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Drought is a worldwide problem, getting more serious with global climate change. Among
various strategies, seed priming is the simplest approach for improving drought tolerance in
crop plants. Seed priming treatments were applied by soaking seeds in aerated solution of 1%
mannose (56 mM) and 10 mM mannitol for 8 h while 100 μM H2O2 for 5 h. Seeds soaked in
aerated water (hydropriming) and non-primed seed were used as controls. Drought stress sig-
nificantly reduced the seedling fresh weight and leaf relative water content. Pre-sowing seed
treatment with mannitol significantly increased the seedling, root and shoot fresh as well as
dry weights under non-stress condition. Moreover, H2O2 increased the root length; seedling
and root dry weights while mannose increased the shoot dry weight under drought stress. Leaf
relative water content (RWC) improved after mannitol and H2O2 priming under drought and
non-stressed conditions. Hydropriming increased the root and shoot fresh weights, shoot dry
weight and RWC under non-stress condition while seedling, root, shoot fresh weights and
shoot dry weight along with raised TSP, MDA, reducing sugars under drought stress. Drought
stress raised the total soluble protein (TSP), protease, APX and POD activities, MDA and re-
ducing sugars in leaves. Mannitol and H2O2 confiscate the drought-induced increase in TSP
while H2O2 significantly increase it under non-stress condition. Drought stress reduced the
catalase activity in leaves while H2O2 and mannitol priming brought it back to control level.
Drought stress elevated the MDA in leaves and H2O2 treatment prevented this increase. Only
mannose priming rose the reducing sugars in leaves under non-stress condition. Under
drought, mannose and mannitol priming raised the reducing sugars in the leaves as a tactic for
osmotic adjustment. In conclusion, seed priming treatments ameliorated the drought tolerance
in wheat by elevating the level of antioxidants, reducing oxidative damage of biomolecules
and accumulating more reducing sugars for osmotic adjustments.
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Introduction

Among abiotic stresses, drought stress is the most important that adversely influences the
crop productivity. Plants live simultaneously under the effect of multiple stress factors in
natural habitats or fields. Along with water scarcity, high temperature can limit productiv-
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ity in several important crops (Hameed et al. 2012). One way of increasing productivity in
stressful environments is to breed crops that are more tolerant to stress. However, success
in breeding for tolerance has been limited. Among various strategies, pre-sowing treat-
ment and priming of seeds are easy, low cost, low risk and effective approaches to over-
come the environmental stress problems in crop plants (Afzal et al. 2009; Ahmad et al.
2012). Priming has been developed and used extensively to improve seed germination and
seedling emergence in a wide range of crop species (McDonald 2000). Better synchro-
nized germination is crucial for achieving an optimal crop stand and better productivity,
but several environmental constraints are great impediments (Wahid et al. 2008). To in-
duce pre-germination changes, various priming strategies include osmopriming, halo-
priming, hormonal priming or hydropriming etc. involving treatment of seeds with
osmotica, inorganic salts, hormones or water, respectively. Chemo-priming, i.e. seed
treatment with economic and safe chemicals is an attractive approach for improvement of
germination and stress tolerance in crop plants.

Much of the injury on plants under abiotic stresses like water deficit is linked to oxida-
tive damage at the cellular level and antioxidant defense response (Hameed et al. 2011).
The beneficial effects of priming are associated with the repair and build up of nucleic ac-
ids, the increased synthesis of proteins as well as the repair of membranes (McDonald
2000). Seed priming and salinity induced variations in wheat (Triticum aestivum L.) leaf
protein profiles have been reported (Hameed et al. 2010). Seed priming induces the mobi-
lization and solublization of globulins and the synthesis of late embryogenesis abundant
proteins (Gamboa-de Buen et al. 2006). Priming also enhances the activities of antioxi-
dants in treated seeds (Wang et al. 2003). Antioxidant enzymes including superoxide
dismutase, catalase, and glutathione reductase have been reported to express during seed
priming (Bailly et al. 2000). Among other pre-germination metabolic changes, seed prim-
ing decreased the level of malondialdehyde (Bailly et al. 1998, 2000), changed saturated
and unsaturated fatty acids (Walters et al. 2005) and induced a-amylase to increase the
soluble sugar pool, thereby enhancing seedling emergence and other related attributes
(Farooq et al. 2006). In this view, the research objectives was to access whether seed prim-
ing with H2O2, mannitol and mannose could improve the drought tolerance in the wheat
seedlings with special emphasis on antioxidant defense potential.

Material and Methods

Experiment was conducted using wheat (Triticum aestivum L.) genotype FD-83.
Chemo-priming treatments used in the study were soaking seeds in aerated solution of 1%
mannose (56 mM) for 8 h, 10 mM mannitol for 8 h and 100 μM H2O2 for 5 h. Seeds soaked
in aerated water (hydropriming) and non-primed seed were used as controls. On completion
of the treatment time, seeds were dried near to original weight with forced air under shade.

Primed and non-primed seeds were grown under optimum conditions in plastic pots
filled with equal quantity of soil. In control pots water was maintained at soil water hold-
ing capacity throughout the experiment period. While to induced drought or water deficit
stress, pots were irrigated once only before sowing and then no irrigation was provided to
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these pots during rest of experimental periods. At 12th day after sowing water in non-irri-
gated pots (drought stressed) dropped to approximately 20% of soil water holding capac-
ity indicating a severe drought stress. On this day, leaf samples for biochemical analysis
and data for seedling growth response studies were collected from control and stressed
pots. For comparison of growth, fresh weight of seedlings was recorded immediately after
harvesting to avoid any evaporation. For dry weight estimations, seedlings were kept at
90ºC till drying. Seedling, root and shoot dry weights were measured after complete dry-
ing when there was no further decrease in weight. Root and shoot length was measured by
spreading them on a scale calibrated in cm.

For biochemical studies, collected leaf samples were immediately stored at –40ºC till
further analysis. For extraction of enzymes, fresh leaves (0.5 g) were ground in extraction
buffer specific for different enzymes and centrifuged at 15,000 × g for 20 min at 4ºC. The
supernatant was separated and used for the determination of different enzyme activities.
Enzyme activities were expressed on fresh weight basis. Details of methodologies are
given below.

Superoxide dismutase (SOD)

For the estimation of SOD activity, leaves were homogenized as described by Dixit et al.
(2001). The activity of SOD was assayed by measuring its ability to inhibit the photo-
chemical reduction of nitroblue tetrazolium (NBT) following the method of Giannopolitis
and Ries (1977).

Catalase (CAT) and peroxidase (POD)

For the estimation of POD, leaves were homogenized 50 mM potassium phosphate buffer
(pH 7.0) and activity was measured using the method of Chance and Maehly (1955) with
some modification. CAT was estimated by the following method described by Beers and
Sizer (1952). Total soluble protein concentration was measured by dye binding assay as
described by Bradford (1976).

Protease and ascorbate peroxidase (APX)

Protease activity was determined by the casein digestion assay described by Drapeau
(1976). For the estimation of APX activity, the rate of H2O2 dependent oxidation of ascor-
bic acid was determined (Chen and Asada 1989).

Malondialdehyde (MDA) content

The level of lipid peroxidation in the leaf tissue was measured in terms of MDA content
determined by the thiobarbituric acid reaction using method of Heath and Packer (1968).

Total phenolic content and reducing sugars

A micro-colorimetric method described by Ainsworth and Gillespie (2007) was used for
total phenolics (gallic acid equivalents) assay, which utilizes Folin-Ciocalteu reagent. Re-
ducing sugars were determined by dinitrosalycylic acid method (Miller 1972).
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Statistical analysis of data

All experiments were conducted in triplicates and F-test was applied. The significance of
differences between means was measured using Student’s t-test (two tailed), at 0.01 or
0.05 significance level. All the statistical calculations were performed using computer
software Microsoft Excel 2002.

Results

Growth response

Pre-sowing seed treatments with mannitol and H2O2 enhanced the fresh weights of seed-
lings as compared to the non-treated control (Fig. 1a). Highest increase in the fresh weight
of the seedlings was observed in case of mannitol treatment. Drought stress significantly
reduced the seedling fresh weight. Simple seed socking in the water replenished the
drought induced decrease in the seedling fresh weight. In case of mannitol treatment,
seedling fresh weight was further reduced under drought stress. All pre-sowing seed treat-
ments enhanced the root fresh weight under non-stress condition (Fig. 1b). Highest
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Figure 1. Effect of seed priming on wheat seedling (a), root (b) and shoot (c) fresh weights under control
and drought stress conditions
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Figure 2. Effect of seed priming on root (a) and shoot lengths (b) under control and drought stress conditions

Figure 3. Effect of seed priming on wheat seedling (a), shoot (b) and root (c) dry weights under control
and drought stress conditions
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Figure 4. Effect of seed priming on wheat leaf relative water content under control
and drought stress conditions

Figure 5. Effect of seed priming on wheat leaf total soluble protein (a) and protease (b) activity under control
and drought stress conditions
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Figure 6. Effect of seed priming on wheat leaf SOD (a), POD (b) and CAT (c) activities under control and
drought stress conditions

Figure 7. Effect of pre-sowing seed treatments on wheat leaf APX activity (a) and TPC (b) under control and
drought stress conditions



increase in root fresh weight was induced by mannitol seed priming. However, under
drought stresses, only seed priming with H2O2 increased the root fresh weight as compare
to control. Shoot fresh weight significantly increased by mannitol seed priming under
non-stress condition (Fig. 1c) compared with non-treated control. Under drought stress,
only hydropriming was able to raise the shoot fresh weight while it was decreased by
mannitol and H2O2 seed priming.

Pre-sowing seed treatment with H2O2 increased the root length under drought stress
(Fig. 2a). However, mannitol treatment reduced the root length under drought stressed
condition. Pre-sowing seed treatment with mannose, mannitol and H2O2 increased the
shoot length under non-stressed condition (Fig. 2b). Seedling dry weight was increased by
mannitol treatment under non-stressed conditions (Fig. 3a). Only H2O2 treatment was able
to increase the seedling dry weight under drought stress. Shoot dry weight was enhanced
by mannitol priming when seedlings grown without stress (Fig. 3b). Treatment with
mannose was able to increase the shoot dry weight under stress. Root dry weight was en-
hanced by mannitol treatment under non-stressed condition (Fig. 3c). Only H2O2 treat-
ment increased the root dry weight under drought. Increase in root dry weight was many
folds as compared to non-treated control. Leaf relative water content was improved after
mannitol and H2O2 treatments (Fig. 4). Under drought stress, leaf relative water content
was reduced significantly. Pre-sowing seed treatments with mannitol and H2O2 improved
the leaf relative water content under drought.

Biochemical response

Pre-sowing seed treatment with H2O2 raised the level of leaf soluble proteins under
non-stressed conditions (Fig. 5a). Drought stress raised the soluble protein content in
wheat leaves. Mannitol and hydrogen peroxidase treatments confiscate the drought in-
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Figure 8. Effect of seed priming on wheat leaf MDA content (a) and reducing sugars (b) under control and
drought stress conditions



duced increase in protein content by maintaining the level at non-stressed control level.
Under non-stress condition, no treatment altered the protease activity in leaves (Fig. 5b).
Leaf protease activity was elevated under drought stress. Mannose, mannitol and water
soaking further increased the protease activity above control under drought stress. How-
ever, H2O2 priming triumphs over the drought induced increase in leaf protease activity by
maintaining it to the level of non-stressed control.

Leaf SOD activity remain unaffected under drought stress. Except mannitol, seed prim-
ing treatments did not influence the SOD activity under drought or non-stressed condi-
tions (Fig. 6a). Seed priming with mannitol raised the SOD activity under drought and
non-stress condition.

Under drought stress, POD activity raised promptly (Fig. 6b). POD activity was gener-
ally lower after treatments as compared to non-treated control under drought stress.
Catalase activity decreased by mannose treatments whereas remained almost unchanged
after other treatments under non-stressed condition (Fig. 6c). Drought stress reduced the
catalase activity in leaves. This stress induced decrease in catalase activity was replen-
ished after H2O2 seed priming treatment. While seed priming with mannitol raised the
catalase activity above control under drought stress and level was even higher as com-
pared to that in non-treated control under non-stressed condition. Catalase activity de-
creased by mannose treatment under drought.

All chemo-priming treatments raised the APX activity in leaves under non-stressed
condition (Fig. 7a). APX activity was also raised under drought stress. Seed priming with
mannose increased the APX activity as compared to non-treated control under drought
stress. In case of treatment with H2O2 and mannitol, APX activity was lower as compared
to non-treated control under drought stress. TPC level did not alter by treatments under
non-stressed condition and also by drought stress (Fig. 7b). Drought stress elevated the
lipid peroxidation (MDA) in leaves (Fig. 8a). Pre-sowing seed treatment with H2O2 was
able to prevent the drought stress induced increase in lipid peroxidation in leaves. Reduc-
ing sugar level was increased in the leaves under drought stress. Pre-sowing seed treat-
ment with mannose raised the level of reducing sugars in the leaves under non-stress con-
dition (Fig. 8b). All pre-sowing seed treatments except H2O2 raised the reducing sugars in
the leaves under drought stress.

Discussion

Growth response

Decreased wheat (Triticum aestivum L.) seedling growth (mg per seedling) as affected by
drought and salinity stresses is a well-known phenomenon (Soltani et al. 2006). In our
study, drought stress significantly reduced the seedling fresh weight. Decreased seedling
growth has also been reported under drought in wheat (Soltani et al. 2006). Root length is
an important trait against drought stress in plant varieties; in general, varieties with higher
root growth have ability for resistance to drought (Leishman and Westoby 1994). In our
studies, pre-sowing seed treatment with H2O2 increased the root length under drought
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stress. The superior root and shoot mass following drought stress have been proposed as
reliable drought selection criteria for different plant species, including wheat (Yang et al.
1991; Basal et al. 2005). Drought tolerance has been reported to be associated with the in-
crease in root dry matter in cowpea (Matsui and Singh 2003). In our studies, seedling dry
weight was increased by mannitol treatment under non-stressed condition. H2O2 treatment
was able to increase the seedling dry weight under drought stress. Shoot dry weight was
enhanced by mannitol treatments when seedlings grown without stress. Treatment with
mannose was able to increase the shoot dry weight under stress. Root dry weight was en-
hanced by mannitol treatment under non-stress condition. H2O2 treatment increased the
root dry weight under drought. Our finding regarding H2O2 treatment are in line with pre-
vious ones reporting that seed treatment with H2O2 enhanced almost all the growth param-
eters of wheat seedlings (Wahid et al. 2007). Highest shoot fresh and dry weight was re-
corded from the seedlings receiving 80 and 120 mM H2O2 followed by water control
(Wahid et al. 2007). El-Tayeb (2006) reported that drought caused a decrease in RWC in
Vicia faba cultivars. Similarly, drought stress significantly reduced leaf relative water
content in present study. Decrease in RWC with the negative effect of PEG has been re-
lated to low water uptake by germinating seed (Yagmur and Kaydan 2008). In our study,
leaf relative water content was improved after mannitol and H2O2 treatments. Pre-sowing
seed treatments with mannitol and H2O2 improved the leaf relative water content under
normal and drought stress conditions. Hydropriming also improved the RWC under nor-
mal condition. Previously, two priming techniques KH2PO4 and hydropriming have been
reported to increase relative water content of shoot compared to untreated seeds under
control, PEG and NaCl induced stresses (Yagmur and Kaydan 2008).

Biochemical response

Protein breakdown and recycling, which depend on the levels of proteolytic enzymes, are
essential parts of the plant response to environmental stress (Hieng et al. 2004). Proteases
are involved in protein maturation, degradation and protein rebuilding in response to dif-
ferent external stimuli and to removal of abnormal, misfolded proteins (Grudkowska and
Zagdanska 2004). Drought stress raised the soluble protein content in wheat leaves along
with elevated protease activity. This drought induced rise in proteases may be to remove
abnormal and misfolded proteins. Mannitol and hydrogen peroxidase treatments confis-
cate the drought induced increase in protein content by maintaining the level at
non-stressed control level. This means these treatments reduced the stress effect on pro-
tein patterns. Pre-sowing seed treatment with H2O2 raised the level of soluble leaf protein
content when seedlings grown under non-stressed conditions. This increase in the protein
content may be due to enhanced synthesis of proteins required for faster seedling growth.

Oxidative damage in the plant tissue is prevented by a concerted action of both enzy-
matic and non-enzymatic antioxidant systems. Among enzymatic mechanisms, super-
oxide dismutase plays an important role, and catalyzes the dismutation of two molecules
of superoxide into O–2 and H2O2; the first step in reactive oxygen species scavenging sys-
tems (Farooq et al. 2009). In our study, drought stress did not induce any effect on SOD
activity in leaves. However, drought stress reduced the catalase activity in leaves. Previ-
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ously, drought induced oxidative conditions in rice anthers leading to down-regulation of
antioxidants has been reported (Nguyen et al. 2009). Drought induced decrease in catalase
activity in present study was replenished after H2O2 treatment. While seed priming with
mannitol raised the catalase activity above control under drought stress and level was even
higher as compared to that in non-treated control under non-stressed condition. This
clearly indicates that drought induced down regulation of antioxidant activities can be re-
plenished by seed priming treatments.

Plants detoxify reactive oxygen species (ROS) by upregulating antioxidative enzymes
such as superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT)
(Hameed et al. 2009). Under drought stress, POD activity raised promptly. APX activity
was also raised under drought stress. These observations on increased activities of H2O2

scavenging enzymes and unaffected SOD activity point out that during drought; oxidative
stress is produced through generation of H2O2. That is why POD activity was generally
lower after pre-sowing seed treatments as compared to non-treated control under drought
stress. Actually, ascorbate peroxidase is a key antioxidant enzyme in plants (Orvar and
Ellis 1997). Moreover, all priming treatments raised the APX activity in leaves under
non-stressed condition, possibly to quench the H2O2 produced during germination.

Peroxidation of membrane lipids requires active uptake of oxygen. Excess ROS trig-
gers phytotoxic reactions such as lipid peroxidation, protein degradation and DNA muta-
tion (McCord 2000). In the present study, drought stress elevated the lipid peroxidation in
leaves. This indicates that excess ROS are produced during the drought stress and even go
beyond a controllable level causing peroxidation of membrane lipids. Interestingly,
pre-sowing seed treatment with H2O2 was able to prevent the drought stress induced in-
crease in lipid peroxidation in leaves. Possibly, enhanced expression of antioxidants by
this treatment prevented/quenched the excessive ROS and intern protect membranes from
damage. Actually, in contrast to higher anti-oxidative activities, lower levels of
malondialdehyde (MDA) display higher anti-oxidative ability, reflecting higher drought
tolerance (Dhanda et al. 2004).

In our study, reducing sugar level was increased in the wheat leaves under drought
stress obviously as a tactic for osmotic adjustment under stressed condition. Pre-sowing
seed treatment with mannose raised the level of reducing sugars in the leaves under nor-
mal and drought stress conditions. All other pre-sowing seed treatments raised the reduc-
ing sugars in the leaves only under drought stress. These pre-sowing seed treatments were
thus able in osmotic adjustment by accumulating higher level of sugars in the leaves under
drought stress. Sugars levels can be determinant for the osmotic adjustment that the leaf
uses in drought conditions (Di-Fonzo et al. 2000). Drought tolerance seems to be the most
important trait in stay-green phenotype and can also represent the trait of interest in many
applied breeding programmes. An important aspect in a stay-green phenotype is also re-
lated to the sugar contents in the leaf (Di-Fonzo et al. 2000).

In conclusion, drought stress adversely affected the anti-oxidative processes in the
leaves leading to increased damage to membrane lipids and proteins. Tested pre-sowing
seed treatments were able to ameliorate the drought tolerance by elevating the level of an-
tioxidants, preventing damage to membranes and osmotic adjustment. Hydropriming
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alone proved better development under drought stress, although with the highest MDA
content. H2O2 priming has stimulatory effect mostly in the roots, but not in the leaves.
Mannitol priming was most effective in enhancing the seeding growth attributes under
non-stress condition. Mannose and mannitol priming was more effective in improving the
most of biochemical processes in wheat leaves.
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