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Using winter fallow functional plants for the ecological control of
belowground pests: A dual-pathway framework of natural enemy
maintenance and soil restructuring
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Abstract The winter fallow period is an ecological management window that has long been overlooked in crop rotation
systems. Belowground pests are diverse, difficult to monitor and control, and the damage they inflict on crops is generally
concealed. The establishment of belowground pest populations is closely associated with soil conditions, ground-dwelling
predators and seasonal crop transitions. In recent years, the role of functional plants in soil fertility improvement, biodiversity
maintenance and the conservation of the natural enemies of plant pests, has received increased recognition, however, the
mechanisms through which these plants exert ecological control on belowground pests remains poorly understood. This review

summarizes how functional plant growth, cover and residue incorporation, affect natural enemy abundance, root-soil
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interactions, microbial communities, metabolite composition and belowground pest population dynamics, and proposes a

dual-pathway framework comprised of a natural enemy maintenance pathway and a soil restructuring pathway. In this

framework, winter fallow functional plants may maintain ground-dwelling predators by improving near-ground microhabitats

and providing overwintering shelters, while root-soil interactions during plant growth and residue inputs after spring

incorporation jointly restructure soil physicochemical, microbial and metabolic environments, thereby influencing pest

behaviour, development and survival. Using the Cnidium monnieri-peanut (Arachis hypogaea)-white grub system as an

example, we discuss the potential of winter fallow functional plants to improve soil health, natural enemy conservation and the

ecological control of belowground pests. Overall, winter fallow functional plants have promising potential for belowground

pest management, but this framework still needs to be further improved through long-term cross-seasonal field experiments,

multi-omics analyses and causal validation.

Key words winter fallow fields; cover crops; white grubs; natural enemy maintenance; soil restructuring
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2019; Triquet et al., 2022 ); HAR R WP A1 8 &
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Table 1 Dual-pathway framework of winter fallow functional plants for belowground pest regulation

%42 Pathway

FE 233 FE Main processes

FHEFEFR Key indicators

PN e
Natural enemy
maintenance
pathway

A A
Soil restructuring
pathway

X HEAZ 3 [F)
Dual-pathway
synergy

A PR i e AR IR, 48 (Bt B2 JEE 4 AR AU DR,
HEFAD | R AT R Mk

Winter cover improves the near-ground microenvironment,
provides overwintering shelter and alternative resources,
and maintains populations of ground-dwelling predators
such as carabids and spiders

R B AR 0 B 5 A AR e e . G e
AR, MR 3 R A PR

Rhizosphere processes and incorporated residues alter soil
physicochemical properties, microbial communities and
metabolites, thereby modifying belowground pest suitability

R A5 0 L S TR R 2= R PR A K
e, LR E SR . AR H R
Natural enemy maintenance and soil restructuring are
connected from winter fallow to the following crop season,
jointly affecting pest populations, crop damage and yield

EELE

BITERE | HARIRNRE | REUR | 2R
MR Wik aith 5

Vegetation cover, ground temperature and
humidity, predator density and diversity,
predation detection rate and prey spectrum
structure

AP, pH. FR . H T/ HE TR
(16S1TS ), B HUR I ECEH . JL T Bl AR
[N AW 7/ IV Ib

Organic matter, pH, nutrients, 16S/ITS
communities, entomopathogenic  fungi,
chitin-degrading microbes, differential
metabolites, pest survival and weight gain
W FEREE AR ERE e 4
FO7 RRAR R AR R ARBRARE PSS

Belowground pest density, crop damage

index, yield, structural equation model path
coefficients and interannual stability
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