
 

 

 

INTRODUCTION 

 

In order to ensure that food production is matched with 

environmental sustainability, there is an immediate need to 

improve agricultural practices. Arid and semi-arid regions are 

one of the main factors restricting the production of 

agricultural products due to prevailing unfavorable 

environmental conditions (Neumann, 1995). Due to salt stress 

there are significant reductions in plant growth, that vary 

depending on plant species. Inside the soil, salinity does not 

always originate; in some situations, it comes from irrigation 

water. Agricultural production, particularly in semi-arid and 

in arid area where only rainfall as a source that cannot meet 

water requirements usually requires additional irrigation from 

other source. Surface and ground waters that can be used as a 

source for irrigation contain different amounts of dissolved 

salts. Vegetable crops are often grown near coastal areas in 

Mediterranean environments where soil salinization occurs 

frequently (Beltrao et al., 2000; Vallejo et al., 2003). The 

supply of high quality water is limited in many areas. The use 

of low-quality water leads to an increase in soil salinity 

(Incrocci et al., 2006), which can adversely affect crop growth 

and yield (Chartzoulakis and Klapaki, 2000). Consequently, 

the use of lower-quality irrigation water is necessary in order 

to maintain economically sustainable crops (Mekki and 

Orabi, 2007). Agricultural scientists have been increasingly 

interested in the use of seawater (at least diluted) for field 

cultivation in recent times (Liu et al., 2003). Additionally, 

communities have turned to renewable sources of water, 

water recycling, water imports and desalination in several 

regions around the world. There were over 17,000 active 

desalination plants in 2013, supplying 300 million people in 

150 countries with about 80 to 106 m3/day of water (He et al., 

2017). In 2015, the capacity for production increased to 

almost 97.5 m3/day (Frank et al., 2017). It is expected that the 

supply of desalinated water will increase to 192 per 106 

m3/day by 2050 (DeNicola et al., 2015). Despite widespread 

use, desalination remains controversial because it is a costly 

way of producing water (Richter et al., 2013). In addition, 

desalination has several environmental impacts, which 

include high emissions of greenhouse gases and waste 

products that may affect marine habitats (Richter et al., 2013, 

Sepehr et al., 2017). An ‘‘alternative’’ approach to this 

‘‘conventional’’ management for crop irrigation by costly 

desalinated sea water might be to get rid of the excess of salts 

by an application of Bread yeast (S. cerevisiae) as a bio-
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The potential of seeds to germinate in soil watered by diluted natural seawater is essential to many plant species. The aim of 

the study was to determine the impact of dry bread yeast on germination of sorghum (Sorghum bicolor L.) and maize (Zea 

mays L.) seeds under salinity stress using natural “Red Sea” water. A randomized complete block design experiment with five 

replicates was used to determine the germination response of sorghum and maize seeds initially sown in 100%, 50% and 33.3% 

natural seawater and subsequently irrigated with distilled water in soil pretreated with dry bread yeast (Saccharomyces 

cerevisiae). Soil treated with dry bread yeast and 33.3% seawater had an enhancing effect on the emergence of sorghum and 

maize seedlings. In contrast, higher concentrations of seawater (100% or 50%) fully inhibited the process of germination. 

Results proved that 33.3% seawater accompanied by untreated soil drastically affected fresh and dry weights of shoot and root 

systems, chlorophyll contents, and proline and hydrogen peroxidase of maize and sorghum plants. An application of yeast 

significantly ameliorated the harmful effects of salinity. Accompanying this finding was a marked increase in all growth 

parameters studied and lower leaf hydrogen peroxide and proline accumulation compared to the untreated soil and the control. 

The responses of stomatal density, hairs on the adaxial sides of the leaves, and furrows of roots per unit area were determined 

using a scanning electron microscope. The results indicate that the number of stomata, hairs, and furrows changed in response 

to the salinity and the application of yeast to the soils. Hence, it could be recommended that the application of bread yeast to 

the soil of great physiological significance and could be used to ameliorate the harmful effects of salinity. 

Keywords: bread yeast, Natural seawater, Sorghum bicolor L., SEM, Zea mays L. 
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fertilizer to the soils and by using diluted sea water for 

irrigation. 

Bio-fertilizers are usually used in organic farming and since 

yeast is an active organism (fungi), it was used as a fertilizer 

because it contains several nutrients (Al-Kafagy, 1990). 

Bread yeast found to generate certain plant growth regulators 

like Auxin and Gibberellin (Sarhan and Sharif 1988), and a 

class of enzymes that help transform mono-saccharides into 

alcohol and CO2 that are important for plant photosynthesis 

(Dinha and Khazragy 1900). In some vegetable plants, dry 

bread yeast was used to enhance growth and productivity 

(Fathy and farid, 1996; Mohammed et al., 1999; Omar, 2003). 

Hussein and Kalaf (2008) found that there was a significant 

increase in the height of the crop, number of branches, dry 

matter of shoot, the total number of tubers per plant and yield 

rate for tubers in case of spraying potato plants by dry bread 

yeast. Also, Sarhan et.al. (2011) found a remarkable increase 

in plant height, number of fruits per plant, average fruit 

weight, plant yield, and total cucumber yield as the plant 

sprayed with dry bread yeast.  

Therefore, in this study the potential for using bread yeast (S. 

cerevisiae) and natural seawater for the initial germination of 

S. bicolor and Z. mays seeds and changes that may occur in 

biochemical parameters of plants were evaluated. 

 

MATERIALS AND METHODS 

 

The experiment was carried out in the summer season of 2019 

to study the effect of bread yeast (S. cerevisiae) and diluted 

seawater on vegetative growth, biochemical parameters and 

changes in the stomatal density, hair and furrow number per 

unit area of leaves and roots of sorghum and maize seedlings. 

The seeds of S. bicolor and Z. mays were sown in the mixture 

of 7 grams from powder of bread yeast and 1kg of clay soils 

(7g/kg soil) or without powder of bread yeast (control) from 

04nd July 2019 to July 25nd 2019. The experiment included 

five treatments as follows: 

- Treated plants were irrigated daily by 20 ml of DW with or 

without the addition of bread yeast to the soil.  

- Treated plants were irrigated daily by 20 ml natural seawater 

with concentration of 100%, 50% and 33.3% with or without 

the addition of bread yeast to the soil. 

- Treated plants by sowing the seeds in 120 ml of natural sea 

water with concentration of 100%, 50% and 33.3% for the 

first day then were irrigated daily by 20 ml of DW with or 

without the addition of bread yeast to the soil.  

Experimental measurements were as follows:  

Vegetative characteristics: Leaves and roots fresh and dry 

weights (grams) were calculated. Soil particles were removed 

thoroughly from the roots then each sample parts (leave and 

root) were rinsed thoroughly with distilled water (DW). Dry 

weight was measured by placing each part into aluminum foil 

pouches and dried in a forced-draft oven at 75±2 ºC for 24 

hours (Bashan and de-Bashan, 2005).  

Chlorophyll content: The content of chlorophyll was 

estimated using a modified method described by (Hiscox and 

Israelstam, 1979; Nxele et al., 2017). Freshly harvested leaf 

tissue from S. bicolor and Z. mays seedlings were cut into 

small pieces of ± 0.3 cm−2 in size. Leaf tissue of each plant 

(100 mg per plant) has been mixed and incubated with 5 ml 

of dimethylsulfoxide (DMSO) for 3 hours at 65 °C. The 

absorbance of a leaf-DMSO extract aliquot (200 μl) was 

reported at 645 nm and 663 nm, with used DMSO as a 

reference. 

Free proline content: Total free proline content of fresh 

leaves of S. bicolor and Z. mays seedlings were estimated as 

described by (Khare et al., 2012; Nxele et al., 2017). Fresh 

leaf of 0.1 g from each sample was homogenized with a 

mortar and pestle in 0.5 ml of 3% (w/v) sulphosalicylic acid. 

200 μl of each homogeneous substance was mixed with 200 

ul of glacial acetic acid added to 200 ul of ninhydrin. The 

reaction mixture was boiled for 30 min in a water bath at 100 

°C and cooled in an ice bath immediately and then 400 ul of 

toluene was added to the reaction mixture. After mixing 

carefully, the toluene-containing chromophore was separated 

and the absorbance of the red color developed on UV-visible 

spectrophotometer was read at 520 nm against toluene blank. 

Protein content: Leaves seedling extracts were obtained by 

grinding leaf tissue (400 mg) into a fine powder using liquid 

nitrogen for biochemical testing. Each tissue was 

homogenized with 10% trichloroacetic acid (TCA) in 1 ml. 

The homogenate was centrifuged for 15 min at 12,000 g and 

used to determine protein concentrations for hydrogen 

peroxide assay (Velikova et al., 2000). The TCA extract 

reaction mixture included 75 μl (5 mM K2HPO4, pH 5.0 and 

0.5 M KI). Samples were incubated for 20 min at 25 °C and 

absorbance measured at 390 nm. A standard curve based on 

the absorbance (A390 nm) of H2O2 specifications was used to 

measure its content. 

Scanning Electron Microscopic Analysis (SEM): The tips of 

the leaves of S. bicolor and Z. mays seedlings are set at 4 °C 

in a 0.1 M sodium phosphate solution- pH 6.8, having 2.5% 

(v/v) glutaraldehyde for 24 h. The samples were washed three 

times (10 min each) in a 0.1 M sodium phosphate solution, 

pH 6.8, first dehydrated with an ethanol sequence (10 min 

each) of 50% to 100% (v/v) and then two times (15 min each) 

with 100% (v/v) acetone which substituted with isoamyl 

acetate three times (15 min each) and examined under a 

scanning electron microscope (SEM) at 20 kV (Qin et al., 

2011). 

Data analysis: Results were subjected to One-Way ANOVA 

and Sidak's multiple range tests at P < 0.05 for each parameter 

using SPSS 13.0. 

 

RESULTS  

 

Germination observation: In this study, the potential for 

using seawater for the initial cultivation of S. bicolor and Z. 
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mays was examined, and changes that may occur in vegetative 

and physiological various parameters irrigated with different 

concentrations of seawater with the addition of bread yeast to 

the soils were evaluated. Other than control and control with 

the soil pretreated with yeast, the only germination for the 

seeds of S. bicolor and Z. mays were recorded by sowing the 

seeds with 120 ml for the first day by 33.33% natural sea 

water then irrigated daily by 20 ml by DW either the soil 

pretreated with yeast or not. All other treated samples did not 

showed any germination as described in section of materials 

and methods. 

Fresh and dry weight of shoot and root system: It is clear 

from Figure (1 and 2) that higher fresh shoot and root weight 

was recorded for the treated plants by bread yeast followed by 

the control plants. The amount of dry and fresh weight of 

shoot and roots of S. bicolor and Z. mays treated by seawater 

(33.3%) with the addition bread yeast to the soils found to be 

more than that without bread yeast. It was noted that shoot 

fresh weight and dry weight of S. bicolor of treated soil with 

bread yeast more than control by 16.42% and 5.46% 

respectively. Natural diluted water (33.3%) affected S. 

bicolor fresh and dry weights to be less than the treated 

sample with bread yeast by 72.27% and 78.34% respectively. 

Roots fresh weight of treated sample with bread yeast more 

than control plant and 33.3% of natural seawater by 15.03% 

and 25.71% respectively. The root dry weight of treated 

sample more than untreated by 73.05% than control and by 

71.43% than 33.3% natural seawater. Like S. bicolor, the 

same trends had been found for Z. mays plants, whereas the 

shoot fresh weight of treated soil more than control and 33.3% 

seawater by 1.60% and 57.95% respectively. The shoot dry 

weight increase by 4.48% than control and by 80.55% than 

seawater. Also the root fresh weight and dry weight increased 

by 86.68% and by 85.46% than control respectively and by 

52.46% and 32.10% than seawater respectively. 

 
Figure 1. Effect of dry powder of yeast under salt stress on 

fresh and dry weights of leaves and roots (g) of 

S. bicolor. The bar indicates mean ± SD (n=5); * 

p < 0.05; ** p < 0.01 significantly different than 

control (Sidak). 

 

 
Figure 2. Effect of dry powder of yeast under salt stress on 

fresh and dry weights of leaves and roots (g) of 

Z. mays. Statistical details as in Figure 1. 

 

Biochemical parameters; a- chlorophyll content: A 

remarkable difference in chlorophyll content was found in S. 

bicolor plants treated by bread yeast (Figure 3). Maximum 

Chlorophyll a had been showed in sample treated with bread 

yeast than control and diluted seawater by 1.17% and 2.05% 

respectively and for Chlorophyll b by 14.91% and 24.50% 

respectively. Total chlorophyll also affected by the addition 

of bread yeast to the soils whereas it had increased by 14.64% 

and 19.81% than control and seawater. In Z. mays plants also 

an increments were found in chlorophyll a by 1.17% and 

2.05% and chlorophyll b by 14.91% and 24.50% % and total 

chlorophyll by 5.91% and 16.40% than control and diluted 

seawater respectively (Figure 4).  

b- Proline content and hydrogen peroxidase content: Proline 

and hydrogen peroxidase contents were estimated from 

sorghum and maize crops and the results indicated that diluted 

seawater had a profound effect in production of proline and 

hydrogen peroxidase than control and treated samples. In 

sorghum plants the highest content of proline and hydrogen 

peroxidase content in the stressed leaf that increased by 

3.06% and 7.056% than treated sample. Soil with yeast could 

elevate the stress production of proline and hydrogen 

peroxidase by 8.91%, 0.60% than untreated sample (Figure 

3). Also in maize plants, the maximum proline and hydrogen 

peroxidase production in leaves were observed by sowing the 

seeds in diluted seawater without applying bread yeast. 

Applying the bread yeast had scaled down the harmful effect 

of proline content by 9.93%, and by 1.167%, and of hydrogen 

peroxidases by 1.10% and 14.75% than control and seawater 

respectively (Figure 4). 
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Figure 3. Effect of dry powder of yeast under salt stress on 

chlorophyll a, b, total chlorophyll, proline and 

hydrogen peroxidase contents of S. bicolor. 

Statistical details as in Figure 1. 

 
Figure 4. Effect of dry powder of yeast under salt stress on 

chlorophyll a, b, total chlorophyll, proline and 

hydrogen peroxidase contents of Z. mays. 

Statistical details as in Figure 1. 

 
Figure 5. Scanning electron microscope images of leaf and root epidermis of S. bicolor and Z. mays. SLE-C, S. bicolor 

leaves edge (control); SLB-C, S. bicolor leaves blade (control); SR-C, S. bicolor root surface (control). ZLE-

C, Z. mays leaves edge (control); ZLB-C, Z. mays leaves blade (control); ZR-C, Z. mays root surface 

(control). SLE-Y, S. bicolor leaves edge (yeast); SLB-Y, S. bicolor leaves blade (yeast); SR-Y, S. bicolor root 

surface (yeast). ZLE-Y, Z. mays leaves edge (yeast); ZLB-Y, Z. mays leaves blade (yeast); ZR-Y, Z. mays 

root surface (yeast). Scale bars represent 50 and 100 μm.  
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Scanning electron microscope: SEM showed that there were 

variations in the stomatal density, number of hairs on the 

adaxial sides of the leaves between treated sample and non-

treated (Figure 5 and 6). Also, numbers of furrows in the roots 

varied between the control and the treated sample. It was 

noted that in 300 um2 square, stomatal no. of S. bicolor in 

treated sample decreased by 28.57%, by 11.11% than control 

and diluted seawater respectively. Hairs numbers decreased 

by 25.0% than control and increased by 100% than diluted 

seawater. The root furrows no. of treated sample by bread 

yeast increased by 21.21% than control and decreased by 

7.69% than diluted seawater. Stomatal no. of treated Z. mays 
decreased by 9.1% than control and no any change between 

diluted seawater and treated one whereas in all found 4 

stomata only. Hairs no. decreased by 33.33% than control and 

increased by 100% than diluted seawater whereas the furrow 

no. of treated sample decreased by 2.04% and by 11.63% than 

control and diluted seawater respectively. 

 
Figue 5 (cont.): Scanning electron microscope images of leaf and root epidermis of S. bicolor and Z. mays. SLE-D, S. 

bicolor leaves edge (33.3% seawater); SLB-D, S. bicolor leaves blade (33.3% seawater); SR-D, S. bicolor 

root surface (33.3% seawater). ZLE-D, Z. mays leaves edge (33.3% seawater); ZLB-D, Z. mays leaves blade 

(33.3% seawater); ZR-D, Z. mays root surface (33.3% seawater). SLE-DY, S. bicolor leaves edge (33.3% 

seawater + yeast); SLB-DY, S. bicolor leaves blade (33.3% seawater + yeast); SR-DY, S. bicolor root surface 

(33.3% seawater + yeast). ZLE-DY, Z. mays leaves edge (33.3% seawater + yeast); ZLB-DY, Z. mays leaves 

blade (33.3% seawater + yeast); ZR-DY, Z. mays root surface (33.3% seawater + yeast). Scale bars 

represent 50 and 100 μm. 
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Figure 6. Effect of dry powder of yeast under salt stress on 

stomatal no., hairs no. of leaves and furrows no. 

in roots of S. bicolor and Z. mays. Statistical 

details as in Figure 1. 

 

DISCUSSION 

 

Our results indicated that seedling fresh and dry weight, 

chlorophyll a and b and total chlorophyll content were 

drastically decreased by sowing the seeds of S. bicolor and Z. 

mays in 120 ml of natural sea water (33.3%) for the first day 

and then irrigated daily by 20 ml of DW with the addition of 

bread yeast to the soil. Seeds sown in natural sea water 

without treatment of soils with bread yeast showed no 

germination at all. Our findings agree with Kaydan et al. 

(2007), who reported that the percentage of seedlings 

emergence in wheat (Triticum aestivum) was lowered by 

salinity compared to non-saline conditions. These findings 

also were in consistent with those of Cicek and Cakirlar 

(2002), who confirmed that salinity, reduced maize (Z. mays) 

seedlings fresh and dry weights. In Pisum sativum, Cicer 

arietinum and Phaseolus vulgaris, there was gradually 

decreased of fresh weight by using high concentration of 

seawater (Mansouri et al., 2017). Our results, however, were 

different from those of Amira and Qados (2010), who 

reported that both fresh and dry shoot weights in beans (Vicia 

faba) increased in salinity. S. bicolor and Z. mays under high 

salinity conditions by sowing the seed in natural seawater 

probably subjected to remarked physiological and 

biochemical changes (Ben Ahmed et al., 2009; Anjum et al., 

2011; Singh and Reddy, 2011). Seawater might affect 

germination of S. bicolor and Z. mays due to osmotic 

component that accumulated the ionic component (Živkovic 

et al., 2007). Plants under high stress condition might be 

undergo to lose high amount of water from their tissues, 

which in turn affect the radicle emergence from the seeds. 

While the later growth of the seedling under low stress 

condition would be limited by the reserve mobilization and 

their transport towards the embryonic axis (Hager et al., 

2014). Or the germination cannot be achieved due to high 

salinity can result from inability of cellular osmotic 

adaptations (Ayala-Astorga and Alcaraz-Meléndez, 2010). 

Our data indicated that the overall fresh weights of shoot and 

roots, chlorophyll a and b and total chlorophyll of maize and 

sorghum plants were improved by the addition the bread yeast 

to the soils of germinating seeds. Increase in fresh and dry 

weight and in chlorophyll content is a good indicator for 

enhancement of the overall plant yield. An increasing 

numbers of studies indicate that yeasts in the rhizosphere can 

directly or indirectly increase plant root or shoot growth and 

total chlorophylls content (Nassar et al., 2005; 2006; Cloete 

et al., 2009; Taha et al., 2016). Nakayan et al. (2009) 

documented the combination yeast strain and chemical 

fertilizer raised the dry weight of lettuce to 107%. The yeasts 

' positive effect on chl. a and b are in line with the results 

obtained by Hayat (2007) and Stino et al. (2009), as the yeast 

addition improved the function of cell division. Chlorophyll a 

and b were significantly reduced under salinity conditions 

(Golezani et al., 2012). Saccharomyces species had been 

documented to be among the microorganisms that enhance 

crop growth and yield by increasing photosynthesis bioactive 

substances such as hormones and enzymes (Hussain et al., 

2002). Castelfranco and Beale (1983) reported that the 

increase in the production of photosynthetic pigments could 

be due to the role of yeast cytokinins that slowing leaf aging 

by reducing chlorophyll degradation and improving protein 

and RNA synthesis. Most of the studied growth characters, 

i.e. plant height, stem and root fresh and dry weights as well 

as pigment content in Neem plants were positively affected 

by dry yeast extract application. In addition, the overall 

soluble content of sugars, indoles, phenols and flavonoids 

increased with the use of dry yeast extract (Taha et al., 2016). 

Our results showed that there is a reduction of the 

photosynthetic rate in plants germinated with diluted seawater 

in soil free from bread yeast accompanied with the reduction 

in fresh and dry weight of plants. This is in agreement with 

Chartzoulakis (2005) results, who stated that low and 

moderate salinity is correlated with a decrease in the rate of 

CO2 assimilation which indirectly affect all other growth 

parameters. Reduced growth of plants is a general 

phenomenon when cultivated under excessive salinity and 

expressed as stunted shoots. Due to the sequestered Na+ and 

Cl⁻ in the vacuole can decrease the internal osmotic potential 

and cause partial cytoplasm dehydration. These dehydration 

affects the cellular metabolism and ultimately decreases or 

fails the seedlings' development (Darwesh et al., 2003). 

In the present study, the application of bread yeast to the soil 

exhibited different levels of effectiveness in alleviating high 

salt stress effects on growth parameters of sorghum and maize 

seedlings. It is obvious from results that the application of 

yeast had significantly reduced the harmful effect of diluted 

seawater for the seedling up to 80% than untreated one. 

Therefore, a possible role of bread yeast in alleviation the 

salinity effect include, lessen the ion toxicity of Na+ and Cl⁻, 
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more available of essential nutrient elements such as nitrogen 

and potassium important in the initiation seedlings growth. 

Yeast may contain some genes that are effective in alleviating 

the adverse effects of medium salt stress, according to Gisbert 

et al. (2000) who revealed the positive effect of the HAL1 

gene in yeast on salt tolerance and increased shoot length, 

number of leaves and fresh tomato weight at different NaCL 

concentrations.  

Our data showed that proline and hydrogen peroxidases 

concentration in the maize and sorghum plants examined 

under non-stress conditions was different, that is, higher in 

“diluted seawater” than “soil with dry bread yeast irrigated 

with diluted seawater” and less pronounced in “soil mixed 

with dry bread yeast with DW” than control. This finding is 

in agreement with some authors' observations (Ayala-Astorga 

and Alcaraz-Meléndez, 2010; Gondim et al., 2013; Nxele et 

al., 2017), however, this does not in line what others 

documented, as in some cases proline increases during saline 

stress (Ben Ahmed et al., 2009). It was found that highest 

level of salinity induced highest activity of peroxidase (POD) 

and catalase (CAT) enzymes (as defense system against 

salinity), same trend had been found by the application yeast 

to the soil of date palm plantlets (Darwesh et al., 2003). Both 

catalase (CAT) and (POD) peroxidase were considered to be 

the most significant enzyme that removes H2O2 that 

accumulate and destroy the photosynthetic apparatus and 

protects cells during salt stress and water deficiency (Abdel 

Latef, 2011; Pandey et al., 2010).  

Scanning electron microscopy (SEM) results showed there 

was considerable variation in the stomatal density, hairs 

numbers on the adaxial sides of the leaves part and furrows 

numbers of the roots of treated and non-treated sample with 

bread yeast. Control plants in both maize and sorghum had 

the highest number of stomata and hairs per unit of adaxial 

side leaf surface area than the stressed plants. By contrast 

Martinez et al. (2007), showed an increase in stomatal density 

and a decrease in cell size of Phaseolus vulgaris L under 

water deficit indicating that adaptation may occur in such 

apparatus. On the other hands, Xu and Zhou (2008) found that 

stomatal density increases with decreasing water availability 

under moderate water deficit, but decreases under severe 

drought and in wheat leaves, lower stomatal density could 

also occur due to constraints imposed by the growth of guard 

cells under stress conditions (Yin et al., 2006) which seems to 

be confirmed by our findings. However, furrows number per 

unit area of root in maize differ from the sorghum as the 

highest number had been recorded for sorghum sample 

treated with diluted seawater while the highest number was 

recorded for the control in maize plants. No hairs had been 

shown in the leaves of plants subjected to diluted seawater 

without the addition of dry bread yeast to the soils. For 

sorghum and maize plants, the hairs number in the control 

plant found to be higher than all other samples. A possible 

explanation for this variation is that those specialized 

structures might plays important role in alleviating the salt 

stress especially the stomatal density that affect the rate of leaf 

water loss (Bi et al., 2017). In addition, Xu and Zhou (2008) 

found that an increase in leaf stomatal density had a positive 

effect on leaf–level water use efficiency and variations in 

stomatal number and guard cell size could be induced by 

water deficit.  

 

Conclusion: Bread yeast-pretreatment of soil applied at 

(7g/kg soil) improved salinity tolerance of maize and 

sorghum plants initially watered by seawater (33.3%), which 

was associated with (i) a reduction in leaf proline and H2O2 

contents, (ii) maintenance of fresh weight and dry weight of 

shoot and root system and chlorophyll content and (iii) an 

adaptive changes in the stomatal density (SD), number of 

hairs on adaxial sides of the leaves and numbers furrows of 

roots per unit area. 
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