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The effects of GA3 on the growth and antioxidant capacity of cucumber hypocotyls and radicles under 
sub-optimal temperature were investigated. The elongation of hypocotyls and radicles was significantly 
promoted by GA3 treatment under sub-optimal temperature, and the effects greatly depended on GA3 
concentrations. In the previous reported investigation, there is not much information on the role of GA3 
in modulating reactive oxygen species (ROS) under stress conditions, the present study indicated that 
GA3 treatment could decrease excess accumulation of ROS and alleviate lipid peroxidation which was 
induced by sub-optimal temperature in cucumber hypocotyls and radicles, the alleviating effects were 
highly correlated with the increasing activities of antioxidant enzymes including superoxide dismutase 
(SOD), catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) as well as 
antioxidative activity indicated as �,�-diphenyl-�-picryllhydrazyl (DPPH) scavenging activity, hydroxyl 
radical (�HO) scavenging activity and ferrous ion chelating activity. Furthermore, the increasing 
antioxidative activity was positively related with amylase activity in cucumber cotyledons, suggesting 
that the distribution of carbohydrate from cotyledons to hypocotyls and radicles might be responsible 
for higher antioxidant activity induced by GA3. 
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INTRODUCTION 

 
Cucumber (Cucumis sativus L.) is one important 
vegetable cultivated in solar-greenhouses through the 
winter and early spring in the north of China. In the 
process of cultivation, due to the protective effect of 
greenhouse, extreme low temperature seldom appears, 
however, suboptimal temperature (below 20/12°C, 
day/night) may be a limited factor for cucumber 
production because cucumber is the warm season crop 
(Liang et al., 2009). When cucumber is sown directly in 
the field, seed germination and seedling emergence is 
often slow and non-uniform due to suboptimal soil 
temperatures.   The   problems    caused     by     delaying  
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emergence will be aggravated because the probability of 
soil crust formation becomes greater and the chances of 
germinating seeds and seedlings to be infected by 
damping-off causing pathogens such as Pysthium 
increase (Hendrix et al., 1973). Therefore, early and 
uniform germination, adequate seedling emergence and 
establishment are critical stage for the commercial growth 
of cucumber. A common biochemical change occurring 
when plants are subjected to stress conditions is the 
accumulation of ROS, which unbalances the cellular 
redox in favor of oxidized forms, thereby creating 
oxidative stress that can damage DNA, inactivate 
enzymes and cause lipid peroxidation (Moldovan et al., 
2004). The concentrations of ROS are controlled by 
antioxidant defense systems, comprised of both 
enzymatic and non-enzymatic components. 

Many  studies   have   shown   a   correlation   between  
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resistance to environmental stress and the efficiency of 
the antioxidant systems (Golan-Goldhirsh et al., 2004; 
Shi et al., 2007; Khan and Panda, 2008). There are also 
a great number of indications that chilling causes  
oxidative stress and the possible involvement of 
antioxidant systems in the prevention of damage by 
chilling in crops such as Digitatia eriantha (Garbero et al., 
2010), cucumber (Kang et al., 2002a) and alfalfa (Wang 
et al., 2009). Many studies indicate that the regulation of 
ROS greatly depends on phytohormones including SA 
and ABA (Bari et al., 2009; Syeed et al., 2010; Shi et al., 
2006), GA3 is an endogenous hormone, whose function 
mainly includes the stimulation of seed germination and 
stem elongation (Hartweck, 2008), modulation of 
flowering (Mutasa-Göttgens et al., 2009; Sharp et al., 
2010), breaking seed dormancy and delaying 
senescence (Hartweck, 2008; Li et al., 2010), however, 
there is shortage of investigation on the role of GA3 in 
mediating the ROS scavenging capacity under 
suboptimal temperature. Therefore, the objectives of this 
study are to investigate if GA3 is involved in the regulation 
of antioxidant capacity in the process of modulating 
cucumber hypocotyl and radicle growth under suboptimal 
temperature. 
 
 
MATERIALS AND METHODS 
 
Seed germination assay 
 
Seeds of cucumber (C. sativus L.) were soaked for 8 h at 28°C in 
100, 200, 400 mg L-1 GA3 or distilled water. After the pre-sowing 
treatment, all seeds were rinsed with distilled water and germinated 
on petri dishes containing moisture Whatman 3 mm filter paper and 
then incubated in a growth chamber at 18/12°C (suboptimal 
temperature), and a 13/11 h light/dark photoperiod of 140 µmol m-2 

s-1. The germination assay was carried out with three replicates in 
each replicate dish containing 20 seeds. The germination rate (GR), 
germination velocity index (GVI) and vigor index (VI) were assessed 
to evaluate the impact of GA3 on cucumber seed germination under 
suboptimal temperature. GR was calculated from the proportion of 
seeds with radicles to the total seeds number. GVI and VI were 
modified from the method of Raizada and Raghubanshi (2010). GVI 
= �Gt/Dt, here, Gt are the number of germinants on days 1, 2, 3, 
etc., following the start of the germination test. If more seeds 
germinate in the fewest number of days, the value of GVI is higher. 
VI = GVI × S, here S is average length of seedlings at the age of 7 
days, the VI shows seedling growth potential. The radical length 
(RL), hypocotyl length (HL), radical weight (RW), hypocotyl weight 
(HW) and seedling weight (SW) were measure in the 7th day of 
germination test. 
 
 
H2O2 concentration assay 
 
The H2O2 level was measured according to the method of Patterson 
et al. (1983). 1 g tissue was homogenized in 3 ml ice-cold acetone. 
The 1 ml supernatant was mixed with 0.1 ml of 5% (w/v) 
titanylsulphate and 0.2 ml conc. NH4OH solution, the peroxide-
titanium complex was precipitated and this sediment was dissolved 
in 3 ml 1 M H2SO4. The absorbance was read at 415 nm against 
water. The H2O2 content was calculated from a standard curve 
prepared in a similar way. 

 
 
 
 
Determination of thiobarbituric acid-reactive substances 
(TBARS) concentration 
 
TBARS were measured according to the method of Shalata et al. 
(1998). 0.3 g fresh hypocotyl or radicle was homogenized in 3 ml 
1.0% (w/v) trichloroacetic acid (TCA) at 4°C. The homogenate was 
centrifuged at 12,000 g for 20 min and 1 ml of the supernatant was 
mixed with 3 ml 20% TCA containing 0.5% (w/v) thiobarbituric acid 
(TBA). The mixture was incubated at 95°C for 30 min and the 
reaction was stopped by quickly placing in an ice-bath. The cooled 
mixture was centrifuged at 10,000 g for 10 min, and the absorbance 
of the supernatant at 532 and 600 nm was read. After subtracting 
the no-specific absorbance at 600 nm, the TBARS concentration 
was determined by its extinction coefficient of 155 mM-1 cm-1. 
 
 
Determination of antioxidant enzyme activities 
 
For enzyme activity determination, 0.3 g fresh hypocotyl or radicle 
was ground in 3 ml ice-cold 25 mM PBS buffer (pH 7.8) containing 
0.2 mM EDTA, 2 mM ascorbate and 2% PVP. The homogenates 
were centrifuged at 4°C for 20 min at 12,000 g and the 
supernatants were used for determination of enzymatic activities. All 
spectrophotometric analyses were done by a SHIMADZU UV-
2450PC spectrophotometer. SOD activity was assayed by 
measuring its ability to inhibit the photochemical reduction of 
nitroblue tetrazolium following the method of Stewart et al. (1980). 
CAT activity was measured as the decline in absorbance at 240 nm 
due to the decrease of extinction of H2O2 according to the method 
of Patra et al. (1978). GPX activity was measured by the increase in 
absorbance at 470 nm due to guaiacol oxidation (Nickel et al., 
1969). APX activity was measured by the decrease in absorbance 
at 290 nm as ascorbate was oxidized (Nakano et al., 1981). 
 
 
Determination of antioxidative activity 
 
The determination of antioxidative activity was done by mixing 0.3 g 
cucumber hypocotyl or radicle tissue with 3 ml serine borate buffer 
(100 mM Tris-HCl,10 mM borate, 5 mM serine and 1 mM 
diethylenetriaminepentacetic acid, pH 7.0). The slurry was 
centrifuged at 5,000 g for 10 min at 4

�
 and the supernatant 

assayed for the in vitro antioxidant activity. Radical scavenging 
power (RSP) of extracts were determined as reported by Manda et 
al. (2010). The 100 �l extract was added to 2.9 ml 0.1 mM DPPH 
solution and kept for 30 min at room temperature under the 
darkness; the resulting color was measured at 520 nm against 
blanks. The radical scavenging activity was calculated by the 
following formula: 
 
RSP = [1-(As30/Bs30)] × 100% 
 
Where As30 is absorbance of sample and Bs30 is absorbance of 
blank. 
 
Hydroxyl radical (·OH) scavenging activity was measured according 
to Manda et al. (2010). The reaction mixture (2.1 ml) contained 1 ml 
1.5 mM FeSO4, 0.7 ml 6 mM H2O2, 0.3 ml 20 mM sodium salicylate 
and 100 �l of the cucumber tissue extracts. This mixture was 
incubated at 37°C for 1 h and then the absorbance was measured 
at 562 nm. The percentage scavenging effect was calculated as: 
 
Scavenging effect = [1-(A1-A2)/A0] × 100% 
 
Where A0 was the absorbance of the control (without extract), A1 
the absorbance in the presence of the extract and A2 the 
absorbance without  sodium  salicylate.  Fe2+-chelating  activity  was  
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Table 1. Effect of GA3 on the germination rate (GR), germination velocity index (GVI) and vigor index (VI) 
of cucumber under suboptimal temperature (day/night temperature 18/12°C).  
 

GA3 cocentrations (mg·L-1) GR (%) GVI VI 
0 90.91±4.55b 32.08±2.78b 164.25±8.19d 

100 92.75±5.02b 32.97±3.62b 194.85±6.37c 
200 97.10±2.51a 43.73±3.94a 321.85±6.04a 
400 92.75±7.14b 43.80±4.19a 302.66±7.81b 

 

The result was measured in 7th day after experiment beginning. Data are means ± SD of three replicates 
in one experiment. Value in each column by different letters (a to d) are significantly different at P<0.05. 

 
 
 
measured according to Manda et al. (2010). The reaction mixture 
(2.0 ml) contained 100 �l of cucumber tissue extracts, 100 �l 0.6 
mM FeCl2 and 1.7 ml deionised water. The mixture was shaken 
vigorously and left at room temperature for 5 min; 100 �l of 
ferrozine (5 mM in methanol) were then added, mixed and left for 
another 5 min, then the absorbance was read at 562 nm against a 
blank. Disodium ethylenediamineteracetic acid (EDTA-Na2) was 
used as the control. The chelating activity of the extract for Fe2+ 
was calculated as: 
 
Chelating effect = [1-(A1-A2)/A0] × 100% 
 
Where A0 was the absorbance of the control (without extract), A1, 
the absobance in the presence of the extract and A2 the 
absorbance without ferrozine. 
 
 
Total amylase activity assay 
 
For total amylase activity assay, 1 g cotyledons were homogenized 
with 5 ml 20 mM sodium acetate buffer (pH 5.0) containing 1 mM 
CaCl2 (Miyagi et al., 1990). The mixture was aged for 1 h at room 
temperature, centrifuged at 10,000 g and the supernatant was used 
for the amylase activity assay. To 0.5 ml of soluble starch (2%) in 50 
mM sodium acetate buffer (pH 5.0) containing 1 mM CaCl2, 0.5 ml 
of enzyme extract was added and incubated at 35°C for 20 min. 
Reducing sugars formed were measured (Nelson, 1944). 
 
 
Statistical analysis 
 
Data were analyzed by variance using the SPSS 11.0 statistical 
software package, differences were assessed by the Ducan’s test 
and they were significant with p values <0.05. 
 
 
RESULTS 
 
Cucumber germination and seedling growth 
 
To investigate the physiological effects of GA3 on 
germination under suboptimal temperature, increasing 
concentrations of GA3 were applied for cucumber seeds 
pretreatment, As shown in Table 1, all GA3 treatments 
significantly increased the germination rate (GR), 
germination velocity index (GVI) and vigor index (VI) of 
cucumber under suboptimal temperature, however, its 
effects were closely related with concentrations, among 
all   treatments,   200 mg L-1  GA3  treatment  showed  the 

strongest effect, and increased GR, GVI and VI by 6.81, 
36.32 and 95.95% compared to the control (P<0.05), 
respectively. The growth of cucumber seedling was 
shown in Table 2, GA3 treatment significantly increased 
elongation of cucumber radicle and hypocotyl as well as 
the fresh weight under suboptimal temperature, in the 7th 
day of the treatment, the radicle length was the largest in 
the 200 mg L-1 GA3 treatment, and was increased by 
43.75% compared to the control, while the hypocotyl 
length was the largest in the 400 mg L-1 GA3 treatment, 
and was increased by 80.88% (P<0.05). As for the fresh 
weight, the 200 mg L-1 GA3 treatment exhibited the most 
positive effects and increased radical fresh weight, 
hypocotyl fresh weight and total fresh weight by 105.07, 
36.69 and 51.49% compared to the control (P<0.05), 
respectively. 
 
 
H2O2 concentration and lipid peroxidation 
 

Figure 1A shows the changes of H2O2 concentration in 
radicle and hypocotyl of cucumber seedlings, pretreat-
ment with GA3 showed obvious effects on H2O2 
accumulation under suboptimal temperature, H2O2 
concentrations of radicle were decreased by 22.62 and 
24.40% in the 100 and 200 mg L-1 treatments compared 
to the control (P<0.05), respectively, while 400 mg L-1 
treatment did not significantly affect the H2O2 
accumulation in cucumber radicle. Compared with the 
radicle, GA3 pretreatment had much more effects on the 
H2O2 accumulation of hypocotyl, the H2O2 levels in 100, 
200 and 400 mg L-1 GA3 treatment were34.05, 81.83 and 
61.09% lower than that of the control (P<0.05), 
respectively. As an indicator of lipid peroxidation, TBARS 
concentration was measured. TBARS accumulation 
greatly depended on GA3 concentration, 100 mg L-1 GA3 
treatment did not significantly affect the TBARS level of 
cucumber radicle, and 200 and 400 mg L-1 GA3 treatment 
decreased TBARS level of cucumber radicle by 23.01 
and 29.86% compared to the control (P<0.05), respec-
tively. Like the change of H2O2, all GA3 treatments 
significantly decreased TBARS accumulation of 
cucumber hypocotyl, 100, 200 and 400 mg L-1 GA3 
treatment led to  20.83,  29.26  and  28.76%  decrease  in  
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Table 2. Effects of GA3 on the radicle length (RL), hypocotyl length (HL), radical fresh weight (RW), hypocotyl fresh weight (HW), seedling 
fresh weight (SW) of cucumber under suboptimal temperature (day/night temperature 18/12°C).  
 

GA3 concentration (mg·L-1) RL(cm) HL(cm) RW(mg/seedling) HW(mg/seedling) SW(mg/seedling) 
0 5.12±0.24c 0.68±0.02c 27.6±2.97c 14.28±1.43b 90.5±4.36c 
100 5.91±0.17b 1.05±0.08b 46.7±3.30b 16.67±2.97ab 119.0±4.59b 
200 7.36±0.10a 1.17±0.07a 56.6±4.37a 19.52±3.29a 137.1±7.55a 
400 6.91±0.19a 1.23±0.07a 44.3±6.54b 17.62±2.97ab 131.4±6.54ab 

 

The result was measured in 7th day after experiment beginning. Data are means ± SD of three replicates in one experiment. Value in each 
column by different letters (a to c) are significantly different at P<0.05. 
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Figure 1. Effects of GA3 on the concentrations of H2O2 (A) and TBARS (B) in cucumber hypocotyls and radicles under 
suboptimal temperature (day/night temperature 18/12°C). Data are means ± SD of three replicates in one experiment. Mean 
values by different letters (a to d) are significantly different at P<0.05. 

 
 
 
TBARS level of cucumber hypocotyl (P<0.05) (Figure 
1B). 
 
 
Antioxidant enzyme activities 
 
Pretreatment with GA3 showed similar effects on activities 
of SOD and GPX in cucumber radicle and hypocotyl 
under suboptimal temperature, and their activities were 
the highest in the 200 mg L-1 GA3 treatment, in which 
SOD activities were 4.10 and 4.41 times of the control in 
radicle and hypocotyl (P<0.05), respectively (Figure 2A); 
and GPX activities were 1.84 and 1.40 times of the 
control in radicle and hypocotyl (P<0.05), respectively 
(Figure 2C). The effects of GA3 treatment on CAT and 
APX activities in cucumber radicle were not significant, 
while their activities in cucumber hypocotyls were greatly 
induced by GA3, especially the 200 mg L-1 treatment, in 
which CAT and APX activities were 1.41 and 1.40 times 
of the control (P<0.05), respectively (Figure 2C and D). 
Antioxidative   activity   in   general,   the   DPPH    radical 

scavenging activity, hydroxyl radical (�HO) scavenging 
activity and ferrous ion chelating activity were lower in the 
radicals than in the hypocotyls (Figure 3). And the three 
indexes exhibited the same trends: with the treatment of 
GA3 concentration, the activity increased except 400 
mg·L-1 treatment, in which antioxidative activity was lower 
than that in 200 mg·L-1, but was still higher than that in 
the control (Figure 3). 

The most significant increases in antioxidant activity 
were all observed at 200 mg·L-1, especially in hypocotyls, 
where DPPH radical scavenging activity, hydroxyl radical 
(HO�) scavenging activity and ferrous ion chelating 
activity increased by 95.73, 43.54 and 205.76% 
compared to the control (P<0.05), respectively (Figure 
3A, B and C). 
 
 
Amylase 
 
Compared with the control, GA3 treatment increased 
activity of amylase  in  the  cotyledons  under  suboptimal  



Li et al.         4095 
 
 
 

 

A

d

c

b

a

a

a

c

b

0

20

40

60

80

100

120

Radicle Hypocotyl

SO
D

 ac
tiv

iy
 (U

 g-1
 F

W
)

0

100

200

400

mg L-1

mg L-1

mg L-1
mg L-1 B

c

a

b

a

a

a

ab

a

0

2

4

6

8

10

12

Radicle Hypocotyl

C
AT

 a
ct

iv
it

y

� µm
o

l H
2 O

2 ·g
-1

 F
W

·m
in

-1
)

C

b

b

b

aa

a

b

b

0

5

10

15

20

25

30

35

Radicle Hypocotyl

G
PX

 a
ct

iv
it

 (µ
m

ol
 g

u
ai

ac
ol

·g-1
 F

W
·m

in
-1

)

D

c

a

b

a

a

a

b

a

0

2

4

6

8

10

12

14

Radicle Hypocotyl

 
A

PX
 a

ct
iv

it
y(

µm
ol

 A
sA

·g
-1

 F
W

·m
in

-1
)

A

d

c

b

a

a

a

c

b

0

20

40

60

80

100

120

Radicle Hypocotyl

S
OD

 a
ct

iv
iy

 (U
 g-1

 F
W

)
0

100

200

400

mg L-1

mg L-1

mg L-1
mg L-1 B

c

a

b

a

a

a

ab

a

0

2

4

6

8

10

12

Radicle Hypocotyl

C
A

T 
ac

ti
vi

ty

� µm
ol

 H
2O

2·
g-1

 F
W

·m
in

-1
)

C

b

b

b

aa

a

b

b

0

5

10

15

20

25

30

35

Radicle Hypocotyl

G
P

X 
ac

tiv
it 

(µ
m

ol
 g

ua
ia

co
l·g

 F
W

·m
in

)

D

c

a

b

a

a

a

b

a

0

2

4

6

8

10

12

14

Radicle Hypocoty l

 
A

PX
 a

ct
iv

it
y(

µm
ol

 A
sA

·g
-1

 F
W

·m
in

-1
)

 
 
Figure 2. Effects of GA3 on the activities of SOD (A), CAT (B), GPX (C) and APX (D) in cucumber hypocotyls and radicles 
under suboptimal temperature (day/night temperature 18/12°C). Data are means ± SD of three replicates in one 
experiment. Mean values by different letters (a-d) are significantly different at P<0.05. 

 
 
 
temperature (Figure 4), and the increasing level 
depended on the GA3 concentrations. There were no 
significant difference between the control and  100 mg L-1 
GA3 treatment, and amylase activities in 200 and 400 mg 
L-1 GA3 treatments were 100 and 46% higher than that in 
the control (P<0.05), respectively. 
 
 
DISCUSSION 
 
The results obtained in the present study indicated that 
GA3 application to a different degree could promote the 
growth and physio-biochemical processes in cucumber 
seedlings under suboptimal temperature. The similar role 
of GA3 has been obtained in salt-treated chickpea (Kaur 
et al., 1998). Under suboptimal temperature, plants are 
overloaded with ROS, which inhibits several plant 
processes and imposes damage to the plants in  different 

ways. It has been reported that plant growth regulators 
such as gibberellins (GA3) can play a vital role in the 
tolerance to abiotic stress including heavy metals, salt 
stress by improving activities of antioxidant enzymes and 
by preventing lipid peroxidation (maggio et al., 2010; 
Siddiqui et al., 2010). In the present study, application of 
GA3 significantly decreased accumulation of H2O2 in 
cucumber hypocotyls and radicles under suboptimal 
temperature, and lower accumulation of H2O2 may be 
mainly responsible for lower lipid peroxidation which was 
confirmed by lower accumulation of TBARS. It is well 
known that the induced increase of antioxidant enzyme 
activities including SOD, CAT, GPX and APX can be 
considered as an important mechanism in the cellular 
defense strategy against oxidative stress, in the present 
study, application of GA3 increased the activities of all 
these enzymes, this might be one important mechanism 
of GA3 decreasing accumulation of ROS  and  lower  lipid  
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Figure 3. Effects of GA3 on the activities of DPPH scavenging (A), ·OH scavenging (B) and Fe2+-chelating in 
cucumber hypocotyls and radicles under suboptimal temperature (day/night temperature 18/12°C). Data are means ± 
SD of three replicates in one experiment. Mean values by different letters (a to d) are significantly different at P<0.05. 

 
 
 
peroxidation in cucumber hypocotyl and radicle. 
Compared to other growth regulators, there is not much 
information on the role of GA on abiotic stress responses, 
Heckman et al. (2002) have obtained that Kentucky 
bluegrass plants treated with a GA inhibitor were less 
heat tolerant than untreated plants, pointing out a role of 
GAs in thermotolerance. 

Alonso-Ramírez et al. (2009) has reported exogenous 
application of GA3 was able to reverse the inhibitory 
effect of salt, oxidative and heat stress in the germination 
and seedling establishment of Arabidopsis, and this effect 
was attributed to the induced SA biosynthesis. To  directly 
make clear the antioxidative activity induced by GA3 in 
cucumber hypcotyls and radicles under suboptimal 
temperature, DPPH radical scaven-ging activity, hydroxyl 
Radical (�HO) scavenging activity and ferrous ion 
chelating ability were investigated in the present study. 
DPPH-radical scavenging activity is a measure of non-
enzymatic antioxidant activity, it has been reported that 
the chilling-tolerant cucumber radicles had higher levels 
of DPPH scavenging activity (Kang et al., 2002b) and 
there is a correlation between DPPH scavenging activity 
in cucumber radicles and vigour difference in chilling 
sensitivity (Kang et al., 2002a),  therefore,  the  increased  

DPPH-radical scavenging activity provided a further proof 
that GA3 induced antioxidative activity in cucumber 
hypocotyls and radicles under suboptimal temperature. 
Hydroxyl radical is the most reactive free radical and can 
be formed from superoxide anion and hydrogen peroxide, 
in the presence of metal ions, such as iron and copper 
(Halliwell, 2006). Hydroxyl radicals actively react with 
lipid, polypeptides, proteins, and DNA, and the efficient 
scavenging of hydroxyl radicals is vital for maintaining 
normal metabolism of organisms. In the present study, 
GA3 treatment could significantly increased hydroxyl 
radical scavenging activity and ferrous ions chelating   
activity in cucumber hypocotyls and radicles under 
suboptimal temperature, which could be partly response-
ble for lower lipid peroxidation. In common, the 
germination stimulation by gibberellin is greatly attributed 
to increasing amylase expression and activity, in the 
present study, the similar results were obtained in 
cucumber cotyledon. 

The amylase of cotyledon in the germination process 
plays an important role in the formation of glucose from 
starch, its decrease restricts thedistribution of carbohy-
drates to the embryonic axis, which can result in reduced 
growth   of  hypocotyl  and   radicles.  Kaur  et  al.  (1998)
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Figure 4. Effects of GA3 on the activity of amylase in cucumber cotyledons 
under suboptimal temperature (day/night temperature 18/12°C). Data are 
means ± SD of three replicates in one experiment. Mean values by different 
letters (a to d) are significantly different at P<0.05. 

 
 
 
obtained that GA3 reversed the negative effects on salt 
stress in chickpea by enhancing amylase activity and  
mobilization of starch in cotyledons. Based on the 
observation, it could be concluded that the stimulated 
growth of cucumber hypocotyls and radicles by GA3 
under suboptimal temperature might also be partly due to 
the induced amylase activity. In dark germinated 
soybean, the close correlation between �-amylase and 
increased phenolic synthesis, antioxidant activity, and 
GPX activity were obtained (McCue et al., 2004), 
furthermore, McCue et al. (2004) attributed these 
phenomenon to carbohydrate mobilization, therefore, in 
the present study, antioxidative activity induced by GA3 
might be closely related with increasing amylase activity. 
 
 
ACKNOWLEDGEMENT 
 

This work was supported by the National Basic Research 
Program of China (2009CB119000). 
 
 
REFERENCES 
 

Alonso-Ramírez, A, Rodríguez D, Reyes D, Jiménez JA, Nicolás G, 
López-Climent M, Gómez-Cadenas A, Nicolás C (2009) Evidence for 
a role of gibberellins in salicylic acid-modulated early plant responses 
to abiotic stress in Arabidopsis seeds. Plant Physiol., 150: 1335-
1344. 

Bari R, Jones JDG (2009) Role of plant hormones in plant defence 
responses. Plant Mol. Biol., 69: 473-488. 

Garbero M, Pedranzani H, Zirulnik F, Molina A, Pérez-Chaca MV, 
Vigliocco A, Abdala G (2010) Short-term cold stress in two cultivars of 
Digitaria eriantha: effects on stress-related hormones and antioxidant 
defense system. Acta Physiol Plant (DOI 10.1007/s 11738-010-0573-
z) 

Golan-Goldhirsh A, Barazani O, Nepovim A, Soudek P, Smrcek S, 
Dufkova L, Krenkova S, Yrjala K, Schröder P, Vanek T (2004). Plant 
response to heavy metals and organic pollutants in cell culture and at 
whole plant level. J. Soil Sed., 4: 133-140. 

Halliwell B (2006). Reactive species and antioxidants. Redox biology is 
a fundamental theme of aerobic life. Plant Physiol., 141: 312-322 

Hartweck LM (2008). Gibberellin signaling. Planta, 229: 1-13. 
Heckman NL, Horst GL, Gaussoin RE, Tavener BT (2002). 

Trinexapacethyl influence on cell membrane thermostability of 
Kentucky bluegrass leaf tissue. Sci. Hortic. (Amsterdam), 92: 183-
186.  

Hendrix FF, Campbell WA (1973) Pythiums as plant pathogens. Annu. 
Rev. Phytopath., 11: 77-98  

Kang HM, Saltveit ME (2002a). Effect of chilling on antioxidant enzymes 
and DPPH-radical scavenging activity of high- and low-vigor 
cucumber seedling radicles. Plant Cell Environ., 25: 1233-1238. 

Kang HM, Saltveit ME (2002b). Reduced chilling tolerane in elongation 
cucumber seedlings radicles is related to their reduced enzyme and 
DPPH-radical scavenging activity. Physiol. Plant, 115: 244-250 

Kaur S, Gupta AK, Kaur N (1998). Gibberellin A3 reverses the effect of 
salt stress in chichpea(Cier arietinum L.) seedlings by enhancing 
amylase activity and mobilization of starch in cotyledons. Plant 
Growth Regul., 26: 85-90.  

Khan MH, Panda SK (2008). Alterations in root lipid peroxidation and 
antioxidative responses in two rice cultivars under NaCl-salinity 
stress. Acta Physiol. Plant, 30: 81-89 

Li JR, YU K, Wei JR, Ma Q, Wang BQ, Yu D (2010). Gibberellin retards 
chlorophyll degradation during senescence of Paris polyphylla. Biol. 
Plant, 54: 395-399. 

Liang W, Wang M, Ai X (2009). The role of calcium in regulating 
photosynthesis and related physiological indexes of cucumber 
seedlings under low light intensity and suboptimal temperature 
stress. Sci Hort., 123: 34-38. 

Maggio A, Barbieri G, Raimondi G, Pascale SD (2010) Contrasting 
effects of GA3 treatments on tomato plants exposed to increasing 
salinity. J. Plant Growth Regul., 29: 63-72. 

Manda KD, Adams C, Ercal N (2010). Biologically important thiols in 
aqueous extracts of spices and evaluation of their in vitro antioxidant 
properties. Food Chem., 118: 589-593. 

McCue PP, Shetty K (2004). A role  for  amylase  and  peroxidase-linked  



4098         Afr. J. Agric. Res. 
 
 
 

polymerization in phenolic antioxidant mobilization in dark-germinated 
soybean and implications for health. Process Biochem., 39: 1785-
1791. 

Miyagi M, Oku H, Chinen I (1990). Purification and action pattern on 
soluble starch of �-amylase from sugarcane leaves. Agric. Biol. 
Chem., 54: 849-885. 

Moldovan L, Moldovan NI (2004). Oxygen free radicals and redox 
biology of organelles. Histochem. Cell Biol., 122: 395-412. 

Mutasa-Göttgens E, Hedden P (2009). Gibberellin as a factor in floral 
regulatory networks. J. Exp. Bot., 60: 1979-1989. 

Nakano Y, Asada K (1981) Hydrogen peroxide scanvenged by 
ascorbated specific peroxidase in spinach chloroplast. Plant Cell 
Physiol., 22: 867-880 

Nelson N (1944). A photometric adaptation of Somogyi method for the 
determination of glucose J. Biol. Chem., 153: 375-380 

Nickel RS, Cunningham BA (1969). Improved peroxidase assay method 
using Ieuco 2,3,6-trichlcroindophenol and application to comparative 
measurements of peroxidase catalysis. Anal. Biochem., 27: 292-299. 

Patra HL, Kar M, Mishre D (1978). Catalase activity in leaves and 
cotyledons during plant development and senescence. Biochem 
Physiol. Pflanz, 172: 385-390. 

Patterson BD, MacRae EA, Ferguson IB (1984). Estimation of hydrogen 
peroxide in plant extracts using titanium (IV). Anal Biochem., 139: 
487-492. 

Raizada P, Raghubanshi AS (2010). Seed germination behavior of 
Lantana camara in response to smoke. Trop. Ecol., 51(2S): 347-352. 

Shalata A, Tal M (1998) The effect of salt stress on lipid peroxidation 
and antioxidants in the leaf of the cultivated tomato and its wild salt-
tolerant relative Lycopersicon penellii. Physiol Plant 104: 167-174 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Sharp RG, Else MA, Davies WJ, Cameron RW (2010) Gibberellin-

mediated suppression of floral initiation in the long-day plant 
Rhododendron cv. Hatsugiri. Sci. Hort., 124: 231-238. 

Shi Q, Bao Z, Zhu Z, Ying Q, Qian Q (2006). Effects of different 
treatments of salicylic acid on heat tolerance, chlorophyll 
fluorescence, and antioxidant enzyme activity in seedlings of 
Cucumis sativa L. Plant Growth Regul., 48: 127-135. 

Shi Q, Ding F, Wang X, Wei M (2007). Exogenous nitric oxide protect 
cucumber roots against oxidative stress induced by salt stress. Plant 
Physiol. Biochem., 45: 542-550 

Siddiqui MH, Al-Whaibi MH, Basalah MO (2011). Interactive effect of 
calcium and gibberellin on nickel tolerance inrelation to antioxidant 
systems in Triticum aestivum L. Protoplasma (DOI 10.1007/s00709-
010-0197-6). 

Stewart RC, Bewley JD (1980). Lipid peroxidation associated with 
accelerated aging of soybean axes. Plant Physiol., 65: 245-248 

Syeed S, Anjum NA, Nazar R, Iqbal N, Masood A, Khan NA (2011). 
Salicylic acid-mediated changes in photosynthesis, nutrients content 
and antioxidant metabolism in two mustard (Brassica juncea L.) 
cultivars differing in salt tolerance. Acta Physiol. Plant, 33: 877-886 

Wang WB, Kim YH, Lee HS, Deng XP, Kwak SS (2009). Differential 
antioxidation activities in two alfalfa cultivars under chilling stress. 
Plant Biotechnol. Rep., 3: 301-307 

 
 


