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Response of Root-Secreted Organic Acids in Thinopyrum ponticum to
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and Research Station for the Grassland Ecosystem on the Loess Plateau in Youyu, Youyu, Shanxi Province 030801, China)

Abstract: To elucidate the responses of organic acids secreted by the roots of Thinopyrum ponticum under salt
stress and their interactions with root traits and rhizosphere soil physicochemical properties, a controlled experi-
ment with four salinity treatments was established : control, mild, moderate and severe salt stress (with soil salt
contents of 0%, 0.2%, 0.4%, and 0.6% w/w, respectively). Untargeted metabolomics was employed to
analyze relative abundance variations and regulatory mechanisms of organic acids in root exudates. The results
demonstrated that salt stress significantly decreased the secretion of organic acids including 1-hydroxy-2-naph-
thoic acid, succinic acid, homogentisic acid, phenylpyruvic acid and indolelactic acid (P<C0. 05), while signifi-
cantly enhancing the secretion of phenoxyacetic acid (P<C0.05). However, no significant effects on the secre-
tion of 3-hydroxybutyric acid and shikimic acid. Principal coordinate analysis (PCoA) revealed significant differ-
ences in root-secreted organic acid profiles between control and salt-stressed treatments (mild, moderate and
severe salinity) (P<C0.05). Correlation analysis demonstrated that soil salinity, electrical conductivity, water
content, and pH were key determinants influencing root organic acid secretion. Path analysis further revealed
that salt stress promoted phenoxyacetic acid secretion through soil salinization-mediated suppression of root mor-
phological traits. These findings provide a theoretical basis for the in-depth analysis of the physiological mecha-
nisms of plant salt tolerance.
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Table 1 Metabolic pathway and physiological functions of eight key organic acids in plants
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Fig. 1 Effect of salt stress on the relative abundance of organic acids secreted by the roots of Thinopyrum ponticum
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Fig. 3 Effects of rhizosphere soil properties and root traits on root exudation of organic acids from Thinopyrum ponticum
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Note: (A) Contribution ranking of soil physicochemical properties and root traits to root organic acid secretion based on the random forest model ;
(B) Mantel correlation heatmap illustrating the effects of soil physicochemical properties and root traits on root organic acid secretion under salt
stress. Significance is expressed as *P<Z 0. 05, **P<C0. 01, ***P<C0. 001. In the figure, Sa denotes Salinity, EC denotes Electrical conductivity,
SM denotes Soil moisture, DOC denotes Dissolved organic carbon, DON denotes Dissolved organic nitrogen, MBC denotes Microbial biomass
carbon, MBN denotes Microbial biomass nitrogen, IN denotes Inorganic nitrogen, Tnor denotes Total number of roots, nor denotes Number of
root tips, Trl denotes Total root length, Ard denotes Average root diameter, Tpaor denotes Total projected area of root, Trsa denotes Total root

surface area, Trv denotes Total root volume
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Fig.4 The organic acids secretion pathway from roots of Thinopyrum ponticum affected by salt stress
T« (CA)ER T30 T IR AR 2 20 W0 HLIRR (1-32 2 -2- 25 R (IR ITIRR IR SRR 46 TN T 7R R gl W LR ) 1) A2, (B) 2R IB 0 _ JRIAR R 20 6 4 48 2 L TR 1Y
BAR o PSR Sk B R G R A BB ) o SR R LR Sk 0 SRR WE AR W I OC R . Sk SR BT IR AR R AL AR R A, RPAR R A Y
WFRRERE . =, % w03 B R4 P<C0. 05, P<<0. 01, P<C0. 001 KF F . 3%

Note: (A) Pathways downregulating root exudation of organic acids (1-hydroxy-2-naphthoic acid, Succinic acid, Homogentisic acid, Phenylpyru-

vic acid, Indolelactic acid) under salt stress. (B) Pathway upregulating root exudation of Phenoxyacetic acid under salt stress. Single-headed
arrows indicate the hypothesized direction of causation. The solid and dotted arrows indicated significant and insignificant relationships, respec-
tively. The numerical values next to the arrow denotes the normalized path coefficient, R” the interpretation degree of the model. Significance is

expressed as *P<C 0. 05, #*#P<C0. 01, ***P<0. 001
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