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Abstract: [ Objective ] As a serious banana disease and a significant limiting factor in banana production worldwide, banana
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Fusarium wilt disease is caused by the fungal pathogen Fusarium oxysporum f. sp. cubense race 4(FOC). The rhizosphere
microbiome of plants is a key barrier that defends plant roots from an invasion of soil-borne pathogens. Most studies of the
rhizosphere microbiome have focused on bacterial and fungal communities. However, as an important component of the
rhizosphere microbiome, the rhizosphere protist community has been neglected in the regulation of microbiome and plant health.
This study was conducted to explore the characteristics of the soil protist community in healthy and diseased plants and the
interactions between protists and pathogens through field experiments of continuous cropping of bananas. [ Method ] In this paper,
high-throughput Illumina MiSeq sequencing was applied to analyze the differences of soil protist community structure and
composition among different treatments in field experiments. [ Result ] Results show that the relative importance of protists in
predicting pathogenic Fusarium number was 47.19%, suggesting that protists might be the best predictor for pathogen number
than culturable bacteria and fungi. The diversity and richness of the rhizosphere protist community decreased during plant growth
and was lower in diseased plants. The composition and community structure of protists differed between healthy and diseased
plants in rhizosphere soil. Also, the relative abundance of phagotrophic protists was highest compared to other functional groups
in all soil samples, showing an increasing trend throughout plant development and enriched in diseased plants. Before the heading
stage, the relative abundance of Bacillariophyta X unclassified, a phototrophic protist, was highest in healthy plants but
decreased at a later stage. In healthy plants, the relative abundances of Group-Te and Cercomonas, phagotrophic protists, were
higher at the heading stage. It was also observed that diseased plants showed a higher relative abundance of Pythium while
phagotrophic protists, particularly Cercozoa protists, had significant correlations with Fusarium than other protistan communities.
Group-Te and Cercomonas, two Cercozoa taxa, were negatively linked with the pathogen. In contrast, pathogens in diseased
plants were positively linked with Pythium, which was a plant pathogenic protist. [ Conclusion ] Protists in the rhizosphere soil
demonstrated a greater impact on pathogens. The community characteristics of protists in rhizosphere soil changed in the process
of plant growth and differed between healthy and diseased plants. Particularly Group-Te and Cercomonas were negatively linked
with the pathogen, which might have potential in the prevention and control of banana wilt disease. Future research should focus
on (i) the isolation and purification of phagotrophic protists negatively related to pathogens, (ii) exploring the mechanism of
phagotrophic protists and pathogens, and (iii) investigating the internal connection with other beneficial microorganisms in
rhizosphere soil to improve the efficiency of controlling banana wilt.

Key words: Pathogen of Fusarium wilt disease; Rhizosphere; Soil protists; Phagotrophic protists; Controlling of soil-borne

disease
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IR T 2018 4F 10 A £ 2019 4F 8 HEF R & &
WHEBFIE (19°23'N, 109°35'E) #f7. %X )&
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1786 mm, HIAWM[FZE, HRGEmHRE. 256 H 1
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BEOHL4 °C, 10 000 rmin ' B0 3 min, FFK 1T
W I IR0 AR PR 1T, 2y 100 g CE )
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Table 1 Number of culturable soil microbes and the relative importance for pathogenic Fusarium number

T LT

AR HAEY
Bacteria/
Culturable microbes
(log (CFU-g™" dry soil ) )

Fungi/

(log( CFU-g" dry soil ) ) (log (ind-g™" dry soil ) )

JFAE B ) s i T
Protist/ Fusarium/

(log ( CFU-g™" dry soil ) )

BH 7.59+4.73b 5.34+3.52¢ 4.60+3.55a 3.93+2.49b
AD 7.81+£5.35a 5.81+3.94a 4.64+3.94a 4.20+2.01a
AH 7.81+£5.38a 5.80+3.91b 4.32+£3.67b 3.93+£2.03b
A X A
20.45% 21.56% 47.19% -

Relative importance

. BH: fiEHTEARR; AD: SR ZOW M AH: 85 @EBER . AR TR R 222 23 (P<0.05), T
[f] . Note: BH: Healthy plants before heading stage; AD: Diseased plants at heading stage; AH: Healthy plants at heading stage. Different

letters indicated significant differences between treatments ( P<0.05) . The same below.

22 BHERETEMFMER

T2 T LU, TS H AR ARAR B - 5819 pH
B R TR (P<0.05), MEREER . MEA.
AR BN T (P<0.05) , HhFEF)E A9 fE
JRERIVRAR BBl L pH . AR, AR . A LR B
m T AR (P<0.05) , 43 5 AR iR 0 4 7S
R HERCBRAR S T AR R (P<0.05) .
23 AREEERREENYEESHEM

RIRVRE b T A AEAR PR 1) R AR B Alpha £
FEMEAR RN 1 BT7R o i A f e A A AR B v
A S A ARG EOA Chaol #8503 B 2 &5 THh7E 1
( P<0.05 ). 75 1 5 A ik A A i 250 35 IR 1l e
(R AR BR ( P<0.05), T Chaol #85U{H 5 fdt M bk
TREXER.
24 AEEERERERPIERENYEZEN

B2 BRI TR, ORIEIRE S 22 0 5 3h
BEIESEMIAFAE B 22 5 (P<0.05 ). $l155 Ay i) i e A

RS 08 AR BRI AR S W) W eI S5 M 7256 — L0
RSB (P<0.05), TEANAE AN S i AR Y
JRASI RV M ES Z E s LR ESE
( P<0.05 ). #—F o FEE — F 850435l o5 B 5Tk
1 50.02%F1 30.86%
25 AEEERBRERPTERENMEEZAY

HER

AN TR i 38 A S A A D RE S B AR X o JEE
mE 3 fR. T REMERG . A5 i FA bk
rh 7RI AR A 2% ( Phagotrophic protist ) AHXT 3 &
Py ip 3w T HA T RE R A A R AR S . WA R A
SNYTEN A Jo AR = B i 2 o (P<0.05), HAER
AR TP R R ( 59.47% )0 YR AL A: B ( Phototropic
protist ) 7EFHET RTAHXS FRER &, FEdhE 5 A XS
BEHEFEAT (P<0.05). MY RS Y) ( Plant
pathogenic protist ) 7£ 185 Ji 19 A0 X 3 B &6 3% T+ &
(P<0.05), HAERWHMTIREIRS (14.97% ).

*2 BERBIEBLFUER

Table 2 Soil chemical properties of banana in soil

AL S A TEROT A AR B

fib 3
pH Organic matter/ N HX N/ NO; - N/ Available phosphorus/ Available potassium/
Treatment

(gkg") (mgkg!) (mgkg!) (mgkg™") (mgkg™)
BH 6.40+0.02¢ 14.52+0.99b 15.54+0.33a 12.52+0.63a 114.75+1.79b 80.53+0.77a
AD 6.51£0.02b 14.41+0.82b 14.66+0.23b 5.45+0.31c 99.13+2.83¢ 77.19£1.02b
AH 6.74+0.02a 16.47+0.38a 13.56+0.20¢ 7.92+0.43b 128.3342.30a 68.97+1.39¢
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Fig. 1 Alpha Diversity Indexes of protists in different treatments: a) Shannon index; b) Chaol index
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Fig. 2 Principal coordinate analysis of protist communities between
treatments

TERREHTSS A 5 il e ik =2 1] D A s P
B ESBE (K 4), FrarEihm, st
SRR AR A, HZ2 R T 22 2 H( Cercozoa ),
HWR A EAR A3 o s A BRAR R rh, AH X
3= B f i 1A R AE B OTU18( Ochrophyta,
Bacillariophyta X unclassified ), #|#liF5#, TitRE
flt R 2 KR bR, OTU18 RYAH X AR R Hh
TR R oA R v, FERT 3 B 5 v 1 ol — e 4 3K
I B A 34 OTUS ( Pseudofungi, Pythium ), Tidh
A AR R AR AR T, ARG S B e A A A A B
¥ OTU16( Cercozoa, Group-Te ), H. OTU16( Cercozoa,

02
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Fig. 3 Relative abundance of different functional taxonomic protist
rhizosphere soil different treatments with different growth periods

Group-Te ) AR FEFE AR TR XS F B2 35 5 T A #
Bk (P<0.05 ),

AN TR B 300 R R A N R R B E R
(P<0.05) , HHETHIE R PA A £ RE 8w s AR
7 JAL TR T R I RELAR R (R R G = B v TR R A AR, 22
SHA BEE (P<0.05, F Sa) .

AERE S BEHT 20 AN AE 30 OTU S50 I 1 19 A
KT, SR R 0 AR W
OTU A 94~ (P<0.05) , HFmgaEAhYHE 7
A, 2 MNE T4 E SR (Ciliophora) , 1 4ME TR
(Lobosa) , 4 Mg T2 HI] (Cercozoa), T

Group-Te, Cercomonas F Filosa-Sarcomonadea J& -
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Group
I 3.47
0.00 =
L. P =2 =
Phylum Genus Function annotation
..... OTU20  Eukaryota unclassified ~ Eukaryota_unclassified Unknown
...._ OTU53  Ciliophora Litostomatea XX _unclassified Phagotroph
E.... OTU27  Ciliophora Colpoda Phagotroph
F. ...... OTU108  Ciliophora Colpodida_unclassified Phagotroph
...... . OTU74  Dinoflagellata Dinophyceae unclassified Unknown
F .. OTU75  Eukaryota_unclassified ~ Eukaryota_unclassified Unknown
. OTU69  Ochrophyta Amphora Phototroph
. OTU99  Ciliophora Colpodida_unclassified Phagotroph
= . OTU153  Cercozoa Allapsidae_unclassified Phagotroph
= . . OTU57  Cercozoa Eocercomonas Phagotroph
. OTU100  Ochrophyta Chrysophyceae X_unclassified Unknown
. . OTU38  Ochrophyta Raphid-pennate_unclassified Phototroph
ﬁ. . OTU71  Cercozoa Glissomonadida_Clade-Y_X Phagotroph
. OTU18  Ochrophyta Bacillariophyta_X_unclassified Phototroph
. OTU51  Ochrophyta Bacillariophyta_X_unclassified Phototroph
= . OTUS55  Eukaryota_unclassified  Eukaryota_unclassified Unknown
OTUS2  Chlorophyta Prototheca Phototroph
H OTU29  Eukaryota_unclassified ~ Eukaryota_unclassified Unknown
OTU64  Cercozoa Peregrinia Phagotroph
H OTU23  Cercozoa Sandonidae_unclassified Phagotroph
. OTU5S4  Lobosa Vermamoebidae_unclassified Phagotroph
. OTU32  Cercozoa Cercomonas Phagotroph
. OTU37  Ochrophyta Chrysophyceae_X_unclassified Unknown
. . I OTU2330 Ochrophyta Chrysophyceae X _unclassified Unknown
. OTU36  Ciliophora Colpoda Phagotroph
. OTU116  Centroheliozoa Heterophryidae_unclassified Phagotroph
. OTU40  Ochrophyta Chrysophyceae_X_unclassified Unknown
. OTU343  Eukaryota unclassified ~ Eukaryota_unclassified Unknown
OTU109  Ochrophyta Ochrophyta_unclassified Unknown
OTU163  Centroheliozoa Centroheliozoa X_unclassified Phagotroph
| | . OTU16  Cercozoa Group-Te Phagotroph
.. . OTU60 Cercozoa Sandona Phagotroph
. I OTU139  Cercozoa Limnofila Phagotroph
.. OTU98 Cercozoa Cercomonas Phagotroph
.. .. OTU132  Eukaryota_unclassified ~ Eukaryota_unclassified Unknown
.. .i OTU2128 Ochrophyta Chrysophyceae_Clade-C_unclassified Unknown
.. h OTU243  Cercozoa Spongomonadidae_X Phagotroph
OTU159  Conosa Flamella Phagotroph
.. . OTUI127  Cercozoa Rhogostoma-lineage_X Phagotroph
.. OTU190  Eukaryota_unclassified ~ Eukaryota_unclassified Unknown
.- . OTUS Pseudofungi Pythium Plant_pathogen
.. OTU78  Cercozoa Neoheteromita Phagotroph
... OTU30  Cercozoa Neoheteromita Phagotroph
... OTU1643  Cercozoa Sandonidae_unclassified Phagotroph
.. . OTU119  Ochrophyta Chrysophyceae_X_unclassified Unknown
... .... OTU182  Ochrophyta Spumella Phagotroph
..- . OTU21 Cercozoa Sandonidae_unclassified Phagotroph
. . . OTUI188  Cercozoa Sandonidae_unclassified Phagotroph
... .. . OTU7 Cercozoa Flectomonas Phagotroph
... .... OTU8 Cercozoa Neoheteromita Phagotroph
Nt =AW NA ST =N Y —
EEmam<cicccciziz

K4 TR b BAR PR S rp AR X 2 BERT 50 B9 A 34 OTU #4A]

Fig. 4 Heat map of the top 50 protist OTUs in the rhizosphere soil samples collected from different treatments
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Fig. 5 The relative abundance of Fusarium in different treatments (a ) and the Spearman correlations between the relative abundance of top

20 indicator protistan taxa ( OTUs ) and Fusarium (b)
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