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In this study, strawberry seedlings were treated with 250 mmol·L
-1

 NaCl solution; then the O2
- 
production 

rate, the content of H2O2 and thiobarbituric acid reactive substance (TBARS), electrolyte leakage (EL), 
the enzyme activity of superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) in the root tip 
cells were determined to be used for analysis after salt stress. The results revealed that the O2

-
 

production rate, EL, and the content of TBARS showed an increasing trend with the time of salt stress, 
while the content of H2O2, the enzyme activity of SOD, POD and CAT exhibited a pattern of increasing 
first and decreasing later under the salt stress. In conclusion, the results demonstrated that the 
oxidative damage in root tip cells of strawberry was increased with the time of salt stress, and the 
enhanced antioxidant activity was not enough to eliminate the peroxidation damage which was caused 
by 250 mmol·L

-1
 NaCl solution. 
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INTRODUCTION 
 

Roots are not only the most important nutrient uptake 
organs of plants, but also the most sensitive parts of salt 
stress, and promote the plant to make a further response 
to stress. Roots response to salt stress mainly includes 
growth inhibition, osmotic regulation, protects the enzyme 
system to operate effectively, the metabolism of active 
oxygen, the changes of membrane structure and function 
in the root (Bohra and Doerffling, 1993). Salt stress leads 
to accumulation of a variety of reactive oxygen species 
(ROS) in plant cells, such as H2O2 and O2

-
; the excessive 

ROS is toxic to the plant cells and causes the 
peroxidation of membrane lipid, which leads to an 
increase in the level of EL level and the content of 
TRABS, and degradation of biological molecules such as 
proteins, DNA molecules and carbohydrates (Rusty and 
Regina, 2005; KOC, 2015;  Yang  and  Guo,  2018),  thus  
 

affecting the normal functions of these molecules, which 
interfere with the normal physiological activities of the 
cells. Further research indicates that the imbalance of 
ROS metabolism is the primary reason that salt stress 
leads to the over-oxidation injury in plant cells and cell 
death

 
(Katsuhara and Kawasaki, 1996). There are non-

enzymatic antioxidant systems, and antioxidant enzyme 
systems in the plants to eliminate the peroxidation 
damage caused by salt stress and to maintain the normal 
growth of plants. 
   The strawberry (Fragaria × ananassa Duch) is the 
collective name of Rosaceae family plants, belonging to 
perennial herbaceous plants, the fruits are red berries, 
soft and succulent, with unique flavor, so it is popular with 
people. With facilities in the development of agricultural 
technology,  the  cultivation  facilities  of  strawberry  have
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also been developed rapidly. However, secondary 
salinization of the soil gradually becomes an important 
factor limiting the greenhouse cropping system, which 
affects the improvement of the yield and quality of 
strawberry. Therefore, the study on the damage to 
strawberry growth and root system caused by high 
concentration salt stress becoming an important subject 
for the future development of strawberry industry. In this 
work, the strawberry root tip was used to analyze 
antioxidant activity and peroxidation damage under the 
salt stress, which provides a theoretical basis for the 
study of the effects of salt stress on the physiological 
characteristics of strawberry. 
 
 
MATERIALS AND METHODS 
 
Plant and treatment 
 
Forty-five-days old strawberry (Fragaria × ananassa Duch. cv. 
Fengxiang) plants were used in this study; the uniform and healthy 
seedlings were pre-cultured with 1/2 strength Hoagland’s nutrient 
solution for three weeks until the growth of roots at about 6 cm. 
Then, the strawberry seedlings were divided into two groups 
(control and stress treatment) and transferred into Hoagland’s 
nutrient solution and high-salinity 1/2-strength Hoagland’s nutrient 
solution (250 mmol·L-1 NaCl), and then the 1 cm roots tip samples 
were harvested at 0, 12, 24, 48 and 72 h, respectively. Then, the 
samples were frozen immediately in liquid nitrogen and stored at -
80°C for the further experiments. The strawberry seedlings were 
kept in a growth chamber with a light/dark regime of 16 h/8 h at 
24°C, 75% relative humidity, and a light intensity of 800 µmol m-2 s-1 
of photosynthetically active radiation. The culture solution was as 
follows: 6 mmol·L-1 KNO3, 4 mmol·L-1 Ca(NO3)2, 2 mmol·L-1 
NH4H2PO4, 1 mmol·L-1 MgSO4, 50 μmol·L-1 KCl, 10 μmol·L-1 H3BO3, 
2 μmol·L-1 MnSO4, 2 μmol·L-1 ZnSO4, 0.5 μmol·L-1 CuSO4, 0.065 
μmol·L-1 (NH4)6Mo7O24, and 40 μmol·L-1 Fe–EDTA (Hoagland and 
Arnon, 1950). The nutrient solution was ventilated for 30 min every 
2 h by the combined action of the timer (Pinyi AL-06, China) and 
ventilation pump (SUNSUN ACO, China); the hydroponic system is 
shown in Supplementary Figure 1 and replaced once a day. The pH 
of all nutrient solutions was adjusted to 6.5 with 0.1 M KOH. Three 
biological replicates were used for each sample and 50 seedlings 
were used for each group. 

 
 
Physiological measurement 

 
The measurement of electrolyte leakage (EL) referred to the 
method used by Heath and Packer 1968), and the content of 
thiobarbituric acid reactive substance (TBARS) was measured by 
adding an equal aliquot of 0.5% TBA in 20% trichloroacetic acid to 
an aliquot of the incubation mixture containing a few grains of sand 
used as a boiling aid. The solution was heated 25 min at 95°C, and 
then centrifuged for 1 min in a clinical centrifuge to clarify the 
solution. Absorbancy was measured at 532 nm corrected for 
nonspecific turbidity by subtracting the absorbancy at 600 nm (Fu 
and Huang, 2001). H2O2 was extracted and measured by 
Mukherjee and Choudhuri (1983), and brief method is as follows: 
0.5 mL potassium phosphate buffer with pH=7.8 was added to the 
test tube containing the sample, and then 0.1 mL with 10 mmol/L 
hydroxylamine hydrochloride were added to the experimental 
sample. After 20 min of water bath (25°C), 1 mL with 58 mmol/L of 
sulfonamide and 1 mL with 7 mmol/L of alpha-naphthalamine were 
added  to  the  experimental  sample.  After  20  min  of  water   bath  
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(25°C), the light absorption value of the sample at 530 nm was 
measured. O2

- production rate were measured by Elstner and 
Heupel (1976), and the brief method is as follows: isolation was 
made from 5 g of tissue in ice cold acetone. By addition of 5% (w/v) 
titanyl sulphate and conc. NH4OH solution, the peroxide-titanium 
complex was precipitated. This was dissolved in 15 ml of 2 M 
H2SO2, marking the final volume 20 ml with cold water. The 
absorbance was read at 415 nm against a water blank. The H2O2 
content was calculated from a standard curve prepared in a similar 
way. Activities of catalase (CAT), peroxidase (POD) and superoxide 
dismutase (SOD) referred to the method used by Chen and Cheng 
(2003) and Giannopolitis and Ries (1977), respectively. For CAT, 
the decomposition of H2O2 was measured by the decline in 
absorbance at 240 nm for 1 min. The 3 ml reaction mixture 
contained 0.1 ml enzyme extract, 15 mM H2O2 and 50 mM 
phosphate buffer (pH 7.0), which initiated the reaction. For POD, 
the oxidation of guaiacol was measured by the increase in 
absorbance at 470 nm for 1 min. The reaction mixture contained 0.1 
ml enzyme extract, 50 μl of 20 mM guaiacol and 2.8 ml of 10 mM 
phosphate buffer (pH 7.0). The reaction was started with 20 μl of 40 
mM H2O2. For SOD, a 3 ml reaction mixture contained 20 μl of 
enzyme extract, 1.3 μM riboflavin, 63 μM NBT, 13 mM methionine, 
0.1 mM EDTA, and 50 mM phosphate buffer (pH 7.8). The test 
tubes containing the mixture were placed under light at 78 μmol 
photons s-1 m-2 for 10 min and absorbance at 560 nm was recorded. 
Each treatment was repeated three times. 
 
 
Statistical analysis  
 
Three replicates (three plants per replicate) were used for all 
experimental treatment. Statistical analyses of the data were 
performed using the SPSS statistical package and the differences 
were statistically compared by employing the Duncan test with a 
significance level of p < 0.05. 

 
 
RESULTS 
 
To evaluate the degree of oxidation of strawberry root tip 
cells, the O2

-
 production rate and the content of H2O2 

were measured. As shown in Figure 1A, the production 
rate of O2

-
 did not change notably in the control, however, 

the production rate of O2
-
 went

 
up steadily until reaching 

the peak value at 72 h in the strawberry root tip cells 
under the salt stress treatment, nearly 2.1 times higher 
than the control. There was no significant change in the 
content of H2O2 in the root tip of the control, while the 
content of H2O2 rose steadily at the root tip of strawberry 
until reaching the peak at 36 h under salt stress, which 
was 2.4-fold increase relative to the control, and the 
content of H2O2 decreased afterwards, but was still 
significantly higher than the control (Figure 1B). 

TBARS was one of the main products of membrane 
lipid peroxidation, which shows the degree of oxidative 
damage in plant cells. As shown in Figure 2A, the content 
of TBARS had been higher than the control after 12 h salt 
stress treatment in the root tip cells of strawberry, and 
then continued to rise until reaching the maximum value 
at 72 h, almost 3 times as much as the control. In this 
period, there were few changes in the control (Figure 2A). 

In addition, there was the same trend of the level of EL 
and the content of TBARS in both control and treatments, 
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Figure 1. The changes of O2
- production rate (A) 

and the content of H2O2 (B) in CK and salt stress 
treatment in the root tip cell of strawberry.  

 
 
 

 
 

Figure 2. The content of TBARS (A) and the 
level of EL (B) in the strawberry root tips of 
strawberry under salt stress. 

 
 

 
and the level of the EL reached the peak value at 72 h in 
the root tip cells of strawberry under salt stress, which 
was 3.5-fold increase relative to the control (Figure 2B). 
These results indicated that salt stress caused injury to 
the membrane in the root tip cells of strawberry, which 
increased the permeability of plasma-membrane leading 
to increase in the TBARS content and the EL.  

Three significant antioxidant enzymes (SOD, POD and 
CAT) were important factors for scavenging  ROS,  which  

 
 
 
 

 
 

Figure 3. Activities of antioxidant enzymes in the 
root tip cells of strawberry under normal conditions 
and salt stress treatment. (A-C) Activities of SOD 
(A), POD (B) and CAT (C) in the root tip cells of 
strawberry under normal conditions and salt stress 
treatment. 

 
 
 
proved to be the most effective in maintaining the balance 
of ROS in plant cells. In the present study, the activities of 
the three antioxidant enzymes were measured under 
normal condition and salt stress treatment with the 
extension of processing time. As can be seen in Figure 
3A, the activities of SOD in the root tip cells of strawberry 
had no significant changes under normal condition, while 
the activities of SOD rise during early salt stress 
treatment, but tended to decline after 24 h and became 
significantly higher than the control at 72 h. The activities 
of POD and SOD in the root tip cells of strawberry 
showed similar tendency, except the activities of POD in 
control were higher than in the case of salt stress 
treatment at 72 h (Figure 3B). Besides that, the variation 
patterns of CAT enzyme activities were similar to that of 
POD enzyme activities (Figure 3C). 



 
 
 
 
DISCUSSION 
 

Salt stress causes a variety of injuries to plant cells, 
among which ion toxic, osmotic stress and the 
accumulation of ROS are the particular problems  (Mittler, 
2002). ROS is the secondary metabolite in plant 
photosynthesis and respiration, which primarily is 
generated in some oxidation of some mitochondrial 
enzymes, chloroplasts and peroxisome. Under normal 
growth conditions, the generation and depletion of ROS 
are kept in a state of dynamic balance, nevertheless, the 
state of balance is easy to destroy to generate excessive 
ROS in plant cells in the abiotic stress conditions which 
leads to oxidative stress occurrence and cell damage 
(Faghih et al., 2017). Under salt stress, the fixed rate of 
CO2 is limited, leading to increase in the suppression of 
electron flow in the photosynthetic chains, thus excessive 
superoxide anion, other free radicals and active oxygen 
such as H2O2 and O2

- 
are generated (Gill and Tuteja, 

2010). In this research, we found that the O2
-
 production 

rate and the content of H2O2 in the root tip cells of 
strawberry increased significantly as stress time 
increased, which is supported by earlier studies, such as 
soybean, wheat and chickpea. Under the condition of 
oxidative stress, ROS are so extremely active that lead to 
membrane lipid peroxidation. Fortunately, the existence 
of antioxidant enzymes such as POD, SOD and CAT in 
the plant cells can reduce the damage by the 
peroxidation. However, the present study shows that 
though the activities of antioxidant enzyme are elevated, 
but there are still high EL level and TBARS content in the 
root tip cells of strawberry under salt stress treatment, 
which are similar to the experimental results of Christou 
et al. (2014), showing that the antioxidant system does 
not provide enough protection to prevent the root tip cells 
of strawberry from the oxidative damage, and the results 
of this study are similar to the results reported by Rasool 
et al. (2013). In addition, although the activity of 
antioxidant enzymes increased in the early stage of salt 
stress, with the extension of stress time, the ability of 
antioxidant system to scavenge reactive species is 
gradually reduced, which further aggravates lipid 
peroxidation reaction in the root tip cells of strawberry, 
which are supported by Christou et al. (2014) and Gill 
and Tuteja (2010). 
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Supplementary Figure 1. A hydroponic plant schematic diagrams of the strawberry seedlings. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


