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Effects of exogenous y — aminobutyric acid (GABA) on soybean seedlings under low nitrogen stress
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Abstract: To explore the role of exogenous y—aminobutyric acid (GABA) on the growth of soybean seedlings
with different nodulation characteristics under low nitrogen stress, a pair of near—isogenic lines (non—nodulating WT

and nodulating MT) was employed as experimental materials. The plant growth, antioxidant enzyme activity, active
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oxygen content, sugar content and key enzyme activities of sucrose metabolism were compared and analyzed under
normal nitrogen supply (CK, nitrogen concentration in nutrient solution of 7.31 mmol-L™"), low nitrogen stress (LN,
nitrogen concentration in nutrient solution of 2.11 mmol-L™") and low nitrogen stress with 5 mmol-L.~' GABA (LN+
GABA). The results showed that compared with CK, LN treatment significantly inhibited the growth of soybean seed-
lings. Compared with LN treatment, LN+GABA treatment significantly improved the aboveground morphology (plant
height, stem diameter, leaf area) and root growth (root length, root volume), increased dry matter accumulation, and
the activities of major antioxidant enzymes (SOD, POD, CAT, APX) in leaves and roots, and significantly reduced
the O, production rate and H,0, content. Specifically, in the leaves of MT, these enzyme activities increased by
18.09%, 13.30%, 16.10%, and 12.38% respectively, while the superoxide anion (02") production rate and hydrogen
peroxide (H,0,) content decreased by 11.75% and 10.36% respectively; in the roots of MT, the enzyme activities in-
creased by 9.78%, 18.14%, 24.87%, and 20.24% respectively, and the O, production rate and H,0, content de-
creased by 8.25% and 10.50% respectively. In the leaves of WT, these enzyme activities increased by 17.62%,
24.89%, 36.12%, and 14.24% respectively, while the Oz production rate and H20: content decreased by 9.10% and
13.12% respectively; in the roots of WT, the enzyme activities increased by 16.88%, 33.09%, 29.89%, and 16.07%
respectively, and the O, production rate and H,0, content decreased by 10.75% and 5.96% respectively.In addi-
tion, LN+GABA treatment also significantly increased the contents of sucrose, fructose, soluble sugar and the activi-
ties of key enzymes of sucrose metabolism in leaves and roots of the two tested soybeans under low nitrogen stress.
Mantel analysis results showed that in MT, antioxidant enzyme activities, reactive oxygen species (ROS) content,
sugar contents, and key enzyme activities involved in sucrose metabolism were all significantly or extremely signifi-
cantly positively correlated with dry matter accumulation; SOD, H,02, 0,7, SUC, SUS, and SPS in leaves and roots
were significantly or extremely significantly positively correlated with plant morphology. In WT, except for fructose,
invertase (Al, NI) in leaves, APX, hydrogen peroxide (H,0,) and soluble sugar (SS) in roots were not significantly
correlated with dry matter accumulation, most other physiological indexes were significantly or extremely significant-
ly positively correlated with dry matter accumulation; At the same time, except root CAT, all physiological indexes
were significantly or extremely significantly positively correlated with plant morphology. In conclusion, exogenous
GABA alleviated the inhibition of low nitrogen stress on Soybean Seedlings by synergistically enhancing antioxidant
defense ability and regulating sucrose metabolism pathway.
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Table 1 Effects of exogenous GABA on soybean seedling growth under low nitrogen stress
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Fig.1 Effects of exogenous GABA on antioxidant enzyme activity of soybean under low nitrogen stress
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Fig. 2 Effects of exogenous GABA on reactive oxygen species content of soybean under low nitrogen stress
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