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Structural and functional responses of citrus rhizosphere soil
microbiome to Huanglongbing stress

TANG Yugqing, JIANG Yu, ZHAO Sheng, LIU Shanpeng, SHI Huaiyu, ZHOU Weijun,
WANG Yuanpeng, OUYANG Kai"

College of Resources, Hunan Agricultural University, Changsha, Hunan, China

Abstract: [Objective] To provide a theoretical basis for developing microbiome-based ecological
control strategies against citrus Huanglongbing (HLB), a devastating bacterial disease seriously
threatening the global citrus industry. [Methods] Rhizosphere soil samples from both HLB-
infected and healthy citrus trees in Yizhang County, Hunan Province, were investigated. Using 16S
rRNA gene and ITS region amplicon sequencing, we systematically analyzed the impact
mechanism of HLB on the rhizosphere micro-ecosystem. [Results] The results showed that HLB
infection significantly reduced the organic matter (6.65 g/kg) and available phosphorus (7.25 mg/kg)
content of the rhizosphere soil compared with that of the healthy plants, and triggered a significant
decrease in the alpha diversity of bacterial communities and a significant increase in the alpha
diversity of fungal communities (P<0.05). Beta diversity analysis showed that HLB significantly
altered the structure of the microbial communities. Specifically, the relative abundance of
pro-biotic bacteria such as Pseudomonadota and Gemmatimonadota decreased, while oligotrophic
Acidobacteriota and Chloroflexota were significantly enriched. In fungal communities, the
abundance of saprophytic fungi in the phyla Ascomycota and Basidiomycota increased by 5.32%
and 7.38%, respectively, while the phylas Rozellomycota and Mortierellomycota decreased by
12.30% and 3.23%, respectively. HLB disrupted the rhizosphere microbial balance by inhibiting
Rozellomycota, leading to excessive proliferation of saprophytic fungi and weakening the system’
s disease resistance. Analysis at the order level further revealed that beneficial bacterial groups such
as Burkholderiales and Hyphomicrobiales were significantly depleted, whereas stress-adaptive
groups like Ktedonobacterales showed significant proliferation. PICRUSt2 analysis revealed that
HLB disturbed the structure of the citrus rhizosphere bacterial community via metabolic pathways
and genetic information processing. HLB also utilized saprophytic and ectomycorrhizal fungi to
maintain soil health. [Conclusion] This study revealed that HLB affects soil microecological
balance by remodeling the structure and function of citrus rhizosphere microorganisms, and the
results may provide a theoretical basis for the development of ecological prevention and control
strategies for HLB based on microbiome regulation.

Keywords: citrus; Huanglongbing; rhizosphere microorganisms; community composition;
functional prediction and analysis
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FERA SRS, BRSSP
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16S rRNA JE[HFI ITS Feal 4 37 7 i b
Wy 4 3 AE YR A PR A R 52 . f#H FastDNA
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*1 ETRT-qPCRIVERSHRSHIBEKE LR
RIRER AR

Table 1 Detection of HLB pathogen in healthy and
symptomatic citrus plants by RT-qPCR

Group Sample CLas C;
HLB 1 21.61+0.79
2 23.81+0.33
3 25.20+0.85
4 25.90+0.78
5 24.32+0.24
Healthy 1 N/A
2 N/A
3 N/A
4 N/A
5 N/A

CLas C; represents the cycle threshold corresponding to the
specific signal detected for the pathogen of citrus HLB,
expressed as mean+SD. N/A indicates no amplification signal;

All negative controls tested were N/A.
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X2 FSESRERHGIRIRE TIEIRCFHE
Table 2

rhizosphere of healthy and symptomatic citrus

Soil physicochemical properties in the

Soil properties HLB Healthy P

pH (1:2.5) 5.29+0.06 5.33+0.08 0.493
SOM (g/kg) 38.71+1.86 4536+2.40  0.019
TN (g/kg) 1.60+0.32 1.92+0.03 0.166
TP (g/kg) 0.56+0.12 0.60+0.07 0.679
TK (g/kg) 9.74+2.46 6.79+0.98 0.126
AN (mgkg)  142.96+14.82  130.43+2.96  0.224
AP (mg/kg) 16.01£3.23 23.26+1.74 0.027
AK (mg/kg) 258.71+14.11  247.50+16.07  0.415

Data in the table are mean+SD.
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K5 B S d S @ AN AR PR A SR Rl =5 AL

Figure 1

Comparative analysis of shared and unique microbes in the citrus rhizosphere. A: Venn diagram of

shared and unique bacterial species in the citrus rhizosphere between diseased (HLB) and healthy groups; B:

Venn diagram of shared and unique fungal species in the citrus rhizosphere between diseased (HLB) and healthy

groups.
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Figure 2 Stacked bar plot showing the composition of major microbial taxa at the phylum and order levels in
the citrus rhizosphere. A: Species composition and relative abundance of the citrus rhizosphere bacterial
community at the phylum level between healthy and diseased (HLB) groups; B: Species composition and relative
abundance of the citrus rhizosphere fungal community at the phylum level between healthy and diseased (HLB)
groups; C: Species composition and relative abundance of the citrus rhizosphere bacterial community at the order
level between healthy and diseased (HLB) groups; D: Species composition and relative abundance of the citrus

rhizosphere fungal community at the order level between healthy and diseased (HLB) groups.
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IR O O o U ]
W o W R 4
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BT FUNGuild dfs e EA T 55 e o R ARG R s L T4
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(saprotroph) . Ji & 375 (pathotroph) , HEAE B FF
B (symbiotroph) 3 REFREAL, W[kl 53N 17 4
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AW EIEE AWM FEESERE ST
HLB £1(P<0.05).
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Figure 3  Analysis of alpha diversity and PCA in the citrus rhizosphere microbiome. A: Box plot showing
differences in bacterial alpha diversity in the citrus rhizosphere between healthy and diseased (HLB) groups; B:
Box plot showing differences in fungal alpha diversity in the citrus rhizosphere between healthy and diseased
(HLB) groups; C: Principal component analysis of bacterial communities in the citrus rhizosphere between
healthy and diseased (HLB) groups; D: Principal component analysis of fungal communities in the citrus
rhizosphere between healthy and diseased (HLB) groups. * represents significant differences between diseased
and healthy groups (*: P<0.05).
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Figure 4 STAMP analysis of predicted microbial functions in the citrus rhizosphere. A: Differences in predicted
bacterial functions in the citrus rhizosphere between healthy and diseased (HLB) groups; B: Differences in
predicted fungal functions in the citrus rhizosphere between healthy and diseased (HLB) groups. The bar on the
left indicates the relative abundance of the pathway, the dots on the right show the treatments that have high
abundance under a particular pathway, and the rightmost number indicates the significance of the differences,

with P<0.05 indicating that the difference is significant.
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