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B E: KM@ b SRR T-RFLP AHSS 5 (0777, OF0 7 HIl . BREGAIILTE4 20 /SHLX P
R SR 32 o (R B R VR A5 ARFAE R INF BRI ST T 1 S A 4l B 0 AR A S g AR A
RO . SRR, EECE AT TR b, 7 RERR B0 B 2 P b3 v SR DX R LG AR g
WAL, EREIKT b, SREE. SEE. BarE. RERmERER 852 FERA . N
bt X oAk, HINAN 5 AHX TR RA AR S K 2 PSR R 5 REL. F 8 IR
FHD AR AR BRPG &Y, PGP R, Lo SR IX S G A i ™ o, Bl 1T (0 T B A
e AT BRI A AR K AZ A H RS L b A R ARG R, At B 1) o S R A R ()
FERREE R ZEEIEMS (r=0.585, P<0.01), Ml ENFELILEBEEAMK (r=-0473,
P <0.05)0 51 VGG HE 1 m 5 D SR %E VR B A 1) T2 A R 2 R Rt 1

KB WU HEMERERG: JUR IR SCE: T-RFLP; BRI JTRBEE S5

hESEE: S661.1 XEIRRRD: A XEHS: 0513-353X (2018) 05-0855-10

Correlation Analysis of Apple Replant Disease and Soil Fungal Community
Structure in the Northwest Loess Plateau Area
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Abstract: The aim of this study was to investigate the main reasons of apple replant disease (ARD)
around Northwest Loess Plateau area. The characteristics of fungi in the soil of different replanted apple
orchards were studied by combining the construction of fungi clone library and terminal restriction
fragment length polymorphism (T-RFLP) . The correlation between the seedling growth of Malus
hupehensis Rehd. and the dominant fungal species in the apple replanted soil was also studied. The results
showed that Ascomycetes were the main fungi in the replanted apple orchards in Northwest Loess Plateau

area at phyla level; Fusarium, Mortierella, Chaetomium and Cryptococcus were the dominant microflora

BB H: 2018-03-27; f&EIBHI: 2018-05-15
BEGH: LRGN ERNHBEARBPIRSE (2014); ERIACRA AR BRI LI L H (CARS-28); EZKE AR I
IiiH (2016YFD0201114); MK HAFIEIEAETH (315017205 31672104)

* W{51E# Author for correspondence (E-mail: mzhiquan@sdau.edu.cn; yinchengmiao@163.com)



Wang Xiaobao, Wang Gongshuai, Liu Yusong, Chen Xuesen, Shen Xiang, Yin Chengmiao, Mao Zhiquan.
Correlation analysis of apple replant disease and soil fungal community structure in the northwest loess plateau area.

856 Acta Horticulturae Sinica, 2018, 45 (5): 855 - 864.

at genus level. Among the 20 orchards, 5 belong to Gansu Province, which had a relatively high Shannon
diversity index, Pielou index, Margalef index and low Simpson index. The soils from Shaanxi Fuping in
Pinglu and Saline Lake area in Shanxi showed more serious ARD and higher abundance of Fusarium. The
severity of ARD positively correlated with Fusarium (= 0.585, P <0.01), but negatively correlated with
Mortierella (r=-0.473, P<0.05) . Overall, Fusarium in the apple replanted soil was the key factor for
ARD around Northwest Loess Plateau area.

Keywords: apple; replant disease; fungal clone library; T-RFLP; Fusarium; fungal community

structure

HEAERERG A TR R E Y BT S AP AE R — 438 EIESRRa T, RIS A I Ak R 5 B R it 2
RATF=HIEK, WES . EERWEZTIG (Mazzola, 1998; FREEZLRIZEE S, 2002; T2
%%, 2014; Nicolaa et al., 2017). [ PYIbwE 4 iy DX ORSE RN X2 —, JEMRRRG 1) A 42 R
AL, EEHIL T RS R E (Narwal & Zeng, 2010). A8 SEAR Bk ve OEAE
B R8RS SR b T R R 1) — TR 32 T AF (Tewoldemedhin et al., 2011a). FHRIEAEREN5R
PKI532%, Mazzola (1998) Kt H. A3 AAE MR R AV EWR ZE P B2 MATFTR I BRI R 2 51
HWIEERERG ) 2K 2 (Braun, 1995; Mazzola, 1999; Rumberger etal., 2004). T 45 R B
N, PP EEENR R RO ROEERS N E R (Mazzola & Manici, 2012).

()P JE 8 . SCAGLZAZ TR . AT AT R e BRI BT A5 2 T5% AR RGeS LT, W55 1E (Mazzola,
1998) MIMNEEK (Braun, 1995) &5 iiE 5 FAL R A (ARG 2 5 A 50 Mai 5% (1994) Al
Traquair (1984) HIWFFTET R o, EBRAIE T, OUR BRI AREUR PE, RSl A 2 5k
SEREAE AT BT SR P AR, S L2 A% TR R B T R WYL 5 RS AR B AT ) A
FH, YRR RN JER (Manici et al., 2003); 7ErgdE, PR IE. 28, BEHE
DB Ji§ 87 S i W 5 3 S VERR A AH DG (Schoor et al., 2009) . H [ 2 3 5 IR v i 5 4t X 724 el Y
FEO AT AN IR ARSOR (20110 T 7045 AR W] B AR 1T it 5 |k T 7 el 18 A R 1) 32 B2 LR
Sun %5 (2017) X 3 S e AR b FL AT VR IORIE SR IR B S v . e fRnT s D T A2 S i 3 1
HEAEREAGI) IR Jiang 55 (2017) HIZpHTR W], 3P REDEE LIPS EE, BewE, %
B A5 A . ARRH AR (2014) X bas 6 R e iR b 3 b 0 FF Lk AT 7 B 2 2 R W,
PRALTR 2 o B S LB 2R o AT DURIN, AN [R] b X5 [ S SR AR R 0 1) 32 B 300 FL T AN [ o

PRIV AL vy J b DO A S SR el SRR G A, U A SL R R AR, Xt —
A TR RS 45 S R AR B R LA R S N o A SR R R A i PR B 2 A
(Terminal restriction fragment length polymorphism, T-RFLP) %541 /71, HHEAE 2 R [ 13 5
W SR EATIR NS0 AT, CAWIf DG G 3 s D X 2 A T TR R BN o A A, A AR
R 1) 77 428 0 AR FCHR AL B A M

QY ViR SRS DARES

1.1 AR
AR FRERETHINA S DMIX GE/K. B 7. FEIR 0D, BRig4 o MIX (LR
wHO R AE. B K #RL 3EIL EED DULTEE 6 MK CEREL IR, IR
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JIog R, EHED S 20 ANMEVEREREE . AN RE CERHRARE, 2 ~ 3 FWEe) FEPLIEE 3
ANUFRE AL, TSRS A 242 0.5 m YU Y, 5 ~ 30 em ¥R W BURR B 149 50 kg, 7849
RA . B (CEERAOPTY) 53 (-1 H, 2000) 77k, S-SR ARG HLBEATINE .

FEEG LRE PSR BE: il KB (121 “CHRRZE 30 min, FE 2 70O NGEMEN I, H TRk
FEFIZY (Malus hupeheusis Rehd.) SEAET, R NMGEE 6 NEE.

2017 4 1 AR FEEEFRFT 4 CERL30d A4, MrEA)ha, T 201743 AN THEEGE
WIS TR P AT A 1 Argl KA 6 Fr ST BRI A — SO0 UFERR, T4 H 26 HERK
LA 4 kg WG HIEP AT (EEHA 17 em. FEAA 15 cm. & 16 cm), BFFEHL 2 ¥R
T, 4o )& H,

2017 4 8 H 1 FIHURE I 52 ~F @R AR AR A AE 5T B 4RAR o 38 P AN b B 1) P 1) S o s il 1) L
HRPEAL 20 AN FE e 3 S AR B i 1) 7 AR

1.2 TIEHFEEES DNA BYIREL

B HUA )RR g, T - 80 CARAFFE M o FEMIEINZL AL DNA 42U 4L E. Z. N A.
Soil DNA Kit ¥ B idE 44, $2H0UG T - 20 CIRAF#%H .

1.3 T-RFLP $#7

1.3.1 ITS-PCR ¥ 3%

MTITS BBy 809519 R 7 FAM 28568 1e I LB @ FH 514 ITS-F-FAM  (5'-CTTGGTCAT
TTAGAGGAAGTAA-3") F11TS4 (5'-TCCTCCGCTTATTGATAGC-3"), 5T A TR (L
) R BHBR ARG . ITS ¥ R NAKZR K. 12.5 pL 2 x Tag MasterMix (Trans Gen Biotech Co,
Ltd, Beijing, China), 1 pL Kkt DNA, ITS1-F #11TS4 (10 pmol - L) % 1.5 uL, il dd H,O % 25
uL. PCR JeWi4cft: 94 ‘CTilAs Tk 3 min; 94 ‘CA8ME 60s, 55 CiEk 60s, 72 CZEfH 60s, S 34 4
PEER; fpefi 72 CHEM 10 mine HU S pL ITS-PCR §#7=# 48 2%35 R B e e o vk A, 4 # PCR 7~
WA R S B EE T PCR P2#4ifk, - 20 CIREST.

132 By

HBREIVEN VI Hha 1 (CBHSAEDIEARGRA A, H 5, FED X Fi& PCR 24 =) dt47 1 1) .
W) I NiAR Z 4 30 pL: %5 10 pL ITS-PCR 20464, 2 uL Hha 1 (10 U - uL™"). 2 L 10x Buffer,
I ddH,0 %8 30 uL, A 37 CHE:ZRFH 15 min. KRGV =035 2 LR T T .

14 EEREXEHE

FIF R ITS F B 8514000 F514) ITS1-F(5'-CTTGGTCATTTAGACGAAGTAA-3" ) Fl ITS4
(5'-TCCTCCGCTTATTGATATGC-3"), PCR # A& R {U#F 12.5 pL f¥) 2x Easy Tap PCR Super Mix
(Trans Gen Biotech Co, Ltd, Beijing, China), 1.5 uL fJ44H DNA, ITS1-F #1 ITS 4 (10 pmol - L™)

% 1 uL F19 uL /) ddH,0. PCR W 4cft: 94 CHIAEME 3 min; 94 ‘CAxE 30s, 55 ‘CiEK 60s,
72 CHEH 60s, 335 NMEIR; 5 72 C ZEH 10 min.
P2 2 Yol MR VKA I, %I PCR P #4ii4k ik # (Trans Gen Biotech Co, Ltd,
Beijing, China) UiH]5HEAT PCR ;= #)4lifk,, K5+ IR UL P54 24k J5 1) 7= ) e % 1) PMD18-T 244
(Trans Gen Biotech Co, Ltd, Beijing, China) . FURLE AL 2 K AT 7 Bz &4 g (DHS5a, Trans
Gen Biotech Co, Ltd, Beijing, China). #Ab /a4 T 2 W5 % 2= 1 LB ~FilkdE 758 B35 14k
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AT, K ITS FPAAF (&l PCR $7 19514 M13F (5-GGTGTTAGGAACGCCTTCC-3") Al
MI3R (5'-CGCCAGGGTTTTCCCAGTCACGAC-3") IR, Z5IWth A TAEY TR CLilg) e
A BRA F A e
1.5 HEAESHITSH

XA A SR E P41, ZBR B BT, $ I 9T% AU X JE 5 5 P Sk AT 2R 2K,
Iy ECREED I Kot (OTU), JETr R ITi AT YRR . AR e ik 514, 1331
OTU fESFHIHNG = 97% MK FA I K {41 & Uparse (vsesion 7.1 http: //drive5.com/uparse/)
S ECEAH F I OTU H o W)y B Y H 404 %2 Unite Database(Release 6.0 http: //unite.ut.ee/index.php)
WATEE ] B KR, AT LR R T A8 AR 4

Wi T-RFLP ATl E DB () F & e R 2060, dd— RANGeE = a rde U vk SRS A 1
kb EE R ZFENE . THAEEBEEE R B (Margalef index). ZAEMETE%0 (Shannon index). 4] E+HR
% (Pielou index) FMIL#JEFEEL (Simpson index).,

P BRI 5T B 2 HE #2225 Schoor (2009) U7 N LACRE, AR PR T 2 22 b A2 H AL LA
J& (B >0.1%) HHATAHH T .

I EHE N 3 A G B AbRHE R 22 (SED - Gt v 5 R H SPSS #4f(version 19.0,
SPSS Inc, Chicago, USA). AN[FIALEE] V34 2 7 LLICR F 7 2295 B (ANOVAD FIXS 1 BT S ik 2=
% (DMRT) RHFLE 0.05 FREHIKF T

2 HiR50H

201 EEFERELEERMBLEREEREEERBRTERE

R AT 20 MEERR -5 N Po K PR S . 4 Poabs R 2 i N A H 5 ) AN )
MANE, A& HX T IR & Sl A . UK TR T AR A FE 358 vh B &R 40 i 1 e ot
e LR B LI b 3 RO ARG (1P AL, W40k 3 FhAEZL (Tewoldemedhin et al., 2011b),
BIPZEE (P PR 3hiblx, 3 M), & GEK. FEIR. . fLR. B AkAaE A, 7
XD MG (L ey R E. sk, I EEL Wk, . TS5k, 10 MHiIXOD.
RIS R Wos, TR ot S AR R A ™ B R RO A G
22 T-RFLP ZHMARHRTIBEEENZ 14

FRAE T-RFLP B3 OTUs %E . BB R AL, 20l vh 5 1 20 A 350 i b 1K B0 T8 2 4
PEFRE (R 2). M 20 MLIXFTEA KA, HINA K 5 DM BA RN B ) 2 FEE R AL 1Y)
FEdR%. 8 IR BCRADS BRI A B e £, b Hl 4 3 SHiX G HA s 2R
. WNEREL FE RSN RACK AL R 2 ViR R 4 AR Pz 3 6 X (1)
PR Z AR S RIS FE IR G BRI T HINA M 5 NI Berig ) 9 AN Hix 2
FEPESREL. BN EiRE. F 5 BRI A E IR BB A A AR A, Hor 10 SHIX CEF) Bf
AR Z AR S WA R FEERECR E s I AETREL 14 S CEED BAMURT
3GHIX G M FEERR . SRR R R
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F1 TRURREREEERHTERE
Table 1 Soil characteristics and severity degree of ARD
PN X G i N/ P/ K/ Wﬂ‘)L)ﬁ/_l ﬁ)ﬁ%%klﬁ%/% VEAERRRFR L
Province Area Orchard (mg - kg™ (mg - kg™ (mg - kg (g ke™) Fresh quality ARD fest
number Organic matter difference ratio result
Ho 1 #57K Qingshui  212.36 28.25 87.87 14.63 79 1 Medium
Gansu 2 Z M| Qinzhou 63.02 5.03 107.54 11.15 16 fik Low
3 ffr T Jingning 67.13 100.01 173.11 15.14 20 % Low
4 JEVR Zhuanglang  52.06 15.04 94.43 9.56 79 ' Medium
B 5 U Kongtong ~ 82.20 30.89 61.64 15.67 88 *F Medium
Shaanxi 6 #L R Liquan 34.94 9.69 48.52 7.90 54 1 Medium
7 # 8 Qianxian  137.00 34.58 55.08 11.52 76 ' Medium
8 M. H. Binxian 16.44 29.81 68.20 11.70 25 & Low
9 A & Xunyi 89.74 30.56 114.10 12.08 8 % Low
10 & *J- Fuping 50.01 25.34 71.48 13.59 160 T Serious
11 47K Baishui 52.75 6.31 74.75 15.67 71 1 Medium
12 # % Huangling  9.59 3.59 45.25 6.13 3 {i% Low
13 #% )1l Luochuan ~ 101.38 28.40 81.31 9.26 6 fi& Low
14 &+ Fuxian 28.77 21.81 45.25 10.69 25 & Low
vy 15 St Pinglu 26.03 13.67 61.64 17.92 107 7% H Serious
Shanxi 16 i3 Ruicheng 28.77 26.73 55.08 9.10 15 fik Low
17 5% Linyi 6.85 41.16 97.70 10.72 47 & Low
18 J7%¢ Wanrong 24.66 62.20 74.75 10.36 11 1% Low
19 5 Yanhu 39.05 30.40 114.10 10.66 175 J¥ T Serious
20 8 Jixian 189.07 6.37 61.64 12.08 64 1 Medium
r 0.107 -0.155 -0.09 0.402

e SRR (%) = (RZ LSRRI EE U - R AL BE S A RTRR B ST o) /R TR 28 A0 B L S RO R AR B 0T < 100 S RLEAE
FRRGRRE: U, B2 > 100%; 1, B2 LA 99% ~ 50%; Ik, BB ZELE <50%. ro 8RR ZE LR MAR DS .
Note: Fresh quality difference ratio (%) = (fresh plant quality of fumigated soil - fresh plant quality of unfumigated soil) / fresh plant quality
of unfumigated soil x 100. The degree of ARD: Serious, fresh quality difference ratio > 100%; Medium, fresh quality difference ratio 99% - 50%;
Low, fresh quality difference ratio <50%. r: Correlation with fresh quality difference ratio.
F2 IREEZHESHT

Table 2 Species diversity of soil fungi

“H HOIX 4 5 E N EZRETIE AR Fr 8 K5 R F ' R
Province Area number Orchard Shannon index Simpson index Pielou index Margalef index
7 Gansu 1 57K Qingshui 2.88 £0.03 abc 0.06+0.01 e 0.91+0.01a 5.38 £0.08 abc
2 Z& 1 Qinzhou 2.99+0.01 abc 0.05+0¢ 0.93+0.00 a 5.70 £ 0.06 abc
3 #7* Jingning 3.11+0.02a 0.04+0¢ 0.94+0.01 2 6.32+0.09 a
4 FEJR Zhuanglang 2.89 +0.05 abc 0.06+0.01¢ 0.92+0.01a 5.09 £0.14 bed
k74 Shaanxi 5 Izl Kongtong 2.92 +0.05 abc 0.06+0¢e 091+0.01a 5.54 +0.22 abc
6 4L2% Liquan 225+038¢ 0.20 + 0.08 be 0.75+£0.09d 4.05 £ 0.64 defg
7 17, L Qianxian 2.71 £0.03 abcd 0.09 +0 de 0.87 +0.01 ab 4.89 +£0.08 cde
8 M £ Binxian 2.47+0.03 de 0.11+0de 0.86 + 0.01 abc 3.90+0.12 efg
9 A & Xunyi 3.01 +0.03 abc 005+0e¢ 0.93+0.01a 5.68 +0.24 abc
10 # - Fuping 0.71+0.05 g 0.63+0.02 a 0.51£0.02 ¢ 0.68+0.141
11 17K Baishui 2.96 £ 0.12 abc 0.06+0.01 e 0.91+0.02a 5.60 + 0.44 abc
12 % Huangling 1.86+0.13 f 0.23+0.04b 0.73+£0.03d 2.60+0.19 h
13 %% )1l Luochuan 2.62+0.14 cd 0.10£0.01 de 0.86 + 0.02 abc 4.68 £0.51 cde
14 ‘H - Fuxian 3.05+0.02 ab 0.05+0¢ 093+0a 6.06 £ 0.19 ab
thi P4 Shanxi 15 *F-fifi Pinglu 2.96 £ 0.06 abc 005+0e¢ 0.92+0.01a 5.64 +0.35 abc
16 1% 9 Ruicheng 2.18+£0.08 ef 0.18+0.01 be 0.78 +£0.01 cd 3.50+0.21 fgh
17 I % Linyi 2.84 £ 0.05 abed 0.06+0¢ 0.92+0.01a 4.93£0.18 cde
18 J3 % Wanrong 2.66 £ 0.02 bed 0.10+ 0 de 0.87+£0.01 ab 4.64 £ 0.07 cde
19 i Yanhu 2.63+0.26 cd 0.09 +0.03 de 0.91+£0.04 a 4.20+0.91 def
20 7 £ Jixian 2.17+0.07 ef 0.15+0.01 cd 0.81 +0.01 bed 3.09+0.19 gh

H: AFRPNEFRERRA R I ZE R 22 (P<0.05).
Note: Different letters stand for the significant difference at the 0.05 level.
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23 REXEESTEREEMWAEN
231 AR TVRFFEAS AU E T

W ORI, FRERT] (Ascomycota) T B[] (Basidiomycotak) FLER 755 FF it % it 47
H AR TR T E B Y FHUAL, AR TR b HLEE B ST, 1 ~ 20 54X 53504 72.31%
67.90%. 84.51%- 57.14%. 49.37%. 80.43%. 28.04%. 82.19%. 54.12%. 94.44%. 55.26%- 30.97%-
70.64%- 50.62%- 77.42%- 80.36%-. 80.00%-. 9.09%. 80.88%Al 76.74%, JLHJ& 10 FHiX (&)
ik 94.44%. HFIEITRESE 2 KEFE], fAAET RIS, 185 (15, 25 (FIM) S5
SOOI MUK AT, A 54.55%. 20.99%H1 26.58%. HoAth AR 0T T MR 4
TIEPATTRIFREE SRR, 49 UEIRD. 7% GizED. 115 (7K f125 GERRD HiX L
B, Hrp 75 GEH) F125 GER) X IAWRFRER N E, mik 56.07%F 66.37%.

FLFEBEVRAE OTU KV B Z FEAARBUBERCRIE (B 1) 2B, 3 AN 20 ALK [R]BERE AT
(P I AN B A2 o A o) e DX e A R A8 O AR BLRE A i Ak, LR M X AN AR A )N 44 47 BRAH 215 Hh X
V) BT A 23 Af — R G Lo

4324 B, Taxonomic composition AU Similarity
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Fig. 1 The relative abundance column of fungal communities at the phylum in the 20 areas and similarity dendrogram

232 AEBKFHH

TEIBIN R B, 20 AN IR 70 AN ELRE, AN R HE DORAS R B R AT 3 LU AE TR
. M E ., pEE. BRwiE. RIKEwEE . RAmEE. MR, R5E Lk
PR EAE TR AR (8 2D BB LT AEAE TR X B, UHEE 2 5 (&
ML 65 L. 85 (WHH. 10 5 (FF). 155 CERD 16 5 (P Hux rhAx 52
3] 30.86%. 53.26%- 57.53%-. 90.74%. 41.94%F1 50.00%. {05825 2 KEEE, 7T K
o, 14 5 CEHED M 18 5 (J5%) FRE S, 0k 25.93%H1 27.27%. 5% b & Fl K
RER B K AR TOEAE L. RS IE . &R IR 5CIE LA IR JE AR F IR, 18
5 OT %) M EME—RAFEB AL B X, %0 DX bl 7 25 e A PRk R R LA, ik 27.27%
1 54.55%; 175 (IR HX PR 53] 29.09%, 1% &4 HAbH X 2 BRI ) L EAAEAE .
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2 4 nl 40,

1 [X 45 Area number

13 15 14 2 3 6 7 9 20 16 17 18 19 10
100 - . — EEE=E - ™
— )
Egilg:
5| i 7 I (i .
80 [~ == .
3 ]
w5 60 [
# =
£ 3 5
T 40 -
~
207 I I I |
oL I
B Fusarium B Neonectria O Leohumicola B Fusariella B Myrothecium
B Unclassified B Gibellulopsis 8 Ovis B Tlyonectria 8 Ochroconis
O Mortierella B Lindtneria O Acremonium O Leptodiscella B Ophiocordyceps
B Chactomium B Cordyceps O Cylindrocarpon O Leucothecium B Preussia
B Cryptococcus B Microascus B Microdochium B Rhizoctonia @ Psathyrella
B Geomyces B Dactylonectria O Stephanonectria B Scopulariopsis B Schizothecium
B Humicola O Alternaria O Wardomyces B Stachybotrys B Solanum
B Thiclavia B Emmonsicllopsis @ Aspergillus =] Thele%olus B Sordaria
B Saccharomyces B Podospora B Babesia B Zea 8 Spizellomyces
B Chactomidium B Kernia 3 Calvatia B Aaosphaeria B Stilbospora
B Petriclla = Phoma O Cladosporium M Aleuria B Tetracladium
B Heydenia B Cadophora B Clonostachys B Arachniotus B Others
B Metarhizium O Ceratobasidium O Emericellopsis B Coprinopsis
B Doratomyces O Actinomucor B Entrophospora O Epicoccum

B2 20 MEREREA KT LA EHETE

Fig.2 The relative abundance column of fungal communities at the genus in the 20 areas

24 HEERSHBREEMBEXME

N T R B B S 5 3 R AR RS E R S KA S DA IR IR L, K AR
51 o 11~ P59 MR A J B 22 LA AT A SR P 0 A

I IE e w )

FOERIERE . AR . AR AT R AR R 10

P B AR I 22 L AR A DR E R BN 7 Bl TR A B 7 1 el 1) = B PR B i 2 LR PR AR G
PERBOIE . BB A F B2 5 30 ROE ARt i)™ AL R AR PR IR Gr = 0.585,

1R At B o (1 = P 92 RO AR i £ 7™ B P 52 k2

Table 3 Correlation coefficients () between the abundance of fungal dominant fungal and difference of fresh weight

A (r=-0.473, P<0.05).

®3 ABPERFESEFERESHLIRBRRY (O

P <0.01);

RAT

Dominant fungal

L5 R S 72 LU A AT R R AL

Correlation with fresh weight difference ratio

YR Fusarium 0.585™
WA E Mortierella -0.473"
E5e# ) Chaetomium 0.227
FEEREERE Cryptococcus -0.296
HAUEE R R Geomyces - 0.900
Ji& A5 JE  Humicola - 0.206
WRFE)E Thielavia -0.038
W BERR B Saccharomyces - 0.206

T wx RORTE 0.01 /KT R R,

Note:

** Significantly correlated at the 0.01 level;

* FIRAE 0.05 KT F AR
* Significantly correlated at the 0.05 level.
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3 e

AT S G AR B I 5 AR PR IR o 0 b, AR, 8 3G i - s e (R O R o
S8 ST AL PR 8 o 90 A AR B 3 0 W B (Maanici et al., 2003). AIRIGWFFTEE R ER, 5
RACEERIENE LA, K b PR B AR B AL T I A B A A T ROOR T N
P. K FAHUREE S 3 R E R AG I 7™ SR TOAR G . DRk, I ot i A R A R 25 A
& FEOE RIEAEREAT ) R R, EYIIER G5 U A AR R FR A S VR R A 1 T 2
iX5 Schoor 25 (2009) [IHFFT4E R—5,

TR AR Y Y AR ) A P ) e AR 2 —, R VRN RIS W AR AR bR 2 —
(Wang et al., 2016), TlA: Y v 22 FF 1 = 1) 338 S A ] Be i) A% i 55 1 & )i (Lazarovits, 2001)
AARKH T-RFLP (W45 B BoR, HIRA W 5 AR X B & R 2 RETE R SR =, IR AR,
AR AR RS ™ E AL AR (L PEA I 6 NHLXAT 2 AN SRR R ™ E, %A MR
B Z AR O B, RS B s BRVE T m X R g RO A R AU, R R
FZFEEFREUMAR, EAEREAT R BN P H . K A 2 o5 FAR B A R M E vk &5 0, 5
e N, EREN2.

AR R R AS I ™ AR AR R IEAE O, TR ) B R M A G %S R
ESRT A BTT45 BAH — B0 Tk DA S PR B 25 1 X 1 B 7 39 el P 0 B9 49 2 K i 1A Laurent
& (2008) Fil Schoor %5 (2009) R4k W A f Hiff B R i K e £ 17 A2 1 249 0 i =t DX 39 SO AR i v 1)
IR EE . AL, B e U R AR R &, 2015)s  Ji§ R Bl At 1R ISR i pt oy 2
SR P TR E RS (10 200 R Gk 25, 2016); fEANZERHIM IR B, RIGTR RS T WL, E
B FEHAEHEY) . FE. BRSSP M EEY (bl 5, 2014). 4558w 5 P
I3 (P AH DG PE T A, P TR A2 3 0P A 3 L vy Do b DX S RS A R (1) 2 B0 L . W R SR R
AR RREA ()™ TR S 5 A M AR OC, AHAEAR I AR KRR R o AT WIF USR8 R W — LA R AR B
58 v Bl £ 8 IR ATRE T B S T RO AR AR B g v ) A R S AR R CR IR A
2015), HARERINLEIMASTE 2 . A 0F 70 R ILREE DR 5 AR P 34— P A= dm g, X suh g B
AR AERETRE, 0 B8 8 X PP AE 1A 28 I EAE AR — DI AU Hh 22 A% 1 J FHAE:
0 B B AR = BEARAR EAXAE TAEAS MBI, AN A 10 B L P b b X9 R R (1 3 24 35 TR
A FHILEDO SRS E AU H BT ATE 2, B2 R RN It sl mi ot . b i hk A= e
WAEHAR M 2%, AR ], AR R HLDCE], SRRt S IR ZE S, 2R AARBLRE BRIk P
FEH L ELARHBDX 2% 8] P 29 A K AH B AN A7 A I S (R 2 ) o A R . AR 2 MU AS OO B s, i L
S FABASA EAEH, BAE SRR S RBTARES, T E R o] B S & R AR K I AR )
RGUEAR Ny S REE RS A RS (Sunetal., 2017).

4 4

AHFFLERL I, P B 5 R AL b R DX S AR RS 1 E A HEE, 5P
i AR R A2 25 IEAHOC (P =0.058, P<0.01), MR (Mortierella) (7% 537 5 FEAE R 1)
PEERRE R E VDS (r=-0.473, P<0.05). fEARICA (2011 BIBFFEH W15 & 21 4 Friff)s
FLPA, 02 PR R . R B B R R A Bt B SRR AR A E T Bl SRR
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