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Abstract; Inoculation with agrichemical-degrading endophytes can boost the metabolism of agrichemicals in rice. This
beneficial microbe-plant interaction could prove useful for regulating fungicide residues in crop and for the remediation of
contaminated farmland. However, the overall effects of introducing functional endophytes on rice rhizosphere microecology
under fungicide exposure remain unclear, and the responses of rhizospheric organisms to degrading endophytes should be
thoroughly investigated before further application of this symbiotic relationship. Therefore, in this study, we conducted pot

experiments to investigate the stress responses of earthworms ( Eisenia foetida ), soil enzymes, and rhizospheric
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microorganisms in the rice rhizosphere under carbendazim ( CBZ ) exposure with and without inoculation with
Stenotrophomonas pavanii DJL.-M3, which is a CBZ-degrading endophyte. We applied the recommended dosage of CBZ, and
then sampled rice rhizosphere soil at regular intervals; soil catalase, soil urease, and sucrose activity were detected
immediately, whereas CBZ residue degradation was analyzed using high-performance liquid chromatography (HPLC). After
2 weeks of CBZ exposure, the earthworms were collected and their morphological characteristics were observed; we also
detected earthworm malondialdehyde levels and superoxide dismutase and acetylcholine esterase activity in vivo to evaluate
the degree of stress damage caused by CBZ contamination. The diversity index and carbon metabolic activity of rhizosphere
soil microorganisms were analyzed using an Eco-Plate ( Biolog, USA). Rice plants without CBZ treatment and microbial
inoculation were used as a background control. The results showed that foliage spraying caused rhizosphere soil exposure
with CBZ, which activated soil catalase, but inhibited soil urease and sucrose activity. The CBZ residue in rhizosphere soil
led to oxidative damage in earthworms, as demonstrated by the accumulation of malondialdehyde and the overexpression of
superoxide dismutase and acetylcholine esterase in vivo. The CBZ contamination significantly reduced the diversity and
carbon metabolic activity of rhizosphere soil microorganisms. Within the 14-day experimental period, S. pavanii DJL-M3
inoculation boosted CBZ degradation in the rice rhizosphere by shortening the half-life of CBZ residue, thereby relieving
fungicide stress on rhizosphere soil microorganisms and earthworms, as indicated by the enhanced carbon metabolic activity,
Shannon index and Mclntosh index of rice rhizosphere soil microorganisms, and the recovery of the earthworm survival rate
to that of the unpolluted control. This stress relief ultimately significantly promoted soil urease and sucrose activity under
CBZ exposure. Therefore, the degrading endophyte S. pavanii DJL-M3 could be used for the bioremediation of CBZ -

contaminated paddy soil.
Key Words: endophyte; carbendazim; rice; Eisenia foetida; soil enzyme; rhizospheric microorganism
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Table 1 Different treatment of rice seedlings
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Kb 3 No. of ) . o Residual of
Endophytic- Carbendazim- The half-life of .
Treatment earthworms/ H . lati . bendazim/d carbendazim/
inoculation spraying carbendazim/ ¢ o
prayig (pg/mg T58)
Control 10 K ENy — -
CBZ-M3 10 P I it 2.8881+0.3311b 0.4851+0.1059b
CBZ 10 R Ly 4.1258+0.5267a 1.1108+0.1717a

7 RN EUE I AR R 22 5 5 3% (P<0.05 ) ; Control ; %5 [ERapit ,without carbendazim spraying and DJL-M3 inoculation; CBZ-M3. ZHR
filiE 4 B AL PR, Carbendazim spraying with DJL-M3 inoculation; CBZ: 2258 R Mrifl — A4 FE AL PR, Carbendazim spraying without DJL-M3 inoculation
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Fig.4 Morphology of earthworms in rice rhizosphere under different treatments
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Table 2 Effect of different treatments on the survival rate and oxidative stress degree of Eisenia foetida

Ak 2 UERTES S A A A N B MDA LT HEL TR
Treatment Survival rate/% T-SOD/ ( U/ mgprot ) /(nmol/mgprot ) AChE/ (U/mgprot )
Control 93.33x12.11a 1.91:0.068b 1.55£0.092¢ 4.20£0.48¢
CBZ-M3 91.67+9.83a 1.87£0.027b 14.14£2.34b 5.97£0.55b
CBZ 73.33x10.33b 2.24+0.087a 52.62£5.13a 31.95+2.94a

[FIFNECHEE P RG22 5 B35 (P<0.05) 5 S0 gt . i 051 2 2000 0 op 4 28 W 2 IO T ) sl B /KK 15 22 T-SOD: total superoxide

dismutase; MDA ; malondialdehyde; AchE: acetylcholinesterase
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Table 3 Functional diversity indexs of rice rhizosphere microbial community under different treatments

Ak 2 FARAGE(H) LHEARE(D) W) B EARE(U)
Treatment Shannon-wiener Index Simpson Index Pielou Tndex MecTntosh Tndex

Control 3.4234+0.0013a 0.9994£0.0003a 0.9941:0.0045a 11.8225+0.3703a
CBZ-M3 3.4079=0.0108ab 0.9651+0.0027b 0.9829:0.0195a 11.6736+0.517ab
CBZ 3.352420.0485h 0.9661+0.001b 0.9886=0.0082a 10.72640.5739b

[FIF 5 FREA R AR 22 57 .3 (P<0.05)
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Fig.7 Metabolic fingerprint of rice rhizosphere soil microbes using 31 carbon sources under different treatments
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