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Effect of Phenolic Acid Accumulation and Microbial Community Response in
Strawberry Continuous Cropping Soil

YANG Tongyi, ZHANG Li, WANG Xiujie, DONG Xiaona, JIA Qiangian®
(School of Environmental and Chemical Engineering, Jiangsu University of Science and Technology, Zhenjiang, Jiangsu 212003, China)

Abstract: [ Objective ] Continuous cropping obstacles (CCOs) represent a critical constraint on the sustainable development of
the strawberry industry, with core mechanisms involving soil phenolic acid accumulation, microbial community imbalance, and
functional degradation. Although existing studies have demonstrated close correlations between phenolic acid autotoxic
substances and microbial community changes, the dynamic evolution patterns and causal relationships of phenolic
acid-microbiome interactions at the field scale remain unclear. Thus, this study aims to reveal the dynamic changes of phenolic
acids, enzyme activity responses, and microbial community structure evolution in strawberry soil under long-term continuous
cropping conditions. Also, the results will clarify the driving mechanisms of phenolic acid-microbiome interactions in CCO
formation, and provide theoretical basis for developing precise regulation strategies. [ Methods ] Greenhouse strawberry

continuous cropping soils (0, 2, 5, 15, and 18 years) were selected as research objects to measure soil physicochemical properties,
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enzyme activities (urease, catalase, acid phosphatase, and sucrase), and phenolic acid contents (p-hydroxybenzoic acid, ferulic
acid, and p-coumaric acid). [llumina MiSeq high-throughput sequencing technology was employed to analyze bacterial and fungal
community structures, and redundancy analysis (RDA) was innovatively combined with structural equation model to construct
causal networks of phenolic acid-microbiome-soil function interactions. [ Results ] The results revealed that long-term continuous
cropping resulted in significant soil acidification(pH decreased from 7.35 to 6.20), with continuous accumulation of phenolic
acids reaching 247.3 mg-kg'1 at 18 years. Soil enzyme activities exhibited “increase-then-decrease” nonlinear dynamics, peaking
at 5 years of continuous cropping (urease activity reached 1 527 U-g "h"1), followed by a significant decline at 15 and 18 years.
In addition, microbial community analysis revealed that continuous cropping led to a 23.6% reduction in bacterial Shannon
diversity, a 43.3% decrease in the bacteria/fungi ratio, and an increase in the relative abundance of pathogenic fungi (e.g.,
Fusarium). Redundancy analysis first confirmed that p-coumaric acid (p-CA) was the dominant factor explaining bacterial
community variation (18.9%), while ferulic acid (FA) was the key factor explaining fungal community variation (21.2%). The
structural equation model further revealed that phenolic acids affected microbial communities through dual pathways of direct
inhibition (path coefficient = —0.85) and indirect regulation (via soil acidification), with phenolic acids serving as the direct
dominant factor inhibiting bacterial communities, while fungal community structure was primarily directly regulated by soil
acidification. [ Conclusion ] This study elucidated the formation mechanism of CCOs through the “phenolic acid
accumulation-soil acidification-microbial imbalance” cascade, revealing the specific effects of phenolic acid as key factors at the
field scale. These findings provide a theoretical foundation for developing green prevention and control strategies for CCOs based
on microbiome regulation, offering technical support for the sustainable development of the strawberry industry.

Key words: Strawberry continuous cropping; Phenolic acids; Soil microbial community; Enzyme activity; Structural equation
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Table 1 Explanation rate of soil environmental factors for bacterial
and fungal community variation based on RDA/%

%R F Environmental 414 Bacterial H. [ Fungal

factor R’ R’
p-CA 18.9%* 7.9%

SU 9.7* 6.2
p-HBA 8.5+ 51
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FA 3.8% 21.2%*

pH 2.5% 3.3%

T K R P<0.01, *37R P<0.05, F A, Note: ** indicates
P<0.01, *indicates P<0.05. The same below.
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%% 2 Spearman correlation coefficient of soil properties and the relative abundance of microbial genera

A9 )8 Microbial genus  pH socC AN AP AK
FLT R TR

p-HBA FA p-CA UR CA AC SU

0.43 -0.49%* 026 -0.41 -0.22  -0.50* -0.50* -0.49*  -0.07 -0.11  -0.07 -0.09

Kaistobacter

FIATH R
0.21 0.18 0.13 0.20 -0.13  -0.02 -0.06 -0.01 -0.13 -0.03 -0.21 -0.16
Phenylobacterium

ZEHUAT R Bacillus 0.23 0.31 —0.18 0.24 0.00 -0.19 023 -0.18 0.50%* 0.60%* 0.37 0.42
—0.53* —-0.47*

DA101 0.87* —0.58* -0.89* —0.88* —-0.89*% —0.42 —0.06

F b A AR T

-0.53*  -0.37 -0.35

-0.56* 0.52*  0.65*  0.61*  0.47* 0.64*  0.66*  0.64* 0.04 0.06 0.11 0.08
Mesorhizobium

KT R IS
—0.64* 0.22 0.35 021  0.65* 0.64* 0.61*  0.62*% 0.01 -023  0.02 0.0l

Paenibacillus
P IEAT T E Methylibium — 0.77* -025 -0.56* -0.36 -0.62* -0.77* -0.77* -0.81* —0.17 0.06 -024 —0.22

B PR
—0.54* 0.18 0.52* 040  0.47* 0.60* 0.61* 0.59* -028 -038 -0.15 -0.18

Rhodanobacter

HOFEE

0.82%* -0.61* -0.56* -0.57* -0.78* -0.86* -0.85* -0.87* -0.28 -0.06 -036 —0.31
Janthinobacterium

Ve )R Cupriavidus 0.00 0.04 0.27 038  —0.03 0.11 0.13 0.12  —0.48* 037 -043 —0.42
TR R
-0.21 0.05  0.72%  0.23 0.31 0.24 0.28 0.26 -022 010 -0.18 -0.21

Sediminibacterium
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9@ Microbial genus  pH SoC AN AP AK p-HBA FA p-CA UR CA AC SuU

AR
—0.52*  —0.14  0.40 0.10 026  0.49*  0.49* 0.52*  —0.18 -046* —0.12 —0.12

Faecalibacterium
JKWG i & Aquicella —0.72%  0.45%  0.65* 043  0.75%  0.74*  0.73*  0.70*  0.57* 0.38  0.68*  0.63*
AT H B Flavobacterium — 0.18 0.17 0.14 0.17 0.06 —0.18 -0.17 -0.18  0.58*  0.79* 0.49* 0.52*%

T 5% PR T R
0.58% -0.41 -0.49* -039 -047* -0.67* -0.67* -0.66* -026 -020 -0.17 -022
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NEYE R Pirellula 0.71% —039  -029 -028 -0.51* -0.76* -0.71* -0.71* —0.15 0.18 -023 -0.20

B AT A R
-0.02 0.23 0.16 0.11 0.16  0.01 0.00 -0.01  0.53*  0.53* 0.64* 0.57*

Steroidobacter
B B Pseudomonas — 0.59* —0.09 -0.05 0.02 -0.39 -0.56* -0.62* -0.62*  0.03 034 —0.14 -0.05
W MITE)E Arenimonas  0.46% 0.11  -0.11  0.04 -0.17 -042 -044 —044 0.43 0.69* 035  0.36

HEERER
0.42 0.12  -047* -0.10 -031 -038 -036 -0.39 0.21 042 012 0.19
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SETIR Fusarium —0.80* 0.42 0.38 0.44  0.69* 076  0.76*  0.76*  0.51% 023 0.66% 0.57*
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HEJE Cordyceps ~0.05 -0.15 041 0.17 036  0.04 0.04 0.01 0.05 0.09 0.03  0.00
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HEEHE B Neosartorya  —0.63* 0.09 034 020  0.48* 0.67* 0.69% 0.71* -0.06 -039 008  0.02
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3 0 ®
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B, SCEWRER S50 kAR ARk, XA R
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B, 2 WA AN ) 1 40 0 3 122 P SR P A7 A ) o o
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AHFFEIE 2 p-CA 1 FA 18 S 2 v 1) L 4] Fiti
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5 A AT BT BUAE W RV I B e A 1 DG B
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R=0.42
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FE T Enzyme activity ‘

HEAEARER

B3R Phenolic acid

YU 25
Bacterial structure

Continuous cropping year

| ELIH S5
“. @ Fungal structure
‘: 7
08, 0A 7
R=0.60"« - R*=0.64
pH ‘ ‘:tﬁg %4 Soil nutrient

T SCERET SRR IE R, MAH KRR OCHE, Fi kSl M KR iriE L TR . SEM BEIS4L: CFI=0.91; TLI=0.78;
SRMR=0.03, CFI. TLI #il SRMR 435l 7= LB U5 16 51 . 38 5 -X1 5 e B An ifi Ak 4 J7 #id 5% 2% . Note: The solid arrowheads represent
positive associations, and the dashed arrowheads represent negative associations. The numbers next to the arrows represent the standardized
regression coefficient. SEM model parameters: CFI=0.91; TLI=0.78; SRMR=0.03. CFI, TLI, and SRMR denote the comparative fit index,

Tucker-Lewis index, and standardized root mean square residual, respectively.

K7 BN R ZE R T L (SEM)

Fig. 7 Structural equation model ( SEM ) depicting the effects of continuous cropping
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