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Abstract: Vanilla, a vital spice crop, faces significant challenges from soil-borne diseases caused by Fusarium ox-
ysporum, affecting its sustainable cultivation. This study utilized quantitative polymerase chain reaction (qPCR) and
high-throughput sequencing to assess the impact of rotating black pepper, pandan, and sweet rice tea on pathogen levels
and the rhizosphere soil microbial communities of vanilla plants cultivated in a pot environment. Incorporating pandan
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and sweet rice tea into the crop rotation significantly reduced the prevalence of F. oxysporum and enhanced both the
abundance and diversity of the rhizosphere soil bacteria. Three distinct microbial community structures associated with
fallow, monoculture, and crop rotation conditions were identified. Notably, the rotations involving pandan and sweet
rice tea showed no significant differences in the bacterial and fungal community compositions. Crop rotation notably
increased the relative abundance of key phyla such as Acidobacteria, Chloroflexi, Rokubacteria and Ascomycota.
Moreover, the relative abundance of the dominant bacterial genus Nocardioides increased at the genus level, with a
relative abundance of 64.26% after pepper rotation, 98.54% after pandan rotation, and 63.07% after sweet rice tea rota-
tion. The core microbiome, featuring species such as Terriglobus, Kribbella, Myxococcus, Acremonium and Sarocladium,
showed a particularly strong response to the presence of pandan, suggesting a closer network interaction among fungal
species post-rotation. Additionally, crop rotation was found to significantly raise the soil pH, which, along with the al-
tered bacterial and fungal community structures, emerged as critical factors in disease suppression. Collectively, our
results suggest that integrating the economically valuable spice crop pandan into the rotation schedule in vanilla mono-
culture systems can significantly reduce the incidence of soil-borne diseases, offering a sustainable cultivation strategy

for vanilla.
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R1 AERIELIEHTIEMEY Alpha ZHEME

Tab. 1  Alpha diversity of soil microorganisms under different crop rotation treatments
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Note: Different lowercase letters indicates significant difference (P<0.05).
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Fig. 4 Linear regression analysis of rhizosphere soil microbial community and F. oxysporum in vanilla
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Fig. 5 Random forest analysis of differential core microorganisms (A, C) and correlation analysis between species
and pathogens of different treatments (B, D)
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Fig. 6 Rhizosphere soil microbial networks of different treatments
F2 FEEHRBRTEREVHENEEGE
Tab. 2 Network properties within rhizosphere microbial communities across various spice crops
%) 25 J 1 474 Bacteria E 7 Fungi

Network properties CK X H B C CK X H B C
A 500 500 500 500 500 500 500 500 500 500
hE 121 62 36 55 38 427 243 411 892 404
IEAH G E B AU Y% 64.46 56.45 61.11 54.55 50.00 98.59 90.12 97.32 98.77 96.53
B HH ST AU Y% 35.54 43.55 38.89 45.45 50.00 1.41 9.89 2.68 1.23 3.47
RS 1.66 1.15 1.13 1.12 1.12 2.98 2.55 422 5.74 3.71
T AR K 2.44 1.30 1.26 1.11 1.19 3.16 1.13 1.02 1.34 1.02
W 4 H A% 8.58 3.83 2.88 1.93 2.90 10.38 3.84 2.82 4.72 1.95
TR AL 0.55 0.19 0.10 0.50 0.30 0.91 0.95 0.99 0.99 0.99

27 MABEEZRERHEREOTEEL
E F R M e o B F

A 30 5 FEAEAS [F A RHEY I 1) 1 Rk
B, Z5REH, SiEERREZAMEML, EN
PRU/BE 2 /b oK 7 25 Y BE B B v 3% pH, LIK
T HEAHUT . B AR A O R A Y
(P<0.05), {HASAERE %M FAR KA 4G A9 pH A1
HAM S RILEEER (£3),

A R - PR AR N - 5 700 40 ) TR R A — R
PEARTRY T PEAl A 3B PR 900 o D R 44 A
(A AT BB /N B T LA X T M L S5, 5
A HE AL TR T AR AR B 87.33%, H:
L pH S M i B v B 1 — A 2 HOCEE A T
AP HESFERR (P<0.05 ), B X AY G AR & 1) Al B
L F] 26.72% (£ 4 ).

H %8 it T B I 3 A G OC R T AE R
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Tab. 3 Soil chemical properties of different treatments
Ab oH HHLBT TRk 2 AL AR
Treatment Organic matter/(g-kg ™) Alkeline-N/(mg-kg ™) Available P/(mg-kg™") Available K/(mg-kg ™)
CK 5.62+0.06° 32.13+4.22° 125.40+4.61¢ 25.30+2.32¢ 339.50+29.71°
X 5.62+0.15° 24.67+1.34° 100.33+2.14° 17.46+4.17° 153.46+2.32¢
H 6.31£0.22° 32.90£1.97% 218.33+7.64° 37.12+2.72° 441.18+41.99°
B 6.68+0.19° 38.38+3.95° 418.40+20.75° 43.33+0.86" 570.21£17.51°
C 7.00£0.13* 37.78+1.53% 494.33+8.02° 56.20+1.42° 592.92+31.47
F 46.39 11.03 807.39 105.03 123.90
P 0.00 0.00 0.00 0.00 0.00

T FFIAR/NG PR R A B E] 25 5 2 3% (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference between different treatments (P<0.05).

x4 ITHEBEUET. EVEFSEEZRARIIEFENEEXR

Tab. 4 Linear relationship between soil physicochemical factors, microbial factors and abundance of F. oxXysporum in vanilla

{645 Index  Df F Pr (>F) t RI1/% T84 Index Df F Pr (>F) t R1/%
pH 1 55.18 0.001 -2.126 26.72 Y GRS 1 50.81 0.001  -1.229  17.01
AHL 1 4.22 0.070 1.074 8.27 FLAREE 1 6.73 0.013 -0.271 8.05
AR 1 1.51 0.250 ~1.346 22.96 Y P 1 0.15 0.701 0.653 4.79
TR 1 0.14 0.715 -0.223 16.90 YT 2 e 1 1.33 0256  —0.579 5.27
TR 1 0.97 0.350 0.987 12.47 HETEE 1 2.21 0.145  —0.374 2.87
B2 9 Acidobacteria 1 1.87 0.179 1.660 5.48
HRUAEE . R=0.819, AIC=—-62.72, P<0.001 Chloroflexi 1 0.09 0.767 0.141 10.99
AR RS AR B R . 87.33% Ascomycota 1 6.50 0.015 -2.294 11.22

ASV5998 1 0.22 0.638  —0.355 1.03
ASV7292 1 0.01 0.941 0.062 0.53
B2 33

RIS . R=0.5767, AIC=144.3, P<0.001
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