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Abstract The paper reports the effects of selenium (Se) supply on growth and some
physiological traits of wheat (Triticum aestivum L. cv Shijiazhuang NO. 8) seedlings
exposed to drought stress. The growth and physiological responses of seedlings were
different depending on the Se concentration. The higher (3.0 mg Se kg−1) and lower amount
used (0.5 mg Se kg−1) did not significantly affect on biomass accumulation. Treatments
with 1.0 and 2.0 mg Se kg−1 promoted biomass accumulation of wheat seedlings.
Treatments at 1.0, 2.0, and 3.0 mg Se kg−1 significantly increased root activity, proline
content, peroxidase (POD), and catalase (CAT) activities, carotenoids (Car) content,
chlorophyll content, and reduced malondialdehyde (MDA) content of wheat seedlings.
Lower Se treatment did not significantly effect on chlorophyll content and MDA content,
although it also increased some antioxidant index (proline and Car content, POD and CAT
activities) in wheat seedlings. These results suggest that optimal Se supply is favorable for
growth of wheat seedlings during drought condition.
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Introduction

Water stress is considered to be one of the most important agricultural problems. Plants are
often exposed to periods of soil and atmospheric water deficit during their life cycle [1].
Researches have shown that drought has very many adverse impacts on plant growth
parameters [2–4]. Together, these combine to reduce plant fitness and function.

Searching for suitable ameliorants or stress alleviant is one of the tasks of plant
biologists. Recent researches have identified several beneficial effects of selenium (Se) in
plants, although Se is not considered to be required by higher plants [5, 6]. Positive effects
of Se on plants mainly exhibited: promoting plant growth [5], alleviating UV-induced
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oxidative damage [5, 7, 8], improving the recovery of chlorophyll from light stress [9],
increasing antioxidative capacity of senescing plants, and regulating the water status of
plants exposed to drought [10, 11]. However, to our knowledge, there has been limited
effort to understand the role of Se in plant under drought condition.

Wheat is one of the most important crops in world. At present, the growth of wheat has
been seriously influenced by drought in many regions. The paper studies the short-term
effects of Se supply on growth and physiological traits of wheat seedlings grown under
drought stress. This will be helpful for development of improved plant tolerance toward
stressful environmental factors. We hypothesize that Se supply will ease the adverse effects
of water stress on wheat seedlings.

Materials and Methods

Plant Material and Experimental Design

The research was conducted with outdoor pot in Hebei University, Baoding, China. The
selected seeds of wheat (Triticum aestivum L. cv Shijiazhuang NO. 8) from Baoding
agricultural market were disinfected by immersion in a 2.5% solution of sodium
hypochlorite for 5 min and washed five times with distilled [12]. Seeds were sowed in
plastic pots (25×20 cm), 30 seeds per pot. The substrate used for growing the seedlings was
sieved topsoil from farmland. Sodium selenite (Na2SeO3) was added at concentrations from
0.5 mg Se kg−1 to 3 mg Se kg−1 before sowing. Fifteen seedlings of similar size were saved
in each pot after germination, and water stress (30% of maximum field capacity) was
begun. Each treatment had five replicates.

All of the following measurements were carried out using samples collected around
20 days after seedling selection.

Measurements

Samples from five replicates (pots) were harvested. Shoots and roots were separated, and
roots were rinsed free of soil. The fresh weight was measured immediately after harvest.
Values were calculated to gram per pot.

Leaf tissue was ground in 80% acetone for chlorophyll and carotenoids
determination. Total chlorophyll (Chl (a + b)), chlorophyll a (Chl a), chlorophyll b
(Chl b), and total carotenoids (Car) contents were determined according to
Lichtenthaler [13].

Root activity was measured by the improvement of triphenyl tetrazolium chloride (TTC)
method [14]. Root tips were dipped in the mixed solution, 5 ml of 0.4% TTC and 5 ml of
0.1 mol L−1 sodium phosphate buffer (pH=7.0), and incubated at 37°C for 60 min. Then,
2 ml of 1 mol L−1 H2SO4 was added to the mixture to stop the reaction, and root tips were
taken out. Root tips were dipped in 20 ml of methanol and incubated at 37°C until they
bleached. The supernatant was recorded at 485 nm.

The degree of lipid peroxidation in leaf tissue was assessed by malondialdehyde content
(MDA). MDA content was determined by the thiobarbituric acid (TBA) reaction. Leaves
(0.5 g) were homogenized with 5 ml of 20% (w/v) trichloroacetic acid (TCA). The
homogenate was centrifuged at 3,500×g for 20 min. To 2 ml of the aliquot of the
supernatant, 2 ml of 20% TCA containing 0.5% (w/v) TBA and 100 μl 4% (w/v) butylated
hydroxytoluene in ethanol was added. The mixture was heated at 95°C for 30 min and then
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quickly cooled on ice. The contents were centrifuged at 10,000×g for 15 min, and the
absorbance was measured at 532 nm. The value for nonspecific absorption at 600 nm was
subtracted. The concentration of MDA was calculated using an extinction coefficient of
155 mM−1 cm−1. Results were expressed as μmol g−1 fresh weight (FW).

The free proline content was determined according to the method described by Bates et
al. [15]. 0.5 g leaves were homogenized using a pestle and mortar with 5 ml of
sulfosalicylic acid (3% w/v). After centrifugation (5 min at 20,000×g), 0.5 ml of the
supernatant was incubated at 100°C for 60 min with 0.5 ml of glacial acetic acid and 0.5 ml
of ninhydrin reagent. After cooling, 1 ml of toluene was added to the mixture, and the
absorbance of the chromophore containing toluene was recorded at 520 nm.

Catalase activity (CAT, EC 1.11.1.6) was determined in the homogenates by measuring
the decrease in absorption at 240 nm in a reaction medium containing 50 mM potassium
phosphate buffer (pH 7.2), 10 mM H2O2 and 50 μl enzyme extract. The activity was
calculated using the extinction coefficient (40 mM−1 cm−1) for H2O2.

Peroxidase activity (POD, EC 1.11.1.7) was based on the determination of guaiacol
oxidation (extinction coefficient 26.6 mM−1 cm−1) at 470 nm by H2O2. The reaction
mixture contained 50 mM potassium phosphate buffer (pH 7.0), 20.1 mM guaiacol,
12.3 mM H2O2, and enzyme extract in a 3-ml volume.

All data were subjected to an analysis of variance using the Software Statistical Package
for the Social Science (SPSS) version 11.0. Individual treatment means were compared with
Duncan’s test to determine whether they were significantly different at the 0.05 probability
level.

Results

Effects of Se Supply on Growth Parameters

When subjected to drought stress, the growth of seedlings was different depending
on the Se concentration (Table 1). The lower amount used (0.5 mg Se kg−1) caused a
slight increase in shoot weight, root weight, and total biomass compared with the control
but was not statistically significant. The treatments with 1.0 and 2.0 mg Se kg−1 resulted
in a significant increase in growth parameters. The higher Se treatment (3.0 mg Se kg−1)
only increased root weight. Shoot/root ratio of seedlings was not affected by Se
treatments.

Table 1 The Effects of Se Supply on Growth Parameters of Wheat Seedlings Exposed to Drought Stress

Se concentration (mg kg−1) Fresh weight (g/pot)

Shoot Root Total biomass Shoot/root ratio

0.0 3.263±0.11 b 1.025±0.06 b 4.287±0.11 b 3.212±0.25 a
0.5 3.645±0.23 b 1.166±0.06 ab 4.811±0.29 b 3.123±0.04 a
1.0 4.513±0.16 a 1.295±0.03 a 5.809±0.19 a 3.485±0.09 a
2.0 4.315±0.08 a 1.262±0.05 a 5.576±0.06 a 3.432±0.17 a
3.0 3.620±0.19 b 1.236±0.03 a 4.856±0.16 b 2.941±0.23 a

Values are the mean±SE of five replicates in column, and the values in the same column with different letters
are significantly different from each other (P<0.05)
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Effects of Se Supply on Photosynthetic Pigments Content

As shown in Table 2, treatments at 1.0, 2.0, and 3.0 mg Se kg−1 induced an evident increase
in Chl a, Chl b, total Chl (a + b), and Car content of seedlings compared with the control.
Lower Se treatment only increased Car content.

Effects of Se Supply on Root Activity

Compared with the control, Se treatments significantly increased root activity of seedlings,
and the increased amount depended on the Se concentration (Fig. 1). There was no
significant difference in root activity between 2.0 and 3.0 mg Se kg−1 treatments.

Effects of Se Supply on MDA and Free Proline

Significant increase in free proline content was observed by different Se treatments over the
control (Fig. 2). Treatments with 1.0, 2.0, and 3.0 mg Se kg−1 also significantly reduced
MDA content (Fig. 2).

Table 2 The Effects of Se Supply on Photosynthetic Pigments of Wheat Seedlings Exposed to Drought
Stress

Se concentration (mg kg−1) Chl a (g kg−1) Chl b (g kg−1) Chl (a + b) (g kg−1) Car (g kg−1)

0.0 0.605±0.03 c 0.271±0.02 d 0.875±0.05 b 0.095±0.00 c
0.5 0.609±0.17 c 0.344±0.00 b 0.953±0.02 b 0.126±0.00 a
1.0 0.714±0.01 b 0.389±0.00 a 1.103±0.01 a 0.101±0.00 b
2.0 0.7814±0.02 a 0.375±0.01 a 1.156±0.02 a 0.104±0.00 b
3.0 0.774±0.01 a 0.305±0.00 c 1.079±0.01 a 0.119±0.01 a

Values are the mean±SE of five replicates in column, and the values in the same column with different letters
are significantly different from each other (P<0.05)
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Fig. 1 The effects of Se supply
on root activity of wheat seed-
lings exposed to drought stress.
The bars with different letters are
significantly different from each
other (P<0.05). Values are means
of five replicates±SE
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Effects of Se Supply on Enzyme Activity

The effects of different Se treatments on CAT and POD activities in seedlings exposed to
drought stress were shown in Fig. 3. The activities exhibited similar changes in response to
Se supply. Se treatments all significantly increased CAT and POD activities compared with
the control.

Discussions

Drought is an important abiotic factor that could influence the growth and physiological
traits of plants [16, 17]. In present study, some reports showed that Se could increase the
tolerance of plants to stressful environment, such as UV-B stress, salt stress, and light stress
[8, 9, 18]. Our results suggested that the effects of Se on growth of wheat seedlings
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Fig. 2 The effects of Se supply
on MDA and free proline content
of wheat seedlings exposed to
drought stress. The bars with
different letters are significantly
different from each other (P<
0.05). Values are means of five
replicates±SE
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subjected to drought stress depended on the Se concentration (Table 1). Treatments with 1.0
and 2.0 mg Se kg−1 promoted the biomass accumulation of seedlings, while higher Se
treatment (3.0 mg kg−1) and lower Se treatment (0.5 mg kg−1) did not significantly affect on
biomass accumulation.

Root is not only a vital organ of plants for absorbing salt and water but also is very
important for assimilation, synthesis, and translation of many materials. So, root activity
directly affected growth and development of plants [14]. In our study, Se supply
significantly increased root activity of seedlings (Fig. 1), which may be beneficial for the
growth of roots (Table 1).

The production of reactive oxygen species (ROS) is the important cause of damage to
plants when exposed to environmental stress, which resulted in the growth inhibition, the
breakdown of lipid membrane, and reduction in photosynthetic parameters [4, 18, 19]. In
our study, Se treatments (except for 0.5 mg Se kg−1) significantly reduced MDA content
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Fig. 3 The effects of Se supply
on POD and CAT activities of
wheat seedlings exposed to
drought stress. The bars with
different letters are significantly
different from each other (P<
0.05). Values are means of five
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and increased total Chl (a + b) content in seedlings under water deficit. The reduction in
MDA content indicated the decline of lipid peroxidation. The result was in agreement with
other studies [10]. An increase in chlorophyll content was observed in here, which may be
the result of the increase in Car content, since Car protects chlorophyll from photooxidative
destruction [20]. The increase in chlorophyll content is beneficial for growth of seedlings.

When subjected to environmental stress, plants also form some protective mechanisms
by increasing antioxidant enzymes’ activities and antioxidants content. Proline accumula-
tion is a very common response in plants exposed to drought stress [21, 22]. It could
function as a hydroxyl radical scavenger to prevent membrane damage and protein
denaturation [23]. In our study, Se supply significantly increased free proline content and
POD and CAT activities (Figs. 2 and 3), which may provide an ecological adaptation for
seedlings under stress conditions.
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