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Abstract: [Objective] Fusarium wilt caused by Fusarium oxysporum f. sp. nivum is a typical
soil-borne disease in watermelon production, posing significant threats. This study investigates
the microbial community structures in the rhizosphere soil of healthy and Fusarium wilt-affected
watermelon plants to clarify the regulatory effects of this disease on the physicochemical
properties and microbial communities of rhizosphere soil. It aims to reveal the interactions
between pathogen enrichment, beneficial microbial decline, and soil environmental factors,
providing theoretical support for the green control of Fusarium wilt in watermelon plants by
rhizosphere microbiome regulation. [Methods] Rhizosphere soil samples were collected from
healthy plants (HT group) and Fusarium wilt-infected plants (FT group) of the watermelon
variety ‘Xiaoyu No. 5’ in Shaoyang, Hunan. Physicochemical indicators including total nitrogen
(TN), total phosphorus (TP), available phosphorus (AP), and available potassium (AK) were
measured. Illumina high-throughput sequencing was employed to analyze the structures and
diversity of microbial communities in the rhizosphere soil of healthy and disease-infected plants.
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[Results] The FT group had lower content of TP, AP, and AK in the rhizosphere soil than the HT
group (P<0.05). The TN, organic matter (OM), and pH in the FT group were lower without
significant differences than the HT group. The FT group had higher fungal ACE and Chaol
indices (P<0.05), higher bacterial ACE and Chaol indices (P>0.05), and higher fungal and
bacterial Simpson indices (evenness) (P<0.05) than the HT group. The abundance of Bacillota
was significantly higher in the HT group than in the FT group, whereas that of Ascomycota was
significantly higher in the FT group. At the genus level, the abundance of beneficial bacteria such
as Neobacillus and Bacillus decreased in the FT group, while that of the pathogenic genus
Fusarium increased sharply from 0.06% to 2.40%. The redundancy analysis (RDA) indicated that
TN, TP, and OM were key drivers of bacterial community changes, whereas TN, OM, and AK
were core regulators of fungal communities. Functional prediction suggested enhanced functions
such as stress responses and energy metabolism of bacteria, alongside increased potential for
functions such as plant cell wall degradation of fungi, in the diseased rhizosphere.[Conclusion]
The occurrence of Fusarium wilt in watermelon plants leads to depletion of phosphorus and
potassium in the rhizosphere soil and disrupts microbiome balance. This is manifested by the
enrichment of Fusarium and the decline of beneficial bacteria (e.g., Neobacillus and Bacillus).
Soil TN, OM, and AK are key environmental factors regulating this imbalance, with AK
deficiency potentially serving as a pivotal link between soil environmental degradation and
disease intensification. These findings provide crucial theoretical support for developing eco-
friendly control strategies-potassium supplementation and stabilization alongside the targeted
cultivation of beneficial microbial communities-targeting Fusarium wilt in watermelon plants.
Keywords: Fusarium wilt in watermelon plants; rhizosphere microorganisms; high-throughput
sequencing; soil physicochemical properties; community diversity
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Scientific 23 Fl)XF 44K (1) PCR 7= AT L -
(1) #5545 (2) M HmERIm L LTk AR
Bty (3) FIH] PCR ¥ 3 47 SCE AR 1Y) w4 5
(4) BEER I PCR 7= )45 B S 4 SCPE . AL
[lumina NextSeq2000 - & #4707 (i 396 75 A=
Y 2TRH A PR R T R B A7 i 7 [ 2T
A B 2 BCPE O (ttp:/nmde. en), G5 A
NMDC40093162,

14 HELERGITSH
141 SEENFHIELE

fifi Jf] fastp™® (https:/github.com/OpenGene/
fastp, version 0.19.6) K X5 X g Ji 4y I 5 )5 371
YT, 8] FLASH™ (http://www.cbeb.umd.
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AL AT B4 OTU R 5155 4 397 N4
OTUs, H.[ ITS rDNA 3% 526 521 44 %0 F
Y, SRS N 265 bp, 1E 97% HYARLK
R RIS E] 737 A~ E B OTUs, MR HEH: B
Mg (& DRI, 4w (B 1A). HE (& 1B)W
Sobs 8 H ML B Pk T+ TF%, H HT
M5 FTAMLEEATE S T A, XRIT
s O E BREAR LR ZE AR, dksk
MR AN 2 PR OTU, ST fE %
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Venn EI5rHr 2 KR (E 2), U S aREvE
JITE] P AR o A 198 40 B R L B R VR YA e — 2 Y
25, MEFEE(E 20, HT H& 2 177 4
OTUs, H 44 OTUs 294 4~ (5 HT 4 &
OTUs /) 11.70%); FT 21 & 2220 4~ OTUs, H
B A OTUs 337 (5 FT 44 3 OTUs 19
13.41%); PiZH3LA OTUs 1 883 /N ( 5 M4 &
OTUs 1) 74.90%). H.IE#f#% (&l 2B)H, HT 41
% 3334~ OTUs, H:HHEA OTUs 104 4~(fi HT
41 5. OTUs 1) 20.47%); FT 207 404 4~ OTUs,
H 84 OTUs 175 4~ (& FT 418 OTUs fY
34.45%); W43 OTUs 229 4~ (5 B H &
OTUs 1Y 45.08%). Fif OTUs $im 22 57 K1,
2995 2 AR T AR BRI AR W 1 <R A R
MR, FT 41400 5 HEEEA OTUs B £
T HT 41, R B AR PR & E N REE
OTUs W REAL & S5 F HEFRAH G B TR

Physicochemical properties of rhizosphere soil from diseased and healthy watermelon plants

Sample Total Total Available  Available  Alkali- Ammonium Nitrate Organic pH
1D nitrogen  phosphorus phosphorus potassium hydrolyzable nitrogen nitrogen matter
(g/kg) (g/kg) (g/kg) (g/kg) nitrogen (g/kg) (g/kg) (g/kg) (g/kg)

HT 2.78+0.37a 3.96+0.18a 0.26+0.0la 1.274+0.18a 0.63+0.18a
FT 2.284+0.23a 2.77+0.15b 0.19+£0.00b 0.69+0.09b 0.42+0.06a

0.04+0.00a 0.11+0.04a 44.46+3.12a 5.23+0.23a
0.04+0.01a  0.09+£0.01b 38.22+3.23a 5.07+0.17a

Different lowercase letters after the data in the same column indicate significant differences (P<0.05).

P4 actamicro@im.ac.cn, 7 010-64807516



W7 45 | MEEYFAR, 2026, 66(5) 2267

A B

1800 260
1600 240
220
1400 200
o © 180
> 1200 >
2 = 160
1000 1S)
g > 140
rg 800 'g 120
@ 2 100
£ S
o & 80
400 60
200 40
20
0 | 1 1 | 1 | | 0 1 1 1 1 1 1 1 1
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
Q \) \) \) N\ Q \) \ Q Q \ \) Q Q Q
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
RO NPT \FNPAN L D R DR
Number of reads sampled Number of reads sampled

Bl HAPE 909754 T HIRAE(A)FEE(B) SobstEH AR 2k
Figure 1 Rarefaction curves of soil bacterial (A) and fungal (B) communities (at 97% similarity) based on the

Sobs index.
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Figure 2 Venn diagram showing the composition of bacterial (A) and fungal (B) communities in the rhizosphere

soil of healthy and diseased watermelon plants at the OTUs level.
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Table 2 Alpha diversity indices of bacterial and fungal communities in the rhizosphere soil of diseased and

healthy watermelon plants

Microbiome Sample ACE index Chaol index Simpson index Shannon index Coverage

name ratio (%)
Bacteria HT 1 700.80+8.98a 1680.11+17.64a 0.016 1+0.012 Oa 5.54+0.11a 99.65

FT 1 885.59+93.26a 1 879.47+80.23a 0.010 9+0.001 0b 5.84+0.17a 99.65
Fungi HT 177.77+11.42a 175.56+10.69a 0.225 4+0.028 0a 2.22+0.07a 99.98

FT 277.10+8.76b 276.04+7.51b 0.119 3+0.015 Ob 2.87+0.06b 99.97

Different lowercase letters after the data in the same column indicate significant differences (P<0.05).

2H.(0.010 9+0.001 0) (P<0.05). S AIE, FT
“H BT 1Y) ACE 48 %1(277.10+8.76) . Chaol 5%k
(276.04+7.51), Shannon 35 %1 (2.87+0.06) 14 i #
T HT 2H(177.77+11.42. 175.56+10.69, 2.22+
0.07) (P<0.05), FWWHE BERT T HEHE
FEES 2, R, HT 4 E R Simpson 4§
#7(0.225 4+0.028 0) . 3 = T FT 41 (0.119 3+
0.015 0) (P<0.05), 56HH £ 5 B0 F AV 38 50 )3
TR, FRWIE G i T T A A LR AR S
B, SRS S5 A
232 IRERHEI B ZHMER

B ZHENES M (PCoA 5 NMDS) i — ik
T ERE S AR R AR AR PR PRV (R S5 4 4
2, LT Weighted-UniFrac 5 21 PCoA 4%
R (K 3A. 3B), PCl %l B35l 30.38%,
PC2 il fi B K Hy 29.19%, Bl i i B R Ky
59.57% (>50.00%), % W AL Al %k 4 T 7 2544
ZWRRE I R4 HT 405 FT HAE i 1E
PCoA KW 2B, TTHBES, UM
RIS A TE R 2o 5. X T HE, PCl
AR 36.19%, PC2 Ml B %K 29.53%,
5 il A A B R 65.72% (>50.00%); 5 A 2%
I, HT 45 FT A5 25 WA ik, HESE
I, VIF S P AR 45 At R o R AR e R B
54k, 3T Bray-Curtis 25 i NMDS 255 iR
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Figure 3

PCoA (A) and NMDS (C) analysis diagrams of bacterial communities in the rhizosphere soil of

healthy and diseased watermelon plants, and PCoA (B) and NMDS (D) analysis diagrams of fungal communities.
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Figure 4 Relative abundance of bacterial communities at the phylum (A) and genus (B) levels in the rhizosphere

soil of healthy and diseased watermelon plants.
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Figure 5 Relative abundance of fungal communities at the phylum (A), genus (B), and Fusarium species (C)

levels in the rhizosphere soil of healthy and diseased watermelon plants.
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Figure 6 RDA analysis of rhizosphere bacterial (A) and fungal (B) communities and soil nutrient indicators in

healthy and diseased watermelon plants.
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Figure 7 Heatmap showing Spearman correlations between dominant bacterial (A) and fungal (B) genera at the

genus level and soil physicochemical properties in watermelon rhizosphere soil. TN: Total nitrogen; TP: Total

phosphorus; AK: Available potassium; AP: Available phosphorus; OM: Organic matter; AN: Alkaline

hydrolyzable nitrogen; NHs-N: Ammonium nitrogen; O; -N: Nitrate nitrogen. * indicates a significant correlation

(P<0.05); ** indicates a highly significant correlation (P<0.01); *::* indicates an extremely significant correlation

(P<0.001).
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Figure 8 Heatmaps showing differences in predicted metabolic pathways for rhizosphere bacterial (A) and

fungal (B) communities between healthy and diseased watermelon plants, based on KEGG functional prediction.
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