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ABSTRACT  
 
  Pot experiments in sandy soil were carried out to investigate the effect of foliar application by active 
yeast suspension (AYS) at 0 as control, 2.5, 5 and 10 g/L on common bean under different irrigation levels 
(100% of the water holding capacity (WHC) as a control treatment , 70 and 40% of the control). The results 
showed that the reducing of irrigation level had negative significant effects on plant growth parameters, flowers 
number, fruit setting and yield of green pods while, AYS treatments up to 5 g/L improved these traits, the 
highest significant increases were achieved by AYS at 2.5 g/L for most studied parameters. The chemical 
constituents indicated that water deficit caused markedly degradation chlorophyll, decrease total soluble proteins 
in leaves and significant accumulation for proline, soluble sugars and total phenolic compounds. Moreover, 
Antioxidant enzymes: polyphenol oxidase (PPO),  peroxides (POD) and phenylalanine ammonia-lyase (PAL) 
were also determined under previous treatments. 
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Introduction 

Common bean (Phaseolus vulgaris L.) is one of the most important food crops in Egypt and consumed 
as a cooked vegetable either as dry seeds or green pods. It plays an important role in human nutrition as a cheap 
source for protein, carbohydrates, vitamins and minerals (Nassar et al., 2011).It is considered a high sensitive 
crop to water deficit. About 60% of the yield loss is reported from drought Molina et al.,(2001). It suffers from 
drought at some stages of growth, that seriously reducing their yields (Santos and Pimentel, 2009). Pre-
flowering and pollination are the most susceptible stages to water stress (Pimentel et al., 1999). 

Drought stress is considered to be one of the most important abiotic factors that strongly limit growth 
and yield of plants worldwide (Kramer and Boyer, 1995; Chaves et al., 2003). It limits plant production and the 
performance of crop plants more than any other environmental factors (Shao et al., 2009). It triggers a wide 
variety of plant responses, ranging from cellular metabolism to changes in growth rates and crop yields (Anjum 
et al.,2011). These responses include wilting of the plants, reductions in the net photosynthesis rate, stomatal 
conductance, water use efficiency, relative water content and gradually diminution in total chlorophyll content 
(Smirnoff, 1993; Saraswathi and Paliwal, 2011). Drought stress also impairs the electron transport system, 
leading to the formation of reactive oxygen species (ROS) that led to oxidative damage at cellular level (Foyer 
and Noctor 2000). Among these harmful effects, the lipid peroxidation, membrane injury, destroying the 
proteins and nucleic acids (Abbaspour et al., 2012). 

Yeast (Saccharomyces cerevisiae) is widely used worldwide in many industries and it is one of the 
most extensive studied microorganisms, its cells have capability of surviving at high osmotic stress (Kofli et al., 
2006), and suggested to have protective functions when used on vegetables (Shehata et al., 2012).It is also 
considered rich source with phytohormones especially cytokinins, vitamins, enzymes, amino acids and minerals 
(Fathy and Farid, 1996; Mahmoud, 2001).Yeast extract was suggested to participate in a beneficial role during 
vegetative and reproductive growth stages through improving flower formation and their set in some plants due 
to its high auxin and cytokinin content and enhancement carbohydrate accumulation (Barnett et al., 1990). 
Recently, it has been used as a biofertilizer to improve the growth and yield in many crops such as common 
bean (Nassar et al., 2011), broad bean (Abou EL-Yazied and Mady,2012), Cucumber (Shehata et al., 2012), egg 

plant(El-Tohamy et al., 2008), potato (Sarhan and Abdullah, 2010; Ahmed et al.,2013) and more other plants. 

Increasing plant resistance to drought stress would be the most economical approach to improving 
agricultural productivity and reducing agricultural use of fresh water resources (Xionget al., 2006).Therefore, 
the present study aimed to induce common bean plants drought resistance and maximize water use efficiency by 
using the foliar application with yeast suspension. 

 
Materials and Methods 
2.1 Treatments and growth conditions 

Two seasons of pot experiments were carried out on the 10th and 15th of march 2012 and 2013 
respectively in a greenhouse at Faculty of Agriculture; Ain Shams University to study the effect of AYS as 
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foliar application on common bean plants under three levels of  water irrigation. Each pot (30x40cm) was filled 
with 20 kg of pre-washed sand. Some seeds of Phaseolus vulgaris L. Cv. Bronco of “West Hills Seeds” 
company; California; USA were purchased from Egyptian markets. They were sterilized with 1% sodium 
hypochlorite for 5 min, rinsed with distilled water. Five seeds were sown in each pot and seedlings were thinned 
to three homogeneous seedlings / pot after 12 days of germination. 

Plants subjected to different water irrigation levels 100% (control), 70% and 40% of water holding 
capacity (determined by pre-experiment by weight method). The treatments of water-stress started at 20 days 
after sowing (DAS), the pots were weighted during two days intervals to compensate the water loss by 
evapotranspiration. Hogland nutrient solution was prepared according to (Abd-Elmoniem et al., 1997) and used 
day by day for two times then, the third time irrigation carried out by tap water in order to avoid nutrient 
accumulation. 

Treatments of AYS at 0 (distilled water) as control, 2.5, 5 and 10 g/L were sprayed three times: (a) pre-
water stressed treatments (17 DAS), (b) pre-flowering stage (25 DAS) and (c) during flowering and fruit setting 
(40 DAS). Pots were arranged in randomized complete block design with three replicates (5 pots / replicate). 

 
2.2 Growth parameters, flowering and yield components. 
 

Plant height, shoot fresh and dry weight were measured at 60 DAS;also full expanded leaf 
area of the forth leaf from the top was calculated in relation to fresh weight. Number of flowers, 
green pods, and fruit set percentage were calculated from the average of 10 assigned plants 
/treatment. Harvest of green pods was also done several times to determine the eventually total yield. 

 
2.3  Preparation of active yeast suspension (AYS) 
 

Active yeast suspension was prepared according to Elshalakany (2009) with some modifications by 
growing 2.5, 5 and 10g of dried yeast (Saccharomyces cervecia) in a suitable volume of distilled water (700 ml) 
containing 20 g sucrose and 5 g peptone as a source for carbon and nitrogen respectively.This technique allows 
the yeast cells to be grown, multiplied efficiently and produces de novo beneficial bioconstituents (Nassar et al., 
2011). These mixtures were incubated at room temperature for 72 h on shaker for aeration, then made up to one 
liter with distilled water. Tween 20 at 0.05 ml/L was added as a wetting agent. 

 
2.4 Chemical analyses 
 

Total chlorophylls were extracted according to the method of Li (2000). One g of fresh leaves was 
homogenized with acetone 80% in dark at room temperature. Absorbance was measured at 663 and 645 nm in a 
UV/ VIS spectrophotometer. Chlorophyll concentration was calculated using the equation: Chl= 0.0202 x A645 + 
0.00802 x A663.Total carbohydrates and total soluble sugars were estimated by the phenol sulphoric acid method 
as described by(Chow and Ländhausser, 2004).The colormetric method of Folin-Denis as described by Shahidi 
and Naczk (1995) was used to determine total phenolic compounds by reading the developed blue color at 725 
nm using spectrophotometer (UV-visible-160A, Shimadzu, Japan).Free proline concentration was determined 
by the method of ninhydrin reagent as described by Bates et al., (1973).Stander curve gallic acid and L-proline 
were done to measure total phenolic compounds and proline respectively. 
 
2.5 Enzyme assays 
  

Enzyme activities were measured in the second season. Leaf tissue (500 mg) was homogenized in 4 ml 
0.1M sodium phosphate buffer (pH 7.0) containing1% (w:v) polyvinylpyrrolidon (PVP) and 0.1mM EDTA. The 
homogenate was centrifuged at 15000xg for 15min and supernatant obtained was used as enzyme extract. All 
steps in the preparation of the enzyme extract were carried out at 0–4°C. Protein content in the extract was 
determined according to the method of Bradford (1976), and utilizing bovine serum albumin as standard. 
 Polyphenol oxidase PPO (EC 1.10.3.1) activity was determined as in Mayer et al., (1965). The reaction 
mixture consisted of 200 μl of the enzyme extract and 1.5 ml of 0.1 M sodium phosphate buffer (pH 6.5). To 
start the reaction, 200 μl of 0.01 M catechol were added and the change in O.D was recorded at 30 s interval up 
to 3 min at 495 nm. 

The activity of peroxidase, POD (EC 1.11.1.7) was assayed according to the method of Dias and Costa 
(1983) with some modifications. The following reaction mixture (3 ml) consisted of 10 mM sodium phosphate 
buffer, pH 7.0, 50µL enzyme extract and guaiacol 1% (v:v) aqueous solution.The reaction was started by adding 
H2O2 at 100 mM. The changes of optical density at 470nm were recorded in a spectrophotometer (UV-visible-
160A, Shimadzu, Japan). Unit of enzyme (IU) equal 0.01Δ OD. min-1.The specific activity expressed as 
(IU.min-1.mg-1 protein). 
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The activity of phenylalanine ammonia-lyase, PAL (E.C 4.3.1.5) was assayed as described by He et al., 
(2001). The PAL assay reaction consisted of 100 µL crude extract and 900µL of 6 µmol phenylalanine in 500 
mM tris-HCl buffer (pH 8.5). The mixture was incubated at 37 ºC for 1 h and measured spectrophotometrically 
at 290 nm. Trans- cinnamic acid was used as standard. 

 
2.6 Statistics 
 
All experimental data were subjected to analysis of variance (two-way ANOVA) procedures (SAS Institute Inc, 
1988). Standard divisions of the means (S.D) were calculated and LSD’s test (P≤ 0.05), was used to determine 
significant differences between means 
 
Results  

Data presented in table(1) show that reducing irrigation water to 70 % or 40% of water holding 
capacity had significant (P≤0.05) negative effects on all studied growth parameters including plant height, leaf 
area; shoot fresh and dry weight as compared to the control level (100%) in both seasons respectively.The foliar 
application (up to 5 g/L) with active yeast suspension (AYS) had a positive effect on all growth parameters; 
while the highest concentration (10 g/L) led to significant decreases in most investigated traits compared to 
control plants.The highest increases of all growth parameters were achieved by the lowest concentration of AYS 
(2.5 g/L) in both seasons.These findings reach the significant level in the shoot fresh, dry weight in both seasons 
and leaf area in the season of 2012 comparing with the control plants. The interactions between irrigation levels 
and AYS were insignificant for most parameters with exceptions of plant height in the first season and shoot 
fresh weight in the second one. 
   
Table 1. Effects of foliar application with active yeast suspension under different levels of irrigation on some growth parameters of 

Phaseolus vulgaris in the two seasons of 2012 and 2013. 
2012 2013 

Irrigation level as percentage of water holding capacity 
Yeast conc. (g/L) 100% 70% 40% mean 100% 70% 40% mean 

 
Plant height (cm)±SD 

0 37.9±4.0a 24.4±0.9cd 16.8±1.1f 26.3A 37.0±4.6b 35.3±1.5b 22.7±2.3ef 31.6A 
2.5 36.0±3.3a 26.3±2.0bc 21.1±2.3de 27.8A 43.6±4.2a 34.1±2.8bc 25.2±1.8de 34.3A 
5 36.2±2.5a 27.7±2.0bc 18.7±0.5ef 27.5A 43.7±3.8a 29.8±2.3cd 23.0±1.8ef 32.1A 

10 28.9±3.5b 24.0±1.6cd 16.4±1.1f 23.1B 36.4±4.1b 25.3±2.1de 19.0±1.7f 26.9B 
mean 34.8A 25.6B 18.2C 

 
40.2A 31.1B 22.5C 

 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
1.9 2.2 3.9 

 
2.5 2.9 NS 

 
 

4th leaf area (cm2)±SD 
0 148.2±7.5a 108.6±7.9c 68.5±8.3d 108.4B 146.2±10.0a 112.8±16.0d 89.5±7.1ef 116.2A 

2.5 159.8±11.3a 119.3±7.8bc 82.1±9.8d 120.4A 146.0±10.2a 133.3±9.9abc 93.1±9.2e 124.1A 

5 146.7±10.2a 107.5±12.7c 80.4±9.7d 111.5AB 140.1±8.6ab 119.4±9.1cd 88.7±4.0ef 116.1A 
10 127.0±12.2b 103.4±13.5c 76.6±8.0d 102.3B 125.7±11.8cd 92.8±6.3e 74.1±3.6f 97.8B 

mean 145.4A 109.7B 76.9C 
 

139.5A 114.6B 86.6C 
 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
8.5 9.8 NS 

 
7.9 9.1 NS 

 

 
Shoot fresh weight per plant (g)±SD 

0 126.5±10.2bc 101.9±11.2ef 63.1±8.4ij 97.2B 105.0±8.1cd 93.6±5.1e 57.8±6.7h 85.5C 
2.5 149.3±8.8a 113.8±8.1cde 82.2±6.2gh 115.1A 139.9±2.4a 111.2±7.5c 70.5±2.7g 107.2A 
5 134.6±8.4ab 109.2±8.0de 77.2±8.8hi 107.0A 127.4±5.7b 99.0±2.8de 57.2±7.0h 94.5B 

10 120.8±7.6bcd 92.6±11.1fg 59.9±7.7j 91.1B 106.8±8.4cd 83.0±2.9f 44.8±3.2i 78.2D 
mean 132.8A 104.4B 70.6C 

 
119.7A 96.7B 57.6C 

 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
7.4 8.6 NS 

 
4.8 5.5 9.5 

 
 

Shoot dry weight per plant (g)±SD 
0 16.4±1.5a 10.9±1.3cd 5.8±1.0g 11.0B 13.9±1.4bc 10.5±1.1de 7.3±0.8gh 10.6B 

2.5 18.1±0.9a 13.5±1.3b 7.9±1.0ef 13.2A 17.5±1.4a 12.7±1.5c 9.3±1.4ef 13.2A 
5 17.2±1.1a 10.8±1.7cd 6.3±0.7fg 11.4B 15.5±1.0b 10.0±0.9ef 8.0±0.8fgh 11.2B 

10 11.8±1.5bc 8.8±1.1de 7.4±1.1efg 9.3C 12.3±1.1cd 8.9±1.5efg 6.7±1.3h 9.3C 
mean 15.9A 11.0B 6.8C 

 
14.8A 10.5B 7.8C 

 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
1.0 1.2 NS 

 
1.0 1.2 NS 

 
Within each variable, means superscript with different letters are significantly difference at P < 0.05. 

Concerning the number of flowers, fruit set percentage, pods number, pods weight and carbohydrates 
content of the green pods, data in table (2) show that reducing irrigation level induced markedly decreases in all 
the previous traits. Pods number and their weights were significantly (P≤0.05) decreased with reducing the 
irrigation level in both seasons respectively comparing with control level. The moderate level of irrigation (70% 
of water holding capacity) didn’t give significant differences in the fruit set percentage and number of flowers in 
the seasons of 2012 and 2013 respectively compared to control level. The foliar application by AYS up to 5 g/L 
enhanced the flowers number per plant; however, fruit set percentage didn’t show any significant differences 
between all treatments. The highest significant increase in the flowers number was observed only by application 
of AYS at 2.5 g/L in the season of 2012. The same trend was noticed in the pods number and weight with an 
exception of significant decrease in the pods weight by the treatment of AYS at 10 g/L in the season of 2012. 
The highest pods number (114, 106%) and pods weight (111, 114%) was achieved by AYS treatment at 2.5 g/L 
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compared to control plants in the season of 2012 and 2013 respectively. No significant differences were detected 
in total carbohydrates content between all AYS treatments. 
 
Table 2. Effects of foliar application with active yeast suspension under different levels of irrigation on some reproductive parameters and 

yield components of Phaseolus vulgaris in the two seasons of 2012 and 2013. 
2012 2013 

Irrigation level as percentage of water holding capacity 
yeast conc. (g/L) 100% 70% 40% mean 100% 70% 40% mean 

 
Flowers number per plant ± SD 

0 47.6±4.8ab 36.9±2.7de 35.7±2.0e 40.1 44.3±4.2abc 46.4±2.8a 36.4±2.6de 42.4 
2.5 51.0±2.6a 42.8±3.0bc 37.8±3.0cde 43.8 47.2±2.2a 45.6±4.5ab 39.3±3.9b-e 44.0 

5 45.4±4.2ab 42.5±3.2bcd 37.6±1.2cde 41.8 41.8±5.6a-e 42.9±4.0a-d 38.9±3.7b-e 41.2 
10 39.7±1.5cde 39.0±5.3cde 37.0±3.6de 38.6 42.7±2.5a-d 35.7±4.0e 38.3±5.5cde 38.9 

mean 45.9A 40.3B 37.0C 
 

44.0A 42.6B 38.3B 
 

LSD ≤ 0.05 
Irrigation Yeast Interaction 

 
Irrigation Yeast Interaction 

 
2.8 3.2 NS 

 
3.4 NS NS 

 
 

Pods number per plant ± SD 
0 19.3±1.2bc 16.7±0.6e 11.3±0.6g 15.8B 20.7±1.2bc 19.3±1.5cd 13.7±2.5fg 17.9 

2.5 23.3±1.2a 18.3±1.2cd 14.3±0.6f 18.7A 24.0±1.7a 17.7±0.6de 15.3±1.5ef 19.0 
5 22.7±0.6a 17.3±0.6de 15.0±1.0f 18.3A 22.3±2.1ab 18.3±1.5cd 13.7±1.2fg 18.1 
10 20.3±1.5b 18.7±0.6cd 10.3±0.6g 16.4B 19.3±2.5cd 19.3±1.5cd 12.3±0.6g 17.0 

mean 21.4A 17.8B 12.8C 
 

21.6A 18.7B 13.8C 
 

LSD ≤ 0.05 
Irrigation Yeast Interaction 

 
Irrigation Yeast Interaction 

 
0.8 0.9 1.5 

 
1.4 NS NS 

 

 
Fruit set percentage ± SD 

0 52.5±2.1ab 35.3±4.6cd 31.8±2.3de 39.9 47.0±6.9a-d 41.6±1.5c-f 37.7±8.1d-f 42.1 
2.5 54.8±5.8a 36.1±3.9cd 38.1±2.8cd 42.9 50.9±5.4a-c 39.0±2.8d-f 39.1±4.1d-f 43.0 
5 53.6±5.2ab 38.4±4.8cd 39.8±1.7c 42.7 54.5±11.9ab 43.0±5.1b-f 35.2±2.7e-f 44.3 

10 52.7±7.6ab 47.1±0.6b 28.2±4.0e 39.9 45.7±8.7a-e 54.9±10.3a 32.7±6.1f 44.5 
mean 53.4A 39.2B 34.5C 

 
49.5A 44.6A 36.2B 

 

LSD ≤ 0.05 
Irrigation Yeast Interaction 

 
Irrigation Yeast Interaction 

 
3.6 NS 7.1 

 
5.8 NS NS 

 
 

Pods weight per plant (g) ± SD 
0 77.0±1.2b 56.9±4.5c 32.3±2.0e 55.4C 77.9±5.3c 65.5±6.1d 35.5±1.9fg 59.6B 

2.5 94.0±5.8a 61.2±4.4c 44.8±8.3d 66.7A 106.4±7.8a 61.4±4.8de 35.2±7.9fg 67.7A 

5 91.0±5.0a 61.0±2.6c 37.2±2.7e 63.1AB 91.7±7.3b 56.0±3.6e 29.8±4.0g 59.1B 
10 78.9±3.2b 63.0±4.6c 38.3±3.1de 60.1B 91.7±4.0b 67.0±4.6d 40.0±3.6f 66.2A 

mean 85.2A 60.5B 38.2C 
 

91.9A 62.5B 35.0C 
 

LSD ≤ 0.05 
Irrigation Yeast Interaction 

 
Irrigation Yeast Interaction 

 
3.7 4.2 7.33 

 
4.6 5.3 9.2 

 
 

Total carbohydrates in fresh pods (%) ± SD 

0 24.8±2.3bcd 24.6±3.4b-d 23.5±2.9b-d 24.3 30.4±3.7a 23.2±2.6bc 21.4±1.2c 25.0 
2.5 27.7±3.9ab 21.6±1.1d 22.6±1.6cd 24.0 28.5±4.6ab 22.6±2.4c 21.7±1.6c 24.3 
5 29.4±3.1a 25.1±2.1a-d 22.2±3.1cd 25.6 30.1±2.8a 22.7±1.7c 19.2±7.3c 24.0 
10 26.2±3.3a-c 22.8±1.7cd 20.7±2.5d 23.2 24.8±3.4a-c 23.0±2.7c 21.4±1.1c 23.0 

mean 27.0A 23.5B 22.3B 
 

28.4A 22.8B 20.9B 
 

LSD ≤ 0.05 
Irrigation Yeast Interaction 

 
Irrigation Yeast Interaction 

 
2.3 NS NS 

 
2.8 NS NS 

 
Within each variable, means superscript with different letters are significantly difference at P < 0.05. 

The interactions between the irrigation level and AYS treatments were significant in pods weight in 
both seasons and in pods number and fruit set percentage in the 1st season only. The different treatments of AYS 
under irrigation levels show that the treatment of AYS at 2.5 g/L under control irrigation level (100% of water 
holding capacity) resulted in the highest significant increases in the number of flowers, pods and pods weight 
per plant compared to the control and another treatments in the two seasons; whereas, the treatment of AYS at 5 
g/L gave the highest significant values in fruit set percentage and total carbohydrates in both seasons 
respectively. It can be also observed that the treatment of AYS at 10 g/L under irrigation level of 40% led to the 
lowest number of pods, fruit set percentage and total carbohydrates in pods in the two seasons. 

Data in table (3) show that there were significant decreases in chlorophyll content by reducing the 
irrigation level in both seasons. The foliar application by AYS up to 5 g/L improved this trait in the two seasons. 
These increases reach the level of significance in the first season. As for proline, soluble sugars and phenolic 
compounds; significant increases were observed in the plants subjected to water shortage with one exception of 
phenolic compounds in the season of 2013,both the moderate and control level of irrigation gave in the same 
level of significance. Also, it was noticed that the highest increases in proline content was achieved at the 
moderate level of irrigation in both seasons. AYS treatments up to 5 g/L increased significantly proline content 
in both seasons; the highest concentration of AYS (10 g/L) didn’t show any significant differences with 
untreated plants. The similar trend in soluble sugars was detected after application of AYS, but the results were 
just significant in the season of 2013.On the other hand, the effect of AYS on phenolic compounds was 
insignificant in both seasons. The interactions were also, insignificant for all chemical constituents except 
proline content in the second season. 

 Data in figure (1) show that total soluble proteins in leaves were decreased significantly by reducing 
the irrigation level under all treatments of AYS. The highest significant content was achieved by the treatments 
of AYS at 10 and 5 g/L respectively, also it clear that all of AYS treatments didn’t give significant changes 
under the lowest level of irrigation. On the other hand, an opposite trend in the activity of antioxidant enzymes 
(PPO, POD and PAL) was observed by decrease the irrigation level. AYS treatment at 2.5 g/L gave the highest 
significant increases in the activity of PPO and PAL whereas; the treatment at 5g/L gave the maximum activity 
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for POD. AYS treatments didn’t show any significant changes in the activity of antioxidant enzymes under the 
same level of irrigation compared to the controls. 

 
Table 3: Effects of foliar application with active yeast suspension under different levels of irrigation on some chemical compositions of 

Phaseolus vulgaris in the two seasons of 2012 and 2013. 
2012 2013 

Irrigation level as percentage of water holding capacity 
Yeast conc. 

(g/L) 
100% 70% 40% mean 100% 70% 40% mean 

 
Total chlorophylls (mg.g-1f.wt) ± SD 

0 3.05±0.31c 2.59±0.32de 2.21±0.20ef 2.61B 3.25±0.26bcd 2.90±0.26 de 2.26±0.37 fgh 2.80AB 

2.5 3.56±0.25a 3.07±0.30bc 2.28±0.21ef 3.00A 3.75±0.20 a 3.14±0.30 cd 2.21±0.12 gh 3.03B 

5 3.88±0.29a 3.78±0.19cd 2.19±0.16ef 2.95A 3.61±0.31ab 2.57±0.11efg 2.26±0.33 fgh 2.81AB 

10 3.49±0.35ab 2.46±0.09def 2.10±0.21f 2.67B 3.57±0.30 abc 2.69±0.26 ef 2.01±0.26 h 2.76B 

mean 3.52A 2.72B 2.18C 
 

3.54A 2.82B 2.19C 
 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
0.21 0.24 NS 

 
0.22 NS NS 

 
 

Proline content (µg.g-1f.wt) ± SD 
0 33.95±3.3f 71.73±4.9cd 67.78±1.8d 57.82C 41.00±2.1e 69.98±4.4cd 70.67±3.0c 60.54B 

2.5 42.44±3.4e 84.55±4.2b 74.00±4.4cd 66.99B 46.72±2.0e 76.67±4.6bc 79.15±7.4b 67.51A 

5 44.73±3.7e 94.58±5.1a 76.60±4.4c 71.97A 44.84±5.2e 89.40±7.5a 70.48±6.8cd 68.24A 

10 38.64±5.8ef 76.55±3.9c 70.14±7.4cd 61.78C 41.43±1.1e 79.77±1.9b 62.70±3.7d 61.30B 

mean 39.94C 81.85A 72.13B 

 
43.50C 78.95A 70.75B 

 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
3.85 4.45 NS 

 
3.91 4.51 7.82 

 
 

Total soluble sugars (mg.g-1d.wt) ± SD 
0 56.39±11.5 f 77.02±3.4b-e 87.73±13.7a-d 73.71B 56.00±8.0f 70.65±8.9e 94.09±7.4bc 73.58C 

2.5 61.51±16.5 ef 96.55±16.5ab 94.41±5.3abc 84.16AB 67.86±4.4ef 85.26±9.0cd 98.75±8.9abc 83.96B 

5 72.15±18.6 def 82.58±12.0bcd 106.31±13.0a 87.02AB 75.65±4.4de 102.58±13.5ab 110.60±7.0a 96.27A 

10 58.28±6.8 ef 74.89±6.4c-f 93.26±4.4abc 75.48B 73.27±7.7de 89.35±6.1bc 100.80±6.9ab 87.81B 

mean 62.08C 82.76B 95.43A 

 
68.20C 86.96B 101.06A 

 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
9.94 NS NS 

 
6.78 7.83 NS 

 

 
Phenolic compounds (µg .g-1d.wt) ) ± SD 

0 869.4±124d 1306.1±168.8b 1600.7±43.9a 1258.8 1079.1±84.1b 1126.6±134.7b 1589.5±105.7a 1265.1 
2.5 1029.1±63.6cd 1228.1±82.4b 1629.7±79.2a 1295.6 1104.9±149.8b 1180.5±127.1b 1728.6±208.5a 1338.0 
5 1000.6±90.2cd 1158.7±85.4bc 1620.4±200.0a 1259.9 1157.7±50.5b 1085.2±132.7b 1532.8±251.7a 1258.5 

10 879.0±81.9d 1247.5±87.5b 1675.9±108.1a 1267.5 1014.7±152.7b 1168.5±182.7b 1545.7±171.1a 1242.9 

mean 944.5C 1235.1B 1631.7A 
 

1089.1B 1140.2B 1599.1A 
 

LSD ≤ 0.05 
irrigation yeast interaction 

 
irrigation yeast interaction 

 
92.4 NS NS 

 
130.5 NS NS 

 
Within each variable, means superscript with different letters are significantly difference at P < 0.05. 

   
 
 
Fig.1. Effect of foliar application with active yeast suspension at (0, 2.5, 5 and 10 g/L) under three irrigation 

levels (100, 70 and 40%  of water holding capacity ) on total soluble protein (A), polyphenol oxidase 
(PPO)(B), peroxidase (POD) (C) and phenylalanine ammonia- layas  (PAL) (D). 

Discussion 
In the present study, water stress by reducing the irrigation level gave negative effects on plant growth 

(table 1). These decreases have been attributed to the importance of water in the different physiological 
processes such as photosynthesis, respiration and synthesis of leaf pigments, protein and nucleic acids. It also, 
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affects transport of minerals and metabolites from sources to sinks. Moreover drought stress impairs the electron 
transport system (Smirnoff, 1993). Water deficit lead to the formation of reactive oxygen species (ROS) which 
destroy normal metabolism through oxidative damage of lipids, proteins and membranes’construction, 
furthermore, the reduction in vegetative growth may be attributed to decrease of cyclin-dependent kinase 
activity results in slower cell division under water deficit condition (Schuppler et al., 1998). On the other hand, 
the enhancement of growth parameters by foliar spraying with bread yeast (Saccharomyces cerevisiae ) was 
well documented in many crops ie. common bean (Nassar et al., 2011); cucumber (Sarhan et al.,2011); broad 
bean (Abou EL-Yazied and Mady, 2012); eggplant (El-Tohamy et al., 2008) and potato (Ahmed et al., 2013). 
The current study revealed that the slight and moderate concentrations of AYS treatments (2.5 and 5 g/L) had 
improved the growth parameters under different irrigation levels,these findings may be due to its higher content 
from cytokinins (Barnett et al.,1990), vitamins, amino acids and carbohydrates(Mahmoud, 2001), these 
substances stimulate cell division, uptake of water, synthesis of protein and nucleic acids. Moreover, Yeo et al., 
(2000) found that  yeast extracts contain trehalose-6-phosphate synthase which is a key enzyme for trehalose 
biosynthesis. This result suggested that the production of trehalose not only affects plant development but also 
improves drought tolerance because it reduces protein aggregation during stress conditions (Jain and Roy, 2010) 
and preventing the denaturation of cellular proteins (Márquez-Escalante et al., 2006). Raise the concentration of 
AYS up to 10 g/L caused increase the number of yeast cells per volume unit which could affect negatively on 
the stomatal conductance, light absorption by leaves and photosynthesis performance.  

Concerning flowering, fruit setting and yield of green pods; data in table (2) reveal that reducing the 
irrigation level had negative effects on the previous traits. These responses may be attributed to the reduction in 
plant growth (table 1) under drought stress especially the leaf area which led to decrease the net photosynthesis. 
In this respect, drought stress caused gradually degradation in chlorophylls and impairs sugars translocation 
leading  to flower abscission, previous reports have indicated that drought stress induced  progressive increases 
in the growth inhibitor (ABA)  which triggers ethylene that responsible for plant senescence and abscission 
(Taize and Zaiger, 2002). 

The promoting effect of foliar spraying with yeast extract on flowering and yield was confirmed in some 
crops of family fabaceae i.e., common bean (Nassar et al., 2011); pea (Mahmoud et al., 2013) and faba bean 
(Mady, 2009; Abou EL-Yazied and Mady, 2012) who indicated that yeast not only increased number of formed 
flowers and setted pods per plant, but also showed contradictory effect upon shedding percentage of both 
flowers and immature pods per plant, consequently that was reversed upon increment of pod weight per plant 
and final seed yield as well. These responses may be attributed to the high content of soluble sugars in leaves 
(table 3), potassium and cytokinins (Mahmoud et al., 2013) that might play a considerable role in orientation 
and translocation of metabolites from leaves into the productive organs, synthesis of protein and nucleic acids 
(Natio et al.,1981). 

Several studies have indicated that drought stress caused chlorophyll decomposition in many species 
(Manivannan et al., 2007; Anjum et al.,2011; Abbaspour, 2012).Present study reveals that, significant decreases 
(P≤0.05) in the chlorophyll content (Table 3) by reducing the irrigation level in both seasons compared to the 
control level. These results may be related to the oxidative damage which cause pigment photoxidation. 
Furthermore, decrease the rate of transpiration and increase the leaf temperature under drought stress led to 
increase the rate of respiration and chlorophyll degradation. Also, water shortage induced loss of chloroplast 
membranes which are considered the site of leaf pigments(Kaiser et al., 1981).The enhancing effect of AYS 
treatments up to 5 g/L on the chlorophyll content may be attributed to increase the absorption of nutrients 
(Shehata et al., 2012) which are essential for chlorophyll biosynthesis. 

Data presented in table (3) show that significant increases in proline were detected by reducing the 
irrigation level in the present study in both seasons respectively. The highest significant values were achieved by 
the moderate level of irrigation (70% of HWC).Reducing of proline in the lowest level of irrigation (40%) 
compared to the moderate level may be attributed to the disturbance in N assimilation rate which is important in 
synthesis of N-containing compounds such as proline. Under certain conditions, some plants produce a large 
amount of proline to enhance osmosis and prevent dehydration (Lu et al., 2007), proline is considerable one of 
the most important osmoregulators in the plants, it allows turgur maintenance and stabilization of proteins and 
membranes against destabilizing effects of abiotic stresses including salinity, drought and extremes temperature, 
all of which cause cellular water depletion.(kahlaoui, 2013).  

Sugar content (table 3) is the other osmoregulator measured in this study, was higher in the leaves by 
reducing the irrigation level, this result is in agreement with that reviewed by Abbaspour et al., (2012). These 
findings may be interpreted by that, in order to tolerate drought stress, plants accumulate a high concentration of 
low molecular- mass organic solutes such as soluble sugars, proline or other amino acids to regulate the osmotic 
potential of cells aiming at improving absorption of water under drought stress (Zhang et al., 2010). The 
improving of AYS treatments for proline and soluble sugars under different water supplies could be related to its 
ability to produce these substances in the surrounding environment (Mahmoud, 2001) and to increase the 
efficiency of photosynthesis which enhances all metabolic pathways. 
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Phenolic compounds as well as, were significantly increased (P≤0.05) with reducing the irrigation level. 
Several studies have reported that environmental stresses often raise the accumulation of phenylopropanoids, 
which participate in the pathway of phenolic compounds synthesis and are believed to play a regulatory role in 
some metabolic processes (Dixon and Paiva, 1995; Wrobel et al., 2005). Phenolic compounds can increase the 
antioxidant capacity, scavenging systems for ROS and act as a carbon sink in plants under stress conditions 
(Weidner et al., 2009). The antioxidant activity of phenolic compounds is mainly due to their redox properties, 
allowing them to act as reducing agents, hydrogen donors and singlet oxygen quenchers (Beckman, 2000). 

Reduction of soluble protein (figure 1) under water deficit suggests that water deficit stress may cause 
generation of ROS. These molecules can have effect on protein synthesis which may be related to a decrease in 
the number of polysomes (Creelman et al., 1990), or causes protein denaturation (Schwanz et al., 1996). On the 
other hand, decrease of soluble protein with water deficit maybe attributed to decomposition of protein which is 
essential for produce amino acids that they have role in adaptation to drought stress. 

Plants possess a number of antioxidant mechanisms to protect themselves against the production of 
reactive oxygen species (ROS) (Ruiz- Lozano, 2003). In this study, as shown in figure (1) the activity of 
polyphenol oxidase (PPO), peroxidase (POD) and phenylalanine ammonia lyase (PAL) as antioxidant enzymes 
were increased significantly with reducing the irrigation level. Moreover, AYS treatments especially at the 
lowest concentration have enhanced these activities compared to the controls. The increase of PPO activity 
under water stress condition was observed earlier by Shivishankar (1988). This result may be due to the close 
relation between the PPO activity and Mehlar reaction, which is a potentially important nondestructive sink for 
excess photosynthetic electrons under water stress conditions when carbon assimilation decreases because of 
stomatal closure, and hence may help prevent over-reduction of components of linear electron transport (Badger 
et al., 2000).Many previous researches indicted that different POD isoforms were stimulated during drought 
stress (Jovanovic et al., 2006) which considered the first line of defense against reactive oxygen species (ROS), 
and changes in their activity and amounts have been identified as an indicator of a redox status change under 
drought conditions in plants (Moran et al., 1994; Schwanz and Polle, 2001). The increase of PAL activity under 
water stress has an important regulatory step in the formation of many phenolic compounds which act also as 
antioxidants and sink for carbon recourses under stress conditions (Taize and Zaiger, 2002). This reaction occurs 
via the elimination of an ammonia molecule from phenylalanine to form cinnamic acid. Also, Saccharomyces 
cerevisiae has distinct stress-inducible proteins response to some antioxidants enzymes such as peroxides and 
superoxides (Collinson and Dawes, 1992)). 

In conclusion, the results of the current study suggest that the treatments of AYS up to 5 g/L increased 
plant drought tolerance. It appears that AYS treatments enhance plant growth, flowering and fruit setting of 
common bean under water deficit conditions. As well as, increase the antioxidant capacity especially of plants 
under the sever level of irrigation. Moreover, adjusting osmotic status by accumulate soluble sugars and proline. 
These findings contribute to our Knowledge about bread yeast-induced drought stress tolerance in plants. 
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