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Abstract: The lack of an effective evaluation method for salt tolerance in the screening process is
one of the reasons for limited success in conventional salt tolerance breeding. This study was designed
during winter 2006/2007 and 2007/2008 to identify useful agronomical and biochemical traits for salt
tolerance in wheat. Five wheat cultivars were grown in field experiment in three sites at Sahel El
Tenna region, south Port Said with various salinity levels; 0.098 ds m-1), 4.2 ds m-1 and 8.4 ds m-1.
Salt stress suppressed seedling growth and simultaneously reduced leaf area, content chlorophyll, spike
length, 1000 grain weight, grain yield as well as harvest index. Based on salt tolerance index,
Gemmeiza 1 cultivar showed the highest and stable yield across normal and saline conditions.
Significant correlations observed between grain yield and some agronomic traits, indicating that these
traits might be useful criteria to select salt tolerant wheat cultivars.Gel Electrophoresis (SDS-PAGE)
analysis has revealed that plant grown under salinity showed induction or suppression in the synthesis
of few polypeptides. Isozymes of Esterase (EST), Malate dehydrogenase (MDH) and Glutamate
dehydrogenase (GDH) showed differences under salt stress. These differences might reflect the gene
activation for the adaptation of plants to salt condition. Among the cultivars, Gemmeiza1 showed best
performance in respect of appearance of new bands in protein and isozyme profile. So that protein
patterns and isozyme analysis could consider tool to know the existence and expression of the gene
in respect of stress tolerance.  These results can be translated into effort to develop this salt tolerance
cultivar and maximize the use of saline soils.
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INTRODUCTION

The increasing food demands of the world population have often led to the use of marginal salt affected
soils and/ or low quality waters. Thus, salinity of arable land is an increasing problem in many irrigated areas
of the world and is significant factor in reducing crop productivity. The UNEP (United Nations Environment
Program) estimates that 20% of the agricultural land and 50% of the cropland in the world is salt-stressed
(Flowers and Yeo 1995).

The genetic mechanisms of salt tolerance must be defined in order to efficiently develop crop plants that
are more salt tolerant. There is no question that salt stress alters gene expression in a tissue-specific and time-
depend manner.

However, use of molecular techniques in conjunction with physiological and biological analysis to identify
potential genetic mechanisms for salt tolerance is a valid approach to development of salt tolerant plants.
Identification of transcripts whose expression is correlated with salt stress is a first step in identifying genes
that contribute to salt tolerance of plants (Ski 2003). On the other hand, the modifications of gene expression
due to different environmental conditions are a common response in the metabolism of plant cells. Gene
activation due to environmental stimuli plays an extremely important role in the adaptation of plants to
unfavourable condition and promotes the appearance of specific proteins (Sachs and Ho, 1986).

Wheat (Triticum aestivum L) is one of the most important crops in Egypt, which plays an especial role
in people's nutrition. But unfortunately abiotic stresses such as salinity, decrease wheat growth and productivity
by reducing water uptake and cause nutrient disorders and ion toxicity in this region. Development of stress
tolerant varieties is an objective of many breeding programs, but success has been limited by adequate
screening techniques, and the lack of cultivars that show clear differences in response to well defined
environmental stresses (Pareek et al., 1997). Therefore, wheat breeders are always looking for means and
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sources of genetic improvement for grain yield and other agronomic traits. The adoption of new technologies
such as molecular markers may help in achieving some of the goals to increase food production. To achieve
this goal, modern plant breeding teams are endeavouring to integrate new plant biotechnology methods with
traditional breeding techniques based on classical genetics.

In many researches, salinity tolerance has studied in relation to regulatory mechanism of osmotic and ionic
homeostasis (Ashraf and Harris, 2004). Salt stress, like other abiotic stresses can lead to oxidative stress
through the increase in reactive oxygen species (ROS), such as superoxide (O2

-), hydrogen peroxide (H2O2)
and hydroxyl radicals (OH), which are highly reactive and may cause cellular damage through oxidation of
lipids, protein and nucleic acids (Ying et al.,2006). To minimize the effect of oxidative stress, plant cells have
evolved a complex antioxidant system, which is composed of low molecular mass antioxidants ( glutathione,
Malate and carotenoids) as well as ROS scavenging enzymes, such as superoxide dismutase (SOD), Esterase
(EST), Malate dehydrogenase (MDH) and Glutamate dehydrogenase (GDH) (Amini et al., 2007).

The present study was carried out in an attempt to provide an insight view to the agronomical and
biochemical traits that contribute tolerance for salinity; to estimate the changes that occurre in growth traits
based on salt tolerance index and their reflection on yield under salinity stress and to differentiate among the
five wheat cultivars through two main approaches: isozyme analysis and protein gel electrophoresis.

MATERIALS AND METHODS

Plant materials and growing conditions:
Five wheat cultivars were evaluated in three sites at Sahel El Tenna region, south Port Said for salt

tolerance during 2006 /2007 and 2007/2008 seasons. The cultivars Sakha 92, Gemmeiza 7, Sahel 1, Sakha 61,
Gemmeiza 1 were used in this study. Three field experiments were carried out, one experiment was conduct
in farm with saline soil 4.2 ds m-1, the second with saline soil 8.4 ds m-1 and the third experiment was
conducted with saline soil 0.098 ds m-1 in region Sahel El Tenna south Port Said.

The experimental design used in each environment was randomized complete block design with three
replicates. The experimental plot consisted of 6 rows, 3m long and 5 cm apart in which grains were drilled
by hand. The normal recommended agricultural practices of wheat production were applied at the proper time.
The differences between locations in relation to soil types are presented in Table 1.

Table 1: Mechanical and chemical analysis of the experimental soil in Ismailia and Sahel El Tenna locations
Constitutions Site 1 Site 2 Site 3
Particle size analysis
Sand (%) 64.4 60.9 82.59
Silt (%) 28.6 29.3 14.88
Clay (%) 7.0 9.8 2.63
Chemical analysis
EC (ds m-1) 4.2 8.4 0.098
pH 8.2 8.5 7.58
Soluble Nitrogen (ppm) 0.029 0.027 0.095
Available phosphorus     (ppm) 60.2 58.7 74.0

Growth Measurements:
Ten guarded plants were randomly chosen at 60 days from each plot to determine Shoot length (cm),

Shoot weight (g), flag leaf area and after that, days to 50% heading were recorded. While at mature stage
Spike length (cm), 1000 kernel weight g), Grain yield/ m2 and Harvest index (%) were measured.

Physiological Measurements:
Chlorophyll Content:

The Chlorophyll a, b contents were measured spectrophotometerically at 662 nm and 644 nm according
to Faddeel (1962).

Leaf Osmotic Potential:
The fresh samples of leaves were collected for each cultivar to determine electric conductivity (EC) by

conductivity / TDS meter (m mhos/cm). The EC multiplied by factor 0.36 to represent osmotic potential (-
bar).
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Salt Tolerance Index (ST):
ST value represents the relative change for each trait caused by salt treatment. It was defined as the

observation under salinity divided by the means of the control (Zeng et al., 2002).

Biochemical Measurements:
Protein Preparation for SDS-PAGE:

After 15 days of different NaCl treatments, plants were harvested and then soluble protein extracted by
grinding one gram freeze dried sample with pestle and mortar in liquid nitrogen and 4 ml buffer solution (1.0
M tris-HCl buffer, pH 8.0, containing 250 mM NaCl, 25 mM EDTA, 0.5 % (w/v) SDS 10 mM -
mercaptoethanol).  SDS_PAGE was performed by the methods described previously (Laemmili, 1976).

Enzymes Assay:
0. 5 gm from young leaves of each sample were homogenized in 2ml of cold (4C) extraction buffer

containing 0.1 M Tris-HCl, 1 (PH 8). 1 mM EDTA, o.5 PVP-10, 2mMDTT, 10 mM Mercaptoethanol and 2%
PVPP were added. Each sample was vortexes for 14 second by electric vortex and centrifuged at 20000rpm
for 15 min at 4C. The amount of total protein in the supernatant was assayed using the Bradford methods
(Bradford, 1976).  Each sample (about 15µg of the total protein) was applied to native polyacrylamide gel
according to Apavatjrut et al., (1999). 

Enzyme Staining:
Three enzymatic systems were examined in this study. The gel was stained after electrophoresis according

to its protocol and incubated at 37C° in the dark for complete staining adding the appropriate substrate and
staining solution. The staining protocol for Esterase's (EST) and Glutamate dehydrogenase was used according
to Wendel (1989). While Malate dehydrogenase (MDH) from Falk et al., (1996).

Gel Fixation:
After the appearance of the isozyme bands, the reaction was stopped by washing the gel two or three

times with tap water, this was followed by adding the fixing solution ( 10 % glacial acetic acid, 20% ethanol
and 70% distilled water) Falk et al., (1996). The gel was kept in the fixing solution for 24 hours and rinsed
with tap water two times then was photographed.

Statistical Analysis:
Three experiments were conducted in a randomized complete block design with three replicates in three

sites at Sahel El Tenna region south Port Said. Each field trial was analyzed separately, because of differences
in salinity level and site. Data were statistically analyzed using the appropriate analysis of variance according
to Steel et al., (1997). Combined analysis of variance over the two seasons was applied after using the
homogeneity test. A computer program Genstat 8 Rel.PL16 was used for analyzing data. Correlation analyses
were employed to express the relationship among variables of interest. 

RESULTS AND DISCUSSIONS

Growth Traits under Salt Stress:
During the trails, visual damage on plant leaves was not obvious at 4.2 ds m-1 although chlorosis was

occasionally observed on some plants. At 8.2 ds m-1 visual damage was serious; chlorosis and leaf rolling were
observed on all plants. However, salt-induced reduction in the growth of plants as measured by shoot length,
shoot weight, leaf area, varied significantly among the five wheat cultivars (Table 2&3). Growth reduction was
more pronounced in Sakha61 at4.2 ds m-1 than in other cultivars. Reduced plant growth was due to several
possible reasons. One possibility is that salinity reduced photosynthesis, which in turn limited the supply of
carbohydrate needed or growth. A second possibility is that salinity reduced turgor in expanding tissue resulting
from lowered water potential in root growth medium. A third is that the root response to salinity was down
regulating shoot growth via a long distance signal. Fourth, a disturbance in mineral supply, either an excess
or deficiency, induced by change in concentration of specific ions in the growth medium, might have directly
affected growth. Each of these hypotheses has some merit and may contribute in some way towards the long
term effects of growth (Alam et al, 2004). The interactions between wheat cultivars and salt stress were
significant for the previous traits (Table 2). Thereby, it seems that the growth traits can be discriminated
between salt tolerance and salt sensitive cultivars in wheat.
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Table 2: Mean squares for the studied traits in combined analysis for wheat cultivars
S.O.V df Shoot Shoot Leaf Total chl. Leaf 0smatic H .D Spike 1000 KW (g) Grain yield (g) HI (%)

length (cm.) weight (g) area (cm 2)  (mg/g) potential (days) length (cm.)
Reps. 2 2.17 5.9 1.24 1.17 1.89 14.6 0.02 2.39 4.62 6.39
Cultivar(C) 4 32.1** 22.4** 12.7** 8.97** 16.5** 69.9** 7.2** 15.8** 121** 108**

Salinity (S) 2 14.8** 39.8** 23.5** 99.2** 41.9** 85.9** 9.8** 31.5** 282** 148**

S x C 8 9.7* 45.3** 33.8** 83.2** 20.8** 44.3** 18.2** 61.7** 123** 61.7*

* and ** denote significance at 5 and 1 % level of probability.

Table 3: Salt tolerance indices of growth and agronomic parameters in wheat under different level of salinity
Cultivar Salt level Shoot Shoot Leaf area Total chl. H .D Spike 1000 Grain HI (%)

ds m-1 length (cm.) weight (g) (cm 2) (mg/g) (days) length (cm.) KW (g) yield (g)
Sakha 92 4.2 0.57 0.42 0.92 0.79 0.54 0.65 0.82 0.86 .0.67

8.4 0.20 0.20 0.35 0.22 0.30 0.19 0.44 0.28 0.31
Gemmeiza 7 4.2 0.50 0.43 0.91 0.78 0.75 0.54 0.74 0.63 0.76

8.4 0.25 0.18 0.30 0.24 0.39 0.39 0.45 0.36 0.27
Sahel 1 4.2 0.49 0.55 0.78 0.55 0.49 0.85 0.84 0.60 0.73

8.4 0.29 0.21 0.41 0.30 0.39 0.58 0.54 0.39 0.15
Sakha 61 4.2 0.43 0.26 0.75 0.70 0.41 0.95 0.66 0.58 0.68

8.4 0.28 0.14 0.39 0.19 0.27 0.50 0.34 0.38 0.21
Gemmeiza 1 4.2 0.62 0.68 0.99 0.81 0.61 0.89 0.93 0.79 0.83

8.4 0.37 0.34 0.45 0.43 0.55 0.76 0.73 0.55 0.41

Physiological Traits under Salt Stress: 
Total Chlorophyll Content:

Salt-induced restriction in water supply can cause stoma closure; which will in turn lead to decreased
absorption of CO2 and eventually result in reduction of photosynthesis. However, chlorophyll content is
associated directly with light harvesting potential and is normally considered as one of the important
components in photosynthetic capacity. In the current study, salt stress caused a reduction in the content of
chlorophyll; especially it is more obviously in Sakha61 which showed the lowest value of salt tolerance index
(19%) at 8.2 ds m-1 (Table 3). The decreased content of chlorophyll is a combination result of reduced
synthesis of chlorophyll molecules and increased degradation of the pigments or enhanced the activity of
degrading enzyme chlorophyllase which is more active under salt stress. Several authors have reported
decreases in leaf chlorophyll content when exposed to environmental stress (Sarkar et al., 1991). Whereas, the
highest cultivar was Gemmeiza1 (43%) at 8.2 ds m-1, indicting that this cultivar had experienced lower injury
and should have higher tolerance to salt stress. This is agreeing with Megdich et al, (2008) who reported that
the minimal reduction in the content of photosynthetic pigments is important as it has a direct relationship with
salinity tolerance, in addition to acting as a necessary light harvesting; they provide a protective advantage
against salt-induced oxidative damage.   

Leaf Osmotic Potential:
Leaf osmotic potential is the main component of physiological machinery, by which plants respond to soil

salinity stress. Leaf osmotic potential taken the negative sign of the figures into account, were lower under
stress conditions than non stress conditions. L.O.P of wheat cultivars differed significantly and varied from 5.2
to 7.7 (- bar) at 4.2 ds m-1 and 7.1 to 12.0 (- bar) at 8.2 ds m-1 (Figure 1). Based on the results of the Leaf
osmotic potential, Gemmeiza 1 and Sahel 1 were most salt tolerant varieties. Leaf osmotic potential has been
proposed as an important response to salt deficit. On the other hand, it has been recognized for a long time
as an important mechanism in salinity tolerance. Increases in the concentration of solutes in solution lead to
an increase in Osmotic potential (Sawsan et al., 2007).

Grain Yield and Yield Components:
Since grain yield and its stability are two major goals in plants selected for salt tolerance, it is natural that

grain yield is frequently used as a criterion to measure response of genotypes to salt stress. In the present
study, when grain yield and yield components were compared on the basis of % reduction with their respective
controls (salt tolerance index), a sever reduction in all components was observed in the five wheat cultivars
under salt stress (Table 3). Among all these contributing components studies, spike length was found most
severely affected and thus causing reduction in total yield of grain. In addition to spike length, 1000 grain
weight was important affected trait contributing in grain yield. It was known that ST reflects the ability of
plants to exclude Na+ as well as mechanisms associated with tolerance of the tissue to accumulated Na+. These
two components of ST are likely to operate independently and so ST will depend on their relative effects. The
ST value decreased for the other cultivars that were more severely affected. The differential ST with growth
parameters and cultivars in saline soils was reported by Zeng et al., (2002) and Yusuf et al., (2007). However,
it is clear from the analyse of data presented here (Table 2) that the genotype x concentration interaction was
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highly significant (P< 0.01) for yield components, namely spike length, 1000 grain weight and harvest index.
This suggests the presence of multigenic factors which governing the expression of these economic traits and
may switch on or of in response to salinity (Noor, et al., 2006).  The cultivars Gemmeiza 1 and Sahel 1
produced the maximum grain yield under 8.2 ds m-1. Whereas, the cultivar Sakha 92 produced the minimum
grain yield (Figure 2). The reduction in yield and harvest index in the sensitive cultivar was probably due to
extra energy utilized for osmolytes accumulation for osmotic adjustment. Shannon (1997) reported that many
physiological processes are affected by salinity but notably these are reduced cell growth, decreased leaf area,
yield and harvest index.

Association Between Grain Yield and Agronomic Traits:
Correlation analysis of grain yield with the other agronomic parameters largely confirmed the relative

importance of the various features contributing to good performance under salinity. The relationship between
leaf area and grain yield was positive and significant (r= 0.68**) under normal conditions. While, this
relationship was negative and significant (r= - 0.62** and -0.58**) at 4.2 ds m-1 and 8.2 ds m-1 (Table 4).
Although, the importance of increasing leaf area as a source for assimilate products under non stress conditions.
The reduction of total leaf area is an important adaptive mechanism under salt stress. In such case, plants
adjust their growth patterns to maximise the yield in the presence of salinity (Wery et al., 1994).

Fig. 1: Leaf Water Potential in wheat cultivars under different salinity levels

Fig. 2: Response of grain yield to different salinity levels

The correlation between grain yield and shoot length, shoot weight and harvest index is not significant
under salt stress which means that these parameters are less relevant for determining the salt tolerance of the
tested wheat cultivars. Grain yield correlated significantly and reversely with leaf osmotic potential(r= -0.63**

and -0.66**) and heading date (r= -43** and -0.62**). This result showed that grain yield was affected less in
those cultivars which flowered early than those which flowered late, indicating that earliness played an
important role in increasing grain yield by partial escaping from salinity. The same conclusion was reported
by Ludlow et al., 1990.

Table 4: Correlation coefficient between grain yield and other agronomic parameters under different level of salinity
Relationship Shoot Shoot Leaf area Total chl. Leaf 0smatic Heading Spike 1000 KW HI
to seed yield length weight potential date length
0.098 ds m-1 0.89** 0.89** 0.68** 0.41 -0.07 -0.05 0.69** 0.38 0.73**

4.2 ds m-1 0.15 0.09 -0.62** 0.57** -0.63** -0.43 0.28 0.52** 0.13
8.2 ds m-1 -0.05 0.17 -0.58** 0.35 -0.66** -0.62** 0.87** 0.48** 0.07
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Because of the fundamental relationship between photosynthesis and yield, there is considerable interest
to determine the association between photosynthetic pigments (which influenced directly on photosynthesis)
and grain yield. Total chlorophyll (a+b) correlated significantly with grain yield for wheat under salinity and
normal conditions. This indicates when stress is involved; ability of the plants to continue a relatively high
rate of photosynthetic activity may very well contribute to yield.

Generally, our data while providing further evidence on relationship between grain yield, agronomic traits
and degree of salt, also, indicated that these traits might be useful criteria to select salt tolerant wheat cultivars.

Biochemical Markers under Salt Stress:
Protein Electrophoresis:

In an attempt to understand the molecular basis of salt tolerance, proteomics using SDS-PAGE was
analyzed to identify protein patterns involved in salt stress response in the five Wheat cultivars. A total of 35
bands were detected with different molecular weights ranging from 17 KD to 129 KD, which were not
necessarily being present in all tested cultivars (data not shown). Among such bands, 20 protein bands were
clearly observed in all wheat genotypes under study, while the other 15 bands were varied in some distinctive
genotypes under salt stress concentrations (Figure 3). 

For example, three protein bands with MWs (27, 17 & 99) KD were inhibited under 4.2 ds m-1 salt
concentration in Sakha 92. Moreover, two bands with MW (27 & 87) KD were not expressed under both 4.2
ds m-1 and 8.4 ds m-1 salt concentration in Gimmeza7. One possible explanation for completely disappearance
of some protein under salt stress is that the genes responsible for certain proteins had been completely
suppresses as a result of stress. Therefore, the developed tissue had lost their ability to synthesis these proteins
under this circumstance. It is also possible that the genes had not been completely suppressed but inhibited
as the result of stress and complete recovery of the inhibition was not achieved (Amal, 2005). In other hand,
two bands with MW (63 & 87) KD were expressed in Sahel1.  Also, the result revealed that all genotypes
under salt stress concentration contained newly synthesis protein band with molecular weight 51 KD. In
addition to synthesis new band of protein in Gimmeza1 at MW 51 KD, it seems the most stable cultivars
regards to inhibit or express bands. Possibility this indicate a more limited number of genes controlling the
expression of protein or that gene expression is more stable under salt condition in Gemmeza1.  other
explanation, it can attribute to many mRNA may not be transcribed or that change in the protein level or
enzyme activity can occur without any detectable changes in transcript abundance due to translation or other
levels of control (Amini et al, 2007).

Therefore, our results suggested that the quantitative and qualitative changes in protein synthesis in the
five wheat cultivars may contribute to stress tolerant or stress injury mechanisms as compatible cytoplasmic
solutes in osmotic potential of the cytoplasm with the vacuoles under salt stress (Chen and Tabaeizadeh, 1992). 
Ashraf and Harris (2004) reported that proteins that accumulate in plants grown under saline condition may
provide storage form of nitrogen that is re-utilized when stress is over and may play a role in adjustment. 

The present study showed that SDS-PAGE technique provided a simple method of assay variation in
soluble protein where the protein banding patterns can be encoding by single gene loci. In addition, protein
banding patterns can be interpreted as single locus genotypes and genetic information can be ready obtained,
they can use to detect the changes in gene expression of wheat genotypes under salt stress.  This was agreed
with El-Aref (2002) who used SDS-PAGE technique to quantify the genetic variation and genetic expression
in regenerated tomato plants selected of salinity. Furthermore, the identification of differentially regulated
proteins can lead to the identification of proteins and their corresponding genes with are involved in the
physiology o salt tolerance. These results agree with many other reports for example, Bohnert and Jersen
(1996) reported that salt tolerance is highly complex trait, controlled by multiple genes and regulated by
different types of proteins. William (1993) pointed that salt stress caused profound alterations in cellular
metabolism such as protein function, variation of protein amounts between non-stress and stress conditions,
simultaneous study of protein expression and protein pattern differences between genotypes. Sairam ad Tyagi
(2004) reported that numerous genomic regions were involved in complex regulation of those alternations at
the molecular level. 

Moreover, Zora et al.,(2006) reported that using quantities trait locus analysis become important to study
genetic control of yield under a range of environments more salt, it then becomes possible to identify whether
yield is always controlled by the same set of genes or new genes become important for yield as the stress
increases. Significant progress in highlighting the physiological and biochemical responses of plants to salinity
at different levels, as well as the molecular cloning involved in different metabolic pathways altered by salt
has enabled the production of genetic engineering technology in order to improve salt tolerance in crop.
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Fig. 3: (a and b): Protein Profile on SDS-PAGE of Wheat genotypes under stress. where: (a), Sakha 92: 1-
=0.098 ds m-1 ; 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza7: 4=0.098 ds m-1  ; 5=4.2 ds m-1; 6-=8.4 ds
m-1 .Sahel 1:7-=0.098 ds m-1 ; 8=4.2 ds m-1; 9-=8.4 ds m-1; and (b): Sakha 61: 1-=0.098 ds m-1 ;
2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza1: 4=-0.098 ds m-1 ; 5=4.2 ds m-1; 6-=8.4 ds m-1

Isozyme Patterns:
Electrophoresis analysis of three enzymes was performed in five wheat cultivars under salt stress. These

enzymes were organized into two groups according to their general enzyme functions; first group as hydrolase
(Esterase); second group as dehydrogenese (Malate dehydrogenase and Glutamate dehydrogenase).
 
Esterase Isozyme (EST):

On the basis of the presences of esterase (EST) isozyme bands in each sample, the five cultivars at
difference salt concentration displayed ten bands (Figure 4 and Table5). Five banding patterns were grouped
according to the appearance of the ten bands at salt concentration. The banding pattern (E1) that comprised
all obtained ten bands was existed in Sakha92 and Sakha61at salt level (4.2 ds m-1 and 8.4 ds m-1, respectively)
whereas Gimmeza1 showed similar genetic response at both salt levels with banding group (E1). However, the
results showed that band number ten was exhibited in salt untreated and treated plants of all cultivars. This
band was manifested higher densities and intensities in the salt treated cultivars than grown under control
conditions. These results indicated that salt stress increased the accumulation of the esterase enzyme and that
encoding gene(s) which accelerated in response to salt stress.  Salinity increase esterase isozymes, the highest
number of esterase isozymes were detected under the highest NaCl concentration ((Hassanein, 1999).

Table 5: Isozyme profile classification of five wheat cultivars salt stress using different banding patterns of two enzyme system.
Wheat genotypes Salt / ds m-1 Esterase Malate dehydrogenase Glutamate dehydrogenase 

----------------------------------------------------------------------------- ------------------------------------------------------ -----------------------------------------------
1 2 3 4 5 6 7 8 9 10 p 1 2 3 4 5 p 1 2 3 4 p

Sakha 92 0.098 ds m-1 - + + + + + + + - - E4 - + + + + M2 + + + + G1
4.2 ds m-1 + + + + + + + + + + E1 - + + + + M2 + + + + G1
8.4 ds m-1 - - + + + + + + + + E3 + + + + + M1 + - + + G2

Gimmeza 7 0.098 ds m-1 - - + + + + + + + + E3 - + + + + M2 + - - + G3
4.2 ds m-1 + - + + + + + + + + E2 + + + + + M1 + + - + G2
8.4 ds m-1 - - + + + + + + - + E4 + + + + + M1 + + - + G2

Sahel 1 0.098 ds m-1 + - + + + + + + - + E3 - + + + + M2 + + - + G2
4.2 ds m-1 - - + + + + + + - + E4 + + + + + M1 + + + + G1
8.4 ds m-1 - - + + + + + + - + E + + + + + M1 + + + + G1

Sakha 61 0.098 ds m-1 - + + + + + + + - - E4 - + + + + M2 + + + + G1
4.2 ds m-1 - + + + + + + + + + E2 - + + + + M2 + + + + G1
8.4 ds m-1 + + + + + + + + + + E1 + + + + + M1 + + + + G1

Gimmeza 1 0.098 ds m-1 - + + + + + + + - - E4 - + + + + M2 + + + + G1
4.2 ds m-1 + + + + + + + + + + E1 + + + + + M1 + + - + G2
8.4 ds m-1 + + + + + + + + + + E1 + + + + + M1 - + - + G3

! E=number of EST bands; M= number of MHD bands; G= number of GDH bands and P= pattern 
! (Abdel-Tawab et al, 1993 as reference)

Malate Dehydrogenase Isozyme (MDH):
A total of five bands grouped intro two categories were observed for MDH isozyme profile (figure 5 &

Table 5). The banding pattern (M1) that comprised all obtained five bands was existed in all genotypes under
salt condition (4.2 ds m-1 and 8.4 ds m-1). It was obviously that band number one appeared in treated plants
whereas it disappeared in plants under salt (0.098 ds m-1). Theses results clearly suggested the presence of an
association between salt tolerance and the presences of band number one. However, Zoro et al., (2006)
suggested that MDH isozyme banding patterns system is a dimeric protein encoded by at least three co-
dominant genes (Mdh-1, Mdh-2 and Mdh-3). Malate dehydrogenise has been proposed as a compound of an
apoplast system that may generated H2O2. Therefore, the MDH Isozyme system could be a reliable system for
discriminating varieties under saline conditions.
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Fig. 4: (a and b): Native gel electrophoresis of Esterase isozyme (EST) of wheat cultivars under salt stress.
Where (a) :Sakha 92: 1-=0.098 ds m-1  l; 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza7: 4=0.098 ds m-1  l;
5=4.2 ds m-1; 6-=8.4 ds m-1, Sahel 1:7-=0.098 ds m-1  ; 8=4.2 ds m-1; 9-=8.4 ds m-1 and (b): Sakha 61:
1-=0.098 ds m-1  l; 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza1: 40.098 ds m-1  =; 5=4.2 ds m-1; 6-=8.4
ds m-1

Fig. 5: (a and b): Native gel electrophoresis of Malate dehydrogenase isozyme (MDH) of wheat cultivars under
salt stress. Where (a):Sakha 92: 1-=0.098 ds m-1 ; 2=4.2 ds m-1; 3-=8.4 ds m-1 ,Gimmeza7: 4=0.098
ds m-1 ; 5=4.2 ds m-1; 6-=8.4 ds m-1, Sahel 1:7-0.098 ds m-1  =; 8=4.2 ds m-1; 9-=8.4 ds m-1; and (b)
Sakha 61: 1-=0.098 ds m-1 ; 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza1: 4=0.098 ds m-1  -; 5=4.2 ds m-1;
6-=8.4 ds m-1

Glutamate Dehydrogenase Isozyme (GDH):
On the basis of the presences of Glutamate dehydrogenase isozyme (GDH) bands in each sample, the five

cultivars at difference salt concentration displayed four bands (Figure 6 & Table 5). Three banding patterns
were grouped according to the appearance of the four bands at salt concentration. The banding pattern (G1)
that comprised all obtained four bands was existed in Sakha92 and Sakha61at salt level (4.2 ds m-1 and 8.4 ds
m-1, respectively) whereas Gimmeza1 showed similar genetic response at both salt levels with banding group
(G1). However, Wang et al, (2007) suggest that glutamate dehydrogenase might be contributed differently to
proline accumulation under salt stress. To some extent the variation of zymograms can indicated the sequence
of genetic expression and tissue specificity in the course of plant growth. As one of the important approach
to study contemporary genes and physiological growth, isozyme analysis is a tool to know the existence and
expression of the gene.

Fig. 6: (a and b): Native gel electrophoresis of Glutamate dehydrogenase isozyme(GDH) of wheat cultivars
under salt stress Where (a): Sakha 92: 1-=;0.098 ds m-1 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza7: 40.098
ds m-1  =; 5=4.2 ds m-1; 6-=8.4 ds m-1, Sahel 1:7-=;0.098 ds m-1 8=4.2 ds m-1; 9-=8.4 ds m-1 and (b):
Sakha 61: 1-=0.098 ds m-1 ; 2=4.2 ds m-1; 3-=8.4 ds m-1, Gimmeza1: 4=0.098 ds m-1 -; 5=4.2 ds m-1;
6-=8.4 ds m-1

181



Aust. J. Basic & Appl. Sci., 5(5): 174-1783, 2011

In general, employment of previous described isozyme electrophphoretic analysis revealed that the three
enzyme systems were useful for displaying the effect of salt stress among the five wheat genotypes, because
the three enzymes possess numerous gene loci that code different molecular forms. Combined class pattern
analysis was performed to obtain better focusing of the five genotypes under salt stress. By so doing, it was
possible to identify each wheat genotype by a unique class combination. Therefore the grouping of the three
isozymes patterns was genetically characterized the five genotypes with a unique banding pattern which could
be used as a discriminated genetic fingerprint for each genotype alone under salt stress as shown in Figures
3,4,5 & 6 and table5. This was agreed with Abdel-Tawab et al. (1993) who used a combination of four
systems of electrophoresis fingerprinting to identify each of 31 Vicia Faba L. accessions by a unique class
patterns. As reported by Hanaa et al., (2003), enzyme electrophoresis analysis using some enzyme such as
esterase is often good indicators of response to biotic and abiotic stresses. 

Conclusion:
This study analyzed the agronomical traits, physiological and biochemical markers associate with salt stress

in five wheat cultivars. The detailed data here might be potential key to significant progress in highlighting
the physiological and biochemical responses of plants to salinity at different levels, as well as the molecular
cloning involved in different metabolic pathways altered by salt has enabled the production of genetic
engineering technology in order to improve salt tolerance in crop. However, further work is required to
identification of quantitative trait loci (QTL) and marker-assist-selection (MAS) especially, Gemmeiza1 cultivar
which was shown tolerant to salt stress in this study. Therefore, the research in this direction will  contribute
to natural variation in response to salt stress will be helpful in understanding the complexity of the genetic
control of salt tolerance and provide opportunities for more efficient breeding for salt tolerance in wheat crop. 
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