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Abstract: Salicylic acid (SA) is an important signal molecule modulating plant responses to stress. Recently,
it has been reported that it induces multiple stress tolerance in plants including drought. In the present study
the  drought  stress  was  treated  in  three  levels  of  drain  (control,  1/3  field  capacity,  2/3 field capacity).
Then  interaction effects  of  drought  stress  with SA on some physiological and biochemical parameters of
wheat cultivars (Triticum aestivum. Cv Giza164) and  (Triticum  aestivum.  Cv  Gemaza  1)  was  investigated.
The parameters; dry weight of shoot and root, sugar content, protein content, proline content and mineral
content are evaluated. The results show that water stress reduced the dry weights of shoot and root and mineral
content. There was a considerable increase in sugar, protein in shoot and root of plants under water stress.
Salicylic acid (SA) treated plants showed, in general, a higher accumulation sugars content, protein content and
mineral content. Dry weight increased in seedlings treated with SA compared to those of untreated seedlings.
Results signify the role of SA in regulating the drought response of plants and suggest that SA could be used
as a potential growth regulator, for improving plant growth under water stress. 
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INTRODUCTION adaptation to drought stress. It involves the synthesis

Drought is one of the most serious world-wide such as proline, glycine betaine, sugars and some
problems for agriculture. Four-tenths of the world's inorganic ions [5-7]. These compounds help the cells to
agricultural land lies in arid or semi-arid regions. Transient maintain  their  dehydrated  state  and  the  structural
droughts can cause death of livestock, famine and social integrity of the membranes so as to provide resistance
dislocation. Other agricultural regions have consistently against drought and cellular dehydration [8]. In addition,
low  rain-fall  and  rely  on  irrigation  to  maintain  yields. drought stress often leads to the ccumulation of reactive
In both circumstances, crop plants which can make the oxygen species (ROS). Excessive ROS production can
most efficient use of water and maintain acceptable yields cause oxidative stress to the photosynthetic apparatus
will be at an advantage. Water stress is one of the most and  seriously  impair the normal function of cells [9,10].
important  environmental  stresses  that  can regulate In addition to proteolysis, ROS can damage lipids,
plant growth and development, limit plant production, terpenoids, carbohydrates and nucleic acids [11,12].
alter the physiological and biochemical properties of Salicylic acid (SA) plays an important role in abiotic
plants. Water stress is known to increase the amount of stress tolerance and considerable interests have been
secondary metabolites in plants, for example, artemisinin focused on SA due to its ability to induce a protective
in rtemisia [1] and betulinicacid, quercetin and rutin in effect on plants under stress. Many studies support the
Hypericum brasiliense [2]. Accumulation of secondary SA-induced increases in the resistance of wheat to
metabolites is known as a defense mechanism of plants osmotic stress [13] and on Okra [14] and resistance of
and plants can respond and adapt the water stress by wheat to salinity [15, 16] and of maize on salinity stress
altering their cellular metabolism to invoke various [17] and of rice on heavy metal stress [18, 19]. and in
defense mechanisms [3, 4]. Osmotic adjustment has also sunflower  plants [20] and in barley plants [21] Numerous
been considered as one of the crucial processes in plant physiological and biochemical effects of salicylic acid

and accumulation of small compatible solutes (osmolytes),
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(SA) on plant system have been documented [22]. These All treatments were replicated three times. The
include effects on ion uptake, membrane permeability,
mitochondrial respiration etc. [23]. It is also an important
signal molecule for modulating plant response to stress
[24].  Gomez  et  al.  [25]  observed  greater  economic
yield of wheat  genotypes  grown  under water stress,
when treated with SA. Plants respond to stress by the
synthesis of signaling molecules. These activate a range
of signal transduction pathways. Several such signaling
molecules have been identified in plants as calcium,
jasmonic,ethylene and ethylene and SA. 

The role of SA as a defense signal has been well
established in plants [26, 27]. SA has qualified as a plant
hormone due to its physiological and biochemical roles in
plants [22]. SA has been suggested as signal transducer
or  messenger  under  stress  conditions   [27].   The  aim
of  paper  to study the interaction effects of drought
stress with SA on some physiological and biochemical
parameters of wheat cultivars (Triticum aestivum L.) such
as growth characteristics, carbohydrates, protein, total
free amino acids, praline and mineral content in the shoots
and roots. 

Wheat is one of the most important crops in the
world. At the present, the growth of wheat has been
seriously influenced by drought in many regions. The
present study was conducted to asses whether
exogenous application of SA could ameliorate the adverse
effects of water stress on wheat plants. Dry weight,
carbohydrates, protein, proline and mineral contents in
the shoots and roots of wheat plants were examined.

MATERIALS AND METHODS

Plant and Material: Seeds of wheat cultivars (Triticum
aestivum.  Cv  Giza164)  and (Triticum  aestivum.  Cv
Gemaza 1) obtained from the agriculture Research center,
Shandaweel Agriculture Research Station, Sohag, Egypt.
Seeds were sterilized with sodium hypochlorite solution
(5%) for five minutes, washed thoroughly with distilled
water before use. Wheat (Triticum aestivum L.) were
soaked for 6 h in aerated water or 0.5 mM SA before
sowing in plastic pots (20 cm in diameter and 15 cm in
depth) lined with polyethylene bags and containing 2 kg
soil ( clay and sand 2:1) 

The Experiment Consisted of Six Treatments: (1) well
watered (90% of maximum field capacity) without SA; (2)
well watered with SA; (3) drought stress (60% and 30% of
maximum field capacity) without SA; (4) drought stress
(60%  and  30%  of  maximum  field  capacity)  with  SA.
The experiment continued two weeks.

samples were rapidly dried in an oven at 80°C to constant
weight and then ground to fine powder, which was used
for determination of dry weight and all parameters in the
present study.

Estimation of  Soluble,  Insoluble  and  Total  Sugars:
The water-soluble sugars and total sugars were quantified
by the anthrone sulfuric acid method [28]. For estimation
of total sugars, a known weight of dried tissue material
was  heated  in a water bath at 100 C for two h in 10 ml of
2 N HCl. The solution was cooled and transferred to a
100ml measuring flask after filtration, followed by making
up to a known volume with distilled water. To 0.5 ml of the
prepared  solution,  4.5  ml  of  anthrone reagent was
added and the total carbohydrates content was calculated
as mg g -1 dry weight. To estimate water-soluble sugars,
a known weight of the dried tissue material was boiled in
10ml of distilled water for 2h; after cooling, the
hydrolysate was filtered and then made up to 50 ml. the
water soluble sugars were estimated by the methods
anthrone sulfuric reagent as above and calculated as the
difference between the amount of total and water-soluble
sugars of the same sample. The results are presented as
the average of three replicate estimations for each
treatment.

Estimation of Protein and Free Proline: To estimate
soluble protein, tissue samples (50mg) were boiled in 10 ml
distilled water for 2h. After cooling, the water extract was
centrifuged  at  6000g,  the  supernatant  was  decanted
and  made  up  to a definite volume with distilled water
and the soluble proteins were determined according to
Lowry et al. [29]. For water- insoluble proteins residue
remaining after the extraction of soluble proteins was
homogenized with10 ml 1N NaOH for at least 30 min.
Then, 1 ml of this homogenate was added to 5 ml of
alkaline reagent solution without NaOH, mixed thoroughly
and  allowed  to  stand  at  room  temperature  for  at  least
10 min followed by the addition of 0.5 ml Folin-Ciocalteu
reagent. After 30 min, the extinction was measured against
an appropriate blank at 700 nm. Total protein content was
calculated by summing the soluble and insoluble protein
fractions of the same sample. Free proline was determined
according to Bates et al. [30]. Briefly, 100 mg of tissue
powder was homogenized in 10 ml of 3% aqueous
sulfosalicylic acid for 10 min followed by filtration. Two ml
of the filterate were mixed with 2 ml of galcial acetic acid
and 2 ml of acid ninhydrin for 1 h at 100_C. The developed



Am-Euras. J. Agron., 3 (1): 01-07, 2010

3

colour was extracted in 4 ml toluene and measured of two cultivars Table (1, 2). These results are in
colourimetrically at 520 nm against toluene. A standard agreement   with   those   reported   by   others    [14,   33].
curve with proline was used for the final calculations. The Singh and Usha 2003 suggested that increase in dry mass
results are presented as the average of three replicate of water stressed plants in response to SA may be related
estimations for each treatment. The concentrations of Ca, to the  induction  of  antioxidant   responses   that  protect
Mg and K were determined by atomic absorption the plant from damage. Senaratna et al. [24] have
spectrophotometry. suggested  a  similar  mechanism  to  be  responsible  for

Statistical Analysis: The data were statistically analyzed tomato plants. Similar results were also reported by
by one-way analysis of variance (PC-STAT, Ver 1A, pilot Sakhabutdinova et al. [15] who found that the seed
Edition, University of Georgia. Georgia) and the least treatment of 0.05 mM SA caused a sharp accumulation of
Significant Difference (LSD) test was used to separate the abscisic acid (ABA) and prevented the  decrease in
means at <0.05. indole-3-acetic acid (IAA) and cytokinin content which

RESULTS AND DISCUSSION on plant growth. Hmada and el Hakimi [34] have shown

Drought is an important factor that could influence through seed soaking was able to alleviate inhibitory
the growth and physiological characteristics of plants [31, effect of drought and stimulate growth by enhancing
32]. The responses of plants to drought stress depend on photosynthetic rate and reducing dark respiration.
the species and genotype, the length and severity of Moreover, drought stress increased, proline content and
water deficit and the age and stage of development [5]. In sugar content in both cultivars (Table3, 4 and Figures1 A
this study, we investigated the interactive effect of and 1 B ), these results suggest that the production of
salicylic acid and drought on two wheat cultivars these osmotic adjustment is a common response of plant
(tolerance and sensitive). Drought stress cause under drought condition. These results are in agreement
reductions of dry weight of shoot and root in wheat with those of Mostajeran and Rahimi-Eichi [35], who
plants of both cultivars, while salicylic acid alleviated showed that drought stress, caused increases in the
drought stress damages on dry weight of shoot and root concentration  of   proline  and  soluble  carbohydrates  in

SA  induced  multiple  stress  tolerance  in  bean  and

reduced inhibitory effects of water and salinity stresses

that the treatment of wheat plants with 100 ppm SA

Table 1: Effect of salicylic acid SA and different levels of water stress on dry weight, soluble, insoluble and total proteins in shoots and roots of 15-day old
seedlings of tolerant wheat cultivar

Roots Shoots
---------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------

Treatments Dry weight Soluble proteins Insoluble proteins Total proteins Dry weight Soluble proteins Insoluble proteins Total proteins
90% 0.017 41.97 122.29 164.27 0.064 66.05 59.61 125.66c e e f b d e d

60% 0.015 48.96 131.84 180.80 0.055 56.30 79.38 135.69d d d e d e d c

30% 0.011e 82.65 144.8 227.45 0.038f 72.61 95.77 168.38b c b c b b

SA+90% 0.027 51.86 157.78 209.64 0.082 80.61 87.36 167.97a d b c a b c b

SA+60% 0.019 61.04 143.9 204.95 0.059 68.38c 91.88bc 160.27b c c d c d b

SA+30% 0.017 98.56 166.63 265.20 0.044 96.05 106.47 202.52c a a a e a a a

LSD 5% 0.0014 2.908 3.96 4.31 0.0025 4.883 6.859 8.124
LSD 1% 0.002 4.078 5.552 6.043 0.0035 6.846 9.617 11.39
The value are expressed as mg g dry weight1

Table 2: Effect of salicylic acid SA and different levels of water stress on dry weight, soluble, insoluble and total proteins in shoots and roots of 15-day old
seedlings of wheat sensitive cultivar. 

Roots Shoots
---------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------

Treatments Dry weight Soluble proteins Insoluble proteins Total proteins Dry weight Soluble proteins Insoluble proteins Total proteins
90% 0.009 45.29 135.33 180.63 0.044 58.33 82.86 141.18c d d e b d d d

60% 0.0082 39.26 114.91 154.18 0.032 54.05 81.52 135.57d e e f e e d e

30% 0.0058 54.60 161.99 216.59 0.031 62.69 92.31 155.00e b b b e c c c

90%+SA 0.014 51.66 158.50 209.15 0.047 66.05 97.66 163.88a bc b c a b b a

60%+SA 0.011 50.03 142.57 192.60 0.041 57.80 101.36 159.16b c c d a d a b

30%+SA 0.0088 59.98 185.74 245.72 0.036 72.83 93.86 166.69d a a a d a bc a

LSD 5% 0.00073 2.730 6.345 7.422 0.0021 1.735 3.476 3.598
LSD 1% 0.0010 5.229 8.895 10.406 0.0029 2.432 4.874 5.045
The value are expressed as mg g dry weight1
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Table 3: Effect of salicylic acid SA and different levels of water stress on soluble, insoluble and total sugars in shoots and roots of 15-day old seedlings of
tolerant wheat cultivar

Roots Shoots
------------------------------------------------------------------------------ ------------------------------------------------------------------------------

Treatments Soluble sugars Insoluble sugars Total sugars Soluble sugars Insoluble sugars Total sugars

90% 6.13 101.58 107.72 9.63 48.11 57.75e c e d e f

60% 10.04 124.88 134.92 9.713 61.76 71.48d b d d d e

30% 22.63 126.04 148.67 14.513 74.87 89.39b b c b c d

SA+90% 11.50 118.08 129.57 11.32 83.17 95.34d b d c b c

SA+60% 18.28 154.41 172.69 12.33 90.24 101.55c a b c a b

SA+30% 47.56 155.60 203.17 20.84 92.88 113.73a a a a a a

LSD 5% 2.415 9.276 8.464 1.211 5.421 5.090
LSD 1% 3.387 13.006 11.867 1.699 7.601 7.136

The value are expressed as mg g dry weight1

Table 4: Effect of salicylic acid SA and different levels of water stress on soluble, insoluble and total sugars in shoots and roots of 15-day old seedlings of
sensitive wheat cultivar

Roots Shoots
------------------------------------------------------------------------------ ------------------------------------------------------------------------------

Treatments Soluble sugars Insoluble sugars Total sugars Soluble sugars Insoluble sugars Total sugars

90% 10.96 57.17 68.15 13.71 30.33 44.04e e e d e d

60% 14.93 70.41 85.34 14.24 37.63 51.87d c c d d e

30% 22.83 79.38 102.22 17.48 46.32 63.81b b b c b b

90%+SA 15.85 65.04 80.90 18.09 41.59 59.68d d d c c c

60%+SA 20.52 80.16 100.68 22.48 42.24 64.73c b b b c b

30%+SA 26.71 94.02 120.73 26.90 50.05 76.96a a a a a a

LSD 5% 1.416 3.017 3.138 1.322 2.996 2.522
LSD 1% 1.985 4.230 4.400 1.845 4.200 3.536

The value are expressed as mg g dry weight1

three rice cultivars. Vendruscolo et al. [36] stated that cellular  membranes  and maintaining turgor pressure.
proline might confer  drought   stress   tolerance   to wheat Data  presented in Table1 and 2 shows that drought
plants by increasing the antioxidant system rather than as stress  also  causes  increasing  of  protein  content in
an osmotic adjustment. SA increased the sugar content as both cultivars compare to control plant. Use of salicylic
compared to plant under drought stress or the control on the plants which are in drought stress conditions
plants, in both cultivars, these results are in agreement causes increasing of protein content of plant shoots and
with Baghizadeh et al. [14]. Osmotic adjustment has been roots  to  both cultivars. K, Mg and Ca in shoots and
considered as on of the crucial mechanisms in plant roots of both cultivars. (Fig. A, B, C, D, E and F),
adaptation to various stresses. Soluble sugars and proline decreased dramatically with the increasing of drought
are major constituents of osmoregulation in the expanded levels stress, these results are in agreement with Al-
leaves of many species [37]. Besides osmotic adjustment, Hakimi [40], while SA treatment increased the uptake of K,
other possible functions of proline include the protection Mg  and  Ca  in  the different organs  of  test plants. In
of plasma membrane integrity, the prevention of protein this context, El-Tayeb [21], Gunes  et  al.  [41]  and  Gunes
denaturation, being a sink of energy or reducing power, et  al.  [42],  [43]  and Yildirim et al. [44], who found out
being a source for carbon and nitrogen and acting as a that exogenous SA applications  inhibited Na
hydroxyl radical scavenger [7, 38]. The accumulation of accumulation,  but  stimulated N, P, K, Mg, Fe, Mn and Cu
sugars in response to drought stress is also well uptake. Also, Mishra and Choudhuri [45] found that
documented [39]. A complex essential role of soluble deterioration  at  heavy metal stress was partially
sugars in plant metabolism is well known as products of alleviated  by application of SA in Oryza sativa.
hydrolytic processes, energy production but also in a Alteration  of  mineral  uptake  from   SA  applications
sugar  sensing  and  signaling  systems. Soluble sugar may   be     one    mechanism    for    the   alleviation  of
may also function as a typical osmoprotectant, stabilizing salt   stress.
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Fig. 1: Effect of salicylic acid SA and different levels of water stress on proline content in shoots and roots of 15-day
old seedlings of wheat cultivar figure A in tolerant cultivar figure B sensitive cultivar

Fig. 2: Effect of salicylic acid SA and different levels of water stress on mineral content in shoots and roots of 15-day
old seedlings of the wheat tolerant cultivar (Figures A, B and C) and the sensitive cultivar (Figures D, E and F)
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