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Abstract: The present study was designed to evaluate the influence of salicylic acid
(50 ppm) orfand heat shock on growth, some metabolic activities and protein
patterns of Hassawi wheat (Triticum aestivum L. cv. Hassawi) plant The
experimental plant was subjected to three drought stress levels, 100, 60 and 30%
field capacity. The results revealed that, there were no sigmficant changes in dry
weight and tissue water content i roots and shoots of Hassawi wheat at 60% field
capacity, whereas they were significantly reduced at 30% field capacity. However,
root/shoot dry weight ratio was increased by increasing of drought level. Drought
stress especially at 30% field capacity induced a marlked decrease in the content of
photosynthetic pigments. The contents of soluble carbohydrate, protein and
proline were significantly increased, while an opposite trend was obtained with
respect to insoluble carbohydrates and proteins. The content of total free amino
acids was significantly increased in roots, while it was decreased in shoots.
Salicylic acid orfand heat shock treatments stimulated growth, photosynthetic
plgments and accumulation of soluble and insoluble carbohydrates and proteins,
but opposite effects were observed on the biosynthesis of free amino acids and
proline. In addition to that, drought stress showed different de rove protein bands
with different high molecular weights in plants treated or untreated with SA and
heat shock either individually or m combmation.

Key words: Amino acids, carbohydrates, photosynthetic pigments, proline,
protein patterns

INTRODUCTION

Drought stress 1s characterized by water losses that exceed the absorption rate
(Costa et al., 2008). Water deficit can be defined as the absence of adequate moisture
necessary for a plant to grow normally and complete its life cycle (Zhu, 2002). The lack of
adequate moisture leading to water stress is a common occurrence in rainfed areas,
brought about by infrequent rains and poor irrigation (Wang e al., 2005). Saudi Arabia is
predominately an arid country and the shortage of irrigation water, is one of the limiting
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factors for maximizing cropping intensities and obtaining higher crop yield. The problem of
drought stress has presented a challenge to grow wheat in dry regions which represent the
majority of the Saudi Arabia area.

Wheat occuples a umique position m the agriculture economy. Wheat
(Triticum aestivim L.cv. Hassawi) is one of the most economic important crops and a major
source of food in Saudi Arabia. Drought and heat stress are major limiting factors in crop
production, because they affect almost all plant functions (Hern-Ndez ef al., 2001). The most
common symptoms of water stress ijury in plants 1s the minbition of seedling growth, which
is reflected in a reduction in the fresh and dry matter yields (I.e Thiec and Manninen, 2003).
Tt is well known that plant growth inhibition under water stress is associated with altered
water relations (Dichio et al., 2003). The detrimental effects of drought stress on plants are
a consequence of osmotic strain on the cytoplasm. Water stress was reported to mduce the
accumulation of cytosolutes (soluble carbohydrates and proteins, free amino acids and
proline) in various plants (Ain-Lhout et al., 2001; Nath et al., 2005; Sankar et al., 2007) as well
as variation on the amount of photosynthetic pigments, mainly chlorophylls and carotenoids
(Chandrasekar ef al., 2000). The accumulation of these molecules may serve as means of
osmotic adjustment, which improve plant’s tolerance to oxidative stress (Ma and Turner,
2006; Mohsenzadeh et al, 2006). The osmotic adjustment is considered an important
mechamsm developed by the plants to tolerate water stress, which promotes protection of
plant cell structures (Martinez-Ballesta et al., 2004). Nguyen ef al. (2004) reported that
drought resistance in rice depends mainly on the capacity of csmotic adjustment to allow
plants to maintain turgor, protect meristems from desiccation and on the ability to control and
reduce water loss.

The adaptation of plant to drought or heat stress 13 accomparied by alterations in the
level of protein patterns. Under these conditions, synthesis of some proteins is repressed
while the others start to be de nove synthesized. Some of these proteins were suggested to
protect the cell against the harmful effect of drought or heat stresses. The alteration of
protein synthesis or degradation 1s one of the fimdamental metabolic processes that may
influence drought tolerance (Chandler and Robertson, 1994; Ouvrard ef al., 1996). Changes
in protein expression, accumulation and synthesis have been observed in many plant species
as a result of plant exposure to drought or heat stress during growth (Saleh et al., 2007,
Mohammadkhani and Heidari, 2008). Protemns synthesized in response to drought stress are
called dehydrins (dehydration induced). Tt has been proposed that those proteins have
important functions in protecting cells from damage under drought stress and may also have
a role similar to compatible solutes in osmotic adjustment (Bracale et al., 1997).

The role of Salicylic Acid (SA) and Heat Shock (HS) under abiotic stress is critical in
modulating physiological responses that will eventually lead to adaptation to an unfavorable
environment. Exposure of wheat or rice seedlings to heat shock at 42°C resulted in a
significant increase n tolerance to drought stress (Hamada and Khulaef, 1995, Sato and
Yokoya, 2008). The SA 18 an endogenous growth regulator, which influence a range of
diverse processes in plants. The SA treatment increased resistance to abiotic stresses of
many crop plants such as maize, wheat and sunflower (Pal et al, 2005; Wang et al., 2006,
Noreen and Ashraf, 2008), respectively. Exogenous application of SA decreased the
mhibitory effect of drought stress in tomato, beans and wheat (Senaranta et al, 2000,
Sakhabutdinova et al., 2003) and salt stress in broad bean (Azooz, 2009).

Many studies have focused on the impact of one single environmental stress event,
such as drought stress or heat shock (Reddy et al., 2004, Camejo ef al., 2005) whereas the
combined effect of more than one type of stress on plant metabolism has received less
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attention. The overlapping between more than one stress may explain the well-documented
phenomena of cross tolerance in which a particular stress can induce mn plant resistance to
a subsequent stress that is different from the initial one (Bowler and Fluhr, 2000). Therefore,
the objective of this study was to evaluate the effect of drought stress, SA and HS
individually or in combination on growth, water statues, some metabolic activities and
protein patterns of Hassawi wheat. This study aims to mvestigate the application of SA
or/and HS would protect Hassawi wheat plants from damaging effect of drought stress and
determine whether application method would be more effective. This may be share to unprove
the resistance of Hassawi wheat plants to the action of drought stress and high temporarily
temperature i Saudi Arabia.

MATERIALS AND METHODS

Growth Conditions

Seeds of Hassawi wheat;, (a local variety from Al-Hassa, Saudi Arabia) were surface
sterilized in an aqueous solution of 0.1% HgCl, for 1 min, with frequent shaking and then
thoroughly washed three times with distilled water. The washed seeds were divided into
2 groups. The first group was soaked m distilled water and the second group was soaked in
50 ppm acueous solution of SA for 8 h. They were germinated on filter paper moistened with
distilled water in petri dishes until complete germination. Then, each group was divided into
two sub-groups. The first sub-group of each was exposed to heat shock at 40°C for 3 h,
while the others sub-groups were left without treatment. Thus, the experiment mcluded four
sub-groups; the first was untreated, the second and third groups were plants treated with SA
and HS, respectively and the fourth sub-group was treated with both SA and HS. The
germinated seeds of all these groups were sown in plastic pots containing 2 kg dry soil. Then
they were placed in growth chamber mamtaimed at 25/20°C light/dark (12 h) and 60% relative
humidity and grown under fully conditions at 100% Field Capacity (FC) for 5 days.
Thereafter, the pots of each sub-group were divided into three sets;, the first set was
maintained at 100% FC, the second and third at 60 and 30% FC, respectively for the entire
experimental period. Six replicates from each treatment were prepared.

At the end of the experiment (21 days) the plants were uprooted and split up into root
and shoot systems, washed with deiomzed water, blotted on paper towels and freshly
weighed. To determine dry weight; roots and shoots were dried in an aerated oven at 80°C
to a constant weight, then grinded into fine powder and stored for the various analytical
experiments.

Determination of Metabolic Activities
Photosynthetic Picments

Chlorophylls (chl. a, b) and total carotenoid contents in Hassawi wheat leaves were
estimated in 80% acetone extracts according to the method of Lichtenthaler and Wellburm
(1983).

Determination of Carbohydrates

Carbohydrates of roots and shoots were extracted from plant tissues and determined by
anthrone sulphuric acid method (Badour, 1959). One milliliter of the carbohydrate extract was
mixed with 9 mL of anthrone sulphuric acid reagent in a test tube and heated for 7 min at
100°C. The absorbency was read spectrophotometrically (Spectronic Genesys ZPC,
Rochester, NY, USA) at 620 nm against blank containing only distilled water and anthrone
reagent. The results were expressed as mg g~ dry weight.
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Determination of Proteins

The contents of soluble and insoluble proteins were determined using Bovine Serum
Albumin (BSA) as a standard, according to the method of Bradford (1976). One milliliter of
Bradford solution was added to 100 pL protein extract and the absorbency was recorded
at 595 nm. The protein concentration was calculated from a BSA standard curve and was
expressed as mg g~ dry weight.

Determination of Total Free Amino Acids

Total free amino acids content were extracted and determined according to the method
of Lee and Takahashi (1966). Exactly 0.1 mL of the water extract containing free amino acids
was mixed with 1.9 mL of mnhydrin-citrate-glycerol mixture i a test tube for 20 min at 100°C.
The absorbency was recorded at 570 mm against blank (only distilled water and the same
reagent).

Determination of Proline

Proline content was determined according to Bates et al. (1973). Samples of roots and
shoots (0.2 g) were homogenized ina mortar and pestle with 3 mL sulphosalicylic acid
(3% w/v) and then centrifuged at 18.000 g for 15 min. Two milliliter of the supernatant were
added to a test tube, to which 2 mL glacial acetic acid and 2 mL freshly prepared ninhydrin
reagent were added. The test tubes were mcubated in a water bath for 1 h at 100°C and then
allowed to cool to room temperature. The reaction mixture was extracted with 4 mI. toluene.
The chromophore was aspired from the aqueous phase and the absorbency was read at
520 nm m a spectrophotometer using toluene as a blank. The proline content was determined
from a standard curve prepared with proline and the results were expressed as mg g~ dry
weight.

Electrophoresis

Shoot samples were homogenized and extracted in 50 mM sodium phosphate buffer
(pH 7.5). Protein samples were prepared by mixing the extract with 2X SDS-PAGE treatment
buffer and boiled for 4 min. The denaturated protein samples were analyzed by vertical one
dimensional Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
according to the procedure of Laemmli (1970). Protemn bands in the gel were visualized by a
Coomassie Brilliant Blue R-250 (CB) with Bismarck Brown R (BBR) according to Choi et al.
(1996).

Statistical Analysis

All data were analyzed statistically by one-way ANOVA based on SPSS (version 11.0)
program. Values in the figures indicate the mean values+SD based on six independent
determinations (n = 6) and the Least Significant Difference (LSD) was used to test the
difference between treatments; p = 0.05 was considered statistically significant (Steel and
Torrie, 1980).

RESULTS
Growth Parameters
The results (Fig. la-e) concerning dry weight, water content and root/shoot dry weight

ratio in roots and shoots of wheat (Triticum aestivum L.cv. Hassawi), subjected to drought
stress either treated or non-treated with Salicylic Acid (SA) or Heat Shock (HS) alone or in
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Fig. 1. Effect of drought stress, Salicylic Acid (SA) and Heat Shock (HS) alone or in
combination on dry weight of (a) root, (b) shoot, (¢) water content of root, (d) shoot
and (e) root/shoot dry weight ratio of wheat (Triticum aestivum L.cv. Hassawi).
Vertical bars represent +3D

combination showed that, drought stress at 60% FC exhibited insignificant changes of
these parameters, while they were significantly decreased under drought stress at 30%
FC. However, the values of dry weight of root/shoot ratio were increased (more than 1)
with increasing drought stress. Application of SA or heat shock either alone or in
combination induced a marked increase of these parameters particularly in plants subjected
to the highest (30% FC) drought stress as compared with the untreated corresponding
control plants.

Photosynthetic Pigments

Total photosynthetic pigments (chl. a, b and cartencids) did not decrease sigmficantly
(about 17%) in response to the mild (60% FC) drought stress, whereas they were
significantly decreased (about 44%) at the highest (30% FC) drought stress in comparison
with well-watered (100%) plants. Seeds pre-treatment with SA either with or without heat
shock resulted in a marked merease i the pigment fractions in comparing to untreated
corresponding control plants (Fig. 2a-d).
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Fig. 2. Effect of drought stress, Salicylic Acid (SA) and Heat Shock (HS) alone or in
combination on the contents (mg g~ fresh weight) of (a) chl. a, (b) chl. b, (¢)
carotenoids and (d) total pigments of wheat (Triticum aestivum L.cv. Hassawi).
Vertical bars represent £5D

Carbohydrates

The effect of drought stress and seed treated with SA or heat shock individually or in
combination on the contents of soluble and insoluble carbohydrates (Fig. 3 a-d), revealed
that, drought stress stunulated soluble carbohydrates accumulation, whereas msoluble
carbohydrates were markedly decreased in shoots and roots, as compared with well-watered
(100% FC) plants. Presoaking of wheat seeds in SA with or without heat shock had a
stimulation effect on soluble and insoluble carbohydrates as compared with those of
corresponding untreated plants. This effect seems to be more obvious on lughly stressed
than well-watered plants.

Proteins

Protein content (soluble and msoluble) showed variation as a result of drought stress
(Fig. 4a-d). Soluble proteins were significantly increased in roots and shoots. Tnsoluble
proteins were decreased m roots while they were increased n shoots with increasing of
drought stress as compared with plants subjected to 100% FC. Heat shock or SA treatments
either alone or in combination resulted in an increase of soluble and insoluble proteins as
compared with those of corresponding untreated plants.

Total Free Amino Acids and Proline

The content of total free amino acids (Fig. 5a, b) was varied among the two plant organs;
while it was increased considerably in roots, the opposite trend was obtained in shoots.
However, the content of proline (Fig. 5¢, d) was significantly accumulated in both roots and
shoots of the tested plants in comparing with well- watered control (100% FC) plants. The
contents of free amino acids and proline were significantly decreased in both roots and
shoots as a result of SA or/and heat shock treatments.

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Changes of protem patterns have been analyzed in shoots of Hassawi wheat (Fig. 6) to
follow any possible alterations in gene expression in plants subjected to drought stress
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Effect of drought stress, Salicylic Acid (SA) and Heat Shock (HS) alone or in
combination on (a) soluble protein (mg g~ dry weight) of root, (b) shoot, (c)
insoluble protein of root and (d) shoot of wheat (Triticum aestivum L.cv. Hassaw1).
Vertical bars represent £5D
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Fig. 5. Effect of drought stress, Salicylic Acid (SA) and Heat Shock (HS) alone or in
combination cn the contents (mg g~ dry weight) of (a) total free amino acids in root,
(b) shoot, (c) proline in root and (d) shoot of wheat (Triticum aestivum L.cv.
Hassaw1). Vertical bars represent +5D

Fig. 6; Analysis of protein patterns by one-dimensional SDS-PAGE extracted from shoots
of wheat (Triticum aestiviim L.cv. Hassawi) plants treated with drought stress at 30%
FC or in combination with Salicylic Acid (SA) or Heat Shock (HS) alone or together:
M: Marker protein (25-175 kDa), Lane 1: Control (plants subjected to well-watered at
100% FC). Lane 2: Plants subjected to drought stress at 30% FC. Lane 3: Control
plants treated with SA. Lane 4. Plants subjected to drought stress at 30% FC and
treated with SA. Lane 5: Control plants treated with HS. Lane 6: Plants subjected to
drought stress at 30% FC and treated with HS. Lane 7: Control plants treated with
both HS and SA. Lane 8 Plants subjected to drought stress at 30% FC and treated
with HS and SA. Newly appeared bands are indicated by (+) and the disappeared
bands are indicated by (—)
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at highest (30% FC) either treated or untreated with SA or/and HS in comparing with
non-stressed control plants (plants subjected to well-watered at 100% FC). The treated plants
induced variations in the appearance of new protein bands and m disappearance of others
with different high molecular weights, whereas no changes in protein patterns with low
molecular weights were observed. Drought stress (lane 2) induced the appearance of 3 new
polypeptides (dehydrin proteins) with high molecular weights (630, 251 and 141 kDa), as
compared with well-watered control plants. The SA or/and HS treatments indicated that: (1)
i non-stressed plants; application of SA (lane 3) induced the appearance of two new
polypeptides (630 and 141 kDa) and two heat shock proteins (HSPs) at 630 and 251 kDa in
case of HS treatment (lane 5), while the combination effect of SA and HS (lane7) resulted in
appearance of three new polypeptides (630, 251 and 141 kDa). (2) In drought-stressed plants;
1t worthy of notice that, disappearance of one band (251 kDa) when these plants treated with
SA (lane 4), two bands (630 and 141 kDa) in case of HS treatment (lane 6) and three bands
(501, 251 and 158 kDa ) as a result of the combined effect of SA and HS (lane 8).

DISCUSSION

Plants avoid water stress by developing deep roots, minimizing water loss and
accumulation of osmoprotective substances. The most striking feature in this study 1s that
Hassaw1 wheat tolerated the drought stress up to the level of 60% FC and survived up to the
level of 30% FC. This was judged by the elevated root/shoot dry weight ratio by drought
stress (the root/shoot dry weight ratio on levels 100, 60 and 30% FC was 99, 101 and 108%,
respectively) and the water content of roots and shoots which might used as a suitable
selection criterion for the drought tolerance of Hassawi wheat. The ligh root/shoot dry
weight ratio in the experimental plants was due to the inhibition of shoot growth compared
with root growth. This ratio has been used previously as criterion for determination of
varietal differences m the response to drought stress, which might used as an index of water
or salt stress tolerance (Kramer, 1983; Azooz and Al-Fredan, 2009). The increase in root
growth than shoot is a strategy used by the plants growing under arid conditions to increase
the surface area for water absorption (Lobato et al., 2008; Luvaha et al., 2008). The reduction
mn shoot growth coupled with continued root growth will result in improving plant water
statues. Accordingly, Hassaw1 wheat plants maimntained its tissue water content around the
control value up to the level of 60% FC either under drought stress alone or in combination
with heat shock. This was accompanied with the observable accumulation of cytosolutes
(soluble carbohydrates, soluble proteins and proline) which of course could be share
principally in osmoregualtion as reported by Nguyen et al. (2004).

The reduction effect of drought stress on dry weight and water content of root and
shoot are in agreement with those recorded by others (Kusaka et «al., 2005; Sankar et al.,
2007; Luvaha ef al., 2008). They suggested that, the quantity and quality of plant growth are
depending on cell division, cell enlargement and cell differentiation which are affected by
drought stress (Kusaka et al., 2005; Sankar et al., 2007). These processes are very sensitive
to water deficit because of their dependence on cell turgor. The decrease in dry weight of
roots and shoots, under the highest (30% FC) drought stress may be due to the considerable
decrease in photosynthesis (Sankar ef al., 2007) and reduced cell turgor which affected cell
division and expansion (Luvaha et al., 2008).

Abiotic stress induces the transcription of genes that can be classified into two groups
(Shinozaki and Yamaguchi-Shinozaki, 2000). The first group 1s involved mn cellular protection
mecluding synthesis of compatible solutes, detoxification of harmful compounds, protein
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recycling and membrane stabilization (Shinozaki and Yamaguchi-Shinozaki, 1997). The
second group includes regulatory genes such as signaling molecules and transcription
factors (Seki ef al., 2003). These mechanisms were recommended by our results when
drought stressed plants treated with heat shock or/fand 50 ppm SA, where the cytosolutes
increased progressively, leading to the marked improvement of water statues and plant
growth. This was also associated with the marked enhancement in the biosynthesis of
photosynthetically active pigments, which might responsible for the regulaton of
carbohydrates and nitrogen components. The promotion effects observed when drought
stressed plants treated with heat shock or/and 50 ppm SA indicated that these treatments
alleviate to some extant, the suppressive effect of drought stress particularly at highest level.
This means that SA or HS treatments may be increase the efficiency of water uptake and
water status of drought stressed plants. Hamada and Al-Hakimi (2001) have shown that,
treatment of wheat plants with 100 ppm SA through seed scaking was able to alleviate the
inhibitory effect of drought and stimulate growth by enhancing photosynthetic rate.
Sato and YoKoya (2008) reported that, exposure of rice seedlings to heat shock at 42°C
resulted in a sigmficant mcrease n tolerance to drought stress.

It is noted that the decrease in the content of photosynthetic pigment as affected by
mild water stress was mainly due to a decrease in chl.a and to some extent in chl. b, while
carotenoids content was unaffected in comparing with control (100% FC). The decrease
in chlorophyll content in response to water stress has been found in various plants
(Taleel et al., 2008, Farooq et al., 2009). The reduction in photosynthetic pigments in
response to drought stress has been reported to be due to the activation of chlorophyllase
enzyme which catalyzes the first step in the catabolism of chlorophyll (Mujmda et al., 1991).
Cartenoids are respensible for quenching of singlet oxygen (Knox and Dodge, 1985) thus,
the unchanged effect of drought stress on chlorophyll contents may be attributed to the
higher level of carotene which may be protect plants against chlorophyll degradation, leading
to their tolerance to some extant to the mild drought stress. Pretreatment of Hassaw: wheat
with SA or/and heat shock under drought stress, mduced a significant stimulatory effect on
the biosynthesis of photosynthetic pigments greater than estimated in untreated plants. This
may be related to the inhibition of chlorophyllase activity and chloroplast membrane
degradation (Quartacel and Navari-Izzo, 1992).

Drought stress stimulated the biosynthesis of soluble carbohydrates in roots and
shoots of Hassawi wheat plants, while the inscoluble carbohydrates were decreased The
increase in soluble carbohydrates was seemed to be at the expense of insoluble ones
(Chaves Filho and Stacciarini-Seraphin, 2001; Lobato et al., 2008). They reported that the
increase in soluble carbohydrates in plants under drought stress due to the degradation of
starch. The increase of soluble carbohydrates may be improve the tolerance of Hassawi
wheat plants to drought stress as reported by Li and L.i (2005) and Lobato et al. (2008). The
applied SA or/fand HS enhanced the biosynthesis of soluble and msoluble carbohydrates n
roots and shoots of treated plants. Rizhsky et af. (2004) observed an accumulation of soluble
sugars in Arabidopsis plants subjected to combination of drought and heat stress.

The results showed that two different situations in the relation between the
accumulation of protein and amine acids among the two plant organs; while the insoluble
protein content decreased in roots and increased in shoots by drought stress, amino acids
increased in roots and decreased progressively in shoots. These opposite patterns in the
relation between protein and amino acids and even proline might indicate the problematical
behavior of nitrogen metabolism in glycophytes exposed to the environmental stresses.
These complications might linked directly and/or indirectly with the complications in gene
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expression under stress conditions, which led to the synthesis of new proteins and
disappearance of others with lugh molecular weights, in Hassaw1 wheat plants subjected to
drought stress. This leads us to point out that, the drought tolerance in Hassawi wheat
plants at moderate drought stress seemed to be linked with an equilibrium and
interconversation between carbohydrates and nitrogen metabolism, whereas the water stress
mjury leads to the metabolic disturbances n both components. Most probably, the increase
in the soluble protein content in shoots is the result of being incorporated of amino acids
(which were found to be reduced by drought) mnte protein under drought stress while, the
increase observed in the free amino acids in roots may be due to the high synthesis of amino
acids from protein hydrolyses, m which the free amino acids are utilhized by the plant to
reduce the effects of the drought stress through organic solute accumulation and this way
increased the water retention capacity (Sircelj et al., 2005, Abraham et al., 2008; Lobato et al.,
2008). In this context, Sankar et al. (2007) reported that, in inadequate conditions to the plant;
pathway of proteins breakdown is active, because plants use proteins to synthesis nitrogen
compounds as amino acids that might be auxiliary the plant osmotic adjustment. Present
results revealed that, the increase in soluble protein in root may be due to the breakdown of
insoluble protein which was found to be decreased by drought stress.

Presoaking of seeds in SA or exposure of germinated seeds to heat shock individually
or in combination significantly increased the content of soluble carbohydrates and proteins.
While free amino acids and proline were decreased in both roots and shoots as compared
with untreated plants either under drought stress or non-stressed conditions. The
stimulation effect of SA or HS on the biosynthesis of soluble carbohydrates and proteins,
may indicate that the possibility of their inveolvement in osmotic adjustment and
consequently drought tolerance which contribute 1 reducing the injurious effects of drought
stress and accelerating the restoration processes during the period after action of stress,
which might be a manifestation of the protective action of SA or HS on Hassaw1 wheat plant
(Yadav et al., 2005; Sato and Yokoya, 2008). The reduction of proline and free amino acids
contents was associated with increasing of soluble proteins. This indicates that SA or/fand
HS treatments could stimulate the incorporation of free amino acids and proline into protein
leading to ncrease Hassaw1 wheat growth.

The new bands of high molecular weights proteins in drought stressed or non-stressed
plants treated with SA or/and HS may be due to de nove synthesis of these proteins or
formation of peptides acting on higher molecular proteins (Gopala Roa et al., 1987). These
new protemns may have a specific function to protect Hassawi wheat plants from further
dehydration damage and considered as a defense mechanism to drought stress as reported
by Han and Kermode (1996) and Cellier ez al. (1998). Drought induced polypeptides have
been observed in many studies and are assumed to play a role in water stress tolerance
(Arora et al., 1998; Jiang and Huang, 2002). The disappearance of certain polypeptides in
drought-stressed plants in response to SA or/and HS treatments may be related to increase
RN Aase activity (Bewley and Oliver, 1983). Present results suggested that the enhancement
of drought tolerance by SA application, as manifested by higher cytosolutes during drought
stress, was not related to the induction of dehydrins in Hassawi wheat. This explain that, the
promotive effects of SA on the enhancement of physiological activities under drought stress
was paralleled with the delayed induction of new proteins synthesis in Hassaw: wheat.

CONCLUSION

The results of this research suggested that, Hassaw1 wheat has the ability to tolerate
drought stress up to the level of 60% FC and survive up to the level of 308 FC. Presoaking

66



Am. J. Plant Physiol., 5 (2): 56-70, 2010

of Hassawi wheat seeds in SA or exposure of germinated seeds to heat shock at 40°C, either
mndividually or in combination, resulted in a sigmficant mcrease n their tolerance to drought
stress. This was associated with enhancement of dry weight root/shoot ratio, photosynthetic
plgments and cytosolutes as well as appearance or disappearance of some protein bands
with high molecular weights. The results support the hypothesis that SA or HS treatments
might play an important role in modulating the physiological processes and gene expression
which will eventually lead to adaptation of plants to an unfavorable abiotic stress. The
overlapping between more than one stresses may be different than that caused by each of
the different stresses applied individually. The presence of more than one stress can alter
plant metabolism that may require a new type of response which would not have been
induced by each of the individual stresses.
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