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Introduction
Currently, salinity stress is one of the most important challenges in the agriculture and is the main growth
limiting factor of many plant species. Saline stress adversely affects the plant's physiological and biochemical
process which leads to a considerable reduction of plant growth and yield. Shallot (Allium hirtifolium Boiss.) is a
perennial plant from the Alliaceae family, which is one of the native and valuable plants of Iran and wildly
grows in the slopes of the Zagros Mountain range. The nutritional and medicinal value of shallots is due to the
presence of sulfur compounds, especially allicin in the bulbs.

Materials and Methods

The present study was conducted to investigate the effect of foliar application of salicylic acid on the changes
in growth, physiological and biochemical traits of shallot under different levels of salinity stress in a factorial
design based on a completely randomized design with three replications. The investigated treatments were four
levels of salinity (0, 30, 60 and 90 mM NacCl) and four levels of salicylic acid (0, 1, 1.5 and 2 mM). Distilled
water (control) and salicylic acid (1, 1.5 and 2 mM) were foliar sprayed on the whole plants at 4, 6 and 8 weeks
after sowing date. At the end of the growing season (beginning of yellowing of the leaves of the plants), growth,
physiological and biochemical traits were evaluated. Evaluation of lipid peroxidation, osmolality compounds and
activity of antioxidant enzymes was carried out in the leaves of treated plants and the amount of pyruvate and
allicin was measured in harvested shallot bulbs.

Results and Discussion

Various abiotic stresses restrict plant productivity, and many efforts have been made to reduce plant growth
inhibition by alleviating the disorder’s effects of these stresses. Exogenous application of plant growth regulators
has been reported as an economic procedure to improve plant resistance to environmental stresses. It has been
previously reported that salicylic acid as a signaling molecule alleviated the adverse effects of different stress
conditions. In this experiment, shallot resistance to saline conditions was enhanced by the foliar spray of
salicylic acid. The results showed a significant link between salicylic acid treatment and improvement of bulb
biomass under saline conditions. Lipid peroxidation regards to accumulation of malondialdehyde and hydrogen
peroxide increased with increasing salinity intensity. Also, saline stress significantly enhanced the proline and
glycine betaine content in stressed plants of shallot. The plant antioxidant activity induced under stress
conditions increased the total phenol content as well as the activity of catalase, peroxidase, ascorbate peroxidase
and superoxide dismutase enzymes. The pyruvate and allicin content of the shallot bulb increased with
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increasing salinity stress. The decreased in the photosynthetic pigments (total chlorophyll and carotenoids) led to
a decrease in plant growth with the intensification of stress level. So that the lowest leaf area, fresh and dry
weight of bulbs were obtained in severely salinity-stressed plants (90 mM NacCl). Foliar application of salicylic
acid increased the antioxidant compounds (total phenol, pyruvate and allicin) and the activity of antioxidant
enzymes (CAT, POX, APX and SOD) limited the accumulation of hydrogen peroxide and lipid peroxidation.
The accumulated osmolyte compounds proline and glycine betaine were decreased in treated plant with salicylic
acid. The treatment of salicylic acid considerably improved the chlorophyll and carotenoid content especially in
salinity-stressed plants. Thus the application of salicylic acid, especially at a concentration of 2 mM, reduced the
harmful effects of salinity stress on plant growth and bulb yield by increasing the photosynthetic pigments and
consequently photosynthetic efficiency. Also increased growth in the treated plants with salicylic acid has been
attributed to changes in the concentration of plant hormones, especially auxins and cytokinin’s (the most
important plant growth-stimulating hormones). Nevertheless, the growth reactions of treated plants to salicylic
acid are different depending on the used concentration, the plant species and the growth stage at the treatment
time.

Conclusion

In several studies, the effects of salicylic acid on plant growth enhancement under unfavorable environmental
condition attributed to salicylic acid-induced changes in plant biochemical and physiological processes. Based
on the obtained results, the salinity resistance of the shallot plant in response to salicylic acid is related to the
increased antioxidant capacity of the stressed plants, which leads to the improvement of the photosynthetic
pigments, and consequently plant growth and bulb biomass under saline condition. Although the present study
was performed in the glass greenhouse, the obtained findings showed that salicylic acid application could also be
a promising treatment for improving salinity tolerance of A. hirtifolium under field conditions.
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Table 1- The effect of salicylic acid on the osmolytes, total phenol and pyrovat content of Allium hirtifolium under different
levels of salinity stress

Sl s Sog i oo OBl G5 g5 g ly
Salicylic acid Salinity stress Proline Glycine betaine Total phenol Pyrovat
(mM) (mM NacCl) (Hg.g" FW) (Hg.g™" DW) (mg.g* FW) (UM.g* FW)

0 0.352 k* 0.251h 0.653n 69.33m

0 30 0.378h 0.273 f 0.673 k 73.431

60 0.400 e 0.290 ¢ 0.691¢g 74.78 k

90 0.460 a 0.310a 0.711e 75.98¢g

0 0.351 k 0.247 i 0.662 m 69.39m

1 30 0.361j 0.261¢g 0.681 j 7491j

60 0.390 f 0.281e 0.701 f 75.90h

90 0.440 b 0.308 a 0.715d 77.22¢

0 0.353 k 0.251h 0.670 1 69.39m

15 30 0.359 j 0.260g 0.689 h 76.37 f

' 60 0.386 g 0.276 f 0.710e 77.86¢

90 0.436 ¢ 0.299 b 0.720c 77.98b

0 0.353 k 0.250 hi 0.6701 69.32m

2 30 0.360 j 0.258¢g 0.684 i 75.27 i

60 0.372i 0.274 f 0.722b 77.78d

90 0.422d 0.285d 0.739a 79.42 a
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* Values followed by the same letter in each trait have no significant difference based on DMRT test at the 5% of probability level.
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Figure 1- The effect salicylic acid on allicin content of A//lium hirtifolium bulb under different levels of salinity stress (DMRT,
p=<0.05)
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Table 2- The effect of salicylic acid on the antioxidant enzymes of Allium hirtifolium under different levels of salinity stress

Sl dsl (5905 S ;Y6 STy STy OlyeSl 3L gowmnsd STy g
Salicylic acid Salinity stress CAT POX APX SOD
(mM) (mM NaCl) (U.mg! protein) (U.mg'* protein) (U.mg! protein) (U.mg! protein)
0 0.465 i* 0.739ij 60.48 k 66.19 p
0 30 0.470h 0.742 h 63.94 68.30 |
60 0.473 gh 0.761 efg 69.04 f 70.89j
90 0.480 de 0.791 cd 73.50 e 79.17d
0 0.466 i 0.739ij 60.23 kI 67.34n
1 30 0.477 efg 0.759 fg 64.99i 70.04 k
60 0.475 fg 0.764 e 73.40¢€ 71.13i
90 0.482d 0.795¢ 74.67d 80.45¢
0 0.465i 0.741ij 60.28 kI 67.73m
15 30 0.478 def 0.763 ef 67.20 g 73.11¢g
' 60 0.479 de 0.787d 74.86 cd 76.54 f
90 0.493 ¢ 0.826 b 74.99 ¢ 83.99b
0 0.466 i 0.730 60.18 m 67.02 0
2 30 0.477 efg 0.756 g 66.01 h 72.43h
60 0.497 b 0.792 ¢ 75.32b 77.46¢€
90 0.513 a 0.848 a 83.52a 86.42 a
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* Values followed by the same letter in each trait have no significant difference basedon DMRT test at the 5% of probability level.
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Table 3- Theeffect of salicylic acid on the amount of lipid peroxidation and photosynthetic pigments of Allium hirtifolium
under different levels of salinity stress

05979 ST 5

Selndlos dpnel (5 yg0 AT sl oglle J5 by S Waigig, s
Salicylic acid Salinity stress Hydrogden Malondialdehyde  Total chlorophyll Carotenoids
(mM) (mM NacCl) pero_>§| N (nM.g* FW) (mg.g* FW) (mg.g FW)
(UM.g™ FW)

0 9.20 I* 20.10ij 4.49d 0.240c

0 30 13.41h 20.62 h 4.25f 0.221e

60 16.78 d 35.03 ¢ 3.90j 0.2011i

90 21.93a 56.91a 3.47m 0.190 k

0 9.11m 20.23ij 4.67b 0.254 b

1 30 12.42i 20.40 hi 4.474d 0.239¢

60 15.88 e 29.95f 3.99i 0.208 g

90 20.66 b 49.44 1 3.571 0.193j

0 8.18n 19.92 473 a 0.263 a

15 30 12.21k 20.45 hi 4.44 de 0.240c

' 60 15.63 f 29.86 f 4.10h 0.213f

90 20.66 b 46.87 ¢ 3.69 k 0.204 h

0 8.19n 20.10ij 4.60c 0.256 b

2 30 12.27 20.40 hi 441e 0.236d

60 14.82¢ 28.04 ¢ 4.15¢ 0.221e

90 19.30 ¢ 40.37d 3.72k 0.211f
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* Values followed by the same letter in each trait have no significant difference based on DMRT at the 5% of probability level.
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Table 4- The mean comparison of the effect salicylic acid on growth traits of Allium hirtifolium under different levels of
salinity stress

St B e Lodrm e oo
LT Salinity stress  Bulb number Leaf area Bulb fresh weight Bu ry weight
Salicylic acid (mM) (mMyNaCI) (per plant) (cm?. plant?) (g. plant'l)g (g .plgint'l)g
0 1 498.33 b* 90.25 cd 32.06 ¢
0 30 1 449.00d 89.92d 29.20d
60 1 408.00 f 77.389 21.43¢g
90 1 331.00i 69.83 i 18.71 h
0 1 503.33b 94.02 ab 35.50 ab
1 30 1 443.00d 92.43 bc 31.25¢
60 1 409.00 f 77.16 9 23.28 f
90 1 335.33i 70.53 i 19.91 gh
0 1 520.00 a 95.61a 36.87 a
15 30 1 454.66 d 94.20 ab 34.60b
' 60 1 426.66 e 79.66 f 24.99 ef
90 1 348.66 h 73.43 h 21.24 ¢
0 1 515.66 a 93.36 ab 35.74 ab
2 30 1 474.33 ¢ 93.61 ab 34.20b
60 1 443.33d 81.92¢ 26.51e
90 1 383.00g 75.16 gh 23.79 f
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* Values followed by the same letter in each trait have no significant difference based on DMRT at the 5% of probability level.
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