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Analysis of fungi diversity in root zone soil of banana plants
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Abstract; Fusarium oxysporum f. sp. cubense is the pathogen of banana fusarium wilt which is a soil habitual
fungus. Understanding the diversity of fungi and the proportion of Fusarium in the soil of banana root zone has impor-
tant guiding significance for reducing the pathogens in the soil and preventing the occurrence of banana fusarium

wilt. The root zone soil samples from banana healthy and fusarium wilt plants with different perennial years were col-
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lected and the fungal populations in the soil samples were determined by high throughput sequencing technique. The
results were as follows; (1) Among banana plants with the same perennial root age, the number of reads and OTUs in
the samples from healthy plants was higher than that from fusarium wilt plants, indicating that the diversity of fungi in
the root zone soil of healthy plants was richer than that from fusarium wilt plants. (2) Except for phylum Basidiomycota
was dominant in annual banana fusarium wilt plant, Ascomycota was the dominant phylum in other soil samples. The
highest relative abundance of family Nectriaceae was in the root zone soil of triennial healthy plant (26.02%) , fol-
lowed by that of five-year-old fusarium wilt plant (15.56%). (3) Among genus family Nectriaceae, the highest rela-
tive abundance of Fusarium was 2.54% in the sample from triennial healthy plant, and that from other samples ranged
from 0.1% to 0.65%. Among genus Fusarium , the relative abundance of Fusarium solani (0-1.59%) was higher than
that of F. oxysporum, whose relative abundance only ranged from 0 to 0.08%. It was concluded that the diversity of
fungi in the root zone soil of banana healthy plants was higher than that of fusarium wilt plants. The population of Fu-
sarium or F. oxysporum, which were the pathogen of banana fusarium wilt, was not the dominant genus or species in

root zone soil from both healthy and fusarium wilt plants.

40 %
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T FE A 25995 A2 XoF A A 7 AR ™ B R W 17—
TS KM 3 o A ARG 2500 PR AR il A T L
Y ( Fusarium oxysporum f. sp. cubense) 4 & " Bf
INFRBIE %R — R ) R TR B = A 3R
BEAE TR AENG 3~5 a, HE 2 8~10 a(#iALHE A=
FK,2008) , fEHRGE, A 2007 4F 11 AP E K
AT B A 2508 4 A IR O TR TV Y e A
NSt D SR I B VN | e S 1 €28
(&% 2012), BXHHEE(2015) F 2013 4F—
2014 AR ATV 5 A AL R XA AR T R A
B 80 A, T 1f A o b AR AL T RRAE 5% L)L JE A
FrHE BRECN 625 Ti bk, 45 R & B 2013 45 F A
FH X B R AR RN 0.28% ,2014 4F 19 -2 % 9%
W 2.49% , FHIHESF (2016) F 2014 F—
2015 4RI AL )V 7 AN A E X, W AR 30
VAR K, 2014 AE B RN 2.48%,
2015 AR R R 5.78% .

i 4 A P A A B 0 38, 9 s D A 1Y
AW R A B 200 2 AR — AR R R, IR
T FEAR DX A 1 v L D R R 2 A R 2R
P MR X 9 B Y ), R T A g e R A 2
W PR LR TR HAEM ER MR LA EE
48 T X, P, B A 00 AR a5 4 B 7 X nT g
R W RS, IR R R AR
RN i AR 2 B & . T SCIB%E (2014) A
R I, 7EF HE 8 IR A K Wit A A LR A
T okst U W A5 0, 2 R - SRS 4, JE 52 R
RN A ARG 2200 1 & A= 5 b 43 3 55 (2015) DL 3% 22
12 a FiAE 7 45 19 A 225 = & 0 42 el by 56 a1, B

5T & BLI% it A= W0 MU RE A% 1k 3% VE 5 1l +
HERT G IR0 E RIS S5 40, B 45 AR R 1 &
A IS A (2015) i 7 A A AE S e it A=
ARSI B AT 20 B PR, X
WFFE 45 3 2 B, A TR) B % 15 45 B8 7 ik o) 7 A b+
A W R LS A A R, SR, B HRGE Y 3¢
Tk I N T3 B 7 R R R IR E W R e 2
L H A 2 BRI IOEREE AN TRFRM, A
Ut , KA - e M B R A Y

o A I P R A i A 4 T b 34 R - HE A AL
AR, EAERE (2015) FH A I BRI 2
Tt A MLAE X - R A P R, & B
A HLIEAH B, it FH AR 90 MILIE B & 3% 2 v R
B4 Alpha 22 FE2E | [7] B 8 A 75 25 0 2500 19 &
R BRI A A e 3 R I R AN (R A AR AR
WL P4 75 R AL ok AR Aty 23 9 AL A 1 A X+ 48 B TR
RIS, AR B 5 0 2o 38 P R W AN
Ivi) i AT R A A ft B A ok AR Ay 25 9 L AR AR IX 38
B PR RE LS R, R R A AR X 5 i E R A
TREAR Ak K A 45 il 2506 B AT o B A, Oy 3 o e A
B A5 PR R I8 B 45 ) A FE A 250 1 & AR 4R e
WA

1 #H#E 7 ®

1.1 BRI R E

2018 42 H 8 HEIR T VH £ I IX i Bk
23 KM A AR X L3 b — h— AR
FE M B A PR AR X - S8R S AR o XJ1-0, A 25
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oA R AR DX ERE L BRI o XT1-1, i bk ) B £
NFPHES 6 AN RE R AR T AR, AR BLLF T8
SRR (H A A FE ) A FE 2K AR AR AT ) ] 4
RIIEA 55 7 2% B SR A b B T AR A TR
PR SRR AR AR AR DX+ AR S AR AL O XT2-0, Bl 22
Joi AEL AR AR DX IERE S AR 10 o XU2-1, i M Fr S A
MR, WA bR 22, s Til LT A A 5 (1
JEA B WY T FEORG W T BT R Bk =08 FUAR AR
TR Hh e BREAE R AR DX+ SEAE AR IC o X340, A
ZE L PR AR DX 1 SRR bR A0 D XD3-1, Ml T 2R B
%, FE L)L =W Y EF ¥ ( Bidens pilosa) i £, HA
[vi) A FE AR AR IO AR P g L DU T 1], 5 1 em R+
FZIFZ0 15 em WY, BEASFI T A B SRR X
IR AR YT 500 g, 4 A7 [ AR X+ R & 492
J5 o3 4 oy O — 3l [ 9256 % fRAF T 4 °C
vKA
1.2 tEHEMNSRENF 5HH

PN ] S 365 2 1) A A AR D SRR A b B
FESFRELZ) 0.5 ¢ 38, H BioFast + 3 5t [A 44
DNA $2 B G4 HEHC U0 I 43 B2 I S 1l 2B ik
RIZH DNA, ik s Je , 2628 TA Y TR ( Bilg)
et A PR FD &L X 358 DNA - b ECER ) A% BE 44 9
% 5% 8] B X (Internal Transcribed Spacer, ITS) K
ITS2 X3, (ITS3:5" GCA TCG ATG AAG AAC GCA
GC 3";1TS4.5" TCC TCC GCT TAT TGA TAT GC
3') #E4T PCR, AR 4 PCR 7 W) ¥ B2 R A7 45 ok i 1R
FE, SRS G T 2% 0 BRREHE BETE 1 X TAE ¥ W
HrELPK PCR 7, %1 BT H A5 4647, | Thermo
Scientific 2y A 1Y GeneJET Ji& [ ik 55 £ 4l fk PCR
728, {8 TruSeq © DNA PCR-Free Sample Prep-
aration Kit # i 71) & 0 # SO, A 4 10 SO &
i Qubit & g FSCERIN , & 45 )5, i H HiSeq2500
HEAT EALIY .

745 20 19 SR 4R $0 08 (raw data) , A7 —E LE
B TR (dirty data) , S~ T {5 B0 BT 1Y 45
TREIERR | TS, o0 S B B AT P 4 i
& ,@f@]ﬁ%{ﬁﬂ%( clean data) ,7*5%?%%@%(%
H#E17 OTUs ( Operational Taxonomic Units, 2 1F 432
BANL) ISR Fh o 200 M7, 455 OTUs FY A i
B RN BB I OTUs H1o 2843 & 1 LA Hr
S50 BOJE R OTUs 64T 5 2RI S 70 i,
() B % oy o 1 AR 25 A 0 2K P AT e v 45 4
HOESN i T

2 HREH A

21 FERKX LS DNA B ITS2 R85 @ E 7
F#BH ST

X 457 FERE PR AR X AR Y A B DNA HEAT
ITS2 DX 5 | 45 45 A A4 119 D 4 B3040 43 Sl 2R 47 DF
e U8 AR EEE B LR 1, TR Y R b
JF 31 ( reads ) $5E FIAL S FIAY reads B F 1, 7
[F]— 1 AR AT B ) A SJE R i vl R AR PR T 3K reads
B2 TR 22 BB, 100 I R R A AR AR X 4
F1%) L R o 8 O R 7 A A R AE R AR IX 1
Herp B 5 AR 1A MR AR BR A3 0, T 3K reads W
RSN, I I PR AT 6 2 bl A A A 1 AR AT PR A 3
I, B T PR AR R BRI i el TR ) 2 A
MU IE N 3 (B B RE AN 220 AE R AR X 581 reads %k
B LA v R R R AR A R S R
FEREMR A RO 59, W AR 220 1 L, AR A T 3k
FPo B 2 A RS B (B 1) O NE L AT LA
B A R AR XA i 2 0 R 4 ) P3O
BF0 P 540 o A2 0, B S S R A P 1 A e A
BURFAIE
2.2 OTU 43#7

5 uparse A4 X5 AL 5 A ST 5 AT R
25, MM =97% 1 tag T R [A] — OTUs, L3R4
3 4194~ OTUs i FHACRYE T 9 5 B R kT L
BB T RE AT 3 — AR A B 2 S 2 o R R
K (Venn Graph) , 43 M7 AS [5] B iy 2 18] 345 Fl R A
) OTUs, 45 R an &l 2, & 30 e A+ i 22 14 OTUs
19 A o A AR A A (R AR AR X A
i (XJ1-0) B4R B OTUs 496 A, Tl At 28 95 A1 Bk
HRIX A SRR A (XJ1-1) R 19 OTUs 2 406 1>, M5
BAHZE 1.22 5 ; =4 A A5 A 0 FRE A PR AR X+ 3
i (XJ2-0) (9 OTUs A 1 153 A, T A 25 ik A AR AR
X IR i (XT2-1) FEA /9 OTUs Sk 297 4>, I 3
FHZE 3.88 A% 5 AT Az A A (g FE AT bR AR DX S8R
(XJ3-0) [ OTUs Ky 571 A, T Ak 25 955 FE R AR X+
HERESD (XJ3-1) ¥ 1Y OTUs N 477 4>, 5 & M 22
119 % AT UL, B A A it o, 76 [R) — 78 AR A BR A 77
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G AR R A EL e B R PR AR IX - 48 11 L T ol
R A (MRS H ) M ae A (i



102 i R W7

40 %

®1 ARTEFEABEEERIT

Table 1 Reads information statistics of different soil samples
= a3 R=2 759 >
) b reads Tt FREHLZ fi I A
JEUE reads A K Z a4 reads -3 reads H H
FEA BH reads $ H Mean reads AR E
Mean length of . Clean reads
Sample name Raw reads Clean reads length after Chimeras number
raw reads : number after
number (nt) number after quality control filtered
quality control (nt)
XJ1-0 98 703 309.98 98 484 264.14 12 98 472
XJ1-1 92 104 317.38 92 013 270.97 45 91 968
XJ2-0 115 596 304.46 115 213 255.77 134 115 079
XJ2-1 72 516 288.00 72 236 241.57 21 72 215
XJ3-0 134 957 281.09 134 583 234.11 335 134 248
XJ3-1 97 244 287.00 96 837 239.60 33 96 804
4 A + L
x = XJ1-0 o
- )
= S % R
=34 o XJ2-1 >
c | XJ3-0
S = XJ3-1
=
g 2
<
7]
&
;\)]E
o
0 -
T T T T T J3—1
0 50 000 100 000 150 000 200 000

F5# Number of sequence

K1 s oz

Fig. 1 Shannon index curves

AT B 25 351 —30) W B, A A g R A K
AR DX 8 5 45k 2 i AR AR X - 3 T 3R AT OTUS %X
HAHZE L2 A5 A4 B H AR A (R A
%) AOAR X A S5 A 22 3.88 A%, 150 BH W oo A 2f 47 11
TR B AR DX 498 B A X 22 S R R B R A = AR
IR T 2 5 77 0] B A A 22 0 1 A 2 1) A A Ak A
o R AR X LT 22 57 R
2.3 HEEITKER S

MR 2 ATLLE h FEAS [ 0 3R S b R T
— 7€ LB R I 4 2840 SRR 5 AN AT,
A 45 T2 ] ( Ascomycota) 5 F 1] ( Basidiomy-
cota) \J& A B '] ( Zygomycota) . 4F B I'] ( Chytridio-
mycota ) F19E BR % ['] ( Glomeromycota) , {H 3= % D) F
PHET] HTETAESETTYE,

TETTFE 1 it FRE A AR AR X+ 4, —4F AR Fn =
AR AR A R AR X S DL R 118 3 AR

o
N
3

— AR, SRR AR Z 3 A
B OTUs 4, BA 5 8 2 W B AR A B R OTUs
A

%18

A circle in the graph represents a sample, the number in overlap
of two circles is the shared OTUs number among samples, the
number outside the overlap is the specific OTUs of samples, re-

spectively.

Bl 2 ARl LA OTUs F5 8K
Fig. 2 Venn Graph of fungi OTUs from soil samples

FEHIN 69.92% F1 61.92% , ek ZH THTT,
AEXT - BEAr R 17.119% F 27.85% ; FLAF-H= T fE
FRAEMRAR X TIEDL F R TSI £, T
TE T TR EBE S 43.40% , 824 B 171 A AR 4 =5
J 44.08% ,
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Table 2 Relative abundance in fungal phyla level of soil samples

T b 24 B AN 2 2

P Sample name and their relative abundance (%)
Fungal phylum

XJ1-0 XJ1-1 XJ2-0 XJ2-1 XJ3-0 XJ3-1
T#EW] Ascomycota 69.92 19.89 61.92 42.81 43.40 52.12
A K Zygomycota 7.39 6.55 2.43 31.50 44.08 33.97
{HF 1% 1] Basidiomycota 17.11 70.37 27.85 6.84 6.60 1.49
B ] Chytridiomycota 0.21 1.34 0.06 0 0.19 0.01
IR Glomeromycota 0.01 0.02 0.19 0.32 0.20 0.01
R IHI 732 Unclassified 5.36 1.83 7.54 18.53 5.53 12.4

TE A 22 05 HE bR AR X T 3 b — 4 AR Rl 25
TR AR DX 3 DUAH 378 11 8 32, A 2 8
70.37% ,FUJE TR 1T, MXE N 19.89% 5 =
AEAE AR ZE R AR AR X DL SRR T AR S
o A EEAR AT, 2359 42.819% H1 31.50% 5 1
AP A A 2 AL AR RN i R AT R 4 DL T T T R
TR 3 oAl 22 i bk 3R b R )
AAXS F 2 52.12% , ¥ 5 T T TR 2 B2 33.97%
UL T ARAERR AR [), R 0 EZET TR A H, BR
T AR ERAERR X R TR AR
KeHh, FoAt b ERE b 7 R 1T 8 5 A,
— AR AR AR R A AR T T O L, IO
PHFTR ] —4F A2 Al 22 e M AR 0 s 5 ALy 1T
TRETET ] AR AR A, Z A PR | T4 A= gt AR AN
i 225 A O AR DX A S 34 DL S R ) A S R
HE,

2.4 EEBKER ST

M 3 AT LA A6 2 R T 10% 19 B
WERA 4 1, 85 /N EEHE B ( Microascaceae ) | M
756 B ( Nectriaceae ) | #% 71 % Bl ( Mortierellaceae )
FNER 55 45 B} ( Strophariaceae ) , H: H /)N TR B I IR
FEPRE TR ] w R R m G ] Bk s
A A

— A A Al B R R AR X R A (XT1-0) B
PP /N B T BE A0 K 5 s B A X TR B 4 5
42.11%H1 13.96% ; —4F A A 28 o A AR AR IX L S
Al (XJ1-1) A, 40 7 TR W Bl 2> 28 M
(unclassified Basidiomycota) 5 £ X3 £t 3¢, A0 X} =F &
BF]70.05% , th T AT ER R BRI 8 Fi,

AR XTL-1 A & A B 4 B 1) LA Fy R L 2
B, TE = AF AR Y R AT PR AR DX A 5 (XT2-0)
o AR FE R BB R B A R 26.02%
T 22 o AL IR R X A A i ( XJ2-1) o 0 A 1
R X E N 23.18% , 7F T4 A 1 {e HE
FELARAR X 38 FE i ( XJ3-0) o A R F 10%
1) A 2 A W TR B 2 28 M4 (unclassified In-
certae sedis Zygomycota ) , #H X} = & A 38.42% , 1fi
2 AR R AR DX 3R (XT3-1) o AR
KT 10% (1 E BHT P E Rl 25.34% MR
FeBH A 15.56% , AT UL, 7 [R5 A6 AR fR 09 AR DX+ 8
Feath B AREA T

SRR A ZEN B R SRAE TE ( Fusarium oxys-
porum) 3K J& T AR5 FF, 76 © W B L A AR e B
HhFEOT = B A R 119 2 AT AR i R R A AR X 4 48
(26.02%) , FHUR I T AF A= 104l 22 99 A bR AR IX. 1 158
(15.56%) . W] L, i 22 g hE kO AR X 8 oy ) AR
FERHIARXS 32 BE AN i T AR AR AR X 158
2.5 ANE L5 PR EE ( Fusarium ) WERE

5| b A A A 22 9 19 AR FRL i 98 T ( Fusarium ox-
ysporum ) 3K J& T AR 72 B BRI T 8 , % 4 o1
TR T A R S S A SE AN S B AR R

M 4 LB 7R A AR IX A R S A
XoF = JBE s v 1) B A0 TR i 2 o 1 — A A it R A PR 1Y
MK 398 M £ Bl 2.54% , 78— 44 LA
AR DX 1 498 rh Ak 22 05 AR PR 0% Bk 96 TR Jm AE X 3
o THERRAE R, TEMRAOTE B B R A [ SR
B 6 PR G, oA T 3= B 5 e Y 2 e Sk
( Fusarium solani) , #& =A@ HERIIE AR [X £
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Table 3 The main families of fungi annotated in different soil samples
i 44 SR 2
Sample name and their relative abundance ( %)
B Family
XJ1-0 XJ1-1 XJ2-0 XJ2-1 XJ3-0 XJ3-1
/N TR 42.11 0.64 0.09 0.02 0.20 0.80
Microascaceae
LN 2.44 4.01 26.02 3.54 7.49 15.56
Nectriaceae
WAL 0.18 4.82 1.32 23.18 3.59 25.34
Mortierellaceae
R ws R 13.96 0.06 0 0.64 0.18 0.14
Strophariaceae
FHF BT A B 43 25 b 1.70 70.05 0.01 0.81 0.23 0.04
Unclassified Basidiomycota
F 5 VA 1T A W 43 25 Aor 7.26 1.65 5.50 10.94 38.42 7.52
Unclassified Incertae sedis Zygomycota
ANEETE H R W 4 26 0 0.07 0 0 3.40 12.12
Unclassified Microascales
214 H R B oy 26 0 0 25.57 0 0 0
Unclassified Russulales
AW 43 2 5.36 1.83 7.54 18.53 5.53 12.40
Unclassified
A BB 53 28 b L 2.18 0.72 13.53 9.22 1.96 2.03
Incertae sedis
x4 AEETEERPIEIRHNBRREEREME
Table 4  Fusarium and its species annotated in different soil samples
it 44 B AR 2
& A Sample name and their relative abundance (%)
Genus, species
XJ1-0 XJ1-1 XJ2-0 XJ2-1 XJ3-0 XJ3-1
WAL )R Fusarium 0.1 0.49 2.54 0.65 0.13 0.46
J& KR F. solani 0 0.21 1.59 0.45 0.11 0.08
F. delphinoides 0.1 0.06 0.85 0.12 0 0
HESRILE F. sacchari 0 0 0 0.07 0 0.35
F. ciliatum 0 0.22 0 0 0 0
RIVIRALEE F. oxysporum 0 0.01 0.08 0 0.02 0.04
JZHHRTEEE F. proliferatum 0 0 0.01 0 0 0

erp AN ERE N 1.59%, 8 K SR T 5 i 2 R
R BOARE R (S 2017) , 2 B A 9%
FA B IE (ERIDESESE 2007 ), TEARS 22 AL AR A AR IX
M T R A TR R X S B A A v T B A
PR ITELGRRIEL DA AE BT A R rh 2 R BARAIS A AR X R
J& 7E 0~0.08% Z 8], H AR X 4 82 B i W 02 —4F
A AR R RR AR X 35,k 0.08%, AT L, iS4

A RREEL R PO AR DX e S 2 A 2 A R 9 AR X 1
HE BRI B BRI N G S A 7R R AR
o T AR st A S Sl A6 TR AR X R s T
IRAUGRA TR, 2R AL 8 1 I o AR/ B EE ], i B 5
A A A 2203 1) O PR R 900 1 O AN 2 P A i B2
HRMIE, AW RAR X B IF A
DR Ay At 2 114 4 A4 T B R ) R A B L 74
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AR FRE TR C M ER R,
CLRIFHZEHE L 64 000 B, & 777 A A A5 2R A
AR SR AT SRR E ., HTETTRR
ZHP I Ry J AR | RE O3 flf A R 7% W v B 2 4 R
MABR, DEGEMYRE, #EHWIT28)8
Az A S SR A R AR D BORT DL AR AR AR )
51 B (IBOESE ,2006) .

OCREE W T 5 [A) 15 AR AR R 19 AR IX. 34
O AAXT RS A 3 AT, Rl TR
HPEITHESET, ¥iRm%E (2017) R H Uu-
mina MiSeq = 38 5 P A, 4387 A [ 1l X 75 A AR
PR A= 0T ) A L TR 2 RV B AH DG R B T R TR
I T RITTES®T 8 3 ML T, 5izsoh
IBFFEGE R — B, OO0 — 42 A 2N M AR
MR I rh 4 713 1] o5 48 K 240, T e B 2 7
FERYAR DX oA R B TE TR B TR 23 0 R
DA PLET, 3A IEIREE TE mm AR Z) TR A AR
M2 A YL T R A ZE R AE R, TE = 4R R AR
S A Pk | T4 2 7 2 {5 A R R A 22 9 A Bk
AR X A b DL R TS R T N
T HEAWIIE = AR A AR 2 A PR I T4 2R 1Y
it BREAE R R 22 g AR IR O AR DX R g b 18 S AT T
1], H A e A A 2 TR ik — 2P 5T

TERH K- b AR B2 RT 10% 1 5 T8
EFRHE 4 A AN B R AR Fe B R
FEk G4 B, HIRIRAE (2017 ) & HAS 7] b X 75 FE
PR LT A 4 DR, A g
K H B ( Trichocomaceae ) | A7k 72 B 1 Archaeorhi-
zomycetaceae, AIRFCFHFIBIE R RHE LR
Z S F T4 R — 3,

NBETERLSR R /N BE T H (Microascales ) 285
2X ( Sordariomycetes ) F2& I8 1] ; /N 1 Bl AE — 4F =
AR FRATL AR SRR i (XJ1-0) v A AR X S 8 Dy
42.11% , Hoh /N5 B & ( Microascus ) A% =F Bl
42.07% , Microascus brevicaulis }j 42.02% , 7] UL | ¥
INEETE B A 32 B AP 2R Microascus brevicaulis
Microascus brevicaulis & ¥ W 5% ( Scopulariopsis bre-
vicaulis ) WA PE AR, 76 LSRR AR J2 —Fhei L
B A= W) B % T8 . Lopez-Gonzdlez et al. (2015) fifF 5¢
FET ORI 21 4 3R HENE ob (0 Gl A Wy R R 2 RE M 2

WK Microascus brevicaulis J2=AH X} 3 F % 5 1) B
BRI 22— ) e HENE /Y i A7 6 357 2 mTAG I 3], Bk
i 4 BHE TP H (Agaricales) 4 5 449 ( Agaricomy-
cetes) 07 I ') HL I, % B BT A7 Fh 28 34 5 )i 2
WL TR R A LT B AR a2k B
— AR A AR R R L Jo sk (L 2 B (B2 A A
SR 2 r 2Rt A R 5 (XT1-0) T Microascus
brevicaulis F1 BR 15 % B ( Strophariaceae ) 1 %f 3 Ji
L, IR AT 2 6 A /DR BEAER
SR AATE AR T A AR AR X A g P A R 1Y 2R
F A 2T 4 R 0 A BIL BT Y R A, SR ) 1
TN, AR IR AT 18076 5 4 T AT T AL AR R

NFRFe B8 T R 1/ H (Hypocreales ) 35
FEEN TR ] AARSERHE B 2R B UL A AR 5
J& e IR 7 N AAE, — AR KA ) R =
Wk LM S e KR
IR Ff B AR AR R G i e — € 1E .
MRS R A B4 7 4 AL B ( Fusarium oxysporum )
| RS 7™ Y A 4 T R A 2 TE N R A 2R
FEE UG B N AT LUAR G 700 R AEAS SRAE ), i
JOHE R 2 B B R (FE SO, 2010) o 7 = 4R A i B
FERRAR DX 3 v ) DA 72 BF A AR X 32 B (26.02% )
A0 3B TR 2R R PR B AR S (3.54 %) 5 T AR
TARAE Y AR R A R AR X I b AR e AL
AR X B (15.56% ) 135 i T 7 A5 4 FR A PR 19
FAXTFBE(7.49% ) , H R RA R — 22 05T

AR SRR T 9 15 H ( Mortierellales ) K
BT 43 2 49 (Incertae sedis Zygomycota) 55 B[],
Wer e B 32 2 L A A T, T Sl A AR
WA B RE T R AN TR S 2 ( 255755 ,2014) &
TIEA AR &R R R SR (RS
45 2014) . Metcalf et al.(2016) &, A2 K5
FE 0 T, o A R Y R A LR L O RE R
SrRZRAENACE Y . FE AR AR T AR A A A
Z L bk E RERE S (XT2-1 R XJ3-1) P A A5 RHAR
Xt B 3 R 23.18% il 25.34% , T fE JEL A 2
T FE A 2 AL AR A A 28 42 21 30 o B R
W BEEE(2015) 1R 3E , 7 A2 £l R A Bk 1 398 v 4 £
2 J® (Mortierella ) W) FAXT F BE Ry 2.19% , Fr FEH %
o AR 38 rP Bl R T Y A X T 0.55% I
Fr R A R I b DI R o &, HF e 4
HZ A 2257, 72 15 T FRAE I HH A —
g R, EAIE— 2B
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40 %

HT T 7 AR 22 0 2 1 9 T v ) 9 6 e £
IR, 32 3o B 1 B A0 TR R B A R
FIE SR R AR — 4 A AR AR AR RS AR R 0 AR
DX A SR i v Al 22 o A R AR DX A 1% Sl £ T
FERS 28 (439004 0.49% Fil 0.46% ) iw T {2 HEAH bk
AR 3 (43030 0.19%F1 0.13%) , 43 AR 25 4.9
FEHT 3.5 4% T AE = 4F AR 7 ARARL AR O AR DX R 3R
R R R DX 0 0 Bk 40 T RO X R
(2.54%) i TAZEPAEIRAR X 14 (0.65% ) , AH 22
3.9 M, BEHE(2015) I8, BRI H JE J A AR AT 25
FERRAR B - 38 v 9 32 ST, 70 A 22 3 4 bk 12
FE SR XT SE BN 1.9% , fift FE AE PR 1 384 & b AR
XN 0.4% , HiE 22 4.75 1%, FHBETEE A
ICHIRE ST A A JE I LA Al 6 O+ A
ENER e A kN R

POCHIN 25 B R WY e i1 T s D
FE AR 5 R A E B 0.41% , T AT LA
5 R A A 220 1) 9 A 4R 160 TR 1 1 49 AH X B AR
4 0.025% ,AH 25 16.40 i, = 4F Az 7 AR fil R AR B
FRDC 4 HE v, 4 760 Bk 6 1 9 AH X B g D
0.08% , FL R 2 TLAF A 7 A6 Ak 25 i AR 7 £ e A A
3458 FXTFEBE 900 0.04%F10.02% , Véronique
et al.(2015) il 3 42+ A9 5 DNA | 9K 5 9
TRTEJE (R 5 51 W #E 4T PCR, &S FF 5 L 250 A4
SERESEAT I, 43 A AN [) 4 38 rb %) S 162 7 s 19 Fh
REZHENE, G5 R LB, 78 3 Fp - AR Y 750
A vEREh, Y LI SR A T A 525 b ot A X A
VI 79.7% , LUK 2 B B Bl AL T Y 52 G B E 3
8. 7%, i J& 5 = ) & Fusarium commune, %
4.3%, TERFHL L SRERE R B R TE 15 70.4%,
& Rz BRI 5 12.0% , Fusarium commune 5 8.0% ;
T B ) TSR SR AR Y 85.6% , B B Bk
T 5 10.4% , Fusarium commune 5 1.2% ; TE FR AR
IERE P AR AL TR L 83.2% , JE B iR AL TR o
3.6% , Fusarium commune 5§ 3.6% ., 7] W 6 K%+
PEAY B A - FRR AR L 18 9 76 Bk 98 1R B o L ] B
W S, AR AR A AR AR X LA N 32 T T
B DR T0L TR () AR A5 /R, T Véronique et
al. (2015) R 18 19 45 R — B, 230 19 =4 A R
AR DX A o v 4 7 0 7 T 7 A X b 9]
o, g R D2 T MR DR E O —E
MIRR,

SRALTR & B T VR A W) 0 B B I R 8

7

YRR W ELNATE, B Z AP, K
TR (2014 ) A SEARER 23 15 1 35 A4S P A FUR T
PR, 14 DR R TR EE 5 40% ;5 A
IR TR ARALE, &7 14.29% 5 1 A TR JZ I 1 ik
LT, 5 2.86% ; AR AR A AE T b Y 4 ff ok 6 T
CanR-46 T P B8 7~ 2 ¥ & PE ¥ &2 (volatile organic
compounds, VOCs) , IX #1159 HE 08 4111 i 22 Fh AE 4
g R LB A A (2015) A 6 4EE AS R
Hr B 20 ARNAE LT, IR S M0 A2 )
FOTESAT S, KN A LR P 96 R O A
PIE, i 50% ; Hoh, — D RMGRAEE Rk B A S
B AERBIRE T o AKX i J6 240 i A B 400 )
HRAEH . Kyekyeku et al. (2017) 4R3E , NGy
25 AW = 5 540K 2 ( Chlorophora regia ) H3 3043 B
B YA FUTR I e SRR TR JK10 TR B , HOM B2 BOR
eI T-EWRGR IR C TR, X B AN
WK FF & ( Escherichia coli) F1 + 38 M & A ST 5
( Acinetobacter sp.) BD4. & ¥RAG BT 6 M, (H X B2 2
4 B 4 B 0 1) 249 BR B ( Staphylococcus aureus ) Fl Al
BIEHIAT ( Bacillus subtilis) B P s PR , T~
AN A LR BRI T — 8 A= AL A ER )
=B I fE .

RAGRAE T ERAR PN EZEZNER, A
T FOR 22 AR T 20 B A5 30 A 2 760 e 60 TR 4 P
WA ANMEABERUR , 5 R 0 U 76 3 48 1 1Y Ak
FHAR LY, F 7 b B0 7 05 1 2B K BT IE (ISP 1Y
RERGRE) o AR IR S5 A
i O T, TEAT 2 254 R AT LLEU , 2 (E A5 9 —
AW FERY IR, 456w N I 9T 45 2R FNZ Sy At
FEAR AEAE— 2 S R [, A 2 R B ERY
+ e Hu e 98 1 T o LE B BE 5 (Véronique et al.,
2015 ) 5 A2 70 7 R A R AR R A 22 o AR PR A AR
X -3 At gk A B B0 0 AR S ARAIG, A X
JETE 0.01% ~0.08% Z [8], 1% T Ji§ B Sl 460 1 114 AR X
FHE(0.08% ~1.59% ) (I SCHIRFFELEARL) s ZFh Al
PR 28 P9 AR TR 8 G 34 T 24 DAy O At B 76 AT, TR
N Ta] R AR 2R v T A A [ Y 24 B D R AR
AR BT 1 2R 6 Sk 8 TR X A AR A A4 A BT
AE. XEEHRERHF— BT Ry )
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