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1- Medicago sativa
2- Medicago scutellata
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Table 1- Effects of salinity (0 and 100 mM) and Si application (0, 0.75 and 1.5 mM) on growth parameters (g/plant) and
relative water content of Medicago scutellata plants grown on sand culture

iy Olhe 0 mM NaCl 100 mM NacCl
Growth prameters 0 mM Si 0.7SmMSi 1.5 mM Si 0 mM Si 0.75mMSi 1.5mM Si
o o ‘%59 0.92+0.008c 1.04+0.006b 1.22+0.01a 0.62+0.006e 0.65+0.007e 0.80+0.008d
Shoot fresh weight
) 2 O}S_ 0.42+0.004b 0.44+0.005b 0.45+0.004a  0.22+0.008e 0.27+0.005d 0.34+0.004c
Root fresh weight
@l JiS S 0y
. 0.10+0.004b 0.11+0.004ab  0.12+0.006a  0.06+0.004d 0.06+0.004d 0.075+0.002¢c
Shoot dry weight
i 4 9}9 0.055+0.002b  0.057+0.004ab  0.67+0.004a  0.035+0.002c  0.045+0.002bc  0.047+0.004b
Root dry weight
S5 o . 1.35:0.0lc  1.48+0.004b  1.67+0.0la  0.85£0.01f  0.92+0.006e  1.14+0.005d
Total fresh weight
S5 sas i 0.16£0.006b  0.17+0.008b  0.19+0.008a  0.09+0.006d  0.10+0.002cd  0.12+0.006¢c
Total dry weight
e 21 2)2 87.95+0.54a 88.23+0.33a 88.49+0.66a  85.63+0.48b 88.64+0.35a 89.29+0.59a

Relative water content
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Values are mean + SE from four replicates. Numbers followed by the same letter are not significantly different (P<0.05)
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Table 1- Effects of salinity (0 and 100 mM) and Si application (0, 0.75 and 1.5 mM) on mineral contents (mg/g dry weight) of
Medicago scutellata plants grown on sand culture

ol chls 0 mM NaCl 100 mM NaCl
Mineral contents 0 mM Si 0.75mMSi 1.5mM Si 0 mM Si 0.75mMSi 1.5mM Si
s 3“" < e 2.45+0.37c  2.45+0.58¢c 1.19+0.25d  10.37+0.66a  7.22+0.83ab  5.12+0.30b
Na™ Shoot
‘“"”:3 A 2.94+0.23d  2.59+0.41ed 1.12+40.21e  13.67#0.73a  11.57+0.49b  7.92+0.68c
Na" Root
d";y‘éhzg;"tﬁ 58.09+2.30b 64.39+1.21ab  69.23+4.43a  31.44+3.39c  38.71%3.21c  61.00+3.44ab
‘I‘(:’;) F?;;% 21.09+1.60b 22.55+0.72b  31.04+1.0la 15.51+1.28d  17.45+1.65d  24.49+1.07bc
tﬁ-"“zu“’f < el 38.92+2.62a  30.37+2.50b  25.72+2.03bc  20.02+2.90c  20.70+3.09c  22.95+2.17hc
Ca“”" Shoot
ady) poredS 30.78+0.73
2 78+0.73a  27.41#0.99a  27.82+1.13a  19.20+1.40b  18.37+1.24b  17.92+1.07b
Ca“~" Root
e Ui ool 3.2240.12b  3.37+0.15b 4.20+0.22a  2.73+0.32b  3.07+0.17b 4.05+0.13a
Fe Shoot
;j;{ gzl 5.7740.54b  5.73+0.26b 9.18+0.43a  5.85+0.47b  5.85+0.10b 8.32+0.40a
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Values are mean + SE from four replicates. Numbers followed by the same letter are not significantly different (P<0.05)
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Figure 1- Comparsion of effects of salinity and Si treatments on activity of A- catalase of root B- catalase of shoot C- Soluble

peroxidase of root D- Soluble peroxidase of shoot E- polyphenol oxidase of root and F- polyphenol oxidase of shoot. Numbers
followed by the same letter are not significantly different (P<0.05)
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Figure 2- Comparsion of effects of salinity and Si treatments on A- chlorophyll a B- chlorophyll b C- carotenoids and
xanthophyll D- total chlorophyll E- electrolyte leakage percentage and F- chlorophyll a/chlorophyll b ratio. Numbers
followed by the same letter are not significantly different (P<0.05)
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Figure 3- Comparsion of effects of salinity and Si treatments on A- protein of root B- protein of shoot C- hydrogen peroxide

of root D- hydrogen peroxide of shoot E- lipid peroxidation of root and F- lipid peroxidation of shoot. Numbers followed by
the same letter are not significantly different (P<0.05).
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Figure 4- Possible mechanisms of effects of Si on alleviation of salinity stress in Medicago scutellata
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Introduction

Salinity is one of the most important stress resulting depletion of vegetation in large areas of the world
including some regions of Iran. Reduction of plant growth due to salinity occurs with a range of mechanisms,
including low external water potential, ion toxicity and interfere with the uptake. Silicon (Si) is the second most
abundant element in soil and could efficiently mitigate the effects of various biotic and abiotic stresses, such as
drought, heavy metal toxicity and salinity on plants. Medicago scutellata is an important leguminous forage crop
throughout the world that could increase soil nitrogen content via reduction of atmospheric nitrogen. To our
knowledge, no study have examined the interaction of salinity and Si nutrition in Medicago scutellata or how the
beneficial effects of Si in salt-stressed M. scutellata plants (if any) are exerted. Accordingly, the aim of the
present study was to evaluate the effect of silicon nutrition on salt tolerance of Medicago scutellata.

Materials and Methods

Seeds of alfalfa (Medicago scutellata L.) were sterilized with a 2.5% sodium hypochlorite solution and were
incubated in a moistened paper towel. Then, they germinated in the dark at 25 +5 ° C for 48 h. Healthy seedlings
of uniform sizes were selected for hydroponic culture (Hoagland solution) in a 10x15x15 cm plastic pots. A
factorial experiment carried out based on a completely randomized design with two factors. The first factor was
salinity, including 0 and 100 mM NaCl and the second was silicon nutrition, including 0, 0.75 and 1.5 m.M
sodium silicate. The pH of the nutrient solution was adjusted daily at 6.4 + 0.2 and nutrient solution was
refreshed weekly. During the experiment, maximum and minimum air temperatures were 30°C and 21°C
respectively, and the mean relative humidity was 67%. Four weeks after exerting the treatments, plants were
harvested and used for the assessment of growth parameters and chemical analyses.

Results and Discussion

Salinity led to a significant reduction in both the fresh and dry weights of the plants. On the contrary, the dry
weight of the plants improved significantly under saline conditions when Si was added to the medium, especially
1.5 mM Si. Salt treatment increased the concentration Na* and decreased the concentration K* significantly in
both shoots and roots; however, Na* concentration, reduced and K* concentration increased due to Si application
in salt treated plants. Similarly, Fe content decreased in shoot of plants due to salinity, whereas Si nutrition
increased Fe content in plants suffered from salinity. The activity of catalase declined and the amount of
hydrogen peroxide increased in plants under salinity. Conversely, Si treatments, especially, at 1.5 mM could
recover the activity of this enzyme and reduced hydrogen peroxide content. Salinity imposed significant
reduction in the contents of chlorophylls, total carotenoids and xanthophylls and soluble proteins. The amount of
hydrogen peroxide, lipid peroxidation as well as electrolyte leakage via plant leaves increased due to salt stress.
In contrast, the contents of chlorophylls, carotenoids and xanthophylls, soluble proteins increased following Si
application. Also, the amount of hydrogen peroxide and rate of lipid peroxidation and electrolyte leakage
decreased in salt-treated plants by Si application. Silicon nutrition can recover the chlorophyll content and the
amount of soluble proteins on Medicago scutellata plants under salinity, which suggests that it plays a role in the
suppression of oxidative stress. Si application also improved the chlorophyll content of tomato and barley under
salt stress (Al-aghabary et al., 2004). The data reported in the present study show new aspect of the beneficial
effect of Si on plants grown under saline condition. The application of Si prevented Na* accumulation and
enhanced K content in Medicago scutellata plants. Reduced Na* accumulation improves the plant ROS
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scavenging capacity through increased antioxidant enzyme activity (Al-aghabary et al., 2004 Hashemi et al.,
2010), accompanied by reducing lipid peroxidation. Consequently, photosynthetic pigments increased and
membranes functionality improved by Si in plants under salinity (Liang et al., 2005).

Conclusions

The results indicated that 1.5 mM silicon application alleviated harmful effects salinity, probably through
declined Na" enhanced K* content that increased antioxidant enzyme activity and reduced reducing oxidative
stress. Consequently, photosynthetic pigments increased and membranes functionality improved with plants
under salinity. In this regards, Si application led to an increased salt tolerance of Medicago scutellata. Further,
field experiments are necessary for confirmation of the results and expedience of economic cost.
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