 
9.8a 
10.2a 

3.6a 
3.9a 
4.1a 

3.7a 
3.9a 
4.1a 

Values having a similar alphabetical letter, within a comparable group of means, are not 
significantly different, using revised L.S.D. test at 0.05 level. 
 

III. Chemical analysis: 
a. Plant distance: 
1. Effect of spaces between plants on nitrate concentration: 
 It is quite obvious from the data presented in Table (6) that spaces 
between broad bean plants clearly affected nitrate concentration in leave 
samples collected with the first pod time, nitrate concentration in the first pod 
samples, nitrate concentration in the fifth green pod sample (mid plant life) 
and nitrate concentration in the dry seed sample (end plant life). 
 Nitrate gradually increased due to increase space between plants. 
The highest nitrate values of 83.1, 85.7 mg kg-1 in the leaves, 51.7, 67.9 mg 
kg-1 in the first pod, 19.3,18.1 mg kg-1 in the fifth pod period and 7.4, 10.2 mg 
kg-1 in the dry seed in the first and second season, respectively. These may 
be due to plants cultivated under wide spaces had good chance for roots 
distribution and nodulation, large distribution in the roots led to increases of 
nitrogen absorption from the microbial form (symbiotic and non symbiotic 
fixation) and the added fertilizer form. Light intensity had no effects on nitrate 
concentration because broad bean surface area contacted with light is large 
(compound leaves). 
 Also, data show that nitrate concentration decreased in pods with 
increasing plant age i.e., 45.0, 17.0 and 6.0 mg kg-1 in the first pod, fifth pod 
and dry seed, respectively with 15 cm space in the first season. 
2. Effect of space between plants on phosphorus %: 
 Data presented in Table (6) show that space between plant clearly 
affected phosphorus percentage of broad bean green pods of all samples 
collected. The highest values 0.20 and 0.19 in the leaves sample, 0.44 and 
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0.49 of the first green pod, 0.45 and 0.46 of the fifth green pod and 0.44% in 
the dry seed were obtained with 25 cm between plants in the first and second 
season, respectively. This may be due to large space make good root 
distribution and decrease the competitive between plants on available 
nutrients like phosphorus (Tisdal et al., 1992). 
3. Effect of spaces between plants on total nitrogen and total protein in 

the dry seed: 
 Data presented in Table (6) show that, total nitrogen in broad bean 
dry seeds was increased by increasing spaces between plants. Also, protein 
% had the same sequence. The highest protein values of 29.1 and 28.6 were 
obtained with 25 cm space in the first and second season, respectively. 
b. Nitrogen forms: 
1. Effect of nitrogen forms on nitrate concentration: 
 Results presented in Table (6) show that nitrogen forms clearly 
affected nitrate concentration in broad bean during both seasons. 
 The highest nitrate concentration values were recorded with NH4NO3 
of 85.3 and 88.9 mg kg-1 in the leaves sample which collected with the first 
pod period, 52.4 and 70.8 mg kg-1 in the first pod sample, 23.2 and 19.5 mg 
kg-1 in the fifth pod sample and 10.0 and 13.6 mg kg-1 in the dry seeds 
sample in the first and second season, respectively. On the other hand, the 
lowest nitrate values were obtained with (NH4)2SO4 in both seasons. This 
may be due to NO-

3 ions absorbed by roots need more glucose molecular for 
reduction in order to confirm to NH2 which bond in amino acids. In the winter 
season there are cloudy periods which affect phototheneses and glucose 
production, thus some nitrate still in absorbed type (Tisdal et al., 1992). 
2. Effect of nitrogen forms on phosphorus percentage: 
 Results tabulated in Table (6) show that the highest phosphorus % 
values were obtained with (NH4)2 SO4 in both season, while the lowest values 
were observed with urea ammonium nitrate in both seasons. This may be 
due to (NH4)2 SO4 led to decrease soil pH (microsite) which increase 
phosphorus absorption. Similar results reported by Kadar and Pusztai (1997). 
3. Effect of nitrogen forms on total nitrogen and protein %: 
 Data in Table (6) show that urea ammonium nitrate had the highest 
N% and protein % in both seasons, while the lowest N% and protein % were 
observed with (NH4)2 SO4 in both seasons. 
c. Effect of the interaction between spacing and nitrogen forms: 
1. Nitrate concentration: 
 Data presented in Table (7) show that the interaction between 
spacing and nitrogen forms significantly affected nitrate concentration of first 
green pod in the first season, where the lowest value of 40.1 mg kg-1 was 
obtained with 15 cm spacing x (NH4)2 SO4 as nitrogen forms.  
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On the other hand, the highest value of 58.6 mg kg-1 was observed with 25 
cm spacing x NH4NO3. Nitrate concentration of the fifth green pod 
significantly affected by the interaction between spacing x nitrogen forms in 
the first season. The lowest value of 11.4 mg kg-1 was obtained with 15 cm 
space x (NH4) SO4 , while the highest value of 26.0 mg kg-1 was recorded 
with 25 cm space x NH4NO3. 
 In the dry seed the interaction between spacing x nitrogen forms 
significantly affected nitrate concentration in the second season. The lowest 
nitrate value of 3.0 mg kg-1 was obtained with 15 cm space x (NH4)2 SO4. 
2. Phosphorus percentage: 
 No significant effects of the interaction between spacing and nitrogen 
forms on phosphorus % in the all sample studied in both seasons. 
3. Total nitrogen and protein %: 
 No significant effects were detected in both seasons due to the 
interaction between spacing x nitrogen forms. 

 

CONCLUSION AND RECOMMENDATION  
 

 The suitable nitrogen form for faba bean green pods production is 
(NH4)2 SO4 because it was the reason of low nitrate concentration in the 
green pods and high phosphorus %. 

 Nitrate concentration clearly decreased with increasing plant age, thus 
we can use faba bean green pods after the third pod period. 
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  ر       فرى بر و                                                                  تأثير بعض المعاملات الزراعية على المحصول والبروتين وتراكم النتررات
                          الفول الرومى الأخضر والجاف

   ** ى                    ، رمضان إسماعيل كنان   *                        ، يونس بيومى أحمد الورقى   *                      على محمد الدسوقى مسعود
   صر                                                                       قسم بحوث الخضر ـ معهد بحوث البساتين ـ مركز البحوث الزراعية ـ الجيزه ـ م      * 

                                                                       معهد بحوث الأراضى والمياه والبيئة ـ مركز البحوث الزراعية ـ الجيزه ـ مصر     ** 
  

  ث                      يدد ب ثددين بحاث ثدد    س سدد  01  ،     02  ،     51                                               يهدد ا بحث ددى دحددة  أبيددث ثددمسيأ س سددث ةيدد      أب يددث  
                     ن ،  اثدددأب  ب ة ايددد   %  33                   ن ، اثدددأب  ب ة ايددد      %  02                                        صددد أ حديدددة ت بحايثأ )يايدددث  يدددم    ب ة ايددد   

                                                               نب  مددة بحاةدد   بحة صدد ي  ثأكيدد  بحثددأ ثين  ثددأبك  بحاثددأب   ددة بح دد ي %  30                    كيددة   يدد دي ) يدد          بحي أيدد
                                                                 .  حث قيددا بحهدد ا ت)أيدد  ث)أثثدد ن  قميثدد ن ثةا قددث  يدد لا   ك أبح ددي   دد ي  5                   بحأ ةددة صدداا يص صددين

    .    0222 /    0221      ،     0221 /    0222                  بحة يةين بح ث يين 
                                      ويمكن تلخيص النتائج على النحو التالى:

                                                     ي ب ت مة يي ي    ضدأيث   د   ب  أبلا حماثد   ،  د   ب  دأع   01                            تثي ع بحةي  ث ثين بحاث ث          ت  ة - 5
  ن                                                                                     حماث    بحةي  ث بح أييث حماث  ب ،  كذحك ت مة     يدأ ن حماثد      ن  ةدر يدأ ن  ضدأب     

                                        يد ب ثدين بحاث ثد   ت مدة ة صد ي يدأ ن  ضدأب   51                                            بحقأ ن بح ضأب  حماث   ، ثياةد  ت  د  بحةيد  ث  
                                                                      حم  بن ،   ة ا ر بح ي  ت    تيي ة ث ى ةن بحاثأب   بح  ي  أ  بحثأ ثين.

                                                                                            ت    ص أت بحايثأ )ين  اثأب  ب ة اي    بحي أي  بحي دمثب ت مة يي  حمقي يد   بح ضدأيث ثياةد  ك اد   - 0
        ايد                                                                                    تيي بحقي  ةع ص أت بحايثأ )ين  يم    ب ة ايد  ب. كةد  ت  د  صد أت بحايثدأ )ين  اثدأب  ب ة
      حقددأ ن                                                                                      بحي أيدد  بحيدد دمثب ت مددة يددي  حمة صدد ي  ةك ا ثددأ.  يدد  ك ادد  تيددي يددي  حماثددأب  بحةثأبكةددث  ددة ب

                                                                                   بح ضدددأب   بحثدددذ أ بح)  دددث ةدددع بحة  ةمدددث ثيدددم    ب ة ايددد    دددة بحة يدددةين ، كةددد  ت  ددد  ت مدددة يدددي  
      أيدد       بحي                                                                                حم  يد  أ.  يدد  حدد  أ تن ت مددة يدي  حمثددأ ثين  ددة بحثددذ أ بح)  ددث ةدع صدد أت اثددأب  ب ة ايدد   

         بحي دمث.
                     ويمكن التوصية بالآتى:

                                                                                             ي ضي ثيةي  بح  ي بحأ ةة ثية   يم    ب ة اي   كص أت حمايثأ )ين حثقميي بحثم ى بحاثأبثة ث ح  ي. - 5
                                                                                      ي ضي بيث  ب  بح  ي بحأ ةة ح يثه ك ب  ضأ ث   بحقأن بحس حى  يدى حد  أ تن ثأكيد  بحاثدأب   دة  - 0

  .                           بحقأ ن يقي ثثق    ةأ بحاث  
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Table (6): Effect of spacing between plants and nitrogen forms on nitrate (mg kg-1), phosphorus, nitrogen and 
protein concentration (%) of broad bean in 2004 and 2005 and 2005/2006 seasons. 

Treatments 

Nitrate mg kg-1 Phosphorus % Total N % 
in dry 
seed 

Total protein 
% 

In dry seed 
Leaves with 
the first pod 

First green 
pods 

Fifth green 
pods sample 

Seed dry 
sample 

Leaves with 
the first pod 

First green 
pods 

Fifth green 
pods sample 

Seed dry 
sample 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

 Spacing (cm) 

15 
20 
25 

78.0b 
80.0b 
83.1a 

79.8c 
83.1b 
85.7a 

45.0c 
46.2bc 
51.7a 

50.0c 
62.6b 
67.9a 

17.0bc 
19.3a 
16.7c 

15.1c 
16.3b 
18.1a 

6.7b 
6.9ab 
7.4a 

7.9c 
9.4b 

10.2a 

0.19b 
0.20a 
0.20a 

0.18b 
0.19a 
0.19a 

0.40b 
0.42ab 
0.44a 

0.41b 
0.47a 
0.49a 

0.37b 
0.42a 
0.45a 

0.44b 
0.45ab 
0.46a 

0.36b 
0.41a 
0.44a 

0.52a 
0.50a 
0.44a 

4.5b 
4.6a 
4.6a 

4.3c 
4.4b 
4.5a 

27.7b 
28.2ab 
29.1a 

27.0c 
27.5bc 
28.6a 

 Nitrogen forms  

(NH4)2 SO4 
NH4NO3 

UAN 

73.9c 
85.3a 
81.7b 

76.6c 
88.9a 
83.1b 

42.3c 
52.4a 
48.2b 

50.8c 
70.8a 
58.8b 

12.8c 
23.2a 
15.1b 

12.9c 
19.5a 
16.5b 

3.0c 
10.0a 
8.1b 

3.1c 
13.6a 
10.9b 

0.22a 
0.19b 
0.18c 

0.20a 
0.19b 
0.18c 

0.47a 
0.41b 
0.38c 

0.49a 
0.47a 
0.41b 

0.45a 
0.42b 
0.38c 

0.49a 
0.45b 
0.41c 

0.44a 
0.40b 
0.37c 

0.49a 
0.45ab 
0.41b 

4.3c 
4.6b 
4.7a 

4.2c 
4.4b 
4.6a 

26.7b 
28.9a 
29.5a 

26.9c 
27.7b 
28.5a 

 

Table (7): Effect of interaction between spacing between plants and nitrogen forms on nitrate (mg kg-1), phosphorus, 
nitrogen and protein concentration (%) of broad bean in 2004/2005 and 2005/2006 seasons. 

Treatments  Nitrate mg kg-1 Phosphorus % 
Total N 

% 
in dry 
seed 

Total 
protein % 

In dry 
seed 

Spacing 
 (cm) 

Nitrogen 
sources  

Leaves with 
the first pod 

First 
green 
pods 

Fifth 
green 
pods 

sample 

Seed dry 
sample 

Leaves 
with the 
first pod 

First 
green 
pods 

Fifth 
green 
pods 

sample 

Seed dry 
sample 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

15 

(NH4)2 
SO4 

NH4NO3 
UAN 

71.6a 
82.7a 
79.6a 

72.9a 
85.4a 
81.0a 

40.1h 
48.8de 
45.9f 

40.5a 
59.0a 
50.5a 

11.4f 
21.2c 
12.3fg 

12.0a 
17.8a 
15.4a 

2.9a 
9.8a 
7.5a 

3.0g 
11.7d 
9.2e 

0.21a 
0.18a 
0.17a 

0.20a 
0.18a 
0.17a 

0.44a 
0.40a 
0.35a 

0.45a 
0.41a 
0.38a 

0.42a 
0.37a 
0.32a 

0.48a 
0.44a 
0.39a 

0.40a 
0.35a 
0.32a 

0.51a 
0.45a 
0.40a 

4.2f 
4.6c 
4.7b 

4.1a 
4.3a 
4.5a 

25.7a 
28.3a 
29.1a 

26.1a 
27.1a 
27.8a 

20 

(NH4)2 
SO4 

NH4NO3 
UAN 

72.8a 
85.6a 
81.3a 

76.2a 
89.7a 
83.3a 

41.4g 
50.0cd 
47.5ef 

54.8a 
72.5a 
60.5a 

11.4g 
22.3bc 
16.5d 

12.0a 
19.6a 
15.6a 

3.0a 
9.8a 
8.1a 

3.0g 
13.9b 
11.4d 

0.21a 
0.20a 
0.18a 

0.20a 
0.19a 
0.17a 

0.46a 
0.41a 
0.38a 

0.51a 
0.49a 
0.42a 

0.45a 
0.42a 
0.41a 

0.48a 
0.45a 
0.41a 

0.45a 
0.41a 
0.37a 

0.53a 
0.49a 
0.44a 

4.4e 
4.6c 
4.7b 

4.3a 
4.4a 
4.5a 

26.5a 
28.8a 
29.2a 

26.9a 
27.5a 
28.0a 

25 

(NH4)2 
SO4 

NH4NO3 
UAN 

77.3a 
87.7a 
84.4a 

80.7a 
91.5a 
85.0a 

45.4f 
58.6a 
51.1bc 

57.1a 
81.0a 
65.5a 

15.6e 
26.0a 
16.5d 

14.9a 
21.1a 
18.4a 

3.1a 
10.4a 
8.7a 

3.3fg 
15.2a 
12.1cd 

0.23a 
0.20a 
0.18a 

0.21a 
0.19a 
0.18a 

0.51a 
0.42a 
0.41a 

0.51a 
0.52a 
0.43a 

0.49a 
0.45a 
0.42a 

0.50a 
0.45a 
0.43a 

0.47a 
0.43a 
0.40a 

0.53a 
0.50a 
0.47a 

4.5d 
4.7b 
4.8a 

4.4a 
4.6a 
4.7a 

27.9a 
29.5a 
30.1a 

27.7a 
28.6a 
29.6a 
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