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Exogenous gibberellin seed soaking alleviates the inhibition of salt seress on rapeseed germination and
seedling physiological responses
LIN Guo—bing', JIN Xin', XIE Zhi—kui', JIA Qing—qing', HE Wei—jie', ZUO Qing—song’, ZHAO Yuan’, GU Xiao"
(1. Shanghai Songjiang District Agricultural Technology Extension Center, Shanghai 201613, China; 2. College of
Agriculture / Key Laboratory of Crop Cultivation Physiology of Jiangsu Province/ Jiangsu Co—Innovation Center for
Modern Production Technology of Grain Crops, Yangzhou University, Yangzhou 225100, China; 3. Shanghat She-
nong Rice Professional Cooperative, Shanghai 201600, China)

Abstract: This study aimed to elucidate the effects of exogenous gibberellic acid (GA3) seed priming on allevi-
ating salt stress—induced inhibition of rapeseed seed germination and its physiological mechanisms. Two rapeseed
cultivars with contrasting salt tolerance, Huayouza 62 and Zheyou 50, were used as materials. Seed germination as-
says combined with physiological measurements were conducted to investigate the effects of GA 3 on germination
characteristics, seedling growth, reactive oxygen species (ROS) metabolism, membrane stability, and osmotic adjust-
ment under salt stress. The results showed that 150 mmol- L' NaCl stress significantly inhibited seed germination
and seedling growth in both cultivars, with Zheyou 50 exhibiting greater sensitivity to salt stress than Huayouza 62.
Exogenous GA; seed soaking significantly alleviated the salt inhibition on germination. Further analyses showed
that GA; enhanced the activities of antioxidant enzymes, including superoxide dismutase, peroxidase, and catalase,
thereby reducing ROS accumulation and membrane lipid peroxidation. Meanwhile, GA; promoted the accumulation
of proline, soluble sugars, and soluble proteins, thereby enhancing the osmotic adjustment capacity of rapeseed

seedlings. Overall, exogenous GA; alleviated the adverse effects of salt stress on rapeseed seed germination and
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seedling establishment by improving redox homeostasis and osmotic balance, thereby contributing to the mainte-

nance of cellular homeostasis under salt stress.

Key words: rapeseed; salt stress; gibberellic acid; seed germination; physiological regulation
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Note: CK: control group; S: 150 mmol-L~" NaCl stress group; SG: 150 mmol-L™"' NaCl + 0.3 mmol-L™" GAj; treatment group; G: 0.3 mmol-L™" GAj; treat-

ment group. Different lowercase letters indicate significant differences among treatments for the same variety (P<0.05). V, T, and VXT represent the main ef-

fects and interaction effects of variety, treatment, and varietyXtreatment, respectively; * and ** denote P<0.05 and P<0.01, respectively. Same as below
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Fig.1 Final germination rate at 7 d of Huayouza 62 and Zheyou 50 under NaCl stress and exogenous GA
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Fig.2 Seed germination dynamics of Huayouza 62 and Zheyou 50 under NaCl stress and exogenous GA
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Table 1 Rapeseed germination and seedling growth under different treatments
He K [ S 2F BB R Growth and germination indicators
it Ab J 2 R Wk TE RRV TN R ARl s
Variety Treatments Plantule/ plu- Average germi- Germination Average germina-
mular axis /em Radicle fem Dry weight /mg nation days /d potential /% tion rate /%
CK 6.54+0.07a 9.04+0.17a 37.90+1.33a 3.74+0.04a 63.33+1.53a 90.33+1.53a
S 3.83+0.08¢ 3.93+0.08¢ 18.11+1.21¢ 3.68+0.03a 47.33+1.53d 73.00+2.00¢
iz SG 4.46x0.05b 5.04+0.09b 28.43+1.02b 3.70+0.05a 51.33+0.58¢ 81.33+2.08b
G 6.61+0.09a 9.09+0.15a 36.66+0.76a 3.77+0.04a 59.67+0.58b 91.00£1.00a
CK 5.86+0.06a 8.10+0.16a 33.26+1.73a 3.77+0.05a 57.00+2.00b 85.00+2.00a
: S 3.34+0.09¢ 2.44+0.11¢ 12.26+0.77¢ 3.85+0.30a 22.67+1.53d 40.67+2.08¢
730 SG 4.23+0.11b 5.20+0.07b 24.97+1.44h 3.87+0.16a 34.00+1.00¢ 58.67+1.53b
G 5.93+0.08a 8.11+0.16a 32.02+1.07a 3.72+0.06a 60.67+1.53a 85.67+1.15a
J1 %531 ANOVA

i Variety(V) ok ok ek NS ok ok

AL P Treatment (T) ok ok woE NS ok ok

Al b E VXT o ok NS NS o o

T : CK: X B85S : 150 mmol « L' NaCUBHA 2 5SG : 150 mmol * L™ NaCl+0.3 mmol e L' GASZMFEZ 5 G :0.3 mmol L™ GASANERA ; [R5 R[] 71 7w

£ 0.05 HEFR A4k B 5935 22 57 3 VTR VXT 43531 7 it e A 380 K% oo b L 74 5850 RIS FLARONE 5 %% : P<0.01 ;NS : JE i 35 22 5 5 I+
Note: CK: control group; S: 150 mmol*L™" NaCl stress group; SG: 150 mmol*L™" NaCl + 0.3 mmol*L™" GAj treatment group; G: 0.3 mmol*L™" GAj treat-

ment group. Different letters in the same column indicate significant differences between treatments at 0.05 level. V, T, and VXT represent the main ef-

fects and interaction effects of variety, treatment, and varietyXtreatment, respectively; **: P<0.01; NS: not significant. Same as below
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Fig. 3 Rapeseed germination index and vitality index under NaCl stress and exogenous GA,
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Fig. 4 Distribution characteristics of seed germination and seedling growth indices of rapeseed under different treatments
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Fig.5 SOD, POD and CAT activities and O2-~ and H20: contents in rapeseed seedlings under NaCl stress and exogenous GA,
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Table 2 Membership function evaluation of Huayouza 62 and Zheyou 50 under NaCl stress and exogenous GA

48 h53 )R Membership values of each indicators

HERS e 2 3 AR e 2F 28 AHXFIRAR A AHRIRZF IR AR T -
i b3 . o , . , , , , PR fE
Relative germination Relative germina- Relative radicle Relative plantule/ plumular Relative dry
Variety Treatments Mean
potential tion rate length axis length weight
S 0.00 0.00 0.00 0.00 0.00 0.00
HYZ62 SG 0.32 0.46 0.21 0.23 0.71 0.39
G 1.00 1.00 1.00 1.00 1.00 1.00
S 0.00 0.02 0.00 0.00 0.00 0.00
7Y50 SG 0.30 0.40 0.60 0.34 0.70 0.47
G 1.00 1.00 1.00 1.00 1.00 1.00
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Fig. 7 Changes in osmotic regulation substances in rapeseed seedlings under NaCl stress and exogenous GA ,
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Fig. 8 Correlation analysis of NaCl stress and exogenous GA, on growth indicators of rapeseed seedlings
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