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Abstract 
 
In order to elucidate the role of lanthanum (La) in response of Vigna radiata to a salt stress, we investigated the effects 
of La on the ascorbate and glutathione metabolism. The results show that in comparison with a control, the salt stress 
increased the activities of ascorbate peroxidase (APX), glutathione reductase (GR), monodehydroascorbate reductase 
(MDHAR), dehydroascorbate reductase (DHAR), γ-glutamylcysteine synthetase (γ-ECS), and L-galactono-1,4-lactone 
dehydrogenase (GalLDH), and the content of ascorbic acid (AsA) and glutathione (GSH). It also increased the 
malondialdehyde content (MDA) and electrolyte leakage. The salt stress significantly decreased the ratios of 
AsA/dehydroascorbate (DHA) and GSH/glutathione disulphide (GSSG) compared with the control. The pretreatment 
with La not only significantly increased the activities of the above enzymes, the content of AsA, GSH, and the ratios of 
AsA/DHA and GSH/GSSG, but also significantly reduced the MDA content and electrolyte leakage compared with the 
salt stress alone. Our results suggest that La could up-regulate the ascorbate and glutathione metabolisms and could 
have an important role for acquisition of salt stress tolerance in Vigna radiata.  

Additional key words: ascorbate peroxidase, glutathione reductase, galactono-1,4-lactone dehydrogenase, γ-glutamylcysteine 
synthetase, mung bean, NaCl. 
 
 
 
Salt stress is one of the main environmental factors that 
adversely affect plant growth, productivity and survival 
(Ellouzi et al. 2013). Salt stress usually induces the 
overproduction of reactive oxygen species (ROS) in plant 
cells (Ferreira-Silva et al. 2012, Ma et al. 2013). Plants 
can protect themselves against oxidative damage by 
enhancing their ROS-scavenging system including 
antioxidative enzymes and nonenzymatic compounds 
(Benzarti et al. 2012, Fatehi et al. 2012). Ascorbate and 
glutathione are two crucial nonenzymatic antioxidants. It 
is well known that plants can adjust ascorbate and 
glutathione content by modulating the regeneration and 
biosynthesis of ascorbate and glutathione. The  
L-galactose pathway is the main biosynthetic pathway of 

ascorbate in plants, and L-galactono-1,4-lactone 
dehydrogenase (GalLDH) is the last enzyme in this 
pathway (Wheeler et al. 1998). Further, γ-glutamyl-
cysteine synthetase (γ-ECS) is the first enzyme for 
glutathione biosynthesis (Dringen 2000). The ascorbate-
glutathione cycle is the recycling pathway for the 
regeneration of ascorbate and glutathione and so plays an 
important role in defence against oxidative damage 
induced by different stresses. In this cycle, ascorbate 
peroxidase (APX), monodehydroascorbate reductase 
(MDHAR), dehydroascorbate reductase (DHAR), and 
glutathione reductase (GR) are the key enzymes. 
 It is well known that rare earth elements (REEs) form 
a special group and have interesting effects on plant  
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growth (Ouyang et al. 2003). Lanthanum is an important 
rare earth element. Many studies show that the effects of 
La on plants depend on its concentration. In plants, it has 
been documented that a low concentration of La can 
promote root organogenesis (Guo et al. 2012), seed 
germination, and growth (Hong et al. 2003), mediates 
secondary metabolism (Zhou et al. 2012), regulates 
nitrogen assimilation (Huang et al. 2013), and replaces 
calcium in the process of stomatal closure (Xue and Yang 
2005). However, the excess of La has negative effects on 
plants by inhibiting plant growth, destroying cell 
structure, and disturbing metabolism (Ruíz-Herrera et al. 
2012, Liang and Wang 2013). Increasing evidence has 
proven that a low concentration of La can relieve 
oxidative damage in plants exposed to a variety of 
environmental stresses including salinity and drought 
(Zhang et al. 2006, Xu et al. 2007). However, little is 
known about the responses of the ascorbate and 
glutathione metabolisms in plants to La under salt stress. 
The aim of the study was to elucidate whether and how 
La regulates the activities of enzymes involved in 
ascorbate and glutathione metabolisms, the content of 
AsA and GSH, and the ratios of AsA/DHA and 
GSH/GSSG in leaves and roots of mung bean exposed to 
NaCl stress. The results can provide new knowledge for 
the possible application of La in agriculture.  

Seeds of Vigna radiata (L.) Wilczek cv. Minglv245 
were germinated in Petri dishes with filter paper 
moistened by distilled water in a climate chamber under a 
day/night temperatures of 25/15 °C, an air humidity of  
65 %, an irradiance of 500 µmol m-2 s-1 (photosyn-
thetically active radiation), and a 12-h photoperiod. When 
the first leaf was fully expanded, the seedlings were 
transferred into plastic boxes filled with a half-strength 
Hoagland’s solution and kept their roots in dark. The 
nutrient solution was exchanged every two days. The 
seedlings (12-d-old) of uniform size were selected for 
experiments. After washing in distilled water for 12 h, the 
roots of seedlings were placed in beakers containing  
100 cm3 of a 120 mM NaCl solution at 25 °C for 24 h and 
at a continuous irradiance of 500 µmol m-2 s-1. The 
beakers were wrapped with aluminium foil to keep roots 
in dark. In order to select a suitable concentration of La, 
we observe the wilting degree of the seedlings treated 
with NaCl + different concentrations of La (10, 30, 50, 
70, and 90 μM). We found that 30 μM LaCl3 could 
alleviate the most obviously the wilting symptoms. So, 
we used 30 μM LaCl3 for further experiments. The plants 
were pretreated with 30 μM LaCl3 for 12 h and then 
exposed to NaCl for 24 h under the same conditions as 
described above. The control plants were treated with 
distilled water. After the treatments, the samples of leaf 
and root were collected, frozen in liquid nitrogen, and 
then kept at -80 °C until used for analyses.  

APX, GR, DHAR, and MDHAR were prepared by 
grounding each sample (0.5 g) into a fine powder in 
liquid nitrogen and then homogenizing the fine powder in 

6 cm3 of 50 mM KH2PO4 (pH 7.5) containing 0.1 mM 
ethylene-diaminetetraacetic acid, 0.3 % (v/v) Triton  
X-100, 1 % (m/v) polyvinylpolypyrrolidone, and 1 mM 
AsA for an APX assay (Grace and Logan 1996). The 
homogenate was centrifuged at 13 000 g and 2 °C for  
15 min. The supernatant was used for assays. The 
activities of APX, GR, MDHAR, and DHAR were 
assayed according to Nakano and Asada (1981), Grace 
and Logan (1996), Miyake and Asada (1992), and Dalton 
et al. (1986), respectively. 
 GalLDH was prepared and measured by the method 
of Tabata et al. (2001) and γ-ECS was prepared and 
measured by the method of Rüeggseger and Brunold 
(1992). The content of AsA and DHA were measured 
according to Hodges et al. (1996). GSSG and GSH were 
measured according to Griffith (1980). A malon-
dialdehyde content and electrolyte leakage were 
measured according to Hodges et al. (1999) and Zhao  
et al. (2004), respectively. A protein content was assayed 
according to Bradford (1976). 

The experimental design was a complete random block 
design with five replications. Means were compared by 
the one-way analysis of variance (ANOVA) and the 
Duncan’s multiple range test at the 5 % level of 
significance. 

There were no obvious changes in the activities of 
APX, GR, DHAR, MDHAR, GalLDH, and γ-ECS in the 
leaves and roots of the control plants (Table 1). 
Compared with the controls, the salt stress significantly 
increased the activities of the above mentioned enzymes 
at 12 and 24 h of the treatment, and the pretreatment with 
La further increased these activities. After 24 h of the 
treatment, the activities of APX, GR, DHAR, MDHAR, 
GalLDH, and γ-ECS in the pretreated leaves increased by 
24.0, 26.9, 45.4, 70.0, 53.3, and 35.3 %, respectively, 
compared to those only NaCl treated.In the roots, the 
activities increased by 62.8, 82.3, 30.8, 30.0, 38.5, and 
44.4 %, respectively (Table 1).  

The salt stress significantly increased the content of 
AsA, total ascorbate, GSH, and total glutathione at  
12 and 24 h of the NaCl treatment compared with the 
control. The pretreatment with La further increased the 
content of AsA, GSH, and total glutathione (Table 1). 
Due to the La pretreatment, the content of AsA, GSH, 
total ascorbate, and total glutathione in the leaves and 
roots increased after 24 h of the NaCl treatment by 37.7, 
36.6, 21.3, and 28.2 %, respectively, and by 17.0, 34.3, 
11.1, and 24.4 %, respectively.  

The salt stress decreased the ratios of AsA/DHA and 
GSH/GSSG in the leaves and roots at 12 and 24 h of the 
treatment compared with the control. The pretreatment 
with La significantly increased these ratios in the stressed 
leaves and roots compared with the salt stress treatment 
(Table 1). After 24 h of the NaCl treatment, the ratios of 
AsA/DHA and GSH/GSSG in the leaves increased by 
51.8 and 95.0 %, respectively, and in the roots by 61.4 
and 108.3 %, respectively.  
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Table 1. The effects of La on the activities of enzymes involved in the ascorbate and glutathione metabolism, on the ratios of 
AsA/DHA and GSH/GSSG, on  malondialdehyde content, and on electrolyte leakage in leaves and roots of Vigna radiata under a 
salt stress. The plants were treated as follows: Control - distilled water; NaCl - 120 mM NaCl for 12 or 24 h; LaCl3 + NaCl, a 
pretreatment with 30 μM LaCl3 for 12 h + a treatment with 120 mM NaCl for 12 or 24 h. Means  SE, n = 5. Different letters within 
the same row indicate statistically significant differences according to Duncan’s test (P < 0.05). One unit of APX was defined as the 
amount of APX catalyzing the oxidation of 1 μmol of ascorbate per minute. One unit of GR activity was defined as the reduction of  
1 μmol of NADPH per minute. One unit of DHAR activity was defined as the amount of enzyme that produces 1 μmol of AsA per 
minute. One unit of MDHAR activity was defined as the amount of enzyme that oxidizes 1 μmol of NADH per minute. One unit of 
GalLDH activity was defined as the amount of extract required to oxidize 1 nmol of L-Gal (equivalent to the formation of 2 nmol of 
reduced Cyt c) per minute. One unit of γ-ECS activity was defined as 1 μmol of cysteine-dependently generated PO4

3- per minute. 
 

Parameters Time Control  NaCl  LaCl3 + NaCl  
 [h] roots leaves roots leaves roots leaves 

APX [U mg-1(protein)] 12   1.110.10c   1.450.11c   1.980.18b   2.260.14b   2.520.17a   3.000.20a 
 24   1.200.11c   1.400.09c   1.750.16b   2.500.16b   2.85019a   3.100.22a 
GR [U mg-1(protein)] 12   1.300.09c   1.500.12c   1.850.13b   2.400.16b   2.710.21a   3.400.22a 
 24   1.100.10c   1.620.12c   1.700.11b   2.600.18b   3.100.20a   3.300.21a 
DHAR [U mg-1(protein)] 12   0.300.02c   0.600.03c   1.500.13b   1.200.08b   2.000.18a   1.800.16a 
 24   0.400.02c   0.500.03c   1.300.11b   1.100.07b   1.700.15a   1.600.12a 
MDHAR [U mg-1(protein)] 12   0.600.03c   0.400.02c   1.200.11b   1.000.07b   1.600.13a   1.500.11a 
 24   0.500.03c   0.500.03c   1.000.07b   1.000.06b   1.300.12a   1.700.15a 
γ-ECS [nmol  mg-1(protein) min-1] 12   0.600.03c   1.000.09c   1.000.08b   1.500.12b   1.500.11a   2.000.17a 
 24   0.600.03c   1.100.09c   0.900.08b   1.700.13b   1.300.12a   2.300.15a 
GalLDH [U g-1(f.m.)] 12   0.700.05c   1.000.07c   1.200.10b   1.500.13b   1.800.15a   2.200.15a 
 24   0.900.07c   0.800.05c   1.300.11b   1.500.11b   1.800.16a   2.300.16a 
AsA content[μmol g-1(f.m.)] 12   4.300.28c   5.100.35c   4.900.31b   6.300.46b   5.800.38a   7.900.55a 
 24   4.000.24c   5.000.31c   4.700.31b   6.100.42b   5.500.35a   8.400.63a 
Total ascorbate [μmol g-1(f.m.)] 12   4.500.26c   5.300.33c   5.600.36b   7.000.52b   6.300.47a   8.490.65a 
 24   4.200.24c   5.200.34c   5.400.33b   6.800.47b   6.000.43a   9.100.77a 
GSH content [μmol g-1(f.m.)] 12   0.250.01c   0.310.02c   0.330.02b   0.430.03b   0.430.03a   0.550.04a 
 24   0.280.01c   0.290.01c   0.350.02b   0.410.03b   0.470.03a   0.560.04a 
Total glutathione [μmol g-1(f.m.)] 12   0.260.01c   0.330.02c   0.380.03b   0.490.03b   0.460.03a   0.590.04a 
 24   0.290.02c   0.300.02c   0.410.03b   0.460.03b   0.510.03a   0.590.03a 
AsA/DHA 12 25.001.70a 24.001.65a   7.500.45c   9.000.64c 12.201.00b 13.301.10b 
 24 25.001.79a 24.501.58a   7.000.50c   8.100.51c 11.300.96b 12.301.03b 
GSH/GSSG 12 23.001.56a 19.001.33a   6.600.50c   7.000.51c 14.001.00b 12.300.86b 
 24 21.001.33a 24.001.53a   6.000.45c   8.000.66c 12.501.20b 15.701.11b 
MDA content [nmol g-1(f.m.)] 24   7.500.63c   5.000.35c 17.001.40a 13.001.01a 13.001.10b   9.000.77b 
Electrolyte leakage [%] 24 12.001.10c 10.000.85c 30.001.52a 25.001.21a 20.001.50b 17.001.30b 

 
The salt stress significantly increased the electrolyte 

leakage and the malondialdehyde content in the leaves 
and roots,compared to the control. The pretreatment with 
La significantly decreased the electrolyte leakage and the 
malondialdehyde content, compared to the salt stress 
(Table 1). These results suggest that the pretreatment with 
La had an important role for acquisition of salt stress 
tolerance in V. radiata. 

  The cellular content of ascorbate can be controlled 
by APX, DHAR, MDHAR, and GalLDH. It has been 
reported that La can increase APX activity in Saussurea 
involucrata under salt stress (Xu et al. 2007). In the 
present study, we also found that La increased the APX 
activity in the leaf and root of V. radiata under the salt 
stress. Besides, we also found that La increased the 
contents of AsA and total ascorbate, and the ratio of 

AsA/DHA in the leaves and roots of V. radiata under the 
salt stress by increasing the activities of DHAR, 
MDHAR, and GalLDH. Glutathione is another important 
compound in the plant antioxidant system. The content of 
GSH can be determined by activities of γ-ECS and GR. It 
has been reported that La could increase GR activity in 
Saussurea involucrata under salt stress (Xu et al. 2007). 
In present study, we also found that La increased GR 
activity in leaf and root of V. radiata under salt stress. 
Besides, we also found that La regulated the contents of 
GSH and total glutathione, and the GSH/GSSG by 
increasing γ-ECS activity. 
 The root system is the first part of the plant affected 
by excess of NaCl, and the biochemical responses of 
roots are important for adaptation. It has been 
documented that salt stress can increase the activities of 
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antioxidant enzymes in roots of many plants, which, 
protected the roots of plants against the oxidative stress 
(Bandeoğlu et al., 2004, Rubio et al. 2009). In the present 
study, we found that NaCl stress increased the activities 
of enzymes involved in the metabolism of ascorbate and 
glutathione and so protect the roots. It has been reported 
that La could promote root growth at low concentrations, 
but cause damage to roots at high concentrations (Ruíz-
Herrera et al. 2012). Increasing evidences also showed 
that low concentration of La could protect plants against 
abiotic stresses (Xu et al. 2007, Zhang et al. 2006). In our 
study, we also found that low concentration of La could 
protect roots against the salt stress, which, in turn, 
alleviated the wilting degree of plants. 
 Jasmonic acid (JA) plays important role in regulating 
stress responses, plant growth, and development 
(Bandurska et al. 2003, Sasaki-Sekimoto et al. 2005). 

The content of jasmonates increases during stresses and 
they can improve antioxidative ability of plants under 
stress conditions (Bandurska et al. 2003). In our previous 
study, we showed that JA could regulate the ascorbate-
glutathione cycle under water stress (Shan and Liang 
2010). Zhou et al (2012) reported that JA mediated the 
secondary metabolism regulated by La. However, it is not 
known whether JA is involved in the responses of the 
ascorbate and glutathione metabolism to La under salt 
stress. Therefore, the role of JA in the responses of the 
ascorbate-glutathione cycle to La under salt stress will be 
investigated in our future research. 

The presented results indicate that La enhanced the 
antioxidant ability and protects V. radiata against NaCl 
stress by participating in the regulation of ascorbate and 
glutathione metabolism. Therefore, La can be used in 
agriculture to improve the salt tolerance of V. radiata.  

 
 

References  
 
Bandeoğlu E., Eyidoğan F., Yücel M., Öktem H. A.: 

Antioxidant responses of shoots and roots of lentil to NaCl-
salinity stress. - Plant Growth Regul. 42: 69-77, 2004. 

Bandurska, H., Stroinski, A., Jan, K.: The effect of jasmonate 
on the accumulation of ABA, proline and its influence on 
membrane injury under water deficient in two barley 
genotypes. - Acta Physiol. Plant. 25: 279-285, 2003. 

Benzarti, M., Rejeb, K.B., Debez, A., Messedi, D., Abdelly C.: 
Photosynthetic activity and leaf antioxidative responses of 
Atriplex portulacoides subjected to extreme salinity. - Acta 
Physiol. Plant. 34:1679-1688, 2012. 

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. 

Dalton, D.A., Russell, S.A., Hanus, F.J., Pascoe, G.A., Evans, 
H.J.: Enzymatic reactions of ascorbate and glutathione that 
prevent peroxide damage in soybean root nodules. - Proc. 
nat. Acad. Sci. USA 83: 3811-3815, 1986. 

Dringen, R.: Glutathione metabolism and oxidative stress in 
neurodegeneration. - Eur. J. Biochem. 267: 4903, 2000. 

Ellouzi, H., Hamed, K.B., Asensi-Fabado, M.A., Müller, M., 
Abdelly, C., Munné-Bosch, S.: Drought and cadmium may 
be as effective as salinity in conferring subsequent salt 
stress tolerance in Cakile maritima. - Planta 237:1311-1323, 
2013. 

Fatehi, F., Hosseinzadeh, A., Alizadeh, H., Brimavandi, T., 
Struik, P.C.: The proteome response of salt-resistant and 
salt-sensitive barley genotypes to long-term salinity stress. - 
Mol. Biol. Rep. 39: 6387-6397, 2012. 

Ferreira-Silva, S.L., Voigt, E.L., Silva, E.N., Maia, J.M., 
Aragão, T.C.R., Silveira, J.A.G.: Partial oxidative protection 
by enzymatic and non-enzymatic components in cashew 
leaves under high salinity. - Biol. Plant. 56: 172-176, 2012. 

Grace, S.C., Logan, B.A.: Acclimation of foliar antioxidant 
systems to growth irradiance in three broad-leaved 
evergreen species. - Plant Physiol. 112: 1631-1640, 1996. 

Griffith, O.W.: Determination of glutathione and glutathione 
disulfide using glutathione reductase and 2-vinylpyridine. - 
Anal. Biochem. 106: 207-212, 1980. 

Guo, B., Xu, L., Guan, Z., Wei, Y.: Effect of lanthanum on 
rooting of in vitro regenerated shoots of Saussurea 
involucrata Kar. et Kir. - Biol. Trace Element Res. 147: 
334-340, 2012. 

Hodges, D.M., Andrews, C.J., Johnson, D.A., Hamilton, R.I.: 
Antioxidant compound responses to chilling stress in 
differentially sensitive inbred maize lines. - Physiol. Plant. 
98: 685-692, 1996. 

Hodges, M.D., DeLong, J.M., Forney, C.F., Prange, R.K.: 
Improving the thiobarbituric acid-reactive-substances assay 
for estimating lipid peroxidation in plant tissues containing 
anthocyanin and other interfering compounds. - Planta 207: 
604-611, 1999. 

Hong, F., Wang, L., Liu, C.: Study of lanthanum on seed 
germination and growth of rice. - Biol. Trace Element Res. 
94: 273-286, 2003. 

Hu, Z., Ding, Z.H., Chen, Y.J., Wang, X.R., Dai, L.M.: 
Bioaccumulation of lanthanum and cerium and their effects 
on the growth of wheat (Triticum aestivum L.) seedlings. - 
Chemosphere 48: 621-629, 2002. 

Huang, G., Wang, L., Zhou, Q.: Lanthanum (III) regulates the 
nitrogen assimilation in soybean seedlings under ultraviolet-
B radiation. - Biol. Trace Element Res. 151: 105-112, 2013. 

Liang, C., Wang, W.: Antioxidant response of soybean 
seedlings to joints stress of lanthanum and acid rain. - 
Environ. Sci. Pollut. Res. 20: 8182-8191, 2013. 

Ma, L.J., Yu, C.M., Li, Y.Y., Wang, L.L., Ma, C.Y., Tao, S.Y., 
Bu, N.: Pretreatment with NaCl induces tolerance of rice 
seedlings to subsequent Cd or Cd + NaCl stresses. - Biol. 
Plant. 57: 567-570, 2013. 

Miyake, C., Asada, K.: Thylakoid-bound ascorbate peroxidase 
in spinach chloroplasts and photoreduction of its primary 
oxidation product monodehydroascorbate radicals in 
thylakoids. - Plant Cell Physiol. 33: 541-553, 1992. 

Nakano, Y., Asada, K.: Hydrogen peroxide is scavenged by 
ascorbate specific peroxidase in spinach chloroplasts. - 
Plant Cell Physiol. 22: 867-880, 1981. 

Ouyang, J., Wang, X.D., Zhao, B., Yuan, X.F., Wang, Y.C.: 
Effects of rare-earth elements on the growth of Cistanche 
deserticola cells and the production of phenylethanoid 



EFFECT OF LANTHANUM ON ASCORBATE-GLATATHIONE CYCLE 

599 

glycosides. - J. Biotechnol. 102: 129-134, 2003. 
Rubio, M.C., Bustos-Sanmamed, P., Clemente, M.R., Becana, 

M.: Effects of salt stress on the expression of antioxidant 
genes and proteins in the model legume Lotus japonicus. - 
New Phytol. 181: 851-859, 2009. 

Rüegsegger, A., Brunold, C. Effect of cadmium on γ-glutamyl-
cysteine synthesis in maize seedlings. - Plant Physiol. 99: 
428-433, 1992. 

Ruíz-Herrera, L.F., Sánchez-Calderón, L., Herrera-Estrella, L., 
López-Bucio, J.: Rare earth elements lanthanum and 
gadolinium induce phosphate-deficiency responses in 
Arabidopsis thaliana seedlings. - Plant Soil 353: 231-247, 
2012. 

Sasaki-Sekimoto, Y., Taki, N., Obayashi, T.: Coordinated 
activation of metabolic pathways for antioxidants and 
defence compounds by jasmonates and their roles in stress 
tolerance in Arabidopsis. - Plant J. 44: 653-668, 2005. 

Shan, C., Liang, Z.: Jasmonic acid regulates ascorbate and 
glutathione metabolism in Agropyron cristatum leaves 
under water stress. - Plant Sci. 178: 130-139, 2010. 

Tabata, K., Oba, K., Suzuki, K., Esaka, M.: Generation and 
properties of ascorbic acid-deficient transgenic tobacco cells 
expressing antisense RNA of L-galactono-1,4-lactone 

dehydrogenase. - Plant J. 27: 139-148, 2001. 
Wheeler, G.L., Jones, M.A., Smirnoff, N.: The biosynthetic 

pathway of vitamin C in higher plants. - Nature 393: 365-
369, 1998. 

Xu, C.M., Zhou, B., Wang, X.D., Wang, Y.C.: Lanthanum 
relieves salinity-induced oxidative stress in Saussurea 
involucrata. - Biol. Plant. 51: 567-570, 2007.  

Xue, S.W., Yang, P.: Effects of La3+ on inward K+ channels at 
plasma membrane in guard cells. - Sci. China B 48:143-147, 
2005. 

Zhang, L., Yang, T., Gao, Y., Liu, Y., Zhang, T., Xu, S., Zeng, 
F., An, L.: Effect of lanthanum ions (La3+) on ferritin-
regulated antioxidant process under PEG stress. - Biol. 
Trace Element Res. 113: 193-208, 2006. 

Zhao, L.Q., Zhang, F., Guo, J.K., Yang, Y.L., Li, B.B., Zhang, 
L.X.: Nitric oxide functions as a signal in salt resistance in 
the calluses from two ecotypes of reed. - Plant Physiol. 134: 
849-857, 2004. 

Zhou, J., Fang, L., Li, X., Guo, L., Huang, L: Jasmonic acid 
(JA) acts as a signal molecule in LaCl3-induced baicalin 
synthesis in Scutellaria baicalensis seedlings. - Biol. Trace 
Element Res. 148: 392-395, 2012. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




