
Middle East Journal of Applied 
Sciences 
ISSN 2077-4613 

Volume : 06| Issue :04|Oct.-Dec.| 2016 
Pages: 1076-1099 

 
 

Corresponding Author: Amal M. El-Shraiy, Agriculture Botany Department, Faculty of Agriculture Ain 
Shams University, Cairo, Egypt. E-mail: amal_nafeh@yahoo.com 

1076 

Nodule Formation, Antioxidant Enzymes Activities and Other Biochemical 
Changes in Salt Stressed Faba Bean Plants Treated with Glycine Betaine, 
Arbuscular Mycorrhiza Fungi and Yeast Extract    
 

Amal M. El-Shraiy1, Amira M. Hegazi1 and M. S. Hikal2 

1Agric. Botany Department, Fac. of Agriculture, Ain Shams Univ., Cairo, Egypt  
2 Agric. Biochemistry Department, Fac. of Agriculture, Ain Shams Univ., Cairo, Egypt 
Received: 10 October  2016 / Accepted: 20  December 2016 / Publication date: 31 December 2016 

 

ABSTRACT  
 

To ameliorate the harmful effects of salinity stress on faba bean plants, two pot experiments 
were conducted in the greenhouse of Agriculture Botany Department, Faculty of Agriculture, Ain 
Shams Univ., Shoubra El-Kheima, Kalubia Governorate, Cairo, Egypt, during the two successive 
seasons of  2013/2014 and 2014/2015.  Faba bean plants (Vicia faba L. cv. Sakha 1) were irrigated 
with three levels of NaCl (non-saline (Tap water), 2500 and 4500 ppm).  Glycine betaine (GB) at 5 
mM, yeast extract (Saccharomyces cerevisiae) at 5 ml/l were applied to plants as foliar application, 
and arbuscular mycorrhizal fungi (Glomus irradicans (AMF)) inoculation was performed by mixing 
with the soil at 10% w/w. The obtained results indicated that yeast and AMF as bio-stimulators and 
GB as osmolytes treatments, improved growth, nodules formation, antioxidant substances 
concentrations (proline, phyenols) and yield parameters (pod weight and number, seed weight & 
number and 100-seed weight) as compared with untreated stressed plants. Meanwhile, these 
treatments reduced membrane permeability (MP) and lipid peroxidation (MDA). Plants treated with 
GB showed the most vigorous growth measurements (plant height, number of leaves, number of 
branches, shoot fresh and dry weight) and relative water content (RWC). The same trend was noticed 
with biochemical concentration in leaves and seeds (e.g. proline, phenols, protein concentrations, 
antioxidant enzymes (peroxidase (POD), catalase (CAT), polyphenol oxidase (PPO) and ascorbate 
peroxidase (APX)) activities and yield components followed by plants inoculated with AMF and 
finally plants treated with yeast extract. Glycine betaine treatment increased chlorophyll concentration 
followed by mycorrhiza and then yeast treatments under 2500 ppm NaCl but it had limited effect at 
4500 ppm NaCl. Meanwhile, plants inoculated with mycorrhiza surpass other treatments in root 
measurements including root fresh weight, root dry weight and nodules formation. Glycine betaine, 
mycorrhiza and yeast treatments mitigated the harmful effects of salt stress through the enhancement 
of the protective parameters in stressed faba bean plants and consequently improved growth and yield 
characteristics.   

 
Key words: Faba bean, Salt stress, Antioxidant enzyme activities, Electrolyte leakage, Lipid 

peroxidation, Yield, yeast ,Glycine betaine, AMF 

 
Introduction 
 

Salinity is an international problem in irrigated areas. In the Mediterranean area, about 20% of 
irrigated soils affected by salinity amounts, it varied from 7 to 40% (Hamdy et al., 1995). Moreover, 
resources of fresh water for agricultural purposes are becoming limited because of the competition 
between human and industrial use. Thus, use of saline water is a subject of increasing interest. 

Salinity considered one of the greatest issues for agriculture in semi-arid and arid regions of the 
world (Epstein, 1985), it decreases the rate of photosynthesis and plant growth to various degrees. 
Legumes are classified as salt sensitive crop species (Lauchli, 1984) and their productivity is affected 
particularly by salt stress since these plants depend on symbiotic N2 fixation for their nitrogen 
requirement (Elsheikh and Wood, 1995). The reduction in productivity is related to a lower growth of 
the host plant, deficit symbiotic development of root-nodule bacteria (Georgiev and Atkins, 1993) and 
consequently to a decline in the nitrogen-fixation capacity and in addition to these physiological 
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responses, saline stress lowers the leg-hemoglobin content (Delgado et al., 1993), which is considered 
an index of nodule deterioration.     

The main leguminous crop cultivated in Egypt is faba bean (Vicia faba L) as human consumed 
its seeds. It is an annual legume which also known as broad bean, fava bean, faba bean, field bean, 
bell bean, or tic bean, is a species of bean (Fabaceae) native to north Africa, southwest and south 
Asia, and extensively cultivated elsewhere (Farfour, 2013) and the most important pulse crop 
cultivated in Egypt due to the richness of seed protein content. For instance, faba bean consumption in 
Egypt exceeded 440,000 t in 2004 (Ahmed et al., 2008). The importance of faba bean in Egypt lies 
not only in its multiple uses in preparing diverse local dishes but also in its importance in crop 
rotation due to fixing atmospheric nitrogen that enriches the soil with nitrogen and organic matter and 
improving the water use efficiency of the cropping system (Pala et al., 2000) 

In this regard, the role of some bio-stimulator to improve salt tolerance has been mentioned by 
many workers. In addition to stress-adaptive mechanisms developed by plants, arbuscular mycorrhizal 
fungi (AMF) improved plant tolerance to abiotic environmental factors such as salinity. Porcel et al. 
(2012) emphasized the significance of arbuscular mycorrhizal fungi in alleviation of salt stress and 
beneficial effects on productivity and plant growth. Although salinity can affect negatively arbuscular 
mycorrhizal fungi, many reports show improved growth and performance of mycorrhizal plants under 
salt stress conditions. Arbuscular mycorrhizal fungi form symbiotic associations with several species 
plant. It contributes that growth improvement of the host plant by enhancing the characteristics of 
rhizospheric soil ,also modifying and protecting the root architecture of the host plant (Ahanger et al., 
2014; Abd_Allah et al., 2015a,b). Other attempts to improve salt tolerance have made using 
compatible solutes, as accumulation of these metabolites is one of the probable universal responses of 
plants to changes in the external osmotic potential. Metabolites with osmolytes function like glycine 
betaine, complex sugars, sugar alcohols and charged metabolites are frequently observed in plants 
under unfavorable conditions (Hasegawa et al., 2000 and Sotiropoulos, 2007). Proline and glycine 
betaine (GB) are known to serve as compatible osmolytes, protectants of macromolecules and also as 
scavengers of ROS under stressful conditions (Hellmann et al., 2000); (Ashraf and Foolad, 2007). 
Moreover, (Yeo et al., 2000) found that yeast extracts contain trehalose-phosphate syntheses which 
had a key enzyme for treadles biosynthesis. Also, (Barnett et al., 1983) mentioned that  yeast is a 
source of cytokinins and protein that enhance cell division and enlargement. El-Desuki and El-
Gereadly (2006) reported that, the vegetative growth of pea plant, leaves content of photosynthesis 
pigments, free amino acids, carbohydrates and cytokininis, pod yield and quality as well as nutritive 
value were increased by increasing the concentration of yeast extract in spraying solution from 1% up 
to 3%. The improving of growth, flowering, total yield and pods quality of some plants by using foliar 
application with yeast extract was reported by (Mady, 2012 and Mahmoud et al, 2013) 

The objective of this study was to evaluate the effect of Arbuscular Mycorrhizal Fungi (AMF), 
glycine betaine (GB) and yeast on faba bean plants growth, nodules formation, yield components and 
some biochemical constituents under salt stress conditions. 
 
Materials and Methods  
 
Plant materials and treatments 
 
Materials 
 

 Experiment was conducted in the Experimental farm of Agricultural Botany Department, Faculty 
of Agriculture, Ain Shams Univ., Shoubra El-Kheima, Kalubia Governorate during the seasons of 
2013/2014 and 2014/2015. Experiments was arranged in a randomized complete block design with 
four replicates. Faba bean (Vicia faba L. cv. Sakha 1) seeds were obtained from the Agriculture 
Research Center, Giza, Egypt.  Seeds were sown on 10th November in both seasons in plastic pots (40 
cm in diameter, 25 cm in depth).  Each pot contained 20 kg of a mixture of clay and sand (2:1, w/w). 
Phosphorus and potassium were added before sowing at a rate of 6.0 and 3.0 g pot-1 in the form of 
calcium superphosphate (15.5% P2O5) and potassium sulfate (48% K2O), respectively. Five sterilized 
seeds were sown in each pot, and seedlings were thinned to two plants per pot 15 days later. 
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Rhizobium inoculum and nitrogen fertilizer (in the form of urea; 46% N) were added. Irrigation with 
tap water was applied for three weeks after sowing, then irrigation with three levels of saline water.  
Treatments 
 
Treatments included the following: 
 
1- Salinity treatment: plants were irrigated with saline water (non-salt (tap water), 2500 ppm and 

4500 ppm NaCl) started after three weeks from sowing. 
2- Bio-stimulators and osmolytes: included the following in addition to control plants: 

 
A. Glycine betaine (GB) treatments 

 
 Foliar applications of glycine betaine (GB) was carried at 5 mM started at 60 days and repeated 
three times with 30 days intervals. 
 
B- Inoculation Arbuscular Mycorrhizal Fungi (AMF)  
 
  Pots received the AMF (Glomus irradicans) by placing 10% (w/w) of inoculum in the soil at the 
transplanting time. The AMF inoculum consisted of soil, spores (50 spore g–1 inoculum). The 
inoculation was provided by the Unit of Bio-fertilizers, Faculty of Agriculture, Ain Shams University, 
Shoubra El-Kheima, Egypt. The soil inoculation with AMF was repeated for three times at 30 days 
intervals.  
 
C- Yeast treatments 
 
 Yeast extract was prepared from the Unit of Bio-fertilizers (Saccharomyces cerevisiae), 
dissolved in water followed by adding sugar at a ratio of 1: 1 and kept 24 hours in a warm 
place for reproduction according to the methods of (Morsi et al., 2008). After sowing, Yeast extract 
at 5 ml/L was sprayed three times during the growth with 30 days intervals.   

 
Samples were taken at 151 days after planting for growth measurements, nodule formation, 

and determination of leaf relative water content, electrolyte leakage and chemical analyses (e.g. 
photosynthetic pigment, proline, phenols, protein and antioxidant enzymes) in fresh leaves. 

 
 Growth measurements 
 

Plant height, number of leaves, number of branches, shoot fresh and dry weight. 
 

Pods yield and quality measurements 
 

Pods were harvested during the period of 75- 145 days after sowing. At each harvest, the total 
number of pods per plant was recorded separately. Mean pods weight and total pods yield per plant 
were calculated. In each treatment, 15 representatives marketable pods were sampled (5 pods 
/replicate) for determination of protein and phenols. 

 
Determination of relative water content (RWC) 
 

Samples were taken from two plants per replicate (in the young fully expanded leaves). 
Individual leaves first detached from the stem and then weighed to determine fresh weight (FW). In 
order to determine turgid weight (TW), leaves were floated in distilled water inside a closed Petri 
dish. Leaf samples were weighed periodically, after gently wiping the water from the leaf surface with 
the tissue paper until a steady state achieved. At the end of imbibition period, leaf samples were 
placed in a pre-heated oven at 80◦C for 48 h, in order to determine dry weight (DW). Values of FW, 
TW and DW were used to calculate RWC using the equation below (Kaya et al., 2003).  
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                RWC (%) = [(FW – DW) / (TW – DW)] × 100 
 

Determination of membrane permeability (MP) 
 

Twenty leaf discs (10 mm in diameter) obtained from two plants per replicate from the young 
fully expanded leaves were placed in 50 ml glass vials, rinsed with distilled water to remove 
electrolytes released during leaf disc excision. Vials were then filled with 30 ml of distilled water and 
allowed to stand in the dark for 24 h at room temperature. Electrical conductivity (EC1) of the bathing 
solution was determined at the end of incubation period using an electrical conductivity meter 
(HANNA H199301). Vials were heated in a temperature-controlled water bath at 95◦C for 20 min, 
and then cooled to room temperature and the electrical conductivity (EC2) was measured. Electrolyte 
leakage was calculated as percentage of EC1/EC2 (Shi et al., 2006). 

 
Biochemical analyses 
 

A- In plant leaf 
 

Photosynthetic pigments  
 

Leaf discs (0.1g) were taken from the interveinal areas of the fully opened leaf from the top of 
three plants per replicate. Photosynthetic pigments chlorophyll a (chl a), chlorophyll b (chl b) and 
carotenoids in fresh leaves were extracted by grinding the tissue with a mortar and pestle using 
ammoniacal acetone (10 ml). The absorbance of the solution was measured at 470, 647 and 664 nm. 
Formulae and extinction coefficients used for the determination of chlorophyllous pigments (total 
chlorophyll and carotenoids) were described by (Lichtenthaler and Wellburn, 1983). Carotenoids were 
determined spectrophotometrically at 470 nm (CT 200 spectrophotometer) using the method of 
(Shlyk, 1971). 

 
Determination of proline contents 
 

Proline concentration was determined according to the method of (Troll and Lindsley, 1955) 
modified by (Peters et al., 1997) Fresh leaf samples (0.5 g) were ground and homogenized with one 
volume of 100 mM sodium phosphate buffer (pH 6.0). The samples were measured by the 
spectrophotometer at 515 nm by using UV–vis spectrophotometer (CT 200 spectrophotometer). The 
proline concentration was determined by the standard curve of L-proline and expressed as µg proline 
g-1 fresh weight (FW). 

 
Determination of malondialdehyde 
 

The level of lipid peroxidation was measured in terms of malondialdehyde (MDA) 
concentration by thiobarbituric acid (TBA) reaction as described by (Heath and Packer, 1968) One 
gram of fresh leaves tissue was homogenized in 5 ml of 0.1% (w/v) trichloroacetic acid (TCA). The 
contents were centrifuged at 10000 x g for 15 min and the absorbance of suspension was measured at 
532 nm in spectrophotometer (CT 200 spectrophotometer). The concentration of MDA was calculated 
using an extinction coefficient of 155 mM-1cm-1and was expressed as µmol g-1 FW. 

 
Determination of antioxidant enzymes activity 
 
Preparation of enzymes extract 
 

Leaf tissues were homogenized in 100 mM chilled sodium phosphate buffer (pH 7.0) 
containing 0.1 mM EDTA and 1% polyvinyl pyrrolidone (PVP) (w/v) at 4 ºC. Supernatant was used 
to measure the activities of phenylalanine ammonia-lyase (PAL), peroxidase (POD), catalase (CAT), 
superoxide dismutase (SOD), ascorbate peroxidase (APX) and polyphenol oxidase (PPO). Protein 
concentration was determined according to the method of Bradford, (1976). All enzymes activity was 
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calculated per milligram of protein per minute. The proteins concentration were calculated by using 
the standard curve of bovine serum albumin (BSA). 

 
Determination of peroxidase activity 
 

The activity of peroxidase (POD; EC1.11.1.7) was assayed by the method of (Hammerschmidt 
et al., 1982)The reaction mixture (2.9 ml) consisted of 0.25 % (v/v) guaiacol in 10 mM sodium 
phosphate buffer (pH 6 containing 10 mM hydrogen peroxide H2O2). Volume of 100 µl of the crude 
enzyme extract was added to initiate the reaction which was measured spectrophotometrically (CT 
200 spectrophotometer) at 470 nm per min. One international (IU) of enzyme activity was expressed 
as Δ OD = 0.01 POX activity expressed as unit min-1mg-1 protein. 

 
Determination of catalase activity  
  

The activity of catalase (CAT; EC 1.11.1.6) was determined according to Aebi, (1984) 
Enzyme extract (100 µl) was added to 2.9 ml of a reaction mixture containing 20 mM H2O2 and 50 
mM sodium phosphate buffer (pH 7.0). The activity of CAT was measured by monitoring the 
reduction in the absorbance at 240 nm as a result of H2O2 consumption. The amount of consumed 
H2O2 was calculated by using a molar extinction coefficient of 0.04 cm2 µmol-1. One unit of enzyme 
activity was defined as the decomposition of 1 µmol of H2O2 min-1. Catalase activity was expressed as 
unit min-1 mg-1 protein. 

 
Determination of polyphenol oxidase activity 
 

The activity of polyphenol oxidase (PPO; EC 1.14.18.1) was determined by the method of 
Oktay et al. (1995).The reaction mixture contained 600 µl catechol (0.1 M) and 100 µl enzyme extract 
was completed to 3 ml with 0.1 M phosphate buffer pH 7. The absorbance was recorded at 420 nm by 
spectrophotometer (CT 200 spectrophotometer). One unit of PPO activity was defined as the amount 
of enzyme that causes an increase in absorbance of 0.001 min-1 ml-1. The enzyme activity was 
expressed as (unit min-1 mg-1 protein). 

 
Determination of ascorbate peroxidase  
 

Ascorbate peroxidase (APX; EC 1.11.1.11) was assayed by recording the decrease in 
absorbance at 290 nm due to a decrease in ascorbic acid concentration (Nakano and Asada, 1981). 
Reaction mixture (3 ml) contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ascorbic 
acid, 0.1 mM EDTA, and 1.5 mM H2O2 and 0.1 ml enzyme extract. The reaction was started with the 
addition of H2O2 (ε = 2.8 mM cm-1). Absorbance was measured by spectrophotometer (CT 200 
spectrophotometer) at 290 nm. 

 
Minerals percentages 
 

Dried leaf samples were determined Na+, K+ and Cl- concentrations using an atomic 
absorption spectrophotometer (Varian spectra AA 220, Varian, Palo Alto, CA, USA) and ion 
chromatography analyser (Model 926, Sherwood Scientific Ltd., Cambridge, UK) according to Xu et 
al., (2006) 

 
B- In plant leaf and pod 

 
Determination of total soluble protein 
 

Ten grams of leaf or pod seeds samples were passed through a blander in the laboratory and 
homogenized using a mortar. The samples were centrifuged and take the supernatant of the juice to 
determine the TSP concentration according to the method of Bradford (1976). 
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Determination of phenols  
  
 One gram fresh leaf or seed was randomly taken and extracted with 80 % cold methanol (v/v) 
for three times at 0˚C. The combined extracts were collected and filtered (Wt. No. 1). Then, the 
volume of sample was made up to 25 ml with cold methanol. Phenol determination was carried out 
according to Daniel et al. (1972). 
 
Experimental design and Statistical analysis 
 

Treatments were arranged in a randomized block design with four replicates. Growth 
Parameters and biochemical analysis were determined by analysis of variance using the General 
Linear Models procedure of Statistical Analysis system. Significance between means was tested by 
Tukey’s studentized range test at the 5% probability level (CoStat software, Version 6.4, 2008). 

 
Results 
 
Growth parameters and nodulation: 

Different responses of bean plants under salinity levels and bio-stimulator effects on growth 
parameters were observed. The results presented in Table (1,2 and 3)  showed the variation of growth 
parameters (plant height, number of leaves, shoot and root fresh and dry weights) as well as nodule 
formation (number of nodules and weight of nodules) as affected by anti-stress treatments under three 
levels of salinity. Control plants showed vigorous growth parameters particularly in plants treated 
with bio-stimulator as compared to stressed plants. It was also observed that bio-stimulators 
treatments at 2500 ppm salinity level gave comparatively high values regarding the values of control 
plant with bio-stimulators. It could be noticed that the application of AMF caused significant increase 
in fresh and dry weight of root, number and weight of nodule, while GB gave the best results of shoot 
height, number of leaf and fresh and dry weight of shoot at 2500 ppm in comparison with 4500 ppm 
NaCl followed by AMF and yeast treatments. However, both low and high salt concentration (2500 
ppm and 4500 ppm) significantly reduced growth parameters in faba bean plants compared with 
control plants.  
 
Table 1: Effect of salinity levels and bio-stimulator treatments on some growth parameters of Faba bean (Vicia 

faba L.) during the two seasons  
    1st  Season   2nd  Season   

Salinity 
 levels 
(S)  

Bio-
Stimulators 
Treatments 

(T) 

Plant 
 height  
(cm) 

No. of 
Leaves/plant 

No. of  
Branches/plant 

Mean 
(S) 

Plant 
height  
(cm) 

No. of 
Leaves/plant 

No. of  
Branches/plant 

Mean 
(S) 

no
n

-N
ac

l 
 

(t
ap

 w
at

er
) Cont.  84.80 29.64 4 39 76.32 28.16 4 36 

yeast 96.00 33.52 5 45 86.40 31.84 5 41 
 mycorrhiza 98.13 35.66 6 47 88.32 33.88 5 43 

GB 100.53 39.41 6 49 90.48 37.44 5 44 

  Mean (T) 94.87 34.56 5.25 44.89 85.38 32.83 4.73 40.98 

25
00

 p
p

m
 

Cont.  63.47 19.32 4 29 57.12 18.35 4 26 
Yeast 80.00 22.44 5 36 72.00 21.32 5 33 

 Mycorrhiza 81.78 24.63 5 37 73.60 23.40 5 34 
GB 83.78 26.84 5 39 75.40 25.50 5 35 

  Mean (T) 77.26 23.31 4.75 35.10 69.53 22.14 4.28 31.98 

45
0
0 

pp
m

 Cont.  38.67 15.64 2 19 34.80 14.86 2 17 
Yeast 53.33 16.42 3 24 48.00 15.60 3 22 

 Mycorrhiza 66.67 18.33 4 30 60.00 17.41 4 27 

GB 76.44 20.31 4 34 68.80 19.29 4 31 
Mean (T) 58.78 17.68 3.25 26.57 52.90 16.79 2.93 24.21 

 LSD 0.05% S 3.65 0.88 0.64 
 

3.29 0.79 0.58 
 

LSD 0.05% T 4.12 1.03 0.78 
 

3.71 0.93 0.70 
 

LSD 0.05% S*T 1.65 0.45 0.13 
 

1.49 0.41 0.12 
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Table 2: Effect of salinity levels and bio-stimulator treatments on some growth parameters of Faba bean (Vicia 
faba L.) during the two seasons 

Salinity 
 levels 

(S) 

Bio-
Stimulators 
Treatments 

(T) 

1st  Season 2nd  Season 

Shoot 
FW  

g/plant 

Shoot 
DW  

g/plant 

Root 
FW  

g/plant 

Root 
DW  

g/plant 

Mean 
(S) 

Shoot 
FW  

g/plant 

Shoot 
DW  

g/plant 

Root 
FW  

g/plant 

Root 
DW  

g/plant 

Mean 
(S) 

no
n

-N
ac

l 
 (

ta
p 

w
at

er
) Cont. 16.55 4.91 13.93 5.36 10.19 18.20 5.40 15.33 5.89 11.21 

Yeast 22.04 7.41 18.74 6.74 13.73 24.24 8.15 20.62 7.42 15.11 

Mycorrhiza 32.48 11.04 27.72 11.79 20.76 35.73 12.15 30.50 12.97 22.83 

GB 38.92 12.99 20.63 9.14 20.42 42.81 14.29 22.69 10.06 22.46 

 Mean(T) 27.49 9.09 20.26 8.26 
 

30.24 10.00 22.28 9.09 
 

25
00

 p
pm

 Cont. 7.67 3.59 9.46 2.76 5.87 8.44 3.95 10.40 3.04 6.46 

Yeast 20.03 6.73 17.04 6.13 12.48 22.04 7.41 18.74 6.74 13.73 

Mycorrhiza 29.53 10.04 23.26 10.72 18.39 32.48 11.04 25.59 11.79 20.23 

GB 35.38 11.81 18.75 8.31 18.56 38.92 12.99 20.63 9.14 20.42 

 Mean(T) 23.15 8.04 17.13 6.98 
 

25.47 8.85 18.84 7.68 
 

45
00

 p
pm

 Cont. 5.35 2.67 8.15 1.51 4.42 5.88 2.94 8.96 1.66 4.86 

Yeast 19.01 7.28 19.42 5.50 12.80 20.91 8.01 21.36 6.05 14.08 

Mycorrhiza 22.06 9.21 21.02 9.48 15.44 24.27 10.13 23.12 8.37 16.47 

GB 32.53 9.79 17.19 7.61 16.78 35.78 10.77 18.91 10.43 18.97 

 Mean(T) 19.74 7.24 16.44 6.03 
 

21.71 7.96 18.09 6.63 
 

 
LSD0.5% S 2.31 2.00 2.41 2.34 

 
2.54 2.20 2.65 2.57 

 

 
LSD0.5% T 2.12 1.98 2.61 2.06 

 
2.33 2.18 2.87 2.27 

 

 
LSD 0.5% 

S*T 
1.65 1.23 1.84 1.41 

 
1.82 1.35 2.02 1.55 

 

 
Table 3: Effect of salinity levels and bio-stimulator treatments on nodules of Faba bean (Vicia faba L.) during 

the two seasons 

Salinity 
 levels (S) 

Bio-Stimulators 
Treatments 

(T) 

1st  Season 2nd  Season 
Total 

nodule  
number/ 

plant 

Total 
nodule 

weight (mg 
DW /plant) 

Mean 
(S) 

Total 
nodule  

number/ 
plant 

Total 
nodule 

weight (mg 
DW /plan) 

Mean 
(S) 

no
n

-N
ac

l 
 (

ta
p 

w
at

er
) Cont.  165 114 139.5 170 117 143.69 

Yeast 188 137 162.5 194 141 167.38 
Mycorrhiza 207 156 181.5 213 161 187.00 

GB 195 144 169.5 201 151 176.00 
Mean(T) 188.75 137.75 

 
194.40 142.63 

 

2
5

00
 p

p
m

 Cont.  120 69 94.5 124 71 97.34 
Yeast 180 129 154.5 185 133 159.14 

Mycorrhiza 204 153 178.5 210 158 183.86 
GB 192 141 166.5 198 145 171.50 

Mean(T) 174.00 123.00 
 

179.22 126.69 
 

45
00

 p
p
m

 Cont.  94 43 68.5 97 44 70.56 
Yeast 141 90 115.5 145 93 118.97 

Mycorrhiza 163 109 136 165 115 140.00 
GB 150 99 124.5 153 103 128.00 

Mean(T) 137.00 85.25 
 

140.01 88.75 
 

  LSD0.5% S 7.64 12.45 
 

14.23 12.36 
 

  LSD0.5% T 5.23 10.31 
 

11.09 9.63 
 

  LSD 0.5% S*T 3.65 5.63 
 

5.77 4.00 
 

 
Pods yield: 
 

Data presented in Table (4) showed that the number of flowers, pods and seeds also pods and 
seeds weights, fresh weight of 100 seeds and number of harvesting pods significantly increased 
almost by bio-stimulators treatments comparing with control plants under non-salinity level and under 
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saline conditions. However, foliar treatment of faba bean plants with GB significantly increased mean 
pods weight (15.49 g) followed by AMF (14.98 g) then yeast and finally control plants (11.97 and 
9.76 g respectively). Also, GB treatments increase number of harvested pods as compared with other 
treatments and untreated plants.  In comparison with untreated plants, all bio-stimulator treatments 
significantly increased pods yield at salinity level 2500 ppm. On the other hand, the lowest significant 
pod yield were showed in plants  treated with bio-stimulators at 4500 ppm  followed by untreated faba 
bean plants under both saline levels (2500 and 4500 ppm).  

 
Table 4: Effect of salinity levels and bio-stimulator treatments on pods yield of Faba bean (Vicia faba L.). 

Salinity 
 levels 

(S) 

Bio-Stimulators 
Treatments 

(T) 

No. of 
Flower/plant 

No. of 
pods/plant 

Pods FW 
/plant 

Pods DW. 
/plant 

No. of  
seeds/plant 

Seeds 
Weight 
/plant 

FW 
 100 
seeds 

no
n

-N
ac

l 
 

(t
ap

 w
at

er
) 

Cont.  6.50 6.20 9.76 1.88 10.31 7.54 75.64 

Yeast 7.58 7.41 11.97 2.28 12.37 9.05 83.20 

Mycorrhiza 8.88 8.45 14.89 2.57 14.85 10.86 91.52 

GB 9.32 9.10 15.49 2.66 17.82 13.03 98.03 

 Mean(T) 
8.07 7.79 13.03 2.35 13.84 10.12 87.10 

25
00

 p
pm

 

Cont.  3.50 3.03 8.55 1.44 8.74 7.42 73.65 

Yeast 5.83 5.70 9.21 1.75 10.49 8.90 81.02 

Mycorrhiza 6.83 6.50 11.45 1.97 12.59 10.68 89.12 

GB 7.17 7.00 12.91 2.05 15.10 12.82 95.32 

 Mean(T) 
5.83 5.56 10.28 1.80 11.73 9.96 84.78 

45
00

 p
pm

 

Cont.  2.50 2.00 3.99 0.74 6.82 4.67 69.45 

Yeast 4.20 4.00 6.00 0.91 8.18 5.60 71.40 

Mycorrhiza 5.50 4.67 7.24 1.59 9.82 6.72 77.03 

GB 5.83 4.50 9.11 1.60 11.78 8.07 81.23 

 Mean(T) 
4.51 3.79 6.59 1.21 9.15 6.27 74.78 

  
LSD 0.05% S 1.56 0.96 1.63 0.14 1.42 1.84 3.64 

  
LSD 0.05% T 1.01 0.62 1.23 0.11 1.21 1.34 2.88 

  LSD 0.05% S*T 0.98 0.35 0.88 0.08 0.74 1.12 1.44 

 
Relative water content (RWC) and membrane permeability (MP): 
 

A different pattern of response was observed when membrane permeability (electrolyte 
leakage) and the RWC were evaluated in leaves of stressed faba bean plants under different of salinity 
levels and treated with bio-stimulators (AMF, GB and yeast) as shown in Figure 1. Application of 
different concentrations of NaCl (2500 and 4500 ppm) caused a significant increase in electrolyte 
leakage (MP) compared with the control plant and treated plants with bio-stimulator. Maximum 
electrolyte leakage was recorded in the plants exposed to 4500 ppm NaCl. However, there were a 
significant decrease in the electrolyte leakage values recorded with stressed plants when treated with 
bio-stimulators as compared with those untreated plants. In contrary, exposure of plants to NaCl 
caused a decrease in the RWC. Meanwhile, treatment of faba bean plants with bio-stimulators GB, 
AMF and yeast significantly increased the RWC by (89%, 88% and 79%) with plants received GB, 
(84%, 83% and 69%) for AMF treatment and (77%, 73% and 56%) for yeast extract treatment in 
plants irrigated with 0, 2500 and 4500 ppm NaCl, respectively, as compared to the untreated control 
plants. 
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Fig. 1: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-

stimulators (yeast, AMF and GB) on Figure RWC and MP in leaves of Vicia faba plants. 
 
Biochemical analyses: 
 
1-Photosynthetic pigments 
 

The concentration of photosynthetically active pigments (chl. a, chl. b , carotenoids and total 
chlorophyll) estimated in leaves of faba bean plants were shown in Figure (2). The contents of chl a, 
chl b, carotenoids and total chlorophyll were gradually lowered with salinity level 2500 ppm and 4500 
ppm as compared with unstressed control plants. The highest inhibitory effect of salinity on chl. a, 
chl. b, carotenoid and total chlorophyll was recorded at 4500 ppm NaCl without any treatment.  
Treated plants with GB, AMF and yeast alleviate the inhibitory effect of salinity on photosynthetic 
pigment concentration. Moreover, Control plants (plants irrigated with tap water) treated with GB 
showed the highest chlorophyll contents. While stressed plants exhibited commonly reduction in 
chlorophyll concentration . 

In addition, Figure (2), illustrated that treated plants with bio-stimulators (yeast and AMF) as 
well osmolytes (GB) significantly increased carotenoids concentration comparing with untreated 
plants under saline condition. Glycine betaine treatment gave the highest significant increment in 
carotenoids concentration followed by AMF then yeast treatments. These results indicated that the 
increase in concentration of total photosynthetic pigments in response to bio-stimulator GB, AMF and 
yeast treatments ranged from 3.88 mg/g FW to 19.87 mg/g FW as compared with the values of control 
plants under salinity levels. 
 
2-Proline contents 
 

The effects of salinity and bio-stimulators on proline of faba bean plants are shown in Figure 
(3). The contents of proline decreased when salinity level increased as compared with unstressed 
plants. Proline concentration was significantly increased in treated faba bean plants compared to 
untreated plants under salt stress conditions. All bio-stimulators treatments significantly increased 
proline concentration as compared to untreated plants. The highest values of proline were recorded by 
GB followed by AMF and then yeast at saline levels 2500 ppm. GB at 5 mM recorded the highest 
significant values (25.67 and 20.12 μg g-1 FW); however yeast gave the lowest significant values 
(20.74 and 16.98 μg g-1 FW) under saline level conditions (2500 and 4500 ppm) respectively. 

0

10

20

30

40

50

60

70

80

90

100

non-Nacl
 (tap water)

2500 PPM 4500 PPM

RWC %

0

10

20

30

40

50

60

non-Nacl
 (tap water)

2500 PPM 4500 PPM

MP %



Middle East J. Appl. Sci., 6(4): 1076-1099, 2016 
ISSN 2077-4613 

1085 

Meanwhile, untreated faba bean plants gave the lowest values (6.74 and 8.43 μg g-1 FW) under saline 
level 4500 and 2500 ppm as compared with control plants (untreated) under non-salt NaCl. 
 

 
Fig. 2: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-

stimulators (yeast, AMF and GB) on Photosynthetic pigments in leaves of Vicia faba plants. 
 

 

 

 

 

 

 

 

 
Fig. 3: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-

stimulators (yeast, AMF and GB) on proline contents in leaves of Vicia faba plants. 
 
3- Malondialdehyde  (lipid peroxidation ) 

From figure (4) it is cleared that, untreated faba bean plants (control) under salt stress gave 2.37 
and 2.97 μmol g-1 FW of MDA. Whereas, MDA concentration of treated faba bean plants under non-
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saline levels was reduced significantly to 0.98 μmol g-1 FW. Furthermore, Figure (4) also showed 
that, all bio-stimulators treatments significantly reduced MDA concentration compared with untreated 
control plants. The highest significant reduction was recorded by GB compared to other treatments 
and untreated faba bean plants, followed by AMF then yeast.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-

stimulators (yeast, AMF and GB) on malondialdehyde (MDA) in leaves of Vicia faba plants. 

4- Total phenols contents in leaves and seeds 

The results indicated that salinity induced a significant increase in phenols accumulation in 
leaves of faba bean plants under salt stress (Figure 5). Excess increase was noticed under salt stress 
treatment which show the highest values of phenol concentration (54.61 mg/g FW in leaf and 45.67 
mg/g FW in seeds) under saline levels 4500 ppm. Regarding bio-stimulators treatments effect, it was 
shown that the increase of phenol concentrations in leaves and seeds when salinity levels increased. 
Total phenolic. 

 
5- Total soluble protein in leaves and seeds 
 

Data in Figure (6) showed that faba bean plants treated with bio-stimulators under two 
salinity levels (non-salt (Tap water) and 2500 ppm) recorded higher total soluble protein values than 
treated plants under high salinity level 4500 ppm in seeds and leaves, however, the differences 
between treated plants with non-salt (control) and treated plants under saline level 2500 ppm in total 
soluble protein concentrations was significant. In addition, all treatments significantly increased total 
soluble protein concentrations as compared with control plants under all salinity levels. The highest 
significant values were recorded by GB at 30 mM (recorded 12.43, 12.08 and 10.23 mg g-1 FW) 
followed by AMF (recorded 10.51, 10.39 and 7.67 mg g-1 FW) then yeast at 5m/l (recorded 9.24, 
8.91 and 6.02 mg g-1 FW) comparing with untreated faba bean plants (recorded 6.76, 4.92 and 4.05 
mg g-1 FW) under saline levels (0, 2500 and 4500 ppm) in leaves respectively. Similarly, protein 
concentration in seeds of faba bean plants under salt stress increased at a greater rate than leaves. 

 
6- Antioxidant enzymes activity 

 
Results shown in Figure (7) indicated that the effect of different concentrations of NaCl in 

control plants or in plants treated with bio-stimulators (yeast, AMF and GB) on the activities of the 
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antioxidant enzymes POD, CAT, PPO and APX in faba bean plants at the vegetative stage. The 
activities of POD and CAT increased with the increase of salinity levels, whereas PPO and APX 
activity significantly increased with increasing NaCl concentration, compared with those of the non-
salt stressed control plants. Bio-stimulators treatments induced significant increases in the activities of 
POD, CAT, PPO and APX, compared with those untreated control plants (Figure 7). As well as, 
application of bio-stimulators (yeast and AMF) as  well foliar osmolytes (GB) significantly increased 
POD, CAT, PPO and APX activities compared to untreated plants under saline condition (0, 2500 and 
4500 ppm).  The highest significant improvement was recorded by GB at 5 mM compared to other 
treatments and control plants. Tabulated results illustrate that, GB at 5 mM significantly increased 
POD and CAT activity ranging from (4.61 to 16.23 unit min.-1 mg-1) and (4.51 to 7.59 unit min.-1 mg-1) 
under both moderate and high salinity levels respectively, followed by AMF which increased ranging 
from (3.8 to 10.82 unit min.-1 mg-1 ) and (4.35 to 5.06unit min.-1 mg-1) then yeast increased ranging 
from (3.74 to 7.22 unit min.-1 mg-1 and 4.01 to 3.38 unit min.-1 mg-1, respectively). In comparison with 
untreated control plants, GB, AMF and yeast showed the same PPO and APX activity trend at saline 
levels.  GB treatment recorded the highest significant activity of POD, CAT, PPO and APX enzymes 
while yeast showed the lowest one.  

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 5: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-
stimulators (yeast, AMF and GB) on phenols concentration in leaves and seeds of Vicia 
faba plants. 
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Fig. 6: Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-
stimulators (yeast, AMF and GB) on total soluble protein in leaves and seeds of Vicia faba plants. 
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Fig .7:  Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some bio-

stimulators on antioxidant enzyme activities (POD, CAT, PPO and APX) in leaves of Vicia 
faba plants. 

7- Minerals concentrations 
 

 Mineral analysis was conducted only in leaves of faba bean plants under saline levels. Data in 
Figure (8 a and b) showed that concentration of Na+ was increased with increasing concentration of 
NaCl. The results in (Figure 8) also mentioned that mineral ion concentration including K+ in the 
leaves gradually decreased by increasing salinity levels to reach their lowest values at the greatest 
level of salinity. The concentration of Na+ and Cl- showed positive correlation with increasing salinity 
level to attain its greatest level over the non-stressed control plants.  The K+/Na+ ratio of faba bean 
leaves gradually decreased by increasing salinity levels to reach their lowest values at the greatest 
level of salinity. However, bio-stimulators applications counteracted partially or completely the 
adverse effect of salinity as it increased the concentrations of K+ in the same time it decreased the 
absorption of Na+ and Cl- in faba bean leaves compared with the corresponding salinity levels.  
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Fig. (8a): Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some 
bio-stimulators (yeast, AMF and GB) on minerals (Na, K and Cl %) of Vicia faba leaves. 
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Fig. (8b): Effect of different levels of NaCl (non-NaCl (Tap water), 2500 and 4500 ppm) with some 
bio-stimulators (yeast, AMF and GB) on K/Na of Vicia faba leaves. 

Discussion 
 

The present work investigated some physiological and morphological changes in faba bean 
(Vicia faba L.) plants grown under salinity stress conditions represented in irrigation with three levels 
of water salinity (0, 2500 and 4500 ppm) and the response of the stressed plants to some anti-stress 
osmolytes (GB 5 mM) or bio-stimulator (yeast 5 ml/l and AMF 10 w/w).  As described in the 
previous results plant growth, nodule formation, RWC, MP, photosynthetic pigments and yield 
parameters were recorded. Physiological activities were also evaluated including proline, total 
phenols, protein, lipid peroxidation (MDA) concentrations in leaves and seeds and the activity of 
antioxidant enzymes as peroxidase (POD), catalase (CAT), polyphenol oxidase (PPO), ascorbate 
peroxidase (APX) and minerals percentages were determined. 
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A- Growth parameters and nodulation:  
 

The results from our experiments showed that,  Irrigation of faba bean plants with 2500 and 
4500 ppm NaCl resulted in a reduction in growth parameters (e.g. shoot height, number of leaves, 
shoot and root fresh and dry weight) compared to control plants (Table 1). The reduction was 
estimated by 16.8% and 40.9 % compared to the control plants irrigated with tap water. This may be 
due to the effect of salinity stress which resulted in the limitation of absorbed water and bio-chemical 
processes (Parida and Das, 2005).  Moreover, a decline in the net photosynthesis rates occurs, which 
leads to an inhibition in nutrient uptake and consequently growth of plants (Seeman and Sharkey, 
1986) and finally growth of plants (Cha-Um and Kirdmanee, 2009).  The reduction of plant growth 
under salt-stress may due to either reduction of osmotic water availability or to excessive ions 
accumulation (Marschner, 1995). The reduction in growth parameters under salinity conditions were 
obtained in bean seedlings and faba been plants was reported by (Kaymakanova and Stoeva, 2008)  
and. (Bekheta et al., 2009), respectively. Since salt stress limits plant growth by adversely affecting 
various physiological and biochemical processes including photosynthesis, antioxidant capacity and 
homeostasis (Ashraf, 2004). The harmful effect of salt stress maybe due to the deficit of water 
absorbed by stressed plant and ionic imbalance under these conditions. Munns and Cramer (1996) 
indicated that chemical signals coming from roots in saline soil that reduce leaf growth. These are 
commonly referred to root signals. Foliar application with bio-stimulators (yeast, AMF and GB) 
recorded significant increments in growth parameters under all discussed levels of salinity (tap water, 
2500 and 4500 ppm). 
 
1- Influence of yeast extract   
 

Regarding foliar application of yeast extract, the concentration of 5 ml/L relatively increased 
plant growth, expressed as plant height (cm), number of leaves and shoots as well as fresh and dry 
weight (g) of root and whole plant, number and weight of nodules as compared with control plants 
under salinity levels. The statistical analysis of the obtained data reveals that the differences in yeast 
within different treatments of bio-stimulators were not enough to reach the best of growth parameters. 
These findings are in agreement with the results of Abou EL-Yazied, (2012) and Kamal and Ghanem 
(2012) on bean plants and Mahmoud, et al (2013) on pea plants who found that the application of 
yeast extract increased plant growth. The progress of plants growth in response to the foliar 
application of yeast extract may be due to its contents of K+, higher content of proteins and cartinodes, 
higher values of phenols and proline, MAD under saline condition which may play an important role 
in improving growth (Bevilacqua et al., 2008). As for Yeast extract, (Wahid et al., 2007), showed that 
using active dry yeast at the rate of 8 g/l increased plant height and stem diameter of potted Brassaia 
arboricola. (Guyatt et al., 2011) revealed that foliar application with the relatively median 
concentration of 50 ml active yeast extract / L induced promotive significant effects on all 
investigated morphological parameters (plant height, number of branches and leaves/plant, total leaf 
area/plant and shoot dry weight/plant, yield of green pods/plant, number of pods/plant, number of 
seeds/plant, seed yield/plant.). 

 
2- Influence of Arbuscular Mycorrhizal Fungi (AMF) 
 

AMF is reported to alleviate toxic effects caused by salinity stress and improves growth rate. 
The length of shoot and root decreased with the increasing concentration of NaCl and the results are 
in accordance with (Rohanipoor et al., 2013) who also reported a reduction in shoot length under salt 
stress in maize. (Ahmad et al., 2010) also observed decrease in shoot length with increasing 
concentration of salt in mulberry as well as in Vicia faba (Abeer et al., 2014), inoculation of AMF 
enhanced plant growth by improving nitrogenase activity and nodule formation. Arbuscular 
mycorrhizal fungi (AMF) are widespread and they are made up by a different variety of land plants. 
Mycorrhiza have been shown to promote plant growth (Hameed et al., 2014) and (Abeer et al., 
2014)), enhance nutrient uptake such as nitrogen, phosphorus, magnesium, and micronutrients from 
the soil (Evelin et al., 2012), improve soil structure, and also it is able to improve plant tolerance 
under salinity stress (Wu et al., 2014). In the present study, results showed an increase in growth 
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parameters as a result of AMF (Table 1, 2 and 3) these results are in corroboration with the results of 
Tang et al., (2009). Arbuscular mycorrhiza fungi (AMF) form beneficial symbiotic associations with 
many plants and had a vital role in plant growth under various stress conditions by enhancing 
mobilization and modifying the root system and increase the uptake of several essential nutrients. 
They have also been reported to stimulate plant stress tolerance by enhancing enzymatic as well as 
non-enzymatic antioxidant defense systems (Wu et al., 2014); Ahmad et al., 2015). Plants treated with 
AM fungi showed an enhancement in growth and yield, and maintained the osmotic and ionic balance 
to a normal level so that plants can grow well under these stress conditions (Hameed et al., 2014), 
(papper 4579588 pdf). The positive effects on plant growth and stimulation of stress tolerance by 
synergistic interactions of root-colonizing, plant growth-promoting bacteria (PGPR) and AMF under 
hostile environments have been extensively reviewed by (Nadeem et al., 2014). 

 
 3- Influence of Glycine betaine (GB) 
 

Compatible osmolytes (class of small molecules) are effective osmo-protectants that play a 
role in ameliorating the effects of osmotic stress. In addition, the attenuation effects of glycine betaine 
on plant growth, stability of leaf membranes, leaf relative water content, chlorophyll content and leaf 
osmotic potential of bean plants (Vicia faba) grown under salt stress with NaCl were studied by 
(Gadallah, 1999). He indicated that glycine betaine application increased K+ uptake and chlorophyll 
content, reduced membrane injury and improved plant growth (Mohamed et al., 2007).  Accumulation 
of compatible organic solutes is one of the cellular adaptive responses, which might be induced by 
environmental stress. This compound plays an important role in membrane stabilization and reducing 
oxidative stress as an oxygen radical scavenger under salinity stress (Demiral and Türkan, 2006).  

 
2- Total pods yield and some pod physical quality: 
 
1- Influence of yeast extract 
 

As shown in Table (4) yeast extract foliar application at 5 ml/L increased number of pods per 
plant and total pods yield per plant compared with control plants. Data revealed that (pod weight (g), 
the total number of pods per plant and total pods yield per plant) significantly increased with yeast 
extract application. These findings are in agreement with the results by Mahmoud, et al. (2013) on pea 
plants who found that the application of yeast extract increased yields and their component. It could 
be concluded that, yeast extract treatments were suggested to participate beneficial role during 
vegetative and reproductive growths through improving flower formation and set in some plants these 
effects may attributed to its high auxins and cytokinins contents and its beneficial effect on 
carbohydrate accumulation (Sabate et al., 2002). The trend of these results is supported by many 
authors (Kamal and Ghanem, 2012 and Mahmoud, et al. 2013). (Guyatt et al., 2011) revealed that 
foliar application with 50 ml active yeast extract per liter in bean plants induced significant promotive 
effects on all investigated morphological parameters growth parameters, yield of green pods per plant, 
number of pods per plant, number of seeds per plant, seed yield per plant. 

 
2- Influence of Arbuscular Mycorrhizal Fungi (AMF) 
 

Mycorrhiza fungi plays an important role in membrane stability, stimulated plants to produce 
their own defense compounds, enhance the photosynthetic pigments and maintains the osmotic and 
ionic balance of the cell. Application of AMF have been shown to alleviate the negative effect of 
NaCl and the results are in accordance with (Abeer et al., 2014); (Zou et al., 2013) and (Alqarawi et 
al., 2014). Mycorrhiza fungi improve plant growth and yield as it provides adequate supply of mineral 
nutrients particularly phosphorous (Marschner et al., 1986); (Allison, 2002). The number of nodules 
decreased with the increase in salt stress have also been reported by (Rao et al., 2002) in chickpea. 
Plants under salinity stress showed reduction in root growth, lower number of root hairs and deformed 
root hairs which are the potential sites of infection (Miransari and Smith, 2009). Meanwhile, nodule 
formation needs normal root hairs and not the deformed one, so the plant inoculation with AMF 
prevent particularly root deformation and improved its function and nodule formation. 
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3- Influence of Glycine betaine (GB) 
 
  Glycine betaine maintains the turgor pressure during water stress conditions via increasing the 
equilibrium of water potential maintenance in the cell. In many plants the natural accumulation of GB 
is lower than sufficient to ameliorate the adverse effects of dehydration caused by various 
environmental stresses (Subbarao et al., 2001). So exogenous application of GB to low-accumulating 
or non-accumulating plants can help in reducing the adverse effects of environmental stresses (Yang 
and Lu, 2005). In addition,GB can rapidly penetrate through leaves and transported to other organs, 
where it might contribute to improve stress tolerance (Ashraf and Foolad, 2007). It was found to be 
phloem-mobile, and is partly translocated with assimilates to actively growing shoots and developing 
organs. Moreover, application of osmo-regulators as GB had a significant role on plant growth 
promotion and seed yield under normal or stress conditions as observed in some crops has been 
reported to enhance water stress tolerance in wheat (Raza et al., 2014), faba bean (Dawood et al., 
2014). The effects of GB on plants vary in response to crop, cultivar, rate and application timing and 
environmental location effects. The major role of GB in plants exposed to saline stress is probably 
protecting plant cells from salt stress by osmotic adjustment (Gadallah, 1999). 
 
B- Chemical analysis of plant leaf and seed: 
 
   The present work describes that the changes in the activities of antioxidant enzymes and the 
levels of some non-enzymatic antioxidants could be used an indicator of salt tolerance in faba bean 
(Vicia faba L.) inoculated by Arbuscular Mycorrhizal Fungi (AMF) and foliar sprayed with GB and 
yeast in faba bean exposed to NaCl (2500 and 4500 ppm). High salinity level causes both hyperionic 
and hyperosmotic stresses which led to plant death (Hasegawa et al., 2000). He reported that plants 
grown under saline conditions are affected in three ways: reduced water potential in root zone causing 
water deficit, phytotoxicity of ions such as Na+ and Cl– and nutrient imbalance depressing uptake and 
transport of nutrients. Na+ competes with K+ for binding sites essential for cellular functions (Munns, 
2002). Higher accumulation of Cl- led to a significant reduction in growth and water use efficiency in 
plants. The reduction in photosynthetic rates in plants under salt stress is mainly due to the reduction 
in water potential. Photosynthesis is also inhibited when high concentrations of Na+ and/or Cl– are 
accumulated in chloroplasts. 
 
1- Influence of yeast extract 
  

Foliar application of yeast resulted in slight increases in faba bean plants concentration of 
proline, phenols and protein (Figure 3, 5 and 6). The data indicate that there was a statistically 
significant effect for the foliar application treatments on the contents of phenols and protein in the 
seeds of faba bean plants compared to untreated plants (control). These results may be due to the 
content of macro and micro elements of the yeast extract which contain important plant hormones 
which increase cell division and cell enlargement and led to balance of physiological and biological 
processes and enhancing photosynthesis processes and improving growth characters (Gavin et al., 
2006). 
 
2- Influence of Arbuscular Mycorrhizal Fungi (AMF) 

 
  Arbuscular Mycorrhiza Fungi significantly enhanced the accumulation of proline which 
supports its role in protecting from cellular damage induced by salt stress to plants. In Thymus 
vulgaris, (Davoodnia et al., 2010)have observed that accumulation of carbohydrates and proline 
increased the tolerance to high salt concentrations and hence protect metabolism under such 
conditions. Furthermore, the accumulation of carbohydrates during stressed conditions enhanced 
stress tolerance by maintaining the membrane structure and reducing the chances of ROS formation 
(Masood et al., 2013) and (Ahanger et al., 2014). (Alqarawi et al., 2014) observed an increase of 
malondialdehyde (MDA), lipid peroxidation, production in salt stressed Ephedra alata plants. 
Reduced MDA production in AMF inoculated plants may be due to increased activities of antioxidant 
enzymes resulting in quick scavenging of free radicals and hence preventing the oxidative damage 
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(Estrada et al., 2013)).  Increased accumulation of osmolytes directly affects the water balance of 
plants by maintaining the solute potential and thereby causing direct positive effect on the 
photosynthetic efficiency. Mycorrhiza significantly enhanced the accumulation of proline and glycine 
which strongly supports its role in protecting from salt stress induced cellular damage to plants.  
  Improved plant nutrient uptake under salt stress conditions by AMF was reported in many 
studies e.g., for common bean (Allah and Alqarawi, 2015), olive (Porras-Soriano et al., 2009), and 
wheat (Talaat and Shawky, 2014). The combined inoculation of plants with AMF reduced the Na and 
Cl concentrations in plant tissues, thereby protecting salt-stressed plants from ionic and osmotic 
stress-induced changes. These microbes are believed to act as essential bio-ameliorators of stress by 
regulating the nutritional and hormonal balance (Abd_Allah et al., 2015a,b; (Egamberdieva et al., 
2016) and inducing systemic tolerance to stress (Ruiz-Lozano et al., 2012).  Improved K uptake is 
associated with reduced Na uptake in AMF inoculated plants and results in an enhanced K/Na ratio, 
an important aspect for the maintenance of physiological cellular functioning (Ahanger et al., 2015). 
The increased photosynthetic pigments by mycorrhizal colonization in plants are due to the inhibition 
of Na+ transport, which leads to better functioning of photosynthetic machinery. Salt treated plants in 
combination with AMF further increases the antioxidant activity in present study and coincides with 
the results of (Evelin and Kapoor, 2014); they also showed an increase in antioxidant activity with 
Glomus intraradices colonization. AMF inoculated plants were observed to have elevated activities of 
SOD, CAT, POD and APX. 
 
3- Influence of Glycine betaine (GB) 
 
  Foliar application with osmolytes (GB) significantly improved, POD, CAT, PPO and APX 
activities compared to control plants under saline condition. The application of GB significantly 
improved these measurements (chlorophyll, carotenoid, total soluble protein, phenols and proline 
concentrations) comparing with control plants under salt stress conditions. Also, GB gave the highest 
significant reduction of MP and MDA; significantly increased RWC.  Exogenous glycine betaine 
application on Vicia faba under salt stress reduced membrane injury, improved K+ uptake and growth 
and also increased the chlorophyll contents (Gadallah, 1999). Similar results have been obtained in 
Prosopis ruscifolia (Meloni and Martínez, 2009) under salt stress. Positive effects of exogenous 
application of glycine betaine were also observed in wheat (Raza et al., 2007) and maize plants (Yang 
and Lu, 2005). Although Na+ and Cl- accumulations were decreased by exogenous application of 
glycine betaine on tomato plants. In addition, it was reported that the development of the embryos of 
tomato plants were positively affected by glycine betaine application (Tıpırdamaz and Karakullukçu, 
1993). 
 
Conclusion. 
 

It could be concluded that, foliar application of faba bean plants with the combination of GB, 
AMF and yeast could positively alleviate the decreases in vegetative growth and seed yield of plants 
irrigated with saline water equivalent (2500 and 4500 ppm).  

Those positive results of the role individual bio-stimulators [bio-fertilizer (AMF and yeast); 
osmolyte (GB)] or in combination at saline levels could be interpreted by the following:  
1- The improvement of vegetative growth (Table 1, 2, 3 and 4) and photosynthetic pigments (Figure 

2) of plants irrigated with saline water (2500 ppm) and treated with bio-stimulators.  
2- The accumulation of phenols, proline and protein in leaves and seeds obtained as a result of GB, 

yeast and AMF treatments in plants irrigated with saline water (Figure 4, 5 and 6) significantly 
helped to overcome the harmful effect of salinity on seed yield.   
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