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Abstract   
 
This study aimed to investigate seed germination, seedling growth, and antioxidative responses in two wheat cultivars, 
Ningchun and Xihan, exposed to different H2O2 concentrations. Ningchun exhibited higher germination rate but lower 
root and shoot growth than Xihan when exposed to H2O2 treatment. Assays using fluorescent dye H2DCFDA and 
propidium iodide showed a significantly enhanced H2O2 content and a cell elongation inhibition in H2O2-treated roots. 
The malondialdehyde content was elevated with increasing exogenous H2O2 concentration. Moreover, treatments of 
seedlings with H2O2 scavenger, catalase (CAT), and antioxidant, butylated hydroxytoluene, partly abolished  
H2O2-induced negative effect on root growth. In both untreated and H2O2-treated leaves, SOD activity in Ningchun was 
higher than that in Xihan, but POD and APX activities in Ningchun were lower than those in Xihan leading to elevated 
H2O2 level in Ningchun leaves but decreased H2O2 content in Xihan ones under H2O2 treatment.  
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Introduction 
 
Reactive oxygen species (ROS) including hydrogen 
peroxide (H2O2) can rapidly inactivate enzymes, damage 
cellular organelles, and destroy membranes, proteins, 
lipids, and nucleic acids which may result in plant cell 
death (Karuppanapandian et al. 2011). On the other hand, 
H2O2 acts as a secondary messenger that controls various 
plant processes such as growth and development, stress 
responses, and programmed cell death (Gechev et al. 
2006, Li et al. 2009). Although Foyer et al. (1994) 
reported that the direct H2O2 application to growing 
plants was lethal due to its strong oxidizing property, the 
protective role of exogenous H2O2 against abiotic stresses 
was observed (He et al. 2009, Gondim et al. 2010). H2O2 
was able to promote germination (Christophe et al. 2008) 
or formation and development of adventitious roots (Li  
et al. 2009). However, Lin and Kao (2001) reported that 
exogenous H2O2 from 2.5 to 10 mM resulted in the 
increase of endogenous H2O2 content and inhibited root 
growth in rice seedlings.  

 The response of plants to stress conditions was 
accompanied by increased activities of antioxidant 
enzymes (Candan and Tarhan 2012) including superoxide 
dismutase (SOD; EC 1.15.1.1), catalase (CAT; EC 
1.11.1.6), peroxidase (POD; EC 1.11.1.7), glutathione 
reductase (GR, EC 1.6.4.2), and ascorbate peroxidase 
(APX; EC 1.11.1.11). Among the enzymes, SOD is a 
metalloprotein that catalyzes the dismutation of 
superoxide anion to H2O2 and molecular oxygen in the 
cytosol, mitochondria, and chloroplasts (Fridovich 1986). 
CAT, POD, GR, and APX represent main elimination 
H2O2 systems in plant cells (Mittler 2002). Recently, 
several studies showed the stimulation of antioxidant  
systems in wheat seedlings (Li et al. 2011), red kidney 
bean roots (Liu et al. 2012), and Nitraria tangutorum 
callus (Yang et al. 2012) when exposed to exogenous 
H2O2. However, the negative effects of H2O2 on 
antioxidant enzyme activities were observed in other 
plants (Peng et al. 2008, Ozden et al. 2009).  
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 Wheat is one of the most important agricultural crops 
in many countries. Xihan 2 (Xihan) and Ningchun 4 
(Ningchun) are different in drought tolerance. The aim of 
this study was to investigate seed germination, seedling 

growth, and antioxidative responses in these two wheat 
cultivars exposed to exogenous H2O2 stress. The present 
study was also undertaken to evaluate the mechanism of 
H2O2 negative effects on seedling growth.  

 
 
Materials and methods 
 
Two wheat (Tritium aestivum L.) cultivars Ningchun 4 
and Xihan 2 purchased from Gansu Agricultural 
University and Gansu Agricultural Academy, respecti-
vely, were used. Ningchun 2 is drought-sensitive and 
Xihan 4 is drought-tolerant. The seeds were surface-
sterilized with 0.1 % (m/v) HgCl2 for 10 min, soaked in 
water for 24 h and then planted in Petri dishes with two 
filter-paper discs containing different H2O2 concen-
trations (0, 25, 50, 100, and 200 μM) and germinated  at 
25 ± 1.5 °C in the darkness in an incubator (LRH-250-A, 
Medical Instruments Factory, Guangdong, China) for 4 d. 
For root and shoot growth experiments, seedlings were 
cultivated in Petri dishes (9 cm in diameter) containing  
6 cm3 of 0 - 200 μM H2O2 solute (renewed every 2 d) for 
6 d at 25 ± 2.5 °C and a 12-h photoperiod with irradiance 
of 300 µmol m-2 s-1. For inhibition of H2O2 effects, H2O2 
scavenger, catalase (CAT; 300 U dm-3), and antioxidant, 
butylated hydroxytoluene (BHT; 200 μM), were used in 
wheat seedlings exposed to 50 and 200 μM H2O2. All 
assays were replicated at least three times to minimize 
experimental errors; each replicate was carried out on  
50 seeds for germination and 40 seedlings for growth 
measurements. 
 The H2O2 in seedling roots was visualized using a 
fluorescent dye, 2',7'-dichlorodihydrofluorescein diacetate 
(H2DCFDA), as described by Pei et al. (2000). Roots 
were immersed in 50 μM H2DCFDA in 10 mM Tris-HCl 
buffer (pH 7.2) containing 50 mM KCl at 37 °C for  
20 min, washed three times in Tris-HCl buffer to remove 
excess dye, and then H2DCFDA fluorescence was 
examined using a Leica (Germany) DMIRB inverted 
fluorescent microscope. Further, the roots were immersed 
in 10 μg cm-3 fluorescent dye propidium iodide (PI) in  
10 mM phosphate buffer (pH 7.4) for 10 min, washed 
three times in phosphate buffer to remove excess dye, and 
examined by a laser scanning confocal microscope 
(LSCM, LSM510 Meta, Zeiss, Germany; excitation  
488 nm, emission 525 nm). 
 The H2O2 content was measured as described by 
Sergiev et al. (1997). Plant leaves were ground in an ice 
bath with 2 cm3 of 0.1 % (m/v) trichloroacetic acid. The 
homogenate was centrifuged at 12 000 g for 20 min and 
0.7 cm3 of the supernatant was mixed with 0.7 cm3 of  
NaH2PO4/Na2HPO4 buffer (PBS; 10 mM, pH 7.0) and  
0.7 cm3 of 1 M KI. H2O2 content was estimated by measu-
ring the absorbance at 390 nm based on a standard curve.  
 For lipid peroxidation analysis, malondialdehyde 
(MDA) content was measured according to the method of 
Zhou (2001) with some modifications. Seedling roots or 

leaves (0.5 g) were immediately homogenized in 5 cm3 of 
0.25 % (m/v) thiobarbituric acid, then heated at 98 °C for 
30 min, quickly cooled on ice and then centrifugated at 
10 000 g for 10 min. The absorbance of the supernatant 
was measured at 450, 532, and 600 nm. 
 For assaying antioxidant enymes, 1 g of plant material 
was ground with 1 cm3 of chilled PBS buffer (50 mM,  
pH 7.8) containing 0.1 mM ethylenediaminetetraacetic 
acid (EDTA) and 1 % (m/v) polyvinylpyrrolidone. After 
centrifugation at 15 000 g for 30 min, the supernatant was 
collected for the measurement of antioxidant enzyme 
activities.  
 SOD activity was estimated on the basis of the 
method described by Dhindsa and Matowe (1981). The 
homogenate was added to 3 cm3 of a reaction mixture 
consisting of 50 mM PBS buffer (pH 7.6), 13 mM 
methionine, 75 μM nitroblue tetrazolium (NBT), and  
0.1 mM EDTA-Na2. The reaction was started by the 
addition of 2 μM lactochrome. After irradiation at 25 oC 
for 30 min, the absorbance was recorded at 560 nm using 
Agilent 8453 UV/visible spectrophotometer (USA). One 
unit (U) of activity was defined as the quantity of SOD 
required to produce 50 % inhibition of NBT reduction.  
 A modification of the method of Aebi (1974) was 
used to assay CAT activity. In brief, the homogenate was 
added to 3 cm3 of 50 mM PBS buffer (pH 7.0). After  
5 min pre-incubation at 25 oC, 15 mM H2O2 was added to 
start the reaction and the absorbance changes were 
recorded at 240 nm for 3 min. An absorbance change of 
0.01 per min was defined as one unit of CAT activity.  
 POD activity was measured following a modification 
of the method of Rao et al. (1996). The homogenate was 
mixed with 3 cm3 of reaction mixture containing 50 mM 
PBS buffer (pH 6.5) and 20 mM guaiacol. After pre-
incubation at 25 oC for 5 min, 0.05 % (v/v) H2O2 was 
added to initiate the reaction. The absorbance changes at 
470 nm within 3 min were recorded, and one unit of POD 
activity was defined as an absorbance change of  
0.1 per min.  
 GR activity was measured by monitoring the 
oxidation of NADPH according to Donahue et al. (1997). 
The homogenate was mixed with 50 mM Tris-HCl  
(pH 7.5), 3 mM MgCl2, 0.5 mM oxidized glutathione and 
0.15 mM NADPH). The absorbance changes at 340 nm 
within 3 min were recorded. One unit of GR activity was 
defined as an absorbance change of 0.1 per min. 
 For measuring APX activity, wheat leaves (1 g) were 
ground with 1 cm3 of chilled 50 mM PBS buffer (pH 7.0) 
containing 1 mM EDTA and 1 mM ascorbate (ASA). 
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After centrifugation at 15 000 g for 30 min, the 
supernatant was collected for the measurement of APX 
activity according to Nakano and Asada (1981) with 
some modifications. The assay was carried out in a 
reaction mixture consisting of 50 mM PBS (pH 7.0), 0.5 
mM ASA, 0.1 mM H2O2, and the homogenate. The 
absorbance changes at 290 nm were recorded at 25 oC for 
1 min after the addition of H2O2. One unit of APX acti-

vity was defined as an absorbance change of 0.1 per min. 
 The amount of soluble proteins was estimated 
according to the method of Bradford (1976) using bovine 
serum albumin as a standard. 
 All values were represented by an average of at least 
three replicate measurements ± SE and the significance of 
differences between the control and the treatments was 
evaluated by Student’s t-test. 

 
 
Results 
 
Higher H2O2 concentration (from 50 µM to 200 µM) led 
to a significant increase in the germination rate of 
Ningchun seeds whereas no difference of seed 
germination was found between 25 µM H2O2-treated 
seeds and the control (Table 1). Compared with the 
control, a slight but insignificant elevation was observed 
in the germination rate of Xihan seeds under different 
H2O2 concentrations. In addition, both Ningchun and 
Xihan seedlings exhibited significant decrease in the 

length of roots and shoots under H2O2 treatment  
(Table 1). Especially, Ningchun seedlings were more 
sensitive to exogenous H2O2. For example, 50 µM  
H2O2-treated seedlings showed about 73 and 32 % 
decrease in the root and shoot lengths in Ningchun but 
only 66 and 17 % reduction in Xihan, respectively. 
 A faint fluorescent signal was detected in untreated 
root demonstrating basic content of H2O2 in the root cells 
(Fig. 1A, D). When Ningchun seedlings were treated with  

 
Table 1. The changes of seed germination and seedling growth in two wheat cultivars after treatment with different H2O2 
concentrations. Means ± SE from at least five independent measurements. * and ** - significantly different from the control at  
P < 0.05 and P < 0.01, respectively.  
 

H2O2 [µM] Ningchun   Xihan   
 germination [%] root length [cm] shoot length [cm] germination [%] root length [cm] shoot length [cm] 

0 87.33±3.05 4.89±0.55 8.23±0.57 86.00±4.00 5.18±0.71 9.31±0.45 
25 87.33±9.45 1.52±0.40* 6.26±0.57* 86.00±2.00 3.30±0.10* 8.78±0.35 
50 98.00±3.46* 1.33±0.39* 5.58±0.31* 89.00±1.00 1.76±0.35** 7.72±0.45 
100 97.33±1.15* 0.38±0.09** 4.41±0.51* 93.00±3.00 1.21±0.26** 6.49±0.66* 
200 96.67±4.16* 0.37±0.15** 4.23±0.29* 90.00±2.00 0.93±0.03** 5.38±0.32* 

 
 

 
Fig. 1. Analysis of H2O2 content using a fluorescent dye 2',7'-dichlorodihydrofluorescein diacetate in Ningchun (A, B, and C) and 
Xihan (D, E, and F) roots after treatment with different H2O2 concentrations for 6 d using Leica DMIRB inverted fluorescent 
microscope. A and D - control plants, B and E - 50 μM H2O2-treated plants, C and F - 200 μM H2O2-treated plants. 
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Table 2. The changes of endogenous H2O2 [ng g-1(f.m.)] and MDA [µmol g-1(f.m.)] content in roots and leaves of two wheat cultivars 
after treatment with different H2O2 concentrations for 6 d. Means ± SE from at least three independent measurements. * and  
** - significantly different from the control at P < 0.05 and P < 0.01, respectively. 
 

H2O2 [µM] Ningchun   Xihan   
 MDA (root) H2O2 (leaf) MDA (leaf) MDA (root) H2O2 (leaf) MDA (leaf) 

    0   6.35±0.19 182.44±2.25 21.02±1.94 6.67±0.28 171.94±4.68 16.31±1.63 
  25   7.79±0.11* 205.06±1.37* 16.47±0.35 6.80±0.26 108.46±3.33** 19.54±0.89 
  50   7.75±0.99* 211.04±3.12* 20.80±4.81 7.83±0.50* 140.78±4.88* 15.64±1.06 
100 11.03±0.14** 193.08±6.22 20.46±7.05 8.36±0.18* 146.85±5.48b* 17.42±2.16 
200 11.08±1.29** 221.35±4.50* 19.16±4.61 9.13±1.05* 161.30±6.23 17.08±0.93 

 

 
Fig. 2. Propidium iodide staining of the elongation zone in wheat roots under H2O2 treatment. A - control plants, B - 25 μM 
H2O2-treated plants, C - 50 μM H2O2-treated plants, D - 100 μM H2O2-treated plants, E - 200 μM H2O2-treated plants.  
 
Table 3. Effects of 300 U dm-3 CAT and 200 μM BHT on H2O2-induced inhibition of root and shoot length [cm] in wheat seedlings. 
Means ± SE from at least three independent measurements. * and ** - significantly different from the control at P < 0.05 and  
P < 0.01, respectively.  ∆ - significantly different at P < 0.05 when compared with the H2O2 treatment alone. 
 

Cultivar Control 50 μM H2O2 50 μM H2O2   
+ CAT 

50 μM H2O2     
+ BHT 

200 μM H2O2 200 μM H2O2    
+ CAT 

200 μM H2O2   
+ BHT 

root length  4.89±0.55 1.33±0.39* 2.02±0.05∆ 1.25±0.87 0.37±0.15** 1.75±0.12∆ 1.93±0.28∆ Ningchun 
shoot length  8.23±0.57 5.58±0.31* 5.30±0.62 4.93±0.35 4.23±0.29* 4.16±0.17 4.09±0.41 
root length  5.18±0.71 1.76±0.35* 3.51±0.21∆ 1.96±0.64 0.93±0.03** 1.84±0.07∆ 1.41±0.52∆ Xihan 
shoot length  9.31±0.45 7.72±0.45 8.30±0.48 7.79±0.62 5.38±0.32* 5.76±0.68 5.65±0.39 

 
different H2O2 concentrations for 6 d, H2O2 fluorescent 
signal increased significantly and the maximal, strong 
fluorescence was observed in 200 µM H2O2-treated roots 
(Fig. 1C). Similarly, stronger H2O2 fluorescence was 
induced by H2O2 treatment in Xihan roots as compared 
with the control (Fig. 1E, F). These results indicated that 
exogenous H2O2 treatment resulted in the elevation of 
endogenous H2O2 content in plant root tissue. 
 MDA, the product of lipid peroxidation, is the 
symptom of oxidative stress in plants. In comparison with 
the control, root MDA content increased about 23, 22, 74, 
and 75 %, respectively, in Ningchun seedlings treated 
with 25, 50, 100, and 200 µM H2O2 for 6 d. In contrast, in 
Xihan seedlings, root MDA content did not significantly 
change under 25 µM H2O2 treatment, but increased to 
about 124, 132, and 144 % of the control value in 
response to 50, 100, and 200 µM H2O2, respectively 
(Table 2).  
 The application of 300 U dm-3 CAT together with 

H2O2 stimulated significantly (P < 0.05) the root growth 
in Ningchun and Xihan seedlings as compared with the 
H2O2 treatment alone. Also 200 μM BHT partly abo-
lished inhibition of the root growth induced by 200 μM 
H2O2, but did not block the reduction of root length in 
response to 50 μM H2O2 treatment suggesting that the 
oxidative damage might be associated with the inhibition 
of root growth in wheat seedlings exposed to higher H2O2 
concentration. However, these two agents could not 
reverse H2O2-inhibitory effect on the shoot growth  
(Table 3).  
 Fig. 2A shows long and narrow cell morphology with 
indistinct cell borders in root elongation region in 
untreated seedlings. In comparison with the control 
seedlings, exogenous H2O2 inhibited cell elongation in 
Ningchun root (Fig. 2B,C,D,E and Fig. 3). Similar 
changes of cell morphology in the root elongation zone in 
response to H2O2 treatment were observed in Xihan 
seedlings (data not shown). These results indicate that  
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Table 4. The changes of superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX), and 
glutathione reductase (GR) activities [U mg-1 protein] in leaves of two wheat cultivars after treatment with different H2O2 
concentrations. Means ± SE from at least three independent measurements. * - significantly different from the control at  
P < 0.05. 
 

Cultivar H2O2 [µM] SOD CAT POD APX GR 

    0 7.99±0.006 0.41±0.006     6.85±  0.01 0.49±0.02 11.08±0.72 
  25 8.03±0.710 0.34±0.010*     5.43±  0.08* 0.55±0.02 10.55±1.22 
  50 8.24±0.060* 0.32±0.022*     5.68±  0.11* 0.67±0.03* 11.38±1.44 
100 8.23±0.070* 0.33±0.011*     5.97±  0.14* 0.63±0.02* 11.41±0.91 

Ningchun 

200 8.02±0.100 0.32±0.020*     6.09±  0.10* 0.69±0.02* 13.21±0.29 
    0 5.26±0.015 0.06±0.001 194.42±15.44 1.23±0.07   7.20±0.60 
  25 4.32±0.005 0.08±0.003 205.61±  6.26 1.35±0.05   7.23±0.48 
  50 2.16±0.005* 0.18±0.013* 211.02±21.71 1.37±0.03   8.57±0.37* 
100 1.94±0.005* 0.11±0.005* 211.96±11.00 1.37±0.04   8.61±0.38* 

Xihan 

200 2.05±0.005* 0.18±0.014* 241.81±15.50 1.37±0.01   9.81±0.40* 

 
H2O2 inhibited root cell elongation which might be 
reason for the inhibition of root growth and development 
observed in the two wheat cultivars. In addition, there 
was no detectable fluorescence in the nuclei of root cells 
exposed to lower H2O2 concentration (Fig. 2B,C) whereas 
the PI fluorescence (DNA content) of each nucleus in 
root cells was detected after exposure of the wheat 
seedlings to 100 and 200 μM H2O2 (Fig. 2D,E). 
 In comparison with the control, leaf SOD activity 
significantly increased in Ningchun treated with 50 and 
100 µM H2O2 for 6 d, whereas H2O2 at 25 and 200 µM  
 

Fig. 3. Mean cell length in the elongation zone of a root tip 
corresponding to Fig 2A, B, C, D, and E. Values represent the
means ± SE of at least 30 cells for each treatment (* and ** -
significantly different at P < 0.05 and P < 0.01, respectively,
when compared with the control). 
 
had no effect on this enzyme. By contrast, 50, 100, and  
200 µM H2O2 induced a significant decrease of leaf SOD 
activity in Xihan but an insignificant reduction in 
response to 25 µM H2O2 treatment (Table 4). 
 Leaf CAT activity was reduced to 82, 77, 84, and  
79 % of the control value in Ningchun seedlings after  
 

treatment with 25, 50, 100, and 200 µM H2O2 for 6 d,  
respectively (Table 4). In contrast, leaf CAT activity 
enhanced 2.81, 1.78, and 2.83-folds in Xihan seedlings 
exposed to 50, 100 and 200 µM H2O2 treatment whereas  
25 µM H2O2 induced an insignificant elevation in leaf 
CAT activity, as compared with the control seedlings.  
 Similarly, treatment of Ningchun seedlings with  
25, 50, 100, and 200 µM H2O2 for 6 d resulted in about 
21, 17, 13, and 11 %, respectively, decrease in leaf POD 
activity as compared with the control. However, no great 
difference in leaf POD activity was found between  
H2O2-treated and untreated Xihan seedlings (Table 4).  
 Compared with the control, leaf APX activity 
increased by 33, 27, and 38 %, respectively, in response 
to 50, 100, and 200 µM H2O2 treatment for 6 d. Apart 
from these, an insignificant increase (about 12 %) was 
detected in 25 µM H2O2-stressed plants. On the other 
hand, in Xihan seedlings treated with different H2O2 
concentrations for 6 d, leaf APX activity remained almost 
unchanged in comparison with the untreated ones  
(Table 4). 
 Compared with the control, no significant changes in 
leaf GR activity were found in Ningchun seedlings 
treated with exogenous H2O2. Similarly, 25 µM H2O2 
treatment had no effect on leaf GR activity in Xihan 
seedlings, but the application of other H2O2 concentration 
(50, 100, and 200 µM) resulted in a notable elevation in 
this enzyme activity.  
 A significant enhancement in leaf H2O2 content was 
observed in Ningchun exposed to exogenous H2O2 for 6 d 
in comparison with the control. However, leaf H2O2 
content obviously decreased in Xihan treated with H2O2 
(25, 50, and 100 µM) for 6 d and the lowest being at  
25 µM H2O2. Additionally, no significant change in leaf 
MDA content was caused in these two wheat cultivars 
treated with different H2O2 concentrations for  
6 d (Table 2). 
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Discussion 
 
The increasing evidence shows that H2O2 treatment alone 
promotes seed germination of cereal plants such as 
barley, wheat, and rice (Ogawa and Iwabuchi 2001). 
Moreover, the ability of seed germination was reported to 
link to the accumulation of a critical level of H2O2 
(Christophe 2008). However, Lupinus albus seeds are not 
sensitive to exogenous H2O2 (Cano et al. 1997). In the 
present study, two wheat cultivars showed different 
responses of seed germination to exogenous H2O2 
treatment: 50 - 200 µM H2O2 treatment stimulated 
Ningchun seed germination but had no effect on Xihan 
seeds. Futher, we observed a significant reduction in 
growth parameters in both wheat cultivars under 25 to 
200 µM H2O2 treatment but the growth of Ningchun 
seedlings was more sensitive to H2O2 stress than that of 
Xihan seedlings. One of the inevitable consequences of 
drought stress is enhanced ROS production including 
H2O2 in plants (Cruz de Carvalho 2008). Thus, we can 
suggest that drought sensitivity might be associated with 
the sensibility of Ningchun seedlings to H2O2. 
Additionally, the reduction of the root length was more 
prominent in the two wheat cultivars in comparison with 
the shoot length (Table 1) which could be explained by 
the fact that plant roots are the first point of contact with 
stress factors (Kabir et al. 2008). On the contrary, maybe 
due to the differences in the experimental design or plant 
species, the application of exogenous H2O2 promotes the 
formation and development of wheat and mung bean 
roots (He et al. 2009, Li et al. 2009). 
 At present, little is known about the mechanism of 
negative effects of H2O2 on plant growth. Exogenous 
CAT is a cell-impermeable scavenger of H2O2 (Karlsson 
et al. 2000). The application of CAT together with H2O2 
promoted the root growth in the two wheat cultivars in 
comparison with the H2O2 treatment alone implying that 
the inhibition of the root growth in our experiments might 
be a consequence of increasing H2O2 content in H2O2-
stressed Ningchun and Xihan seedlings. This was further 
supported by a significantly increased endogenous H2O2 
content in H2O2-treated root tissue (Fig. 1). The study of 
Yamamoto et al. (2001) suggested that lipid peroxidation 
is an early symptom triggered by abiotic stress but not the 
primary cause of elongation inhibition in pea roots. 
However, in this study, the elevation of MDA content in 
response to H2O2 treatment was correlated with the 
reduction of root length in the wheat seedlings. Besides, 
antioxidant BHT could partly abolish 200 μM H2O2-
induced inhibitory effect on the root growth, but did not 
affect 50 μM H2O2 treatment which suggested that the 
inhibition of root growth induced by higher H2O2 
concentration might be associated with the strong 
oxidative damage. In agreement with our result, oxidative 
stress involved in the inhibition of plant growth was 

demonstrated by several studies (Singh et al. 2007, 
Upadhyay and Panda 2009).  
 The cell morphology in root elongation zone showed 
that the cell elongation was inhibited by increasing 
exogenous H2O2 concentration (Fig. 3). PI is a 
membrane-impermeant dye and is generally used to assay 
for the cell membrane permeability (Kennedy et al. 
2011). There was no detectable fluorescence in the nuclei 
of root cells exposed to lower H2O2 concentration 
whereas the PI fluorescence of each nucleus in root cells 
was observed in 100 or 200 µM H2O2-treated seedlings 
indicating damage of the plasma membrane of the root 
cells under higher H2O2 concentration. On the basis of 
these findings, we could conclude that the cell elongation 
inhibition and the damage to the plasma membrane were 
closely linked to the reduction of root growth and 
development in wheat seedlings exposed to H2O2 treat-
ment. 
 Plant responses to H2O2 treatment also include the 
changes of the redox status and the antioxidative response 
(Lin and Kao 2001). More recently, Zhang et al. (2011) 
reported that exogenous H2O2 stimulated antioxidant 
enzymes including SOD, APX, and GR in cucumber 
leaves. Similarily, elevated POD activity and oxidative 
stress tolerance were induced by exogenous H2O2 in 
Cajanus cajan (Goud and Kachole 2011). Our data 
showed different antioxidative responses in the two wheat 
cultivars leading to the increases of the SOD and APX 
activities but the decreases of the CAT and POD 
activities in Ningchun leaves, as well as the inhibition of 
SOD but the stimulation of CAT and GR in Xihan leaves. 
This could explain the fact that exogenous H2O2 
treatment resulted in the enhancement and reduction in 
endogenous H2O2 content in the leaves of Ningchun and 
Xihan, respectively. Additionally, no significant diffe-
rence in MDA content was observed in the leaves of 
untreated and H2O2-treated seedlings suggesting that the 
leaves of Xihan and Ningchun had a greater ability to 
eliminate ROS which was important in protecting the 
wheat seedlings from oxidative damage under different 
H2O2 concentrations.  
 In conclusion, exogenous H2O2 treatment stimulated 
the germination of Ningchun seeds but inhibited the root 
and shoot growth of the two wheat cultivars. Drought-
sensitive Ningchun was more sensitive to H2O2 treatment 
than drought-tolerant Xihan. The increase of endogenous 
H2O2 content and the inhibition of cell elongation may be 
the cause of the reduction of root length under exogenous 
H2O2. In addition, the different antioxidative responses in 
the leaves of the two wheat cultivars might be responsible 
for higher tolerance of Xihan than Ningchun to H2O2 
stress. 
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