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Effects of fumaric acid in root exudates on soil microecology in sugarcane/peanut intercropping system
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Abstract: To investigate the regulatory mechanisms of root exudates on soil microecological environment in
sugarcane—peanut intercropping system, this study selected fumaric acid as a key metabolite based on previous me-
tabolomic analyses. Soil treatments were conducted using exogenous fumaric acid, artificial root exudates, and actu-
al oot exudates at 3 concentration gradients (low, medium, and high) to evaluate their effects on soil nutrients, en-
zyme activities, and microbial communities. The results demonstrated that fumaric acid significantly modulated soil
nutrients and enzyme activities. Specifically, all treatments increased soil alkali-hydrolyzable nitrogen (N) content,
decreased available potassium content, and enhanced the activities of acid phosphatase and urease, with medium
and high concentrations exhibiting the most pronounced effects. Variations in efficacy were observed among exu-
dates from different sources: actual root exudates at the medium concentration maximized the promotion of alkali—
hydrolyzable N and urease activities, whereas artificial exudates at the high concentration further enhanced urease

activity and elevated soil pH. Furthermore, microbial responses exhibited distinct taxon—specific patterns. A low
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concentration of exogenous fumaric acid promoted bacterial growth, while actual root exudates inhibited bacteria

across all tested concentrations. Conversely, high concentrations of both exogenous fumaric acid and artificial exu-

dates stimulated the proliferation of actinomycetes. Correlation analysis revealed significant positive correlations be-

tween the abundance of actinomycetes and soil alkali-hydrolyzable N, pH, as well as bacterial abundance, indicat-

ing that actinomycetes play a crucial role in soil nitrogen transformation. In conclusion, fumaric acid in the sugar-

cane—peanut intercropping system might synergistically regulate soil microecological environment by improving ni-
p pping sy ght synerg y reg g y 1mp g

trogen availability, enhancing the activities of key soil enzymes, and optimizing structure of microbial community.

Key words: sugarcane/peanut intercropping; root exudates; fumaric acid; soil enzyme activity; soil nutri-

ents; microbial community
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Table 1 Soil enzyme activities under different treatments /(U/g)
pos:l i AL il HER TG T2 1A Wt 2 i T 1 2 1 il Ikt
Treatment Catalase Saccharase Acid phosphatase Acid protease Urease
CK 204.26+1.18ab 11.40+1.31a 1754.70+25.21d 7.07+0.11e 227.08+10.17e
LF 151.33+3.56b 8.15+1.19be 1921.45+ 60.34be 16.99+0.49¢ 238.12+8.49de
MF 221.99+7.93a 10.37+1.23ab 1970.80+57.61bc 31.31+1.06a 292.66+11.37b
HF 209.34+7.02ab 9.96+0.12abc 2124.21+62.18a 13.42+0.36¢d 275.47+9.11be
LR 210.51+4.44ab 10.81+1.03a 2053.06+84.53ab 13.09+0.23cd 242.35+20.35de
MR 185.98+10.77ab 9.52+2.11abe 1728.02+27.83d 13.42+0.43bc 261.21+17.33cd
HR 187.15+7.91ab 7.86+0.15¢ 1863.64+63.70cd 17.48+0.15b¢ 258.82+14.27cd
LAR 168.01+4.13ab 9.10+1.33abe 1839.63+44.49¢d 22.53+0.12b 356.43+10.69a
MAR 192.99+10.65ab 10.30+1.06abc 2141.11+76.13a 17.81+0.43bc 346.41+11.17a
HAR 193.57+9.87ab 10.81+0.19a 2158.01+99.38a 10.01+0.07de 374.37+15.84a

T B (AR iR 2 | [ — B G R /NG TR R ORE P<0.05 KF B2 8% . LE ME HF 23 51 38K 5 W B D BR AL B
LR MR HR 73013 m Ik | vk B SEPRAR 2R S I A BE S LAR \MAR HAR 3 B3R A% b i R EER AR R - W b B, R 1)

Note: Data are means = SE. Different lowercase letters in the same column indicate significant differences (P<0.05). LF, MF, and HF represent low, me-
dium, and high concentrations of fumaric acid treatments, respectively; LR, MR, and HR represent low, medium, and high concentrations of actual root
exudates treatments, respectively; LAR, MAR, and HAR represent low, medium, and high concentrations of artificial root exudates treatments, respec-

tively. Same as below
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MAR, and HAR represent low, medium, and high concentrations of artificial root exudates treatments, respectively. Same as below
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Fig. 1 Soil microbial abundance under different treatments
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Fig. 2 Soil nutrient properties under different treatments
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Fig.3 Correlation analysis of soil ecological factors under different treatments
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