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Effects of different fumigants on soil nutrients and microbial
communities of strawberry continuous cropping

YANG Fuxia, TANG Ling, HE Huan, TANG Xiaogang, WANG Weicheng"

Institute of Fruit and Floriculture Research, Gansu Academy of Agricultural Sciences, Lanzhou 730070,

Gansu, China

Abstract: [Background] The problem of soil-borne diseases caused by successive cultivation
of strawberries has become more and more prominent, and fumigants have been widely used for
soil disinfection because of their remarkable effect. However, different fumigants have different
effects on soil pathogenic organisms, and at the same time, they have different effects on
non-target organisms and soil properties. [Objective] To explore the effects of different
fumigants on soil nutrients, soil bacteria, and fungal diversity, thereby providing a scientific
basis for the reasonable selection of fumigants. [Methods] Continuous cropping soil was used
as material and treated with five treatments including control, soil fumigation using calcium
cyanamide, soil fumigation using calcium oxide, soil fumigation using dazomet, and soil
fumigation using metam-sodium, to measure soil nutrient content after fumigation. PacBio
sequencing platform was used to analyze the microbial diversity of soil. [Results] Both calcium
cyanamide and metam-sodium treatments increased the content of alkali-hydrolyzable nitrogen
and decreased the content of organic matter, available phosphorus, and available potassium.
Each nutrient content in the soil of dazomet treatment increased, while the content of
alkali-hydrolyzable nitrogen, available phosphorus, and available potassium in calcium oxide
treatment decreased except the content of organic matter. In addition, the pH of dazomet,
calcium oxide, and metam-sodium treatments decreased significantly. A total of 1 164 bacterial
OTUs and 444 fungal OTUs were obtained from five soil samples of strawberry continuous
cropping. Analysis of bacterial diversity and richness showed that four fumigant treatments
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increased the richness of the soil bacterial community, and calcium cyanamide, calcium oxide,
and metam-sodium treatments increased the diversity of soil bacterial colonies. As compared
with the control, the richness of fungal colonies treated with four fumigants was lower, and the
diversity of fungal colonies in calcium oxide and dazomet treatments was higher while that in
calcium cyanamide and metam-sodium treatments was lower, but the difference was not
significant. In the analysis of species composition, from the phylum level, the dominant
bacterial phyla were Proteobacteria and Gemmatimonadetes. As compared with control, the
relative abundance of Proteobacteria in calcium cyanamide, calcium oxide, and dazomet
treatments increased, while that in metam-sodium treatments decreased. All four treatments
reduced the relative abundance of Gemmatimonadetes. The four soil fumigation treatments
increased the relative abundance of Planctomycetota and Verrucomicrobia in other phyla. The
analysis of dominant bacterial communities showed that soil fumigation reduced the relative
abundance of bacteria such as Gemmatimonas, Luteimonas, and Mesorhizobium, but increased
that of Chitinophaga and Ochrobactrum. The dominant fungus phylum was Ascomycota, and
the relative abundance of Ascomycota was increased by calcium cyanamide, calcium oxide,
dazomet, and metam-sodium treatments. Cladosporium and Fusarium causing soil-borne
diseases in strawberry roots were detected, and the relative abundance of Cladosporium and
Fusarium decreased after the fumigant treatment, among which Cladosporium decreased by
1.35%, 1.11%, 0.90%, and 1.31%, and Fusarium decreased by 0.71%, 0.85%, 0.19%, and
0.65% in calcium cyanamide, calcium oxide, dazomet, and metam-sodium treatments,
respectively. All four soil fumigants increased the relative abundance of Chaetomium, a
beneficial fungus. [Conclusion] Comprehensive analysis shows that fumigant treatment of
continuous cropping soil changes the microbial community composition, and reduces or kills
most pathogenic bacteria in the soil, thus playing an effective role in preventing and controlling
soil-borne diseases of strawberries. However, it cannot kill all pathogens and affect beneficial
bacteria and soil properties to different degrees. Therefore, it is very important to supplement
beneficial microorganisms after treatment. According to the killing effect of pathogenic
bacteria, calcium cyanamide and metam-sodium treatments are superior to other treatments and
can be used as fumigants for soil application in turn. Under this experimental condition,
dazomet is a weak treatment agent.

Keywords: strawberry; fumigants; soil microbial community; diversity
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JEUET FT X 2 7 BB 5] it ke A 0 A PILIE A 3k 2
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P HUIERCR AN, sk P A AR R
A PRSI | 2 e i A AT AL PR . 9K
PRARSEII IR R FE % 52, 456 A T e b
RS REEAE I, AU T R H R
AP, DD RER I BOR & , X 5 RE AL

AR IR Y BRI X AR AR U P A
AR BE RS0, T AN ] S 2 500 S R B2 )
WA EAR R 22 5 Y, H 2B R LB 28
FRVREPHEXS HEFR Iy | S TR . R
Py M AT AL . A HLUTU R S B ATSE,
DRl A 5 - AR B 25 - R AR S e
Gl e PRI, AR DL s i Ped B2 5 - 1 JE 2
(B . BUATHT . AR A KRB T3 Ak B A

3 AER AR 148, I PacBio MIFF & XIA
] b 38 - 458 s A W I AR A A T A0, S5
T3S B AR, B A A BN R - SRR )
ZAEPEIE I | X FLARE A A S TR 1) IR ORI
Xf SRR, LA B4R Sk Rk BT
RIS,

1 MRETE

1.1 ##

RIET 2020 4F 7-8 H 7EH i 44 ks B =
Al A= A AT 3 AR RLAR IR 2 KM AT, i
JEVER 1820 m (35°53'43"N, 103°14'55"E), +1E
SRR . AL E A 10.60 g/kg, TR
Ao 114.00 mg/kg, AR 75.57 mg/ke,
B 470.33 mg/kg, pH 8.5,

e I E N SRS Y
Mg, SRASERBELIX AT, Ht 5 A~abB.
CK, REHIEAI Y FACTE; W, B E 450 kg/hm®
AL M, HiFE 450 kg/hm® FEZEALFE; SD,
AKE 1 500 kg/hm® EZEALHE; SH, £ /K
1 500 kg/hm® BEZEAb L, 4540 BRI 254 K BHAE
TR . /NXTEFR 9 mx4.5 m, 3IRELR ., B
K 30d, I T7dERELM

FRTTAEA VAR5 98% ke, it Ak T A BR
NV AORE, T EE RN R AT PR F]
ey RGBS 85%), Ht R I K 55 A1k
ABR AR A
1.2 7%k
1.2.1 #@REESNE

i ) i R S R T IR A BURE T R R
FE(5-30 cm RJZ 10) o REM LBRE)Z 5 cm 191
B Fe DU 43 BGE AR T IO R 48
Al i 2 mm KEETE, 2% EHRAE PIREA
UK 3 h J5-80 °CLrRAr, HT HIEHMAEY ZHE1E
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ST, T T AR BT A
1.2.2 HIEBUMRNE

T BEFR AT AE - oA R B R R 4
P, AR SR NaHCO; $E-EHE6T H (1
P, SRR R R EGR R - SRR
A BT R T E R IR I IR A Ak - A A, pH
B 2 (kK =1:2.5)1P],
1.2.3 HIEMEYERELE DNA {28, PCR ¥
1%, Ilumina @ =NF

0.5 g TIEMME TE.OE ], A5
DNA X7 & 420 DNA, X7 &5k 3 K AE LR
AL ARAE. HHE 1 hglYE#ET 16S
rRNA JEF A TS J35 K1 . PCR Kb AR
(30 pL): FE[H4H DNA (7.6 ng/uL) 1.5 L, ddH,O
10.5 pL, KOD One™ PCR Master Mix 15 pL, |,
TUES4(10 umol/L)4% 1.5 pL, PCR Sz 5544
95°C 5 min; 95°C 15s, 50°C30s, 72°C90s,
30 MEFR; 72 °C 7 min. 2%Zi A HHEE AL HE Tk AG:
Il PCR y=#), {#i F Monarch DNA %15 [0 5032057)
VIR PCR 774 8 i e D 2548
JE AL FEEYFHCARA A 52, F PacBio
M4 Sequel T1 I FEAY FHLINE
124 [RIGHBELIE. BIEFLBMOTU)X!
DRSS

D 58 B G EE 28 LimA V1.7.0 #8144,
i 1 barcode J¥ A1 P FI A [A] KE i 19 circular
consensus sequencing (CCS)F 8 3 F=Br ik 514,
153w Bt CCS A T /a2 Hr. OTU 2k
A3 M7 43 Fl USEARCH V 10.0 #4590 7E 97%
FHRUEITRIS . ASV 4r#r: ] QIIME2 V
x1 iEs|9Y

Table 1 Amplification primer
Primer name Primers sequence (5'—3")
27F AGRGTTTGATYNTGGCTCAG

1492R TASGGHTACCTTGTTASGACTT
ITS1F CTTGGTCATTTAGAGGAAGTAA
1TS4 TCCTCCGCTTATTGATATGC

2020.6 H DADA2 J5 %% 545 I BB iE4 T 2 1
SRR, XPEAEG OTU #ATYIRN 2R ST TR BIA
[FZK-(FT L Ja) Rt = BEARR B s T QIIME2 3k
PEEAT YRR, SR B 2 AR
%, fuFE ACE. Chaol. Simpson A1 Shannon $§
B i R GBS LHBIEMBMZE . s
T2 73 EI R Venn (815 FIH] LEfSe B, MRAEI>
2R ] AT 2R 4] 51 43 B (linear  discriminant
analysis, LDA)"!, T f#AS Rl BE S TR)BEVE 1 22 57
Mo Fda b B A Excel . DPS #{4FiE1 7.

2 EREM

21 AREIEZEFCIERTIRBUMRSH
M 2 0L, SXFHRAH b, R R AL K Ak B
AP RN, 2 BN 6.60%F1 5.66%,
AT RN A R A BRAE AL & s RRAR, 43 3R
1% 9.91%H1 6.51% BfF A & bR A AL BREFAR
20.79%5h, AR . MRRE . BUE AL R
HEREAN, 33088 H0 23.97% ., 10.53%F1 2.34%.
GRA . AR BUE AL B REAR T A R0 Nk
AR, TR A A B RO RS AR 5 A T
BN, pH o BURRIFR B ARk, SXTRRAR L,
IR KA RN B R AL B 9 pH (IR TR,
JaE AL EE R R B R, pH R 8.36; A KA

A3 pH (EIS = 8.53,
22 AEZEZEFILGEXTIRMEMNEFE
oAl

221 H&ENFEREFRER OTU BESH

XTRE . AORAE . AR MRRE . BUA RS Rk
PRI AR S AEARTS 112 589 4% CCS F41, F
¥irea: 7506 407591, 97%RIAHIK - BRI HRG
1164 /> OTU, FLIEHE S I FH5RTF 100 520 45
CCS 41, #7571 6 701 25741, RKJFHRG
444 /1~ OTU, FrAFARZE OTU HIVERF Bl
LR D) i -, SRR A FE A, B
HAEH, ARSI
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Table 2 Changes of physical and chemical properties of soil treated with different fumigants
Sample Organic matter Alkaline hydrolyzable Available phosphorus  Available potassium pH
(g/kg) nitrogen (mg/kg) (mg/kg) (mg/kg)
CK 10.60+0.20b 114.00£1.00d 75.57+1.25a 470.33+0.58b 8.50+0.05a
SD 9.55+0.19d 141.33+1.15a 69.37+0.95b 467.00+1.73¢ 8.53+0.02a
SH 11.20+0.20a 90.30+0.60¢ 68.40+1.50b 456.33+0.58¢ 8.40+0.02¢
M 11.30+0.10a 126.00+1.73b 76.00+1.40a 475.33+0.58a 8.45+0.03b
W 9.91£0.19¢ 116.67+1.53¢ 62.30+1.50c 461.67+1.53d 8.36+0.02¢
i) S BB IS AN ) /NG 7 B3R Ak B TA) 22 5335 W2 25 K -F-(P<0.05). T[]
Values followed by different lowercase letters in a row are significant among treatments at the 0.05 level. The same below.
A Multy samples rarefaction curves B Multy samples rarefaction curves
900 ¢ . 160 — CKI
800 —CK2 | —— —CK2
CK3 140 CK3
700 t —— M1 120 —— M1
” M2, M2
2o M3 2 00} M3
£ 500 | —sDI £ <D
g —SD2 £ g —SD2
g 400 | ——SD3 E ——SD3
——SHI1 60 t —SHI
300 1 ——SH2 —SH2
i —— SH3 40 | ——SH3
200 Wi 1 Wi
100 W2 20y w2
W3 - W3
0 I 1 1 1 ! ! ) 0 1 I I 1 1 | 1 )
0 1000 2000 3000 4000 5000 6000 7000 0 100020003 0004 0005 0006 0007 0008 000
Number of sequences sampled Number of sequences sampled
1 REIEZFRLE IR AEA)FEREB) R FRHL
Figure 1 Bacterial (A) and fungal (B) rarefaction curves in soils treated with different fumigation.
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A AR, M. B EAPREA R OTU 1 H
¥R 71, 17, 33, 62 F1 13 (& 2B).
223 AREEFLGERTIZEMAEMERMN
o ZHEM

H 2 3 AJAL, IR ZE 50 Ak RS 4 e
ACE. Chaol #8343 55, UEHIIEZE I Ab B3

Iy RIEAME AR T, Hh Ak A R
AbPRE X RE 22 5+ ;2.3 . Shannon., Simpson #5%K
FRBEAL /N A5 R R, AR A KB E
HALFLE N T YR 2R SRR AL IR T 4
S TR TR VR Y 2R

Xt BEALFRAY B ACE. Chaol #8%URK,

HEEE, ARKANIEEEEREU/N, HAr
MFHE, HESARE, WME. A KA
Shannon F1 Simpson F8EUH Ry, i HL R 1 24
PEXETN, A KAAEPE Shannon F5EUAK T XT 1A,
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M, R 2 PP BREAG T EL P B 2R
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Figure 2 Analysis of bacteria (A) and fungi (B) Venn diagrams in soils with different fumigation.

®3 TREZFFIAEN DRAEMEERE o ZHMEROENE

Table 3  Effects of different fumigation treatments on alpha diversity of bacterial and fungal communities

Kingdom Sample Community richness index Biodiversity index
ACE index Chaol index Shannon index Simpson index
Bacteria CK 952.24+7.09b 931.84+20.85¢ 8.16+0.18ab 0.991+0.002ab
SD 971.28+14.27ab 964.32+20.92¢ 8.33+0.01a 0.993+0.000a
SH 1 009.54+29.04a 1 017.02+33.49a 8.17+0.13ab 0.991+0.002ab
M 974.49+31.08ab 968.61+£33.98bc 7.94+0.16b 0.986+0.005b
w 1 006.96+7.29a 1 010.36+14.8ab 8.28+0.16a 0.992+0.001a
Fungi CK 118.54+11.91a 118.22+11.81a 3.69+0.65a 0.758+0.120a
SD 98.19+27.34a 96.63+26.85a 3.524+0.29a 0.797+0.015a
SH 106.81+£9.94a 109.574£9.21a 3.89+0.41a 0.834+0.029a
M 110.77+31.45a 111.09+£31.59a 3.96+0.86a 0.826+0.107a
W 102.18+17.36a 103.97+13.85a 3.20+0.84a 0.713+0.115a

224 AREBEZEFLGEETRARMERIEE
LEALE R S A

AR EZE A FEA TP IS 29 D AIE
], K 3A A[H1, AR ] (Proteobacteria)Fll
FHMEE ] (Gemmatimonadetes) Fy 3L [a] ()L #
BT, o 51.53%-59.32%. KA. Ak, thikE
AL PRJEARTE T TR SR 2334 T 0.48% . 3.03%
T 9.92%, T AL B FEAR 0.96%. f1 K

R AR HRRE . BUA B4 B3R ZF SR )
X IR, 2> BIFEIR 3.33% . 4.08%.

10.51%7F1 6.83%. A 12, A KA FRIG
T R ¥ W ) (Acidobacteria) . J& BE TE ]
(Firmicutes). %% | |(Planctomycetota). %25
& [ J(Chloroflexi) . £ J(Actinobacteria) . I
W1 (Verrucomicrobia) AR FBE; A K
B B AL FREA I T UFF I 1] (Bacteroidetes) . 1% 5%
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Figure 3 Relative abundance of soil bacteria (A) and fungal (B) at phylum level with different fumigation.
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Figure 4 Relative abundance of soil bacteria (A) and fungal (B) at genus level with different fumigation.
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5 ¥ W J& (Flavisolibacter) . 7 H. il 7 J&
(Gemmatimonas) . ¥ 5 5010 5 (Luteimonas) F1
18 A HJRE T8 & (Mesorhizobium) A X £ FE AR A
TRAL PR 5 RE PR A R . 2R AT BB (Bacillus)
FHREERE. PEARBEE. BT EE
(Lysobacter) Fil g B 5 ] J AH XS =F BE A A
B Ab TS M AT RS L e v R AT L B R A AT
rg A AR T e P 2 P TR R R R A 5
TR A B AR AR R A AR S R
1A MO TR | ZF BT | TR o B T A AT
R 5 A TR Je A = B3

FUAREE AR IR 167 J& , oF BE AR T b {7 24
W A FRESE 8 (Corynascus) (22.68%), HiFEAL
PR REAR T R ST R I A X R, BRAR
13.23%; A REMEHFEAR 0.31%, ZRAEE;
A B AL BRIE N T8 R, 3w
13.02%A1 26.00%. X BEALBEAAER 2 KRALH R A
IR PUEE BR T & (Mycothermus) (17.06%), 4 FhEE 7
T Ab B 24 ARG I 3 8 PR PR R R o R
(Mortierella) X BALFRES 3 RARFE, AHXT
FIE 7.18%, MARE . A1 AL RS HAR X 3= B2 R
8T 1.21%1 1.50%, f10K . BA A BS HAH
XoF A BRI 1.72%F01 1.12%, (HERHAREE,
5 R FEAFARLTR A A% 35 09 R AERT 20 Ja vl
Edly sy (Cladosporium)ﬂl%ﬂ & (Fusarium),
Horh kR B . KA A MRE . B
AL PR AR SE S B 1.85% . 0.50% .
0.74%., 0.95%7F1 0.54%, it J] T J& R AH XS F
R 1.39%., 0.68%. 0.54%. 1.20%%1 0.74%,
A D, S 2 R b 3 A R AT T R A A e T T Y
XTI, (B2ESARE . 4 FhEEZEHI ALK
i T %5 #E W% #0 )8 (Trichocladium) . 3k F1 25 )&
(Cephaliophora)® Enterocarpus BIFIX FFE . B
5¢ I J& (Chaetomium) 9 IN 3T A ERK AT
AEEERY, ARA . AR, WEE. AL
b B e R AR F RS 1.16% . 1.28%.

0.64%71 1.67%, SXJHE(0.58%)FH L, 4 FhibHi
WX T e AR R B (] 4B).
225 ARTREZFFICEEHAEMEEFTH
FFRRE R

I LEfSe 22543ttt 55 A [ b BRAEAS [7]
AR BAT B 25 25 R 0 A Wb i & B(LDA
B 3)!), A RETE 3L A 55 A2 AR T,
Horr 21 AR X) BRAL 2 ST 4 /Rl L HERE I T
(Armatimonadetes) ( M\ H 2| Fl) . ZF B H 5
(Gemmatimonadales) (M HE|Fl) . S0134 (M H 2|
Y. Longimicrobiales (MFFE)FI) . 24T B
(Flavobacterium) . ¥ (Flavobacterium sp.) .
Roseomonas (M J& B Fp) . 2F 0 ¥F & (Bacillus
sinesaloumensis). A1 JKAIIRZEFFRFAE 3 4,
10, 15 2§ P il 18 (Gemmatimonadaceae) (M )& %)
) Flavitalea . 41 JKALFR 2 4>, Bl Solirubrobacter
(NJE BBl o FRELL IR 13 A, 045 7 & T
(Hydrogenophilaceae) (WNFLEIFI) . Cohnella (M
JEEFN . P I E (Advenella) (& EIF) . 45
R BEAT B (Sphingobacterium mizutaii) . V&R 2
MR 2 AT 18 (Lysinibacillus  alkaliphilus) . F)ERTE
(Paracoccus) . IR RIEREE (Paracoccus denitrificans) .
B’ B g (Pseudomonas) F1  Verrucomicrobia
bacterium WY51, W b 16 4>, £3F5 SBR1031
H .  Tepidisphaerales H Candidatus
Magasanikbacteria (M H Z|Fl"). Rhodocyclaceae .
Adb (MBHEIF, WD2101 (MRLEIRR) . i
(Aeromicrobium) (MNJER|FI) . Azoarcus (] 5A).

FLRAFRAEXS IR ATIRA L A1 0K 3 Rk B
K= 6 PZERAGRFI(E 5B), XTHRAIE A
3 1, N Hannaella #H(MJER|FI) . Mortierella
sarnyensis ; A1 K AL 2 A, AU H5 R
Fl(Helotiaceae) . ZE8L )& (Ascobolus); 1 KAb
1A, h AR WS R 22 0 TR (Thermomyces
lanuginosus). AR XA [m] 2b 2 4= 158 2 18] f
A IRV S R 2H S A S
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A mmm CK Cladogram B Cladogram B a: s_Thermomyces_lanuginosus
mm M I b: f Helotiaceae
o L B c: g_Ascobolus
EE. SD o et gy, B d: s Hannaella_oryzae

Bl c: g_Hannaella
; B {2 s_Mortierella_sarnyensis

s_uncultured_bacterium_g_. So!fmbrobacter
g_Solirubrobacter
s_Aeromicrobium_ginsengisoli
g_Aeromicrobium
s_uncultured_bacterium_p_Armatimonadetes
g _uncultured bacterium_p_Armatimonadetes
f
0
g
S .

a2: f Longimicrobiaceae

a3: o_Longimicrobiales

a4: s_uncultured_bacterium_c_S0134 _terrestrial_group

a5: g_uncultured_bacterium_c_S0134 _terrestrial_group

a6: f_uncultured_bacterium_c_S0134_terrestrial_group

a7: o_uncultured_bacterium_c_S0134 _terrestrial_group

a8: s_uncultured_bacterium_o_Candidatus_Magasanikbacteria
a9: g_uncultured bacterium_o_Candidatus_Magasanikbacteria
b0: f_ uncultured_bacterium_o_ Candidatus_Magasanikbacteria
bl: o_Candidatus_Magasanikbacteria

b2: s_uncultured_bacterium_f WD2101_soil_group

b3: g uncultured bacterium_f WD2101 soil _group

b4: f WD2101_soil_group

b5: o_Tepidisphaerales

b6: s_Roseomonas_lacus

b7: g Roseomonas

b8: s Paracoccus_denitrificans

b9: s Paracoccus_sp.

c0: s_uncultured_bacterium_f{ Hydrogenophilaceae

cl: g_uncultured bacterium_f Hydrogenophilaceae

c2: f Hydrogenophilaceae

c3:s_Advenella_sp.

cd: g_Advenella

cS:s_Azoarcus_sp.

c6: f_Rhodocyclaceae

c7: s_Pseudomonas_sp.

c8: s_Verrucomicrobia_bacterium_WY51

" uncultured_bacterium_p_Armatimonadetes

a:
b:

c:

d:

e:

f:

g

h: o_uncultured_bacterium_p_Armatimonadetes

i: g Flavitalea

j: s_Flavobacterium_sp.

k: g Flavobacterium

I: s Sphingobacterium_mizutaii
m:'s_uncultured_bacterium_f A4b

n: g_uncultured bacterium f A4b

o: f Adb

p: o SBRI031

q: s_Bacillus_sinesaloumensis

r: s_Lysinibacillus_alkaliphilus
s:s_Cohnella_fontinalis

t: g_Cohnella

u: s_uncultured _bacterium_g_Gemmatimonas

v: g Gemmatimonas

w: s_uncultured_bacterium_{ Gemmatimonadaceae
g_uncultured bacterium_{ Gemmatimonadaceae
f Gemmatimonadaceae

o_Gemmatimonadales

0: s_uncultured bacterium_f Longimicrobiaceae
B a): ¢ uncultured_bacterium_f Longimicrobiaceae

B 5 ARTBREBEFNEETIRPIEHREEREZWA  AFRBOTT SRR TEX AU P 2% s
HXT?HIETJ%#@Z“ RE W E YIS IR Y RN AN R 232 P R0 S 3 2 S nlO 4 ) 22 5

FRWNBEYIIERE; NS FRARERE SR, Hd p AURIT, o URH, o KA, FAER, ¢
ﬁ%)ﬁ, s fRE A

Figure 5 Special communities and their effects under different fumigation. The nodes in different colors
represent the microbial groups which are significantly enriched in the corresponding groups and have a
substantial impact on between-group variance; The yellowish nodes denote the microbial groups which are not
significantly different between groups and or have no significant effect on between-group variance; The
lowercase letters represent difference indicator species, of which p means phylum, ¢ means class, o means order,
f means family, g means genus and s means species.

X:
y:
z;
al
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3 WwE5&#

HER G T LR BT 12,
A IR ERI L T A PRSI T B R B
(NS ING N Sy € IBE Y Gl = i ] 7 SR
SRRSO S PRI s A AL FRERAT ML
AL, AR AT RSB R BRI, LA
2 SR B it P AN ) B2 SR RS TR R
WA 225 WEFEIR R B, MR . A KA T Ak
PR EREAR T 50 pH A, i T IR
AT ERA K,

AR RERF AR T e T B AR R A A T 2
T o S R G B AL AT, D8 TR AT
BFBr, WU 5 Y Rl 29 AR
T P T R I R 55 DR S B B R B
I F A A e A gt
SEIREO BRI PR SRR Y], 1T A
XA AT B A S A, KR R S0
JEUH . de Cal 45 L4 21 it FH A e 25 B 26501 J 2
g v ] 1 98 e A 1 2 T R ] R b
3K 732 AE P AR TR S, A 3 TR e ek
R AT A E AR N AR, 1 UANH AN BE SR A
2N A B ARG , 38 ] eI BRI L A g ek
FEZE RO U B AR BT T X i
PEBREIGBAROCR KM, BRI 2 R A 450
A PR TR AL | B X PREE 5O A v T
B AR A FHRECA i L MR AORAE . K
25 R 2R 455 DK BH RE vy i Pl 00 Ak B AR R g
KB, 2 PR Ak PR - SR TR s 0 2 Y
A TR, ECRR R R B R R, R
ORI, BRARFE AL PRANH A A BRI I T 240 T A
VAR, R B T AR B T R A
Ve I AR o M5 R R AR A T TR AR T

K 2 HOw TR AN RE A K A A 5 2 E ALY
Iy 5 HABFEZE AR L, A KA LI RUE IRy
PP ARXT AN, JF AT IR AT O A R
(B SR 250 TH A FA T IR R L, X R A
Yo —E R, X — i SIS A R P
AR K B R A K A AL PR R 2
(i BELE R BT 45 AR R R AT T2y U w5
My - 358 Ptk R b S E A AL R A W Rl
Bk, AT — o AR, A d kB,
4 T EEZE SR B REAG 1 AT [ A g A MU R

WAETR R R 2, SRR RS
fiff T IEAL T — R R I PERY “ EL2S RS, IR A
P A g b ] DR AR M TR e R B
e RIEAERTERE o

SRR P HARC T2 W T I A
S C N NS G N e e e
A58 e A U 5 4 B A B
>k B T %W ] (Ascomycota) , B AN FE L
76.69%—85.95%, 4 FALBRIIEAN T TRETR T THY
PR TR R TEMEY RS P iR EE R
B ), I A S MERR AR A WL, FEFR S
TP R B AR A R R R
KR T AE SR AL (Verticlilium dahliae kleb) . 292
0 9 71 & (Fusarium oxysporum) . ~I.WG 22 4%
(Rhizoctonia solani). Ralstonia solanacearum, iX
SR B R AR R A e . R .
I 55 AL 3 1 = B 2 AR B 5 ]
FURE AR AL 3 8k T T 8 (Fusarium) FIAL
J& (Cladosporium) B FEHAEY . WIREE5 L RE,
4 bR ZE R S BEAI T Bl 0D T i RS A 1A X
FRE R LA D B A B KR E T s B
FELLBIRE , A KA ISOR Il , X 558
SFUEES — B, A BIRZ A RACR I TR
WO R R T ], 2 NSRRI AR
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I 5 B R IR L 2 —, )z A T AR
P, HARAF A U A AT, RPYE S EEYA
RO R 28, EEm R, R
SRR TR o AR AR, TR AR
S, 2 W] B 2 A A KR A R A [R)Bs HE i T
TR AT AR B, LB N R
(Chaetomium) ., Y418, B¢ )E A 54k
RIARES), AT DAL HE T3 rp A B, B 1 i Ly
F, EANER LT OAEEEMAY, &

Frsghn, XHLERE T BRI ZIERAY . [HE
55k KPR 25 R —, AR FHE S
BB NN FE R AR, )RR
LA IR R E T LU L, KR ZHCh 5
B, fE N RS, R T R
A 4 FERZEFIIRHZE KB EIE, A
—E MIBHIRRICR

YA P 7E B3 A ST h R AR,
WA AILST R T BLRN 4 B D7 A v S ol 4%
e ECVE T MR AR R, AN TR Ab B AR
& W '] (Proteobacteria) Fl #f H. Jifg ]
(Gemmatimonadetes) ;W KALHE T, 5 %F B AH
o, AORA . AR A AR B  T AR T
AR 2B o R R A 2 AR S A A T
JEFASTERT 10, HASTE 1] 3 4tk
S 5HWREAFRNSED, EREH
EEEAE ., 4 FhEZE IR T2 AR TRy
AHXFRE, 2 BN TR ] A 3R 0 1 2 T LA G 22
FIFEY T o TR b, 4 FhEEZE SRR T
A i WA W e A AR TR R AT R X R TR
HAWRMEES, MEYRMEE R, ikl
PRA K o (A B A B SRR O 00 R M B
(Sphingomonas)TEA1 KA . A1 KFNE A AL 5
AFT = B2t A [ A5 B2 AR, A AT B 3 K I J ot
AR BT 52 IR B HETE 20 25 AR PR

AW Z N T 1Y, A0 ZE A RS (Bacillus)
FOS BA 0 7 & (Pseudomonas)'® , ZE A )& AT LA
O A P a8, SHEYET T R 3
A RPN AEYIB A . AR T X B
AEBR, ATBR . AR A AT AR B I T %A R
AEXT B o (RS M TR s A AR, P
F10 X T M W A A R A Al L PR, (R
o — S B D 0 SR X A ) B B, ik
VEIT=), IR | R A BRI T
FR T & WA XS B . VAT TR JE (Lysobacter) &
— AR AT, XTAE AR A R T AL
B She SEPUFEMR R b R B, Bl VAR AR BRI
K, AR BAXT FREBIR R, A,
AR AL BRI I T2 W 0 E A KA
MR, BETX 2 Fh 78R % B A W E A e
YER o L ES5 R I R, Bz A 306 it 1 1Y) B
BEAT LR A R E NS S W25
E S ZE 20 I3 b ay Al B AR A Y AR
FEAER, AR AR A, A R ek
PG I RS - A A A Ty e
Xf TS REVEAR B AN A] AL 52

i3 LEfSe 4347 - 39840 oA R L 0 & B, % R
AFRE A 21 DMAHTR 22 R AR s B, S AR AL
o, AR AR MR BUE A A
3.2, 13, 16 NHEZEFFERFN, MHEZES
TR BAEXT B A KA AR Z ], kg
S A 7R A Ak 3] Tk A ) A i A5 R 2 ™ A R
. S22, AKA. AK. FEMEEE 4 FiE
ZE AL AT AR i AR, A) R g SR
ERB IR I —F 43, (AT 5374 e A P )
SN AN [R] o AR X S R A KR CR FT A

IR ZAIE T, AP —Rhas A AL BT 4T Bk
FRS i A TR AR R RZ ML, AR 7 SR AR P K R
FEA it WA ) G 2 ) R AT AR b 22
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