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2,4-epibrassinolide protection aginest root growth inhibition and oxidative
damage of Medicago sativa L. seedling under NaCl stress
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Abstract This study discussed physiological regulation mechanism of salt resistance improvement of Medicago sativa L. (‘Zhongmu 3’
and ‘Longzhong’) by exogenous 2,4-epibrassinolide (EBR) in hydroponic conditions. The study analyzed the effects of exogenous
EBR on the root growth, contents of osmotic adjustment substances, content of malondialdehyde (MDA), activities of antioxidant
enzymes, contents of non-enzymatic antioxidant and active oxygen of M. sativa seedlings under NaCl stress. The result showed that
under 150 mmol-L™" NaCl stress, root growth of ‘Zhongmu 3’ and ‘Longzhong’ seedlings were restrained significantly. Also root dry
weight and root activity significantly decreased along with soluble protein content and antioxidant enzyme activities decreased in
seedling root. On the other hand, active oxygen and MDA contents increased significantly along with the enhanced root lipid

peroxidation while plasma membrane integrity was damaged. After addition of 0.1 pmol-L™" exogenous EBR, main root length, total
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root length, total root surface area, root volume, root tip number, root dry weight and root activity of the two alfalfa varieties
significantly increased. Also soluble protein content, antioxidant enzymes (SOD, APX, GPX, CAT, GR) activities and non-enzymatic
antioxidants (AsA, GSH) contents of seedling roots increased significantly. Then the production rate of superoxide anion free radicals,
concentration of hydroxyl free radicals and contents of H,O, and MDA decreased dramatically. Peroxidation of root lipid was
relieved and the integrity of plasma membrane was enhanced. The above results illustrated that apart from mitigating the suppression
effect of NaCl stress on alfalfa seedling root growth and enhancement of osmotic adjustment and antioxidant system activity,
exogenous EBR promoted root growth and salt resistance of alfalfa. It also reduced active oxygen accumulation, membrane lipid
peroxidation and oxidative damage on seedling root induced by NaCl stress.

Keywords Medicago sativa L.; NaCl stress; 2,4-epibrassinolide; Root growth; Osmotic adjustment; Reactive oxygen species;
Antioxidant system
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Table 1 Effect of exogenous EBR on seedling root growth of different varieties seedlings of Medicago sativa L. under salt stress
Treatment

Item Variety CK NaCl EBR NaCI+EBR

3 Zhongmu3  10.53+1.35a 6.95+1.17b 10.31+1.61a 8.64+1.67ab

Main root length (cm) Longzhong  11.89+1.60a 6.94+1.25b 12.09+2.26a 9.12+1.75ab
3 Zhongmu3  126.29+5.89a 96.27+6.50¢ 132.13+4.72a 108.63+4.97b
Total root length (cm) Longzhong  130.52+6.57a 94.20+6.47¢ 138.96+7.22a 109.40+6.90b
3 Zhongmu3  13.37+0.70b 8.93+0.78d 15.14+0.95a 11.41+0.87¢
Total root surface area (cm’) Longzhong  14.07+0.51b 8.88+0.59d 15.95+0.86a 12.56+0.55¢
3 Zhongmu 3 0.42+0.03a 0.42+0.04a 0.42+0.01a 0.42+0.01a
Average root diameter (mm) Longzhong 0.43+0.02a 0.43+0.03a 0.44+0.01a 0.44+0.02a
3 Zhongmu 3 0.63+0.02a 0.47+0.04c¢ 0.65+0.03a 0.55+0.03b
Root volume (cm’) Longzhong 0.73+0.04a 0.54+0.05¢ 0.78+0.05a 0.64+0.03b
3 Zhongmu3 1267.3+76.4b 842.3+61.0d 1 421.7+50.2a 1 087.0+63.6¢
Root tip number Longzhong 1 524.7+77.1b 722.0+£103.7d 1 705.7+84.5a 1 255.7475.4¢
3 Zhongmu3  95.56+10.64ab 51.12+7.34c 112.89+14.04a 80.06+8.98b

Root dry weight (mg-plant™") Longzhong  116.63+10.17ab 58.59+7.26¢ 124.24+11.56a 90.55+10.77b

3 Zhongmu 3 2 329.52+85.56b 1220.50+91.12d 2594.724102.89a 1 967.33+87.06¢

Root activity (pg-g-h™")

Longzhong 2 478.89+108.63b

1 160.76+128.59d 2732.02+114.24a 2 060.76£109.55¢

CK: (
5%

; NaCl: 150 mmol-L™" NaCl; EBR: 0.1 pmol-L™" EBR; NaCI+EBR: 150 mmol-L™' NaCl + 0.1 pmol-L™" EBR;
[0

CK: the control (distilled water); NaCl: 150 mmol-L™! NaCl; EBR: 0.1 urnol*Lfl EBR; NaCI+EBR:
150 mmol-L™" NaCl + 0.1 pmol-L™" EBR. Different letters show significant difference at P < 0.05. The same below.
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Fig. 1 Effects of exogenous EBR on root active oxygen and MDA content of different varieties seedlings of Medicago sativa L. under salt stress

( 2) , 0.1 pmol-L™ EBR
, , EBR
, CK ,  NaCl
150 mmol-L™" NaCl ,¢ 3 0 ’ 2.4 EBR NaCl
, 0.1 pmol-L™
EBR , , EBR 3 , 150 mmol-L™' NaCl
NaCl ‘ 300« ’
, (SOD) (APX)
, (GPX) (CAT)
, CK , 150 mmol-L™" (GR) CK ,2
NaCl ¢ 300 ’ SOD 58.09% 56.66%,
, NaCl APX 35.49% 38.98%, GPX

El2 BLRNZFREZESTINER EBR X NaCl ji8 TRERMZEEENERABFRIELA. BFIRRTEMEC. D)RIFME
Fig. 2 Effects of exogenous EBR on root lipid peroxidation (A, B) and plasma membrane integrity (C, D) of seedlings of different
varieties of Medicago sativa L. under salt stress by histochemical staining
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Fig. 3 Effects of exogenous EBR on root antioxidant enzymes
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under salt stress
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Fig. 4 Effects of exogenous EBR on root non-enzymatic antioxidants contents of seedlings of different varieties of

Medicago sativa L. under salt stress
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Table 2 Effects of exogenous EBR on root osmotic adjustment substances contents of seedlings of different varieties of Medicago

sativa L. under salt stress

Treatment
Item Variety CK NaCl EBR NaCI+EBR
3 Zhongmu 3 32.59+1.60b 16.69+1.47d 35.74+1.34a 26.51+1.88¢
Soluble protein content [mg'g ™' (FW)] Longzhong 30.03+1.79b 13.71£1.35d 34.67+1.26a 25.84+1.74¢
3 Zhongmu 3 128.44+7.20¢ 239.62+8.71a 130.21+7.01¢ 177.29+11.56b
Soluble sugar content [mmol-g ™' (FW)] Longzhong 135.26£9.19¢ 275.79+9.61a 129.82+7.10¢ 189.26+11.32b
3 Zhongmu 3 94.69+8.14¢ 253.86+12.24a 87.9149.79¢ 142.338.81b
Free proline content [pmol-g ™' (FW)] Longzhong 108.12+8.77¢ 273.14+12.17a  101.85+6.43¢ 155.10+13.96b
( NaCl 26.01% 31.38%)
( NaCl 43.93% , (reactive
43.22%) NaCl oxygen species, ROS, 0, OH  H,;0,)
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