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Abstract 
Low seed germination and seedling stand establishment are main factors in dryland farming for winter wheat production 
in low rainfall regions (<300 mm annual rainfall) of Iran. Previous studies have shown that salicylic acid (SA) plays posi-
tive roles to plants responses to osmotic stress. Therefore, the influence of seed treatment with salicylic acid on germina-
tion and seedling growth under drought stress was studied with two wheat cultivars; Roshan as a tolerant and Mahdavi as 
an intolerant cultivar to osmotic stress. The results showed osmotic stress (10% and 20% PEG) reduced germination per-
centage, growth rate, vigor index, seedling length and dry weight and also increased leaf cells electrolyte leakage. The 
effect of 20% PEG was more severe. On the contrary, SA (0.1 and 0.5 mM) significantly improved germination and seedl-
ing indices and cultivars responded similarly to interaction of drought and SA. SA, especially at 0.5 mM alleviated the 
adverse effects of osmotic stress on most recorded parameters. Therefore, it is concluded that SA may have improve ger-
mination and seedling growth and establishment of wheat in dryland farming. 
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Introduction 

Soil water is the main limiting factor in dry-
land farming systems in Iran. Winter wheat is a 
major crop in Iranian dryland farming conditions 
and cultivated on more than 10.6 million hectares 
(Rastegar, 1993). Seed germination and seedling 
establishment of winter wheat is often hindered 
by dry soil conditions and is a crucial factor af-
fecting grain yield. The methods to increase 
plant’s tolerance to stress include breeding and 
genetic engineering and the use of plant growth 
regulators (PGRs). 

 In contrast to the breeding approach which is 
difficult and costly, seed treatment with plant 
PGRs is an easy, low cost and low risk technique 
and an alternative approach to overcome agricul-
tural problems. Many molecules such as Jasmon-

ic acid, SA and polyamines have been suggested 
as signal transducers and messengers which may 
have profound effects on plant growth and devel-
opment (Krantev et al., 2008; Watson and Malm-
berg, 1998). Salicylic acid (SA), as a natural sig-
nal molecule has been shown to play important 
roles in regulating a number of physiological 
processes in plants. Its exogenous application has 
promoted plant performance under biotic and 
abiotic stresses. SA is a common plant-produced 
phenolic compound known as an important signal 
molecule for modulating plant responses to envi-
ronmental stresses (Senaratna et al., 2000). It is 
now clear that SA provides protection against a 
number of abiotic stresses such as heat stress in 
mustard seedlings (Dat et al., 1998b), chilling 
damage in different plants (Kang and Salveit, 
2002; Tasgin et al., 2003), heavy metal stress in 
barley seedlings (Metwally et al., 2003) and 
drought stress in wheat plants (Singh and Usha, *Corresponding author’s e-mail: smjarvin@gmail.com 
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2003). SA potentiated the generation of reactive 
oxygen species (ROS) in photosynthetic tissues 
of Arabidopsis during osmotic stress, thus partic-
ipating in the development of stress symptoms. It 
has been shown that SA moderates the adverse 
effect of salinity by increasing growth hormones 
such as IAA and cytokinins (Shakirova et al., 
2003), reducing the uptake and accumulation of 
toxic ions and maintaining the cellular membrane 
integrity (Borsani et al., 2001; Ghoulam et al., 
2001; Maria et al., 2000).  

The goal of the present study was to investi-
gate on possibility of seed pre-treatment with SA 
to improve seed germination and seedling growth 
of wheat cultivars under drought stress condi-
tions. 

Materials and Methods 

Plant Materials and Growth Conditions 

Two different wheat (Triticum aestivum L.) 
cultivars used were ‘Roshan’ as a tolerant and 
‘Mahdavi’ as intolerant genotypes. The seeds 
were obtained from 2007 seed harvest in Kerman 
Agricultural Research Center, Kerman, Iran. The 
experiments were carried out in the beginning of 
2008 at the Agricultural Rersearch Center labs, 
College of Agriculture, Shahid Bahonar Univer-
sity, Kerman, Iran. To eliminate seed-borne mi-
croorganisms, all seeds were sterilized by 
10%sodium hypochlorite solution for five min, 
washed three times with sterilized distilled water 
and surface dried by placing them between filter 
papers for 30 min at room temperature. 

Germination Test 

Seeds were primed in 0.1 and 0.5 mM SA so-
lutions for 6h in dark at 25°C. Distilled water was 
also used as control. After priming, seeds were 
washed with tap water for two min, rinsed with 
distilled water and then dried between two filter 
papers (22 oC and 60 % relative humidity). Then, 
seeds were germinated in Petri dishes (9 cm di-
ameter) on double layers of filter paper (whatman 
# 1) supplied with 15 ml of different polyethy-
lene glycol 6000(PEG) solutions (0, 10 and 
20%). 

The experiment was designed as a factorial 
based on randomized complete block design with 
three replications. Each Petri dish contained 25 
seeds. Germination test was carried out in dark-
ness and temperature of the controlled incubator 

held at 23oC. Seeds were germinated according to 
ISTA and the germination data were recorded for 
a continuous period of seven days. Germination 
percentage (GP) and mean germination time 
(MGT) were calculated according to equations of 
Belcher and Miller (1974) and Ellis and Roberts 
(1981). Final length of coleoptiles and coleorhi-
zae were measured and used for vigor index (VI) 
estimate (Abdul-Baki and Anderson, 1970):  

Vigor Index
100

MSHGP ×
=  (1) 

where, GP is germination percentage and MSH is 
sum of coleoptiles and coleorhizae length. 

Seedling Growth 

Seeds in each treatment were planted in 2cm 
depth round plastic pots filled with 800g of 
growth medium consisting of soil and leaf mold 
with 4:1 ratio. All pots were arranged as factorial 
in a randomized complete block design with 12 
replications. All pots were maintained in green-
house (25/20oC day/night; under a 16h day length 
consisting of natural day length and 60-70% rela-
tive humidity). Seedlings were thinned to three 
plants per pot 10 days after sowing and exposed 
to PEG compounds. The pots were irrigated with 
234 ml of corresponding PEG solutions for three 
days to avoid sudden shock to seedlings. This 
solution volume was adequate for pot soils to get 
field capacity. The pots were irrigated with dis-
tilled water to near field capacity for three weeks 
and then harvested. Final lengths of shoot and 
root were measured, separated carefully and 
weighed by analytical balance (ALE-40 SM- 
Shimatzu) after drying at 60oC for 24 hours.  

The method of Sullivan and Ross (1979) was 
used to measure electrolyte leakage. To remove 
solutes from leaf surface and damaged areas in 
leaf samples (0.2g) they were washed for three 
times with distilled water. The samples were 
placed in Pyrex test tubes (15×25 mm), and incu-
bated with 15ml distilled water at 23 oC for 24h 
in the dark. The test tubes were kept at 25oC. Af-
ter a strong hand shaking of the test tubes, the 
electrical conductivity (EC) of electrolytes was 
measured by a conductivity meter (model of Co-
penhagen). Following the EC measurements, all 
samples were autoclaved for 15min at 60oC. the 
samples were then returned to 25oC and EC was 
measured again. Calculation of the percentage 
injury was performed as follow:  
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Electrolyte leakage percentage (EL%) 
( ) ( )[ ] 1002/11/2/111 ×−−−= CCTT  

(2) 

where, T and C refer to EC values of stressed and 
control tubes and 1 and 2 refer to the initial and 
final EC, respectively. 

Results and Discussion 

Results presented in Table 1 showed that ‘Ro-
shan’ cultivar was more drought tolerant than 
‘Mahdavi’ cultivar. Lower seed germination, 
growth rate and vigor index and also shorter 
shoot length, smaller shoot and root dry weights 
and higher electrolyte leakage were observed in 
Mahdavi. Data presented in Table 2 showed that 
drought induced by PEG reduced germination 
indices and shoot growth and increased electro-
lyte leakage. The effect of 20% PEG was more 
severe, so that relative to the control, 20% PEG 
reduced germination percentage, growth rate and 
vigor index by 21%, 64% and 18%, respectively. 
The reduction in shoot length and shoot dry 
weight was 43% and 86%, respectively, relative 
to their corresponding control. Salinity had little 
effect on root fresh and dry weights, but in-
creased root length. Moreover, the electrolyte 
leakage was increased by more than two fold 

(Table 2).  
On the contrary, data presented in Table 3 in-

dicated that SA promoted those parameters and 
reduced electrolyte leakage. The effect of 0.5 
mM SA was more pronounced, so that relative to 
the control, 0.5 mM SA promoted seed germina-
tion, growth rate and vigor index by 12%, 16% 
and 13%, respectively. The increase in shoot 
length, root length and shoot and root dry 
weights was 8%, 6%, 42% and 37%, respective-
ly, compared with the corresponding control. 
Moreover, a relative reduction of 31% was ob-
served in electrolyte leakage following applica-
tion of 0.5 mM SA (Table 3). The promotive ef-
fect of SA on shoot and root parameters has been 
reported in many crop species (Singh and Usha, 
2003; Hayat et al., 2005; El-Tayeb, 2005). It has 
been reported that SA changes the balance of 
hormones in plants. Under no stress conditions, 
SA increased IAA and under salt stress, it in-
creased IAA and ABA and prevented the reduc-
tion of cytokinins (Shakirova et al., 2003). 

However, interaction of PEG and SA was sig-
nificant for most parameters measured and culti-
vars responded similarly to the interaction (Table 
4). SA was not effective on shoot length under no 
osmotic stress conditions, but under osmotic 
stress, both levels of SA promoted it. The effect 

Table 1. Comparison of two Iranian wheat cultivars for germination and seedling indices as affected by salicylic acid (SA) and PEG. 

Cultivar Germination 
(%) 

Mean 
germination 

time (d) 

Vigor 
index 

Shoot 
length 
(mm) 

Root length 
(mm) 

Shoot dry 
weight 

(mg/plant) 

Root dry 
weight 

(mg/plant) 

Electrolyte 
leakage 

(%) 

Roshan 
Mahdavi 

95.00 a 
90.00 b 

1.55 b 
2.09 a 

408.24 a 
311.41 b 

113.43 a 
87.80 b 

333.73 a 
274.30 b 

52.14 a 
20.96 b 

52.17 a 
35.57 b 

45.50 b 
60.45 a 

In each column, means with similar letter are not significantly different (DMRT, p < 0.05). 

Table 2. Effects of PEG on germination and seedling indices of two Iranian wheat cultivars as affected by salicylic acid (SA). 

PEG Germination 
(%) 

Mean 
germination 

time (d) 

Vigor 
index 

Shoot 
length 
(mm) 

Root length 
(mm) 

Shoot dry 
weight 

(mg/plant) 

Root dry 
weight 

(mg/plant) 

Electrolyte 
leakage 

(%) 

Control 
10 
20 

95 a 
80 b 
75 c 

1.43 c 
1.91 b 
2.35 a 

399.15 a 
386.56 a 
327.62 b 

129.25 a 
93.33 b 
73.33 c 

280.5 b 
335.91 a 
332.16 a 

79.61a 
31.16 b 
10.94 c 

33.01 a 
30.11 a 
30.92 a 

35.90 a 
54.23 b 
74.12 c 

In each column, means with similar letter are not significantly different (DMRT, p < 0.05). 

Table 3. Effects of salicylic acid (SA) on germination and growth indices of two Iranian wheat cultivars as affected by PEG. 

SA 
(mM) 

Germination 
(%) 

Mean 
germination 

time (d) 

Vigor 
index 

Shoot 
length 
(mm) 

Root length 
(mm) 

Shoot dry 
weight 

(mg/plant) 

Root dry 
weight 

(mg/plant) 

Electrolyte 
leakage 

(%) 

0.0 
0.1 
0.5 

85 c 
90 b 
95 a 

2.04 a 
1.94 a 
1.72 b 

345.18 c 
377.48 b 
390.67 a 

94.41 c 
99.25 b 
102.25 a 

309.58 c 
319.08 b 
328.91 a 

32.38 c 
42.83 b 
46.5 a 

25.73 b 
33.12 a 
35.30 a 

66.41 a 
52.11 b 
45.61 c 

In each column, means with similar letter are not significantly different (DMRT, p < 0.05). 
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of 0.5 mM SA was more pronounced and in-
creased it by 13% and 19% at 10% and 20% 
PEG, respectively. SA was effective in increasing 
shoot and root dry weights under both non-stress 
and drought stress conditions. However, SA was 
highly effective in promoting shoot and root dry 
weights under drought stress than non-stress con-
ditions. Relative to corresponding control, 0.5 
mM SA increased shoot dry weights by 14% un-
der non-stress conditions (0 PEG) and 65% under 
osmotic stress (20% PEG). This pattern of in-
crease was similar for root dry weight too (Table 
4). SA at relatively low concentrations acts as a 
moderate stress, having an effect on plant oxida-
tive status similar to that of stress acclimating 
processes (Dat et al., 1998a; Dat et al., 2000).  

A rapid transient increase in reactive oxygen 
species (ROS) is followed by enhanced antioxid-
ative capacity, which protects the plant from the 
severe damage caused by subsequent abiotic 
stress factors (Wang and Li, 2006). In fact, the 
effect of exogenous application of SA depends on 
numerous factors such as plant species and plant 
developmental stage, the mode of application and 
the concentration of SA and its endogenous level 
in the given plant (Horvath et al., 2007; Nemeth 
et al., 2002). However, higher concentrations of 
SA cause a level of oxidative stress that the plant 
is unable to overcome and which may result in 
the death of the plant (Horvath et al., 2007). 
Thus, the ability of SA at a particular concentra-
tion to increase plant performance, negating the 
adverse effect of water stress, may have signifi-
cant implications in improving plant growth and 
overcoming the yield barrier arising from condi-
tions of limited water availability. 

Conclusions 

Rapid and uniform germination is among the 
properties of vigorous seeds. Improvement of 
seed vigor is important for optimal seedling 
emergence, stress resistance and uniform growth 
of emerging seedlings. Seed pretreatment with 
SA promoted vigor index of both wheat cultivars 
under drought stress conditions which may have 
potential application in wheat dryland farming. 
The concept outlined in this paper deserves fur-
ther studies investigating the effect of SA seed 
priming on final grain yield of wheat cultivars 
under limited water supply conditions in the 
field. 
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