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Abstract: An investigation was undertaken to evaluate the interaction effect of Trichoderma viride for their possible role in 
imparting stress resistance and provide insight in to the potential of broad bean (cv. Vicia faba L.) genotypes to adapt to saline 
conditions. For this, broad bean genotypes (Assiut1, Assiut16 and Assiut159) were treated with different salinity stress levels (00, 
75, 150 and 250 mM NaCl) singly or in combination with Trichoderma in the presence of salinity. In the obtained results, the 
overall plant growth parameters such as shoot fresh, dry weight and physiological, bio-chemical activities and antioxidant 
enzyme activities (catalase and peroxidase) were measured after 27 days of plant harvest. The interaction results showed that the 
effect of salinity stress was significantly reduced due to application of Trichoderma in terms of plant growth or in the case of Na+ 
accumulation in plant cells. In defense related physiological, biochemical and antioxidant enzyme activity also showed marked 
increase due to single or in combination of Trichoderma with salinity. Moreover, the interactive effects of Trichoderma were 
more pronounced in increasing overall growth, reducing transport of Na+ from root to shoot to save cytoplasm from the toxic 
effect of salinity and bringing about defense related physiological, biochemical, antioxidant enzyme activities in the tested-broad 
bean genotypes. 
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1. Introduction 

Most of Egyptian crop plants such as broad bean are 
glycophytes and have to be considered as salt-sensitive [1]. 
The most salt-sensitive growth stage of broad bean is the 
vegetative shoot growth, whereas seed germination and 
reproductive stage are rarely affected by salinity [2]. Na+ has 
been proven to be the major toxic ion for broad bean and other 
plant species such as maize [3, 4, 5]. Fortmeier and Schubert, 
[3] reported that, the reduced Na+ accumulation in leaves of 
salt-resistant plant was the result of two better strategies of 
Na+ exclusion; low uptake of Na+ at the root surface and lower 
root-shoot translocation of Na+. As such, all mechanisms 
which lead to reduce Na+ translocation to the shoot contribute 
to salt resistance [6]. While reactive oxygen species (ROS) 

cause damage to plant cells by peroxidation of unsaturated 
fatty acids in membranes, desaturation of proteins and 
disrupting carbohydrates and DNA in cells [7, 8, 9, 10], the 
enzymes antioxidants activities were increased in different 
cellular compartments especially in chloroplast and 
mitochondria [11, 12, 13] which play a great role in avoiding 
cytoplasm from the toxic effect of salinity by lowering Na+ 
concentration in leaf cells. 

Little is known about the important role of Trichoderma 

viride in salt stress-resistant of plant species. 
Trichoderma-induced plant responses have been well 
investigated for biotic stresses; however its role in plant 
responses to salt stress is not well understood. Recently, some 
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of Trichoderma species are commonly found in soil especially 
near the roots of plants. Some species form colonizations with 
the roots and some may live as parasites on other fungi [14]. In 
general the interaction effect of Trichoderma with plants 
accelerates their growth, yield production, and provide 
tolerance to different stresses such as salinity and drought. 
Also, Harman et al., [15], reported that under biotic and 
abiotic stresses, Trchichoderma spp enhanced the uptake of 
the major important nutrients, production of some antioxidant 
defense system enzymes such as peroxidases (POD), and 
Catalase (CAT), [16, 17], other biochemical activity 
(chitinases, β-1,3-glucanases, lipoxygenase- pathway 
hydroperoxidelyase), and non-enzymatic antioxidant 
compounds (e.g.; phenols, ascrorbate and flavonoids) to 
promote stress tolerance in plant leaf cells [18, 19, 20] and it is 
involved in a variety of physiological mechanisms [21]. 

Also, these microorganisms act as the alternatives to 
enhance the crop production under the salt-affected soils. The 
used of Trichoderma as a biologically control strategy to 
alleviate the adverse effect of salinity is of such alternatives. 
However, Hermosa et al. [22] and Rawat et al. [23] 
investigated the roles of other Trichoderma species on the 
alleviation of toxic effects of salinity stress. Whereas, they 
found that some Trichoderma strains can interact directly with 
roots, increasing plant growth potential, and tolerance to 
abiotic stresses. In this way, Hemed et al. [24] and Egberongbe 
et al. [25] also reported the bio-vital role of Trichoderma spp 
in alleviating the toxicity induced by salt stress; thus 
normalizing the uptake mechanism in plants by supplying the 
essential nutrients. The strategies of Trichoderma in the 
alleviation of salinity stress in the broad bean plants could be 
similar to those mechanisms of arbuscular mycorrhizal (AM) 
fungi in ameliorating salt stress in plants [26]. Similarly, 
Ochradenus baccatus plants were studied to observe the 
ability of T. hamatum to alleviate the negative effects of 
salinity stress, [14]. Trichoderma supply mineral nutrients to 
plants, especially phosphorous, which is precipitated by ions 
like Ca, Mg, and Zn [27]. 

Because high levels of salinity in the field, plant tolerance 
to these soil constraints needs to exist in combination with 
Trichoderma [28]. Where salinity is the dominant toxicity, 
production and yield improvements to crops are likely to be 
small, unless cultivars are tolerant to salinity [29]. The 
combined effect of Trichoderma and salt on germination and 
early growth has not been looked at in the previous work, 
since it has only recently been discovered that they appear to 
commonly coexist in the field. There have also been few 
studies on the mobility of these salts over the growing season. 
Crop growth and yield is highly dependent on the success of 
germination, establishment and seedling growth. Hence, the 
objectives of this study are to quantify the effects of 
Trichoderma viride and salinity as well as to investigate and 
assess the interactions on the germination and early growth 
stages of broad bean in an effort to improve the production 
potential for farmers and provide knowledge of suitable 
tolerant cultivars to constrained soil.  

2. Material and Methods 

2.1. Plant Growth and Inoculation Conditions 

Trichoderma viride used in this investigation was obtained 
from the Botany and Microbiology Dept., Faculty of Science, 
Al Azhar University Assiut, Egypt. Cultures of fungi were 
grown on potato dextrose agar and incubated at 28.5°C for 3 
days.1cm2 plugs of 3 day-old potato dextrose agar grown 
cultures of actively growing Trichoderma were placed in 500 
ml flasks containing 50 gm of rice, and 50 ml of sterile distilled 
water. Colonized rice grains were air dried and milled to fine 
powder. The formulation was prepared by diluting spore 
powder with talcum powder (mesh 350 with 95% whiteness) 
and 1% carboxy methyl cellulose (CMC) to get desired 
concentration of bio-control agent in the formulation. Seeds of 
broad bean (cv. Vicia faba L.) were surface sterilized with 1 
percent sodium hypochlorite for 3 min. Sterilized seeds were 
classified into two groups; the first one was sown in glass jar as 
control, and the second group was inoculated with the above T. 

viride formulation for 24 hours. Then the seed were cultivated 
in plastic pots contain 4 Kg of clay soil, these pots were 
irrigated with tap water every 6 days until the fourth leaf 
appearance after that the plants were treated with different NaCl 
concentrations (00,75 mM, 150 mM and 250 mM NaCl). From 
the inoculated seeds only ten seeds per pot of each broad bean 
genotypes (Assiut 1, Assiut 16 and Assiut 159) were sown and 
then the seedlings were thinned to five plants per pot. The 
experiment was carried out in air open under natural conditions 
with 26±2°C at light and 18±2°C at night. After harvesting, 
shoots and roots were separated and freshly weight then 
oven-dried at 80°C for 24 hours for dry weight measurements.  

2.2. Parameters of Na
+
 Exclusion Strategies 

According to Sȕmer et al. [30], strategies of Na+ exclusion 
were calculated as following equations: 

Na+ exclusion at the root surface =Total plant Na+ content / 
Root dry weight            (1) 

Na+ translocation from root to shoot= Shoot Na+ content / 
Root Na+ content            (2) 

2.3. Cation Analysis 

Cation analysis was measured by flame-photometer model 
(M7D). About 200 mg ground plant materials (e.g. shoots and 
roots) was used for analysis of Na+, K+, and Ca2+ ion 
concentrations. Plant material was dry-ashed at 105°C over 
night in a forced-air oven. After cooling, plant materials were 
digested in 5 M HNO3 by heating prior to boiling. Then 
filtration was measured to determine the final concentrations 
of Na+, K+ and Ca2+ ions. 

2.4. Biochemical Analysis 

2.4.1. Catalase Activity (EC 1.11.1.6) 

Catalase (CAT) activity was determined 
spectrophotometrically by following the consumption of H2O2 
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for 1 min according to Aebi [31]. The decrease in absorbance 
at 240 nm was monitored and the resulted of catalase activity 
as (∆ abs. 240 mg/ dry weight). 

2.4.2. Peroxidase Activity (EC 1.11.1.7) 

Peroxidase activity was determined spectrophotometrically 
with some modifications. The assay medium contained 2.5 ml 
of 100 mM K-phosphate buffer at (pH 5.5), 100 µl of 1 mM 
guiaicol and 0.1ml of enzyme extract. The reaction was started 
by addition of 300 ml of 1.3 mM H2O2. The increase in 
absorbance at 470 nm was recorded. The resulted of 
peroxidase activity as (∆ abs. 470 mg/ dry weight). 

2.4.3. Determination of Hydrogen Peroxide 

Hydrogen peroxide (H2O2) content of leaf samples was 
spectrophotometrically measured as described by [32]. About 
0.05 g of leaf sample was extracted with 4 ml cold acetone. An 
aliquot (3 ml) of the extracted solution was mixed with 1 ml of 
0.1% titanium dioxide in 20% (v/v) H2SO4 and the mixture 
was then centrifuged at 6000 rpm for 15 min. The intensity of 
yellow color of the supernatant was measured at 415 nm.  

2.4.4. Determination of Lipid Peroxidation 

The lipid peroxidation (MDA) was determined in leaf 
samples by measuring malondialdehyde formation using the 
thiobarbituric acid reaction as described by Madhava Rao and 
Sresty, [33] with some modifications. The concentration of 
MDA was calculated by using an extinction coefficient (155 
mM-1 cm-1) and the results expressed as MDA/g fresh weight.  

 
 
 

2.5. Statistical Analysis 

All data obtained were subjected to one-way analysis 
variance (ANOVA), using the SPSS statistical package. For 
comparison of the means, the Duncan٫s multiple range tests (p 
< 0.05) were used. 

3. Results 

3.1. Trichoderma Viride Promote Growth and Confer Salt 

Tolerance in Broad Bean 

To investigate the role of Trichoderma viride in the 
conformation of salt tolerance in plants, broad bean genotypes 
were grown either under salt stress alone or in combination 
with Trichoderma and salt stress. Plants inoculated with T. 

viride showed enhanced shoot growth of Assiut 1 when grown 
with or without 250 mM + Trichodermia in compared with 
salt-treated plants, (Table 1). While, the genotype cv. Assiut 
16 showed slightly improvement of growth at 250 mM + 
Trichodermia, the genotype 159 showed no significantly 
change in shoot fresh weight after application of T. viride and 
salt stress in compared to salt-treated plant. Saline stress also 
had a negative effect on shoot dry weight of all broad bean (cv. 
Vicia faba L.) genotypes. Shoot dry weight in Assiut 1 grown 
with 250 mM NaCl decreased by 43.64% when compared 
with the control treatment. However, the shoot dry weight of 
cv. Assiut1 and cv. Assiut 16 was slightly increased after 
inoculated with T. viride in compared to cv. Assiut 159 which 
had no significantly change. The difference in shoot fresh and 
dry weights clearly demonstrated the beneficial effects of the 
fungus (T. viride) under salt stress (Table 1). 

Table 1. Shoot fresh and dry weights of broad bean (cv. Vicia faba L.) genotypes cultivated under control and salt stress levels (75mM, 150 mM and 250 mM NaCl) 

treated with Trichoderma viride. Data are means of four replicates ± SE. Broad bean plants were harvested 27 d after the beginning of plant cultivation. 

Significant differences (P ≤ 5%) between treatments and genotypes are indicated by different letters. 

Treat. 
Shoot fresh weight (g Pot-1) Shoot dry weight (g Pot-1) 

Asyut 1  Asyut 16  Asyut 159 Asyut 1  Asyut 16  Asyut 159 

Control  85.50±3.1a 83.46±1.4a 64.84±0.6ab 8.18±0.1a 9.61±0.5a 7.99±0.4a 
75 mM NaCl  52.68±3.8c 62.49±3.1bc 59.98±0.9ab 6.64±0.2bc 8.02±0.6ab 5.83±0.0bc 
150 mM NaCl  18.87±0.6d 44.31±0.6d 58.42±0.9ab 4.76±0.1d 4.14±0.5cd 5.48±0.2cd 
250 mM NaCl 16.49±0.4d 36.30±0.5d 47.22±0.7c 4.06±0.3d 3.39±0.1d 4.37±0.3de 
Control + T. viride 70.44±0.2b 69.61±0.9b 66.74±3.9a 7.74±0.1ab 9.00±0.7a 8.04±0.4a 
75 mM NaCl+ T. viride 66.14±3.7b 57.52±3.5c 63.50±4.2ab 8.94±0.3a 8.50±0.3ab 7.15±0.3ab 
150 mMNaCl + T. viride 61.09±2.9bc 57.02±1.5c 55.42±0.6bc 6.31±0.2c 6.30±0.2bc 6.30±0.3bc 
250 mMNaCl + T. viride 36.30±0.2c 39.08±0.4d 35.23±0.3d 4.61±0.4d 5.09±0.2cd  3.88±0.1e 
LSD=0.05 =12.973487 =9.6125719 =10.945869 =1.269826 =2.21969 1.424338 

 

3.2. Effect of Trichoderma Application on Na
+ 

Ion Toxicity 

of Salt-Stressed Plants 

In this study analysis of Na+ ion concentrations showed that 
cv. Assiut 1 and cv. Assiut 16 accumulated low shoot Na+ 
concentration as compared to cv. Assiut 159, (Fig. 1). However, 
in combination with bio-control agent of T. viride and salt stress, 
the opposite results were observed, whereas, the genotype cv. 
Assiut 159 showed low shoot Na+ concentration (0.42 mmol 
mg-1 DW) as compare to the genotype cv. Assiut 1 (0.59 mmol 
mg-1 DW) which did not differ when plant treated with either 

salt stress alone or in combination of Trichoderma and salt 
stress. On the other hand, the broad bean genotypes cv. Assiut 1 
and cv. Assiut 16 exhibited a lower Na+ concentration in the 
roots at 250 mM NaCl (1.16 and 1.19 mmol mg-1 DW, 
respectively) compared to cv. Assiut 159, which had the highest 
Na+ concentration (1.61 mmol mg-1 DW). Accordingly, the 
combination of Trichoderma with salt stress decreased the 
concentration of Na+ in the roots of all plant species as 
compared to high salt stress levels. However, the lowest root 
Na+ concentration was in the genotype cv. Assiut 1 and cv. 
Assiut 16 as compared to cv. Assiut 159 especially at 150 mM 
and 250 mM NaCl as shown in Figure (1).  
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Figure 1. Sodium concentration in the shoot (A) and root (B) dry weights of various broad bean genotypes under control and salinity treatment (250 mM NaCl). 

Data are means of four replicates ± SE. Broad bean plants were harvested 27 d after the beginning of plant cultivation. Significant differences (P ≤ 5%) between 

treatments and genotypes are indicated by different letters. 

Opposing results were found for K+ concentrations in 
shoots of the three tested broad bean genotypes. The plants 
contained sufficient concentrations of K+ under stress 
treatments as shown in Table (2). In this concept, all broad 
bean genotypes showed no significantly change in shoot K+ 
concentration either under salt stress alone or in combination 
with Trichoderma and salt stress as compared to control plants. 
However, Application of Trichodermia to the salt-treated Ca2+ 

concentrations in shoots was comparable for all broad bean 
genotypes. The genotype Assiut 1 showed the highest 
concentrations of Ca2+ compared to other two genotypes after 
application of Trichoderma with salt stress as compared to 
control plants. So, the application of Trichodermia to the 
salt-treated plants showed improvement in the concentrations 
of Ca2+ in plant tissues as compared to salt-treated plants, 
(Table 2). 

Table 2. Shoot K+ and Ca2+ concentrations of broad bean (cv. Vicia faba L.) genotypes cultivated under control and different salt stress levels treated with 

Trichoderma viride. Data are means of four replicates ± SE. Broad bean plants were harvested 27 d after the beginning of plant cultivation. Significant 

differences (P ≤ 5%) between treatments and genotypes are indicated by different letters. 

Treatment 
Shoot K+ concentration (g Pot-1) Shoot Ca2+ concentration (g Pot-1) 

Asyut 1  Asyut 16  Asyut 159 Asyut 1  Asyut 16  Asyut 159 

Control 0.11±0.00bc 0.11±0.00bc 0.11±0.00c 2.50±0.00d 2.20±0.09b 2.77±0.08b 

75 mM NaCl 0.11±0.01bc 0.12±0.00a 0.11±0.00c 3.67±0.10d 3.08±0.05ab 4.75±0.08b 

150 mM NaCl 0.11±0.01bc 0.12±0.00a 0.12±0.00ab 6.83±0.25c 3.55±0.25a 6.50±0.17b 

250 mM NaCl 0.10±0.01c 0.12±0.00bc 0.11±0.00c 11.33±0.42a 5.66±0.42ab 9.83±0.25a 

Control + T. viride 0.13±0.00a 0.12±0.00a 0.13±0.00a 3.25±0.22d 2.18±0.22b 2.35±0.19b 

75 mM NaCl+ T. viride 0.12±0.00ab 0.10±0.00c 0.10±0.00d 6.83±0.54c 2.52±0.52b 3.7±0.08b 

150 mMNaCl + T. viride 0.11±0.00bc 0.12±0.00b 0.11±0.01cd 8.17±0.25c 3.01±0.25ab 4.17±0.25b 

250 mMNaCl + T. viride 0.10±0.00c 0.11±0.00bc 0.12±0.00bc 8.58±0.17b 3.77±0.17ab 7.23±0.08b 

LSD=0.05 =12.973487 =9.6125719 =10.945869 =1.269826 =2.219697 1.4243386 
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3.3. Na
+
 Uptake and Na

+
 Translocation from Root to Shoot 

Na+ uptake by the roots and translocation of Na+ from root 
to shoot was studied in the three broad bean genotypes under 
different salinity levels (75 mM, 150 mM and 250 mM NaCl), 
(Fig. 2). Treatment with Trichodermia of salt-stressed plants 
significantly reduced the Na+ uptake at the root surface in all 
broad bean genotypes, when compared to the plants grown 
under salt stress alone. However, root-to-shoot Na+ 

translocation was increased after the application of 
Trichodermia to salt stressed plants. As a result, application of 
Trichodermia to salt-stressed plants decreased the Na+ 
concentrations in the plant tissues. These results indicate that 
Trichodermia application improves Na+ exclusion either by 
decreasing passive influx or by increasing the active efflux of 
Na+, (Fig. 2). 

 

Figure 2. (A) Sodium uptake at root level (plant Na+ content/ root dry weight) and (B) sodium translocation from root to shoot of three broad bean genotypes 

under control and different salinity levels in combination with Trichodermia and salt stress. Data are means of three replicates ± SE. Broad bean were harvested 

27 d after the beginning of plant cultivation. Significant differences (P ≤ 5%) between treatments and genotypes are indicated by different letters. 

3.4. Catalase and Peroxidase Enzymes 

Generally, salt stressed plants have ability to protect 
themselves from the oxidative stresses by synthesis of 
antioxidant enzymes. The results cleared that, catalase activity 
was significantly enhanced by increasing salinity levels in all 
plant species in compared to control. However, plant 
salt-treated in combination with Trichodermia reduced the 
activity of catalase antioxidant enzyme of broad bean (cv. 
Vicia faba L.) plants compared to salt stress plants. As shown 
in Figure (3A) salinity stress increased the catalase activity in 

cv. Assiut 1 and cv. Assiut 159 (0.95 and 1.05 unit mg-1 FW, 
respectively) in comparison to cv. Assiut 16 which showed the 
lowest catalase antioxidant activity (0.68 unit mg-1 FW).  

On the other hand, the POD activity was slightly increased 
by the treatment of broad bean genotypes with salt stress. 
Whilst, the application of plant with Trichodermia caused 
significant decrease in the peroxidase activity compared with 
salt-treated plants. These results indicate that, increase the 
activity of antioxidant enzymes (catalase and peroxidase) 
reduced the deleterious effect of salinity on plant growth in the 
broad bean (cv. Vicia faba L.) genotypes (Fig. 3B). 
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Figure 3. Catalase (CTA), (A) and peroxidase (POD) enzyme (B), activities of broad bean plants cultivated under control and salt stress levels (75mM, 150 mM 

and 250 mMNaCl treated with Trichoderma viride. Data are means of four replicates ± SE. Broad bean plants were harvested 27 d after the beginning of plant 

cultivation. Significant differences (P ≤ 5%) between treatments and genotypes are indicated by different letters. 

3.5. MDA and H2O2 Contents 

The changes in lipid peroxidase represented as MDA 
accumulation in the plant cell under high salt stress. MDA 
content in all broad bean genotypes was increased when plant 
treated with high salinity levels as compared to control. cv. 
Assiut 1 and cv. Assiut 16 showed high MDA content (31.16 
and 29.74 mg g-1 FW, respectively) as compared to cv. Assiut 
159 which showed low MDA content (26.0 mg g-1 FW) when 
plant grew under the high salinity level (250 mM NaCl), (Fig. 
4A). Application of Trichodermia and salt stress decreased 
MDA content in all tested broad bean genotypes compared to 
salt-stressed plant, however, the broad bean plant cv. Assiut 
159 showed lower MDA content compared to cv. Assiut 1 and 

cv. Assiut 16. 
As shown in Figure (4B), hydrogen peroxide (H2O2) 

content was increased in all tested broad bean plant species 
under salt stress. Application of Trichodermia with salt stress 
showed a significantly decreased in the hydrogen peroxide 
(H2O2) content in all tested plant genotypes compared with 
salt stress. However, there are a significant differences 
between all tasted broad bean plants when treated with 

Trichodermia and salt stress, whereas, cv. Assiut 16 showed 
higher H2O2 content as compared to cv. Assiut 1 and cv. Assiut 
159, (Fig. 4B). These results cleared that, applied of 
Trichodermia helped broad bean (cv. Vicia faba L.) plants to 
deleterious effect of salt stress by decreasing the H2O2 
contents in its leaf cells.  
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Figure 4. MDA content (A) and H2O2 content (B) of broad bean (cv. Vicia faba L.) grown under control and different salinity levels in combination with 

Trichodermia and salt stress application for 27 days. The results represent means ± SE of at least three independent values. Significant differences (P ≤ 5%) 

between values are indicated by different letters. 

4. Discussion 

High salinity levels inhibited the shoot growth of all broad 
bean genotypes. Although sever effects of Na+ toxicity on 
shoot fresh weight by 250 mM NaCl treatment have been 
shown in broad bean genotype cv. Assiut 1, no significant 
differences were observed in shoot biomass between cv. 
Assiut 16 and cv. Assiut 159 under the high salinity stress 
(250 mMNaCl). While, shoot growth of genotype cv. Assiut 1 
showed high significantly increased after application of T. 

viride, the genotype cv. Assiut 159 had severe reduction, 
suggesting that Trichoderma confers tolerance to the genotype 
Assiut1 but it was not suitable for the genotype cv. Assiut 159 
under salt stress.  

Shoot growth can possibly be reduced due to reduced 
uptake of water under high salinity stress. Many experiments 
have confirmed that inhibition of shoot growth often occurs 
without any change in water relations of plant cells [35, 36]. In 
the current study, shoot and root fresh weights were 
significantly reduced in cv. Assiut 1 but only slightly 
reduction was observed in Assiut 16 and Assiut 159. 

Comparison of genotypes showed that cv. Assiut 1 was able 
to maintain better shoot and root growth than cv. Assiut 159 
after using Trichoderma as a bio-agent control, indicates that 
cv. Assiut 1 is a relatively osmotic-resistant genotype and cv. 
Assiut 16 is moderately salt resistant while cv. Assiut 159 
identify as salt sensitive. In this sense, application of 
Trichoderma as a bio-control maintained and stimulated the 
growth biomass in broad bean cv. Assiut 1 under salinity 
stress conditions as compared to other broad bean plants (cv. 
Assiut 16 and cv. Assiut 159). These data agree with the 
previous data reported by Schwob et al. [37] and Saleh, [38], 
which found a significant difference between both plant 
organs (shoot and root biomass), when treated with 
mycorrhiza in combination with salinity stress. Application of 
Trichoderma in combination with a low shoot Na+ 
concentration can be used to identify salt-resistant plants in 
the both phase growth of salt stress. The observed sever 
growth reduction may be due to Na+ accumulation which 
finally resulted in disorders of protein synthesis and enzyme 
activation [40]. 

The broad bean Assiut 1 showed a high stunting shoot 
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growth compared to the other genotypes, especially cv. Assiut 
159. Similar observations were reported by Eker et al., [41], 
who found a significant difference between maize varieties 
due to effect of salt stress. Furthermore, results in this work 
showed that Na+ concentration was higher in the root 
compared to the shoot which has also been observed for other 
plant species genotypes [42, 43, 44]. Our results showed that, 
both salt sensitive and tolerant broad bean cv. Assiut 159 and 
cv. Assiut 1, respectively have high Na+ concentration in 
leaves during vegetative stages while the broad bean cv. 
Assiut 16 had medium concentration of Na. Differential 
distribution of Na+ and K+ was observed in broad bean leaves 
[2], rice [45; 46; 47] and concentrations were much higher in 
leaves of other plant species [48]. 

According to our results, the high accumulation of K+ in 
broad bean cv. Assiut 1 more than in broad bean cv. Assiut 159 
did not beneficial in this plant species, thus confirming the 
problematic role of K+ under stress conditions reported by 
Maathuis and Amtmann, [49] who suggested that due to 
physicochemical similarities between Na+ and K+, excess Na+ 
antagonistically competes with K+ uptake leading to Na+ will 
passively influxes into the cytosol of plant cell. Calcium 
concentration plays an important role in the maintenance of 
high growth criteria under salt stress conditions, [50]. Song et 
al. [51], reported that high levels of external Ca+2 are essential 
for the maintenance of high root uptake and shoot 
accumulation of Ca+2and K+ on saline soils and thus for 
avoiding salinity damage in plants as shown in rice plants. 
However, in the present study, after Trichodermia application, 
the shoot concentrations of Ca+2 were contributed to salt-stress 
tolerance especially in cv. Assiut 1 and cv. Assiut 159. 

The results presented in this study show that the lower Na+ 
exclusion from the shoots of cv. Assiut 1 was due to higher 
uptake of Na+ at the root surface and higher root-to-shoot 
translocation of Na+. In contrast to salt resistant, salt sensitive 
cv. Assiut 159 showed good Na+ exclusion at the root surface 
and also from the shoot. These results are in agreement with 
the observations of Pitann et al. [5], they described that these 
two different strategies of Na+ exclusion are not suitable 
parameters to classify the plant salt resistance. Our results 
further show that treatment with Trichoderma of salt-stressed 
plants decreased Na+ uptake at the root surface and hence 
improved Na+ exclusion from the shoots of all broad bean 
genotypes. Although the shoot Na+ concentrations in 
comparison to NaCl were high in NaCl + Trichoderma 
treatment, shoot growth was improved by Trichoderma. 
These results confirm that shoot Na+ did not reach toxic 
levels during the short period of salt stress. However, 
Trichoderma treatment increased the root-to-shoot Na+ 
translocation, which indicates that the higher shoot Na+ in 
Trichoderma + NaCl plants (cv. Assuit 1) was mainly due to 
increased Na+ transport from root to the shoot. Na+ exclusion 
at the root surface can be controlled by passive influx 
through selective cation channels [22] or by active efflux of 
Na+ from root cells. The active efflux of Na+ through 
plasmalemma-localized Na+/H+ antiporters has been reported 
for many plant species [52, 53, 54, 55, 56 and 5], a similar 

mechanism in broad bean has not been identified.  
To further test Trichoderma-induced plant response to salt 

stress, the three broad bean genotypes cv. Assiut 1, cv. Assiut 
16 and cv. Assiut 159 previously identified as NaCl tolerant 
or sensitive and related to osmo-protection, or to general 
response to oxidative stress, was determined in this study in 
control plants and plants subjected to different salt stress 
levels (75, 150 and 250 mM NaCl) with or without 
Trichoderma pre-treatment in combination with salt stress. 

In the absence of Trichoderma, high concentration of NaCl 
influence antioxidant enzyme activities that scavenge 
reactive oxidative species (ROS) which had a sever effects on 
the biochemical reaction in plant cells. Alscher et al., [57] 
reported that scavenging ROS through the increased activity 
of antioxidant enzymes improved salt tolerance as in broad 
bean plants in this study (Fig. 3). Also, highly increased in 
the activity of antioxidant defense system of broad bean and 
wheat plants at 150 mM NaCl were obtained by Mohamed 
and Shaddad [2]. The high activity of antioxidant enzyme 
indicates that CAT play vital role in scavenging the ROS, 
which affect the stability of membrane and cause partial 
up-regulation of cell membrane. The experimental evidence 
reviewed here indicates that in the presence of Trichoderma, 
both antioxidant defense system catalase (CAT) and 
peroxidase (POD) had a slightly decreased in all broad bean 
plants under salinity stress compared to salinity stress alone. 
However, the activity of peroxidase (POD) enzyme was less 
reduction in all plant species rather than the activity of 
catalase (CAT) enzymes. 

There is no significantly difference was observed in the 
activity of the antioxidant defense system between all broad 
bean genotypes either under salt stress or in combination 
with Trichoderma and salt stress, indicates that antioxidant 
oxidative stress not are suitable parameters to identify plant 
salt resistance. This work also supports the hypothesis that 
using of Trichoderma as a bio-control agent is not contribute 
to improve the osmotic stress-resistant of broad bean 
genotypes (Vicia faba L. cv. Assiut) under different salinity 
stress levels.  

Salinity stress significantly increased concentration of MDA 
(lipid peroxidation). Measurement of H2O2 and MDA 
concentrations in leaves of salt treated plants that are oxidative 
stress indicator. H2O2 caused membrane damage that fasten the 
Haber-Weiss reaction, by production of hydroxyl radical (OH.-) 
and lipid peroxidation. These parameters were significantly 
decreased after Trichoderma application with salinity stress in 
this study; however there are contradictory results in different 
studies. Dionisiases and Tobita [58] proposed that there is a 
good correlation between lipid peroxidation and H2O2 
concentration under high salinity level and Trichoderma 
application in rice but in other study both H2O2 and MDA 
concentrations were increased in Tomato [59] by using the bio 
agent control. Interestingly, MDA content in V. faba plants was 
significantly decreased in response to Trichoderma application, 
which reinforced the suggestion that Trichoderma application 
can ameliorate the stressful condition by increasing the 
stability of membranes in V. faba. 
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5. Conclusion 

Broad bean genotypes Assiut1 is relatively more salt 
resistant compared to cv. Assiut 159 and cv. Assiut 16. In this 
context, the Trichodermia application may play a major role 
in the development of salt resistance. Increasing translocation 
of Na+ ions in shoot of salt resistant cv. Assiut 1 more than 
salt sensitive cv. Assiut 159 increased Na+ sequestration into 
leaf vacuoles and thus contributed to tissue tolerance of cv. 
Assiut 1 under high salt stress. Also, in this study 
Trichodermia application induced the activity of enzymatic 
antioxidant defense system (CAT and SOD), reducing reactive 
oxygen species (ROS) in the presence of salt stress conditions. 
Thus, our data provide good evidence for the stimulatory 
effects of application of Trichodermia to induce salt tolerance 
in the newly developed of broad bean genotypes. 
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