
Volume 56(1):57-63, 2012
Acta Biologica Szegediensis

http://www.sci.u-szeged.hu/ABS

ARTICLE

Department of Biology, Payame Noor University, Tehran, Iran

Exogenous salicylic acid alleviates oxidative damage of 
barley plants under drought stress
Ghader Habibi*

ABSTRACT                        This paper reports the effects of 500 µM salicylic acid (SA) application on drought 
stress acclimation of barley (Hordeum vulgare L. cv Nosrat) plants grown in soil culture. In these 
experiments the following treatments were used:  CK (control), DR (drought), SA (500 µM) and 
DSA (SA+drought). The results showed that drought stress decreased the dry mass and net CO2 
assimilation rate (A) of plants, which were all increased by the addition of SA. Under drought 
conditions, the improvement of photosynthesis of barley plants treated with SA was associated 
with an increase in gs, whereas the maximal quantum yield of PSII (Fv/Fm) did not change with 
SA treatment. Malondialdehyde (MDA) content remained unchanged in DSA plants because of 
an efficient scavenging of reactive oxygen species (ROS) following a significant enhancement 
of some antioxidative enzyme activities. The present work suggests that the improvement of SA 
on drought tolerance of barley plants was associated with the increase of antioxidant defense 
abilities and maintenance of photosynthesis under drought, which may elucidate the physiologi-
cal mechanism of SA in improvement of drought tolerance of barley plants.
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Materials and Methods

Plant material and treatments 

Analysis of water relations

Measurements of photosynthetic gas exchange 
and chlorophyll fluorescence

Assay of enzymes activity and related 
metabolites



Statistical analysis 

Results

Figure 1. Dry weight (mg plant-1) of leaves and relative leaf water con-
tent (RWC, %) under different treatments: CK (control), DR (drought), 
SA (500 µM) and DSA (SA+drought).  Each value is the mean ± SD of 4 
replicates. Data of each column indicated by the same letters are not 
significantly different (P < 0.05).

Photochemistry CK DR SA DSA

Fv/Fm 0.83 ± 0.01 a 0.77 ± 0.04 b 0.84 ± 0.01 a 0.80 ± 0.02 ab

qP 0.96 ± 0.01 a 0.94 ± 0.06 a 0.97 ± 0.02 a 0.96 ± 0.03 a

qN 0.21 ± 0.03 ab 0.31 ± 0.08 a 0.19 ± 0.08 b 0.22 ± 0.05 a

PSII 0.78 ± 0.02 ab 0.74 ± 0.03 b 0.81 ± 0.02 a 0.74 ± 0.05 b

Gas exchange CK DR SA DSA
A (µmol m-2 s-1) 12.6 ± 2.13 ab 4.83 ± 1.54 c 15.8 ± 1.49 a 9.53 ± 1.92 b

E (mmol m-2 s-1) 4.81 ± 0.38 ab 3.54 ± 1.10 b 5.53 ± 0.45 a 4.99 ± 0.61 ab

gs (mol m-2 s-1) 0.41 ± 0.02 b 0.26 ± 0.01 c 0.49 ± 0.12 a 0.41 ± 0.03 b

WUE (µmol mmol-1) 2.61 ± 0.34 ab 1.37 ± 0.16 c 2.86 ± 0.20 a 1.95 ± 0.59 bc

Table 1. Leaf physiological traits of barley plants under different treatments: CK (control), DR (drought), SA (500 µM) and DSA 
(SA+drought). A net photosynthetic rate, E transpiration rate, gs stomatal conductance, WUE (A/E) water use efficiency, Fv/Fm maxi-
mum quantum yield of PSII, qP photochemical quenching, qN non-photochemical quenching, PSII effective quantum yield of PSII. 
Each value is the mean ± SD of 4 replicates. Data of each row indicated by the same letters are not significantly different (P < 0.05). 



Discussion 

Figure 2. Antioxidant index of barley plants under different treatments: CK (control), DR (drought), SA (500 µM) and DSA (SA+drought). SOD 
superoxide dismutase, CAT catalase, POD peroxidase, APX ascorbate peroxidase. Each value is the mean ± SD of 4 replicates. Bars indicated with 
the same letter are not significantly different (P<0.05). 



Figure 3. Leaf content of MDA (nmol g-1 FW) and H2O2 (µmol g-1 FW) 
in barley leaves at different treatments: CK (control), DR (drought), SA 
(500 µM) and DSA (SA+drought). Bars indicated with the same letter 
are not significantly different (P<0.05).

Figure 4. Correlation between maximum quantum yield of PSII (Fv/Fm) 
and stomatal conductance (gs) in barley plants at different treatments. 
ns, *, and **: non-significant and significant, at the 5% and 1% levels 
of probability, respectively.
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