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T & 4% % AR B 5 IR 25 9% (Fusarium
oxysporum) /2 P8 JI AR 35 A 7= v 1 — b d5c 25 22 190
L EE R I A B AR A LR
Jith PR R 5 - SR R 2k, LB B BIR
IR 22995 1 L, 0T B e 4 I 6 0t ot B JIR A
WA L SEBRPE AR B AT RRLE & e S BT R
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71, WGE AR T, A IR MR 4
R A S R GG AR Y it
FAEYA YU RT3 A oLk, BEA B T2
dE IR A Y Z R RPRE ATk 4 g i e
PR R 5 A3 R B — s AR . ©A
ZWFFE R, IS R AMEA ML R 5 3
AW RETE S AR B 22 . AR HLAE Bt
ANACRT LA HE A 7, T LA BTGB AE AR
RSB R, S S A R Y
AT P AR AR W R B 125819, Chen 58 & 3L,
A R FH LA P BRRIANAN T 2 8
ZREYE, T ELATSOE U E M T R AR
Zhou S5 R 5T R BUAE L& B SR A T 1/ B R 11
HE R EE 2R RSk, KA AR
AR 8 TUE ROR I B AR S0 L S5t FH 4
P AAEYA ML, ek T8ER, AR
T BN A A, FEARAR PR - g 5 R
it S GEREE HRERBUE Y X R, 2R K
B A WA HLAE ) Ak BRASCR B Y

AR A K HIRES 5 TR R IR R A
X5 PG IR 22905 & A R 52, R Lt FH AR B +2E 0
HUIE T DA 2+ A R, HIRAN T i Z RS
BT HEE, TG 2 BT B B AR
A 5T AT AR 8424 Ty}, ik FIRE mAlk oK
S AR A G UE WIS A T AL S
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AN TR IR 9 A S Bl A ) 22 A 1) Bh 25 A LA R 0 v
IR 20 K AR R R R R4 T 22 53 U B e i o LA 3R
P IR YR S e T ) Mg K P B sh 7%
PERUAE, HRE0 5 P TR 2800 2R 1 TR A SR I
AW RE, DM AR A FLIE TR T SR Y
v 4t R DL 2 7 36 R UTORS 2890 19 H 1 32 6 A 3

WAL .

P

11 WA XA

AR AE 2016-2017 4 F Wi R4 AL BH# B
AR (R D T VD B R AR B A T, AR
3 AEMVERKMIFAE X . I VL, pH
4.77, B 23.6 g/kg, HMA 1.64 gkg, R
107.5 mg/kg, & 1.09 g/kg, A %M 252.97 mg/kg,
AT 23.7 glkg, TR 262.5 mg/kg?,

12 BT

RIS AE AR 3R PEIRI(30 mx6 m)i s
17 BWE R F I . T12016 (2016 4
KA, YA HUIEALBR), CK2016 (2016 4F &
W, XFHR), T12017 (2017 4E &8, WA HUE
AbFE), CK2017 (2017 4RI, XFHE). HEfE
Pk v AE 8424(Biam AR N A Rl HE) . kst
AU BUIE R R £ G RUEIE, R sk
R, MR N+P,0s+K,0=8%, £ 1l
JFi>20%, FR0GEREE>0.2 120y, FERFN
FFEE . B4E 3 A it A=A HLIE 280 ka/tl, 4k
Jiti J 7 BV RERE (R 30 cmy). I [RIIH7 7 I i B T
ERRNEE, 30-35d Ja it rRsak, WG IR
P, BETE 3m, FREE 50 cm, XUEEAXTIE, S
360 #£/667 m?,
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1.3 HERERAZE

P e VE AR B ARG 2 1 R AR T
FI B LI R o R (Vo) =K AR A bk
#)x100.

i 1A, AYaEYUEER)E, P92
i R E AR . 2017 4EAL 2016 4Rt FHAE W)
AL HA TREAR, 53512 54%F1 48%, i H]
1 2525t FH A= 07 AT LA mT AT o PG TR 2 1) & A
1.4 HREIBUEE

Sy HIAE 2016-2017 A4 AL 2995 & 93 HIAS [F]
Ab PRI X PR AR T AE . E RN ST BEL
PEPEAT AR , T 1S IBORE 25 R B 10-20 em R 14 + 45,
FEREA KA AP EL 5 05 HERE AR L AR, &
B 3NEE, 4 DI 12 fy SRR R AT
MISERE . KB YIR R A, i 60 H
PRAETR S 2 B 2 o Hop 1 FES T IR T £
BEAEME ARSI, 54 LARFREAEEA 10 mL G
B 12505 H B T80 °C Uk AR AR e 43 H
15 ETF 16SrRNA K T35 Yrmnd &7 54T

1] OMEGA Soil DNA kit (200)izt7 & 425+
HEREACH B DNA . XT4IE 16S rRNA FEA V3-v4
ES X T PCR 4714 (Bio-Rad MyCycler ¥ PCR
%), 518141k . 343F-798R. PCR 14K F HiFi

F1 ARKFER

Table 1. Diseaseincidence of watermelon plants
Trestment Tota plant Diseased plant Disease
number number rate/%
T12016 89.33+6.11a 48.00+£14.00a 54+0.15a
T12017 76.67+1.15b 36.67+1.53b 48+0.02b
CK2016 89.33t1.15a 82.67+1.53c 93+0.27c
CK2017 89.33t£1.15a 61.00+16.52d 80+0.23d

Data were expressed as meantSD (n=3). Different lower-case
letters showed significant difference at 0.05 level according to
Duncan’s multiple range test at 0.05 level.

Hot Start Ready Mix il & (MK R K. 2xHiFi
Hot Start Ready Mix 15 uL, P11 uL, P2 1 L,
DNA 50 ng, ddH,O 13 pL, T: 30 pL). 435
P2 . 94°C5min;94°C30s, 56°C30s, 72°C
30s, 30MEFR, 72 °C 7 min, Kk s bifgsE
HAE WA B T HEAT Hlumina Miseq i il ¥
16 HARAIS

Illumina Miseq Il /¥ BT 13- 204 75 R raw data,
AT raw data Jo, X LR B I 7 B0 EA T 2R
LPr e Seab 1, LR R AL S . AR5, @
b 2 A% E BB s AT R A AR P SRR B, AT
RN R S, HEmAE T . A Fast
QC A X I Fe i e s A7 o B sl AR BF
Fe, BRSPS . BT X B R B Y A
JE{T OTUs (Operational taxonomic units)it 25 &
PRy 25, WRERYS OTUs 454, Mmif3s]
BRI OTUs K o283k 22 0 M il S AR 45
Bkt OTus, BPXTEFA M 0L 52 ¥ 41 %
CD-HIT Jrikxf OTU #474326, 4 97%HHLEE
R0 Wy b3 2 2 g KA o Sebrifi . RS LA
£ OTU 732k F B KPR P, 5
Greengenes 4l FEHEA T X R IR AR B R B R T
BT OTU J32ekhs, lfa it o ZHMLIKL B £
FEE R 5387 I MOTHUR B0 A it 2k i v
o ZHAESHT, 65 SHANNON 5 % Al
SIMPSON #5%%. 3T tax_summary_a S {492 by
ek, A RIES TRAER @R Venn K, B
&AL K 48) s I IT 4 43 B £ R (Redundancy
analysis, RDA)} Spearman #H5¢ 2%k, *f ke
fi R B T A5 R RN D TR AR (Y 3 R A T ORI
PRI o BB AR B B 5 43 Ak ] EXCEL
2010 Jz SPSS Statistics 17.0 #k4-5¢ i
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2 HERFHT
2.1 IERE IR R

T ad xR 12 3 3RS ) 16S rRNA i
AT, 0P JE S35 69036 £&A U S,
B SRR R 08 97%LL [, LLFEBH R &)
SCPE AT ELSEAR BUREAS o A0 A0 B S PR R

22 AFEFEHIEHEVEE OTU R
a3 B

T 3 X AN [ AF 3 SR 4 11 - MR O o 20 TR VR
Venn (& 1) FAc oA, AT LA I b e 30 s &
TIRE YRR OTU S H AL . FestE . EEEK
AR . AN TR s 30 A 0 A HLAE Ak 3805 56 B 2 i £
TERY LA 4 OTUs ¥iit Jy 460 4>, i CK2016
A 222 4~ OTUs, T12016 454 75 4~ OTUs;
CK2017 ¥4 84 4~ OTUs, T12017 %74 85 4
OTUs, CK2016 5 CK2017 H£4 800 4~ OTUs,
T12016 5 T12017 34 6774 OTUs, FWH YA
HILIE A B I A [ st 15 114 - 198 200 T B S (R 2 4 A
AKX, HWAEENHZESR

23 TEMEYRE o SR

BFEAR M ZHEE (0 ZHEE) AT DL B i A= )
MEFEEMErErE. Hrh Simpson $84803R
BEALZEIY 2 5791 & T lal— OTU iy, Hik
BAOBUIEL B R U8 WA (1) 2 Ml BRI .- Shannon
BRCE T R ik A E, HAR OB R
HIREA B Z R PEgiiR s . Student's t test JI T HL4&
2 PR ESRARE . HE 2 ATRIEH,
WA 4 21 R RUZEY) o Z2REVER T, it
MAEYAYIUIES LA E RS e &, (H2
ZERARE,
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[12016 CK2016

Size of each list
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Number of elements: specific (1) or shared by 2.3....lists

[ 483 | 383 | 410 436 ]
4 3 2 1

B 1 AEFEGTBEERPHEEDETE OTU 42 E
Figure 1. Venn diagram of soil bacterial community
OTUs in soil samples from different years. Different
colors represent different groups. The overlapping part
represents the species common to multiple groupings.
The non-overlapping part represents the species
specific to the group, and the number represents the
corresponding number of species.

24 LIEPHAEYRE WSS K

241 FEITKF BT RAMBERIE LSBT EL:

TENIKAF b, AN R ARG A A U L B S
SR A P S O A TR B A3 0 S A I T
I"J(Proteobacteria) . fifi BE & [ ] (Firmicutes) . FRFT &
I'J(Acidobacteria) . #4171 ] (Bacteroidetes) . HitTIE
B[ J(Saccharibacteria) . JitZ& [ ] (Actinobacteria) .

ZEHUIEA | ] (Gemmatimonadetes). i T12016 #
i FP Y E SRR R TE TR ] 33.66% . A RE T
'] 32.08%. FRATHEI] 7.24%. ZFERLHIE ] 5.85%;
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T12017 A &b rp i 35 B A0 T o Lk S B RE T )
27.53%. ZSIEH ] 24.24% ., FRITH] 15.16%.
FFHEI] 6.47%; CK2016 A i H (1) B0 B 5 Heohy
WERETR ] 31.06%. LIEHI] 25.69%. BRFF1H ]
15.90%. 42574 (] 5.70%; CK2017 k¢ ih iy 5
AN A AT AT 26.2% , FHEER ] 19.62% .,

(A) Student’s #-test for estimator

N

i

.
.

o
-

T

7z

.

R N

CK2016 CK2017 TI2016
Group name

SN WL R R AL
SDnNOS LU NhO O Lh

Shannon index of OTU level

T12017

MAFHT] 16.03%., fIFFIAET] 10.05%. L[]
8.83% (K& 3)

242 TRAKVLIBAEFIEEHOSHDENL.
M 4 w0, R A O R 230
“F kT s (Bacillus) . BEK 1 & (Enterococcus) . FL
BK & (Lactococcus) . /K [EAT & (Mizugakiibacter) |

(B) Student’s r-test for estimator

] 0.05

> 0.04 + R
= 0.03} R\\%\QQ
Y N
= .
2 0.02f §\\\§
Z 0011 §\\§

CK2016 CK2017 TI12016 TI2017
Group name

B2 AREHLIEAESHERE
Figure 2. Diversity indices of soil bacterial communities in different samples from different years. The abscissais
the group name and the ordinate is the exponential average of each group. This chart shows the significant
differences between samples. A: Shannon index; B: Simpson index.

Community ba

T12017

T12016

Samples

i

CK2017

CK2016

rplot analysis

u Firmicutes

m Proteobacteria
m Acidobacteria

B Bacteroidetes

u Chloroflexi

u Actinobacteria

= Saccharibacteria

o
=~
o

20

8 100

Percent of community abundance on phylum level/%

& 3.

K FERREM L EFRPHOETEMHIFENFE

Figure 3. Relative community abundance of main soil bacterial communities during different years on phylum
level. The ordinate is the sample name, the abscissa is the proportion of the species in the modified sample. The
columns of different colors represent different species, and the length of the columns represents the proportion of

the species, others<0.05.
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Community barplot analysis

3
_E.- .

u Bacillus

u Chryseolinea

w Effusibacillus

u Fnterococcus

» Gemmatimonas

= Lactococcus
Mizugakiibacter
Rhizomicrobium
Rhodanobacter
1 Thiobacillus
Others

20 40

=1

80 100

Percent of community abundance on genus level/%

B4 RBKELARERTEHREEMERFZENFEE
Figure4. Relative community abundance of main soil bacterial communities during different years on genus level.
The ordinate is the sample name, the abscissa is the proportion of the species in the modified sample. The columns
of different colors represent different species, and the length of the columns represents the proportion of the species,

others<0.02.

% P} (Rhodanobacter) R & (Rhizomicrobium) |
25 B it i 8 (Gemmatimonas) A A1 J& (Thiobacillus) .
£ 2 H ¥ B )& (Effusibacillus) &z Chryseolinea.
FE T12016 HF & v = BN TR N EL o B Bk R
11.50%. #{FTHE 9.34%. FLEKKEE 7.06%.
KIEATHE 4.69%. %P1 JE 3.55%. ZFHHUHE
J& 2.79%. W HE 2.78%; 7E T12017 #ESL Y
TG O F AT R R 18.01%. FLEREE
5.23%. ¥ FHEJE 3.73%. KIEFH)E 2.72%.
HHEJE 1.95%. 7F CK2016 FE&h Py T840 5
LRI R 13.20%. 3K )E 3.34%., £74%
FAFREE 280%. FHMEE 1.04%; 7E
CK2017 # i i i = B0 TR 5 A LR 2R AT T )8
13.02%. FLEKFE 3.93%. HitHE 3.09%. %
F}1% )@ 2.53%. Chryseolinea 2.11%.,

25 LBMAY)S VM E R AR RIE TR
AR T

Nz 2 s, WEAFEE, SHZE0R A0
48 5L TE AR SR B 2 A AR AR S R B/ INMES I
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Tk M2 B Je8 (Niitrospira) . Chryseolinea. Acidibacter ;
VG TR 2590 & 973 2 522 B0AH DG 14 TR R e A DG 1k R
BOR/NES R K IEFF R . BRAT R . FLER TR |
%4 15 B I 7 8 (Sphingomonas) . & P& . HVER
17 J | FL{ 347 12 J& (Cronobacter) | 2 0T 121 Jas 41 141

* 2
EPS
Table 2. Spearman correlation coefficients between
the soil bacterial diversity and the disease incidence
Genus

TIRPAESHERELFEZEH Spearman

Correlation coefficient

Mizugakiibacter —0.687
Acidobacterium —0.673
Lactococcus -0.535
Sphingomonas -0.322
Rhodanaobacter -0.305
Rhizomicrobium -0.189
Cronaobacter -0.156
Bacillus -0.147
Enterococcus —0.095
Thiobacillus —0.086
Gemmatinonas -0.077
Acidibacter 0.06
Chryseolinea 0.429
Nitrospira 0.531
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1L 5T RER A

A W R B B LN 2 3 A A AU
AR WAEY LK T EERE T, W H S5
FERAEAAEEH B R, Philippot %0784
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AR ISERIL TR, XS AL P £ JE A 3k 25 7 A T
HETRE MR TR 0 A K R R R

A% S 3 it A AR A HUIE A ST T HAER
[Fi) B 5% G I 2505 & AR i s e . iR A5 AR R
B, A[EAEG Y T e R VS T Simpson 5 4CFN
Shannon 8800+ JCH B 25, LG YA
HLAE G G - 3JEAH Lo X B8 398 o () 20 18 BV 2R
W, HRERARE. AT EaHrRE,
AP PR R)GZE 2 AR (2016 4E &
W1, 2007 4 HA) ) 1 A o ) 3R A R
BRI ZIEHT] 33.66%-24.24%), it
BEFA] 32.08%-27.53%, FRFFII] 7.24%-15.16%.
Hh BT BERERET 17EIX 2 DI ) T30
A R, BB ORI G 2 AN
- A Y Y B R Ay, i HL AR
(IR0l W T e - e ) R

FFF I 9.34%-18.01%, AHFER 1A 11.5%-0.8%,
FLERHE 7.06%-5.23%, KIEATHE 4.69%6-2.72%,
WEEE 2.78%-1.95%, HrZEAF 8 G
% .
32 EEMMAYBE SN P 5V ER R
IESAARE BT

AUSEIL F 2013 A IR TEVE JIGE VR BTG 1
TRTE X TR - - S SRR A A, K
W DA [ it %o 32 A P TOG 3 A B 8 00R . R
Pyt A AR B+ A2 WA AURE ] 3 o a4 3 AR AR
Bet e RN 2, DX 75 NRG 0% A
FHIB AR,

ARG XA ) A AR B HEAA 1T 50 1
- A TR B T TR 2200 0 2 2 TR Sk 1Y
AT, RIVEYAE VR RS 5 EE R
HB5 VG K 2295 & L A OC . A 2R A 7R
& . WaEkiE)E . ALEKEE . KIEAE)E ST
WA A F 2R A S SR R E , 5P
FIR R, FRTEETE 2 RER PR
B AN A, DB ARV N AR K i
EEEAEN. AR, AT EE S 24
ZRBEAAEDIEN, ERAEGRP . S
Gy 55 97 S5 R 50T A BCR BR 22 1 B9 3 A AT 3
H - Rhizomicrobium J& Ueki Z£7E 2010 4 K FEHR
BRI 1 BRI E DR AR B 2R AT T
Prakash %5 M2 15 041 & S ASERER A 2 K 2 Hh 0 8
#3471 Rhodanobacter , J& T i b4 8> . Bk
JER AT N Y E Rz — P,
VT LR R BUHC I AEAE T HPY | KPR
ok B3 % PR Enterococcus faecium LKE12 fig
A AR R R AR K R S A R R A ) A
K129 LBk Schleifer 25(1985)Hi8 1% 7,
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Golomb <5 3 28 % 400 g I7 i 2H 2 fige ) Hh LR 3L
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fF, Altin BTN D B 43 88 A A — P LBk
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Herp e R i BT I, 58 R
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P
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I e L AEAH DG A — SR AR TR R A, QA AL SR A s
Chryseolinea. Acidibacter . fiti {12 i 1 J& e |- 4213
thVE Sy — R AL RE A SRR RS BREY AL T, TE
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H1 i T W e T R A R R TR W T 1 S B
#438 Chryseolinea J2 i [ FH# 5 T 2013 4F
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A - HERE A T oy B A5 ) 2 L AR
Acidibacter fx .2 Falagany Z:B9 PGB 15 g
WEF B 1 AT % I RS IRk
W y-ABIEAF R . H)&, XFF Chryseolinea #l
Acidibacter 2 1)@ () D fEik fif A HiziE . X 48 575K
2295 & o 46 1t TERH O B9 240 T 71 B P B 3 2o 0 s
PIAR EAs R A, WL PTRE AR - g ML T, ™
A B S ) G TR 22005 TR AR AR AR I P B, DA
T3 SO A 20 A Az 3 Ik BB E W R -2 1Y
54k AT RS e AR RO M A el AR

actamicro@im.ac.cn

4 i

AR R FREE R R, i A AL G
ATl Bs 3]+ 4N B alpha ZFEME I TCH 255, Ut
B} 2016 F1 2017 4 P4 I, 220 & A= I A Y - 3840
VR 25 B BB A K . 2SI R, K H it
FAEYANUILIE B AR P, SR B R R 4 A2
AR, 6 A= A AR XoF - 9 200 o T v
WIE ARG R — D8 1 . ARBRIA: i
% SRR YA C, JRPEARPR 3 A YT
SR A A R E AR ), Bk, AR
A FURD A 198 A R it T DA R A SR A i A
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Regulation of soil microbial community structures and
water melon Fusarium wilt by using bio-organic fertilizer
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Abstract: [Objective] The objective of our study was to compare the soil bacterial communities by using
bio-organic fertilizer in disease occurring period, and to excavate the closely related bacterial generato Watermelon
Fusarium wilt. [Methods] The V3-V4 region of the 16S rRNA gene in bacterial DNA was amplified using the
polymerase chain reaction technique and sequenced by the Illumina Miseq platform to diversity analysis of the sail
microbial community composition after application of bio-organic fertilizer in different years (2016 onset stage and
2017 onset stage). [Results] There was no significant difference in alpha diversity indices among soil microbial
community diversity at different years, but the diversity richness increased dightly after applying bio-organic
fertilizer by comparison with the control. At phylum level, the Proteobacteria and Firmicutes were the relatively
stable bacterial communities in these two periods. However, at genus level, the major dynamic bacteria were
Bacillus, Enterococcus, Lactococcus and Mizugakiibacter. Furthermore, the Spearman analysis showed that they
were negatively correlated with the watermelon Fusarium wilt disease morbidity. [Conclusion] The application of
bio-organic fertilizer plays a certain role in the control of watermelon Fusarium wilt by helping ecological
restoration of microbial communities in continuously cropped watermelon-growing soil. Thus, the approach to
identify the dynamic changes of soil microbes and find out their relationships between the incidence of watermelon
Fusarium wilt provided a new idea of helping control watermelon Fusarium wilt by adjusting soil microbial
community structure.

Keywor ds: watermelon, soil microbes, bio-organic fertilizer, [llumina Miseq, Fusarium wilt
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