+ 5 R

Acta Pedologica Sinica

DOI: 10.11766/trxb202506220299 CSTR: 32215.14.trxb202506220299
s, ZFWEE, BER, TR0, X, REY. SRR S RES . T AN SIS R RN LR,
2025,

HE Yan, LI Shuyao, YANG Xueling, SU Xin, LIU Meng, XU Jianming. Reconstructing the Micro-ecological Health of Arable

Soil: Insights from Organic Co-Contamination Scenarios[J]. Acta Pedologica Sinica, 2025,

M EIRMESERELE: ETHIILESS
FIERHES

6 02, ZEIEE 2, B, o 0 X i, ARE]

1,2

(1. WHL R3S Yephivh 5 24 4 H 928G =, Bl 310058; 2. WA ARV R I 5 PR EE I A S s, Wil RS 5% R
2R LK BHIR SR EERE AT, BN 310058)

W OB PR A LE AT Y H SR, ™ R A A RO AT RS R R, ST i R R 4
FERER T SRR S ThRE SO R AR BRI . AR SCZRIR T B A WL A is g . 5 e R
AR, RIS T AV A TS G e T e A S R Bk 5 A8 SN E T LA Rk
W2 2 AR IR S TR SRR AE B 905 G I A A R T S 7, JRIR T 85 L R A
o B SNl E I IEBORI G B A AR TR WA SR RIS R AR MR R R RV S
JREE T G U AR AR Yl R E R A IR AL IR TS 2 B AR RSP R R, B RN
Bt - Sk A A5 B E R AR L R R AR B A%

KB MR AHEEE R WEESEE: SRBUEMH: BT ER

FESES: X53 XHMRRRRD: A

Reconstructing the Micro-ecological Health of Arable Soil: Insights from Organic
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Abstract: The escalating organic co-contamination in arable soils poses a severe threat to soil microecological health
and sustainable agricultural development, presenting an urgent challenge to synergistically enhance cropland
productivity and maintain microecological function. This review systematically summarizes the ubiquity, complexity,

and microecological risks associated with organic co-contamination in cultivated lands, delving into the significant
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challenges and opportunities for reconstructing the health of cropland soil microbiomes under such stress. Given the
limitations of traditional remediation methods, which are often insufficient and costly for complex co-contamination,
a frontier strategy is needed. Emphasis is particularly placed on the application potential of modern molecular
biology techniques, specifically synthetic microbiomes (SynMicro), in restoring the health of contaminated soil
microbiomes. The review elucidates cutting-edge strategies for constructing functionally defined and structurally
simplified synthetic microbial communities by integrating advanced techniques including metagenomics (to
understand community structure and potential function), culturomics and high-throughput screening (to accelerate
the isolation of functional microbial resources), genome-scale metabolic modeling (to enable rational design and
prediction of microbial interactions), and artificial intelligence/machine learning (to facilitate intelligent design and
optimization of SynMicro consortia). This work forecasts the promising prospects of SynMicro engineering in
achieving synergistic multiple objectives critical for soil health reconstruction under co-contamination, such as
enhanced pollutant reduction, effective soil-borne disease control, and improved soil fertility through optimized
nutrient cycling. By highlighting the potential of SynMicro-based strategies empowered by these frontier
technologies and outlining the current challenges, this review aims to provide novel theoretical insights and practical
technical pathways for the reconstruction of cropland soil microecological health, ultimately contributing to ensuring
national food security and promoting sustainable agricultural development.

Key words: Arable soil; Organic co-contamination; Micro-ecological health; Synthetic microbiome; Frontier

technology
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Fig. 1 A summary of the universality, complexity and risk of organic compound pollution in cultivated soil
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Fig. 2 Workflow diagram of synthetic microbiome design and soil health remodeling driven by cutting-edge technologies
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Fig. 3 Reshaping arable soil microecological health under organic complex pollution: challenge-driven frontiers
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