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Abstract 
 
Several different concentrations of α-tocopherol were applied to Carex leucochlora after plants had been treated with 
high salinity (0.8 % NaCl) in a greenhouse for one month. The results revealed that 0.8 mM α-tocopherol treatment 
showed the greatest alleviation of growth inhibition and cell membrane damage induced by salt stress. In comparison 
with NaCl alone, the 0.8 mM α-tocopherol application significantly decreased the content of hydrogen peroxide and the 
rate of superoxide radical generation, and increased the content of chlorophyll b, carotenoids, free proline, and soluble 
protein, but had no effect on the content of chlorophyll a and soluble sugar. These results suggest that α-tocopherol 
could effectively protect C. leucochlora plants from salt stress damage presumably by quenching the excessive reactive 
oxygen species to protect the photosynthetic pigments and by enhancing the osmotic adjustment. 
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Introduction 
 
Carex leucochlora Bunge, with short rhizome and dense 
cluster, is one of the most ecologically important genera 
of perennial herbs. The genus is evergreen in subtropical 
regions and it is adapted to a wide range of ecological 
condition (Ning et al. 2014). Salinity stress is one of the 
most common abiotic stresses, which negatively affect 
plant growth in different regions. Therefore, it is 
important to develop and exploit the salt-tolerant plants 
(Alig et al. 2004). Efforts to control salinity by various 
means, such as foliar application of antioxidants, have 
been made for developing the sustainable agriculture and 
landscape gardening (Azooz et al. 2002).  
 Tocopherols are members of the vitamin E 
compounds and α-tocopherol is localized in chloroplasts, 
and usually accounts for more than 90 % of the leaf 
content of vitamin E (Espinoza et al. 2013). It is widely 
believed that this soluble antioxidant may protect the 
photosynthesis by quenching singlet oxygen generated 
mostly by chlorophyll in photosystem II (PS II), and 
prevents the membrane lipid peroxidation by scavenging 

harmful radicals in thylakoid membranes (Krieger-
Liszkay 2005, Munne-Bosch 2005). The content of  
α-tocopherol in plant leaves changes in response to 
environmental constraints, depending on the magnitude 
of the stress and species sensitivity to stress (Semchuk et 
al. 2009, Espinoza et al. 2013). The accumulation of  
α-tocopherol correlates with higher water content, 
elevated photosynthesis, and decreased damages induced 
by oxidative stress (Espinoza et al. 2013). In turn, plants 
with lower total tocopherol content are more susceptible 
to abiotic stresses (Abbasi et al. 2007).  
 To date, few studies have been published regarding 
the function of α-tocopherol in ground cover plants with 
high ornamental value under salt stress. The foliar 
application of α-tocopherol may be a useful method to 
reduce salt stress. Therefore, the aim of this study was to 
investigate the effects of different concentrations of  
α-tocopherol on growth characteristics and physiological 
attributes of C. leucochlora under salinity stress.  

 
 
 
Submitted 2 July2016, last revision 16 September 2016, accepted 14 October 2016. 
Abbreviations: Car - carotenoids; Chl - chlorophyll; MDA - malondialdehyde; O2

· - superoxide radical; PPFD - photosynthetic 
photon flux density; PS II - photosystem II; ROS - reactive oxygen species; TBA - thiobarbituric acid; TCA - tricarboxylic acid. 
Acknowledgements: We are grateful to Dr. Qian-Quan Sun (University of Wyoming) for critically reading of the manuscript. This 
study has been supported Fund of Shandong Province Modern Agricultural Technology System Innovation Team (grant No.  
SDAIT-06-07) and by the Natural Science Foundation of Shandong Province, China (grant No. ZR2011CM048).  
* Corresponding author, e-mail: wangwenli169@163.com 



Y.R. YE et al. 

566 

Materials and methods 
 
Plants, cultivation, and treatments: The experiment 
was conducted in the greenhouse of the Horticulture 
Experimental Site, Shandong Agricultural University, 
northern China, from November 2015 to March 2016. 
Temperature, humidity, and photosynthetic photon flux 
density (PPFD) in the greenhouse was measured with a 
data logger HOBO U12-012 (Onset Computer 
Corporation, MA, USA). During the test, daily tempe-
ratures averaged 18.8 °C, relative humidity 69.3 %, and 
PPFD 362 mol m-2 s-1. 
 Uniform perennial plants of Carex leucochlora Bunge 
were selected and divided into similar ramets, which were 
obtained from Mount Tai, Shandong province of China. 
Each pot was filled with Vermiculite that had been 
disinfected with potassium permanganate. Each treatment 
group contained 10 plants and each treatment was 
repeated three times. All pots were arranged completely 
randomized in the greenhouse. After 30 d, the plants were 
added with the mixture of half-strength Hoagland 
solution with 0.8 % (m/v) NaCl. The NaCl solution  
(1 dm3) was administered once a week and the water was 
applied twice a week throughout the experiment. The 
selection of NaCl concentration was based on our 
preliminary study. The concentrations of NaCl above 
0.8 % were proved to be lethal for these plants. Plants in 
each plot were sprayed to run-off with 0, 0.25, 0.5, 0.8, 
and 1.0 mM α-tocopherol (Yuanye Bio-Technology Co., 
Shanghai, China) after salt stress treatment, and then the 
sprays were repeated at the third, fifth, and seventh day 
after salt stress treatment. The concentrations, the number 
and the timing of sprays were based on results from a 
preliminary study. Because α-tocopherol has low 
solubility in water, to ensure optimal penetration into leaf 
tissues, 0.1 % (v/v) Tween-20 was added to the foliar 
sprays as a surfactant. 
 Samples were collected at the end of the spraying to 
screen for optimum foliar-applied concentration of  
α-tocopherol according to the changes of plant height, dry 
biomass, relative membrane permeability, and MDA 
content of plant leaves. The other parameters were 
determined at the end of experiment.  
 
Growth, membrane permeability, and malondialde-
hyde content: At the end of each experiment, the height 
of plants was measured. Plants were moved smoothly to 
remove the adhering sand particles and divided into 
leaves and roots. Dry masses of the roots and shoots were 
measured after placing the samples in an oven run at  
80 °C to a constant mass. Relative membrane 
permeability was determined by measuring electrical 
conductivity according to Zhang et al. (2013) with some 
modifications. One sample of each duplicate was soaked 
in 20 cm3 of deionized water, using 0.5 g samples of 
fully-expanded leaf tissue, and maintained in the 
incubator at 25 °C in a water bath for 24 h. The initial 

electrical conductivity of the solution was measured using 
a conductivity meter (FG3-ELK, Mettler-Toledo Co., 
Zurich, Switzerland). The sample was then boiled at 
100 °C for 10 min, and conductivity was measured again. 
 Lipid peroxidation was determined by estimating 
malondialdehyde (MDA) content by the method 
described by Heath and Packer (1968) with some 
modifications. Leaf tissue (0.2 g) was homogenized with 
50 mM phosphate buffer (pH 7.8), and then centrifuged at 
8 000 g for 15 min. Then, 1 cm3 of supernatant was 
mixed with 2.5 cm3 of thiobarbituric acid (TBA) solution 
and heated at 100 °C for 30 min. After cooled on ice, the 
mixture was centrifuged at 10 000 g for 5 min and 
absorbances of supernatant were measured at 532 and 
600 nm using a spectrophotometer UV-2450 (Shimadzu, 
Kyoto, Japan).  
 
Hydrogen peroxide (H2O2) content and superoxide 
radical (O2

·) production rate: The H2O2 content was 
estimated according to Shi et al. (2005). Fresh leaf 
samples (0.5 g) were homogenized in an ice bath with 
5 cm3 of 0.1 % (m/v) trichloroacetic acid (TCA) and 
centrifuged at 12 000 g for 15 min. Then, 1 cm3 of 
supernatant was added to 1 cm3 of 100 mM potassium 
phosphate buffer (pH 7.0) and 2 cm3 of 1 M potassium 
iodide. Absorbance was measured at 390 nm and the 
content of H2O2 was calculated using a standard curve 
plotted with known concentrations of H2O2. 
 The production rate of O2

· was measured as follows: 
fresh leaves (0.1 g) were cut into small fragments and 
immersed in 1 cm3 of 50 mM phosphate buffer (pH 7.8), 
and then the solution was centrifuged at 10 000 g for 
10 min. Afterwards, 0.5 cm3 of the supernatant was added 
to 0.5 cm3 of 65 mM phosphate buffer (pH 7.8) and 
0.1 cm3 of 10 mM hydroxylamine chlorhydrate and then 
the mixture was incubated at room temperature for 1 h. 
After then, 17 mM sulphanilamide (1 cm3) and 7 mM  
α-naphthylamine (1 cm3) were added to the mixture. 
After 20 min, absorbance was read at 530 nm and the 
production rate of O2

· was calculated from a standard 
curve generated with known concentrations of NaNO2 

(Elstner and Heupel 1976). 
 
Chlorophyll and carotenoid content: The photo-
synthetic pigments analysis was carried out as described 
by Liu et al. (2012) based on Lichtenthaler and Wellburn 
(1983). Fresh leaves (0.2 g) were homogenized with ice-
cold 96 % (v/v) ethanol. The homogenates were 
centrifuged at 8 000 g and 4 °C for 10 min. Supernatants 
were repeatedly extracted twice with 1 cm3 ice-cold 96 % 
ethanol. The content of chlorophyll (Chl) a, Chl b, and 
carotenoids (Car) was quantified by measuring 
absorbances at 665, 649, and 470 nm, respectively. 
 
Free proline, total soluble sugar and protein content: 
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Osmotic adjustment was assessed by determining free 
proline, total soluble sugar, and protein content. Proline 
content in leaves was measured using the rapid 
colorimetric method outlined by Bates et al. (1973). 
Fresh leaf samples (0.5 g) were ground to powder with 
10 cm3 of 3 % (m/v) sulfosalicylic acid and then the 
mixture was centrifuged at 10 000 g for 10 min. In a test 
tube, supernatant (2 cm3) was added to 2 cm3 of freshly 
prepared acid-ninhydrin reactive solution and 1 cm3 of 
glacial acetic acid. Samples were incubated in a water 
bath at 100 °C for 30 min and the reaction was terminated 
in an ice-bath. The mixture was centrifuged at 2 000 g for 
10 min and absorbance of supernatant was read at 
520 nm. Proline content was determined from a standard 
curve prepared using analytical grade proline. Total 
soluble sugars were assessed by the method of Robyt and 
White (1987). A fresh samples of 0.5 g were 
homogenized in 5 cm3 of 80 % (v/v) methanol, boiled at 

70 °C for 30 min, and 1 cm3 of phenol and 5 cm3 of 
concentrated sulfuric acid were added to 1 cm3 of the 
extract after cooling. Then, absorbance of the mixtures 
was read at 640 nm with pure methanol as a blank. 
Soluble protein of the extract was determined using 
Coomassie brilliant blue G-250 reagent according to the 
method of Bradford (1976) with bovine serum albumin as 
a standard. 
 
Statistical analysis: All data were subjected to a one-
way analysis of variance (ANOVA) using the statistical 
software SPSS v. 17.0 (SPSS Inc., Chicago, IL, USA), 
and statistical significance of the means were compared 
by Duncan's multiple range test using Least Significant 
Difference (LSD) test (α = 0.05 or 0.01). Each data point 
represents the mean of three replicates (n = 3), and was 
expressed as the mean ± standard error (SE).  

 
 
Results 
 
Under salt stress, significant reduction in plant height, 
shoot dry mass, and root dry mass (by 23.0, 41.0, and 
25.3 %, respectively) was observed in comparison with 
the control (Table 1). In contrast, α-tocopherol ranging 

from 0.2 to 0.8 mM significantly (P < 0.05) ameliorated 
these reductions. The 0.8 mM α-tocopherol was found to 
be most effective, increasing the above growth 
characteristics by 18.9, 54.2, and 14.1 %, respectively.  

 
Table 1. Effect of  exogenous α-tocopherol on growth characteristics of Carex leucochlora under salt stress (0.8 % NaCl). Control 
was sprayed with distilled water. Means  SEs, n = 3. Means with different letters within the same columns indicate significant 
differences among treatments. The growth characteristics were determined after 7 d of the treatment. 
 

Treatments Plant height [cm] Shoot dry mass [g plant-1] Root dry mass [g plant-1] 

Control 13.73  0.33 a 2.00  0.22 a 0.237  0.028 a 
NaCl 10.57  0.58 b 1.18  0.15 b 0.177  0.012 b 
NaCl+0.20 mM α-tocopherol 10.70  0.42 b 1.59  0.23 ab 0.193  0.003 b 
NaCl+0.50 mM α-tocopherol 11.90  0.81 ab 1.72  0.04 a 0.187  0.003 b 
NaCl+0.80 mM α-tocopherol 12.57  0.71 ab 1.82  0.06 a 0.202  0.006 ab 
NaCl+1.00 mM α-tocopherol 11.33  0.88 b 1.58  0.17 ab 0.183  0.003 b 

 

 
Fig. 1. Effect of exogenous α-tocopherol on the relative membrane permeability (A) and MDA content (B) in leaves under NaCl 
stress. CK - control, T0 - 0.8 % NaCl, T1 to T4 - NaCl + 0.2, 0.5, 0.8 and 1.0 mM α-tocopherol, respectively. Mean  SE (n = 3). 
Different letters indicate significant differences at P < 0.05. 
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However, when the α-tocopherol concentrations were 
higher than 0.8 mM, the rate of increase declined.  
 Salt stress alone caused a significant increase  
(P < 0.05) in relative membrane permeability (Fig. 1A) 
and MDA content (Fig. 1B). After spraying 0.2 - 1.0 mM 
α-tocopherol on leaves, the content of MDA and relative 
membrane permeability were less increased, and again, 
0.80 mM α-tocopherol was found to be most effective, 
decreasing the content of MDA and relative membrane 
permeability by 49.7 and 34 %, respectively, compared to 
NaCl treatment alone.  
 The increase in H2O2 content under NaCl stress 
treatments was delayed with respect to the production 
rate of O2

·, and the peak values of both parameters were 

2.6 and 2.3 times higher than in the control, respectively. 
In contrast, α-tocopherol foliar application caused a 
significant decrease (P < 0.05) in the content of H2O2 and 
the rate of O2

· generation by 13.3 and 30.6 % in peak, 
respectively, with respect to the plants treated with NaCl 
treatment alone (Fig. 2A,B).  
 Salt stress caused a significant decrease (P < 0.05) in 
the content of Chl a and Chl b by 29.2 and 36.8 %, 
respectively (Table 2). The content of Chl b of  
α-tocopherol treated plants was less decreased but Chl a 
content was not affected by exogenous α-tocopherol. In 
contrast, the content of carotenoids (Car) was increased 
under the salt stress as well as under NaCl and  
α-tocopherol treatment (Table 2). 

 

Fig. 2. Effect of exogenous α-tocopherol (0.8 mM α-T) on H2O2 content (A) and the rate of O2
· generation (B) in leaves under salt

stress (0.8 % NaCl). Control was sprayed with distilled water. Means  SEs, n = 3, ** and * - significant differences at P < 0.01 and 
P < 0.05, respectively. 
 
 
Table 2. Effect of exogenous α-tocopherol on content of photosynthetic pigments in leaves under salt stress (0.8 % NaCl). Control 
was sprayed with distilled water. Means  SEs, n = 3. Means with different letters within the same columns indicate significant 
differences between the treatments. The pigment content was determined after 7 d of the treatment. 
 

Treatments Chl a [mg g-1 (f.m.)]  Chl b [mg g-1 (f.m.)] Total Chl [mg g-1 (f.m.)] Car [mg g-1 (f.m.)] 

Control 1.16  0.02 a 0.39  0.03 a 1.56  0.12 a 0.410  0.022 b 
α-Tocopherol 1.22  0.03 a 0.41  0.02 a 1.63  0.35 a 0.414  0.034 b 
NaCl 0.82  0.01 b 0.25  0.01 b 1.07  0.27 c 0.443  0.097 a 
NaCl+α-tocopherol 0.84  0.03 b 0.46  0.03 a 1.30  0.31 b 0.453  0.051 a 

 
 Free proline content was significantly (P < 0.05) 
affected by NaCl and α-tocopherol as well (Fig. 3A). The 
content of free proline in NaCl treated plants was higher 
than that in control and spraying α-tocopherol further 
increased free proline content. The soluble sugar content 
also increased under NaCl stress, but it did not differ 
between exogenous α-tocopherol treatment or NaCl 
treatment alone (Fig. 3B). In contrast, the content of 

soluble protein in α-tocopherol treatment was always 
higher than that of NaCl alone treatment. On the first and 
third day of the NaCl treatment, the applied α-tocopherol 
strongly increased (P < 0.05) soluble protein content by 
52.8 and 38.1 %, respectively, compared with the 
controls. The soluble protein content was reduced and 
stabilized after the third day (Fig. 3C). 

 
 



TOCOPHEROL ENHANCED SALT TOLERANCE 

569 

Discussion 
 
Non-halophytes are very sensitive to salt, which leads to 
the inhibition of plant growth under the salt stress. 
Results of the current study further confirmed the 
negative effect of NaCl treatments on plant growth of  
C. leucochlora. However, we observed that exogenous  
α-tocopherol partially rescued the deleterious effect of 
salt stress on the growth of this species. A significant 
increase in plant height, shoot dry mass and root dry mass 
was observed, which was concomitant with the decreased 
relative membrane permeability and MDA content in 
comparison with NaCl stress alone. We observed that 
0.8 mM α-tocopherol treatment could effectively 
ameliorate NaCl induced oxidative stress suggesting that 
 

 
Fig. 3. Effect of exogenous α-tocopherol (0.8 mM α-T) on free
proline (A), soluble sugars (B), and proteins (C) in leaves under
salt stress (0.8 % NaCl). Control was sprayed with distilled
water. Means  SEs, n = 3, ** and * - significant differences at
P < 0.01 and P < 0.05, respectively. 

α-tocopherol might fulfill crucial roles in scavenging 
radicals and thus reduce excess salt-stress induced ROS, 
and, consequently, promote healthy plant growth under 
moderate salinity as previously reported by Bosch (1995). 
 α-Tocopherol is located in the chloroplast envelope, 
thylakoid membranes, and plastoglobuli. This antioxidant 
deactivates photosynthesis-derived ROS, and prevents the 
propagation of lipid peroxidation by scavenging lipid 
peroxyl radicals in thylakoid membranes. It affects many 
physiological processes (Azooz et al. 2002, Barakat 
2003) and directly  neutralizes superoxide radicals or 
singlet oxygen in plant cells (Foyer and Noctor 2005) that 
confirm a significant decrease in the content of H2O2 and 
the production rate of O2

· by the application of  
α-tocopherol under salt stress (Fig. 2). α-Tocopherol is an 
important part of the plant defence machinery involved in 
maintaining the integrity and normal function of the 
photosynthetic apparatus (Liu et al. 2008). Chlorophyll 
content is widely used as an index to indicate the abiotic 
tolerance in plants. It is well documented that the 
stressful environments such as salinity result in decreased 
Chl content. The results presented here show that foliar 
application of 0.8 mM α-tocopherol to C. leucochlora 
plants led to a significant increase in Chl b and Car 
content under NaCl stress. 
 Osmotic adjustment plays an important role in plants 
under salt stress. Free proline acts as an osmoprotectant, a 
membrane stabilizer, and a ROS scavenger in plants 
(Song et al. 2016). Thus, the change of proline content is 
an indication of a critical point for plant growth under 
stress (Watanabe et al. 2001). Little is known about how 
exogenous α-tocopherol regulates osmotically active 
substances in C. leucochlora plants. We have shown that 
the content of free proline and soluble protein increased, 
and soluble sugar did not show any significant change 
due to application of 0.8 mM α-tocopherol compared 
with plants treated with NaCl alone. These results are not 
completely consistent with the previous results reported 
by Azooz et al. (2011), Abd El-Samad et al. (2011),  
El-Lethy et al. (2013), and Semida et al. (2014) from 
different plant species. This may depend on the 
magnitude of the stress and species-sensitivity to stress. 
 In conclusion, these results suggested that exogenous 
α-tocopherol treatment could alleviate the negative effect 
of salt stress, and therefore allows plants to increase their 
tolerance to unfavorable conditions. Our results extend 
the available knowledge of the mechanisms underlying 
salt tolerance induced by α-tocopherol. The potential 
mechanisms include: 1) elimination of ROS and 
protection of membranes from lipid peroxidation;  
2) increase in the content of photosynthetic pigments and  
osmotically active substances. As a result, growth of the 
plants is promoted. Therefore, the exogenous application 
of α-tocopherol may be a useful way to improve the salt 
tolerance of ground cover plants.  



Y.R. YE et al. 

570 

References 
 
Abbasi, A.R., Hajirezaei, M., Hofius, D., Sonnewald, U., Voll, 

L.M.: Specific roles of α-and γ-tocopherol in abiotic stress 
responses of transgenic tobacco. - Plant Physiol. 143: 1720-
1738, 2007. 

Abd El-Samad, H.M., Shaddad, M.A.K., Barakat, N.: 
Improvement of plants salt tolerance by oxygenous 
application of amino acids. - J. med. Plant Res. 5: 569-5699, 
2011. 

Alig, R.J., Kline, J.D., Lichtenstein. M.: Urbanization on the US 
landscape: looking ahead in the 21st century. - Landscape 
Urban Planning 69: 219-234, 2004. 

Azooz, M.M., Hassanein, A.M., Faheed, F.A.: Riboflavin 
(vitamin B2) treatments counteract the adverse effects of 
salinity on growth and some relevant physiological 
responses of Hibiscus sabdariffa L. seedlings. - Bull. Fac. 
Sci. Assiut. Univ. 31: 295-303, 2002. 

Barakat, H.: Interactive effects of salinity and certain vitamin on 
gene expression and cell division. - Int. J. agr. Biol. 3: 219-
225, 2003. 

Bates, L., Walden, R.P., Teare, I.D.: Rapid determination of 
free proline for water-stress studies. - Plant Soil 39: 205-
207, 1973. 

Bosch, S.M.: The role of a-tocopherol in plant stress tolerance. - 
J. Plant Physiol. 162: 743-748, 1995. 

Bradford, M.M.: A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. - Anal. Biochem. 72: 248-
254, 1976. 

El-Lethy, S.R., Abdelhamid, M.T., Reda, F.: Effect of 
potassium application on wheat (Triticum aestivum L.) 
cultivars grown under salinity stress. - World appl. Sci. J. 
26: 840-850, 2013. 

Elstner, E.F., Heupel, A.: Inhibition of nitrite formation from 
hydroxylammonium chloride: a simple assay for superoxide 
dismutase. - Anal. Biochem. 70: 616-620, 1976. 

Espinoza, A., San Martín, A., López-Climent, M., Ruiz-Lara, 
S., Gómez-Cadenas, A., Casaretto, J.A. Engineered 
drought-induced biosynthesis of α-tocopherol alleviates 
stress-induced leaf damage in tobacco. - J. Plant physiol. 
170: 1285-1294, 2013. 

Foyer, C.H., Noctor, G.: Redox homeostasis and antioxidant 
signaling: a metabolic interface between stress perception 
and physiological response. - Plant Cell 17: 1866-1875, 
2005. 

Heath, R.L., Packer, L.: Photoperoxidation in isolated 
chloroplasts: I. Kinetic and stoichiometry of fatty acid 
peroxidation. - Arch. Biochem. Biophys. 125: 189-198, 
1968. 

Krieger-Liszkay, A.: Singlet oxygen production in 
photosynthesis. - J. exp. Bot. 56: 337-346, 2005. 

Lichtenthaler, H.K., Wellburn, A.R.: Determination of total 
carotenoids and chlorophylls a and b of leaf extracts in 
different solvents. - Biochem. Soc. Trans. 11: 591-592, 
1983. 

Liu, X., Chi, H., Yue, M., Zhang, X.F., Li, W.J., Jia, E.P.: The 
regulation of exogenous jasmonic acid on UV-B stress 
tolerance in wheat. - J Plant Growth Regul. 31: 436-447, 
2012. 

Liu, X., Hua, X., Guo, J., Qi, D., Wang, L., Liu, Z., Jin, S., 
Chen, S., Liu, G.: Enhanced tolerance to drought stress in 
transgenic tobacco plants overexpressing VTE1 for 
increased tocopherol production from Arabidopsis thaliana. 
- Biotechnol. Lett. 30: 1275-1280, 2008. 

Munne-Bosch, S.: The role of α-tocopherols in plant stress 
tolerance. - J. Plant Physiol. 162: 743-748, 2005. 

Ning, H., Wang, W., Zheng, C., Li, Z., Zhu, C., Zhang, Q.: 
Genetic diversity analysis of sedges (Carex spp.) in 
Shandong, China based on inter-simple sequence repeat. - 
Biochem. Syst. Ecol. 56: 158-164, 2014. 

Robyt, J.F., White, B.J.: Biochemical Techniques: Theory and 
Practice. - Brooks/Cole Publishing Co., Monterey 1987. 

Semchuk, N.M., Lushchak, V., Falk, J., Krupinska, K., 
Lushchak, V.I.: Inactivation of genes, encoding tocopherol 
biosynthetic pathway enzymes, results in oxidative stress in 
outdoor grown Arabidopsis thaliana. - Plant Physiol. 
Biochem. 47: 384-390, 2009. 

Semida, W.M., Taha, R.S., Abdelhamid, M.T., Rady, M.M.: 
Foliar-applied α-tocopherol enhances salt-tolerance in Vicia 
faba L. plants grown under saline conditions. - S. Afr. J. 
Bot. 95: 24-31, 2014 

Shi, S., Wang, G., Wang, Y., Zhang, L., Zhang, L.: Protective 
effect of nitric oxide against oxidative stress under 
ultraviolet- radiation. - Nitric Oxide 13: 1-9, 2005. 

Song, Y.L., Dong, Y.J., Tian, X.Y., Kong, J., Bai, X.Y., Xu, 
L.L., He, Z.L.: Role of foliar application of 24-
epibrassinolide in response of peanut seedlings to iron 
deficiency. - Biol. Plant. 60: 329-342, 2016. 

Watanabe, S., Katsumi, K., Yuji, I., Sasaki, S.: Effects of saline 
and osmotic stress on proline and sugar accumulation in 
Populus euphratica in vitro. - Plant Cell Tissue Organ Cult. 
63: 199-206, 2001. 

Zhang, G.Y., Liu, R.R., Xu, G., Zhang, P., Li, Y., Tang, K.X., 
Liu, Q.Q.: Increased α-tocotrienol content in seeds of 
transgenic rice overexpressing Arabidopsis γ-tocopherol 
methyltransferase. - Transgenic Res. 22: 89-99, 2013. 

 




