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ABSTRACT 

Poulista and Xera are the most important snap bean cultivars growing 

under El- Fayoum conditions, for both local market and export. Antioxidant 

substances are organic compounds, i.e., organic acid or hormones. Recent 

studies concentrated on the beneficial effects of these antioxidant substances to 

improve plants performance. Therefore, an experiment was carried out during 

the fall seasons of 2016 and 2017 in a private farm at El-Fayoum Governorate, 

Egypt to study the effect of 7 antioxidant substances, i.e., indole -3- acetic acid, 

indole -3- butyric acid, ascorbic acid, citric acid, salicylic acid, tartaric acid and 

oxalic acid as a foliar application, each at the rate of 500 ppm, on growth 

characters, green pods yield and pod qualities of Poulista and Xera plants. 

Seeds of both cultivars were sown in September; experimental design was spilt 

plot. Antioxidant applications were done after 20, 30 and 40 days from planting 

and plant samples were taken after 50 and 70 days for growth characters and for 

green pods yield and quality parameters, respectively. Results showed that Xera 

variety was the higher in pod length, pods weight/ plant
-1

, chlorophyll a, b and 

total chlorophyll content in leaves and amino acid content in pods compared 

with Poulista variety. Moreover, Poulista variety was higher in plant height, 

carbohydrates content in stem and pods and amino acid content in stem 

compared with Xera cultivar. 

All foliar antioxidant applications significantly increased all growth 

characters, pods yield and pod quality and chemical composition of carotenoids, 

chlorophyll a, b and total chlorophyll, as well as, carbohydrates and amino acid 

contents in leaves, stem and pods of snap bean plants compared with the control 

treatment. The superior application was oxalic acid followed by ascorbic acid, 

respectively, while citric acid gave the highest content of amino acid in stem. 

The remarkable growth and production improvement in Xera or Poulista 

cultivar obtained when plants treated with oxalic or ascorbic acid 3 times (20, 

30, 40 days) from planting at the concentration of 500 ppm. 

Key words: antioxidant, snap bean, poulista, xera, growth, production 

INTRODUCTION   

Phaseolus vulgaris L. is a member of Fabaceae family. It is known as 

snap, common or kidney beans. The most cultivars grown in Egypt are bush 

varieties type, that have a short growing period. Snap bean is one of the most 

important vegetable crops cultivated in Egypt either for local market or export, 

and it considered as important source of carbohydrates, protein, vitamins and 
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minerals (Abdel-Hakim, et al., 2012). Egypt has a potential to be a large-scale 

producer and exporter, therefore, cultivation the right cultivars; i.e. Poulista or 

Xera is the first step for this aim because yield and quality of snap bean are 

greatly affected by genotype of the variety (Nassar, 1986 and Amer et al., 

2002). Improving the production and quality of bean green pods not only 

depends on genotype effect but also on environmental conditions and all agro-

management practices. Hence, this improving could be achieved through using 

the foliar application of antioxidant substances. 

Antioxidants are the substances that when present in low concentration 

effectively protect the cell membrane against the damage induced by oxidation 

processes. These antioxidants include compounds of enzymatic or a non-

enzymatic nature (Halliwell and Gutteridge. 1989). Oxidation is a chemical 

reaction that can produce free radicals. They are atoms, molecules or ions with 

unpaired electrons (O
2-

, superoxide radicals; OH
-
, hydroxyl radical; HO2, 

perhydroxy radical and RO
-
, alkoxy radicals), which are highly reactive to 

chemical reactions with other molecules. These free radicals are part of groups 

of molecules called reactive oxygen species (ROS), that are occur in tissues and 

cells and can damage DNA, proteins, carbohydrates and lipids (Vajragupta et 

al., 2004 and Govindaraj et al., 2017). Under normal conditions, ROS are 

generated during photosynthesis by singlet oxygen formation as well as oxygen 

photoreduction.  Photooxidative damage can occur when ROS production 

exceeds that of the antioxidant capacity (Conklin, 2001), whereas Dat et al. 

(2000) suggested that ROS are generated in response to stress condition. Plants 

with high level of antioxidants have greater resistance to oxidative damage in 

plant cells by eliminating lipid and protein peroxidation (Younis et al., 2010). 

Indol- acetic acid and indol butyric acid are auxins, that are a class of 

phytohormones which are involved in many aspects of growth and development 

of plants (Davies, 1995). Ascorbic acid, citric acid, salicylic acid, tartaric acid 

and oxalic acid are organic compounds that occur naturally in plants and 

contributed in the several photosynthesis and physiological processes in plants 

Several studies have been conducted to evaluate the response of snap 

bean plants to foliar spraying of antioxidants. Nour et al. (2012) found that, 

plant growth, yield and its components and chemical constituents of pods were 

significantly affected by treating snap bean plants with different antioxidant 

materials. Application of acetylsalicylic acid (ASA) and indole-3-butyric acid 

(IBA) as a foliar spraying on pea plants enhanced plant growth, yield and pods 

quality. These positive effects of ASA and IBA were correlated with significant 

increase in total chlorophylls in leaves, total soluble proteins, praline, phenol, 

total soluble carbohydrates and sugars in seeds (El- Shraiy and Hegazi, 2009). 

Using 100 ppm of Salicylic acid and 150 ppm of vitamin E as a foliar 

application gave the highest increment in plant length, number of leaves and 

branches, canopy dry weight, total green pods yield and its components and 

seeds quality of snap bean plants (Shafeek et al., 2014). Thomson, et al. (2017) 

https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Radical_(chemistry)
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found that spraying garden pea plants by ascorbic acid at 200 ppm gave the best 

results for total yield and pod thickness. High positive improving in growth 

characters, seed yield, seed oil %, seed protein % and plant pigments were 

recorded by treating sunflower plants with citric acid and ascorbic acid (El 

Mantawy, 2017). Foliar application of humic acid and oxalic acid on wheat 

plants leads to significant increases in the yield and enhancing plant 

performance (El-Shabrawi et al., 2015). Sadak and Orabi (2015) reported that, 

citric acid or oxalic acid treatment, each at the concentrations 100 and 200 ppm 

showed marked increases in growth parameters and yield value of wheat plants. 

Ofir et al. (1993) found a strong relation between pods yield in green bean and 

the level of auxin Indole-acetic acid in the flower or pods. 

This study aimed to use some antioxidant substances to improve growth, yield 

and quality of snap bean varieties grown under El-Fayoum Governorate 

conditions. 

 Materials and methods 

Two field trails were conducted during the two successive fall seasons 

of 2016 and 2017, to study the effect of foliar application of some antioxidants; 

indole -3- acetic acid, indole -3- butyric acid, ascorbic acid, citric acid, salicylic 

acid, tartaric acid and oxalic acid, each at the concentration of 500 ppm, on the 

growth, production and chemical composition of two snap bean cultivars 

(Poulista and xera).  The experiments were carried out in a private farm at El 

wanaysa, Itsa, El-Fayoum Governorate, Egypt. Before the conduction of 

experiment, random soil samples were taken at the depth of 30cm for physical 

and chemical analysis as shown in Table (1) according to the method described 

by Jakson (1973). 

Seeds were sown at the first week of September in both seasons on rows 

and thinned on two plants/hill after germination. The raw was 5 m length, 65 

cm width and 20 cm apart. The experimental unit consists of 4 rows and 

covered an area of 13 m
2
.  

Experimental layout was split plot system in a randomized complete 

blocks design with three replicates. Bean cultivars were randomly allocated in 

the main plots, while the foliar antioxidant applications were randomly 

arranged in the sub plots. All recommended agro-managements for commercial 

production of bean were achieved. 

Antioxidants were applied three times. The first one was after 20 days from 

seed sowing, while the remainder two applications were after 30 and 40 days, 

respectively. 

             

 

 

 

 

 



Mofreh, S. Tolba                                                                                             96 

Fayoum J. Agric. Res. & Dev., Vol. 33, No.2, July, 2019 
 

Table1. Some physical and chemical characteristics of the experimental 

site.  

 

 

 

 

 

 

 

 

 

 

 

 

Recorded data:  

Vegetative growth:  

Tweenty plants were randomly taken from the first row of each 

experimental unit and cut off after 50 days from seed sowing date and the 

following plant growth parameters were recorded; plant height and number of 

branches. 

Pods yield and pod quality: 

Along harvest stage of bean green pods, 20 plants randomly chosen 

from second and third row of each plot and their pods were collected for the 

following pods quality and yield measurements; number of pods/plant, pod 

length, pod diameter and pods weight/ plant
-1

. 

 

 

Properties value 

Physical properties  

Clay (%)                   20.46 

Silt (%)  34.31 

Fine sand (%) 32.45 

Soil texture Loamy 

Chemical properties  

pH  7.10 

ECe (dsm
-1

) 1.95 

Organic matter (%) 1.95 

Ca CO3 (%) 4.90 

N (%)        0.19 

P (%)    

K (%)                                                  

Soluble ions (mg/ 100 g soil) 

0.30 

0.32 

Ca
++

 4.67 

Mg
++

 11.35 

Na
+
 3.83 

K
+
 0.75 

CO3
-- 

0.00 

HCO3
- 

6.19 

Cl
- 

7.47 

SO4
-- 

 
5.84 
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Chemical composition:  

At harvest stage of green pods, 20 plants were collected from the fourth row 

and the plants were separated into leaves, stems and pods to estimate the 

following chemical compositions:  

- Chlorophyll and carotenoid contents according to Cherry (1973). 

- Total carbohydrates were determined calorimetrically according to the 

method described by Dubois et al. (1956). 

- Total free amino acids as descripted by Dubois et al. (1956). 

Results and discussion 

1- Growth characters 

The effect of snap bean cultivars and foliar antioxidant applications, as well 

as, their interaction on the plant height and number of branches in the two 

growing seasons of 2016 and 2017 are presented in Table (2). 

The values of plant height and number of branches did not reflect any 

significant differences between the two studied cultivars (Xera and Poulista) in 

both seasons, except plant height in the second season, Poulista recorded the 

higher significant value of plant height compared with Xera.  

The obtained results in Table (2) indicated that all foliar antioxidants 

application significantly increased plant height and number of branches 

compared with untreated plants in both seasons. Spraying snap bean plants with 

oxalic acid or ascorbic acid gave the highest significant values of plant height 

and number of branches in both seasons, moreover the lowest significant values 

of studied growth characters were recorded from control plants in both seasons.  

Oxalic acid is one of the strongest organic acids in plants (Lane, 1994), and 

ascorbic acid is an abundant component in plants (Smirnof and Wheeler, 2000). 

The beneficial effect of ascorbic acid on plant growth may be explain on the 

ground of that ascorbic acid is involved in the regulation of cell vaculation and 

cell expansion (Smirnoff, 1996). Moreover, it is increases the content of Indole 

- acetic acid, which stimulates cell division and cell enlargement, therefor 

improves plant growth (Khan et al., 2011). These results are agreement with 

those recorded by El Mantawy (2017), Sadak and Orabi (2015) and El-

Shabrawi et al. (2015) for oxalic acid on wheat.  

All combinations between cultivars and foliar antioxidants spraying 

recorded significant differences in growth characters expressed as (plant height 

and number of branches), except number of branches in the first season. The 

highest values of plant height were recorded by treating Poulista with oxalic 

acid followed by Poulista with ascorbic acid in both seasons. Meanwhile 

spraying Poulista plants with oxalic acid followed by Poulista with ascorbic 

acid gave the best recorded of number of branches in the second season. 

Treating Xera plants with ascorbic acid produced highest number of branches in 

second season. Untreated plants of Poulista or Xera recorded the lowest values 

of plant height and number of branches in both seasons. 
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Table2: Effect of cultivars and foliar spraying of different antioxidant 

substances on   growth characters of snap bean plants during 2016 and 

2017 seasons. 
Treatments Plant height (cm) No. of branches 

cultivars Treatment 2016 2017 2016 2017 

Xera Main 37.4 36.7 8.5 8.5 

Poulista effect 39.4 39.2 9.1 8.8 

Main effect 

Control 26.0 21.7 6.5 5.8 

Indole acetic 37.5 38.8 7.6 7.5 

Indole butyric 39.1 39.6 8.8 8.5 

Salicylic 37.0 37.5 8.6 9.5 

Ascorbic 43.2 43.4 10.2 10.0 

Oxalic 46.0 44.9 11.0 10.0 

Tartaric 39.3 39.2 9.2 8.9 

Citric 39.0 38.6 8.7 9.1 

Xera 

Control 25.3 21.3 5.7 5.7 

Indole acetic 37.0 37.3 8.0 8.0 

Indole butyric 39.3 39.1 8.7 8.0 

Salicylic 37.0 37.0 8.3 9.0 

Ascorbic 40.8 40.8 10.0 10.0 

Oxalic 41.3 40.6 10.0 9.0 

Tartaric 38.3 38.7 9.0 9.0 

Citric 40.0 39.0 8.3 9.7 

Poulista 

Control 26.7 22.0 7.4 6.0 

Indole acetic 37.9 40.3 7.1 7.1 

Indole butyric 38.8 40.0 9.0 8.9 

Salicylic 37.0 38.0 8.8 10.0 

Ascorbic 45.7 46.0 10.3 10.0 

Oxalic 50.7 49.2 12.0 11.0 

Tartaric 40.3 39.7 9.4 8.8 

Citric 37.9 38.2 9.1 8.5 

LSD5% 

cultivars 

Treatment 

Interaction 

 
n.s. 

2.4 

3.4 

 
n.s. 

1.0 

1.8 

 
n.s. 

1.1 

n.s. 

 
n.s. 

1.0 

n.s. 

 

2- Pods yield and pod quality: 

Data illustrated in Table (3) show the main and interaction effects of 

two snap bean cultivars and various antioxidant applications on number of 

pods, pod length, pods weight/plant
-1

 and pod diameter in the two growing 

seasons of 2016 and 2017. 

The effect of cultivars on number of pods and pod diameter was not 

significant in the two seasons, while the results of pod length and pods weight/ 

plant
-1

 clearly showed significant differences between Xera and Poulista 

varieties in this respect during the two seasons. Xera recorded the higher values 

of pod length and pods weight/ plant
-1

 compared with Poulista in the two 

seasons. 

The variance between cultivars can be explained on the basis that, yield 

and quality of snap bean are affected by genotype of the variety (Nassar, 1986 

and Amer et al., 2002). The same results were reported by Abdel-Mawgoud et 

al. (2005) and Brunner et al. (2014). 
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All foliar antioxidant treatments significantly improved all studied 

parameters of pods yield and pod quality compared with untreated plants. Plants 

treated with oxalic acid or ascorbic acid produced the highest values of number 

of pods, pod length, pods weight/ plant
-1

 and pod diameter in the two growing 

seasons, whereas the lowest values of the previous studied parameters were 

recorded in untreated plants during the two seasons. 

It has been known that oxalic acid acts as enzyme cofactor, i.e., hydrolase 

enzyme, electron transport, oxalate and tartrate synthesis  (Mehdy 1994). 

Smirnof and Wheeler (2000) also, cleared that ascorbic acid functions as an 

antioxidant and an enzyme cofactor. The role of ascorbic acid in enhancing 

pods yield and pod quality parameters can be explained on the basis that 

ascorbic acid increased the assimilates transported to the reproductive organs in 

plants, therefor more number and heavier weight of green pods plant
-1

 may 

arise (Mervat et al. 2010). These results are in agreement with those reported by 

Barakat et al. (2015) on common bean, El-Hendaway et al. (2011) on faba bean, 

Sadak and Orabi (2015) and El-Shabrawi et al. (2015) on wheat for oxalic acid 

and Thomson et al. (2017) on garden pea.  

The comparisons among the values of number of pods, pod length, pods weight/ 

plant and pod diameter showed that the combinations between snap bean 

cultivars (Poulista and Xera) and all foliar antioxidant treatments were 

significantly differed in the two seasons. Either Poulista or Xera plants treated 

with oxalic acid or ascorbic acid gave the high significant values of number of 

pods, pod length, pods weight/ plant
-1

  and pod diameter, while the lowest 

values of aforementioned parameters were obtained in Xera or Poulista plants 

with control in both seasons. 
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Table3: Effect of cultivars and foliar spraying of different antioxidant 

substances on pods yield and pod quality of snap bean plants during 2016 

and 2017 seasons. 
Treatments No. of pods Pod length (cm) Pods weight/ plant (g) Pod diameter (cm) 

cultivars Treatment 2016 2017 2016 2017 2016 2017 2016 2017 

Xera Main 20.4 19.6 16.9 16.9 128.0 126.8 0.73 0.73 

Poulista effect 20.3 20.3 15.3 15.2 114.6 114.4 0.73 0.74 

Main effect 

Control 15.4 15.3 12.7 13.6 68.0 68.1 0.56 0.55 

Indole acetic 20.1 20.4 15.7 15.9 109.1 114.7 0.71 0.71 

Indole butyric 20.5 20.4 16.3 16.3 116.3 118.6 0.77 0.73 

Salicylic 20.1 19.1 15.4 16.0 113.8 111.6 0.74 0.71 

Ascorbic 23.1 22.9 17.8 17.5 158.8 159.2 0.86 0.87 

Oxalic 23.1 23.5 18.4 17.8 154.3 164.3 0.80 0.84 

Tartaric 21.4 19.0 16.6 16.0 142.8 119.2 0.69 0.71 

Citric 19.2 19.0 15.8 15.7 107.2 109.3 0.71 0.76 

Xera 

Control 15.5 14.7 13.9 14.9 69.9 69.0 0.58 0.55 

Indole acetic 19.3 19.3 16.8 16.8 116.3 123.0 0.64 0.72 

Indole butyric 20.7 20.0 17.3 17.1 129.5 129.9 0.78 0.71 

Salicylic 20.0 19.0 16.8 17.0 112.6 116.2 0.73 0.70 

Ascorbic 23.0 23.0 18.3 18.3 163.0 163.4 0.88 0.88 

Oxalic 23.7 23.0 18.3 18.1 159.4 163.9 0.80 0.84 

Tartaric 22.0 18.3 17.5 17.0 151.2 117.2 0.69 0.67 

Citric 19.0 19.7 16.3 16.3 122.5 131.8 0.71 0.77 

Poulisa 

Control 15.2 16.0 11.5 12.2 66.2 67.2 0.54 0.56 

Indole acetic 20.9 21.5 14.5 14.9 101.9 106.4 0.78 0.70 

Indole butyric 20.4 20.7 15.3 15.5 103.1 107.4 0.75 0.75 

Salicylic 20.3 19.1 14.1 14.9 115.1 106.9 0.75 0.71 

Ascorbic 23.1 22.8 17.3 16.8 154.7 154.9 0.84 0.86 

Oxalic 22.6 24.0 18.5 17.4 149.1 164.7 0.80 0.85 

Tartaric 20.8 19.6 15.7 15.0 134.4 121.1 0.69 0.75 

Citric 19.4 18.3 15.3 15.0 92.0 86.8 0.70 0.75 

LSD5% 

cultivars 

Treatment 

Interaction 

 

n.s. 

1.0 

n.s. 

 

n.s. 

1.1 

n.s. 

 

1.2 

1.1 

1.6 

 

0.5 

0.8 

1.0 

 

8.0 

11.5 

16.2 

 

8.4 

9.7 

13.8 

 

n.s. 

0.06 

n.s. 

 

n.s. 

0.06 

n.s. 

 

 

3- chemical compositions: 

3-1- photosynthetic pigments content in leaves (Carotenoids and 

chlorophyll a, b and total chlorophyll (a+b):  

Table (4) shows the influences of two snap bean cultivars, various 

antioxidant applications and interaction between cultivars and antioxidants on 

content of carotenoids and chlorophyll a, b and total chlorophyll (a+b) in leaves 

of snap bean plants in the two growing seasons of 2016 and 2017. 

The values of carotenoids content in leaves did not reflect any 

significant differences between Poulista and Xera plants in both seasons, 

whereas the effect of cultivars on chlorophyll a, b and total chlorophyll content 

were significant in both seasons. Xera registered the higher amount of 

chlorophyll a, b and total chlorophyll (a+b) compared with Poulista in both 

seasons. 

The data obtained in table (4) indicated that spraying snap bean plants with the 

antioxidant substances produced significant increases in carotenoids and 

chlorophyll a, b and total chlorophyll (a+b) content in leaves compared with the 

control plants in both seasons. Oxalic acid or ascorbic acid treatments gave the  
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 highest values of the aforementioned parameters, while the lowest values were 

recorded in the untreated plants in both seasons. 

 The results also revealed that all combinations between studied 

cultivars and antioxidant applications were significantly increased the contents 

of carotenoids and chlorophyll a, b and total chlorophyll (a+b) in leaves of snap 

bean plants compared with untreated Xera or poulista plants in both seasons. 

The combination of oxalic acid or ascorbic acid applications with Xera or 

Poulista plants recorded the highest values of all Photosynthetic pigments 

content in leaves, while the lowest values obtained in untreated Xera or Poulista 

plants in both seasons.  

Table 4: Effect of cultivars and foliar spraying of different antioxidant 

substances on carotenoids and chlorophyll a, b and total chlorophyll (a+b) 

contents (mg/g
−1 

F.W.) in leaves of snap bean plants during 2016 and 2017 

seasons. 

 

 

 

Treatment Carotenoids 
Total  

chlorophyll(a+b) 
Chlorophyll a chlorophyll  b 

cultivars treatments 2016 2017 2016 2017 2016 2017 2016 2017 

Xera Main 1.23 1.23 4.94 4.92 2.50 2.47 2.44 2.45 

Poulista effect 1.24 1.24 3.72 3.70 2.05 2.04 1.67 1.66 

Main effect 

Control 0.74 0.77 3.68 3.69 2.02 2.01 1.65 1.68 

Indole acetic 0.97 0.96 3.87 3.88 2.12 2.11 1.75 1.78 

Indole 

butyric 
1.45 1.43 4.07 4.06 2.17 2.14 1.90 1.93 

Salicylic 1.25 1.28 4.37 4.35 2.28 2.28 2.10 2.07 

Ascorbic 1.60 1.63 5.20 5.22 2.65 2.64 2.55 2.58 

Oxalic 1.71 1.69 5.24 5.19 2.68 2.66 2.57 2.53 

Tartaric 1.14 1.14 4.03 4.01 2.11 2.08 1.92 1.94 

Citric 1.01 1.01 4.17 4.11 2.17 2.15 2.01 1.96 

Xera 

Control 0.67 0.68 4.55 4.55 2.35 2.30 2.20 2.25 

Indole acetic 0.87 0.88 4.71 4.71 2.41 2.37 2.30 2.35 

Indole 

butyric 
1.30 1.25 4.83 4.85 2.43 2.40 2.40 2.45 

Salicylic 1.27 1.35 4.83 4.82 2.45 2.45 2.38 2.37 

Ascorbic 1.70 1.70 5.45 5.43 2.68 2.67 2.77 2.75 

Oxalic 1.72 1.73 5.63 5.55 2.83 2.80 2.80 2.75 

Tartaric 1.30 1.30 4.73 4.72 2.38 2.35 2.35 2.37 

Citric 0.98 0.97 4.80 4.75 2.47 2.45 2.33 2.30 

Poulista 

Control 0.81 0.85 2.80 2.82 1.70 1.72 1.11 1.10 

Indole acetic 1.07 1.05 3.03 3.05 1.83 1.85 1.20 1.20 

Indole 

butyric 
1.60 1.60 3.30 3.27 1.90 1.88 1.40 1.40 

Salicylic 1.23 1.20 3.92 3.88 2.10 2.10 1.82 1.77 

Ascorbic 1.50 1.55 4.95 5.00 2.62 2.60 2.33 2.40 

Oxalic 1.70 1.65 4.85 4.83 2.52 2.52 2.33 2.30 

Tartaric 0.98 0.98 3.33 3.30 1.83 1.80 1.50 1.50 

Citric 1.03 1.05 3.55 3.47 1.87 1.85 1.68 1.62 

LSD5% 

cultivars 
Treatment 

Interaction 

 

n.s. 
0.09 

0..13 

 

n.s. 
0.05 

0..08 

 

0.07 
0.16 

0.23 

 

0.06 
0.15 

0.21 

 

0.12 
0.07 

0.09 

 

0.07 
0.05 

0.08 

 

0.15 
0.14 

0.20 

 

0.13 
0.11 

0.16 
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   The increase in photosynthetic pigments content in leaves may be due to the 

role of antioxidants in protecting chloroplast from oxidative damage (Sahu et al. 

1993) and also enhancing the accumulation of chlorophyll and delay senescence 

(Mattagajasingh and Kar, 1989 and Novabour et al., 2003). These results are 

agreement with those obtained by El Shiekh et al. (2014) on faba bean and 

Salama et al. (2014) on bean. They reported that ascorbic acid application 

increased carotenoids and chlorophyll a, b and total chlorophyll (a+b) compared 

with the untreated plants. 

 

3-2- Content of carbohydrates and amino acids in leaves, stem and pods of 

snap bean plants. 

The effects of cultivars, antioxidants application and their interaction on 

content of carbohydrates and amino acid in leaves, stem and pods of snap bean 

plants during the seasons of 2016 and 2017 are illustrated in Tables (5, 6). 

Content of carbohydrates: 

The effect of cultivars on content of carbohydrates was not significant in 

leaves, while was significant in stem during the two seasons. In pods, the effect 

of cultivars on carbohydrates content was significant in the second season only. 

The higher amount of carbohydrates in stem recorded in Poulista  than in Xera 

plants in both seasons, whereas in pods the higher amount of carbohydrates 

were recorded in Poulista plants in the second season only ( table 5). 

Data recorded in Table (5) showed that all antioxidant spraying 

produced significant increases in carbohydrates contents in leaves, stem and 

pods in both seasons. Oxalic acid or ascorbic acid treatments gave the highest 

values of carbohydrates content in leaves, stem and pods, while the lowest 

values were recorded in untreated plants in both seasons.  

The interaction between snap bean cultivars and antioxidant applications 

significantly increased the contents of carbohydrates in leaves, stem and pods 

compared with control plants in both seasons (table 5). 

  The combination of oxalic acid or ascorbic acid with Xera variety gave 

the highest values of carbohydrates content in leaves in both years. In stem, the 

combination of Oxalic acid or tartaric acid with Poulista produced the highest 

amount of carbohydrates content in both seasons, while in pods, the highest 

values of carbohydrates content were recorded when Poulista plants treated 

with ascorbic or oxalic acid in both seasons. The lowest amount of 

carbohydrates content in leaves, stem and pod were collected in untreated plants 

either for Xera or Poulista in both seasons. 
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Table 5: Effect of cultivars and foliar spraying of different antioxidant 

substances on carbohydrates content (mg/g
−1 

D.W.) in leaves, stem and 

pods of snap bean plants during 2016 and 2017 seasons. 

Treatments 
Total carbohydrates 

leaves 

Total carbohydrates 

stem 

Total carbohydrates 

pods 

cultivars Treatment 2016 2017 2016 2017 2016 2017 

Xera Main 1.94 1.94 1.36 1.44 2.29 2.35 

Poulista effect 1.97 1.95 1.75 1.70 2.50 2.45 

Main effect 

Control 1.55 1.58 1.13 1.28 1.93 2.03 

Indole acetic 1.81 1.76 1.11 1.22 2.28 2.25 

Indole butyric 1.83 1.79 1.40 1.43 2.28 2.35 

Salicylic 1.96 1.96 1.47 1.53 2.45 2.48 

Ascorbic 2.17 2.18 1.78 1.76 2.80 2.73 

Oxalic 2.21 2.18 1.93 1.83 2.90 2.84 

Tartaric 2.03 2.12 1.82 1.77 2.22 2.25 

Citric 2.09 2.00 1.77 1.74 2.30 2.27 

Xera 

Control 1.50 1.57 0.87 1.23 1.90 1.93 

Indole acetic 1.73 1.72 1.20 1.23 2.17 2.20 

Indole butyric 1.73 1.72 1.30 1.37 2.15 2.27 

Salicylic 1.83 1.92 1.20 1.27 2.30 2.43 

Ascorbic 2.30 2.23 1.50 1.65 2.60 2.63 

Oxalic 2.30 2.27 1.70 1.70 2.83 2.83 

Tartaric 2.03 2.13 1.50 1.47 2.10 2.23 

Citric 2.07 1.97 1.60 1.57 2.23 2.23 

Poulista 

Control 1.60 1.60 1.40 1.32 1.97 2.13 

Indole acetic 1.88 1.80 1.03 1.20 2.38 2.30 

Indole butyric 1.93 1.86 1.50 1.50 2.40 2.43 

Salicylic 2.09 2.00 1.73 1.78 2.60 2.53 

Ascorbic 2.03 2.12 2.07 1.87 3.00 2.82 

Oxalic 2.13 2.10 2.17 1.97 2.97 2.85 

Tartaric 2.03 2.11 2.13 2.07 2.33 2.27 

Citric 2.12 2.03 1.93 1.92 2.37 2.30 

LSD5% 

cultivars 

Treatment 
Interaction 

 

n.s. 

0.13 
0.18 

 

n.s. 

0.15 
0.21 

 

0.10 

0.11 
0.15 

 

0.03 

0.12 
0.16 

 

n.s. 

0.14 
n.s. 

 

n.s. 

0.15 
n.s. 

 

Content of amino acids: 

Xera and Poulista plants did not differ significantly in respect to the 

content of amino acids in leaves in both seasons, moreover, in stem and pods 

the values of amino acids content were affected significantly by the type of 

snap bean cultivar. In stem, the higher amount of amino acids content recorded 

in Poulista plants in both seasons, whereas in pods the higher amount of amino 

acid were obtained in Xera plants during the two seasons of 2016 and 2017 

(table 6). 

All antioxidant treatments significantly increased the content of amino 

acids in leaves, stem and pods compared with the untreated snap bean plants in 

both seasons. In leaves, the highest values of amino acids content obtained in 

the plants treated with oxalic acid or citric acid in both seasons. Citric acid 

application recorded the highest content of amino acids in stem in both seasons. 

In pods, the highest value of amino acids was registered in the plants treated 

with oxalic acid in both seasons, whereas the lowest values of amino acids 
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content in leaves, stem and pods were found in untreated plants in both seasons 

(table 6). 

  The interaction between snap bean cultivars and foliar antioxidant 

applications recorded significant differences in the Contents of amino acids in 

leaves, stem and pods in both seasons. In leaves, treating Xera plants with citric 

acid gave the highest content of amino acid in the first season, meanwhile 

spraying Poulista or Xera plants with oxalic acid produced the highest content 

of amino acids in the second season. In stem, citric acid with Xera plants or 

citric acid with Poulista plants registered the highest values of amino acids 

content in both seasons. Treating Xera or Poulista plants with oxalic acid 

produced the highest record of amino acids content in pods during the two 

seasons. The lowest values of amino acids contents in leaves, stem and pods 

were obtained in untreated Xera and Poulista plants in both seasons. 

The differences between Xera and Poulista in their pod quality are a 

result of their genotype variation. In this respect, Abdel-Mawgoud et al. (2005) 

reported that snap bean cultivars differed in their pod quality. 

The enhancing effect of antioxidants, i.e. ascorbic acid on pod quality 

maybe related to its major role in several metabolic processes such as 

photosynthesis and also, regulating coenzymatic reactions, therefore 

carbohydrates and proteins are metabolized (Barakat et al., 2015). 

Similar results were documented by El-Bassiouny et al. (2005) they 

mentioned that faba bean plants foliar sprayed with ascorbic acid increased the 

total carbohydrate, and agreement whith those found by Sadak et al. (2010) and 

El-Sayed (2013) on faba bean.  

From the obtained results in this study, it could be concluded that 

improving growth and pods yield and pod quality of Xera or Poulista cultivars 

growing under El-Fayoum governorate conditions can be occurs by treating 

snap bean plants with oxalic or ascorbic acid 3 times (20, 30, 40 days) from 

planting at the concentration of 500 ppm.    
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Table 6: Effect of cultivars and foliar spraying of different antioxidant 

substances on amino acid content (mg/g
−1 

D.W.) in leaves, stem and pods of 

snap bean plants during 2016 and 2017 seasons. 

Treatments Amino acid leaves Amino acid stem 
Amino acid 

pods 

cultivars Treatment 2016 2017 2016 2017 2016 2017 

Xera Main 29.1 28.1 21.1 22.0 35.1 34.1 

Poulista effect 29.0 28.3 22.8 23.4 35.1 33.0 

Main effect 

Control 21.1 21.8 17.1 18.5 26.0 26.7 

Indole acetic 29.2 27.3 23.4 22.0 32.0 31.3 

Indole butyric 27.7 28.2 20.7 20.8 27.7 29.2 

Salicylic 29.0 28.3 21.5 23.8 34.0 33.7 

Ascorbic 31.2 29.3 21.8 24.0 41.0 37.7 

Oxalic 32.2 31.7 20.8 23.3 48.3 42.3 

Tartaric 30.2 29.5 22.7 23.3 34.0 34.7 

Citric 31.8 29.7 27.5 26.0 38.0 33.2 

Xera 

Control 19.2 19.7 15.1 16.7 26.0 25.3 

Indole acetic 28.3 26.3 22.7 21.7 32.0 31.3 

Indole butyric 26.0 27.3 20.0 20.7 27.7 28.3 

Salicylic 30.3 28.3 21.7 24.0 34.0 33.7 

Ascorbic 32.3 30.3 20.5 23.7 41.0 39.0 

Oxalic 32.0 31.3 18.7 21.3 48.3 43.7 

Tartaric 30.3 30.7 22.0 22.7 34.0 35.0 

Citric 34.0 31.0 28.0 25.7 38.0 36.7 

Poulista 

Control 23.0 24.0 19.0 20.3 26.0 28.0 

Indole acetic 30.0 28.3 24.2 22.3 32.0 31.3 

Indole butyric 29.3 29.0 21.3 21.0 27.7 30.0 

Salicylic 27.7 28.3 21.3 23.7 34.0 33.7 

Ascorbic 30.0 28.3 23.0 24.3 41.0 36.3 

Oxalic 32.3 32.0 23.0 25.3 48.3 41.0 

Tartaric 30.0 28.3 23.3 24.0 34.0 34.3 

Citric 29.7 28.3 27.0 26.3 38.0 29.7 

LSD5% 

cultivars 

Treatment 
Interaction 

 

n.s. 

1.3 
1.9 

 

n.s. 

1.5 
2.1 

 

0.6 

1.3 
1.8 

 

0.3 

1.5 
2.1 

 

n.s. 

1.1 
1.6 

 

n.s. 

1.2 
1.7 

 

 

References 

Abdel-hakim, W. M., Y. M. M. Moustafa and R.H.M. Gheeth, (2012). 
Foliar application of some chemical treatments and planting date 

affecting snap bean (Phaseolus vulgaris L.) plants grown in 

Egypt. J. Hort. Sci. & Ornamental Plants, 4(3): 307-317. 

Abdel–Mawgoud, A. M. R., M. El-Desuki, S. R. Salman and S. D. Abou-

Hussein, (2005). Performance of some snap bean varieties as 

affected by different levels of mineral fertilizers. J. Agron., 4(3): 

242-247. 

Amer, A. H., M. EL. Desuk, O. M. Sawan and A. M. Ibrahm, (2002). 

Potentiality of some Snap bean (Phaseolus vulgaris L.) under 

different irrigation levels at Shark Owinat Region. Egypt. J. 

Applied Sci., 17: 327- 345. 

Barakat, M. A. S., A. sh. Osman, W.M. Semida and M. A. H. Gyushi 

(2015). Influence of potassium humate and ascorbic acid on 



Mofreh, S. Tolba                                                                                             106 

Fayoum J. Agric. Res. & Dev., Vol. 33, No.2, July, 2019 
 

growth, yield and chemical composition of common bean grown 

under reclaimed soil condition. International Journal of 

Academic Research, 7(1):192-199. 

Brunner, B., K. Brady, L. Flores and S. Beaver, (2014). Yield performance 

of eight snap bean genotypes grown under an organic 

management system in the tropics. J. Agric. Univ. P. R., 98(1): 

15-20. 

Cherry, J. H. (1973). Molecular Biology of plants (Atext Manual) .Columbia 

Univ. Press., New York.  

Conklin, P. L. (2001). Recent advances in the role and biosynthesis of ascorbic 

acid in plants. Plant Cell and Environ., 24: 383–394. 

Dat, J., S. Vandenabeele, E. Vranova, M. van Montagu and D. Inze, (2000). 
Dual action of the active oxygen species during plant stress 

responses. Cell Mol. Life Sci., 57: 779-795. DOI: 

10.1007/s000180050041. 

Davies, P. J. (1995). Plant Hormones, Physiology, Biochemistry and Molecular 

Biology. Dordrecht, The Netherlands: Kluwer Academic 

Publishers. ISBN 0-7923-2985-6. 

Dubois, M., F. Smith, K. A. Gillers, J. K. Hamilton and P. A. Robers, 

(1956). Colorimetric methods for determination of sugar and 

related substances. Anal. Chem. 28:350.  

El-Bassiouny, H. M. S., M. E. Gobarah and A. A. Ramadan, (2005). Effect 

of antioxidants on growth, yield and favisum causative agents in 

seeds of Vicia  faba L. plants grown under reclaimed sandy soil. 

J. Agron., 4: 281-287. 

El-Hendaway, S., W. Shaban and J. I. Sakagami, (2011). Does treating faba 

bean seeds with chemical inducers simultaneously increase 

chocolate spot disease resistance and yield under field 

conditions. Turkish J. Agric. & Forestry, 34: 475-485. 

El Mantawy, R. F. (2017). Physiological Role of Antioxidants in Improving 

Growth and Productivity of Sunflower under Different Sources 

of Nitrogen Fertilizers. Egypt. J. Agron., 39(2): 167- 177. 

El-Sayed, H. E. A. (2013). Exogenous application of ascorbic acid for improve 

germination, growth, water relations, organic and inorganic 

components in tomato (Lycopersicon esculentum Mill.) plant 

under salt-stress. New York Sci. J., 6(10): 123- 139. 

El- Shraiy, A. M. and A. M. Hegazi, (2009). Effect of Acetylsalicylic Acid, 

Indole-3- Bytric Acid and Gibberellic Acid on Plant Growth and 

Yield of Pea (Pisum Sativum L.). Australian Journal of Basic and 

Applied Sciences, 3(4): 3514-3523. 

El-Shabrawi, H. M., B. A. Bakry, M. A. Ahmed and M. Abou-El-Lail, 

(2015). Humic and Oxalic acid stimulates grain yield and 

induces accumulation of plastidial carbohydrate metabolism 



IMPACT OF SOME ANTIOXIDANTS ON GROWTH AND…………... 107 

Fayoum J. Agric. Res. & Dev., Vol. 33, No.2, July, 2019 
 

enzymes in wheat grown under sandy soil conditions. 

Agricultural Sciences, 6: 175-185. 

Govindaraj, M., P. Masilamani, V. Alex Albert and M. Bhaskaran, (2017). 
Role of antioxidant in seed quality- A review. Agricultural 

Reviews, 38(3): 180-190 

Halliwell, B. and, J. M. C. Gutteridge, (1989). Free radicals, ageing and 

disease. Free Radic Biol Med., 2: 446-493. 

Jackson, M. L. (1973). Soil Chemical Analysis. Prentice Hall of India Pvt. 

Ltd., New Delhi, 498. 

Khan, T. A., M. Mazid and F. Mohammad, (2011). A review of ascorbic acid 

potentialities against oxidative stress induced in plants. J. 

Agrobiol, 28(2):97–111. doi:10.2478/v10146-011-0011-x 

Lane, B. G. (1994). Oxalate, germin, and the extracellular matrix of higher 

plants. FASEB J., 8: 294-301. 

Mehdy, M. C. (1994). Active oxygen species in plant defense against 

pathogens. Plant Physiology. 105: 462. 

Mervat, Sh. S., M. T. Abdelhamid and A. M. El-Saady, (2010). 
Physiological responses of faba bean plant to ascorbic acid 

grown under salinity stress. Egypt. J. Agron., 32 (1): 89 – 106. 

Nassar, H. H., (1986). The relationship between yield and growth character in 

snap bean varieties. Ann. Agric. Sci., Fac. Agric., Ain Shams 

Univ., 31: 1351- 1360. 

Nour, K. A., N. T. Mansour and G.S. Eisa, (2012). Effect of Some 

Antioxidants on Some Physiological and Anatomical Characters 

of Snap Bean Plants under Sandy Soil Conditions. New York 

Sci. J., 5(5). 

Ofir, M., Y. Grossa, F. Bangerthb and J. Kigela, (1993). High temperature 

effects on pod and seed production as related to hormone levels 

and abscission of reproductive structures in common bean 

(Phaseolus vulgaris L.). Scientia Horticulturae, 55(3-4): 201-

211. 

Sadak, M. S., M. T. Abdel-hamid and A. M. El-Saady, (2010). Physiological 

responses of faba bean Plant to ascorbic acid grown under 

salinity stress. Egypt. J. Agron., 32 (1): 89 – 106. 

Sadak, M. Sh. and S. A. Orabi, (2015). Improving thermo tolerance of wheat 

plant by foliar application of citric acid or oxalic acid. 

International Journal of Chem. Tech. Res., 8(1): 333-345. 

Sahu, M.P., V.S. Solanki and L.D. Bashara, (1993). Effect of thiourea, 

thiamine and ascorbic acid on growth and yield of maize (Zea 

mays L.) J. Agric. Crop. 

Salama, Z. A., A. A. Abou El-Nour, M. M. El Fouly and A. A. Gaafar, 

(2014). Ascorbic acid foliar spray counteracting effect of salinity 

on growth, nutrients concentration, photosynthesis, antioxidant 



Mofreh, S. Tolba                                                                                             108 

Fayoum J. Agric. Res. & Dev., Vol. 33, No.2, July, 2019 
 

activities and lipid peroxidation of bean (Phaseolus vulgaris L.) 

cultivars. Amer. J. Agric. Biolo. Sci., 9 (3): 384 – 393. 

Shafeek, M. R., Y.I. Helmy, A. A. Ahmed and M. A. F. Shalaby, (2014). 
Productivity of Snap Bean plants by spraying of some 

antioxidants materials under sandy soil conditions in plastic 

house. Middle East Journal of Agriculture Research, 3(1): 100-

105. 

Smirnof, N. (1996) .The function and metabolism of ascorbic acid in plants. 

Ann. Bot., 78:661–669. doi:10.1006/anbo.1996.0175. 

Smirnof, N. and G. L. Wheeler, (2000). Ascorbic acid in plants. Biosynthesis 

and Function. Current Review in Plant Sciences, 19: 267-290.  

Thomson, T., G. S. Patel, J. B. Thakar and K. S. Pandya, (2017). Effect of 

foliar application of acetyl salicylic acid and ascorbic acid on 

yield and yield attributes of garden pea (Pisum sativum L.) cv. 

Bonneville. Int. J. Curr. Microbiol. App. Sci., 6 (6): 1982-1986. 

Vajragupta O, P. Boonchoong, L. J. Berliner, (2004). Manganese complexes 

of curcumin analogues: evaluation of hydroxyl radical 

scavenging ability, superoxide dismutase activity and stability 

towards hydrolysis. Free Radic Res., 38: 303–314. 

Younis, M. E, M. N. A. Hasaneen and A. M. S. Kazamel, (2010). 
Exogenously applied ascorbic acid ameliorates detrimental 

effects of NaCl and mannitol stress in Vicia faba seedlings. 

Protoplasma, 239:39–48. doi: 10.1007/s00709-009-0080-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IMPACT OF SOME ANTIOXIDANTS ON GROWTH AND…………... 109 

Fayoum J. Agric. Res. & Dev., Vol. 33, No.2, July, 2019 
 

 

 ناايي  لنفيي  ااووليا تت  ررو القذرة الإتأثير بعض مضادات الأكسذة على نمو و

 الييوممتااظ   

 الملخص العربى :

ذيش. اىبىىيسخا والامسيشا ٍِ أهٌ أصْاف اىفاصىىيا اىَضسوػت فً اىفيىً سىاء ىيسىق اىَحيً أو ىيخص

وٍضاداث الأمسذة ػباسة ػِ ٍشمباث ػضىيت ٍثو الأحَاض اىؼضىيت واىهشٍىّاث .سمضث اىذساساث 

وىزىل حٌ اخشاء حدشبخيِ حقييخيِ أثْاء  اىحذيثت ػيً الأدواس اىْافؼت ىهزة اىَىاد فً ححسيِ أداء اىْباحاث.

 2رىل ىذساست حأثيش ٍصش و –باىخىاىً فً ٍضسػت خاصت بَحافظت اىفيىً  6102و  6102خشيف ػاً 

ٍضاداث أمسذة وهً )أحَاض الأّذوه أسيخل والأّذوه بيىحشك والأسنىسبيل واىسيخشك واىساىسييل 

ٍيً ٍىه ىنلا  01ث سشا ػيً اىَدَىع اىخضشي بخشميض لاوماّج اىَؼاٍ (واىطشطيشك والأومساىيل

ٍْهٌ( ػيً صفاث اىَْى وٍحصىه اىقشوُ اىخضشاء وخىدة اىقشوُ ىْباحاث ملا ٍِ صْفً الامسيشا 

صسػج اىبزوس فً سبخَبش وماُ حصَيٌ اىخدشبت  هى قطغ ٍْشقت وحٌ سش ٍضاداث وقذ  واىبىىيسخا.

يىً  21يىً و 01يىً. أخزث اىؼيْاث اىْباحيت بؼذ  01و  31يىً ٍِ اىضساػت ثٌ بؼذ  61الأمسذة بؼذ 

 ورىل لأخو أخز اىقياساث اىخضشيت وحقذيشاث اىَحصىه وخىدة اىقشوُ.

أظهشث اىْخائح حَيض صْف الامسيشا فً طىه اىقشوُ وٍحصىه اىْباث ٍِ اىقشوُ اىخضشاء وحَيض 

وػيً اىداّب الآخش حاٍط الأٍيْيت الأأيضا باسحفاع ٍحخىي أوساقه ٍِ اىنيىسفيو وٍحخىي قشوّه ٍِ 

حَيض صْف اىبىىيسخا فً طىه ّباحاحه واسحفاع ٍحخىي سيقاّه وقشوّه ٍِ اىنشبىهيذساث واسحفاع ٍحخىي 

أدث مو ٍؼاٍلاث ٍضاداث الأمسذة ىضيادة فً مو صفاث اىَْى مَا  .الأحاٍط الأٍيْيتسيقاّه ٍِ 

خىي الأوساق واىسيقاُ واىقشوُ اىخضشاء اىخضشي وٍحصىه اىقشوُ اىخضشاء وخىدحها وأيضا ٍح

ٍقاسّت باىْباحاث  ض الأٍيْيتَاحىْباحاث اىفاصىىيا ٍِ اىناسوحيْاث واىنيىسوفيو واىنشبىهيذساث والأ

اىَؼاٍلاث حأثيشا فً ححسيِ اىصفاث اىَذسوست هً اىشش  ماّج أقىي غيش اىَؼاٍيت بَضاداث الأمسذة.

شيل فً صيادة ٍحخىي اىسيقاُ ٍِ خغ حَيض حَط اىسٍ بحَط الأومساىيل أو حَط الاسنىسبيل

 . الأحاٍط الأٍيْيت

الامسيشا أو اىبىىيسخا بحَط  ًصْف اىفاصىىياسش ّباحاث يَنِ اسخْخاج أُ  واى ضوء الفاائج السابق 

ٍيي  01يىٍا( ٍِ اىضساػت بخشميض  01،  31،  61ثلاد ٍشاث ػيي ػَش)الأومساىيل أو الأسنىسبيل 

ححج ظشوف  ححسِ مبيش فً صفاث اىَْى وٍحصىه وخىدة اىقشوُ اىخضشاء ىيفاصىىيااىً ادي ٍىه 

  .ٍحافظت اىفيىً


