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Abstract: Elucidating the response of rhizosphere soil microorganisms to the invasion of Fusarium in pepper provides a the-
oretical foundation and technical support for research on pepper rhizosphere microecology, the exploration of superior
biocontrol resources, and the targeted control of pepper Fusarium wilt. Rhizosphere soil samples were collected from healthy
(CK), mildly diseased (T,), moderately diseased (T,) and severely diseased (T3) pepper plants. High-throughput sequencing
and bioinformatics analyses were employed to compare the community structure and diversity of rhizosphere microorganisms
and to assess the functiona differences. CK had the highest number of unique bacterial OTUs, while T, had the highest hum-
ber of unique fungal OTUs. At the genus level, the dominant bacterial genera included unclassified Acidobacteriaceae .

unclassified Bacteria . unclassified Rhodospirillales . Gaiella. unclassified Betaproteobacteria . Terrimonas . unclassified

Desulfuromonadia and Fontisphaera the dominant fungal generaincluded Thermoascus, Mortierella, Apiotrichum, Fusarium,
Rasamsonia, unclassified Fungi, Paracremonium, Talaromyces, Debaryomyces and Metarhizium. With increasing disease
severity, the richness of both bacteria and fungi initially increased and then decreased, while the diversity showed a trend of
initial increase, followed by a decrease, and then a subsequent increase. PCoA results revealed distinct differences in bacterial
and fungal communities among the treatments. Linear discriminant analysis (LEfSe) identified 14, 2, 6 and 6 bacte-
ria-specific species at the genus level, respectively, and 12, 10, 7 and 9 fungi-specific species for CK, Ty, T, and T, respec-
tively. Cross-domain correlation analysis between rhizosphere bacteria and fungi demonstrated that Fusarium was negatively
correlated with Acidibacter, Bradyrhizobium and Bryobacter. As disease severity increased, the network parameters of bacte-
rial and fungal community interactions exhibited an initia rise, followed by a decline, and then a subsequent rise. The abun-
dance of potentially pathogenic microorganisms was significantly higher in diseased plants than that in healthy peppers, while
the abundance of stress-tolerant microorganisms initially increased significantly and then decreased. The relative abundance
of saprotrophs was significantly higher in severely diseased plants compared to healthy peppers, and the abundance of plant
pathogens showed a significant increase-decrease-increase trend. Pepper Fusarium wilt significantly altered the character-
istics of the rhizosphere soil microbiome. In the early stages of disease, pepper roots likely resist Fusarium infection by
recruiting beneficial microorganisms, stimulating bacterial stress tolerance, and enhancing fungal saprotrophic and
symbiotic functions. In the middle and late stages, intensified root damage leads to a decline in recruitment capacity,
allowing pathogens to dominate and beneficial microbial communities to be suppressed.

Keywords: continuous pepper cropping; Fusarium wilt; rhizosphere soil microorganisms; community structure; diversity
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Fig. 2 Relative abundance of bacterial (A) and fungal (B) communities in rhizosphere soil at order level
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Fig. 3 Relative abundance of bacterial (A) and fungal (B) communities in rhizosphere soil at genus level
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7 WERTEEEEE LEfSe S HEXE (LDA>35)
Fig. 7 LEfSe analysis cluster diagram of rhizosphere soil fungal community (LDA>3.5)
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2.8 RERTIFERAEY e

F£F Bugbase X AR B -+ 398 4 B4 26 A gk 47 0]
SEREH, AR KRR M A 9
RKIifeeRt (1K 10A ) , 435K stresstolerant ( 4
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- 4: Bradyrhizobium

- 5: Nitrospira

+ 6: Rhizomicrobium
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- 8: unclassified Burkholderiales
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+ 10: Ramlibacter
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+ 12: Pedomicrobium
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Abundanc
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+ 22: Usitatibacter
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- 25: unclassified lfobacteriota
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- 31: unclassified Chitinoph

NET it s Yoot

+ 32! Gaiella

- 16: Rhodoplanes
* 17: Flavobacterium

* 33: unclassified Solirubrobacterales
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® 1: Rhizopus

® 2: unclassified Sordariales

® 3: Penicillium

© 4: unclassified Basidiomycota
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® 6: Wickerhamomyces

© 7: Pluteus

® 8: Muyocopron

® 9: Paracremonium
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© 11: Hannaella
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® 14: Peziza

® 15: Volutella

® 16: Aspergillus
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® 19: Nigrospora
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® 20: Gliocladiopsis
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® 22: Plectosphaerella
® 23: unclassified Sordariomycetes
® 24: Metarhizium

® 25: Teunomyces

® 26: Debaryomyces

® 27: Chloridium

© 28: Saitozyma
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® 30: Trichoderma

® 31: unclassified Fungi
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® 33: Fusarium
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© 35: Apiotrichum

® 36: Purpureocillium
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Correlation
Correlation degree
positive O 3
— negative Q6
Bacteria O
1. ® Acidibacter 11. ® Mesorhizobium  21.® Roseiarcus
2. @ Altererythrobacter 12. @ Nitrospira 22.® Solirubrobacter
3. @ Aquabacterium 13. ® Nordella 23.® Steroidobacter
4. @ Bauldia 14. ® Occallatibacter ~ 24.® Terrimonas
S. @ Bradyrhizobin 15. ® Pedomicrobium ~ 25.® Vicinamib
6. ® Bryobacter 16. ® Pseudolabrys
7. ® Dokdonella 17. ® Pseudomonas
8. ® Dongia 18. ® Ramlibacter
9. @ Gaiella 19. ® Reyranella
10. ® Lysobacter 20. ® Rhodoplanes
Fungi
26. ® Acremonium 36. ® Lindtneria 46. ® Rhizopus
27. ® Apiotrichum 37. ® Mycothermus 47. ® Saitozyma
28. @ Arthrographis 38. ® Ochroconis 48. ® Teunomyces
29. ® Arxiella 39. ® Paraphaeosphaeria49. ® Trechispora
30. ® Chloridium 40. ® Peziza 50. ® Volutella
31. ® Coprinopsis 41. ® Pseudallescheria
32. ® Dactylonectria 42. ® Ramicandelaber
33. ® Fusarium 43. ® Ramophialophora
34. ® Hannaella 44. ® Rasamsonia
35. ® Humicola 45.® Rhizomucor

A SRR T B FUEAREEMATIE; C: RS LRSS A M. PR MURERE s SARm 2 MBI

FASEHE, RAMANUFRA GRS, ML ERFFRIEMR, SOLJFIRRIML,

A: Bacterial correlation analysis diagram; B: Fungal correlation analysis diagram; C: Bacterial and fungal correlation network analysis
diagram. The size of the circle represents abundance; The line represents the correlation between the two genera, the thickness of the line
represents the strength of the correlation, the pink line represents positive correlation, and the green line represents negative correlation.

B8 MIRTEAFESEREXEKEMES T

Fig. 8 Analysis of association network between bacteria and fungi in rhizosphere soil
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A: Bacteria; B: Fungi; C: Bacteria and fungi.
B9 RERTIEREYBELLEME
Fig. 9 Co-occurrence network of microbial communities in rhizosphere soil
x1 REBRLTEMEVHEERENEZSH
Tab.1 Co-occurrence network parameters of microbial communities in rhizosphere soil
A il euk¢ IEASGHEL SACIns R VI O HHRTRERAL
Type Treatment Edges Pos edges Negedges Edgedensity AverageK Centralization degree Relative modularity
i) CK 541 395 146 0.42 2122 0.16 3.05
T: 517 289 228 0.41 20.27 0.15 281
T, 439 241 198 0.34 17.22 0.10 4.61
Ts 489 250 239 0.38 19.18 0.12 3.85
B CK 478 244 234 0.32 17.38 0.01 4.67
T: 531 275 256 0.34 18.96 0.09 3.61
T, 505 252 253 0.33 18.04 0.04 4.07
Ts 511 272 239 0.34 18.58 0.10 3.50
MF+EFE CK 1909 1089 820 0.34 36.02 0.09 7.49
T 2075 1113 962 0.37 38.78 0.12 5.54
T, 1864 938 926 0.33 34.84 0.03 8.17
Ts 2010 1055 955 0.36 37.92 0.12 475

3.55%, 1 endophyte. ectomycorrhizal . animal
pathogen . undefined saprotroph T HEZS B £ & I &
T F% 0.04%~6.21%( |8 11F ); T, %) animal pathogen .
bryophyte parasite, litter saprotroph #i1 fungal parasit
Tyee KB F B B % b Jb 0.23%~20.67% , i
endophyte. plant pathogen #1 undefined saprotroph

IR RBEF T 3 T 1.29%~18.76%( & 11G );
T3 1 undefined saprotroph. plant pathogen. dung
saprotroph #i1 soil saprotroph e #E £ %
Tt 1.49%~4.31%, 1Ml wood saprotroph ., endophyte,
ectomycorrhizal #1 animal pathogen I fiEZS#f 42 )&
i F % 0.55%~3.08% (K] 11H)
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Aerobic | 00— ‘ 1.32¢-02 £
Potentially pathogenic | ‘ o 1.37e-02 g
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L Il 1 1 >
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PRy FEEER
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A: R B CHID AR Ty, To M ToAb# S CK i1 i 322 5+ 388,
A: Phenotypic composition; B, C and D represent phenotypic difference between T,, T, T3 treatments and CK, respectively.
10 E-F Bugbase IR Br 1 358 20 B 3 2 FU
Fig. 10 Prediction of bacterial phenotypesin rhizosphere soil based on Bugbase.
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unclassified Desulfuromonadia # Fontisphaera; I

PBEH &N Thermoascus . Mortierella , Apiotrichum
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G O K == T, 95% confidence intervals
Animal pathogen E=—=———== ! O 714e06 g
Ectomycorrhizal L5 o | 3.17e-04 3
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Bryophyte parasite | @ 2.57e-03 &
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Ectomycorrhizal B o | 54503
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Animal pathogen F5 —0— | 7.92¢-03 E
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Wood saprotroph —o— 1.27¢-02 £
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A: Trophic JIRE4LA; B: Guild SHRELLA; C. D ME 43310k o T, M1 Ts 15 CK ¥ Trophic JifE2% 55 F. G HIH 4510
Ti. TR T 5 CK Y Guild DiRE2E 52,
A: Trophic modes composition; B: Guild profiles composition; C, D and E represent the Trophic functional difference between T,, T, T3 and
CK, respectively; F, G and H represent the Guild functional differences between T1, T2, T3 and CK, respectively.

B 11 #F FUNGuild B BR £ 35 B 5 Th 8E K BE FLl
Fig. 11 Prediction of fungal functional groups in rhizosphere soil based on FUNGuild
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