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ABSTRACT 
 

Two field experiments were carried out at Burg El-Arab region on 25 farmers' fields during 2014/2015 
and 2015/2016 winter seasons to study the effect of foliar application with solution i.e. Ascorbic, setric and 
benzoic acid and hydrogenone and water as a control on number of irrigations, on growth, yield and its 
components of faba bean c.v. cultivar Sakha 101. Increasing number of irrigations from without irrigation 
to one and two irrigations number caused significant increase in all the growth characters at the two stages 
of growth (105 and 120 days after sowing) in the two seasons, except on characters of number of pods in 
105 days after sowing and on harvest stage. Also, increasing number of irrigations from no irrigation to 
one or two of irrigations outyielded significantly yield and its components, except weight of seeds in the 
first season and weight of pods in the second season. The effect of antioxidation on growth and yield and 
its components caused a significant increase in yield components especially on weight of seeds and protein 
contents in seeds, where solution of hydrogen one exceeded significantly the rate of protein in seeds in first 
season only. The effect of the interaction between number of irrigations and foliar application of 
antioxidation on growth, yield and its components gave no significant effect in the two seasons of study. 
 
Key words :- Faba bean (Vicia faba), Antioxidant foliar application, Ascorbic, setric and benzoic acid, 

hydrogenone 

 

Introduction 
 

Faba bean (Vicia faba) is the most important food legume crop in Egypt. It is very important as a 
source of plant protein and can be used as a vegetable, either green or dried, fresh or canned. It is also used 
as fodder and forage crop for animals and for increasing available nitrogen in the biosphere. The total 
cultivated area in 2012/2013 season reached about 0.2 million feddan and total production exceeded 
269400 ton of seeds with an average of 3.98 ardab/fed. (FAO, 2014). There is need to improve 
productivity and total production to meet the increasing demand for faba bean in Egypt. This could be 
achieved through enhancing crop breeding and agronomic predicts such as sowing dates, irrigation 
treatment and most promising cultivars as major factors determining, faba bean yield and its components 
as well as seed quality. The faba bean crop requires adequate water in all stages of its physiological 
development to attain optimum productivity. But, there are critical points in its growth stages were lack of 
soil moisture greatly impact seed yield. 

Mohamed et al. (1999) found that seed yield was decreased by 52% and 15.5% with one and two 
irrigations, respectively, as compared to three irrigations. This reduction in yield may be due to lower 
number of branches, pods, seeds per plant, pod weight, 100 seed weight. Hasanein (2000) showed that 
giving faba bean plants two irrigations (at 60 and 90 days after sowing) or three irrigations (at 60, 90 and 
120 days after sowing, recorded the highest seed yield. 

El-Galfy (2005) revealed that the yield and its components of faba bean (plant height, number of 
branches/plant, number of seeds/plant, 100 seed weight. Significantly decreased as the number of irrigation 
reduced from three to twice up to one irrigation. 

Plants have developed an antioxidation defense system to counteract stress-induced oxidation stress. 
The antioxidative system induced both enzymatic and non-enzymatic systems. 

Ascorbic acid and stearic acid, benzoic acid and hydrogenon were found to enhance growth and 
chemical composition of different cultivars of faba bean and their roles in plant growth, such as in cell 
division, cell wall expansion and other development all processes (Sadak et al., 2010; Badran et al., 2013 
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and Kotb, 2014). The aim of this work was to examine the effect of antioxidation materials on number of 
irrigations, growth, yield and its components of faba bean plant in new soil and land. 

 

Materials and Methods 
 
Two field experiments were conducted at the experimental farm of farmers' fields during 2014/2015 and 

2015/2016 winter seasons, Alexandria Governorate, Egypt to study the effect of some chemical substances on 
use efficiency of irrigation number from no irrigation to one or two irrigation number and on growth, yield and 
its components of faba bean plant of cv. Sakha 101 in the new reclaimed soils. The preceding summer crops 
were Zea mays in the location of Borg El-Arab in the two seasons. Representative soil samples were taken from 
each site at the depth of 0.3 m from the soil surface. Mechanical analysis gave (clay 20.64%, silt 116.31% and 
sand 63.05%). The soil type was sandy clay loam in texture, while chemical analysis was (pH 8.55, organic 
mater 0.99,  soil salts (EC 1.08 mmhos/cm), available N 22.0 ppm, available P 5.10 ppm and available K 420 
ppm. Also soluble anions (HCO3

- 4.40 meq/L and Cl 0.40 meq/L), while soluble cations were (Ca++ 300 meq/L, 
Mg++ 0.10 meq/L, Na+ 11.00 meq/L and K+ 13.0 meq/L) and total carbonates 32.50 meq/L according to the 
method of Jackson (1966). The experimental soil was fertilized with phosphorus in form of calcium super 
phosphate (15.5 P2O5%) at the rate of 50 kg P2O5/ha before soil preparation. Faba bean was sown on 25/11/2014 
and 28/11/2015 the first and second seasons, respectively. Soils were basically fertilized with 24 K2O in the 
form of potassium sulphate (48% K2O) during soil preparation. Seeds of cultivar Sakha 101 were planted by 
hand in hills with approximately 3-4 seeds per hill. Plants were thinned to two plants per hill after 35 days from 
sowing. Other cultural practices were done as recommended. A split plot design with four replications was used 
in both seasons. The main plots were assigned to number of irrigations (without irrigation, one and two number 
of irrigations) distributed  at random, whereas the sub plots were assigned to foliar applications of some 
antioxidation components (1- ascorbic acid gram/10 liter, 2- citric acid, 3- benzoic acid, 4- hydrogenone at the 
same in gram/10 liters and 5- control). Foliar application for one time (60 days after sowing, while the second 
irrigation was 90 days after sowing. The antioxidation spraying in solution after two weeks after the first and 
second irrigation were allocated randomly in the sub plots. The sub plot area was 12 m2 and included five ridges, 
5 m long, 60 cm apart and 20 cm between hills. The outer two ridges were considered as belt. The central ridges 
were kept to determine growth, yield and its components. Nitrogen fertilizer in form of urea (46.5 N) was 
applied at 30 kg N/feddan in two doses, 50% at sowing and 50% at the first irrigation. 

The collected data in both seasons involved the following traits: 
 
Growth characters: 
 

1. Leaf area in cm2 

2. Plant height cm 

3. Number of leaves/plant 

4. Number of pods/plant 

5. Dry matter accumulation (DM/gm/m2) 

6. Chlorophyll content UE/µ mol/m2S 

7. Nitrogen contents in leaves and in seeds 

 The micro kjeldahl method was used to determine leaf area and chlorophyll was determine by 

chlorophyll meter (model SPAD 502) Minolta camera Co. Ltd. Japan. 

 
Yield and its components: 
 

At harvest time, protein content in seeds was determined according to A.O.A.C. (1980). Samples of 
crude protein percentage was calculated by multiplying total nitrogen percentage by 66.25%. 

 Straw yields were dried and determined based on the moisture content of 14%. 
 Plant height (cm), dry mater accumulation g/m2, number of pods and dry weight of pods and 

number of seeds and dry weight of yield of seeds and finally yield in kg/feddan. 
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Statistical analysis: 
 

The analysis of variance was carried out according to Gomez and Gomez (1984). All means were 
compared by Duncan's multiple range test (Duncan, 1955). All statistical analysis were performed by using 
the analysis of variance technique by means of IRRISTAT computer package. 

 
Results and Discussion 

 
Growth characters: 

 
Data in Table (1) show that number of irrigations had a significant effect on plant height, number of 

leaves/plant, dry weight of leaves, leaf area/plant and number of pods/plant at 105 days after sowing and 
120 days. Irrigation number gave the highest values of plant height, number of leaves/plant, dry weight of 
leaves and leaf area/plant at the two stages in the two seasons, and significant effect on number of 
pods/plant in 120 days after sowing in the first season 2014/2015. While, the number of pods/plant at 105 
days after sowing in second season 2015/2016. The two irrigation treatments produced the maximum 
values as compared with one irrigation or without irrigation at 105 and 120 days after sowing in the two 
seasons of study. 

 
Table 1: Effect of number of irrigation and spraying some antioxidants solution in 102 and 120 days after sowing on growth 

characters. 
Growth 
characters 

Sig. 
No of irrigation 

Sig. Ascorbic Citric Benzoic Hydro Control 
Interaction 

AB None One Two 

Plant height 
** 
* 

36.05 c 
43.7 b 

37.00 b 
46.15 a 

38.75 a 
37.7 a 

NS 
NS 

36.83 
44.66 

37.00 
45.50 

37.83 
46.50 

38.88 
47.25 

37.00 
45.33 

NS 
NS 

No. of leaves 
* 

** 
20.45 b 
20.85 a 

19.65 b 
19.65 b 

19.3 a 
19.05 b 

NS 
NS 

19.33 
19.50 

19.58 
20.00 

19.66 
19.50 

21.00 
20.83 

19.42 
19.42 

NS 
NS 

Leaf area/ plant 
** 
** 

45.83 a 
97.22 a 

44.09 a 
94.21 b 

42.08 b 
91.87 c 

NS 
NS 

43.60 
93.16 

44.91 
92.45 

42.99 
93.46 

44.94 
99.60 

43.56 
93.48 

NS 
NS 

Dry weight of 
leaves 

** 
** 

0.599 a 
0.861 c 

0.595 a 
0.997 b 

0.499 b 
1.218 a 

NS 
NS 

0.563 
0.960 

0.561 
1.030 

0.557 
0.991 

0.578 
1.080 

0.562 
1.070 

NS 
NS 

No. of pods/ 
plant 

** 
* 

1.80 b 
2.75 b 

2.20 a 
3.05 ab 

2.40 a 
3.35 a 

NS 
NS 

2.00 
2.92 

2.17 
3.02 

2.00 
2.83 

2.25 
3.42 

2.25 
3.00 

NS 
NS 

*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 
 
The relationship between water stress from one side and plant height at dry weight of leaves and plant 

from other side is very complex, including many physiological processes probably the process most 
directly and severely affected in photosynthesis and hydroactive closure of stomata may rapidly reduce 
photosynthesis to values near zero (Kramer, 1969). Moreover, Maures et al. (1969) on bean plants found 
that low soil moisture content depressed cell division and cell expansion and this in true causes a decrease 
in plant height Nanda et al. (1988), El-Zeiny et al. (1990) and Abd El-Haleem (1994) showed that the dry 
mater production was reduced greatly in faba bean plants under water stress in this regard. Gendy et al. 
(1955) reported that increasing irrigation number increased vegetative characters. 

Probable explanation for the results, obtained show more Luxuriant use of water, which ultimately 
resulted in increasing transpiration, that reflected the increase in all metabolism process in the plant which 
led to an increase in dry matter accumulation in the different plant organs and that in turn caused an 
increase in seeds/pod, seeds weight/pod. These results are in quite agreement with the appraisals of Sharma 
et al. (1985) and Esmail and Ibrahim (1995). 

Such reduction in these characters may be due to water deficit which was more pronounced in 
treatments received one irrigation throughout the growth season. The results show also that under severe 
water stress (giving one irrigation only). The rate of decrease in plant height and total dry weight of stem, 
leaves and total dry weight per plant as compared with their treatments receiving two irrigations. Data in 
Table (2) indicate that number and dry weight of pods/plant generally were not significantly affected the 
second season. These effects may be attributed to leaf area and dry matter accumulation. In this regard, 
Tamaki and Nika (1971), illustrated that water stress decreased stem extension and consequently plant 
height. The relation between soil water content and the dry matter content followed the first order equation 
for the whole plant. It could be concluded that deficit decreased the dry weight of different parts of broad 
bean plants. In this connection, Nanda et al. (1988) showed that the dry matter production was reduced 
greatly in faba bean plants under water stress. 
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These results are in agreement with those obtained by El-Zeiny et al. (1990), Abd El-Motaleb and 
Abas (1992), Teama (1994), Hassanein (2000), Ibrahim et al. (2002), Galfy (2005), Ahmed et al. (2010) 
and Marwa et al. (2014). 

Data in Table (2) show that foliar spraying with solution of antioxidation compounds (ascorbic acid, 
citric acid, benzoic acid and hydroquinone and control with water resulted in no significant effect in all 
growth characters of 105 and 120 days after sowing in the two seasons. There were insignificant increase 
in plant height, number of leaves and pods/plant, leaf area/plant and dry weight of leaves/plant in gram. 

It could be seen that applied antioxidants as growth promoters hardly decreased the harmful of stress 
on growth, yield and its components of faba bean plants. 

The increase in the growth and development of faba bean plants in response to antioxidation 
treatments might be due to enhancement of cell division and/or cell enlargement and/or to influence DNA 
replication. 
 
Table 2: Effect of number of irrigation and spraying of some antioxidation in 105  and 120 days after planting on some 

growth characters in second season 2015/2016. 
Character 
 

Time Sig. Irrigation number Sig. Antioxidation solution AB 
Non One Two Ascorbic Citric Benzoic Hydroquinone Control 

Plant height 105 
120 

** 
** 

33.45 b 
44.50 c 

39.50 b 
46.80 b 

41.90 a 
49.25 a 

NS 
NS 

39.25 
45.42 

39.75 
48.00 

40.08 
46.75 

41.00 
47.75 

39.66 
46.33 

NS 
NS 

No. of leaves/ 
plant 

105 
120 

** 
* 

17.30 c 
19.30 b 

18.3 a 
20.45 a 

18.95 a 
21.35 a 

NS 
NS 

18.17 
20.08 

17.92 
20.75 

17.92 
19.18 

19.03 
21.17 

17.83 
20.00 

NS 
NS 

Leaf area/ plant 105 
120 

** 
** 

89.48 b 
93.68 c 

93.62 a 
95.52 b 

95.47 a 
97.19 a 

NS 
NS 

90.70 
94.82 

92.71 
95.84 

93.11 
94.99 

95.08 
96.93 

92.68 
94.68 

NS 
NS 

Dry weight of 
leaves/ plant 

105 
120 

** 
** 

1.89 c 
3.49 b 

2.25 b 
3.95 b 

2.58 a 
4.65 a 

NS 
NS 

2.11 
3.86 

2.22 
3.98 

2.23 
4.06 

2.41 
4.23 

2.24 
4.04 

NS 
NS 

No. of pods/ plant 105 
120 

NS 
** 

2.05 
2.12 c 

2.35 
2.88 b 

2.50 
3.05 a 

NS 
NS 

2.50 
2.82 

2.08 
2.87 

2.33 
2.73 

2.42 
2.99 

2.17 
2.83 

NS 
NS 

*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 

 
The increase in chlorophyll pigments in faba bean leaves may be due to the role of antioxidation in 

protecting chloroplast from oxidative damage. In addition, Sahu et al. (1993) indicated that ascorbic acid 
increased photosynthetic efficiency, leaf area and delayed leaf senesces. 

Ascorbic acid (Vitamin C) is considered one of those antioxidants. Ascorbic acid is an abundant 
molecule in plants. It has been shown to play multiple roles in plant growth and other developmental 
processes (Pourcel et al., 2007). Ascorbic acid, also acts as an antioxidant detoxifies H2O2 which is formed 
by the dismutation of O2 (Shalate and Neumunn, 2001). In general, bean are reported to be sensitive to salt 
but some species may be moderate tolerant (Zahran, 1991). In some legumes distribution pattern of organic 
solutes such as carbohydrates and inorganic solutes such as proline, can be changed under salt stress.  

Data in Table (2 and 3) show that increasing stress resulted in a gradual reduction of dry weight of 
faba bean plants compared with the control. 

This effect may be attributed to its effect on increasing physiological availability of water and 
nutrient (Bassouny et al., 2008). 

Also, ascorbic acid application significantly increased chlorophyll a, b and carotenoids and total 
pigments compared with the untreated plants. 
 
Chemical analysis: 
 

Data in Table (3) show that the differences in number of irrigation had highly significant effect on 
rate of chlorophyll in the two seasons at 105 and 120 days after sowing and on rate of protein in leaves in 
first treatment in the two seasons. Also, significant effect on rate of protein in seeds of faba bean in first 
season only, whereas two irrigation number exceeded the other, non or one irrigation number at all 
chemical characters in both seasons. 

El-Far (1999), found that skip one irrigation at late seed filling stage had a highest values on protein 
content. Teama (1994) reported that protein content was not affected by any of the main factors studied or their 
interaction. 

While, Ali and Abd El-Mottalib (1997), showed that increasing irrigation intervals significantly decreased 
protein % as well as protein yield. 

Hassanein (2000) found that protein content did not affected by the irrigation number in the two seasons. 
Ahmed et al. (2010) illustrated that shortening the irrigation interval resulted in a significant increase in seed 
protein content. 
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Table 3: Effect of number of irrigation and spraying some of antioxidation solution in 105 and 120 days in the two seasons 
on some chemical analysis. 

Character 
 

Time Sig. Irrigation number Sig. Antioxidation solution AB 
Non One Two Ascorbic Citric Benzoic Hydroquinone Control 

2014/2015 season 
Chlorophyll in 
leaves 

105 
120 

** 
** 

37.88 a 
40.29 b 

39.96 b 
41.93 b 

41.86 c 
41.77 a 

NS 
NS 

38.15 
40.57 

39.23 
42.08 

38.83 
41.60 

43.13 
44.75 

40.18 
42.44 

NS 
NS 

Protein in leaves 120 ** 5.65 c 6.10 7.89 NS 6.04 6.37 6.43 7.36 6.63 c NS 
2015/2016 season 

Rate of protein in 
seeds 

Harvest * 5.79 b 6.65 a 7.38 a * 6.97 b 7.51ab 8.20 a 6.82 b 3.46 c NS 

Chlorophyll in 
leaves 

105 
120 

** 
** 

35.57 c 
39.26 c 

37.86 b 
41.96 b 

40.15 a 
43.70 a 

NS 
NS 

35.74 
40.52 

37.87 
41.26 

38.28 
41.68 

37.72 
41.65 

37.72 
41.65 

NS 
NS 

Protein in leaves 125 ** 3.16 c 3.43 b 3.88 a NS 3.41 3.46 3.42 3.55 3.55 NS 

*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 

 
Also, data in Table (3) shows that spraying of antioxidation compounds (ascorbic, citric and benzoic 

acid and hydroquinone with control (water) resulting in a high significant effect in all chemical analysis, 
except on rate of protein in seeds in first season only, where benzoic acid gave a highest values as 
compared with other components then citric then ascorbic acid and hydrogen one. 

Also, the increase in photosynthetic pigments in leaves of faba bean plant may be due to the role of 
antioxidation in protecting chloroplast from oxidative damage. In addition, Sahu et al. (1993), indicated 
that ascorbic acid increased photosynthetic efficiency and delayed leaf senesces.  
 
Yield and its components: 

 
Data illustrated in Table (4 , 5 and 6) indicate that all characters of seed yield and its components of 

faba bean were increased as number of irrigation increased from without irrigation to one or two irrigation. 
On other hand, the differences on weight of seeds/plant at harvest time in the first season and on number of 
pods and weight of pods in the second season was not significant, except dry weight of total plant, number 
of seeds/plant and weight of seeds/plant in the two seasons understudy. The highly significant increase in 
seed yield/plant may be due to resulted from the increase in number of pods/plant, weight of pods and 
seed/plant and by increasing irrigation number. These findings are in harmony with those obtained by El-
Zeiny et al. (1990), Kertan (1995), Refaat (2002). These increase may be due to the equilibrium relation 
between soil water-air relationship and then its effect on water absorption, plant growth and nutrient 
uptake. In sample of harvest, these was a pronounced decrease in seed, straw, total yield/feddan when faba 
bean plants received one irrigation only compared with those received two or three irrigation. It showed 
further that, the yield components, i.e. number of seeds/plant, number of seeds/pod, and weight of both 
pods/plant, number of seeds/pod and weight of both pods were responded similarly. 
 
Table 4: Effect of some antioxidation solution or number of irrigation in first season 2014/2015 at harvest time on yield and 

its components on faba bean plants. 
Character Sig. Irrigation number Sig. Antioxidation solution AB 

Non One Two Ascorbic Citric Benzoic Hydroquinone Control 
Dry weight of total 
plant 

** 10.73 c 11.78 b 12.26 a NS 11.48 11.22 11.46 12.19 11.60 NS 

Number of pods/plant ** 2.42 c 2.81 b 3.17 a NS 2.66 2.71 2.86 2.93 2.83 NS 
Weight of pods/plant 
(g) 

** 7.32 c 8.46 b 9.24 a NS 8.02 8.29 8.39 8.36 8.38 NS 

Number of seeds/plant ** 6.04 c 6.45 b 7.02 a NS 6.13 6.22 6.22 7.26 6.51 NS 
Weight of seed/plant 
(g) 

NS 5.46 5.77 1.23 * 6.55 ab 5.84 ab 4.89 ab 7.25 a 4.56 b NS 

No. of seeds/plant * 5.79 b 6.65 a 7.38 a * 6.97 b 7.56 ab 8.20 a 6.82 b 3.46 c NS 

*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 
 

Table 5: Effect of some antioxidation solution or number of irrigation on growth or yield and is attributes at harvest time in 
second season 2015/2016 on fabab bean plants. 

Character Sig. Irrigation number Sig. Antioxidation solution AB 
Non One Two Ascorbic Citric Benzoic Hydroquinone Control 

Dry weight of total plant ** 10.40 c 11.33 b 12.42 a NS 10.94 11.28 11.27 12.06 11.36 NS 
Number of pods/plant NS 2.60 3.00 3.25 NS 2.92 2.92 2.75 3.17 3.00 NS 
Weight of pods/plant (g) NS 6.86 7.20 7.65 NS 7.66 6.83 6.62 8.04 7.05 NS 
Number of seeds/plant ** 6.31 c 7.27 b 7.61 a NS 6.76 6.95 7.05 7.75 6.97 NS 
Weight of seed/plant (g) ** 5.48 c 6.59 b 7.43 a NS 6.32 6.26 6.51 6.94 6.48 NS 
*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 
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Table 6: Effect of some antioxidants solution and number of irrigation on yield of seeds and straw at harvest time in the two 
seasons 2014/2015 and 2015/2016 of faba bean plants. 

Character Sig. Irrigation number Sig. Antioxidation solution AB 
Non One Two Ascorbic Citric Benzoic Hydroquinone Control 

Seed yield in kg/fed 
2015 NS 382.2 403.9 436.1 * 458.5ab 40.88ab 342.3ab 507.5 a 319.2b NS 
2016 ** 38.3.6 c 461.3 b 520.1 a NS 442.4 43.82 455.7 485.8 453.6 NS 

Straw yield in kg/fed 
2015 ** 751.1 c 824.6 b 858.2 a NS 804.3 785.4 802.2 853.3 802.0 NS 
2016 ** 728.0 c 793.1 b 869.4 a NS 765.8 790.3 788.9 844.2 795.2 NS 

*, ** and NS means significant at 0.05, 0.01 and not significant, respectively 
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