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ETesBENFMREEkaAEREFHRIMEER TS
SEZ T

4%951"1, ZEENE L EANET CINESEUINE S S ANET 0 I S 1

1 SN LIRS, S 5500015 2 St R2mkasbe, S0 550025)

o E: RSN R AE K SRR R PR RRE S . SRR R R Z A 0GR, FIA Nlumina MiSeq (=538
FFFSEBRBERR G 3 AR AR B CER AT . AR AR RS IDRPRE MR R S AR S 2R, 12 CANOCO IR IEF
AT LIRS R R TR C R AT RDA FAHSCHE AT . 250K BRI AR A K L e R e W 25 5
BEE BB AR ZAWIER, +40 pH. BOALE(. AR B IET S E RIS, RN B SERRARE T s el i )P A5 3
1 776 ELR# OTUs, 3@ T 10171 22 0 151 B 157 J&; J7 220 Hrk WA A I Z AP E R B (Shannon) 225 .35 P8I0 A2 B,
FHEHE ] (Ascomycota, FJF 72.69%) . #i 1% ] (Mortierellomycota, 18.80%). # 25| (Rozellomycota, 6.68%). HF ]
(Basidiomycota, 4.28%)FIFERFEH [ ](Glomeromycota, 1.45%) Wik i AR A K FE T TEERT 1% B3R ET); Xt
ARV AR I A ORI G T o5 LU BT 34T, R RE R T T SEF e S5 AR, Bt as 1] . B 25 o I DRI o 10 R B e R IS
ERZETA T THXT F B B A SRR R AR B W TS ; RDA S HTES SR B, AR pH 5 F 2011 B3 IEAHDG, SRUR S5 F2H
FHARK, AHLBS AR ] (Chytridiomycota) W #F FAHSC . 5 b, BRAAEETEA R A KR bR L R 45 AR, R AR
PREMMEERTE, ERENED; FRET. 80850, PZET VA TR ZOE R AR IR PROL SR s ARPRITpHE
T 2 RN 1 3SR 43 AR A SR AN R A R B A 52w, b - A RO RSO RS 2 T TR AL B R
KR BRBERE; MRBREERZAEE; IR T AHSCH MY
HESES: S663.4 NERIRERD: A

Fungal Community Structures and Diversities in Rhizosphere Soils in Different Growth

Stages of Kiwifruit Seedlings Based on High-throughput Sequencing

REN Chunguang', SU Wenwen', PAN Lishan?, HAN Zhencheng', WU Di', LI Liangliang', WANG Jiaguo', LI Weijie'"

(1 Guizhou Institute of Mountain Resources, Guiyang 550001, China; 2 College of Forestry, Guizhou University, Guiyang 550025,
China)

Abstract: In this paper, [llumina MiSeq high-throughput sequencing was used to study the compositions and diversities of rhizosphere
microbial community structures in three growth stages (pre-growth, fast-growing, and late-growth) of kiwifruit seedlings, and
CANOCO and R language software were used for the analyses of RDA and correlation to disclose the relationship between soil
fungal community and environmental factors. The results showed that significant differences existed in soil properties in different
growth periods of kiwifruit seedlings. With continuous growth of roots, soil pH, available nitrogen and phosphorus increased first
and then decreased, while available potassium gradually decreased. A total of 1776 fungal OTUs were obtained by high-
throughput sequencing, which belonged to 157 genera, 10 families, 22 classes and 151 families. Variation analysis showed that
Shannon indexes were significantly different between different growth periods. Sequence analysis found that Ascomycota
(72.69%), Mortierellomycota (18.80%), Rozellomycota (6.68%), Basidiomycota (4.28%) and Glomeromycota (1.45%) were the
dominant phyla in different growth stages (the abundance greater than 1% is regarded as the dominant phylum), and Ascomycota

increased first and then decreased while Mortierella, Rozelomycota and Basidiomycota decreased first and then increased. The

OREETH . FINERHLTHELSTH20171174), SEMNA R L3RI H (B RS 324 [201812339)F01 5% M A& RHEUT RHIFIR 5541 35

H(20194004) %% 8 .
* Gl HAER (104978155@qq.com)
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relative abundance of Glomeromycota increased with the growth of roots. RDA analysis showed that soil available phosphorus
and pH were significantly positively correlated with Ascomycota, available potassium negatively correlated with Ascomycota,
and organic carbon significantly negatively correlated with Chytridiomycota. In conclusion, different rhizosphere soil fungal
community structures were different in different growth periods of kiwifruit seedlings, the population of rhizosphere fungi was
the most abundant in the fast-growing period and the least in the later growth period. Ascomycota, Mortierella, Rhodobacter and
Basidiomycota were always the dominant rhizobacteria in the growth period of kiwifruit seedlings, rhizosphere fungi community

composition and soil nutrients were different in different growth periods of kiwifruit seedlings, and soil available phosphorus and

potassium were the important factors affecting the composition of ascomycetes community.

Key words: Kiwifruit; Rhizosphere community diversity; Soil environmental factors; Correlation analysis

L) R 14 A K R T S AN T AR B A 0 TR A Y
BRIV, T 5 mb AR T A OB A AR 2R 3R
BRI TALESRS A B 0 ST AT AR PRBAE Y i 2
REVE R A2 5 B S A R DI 2R, RIS AR B ol
Wik Iy e bR 2 U A K R E SR
PRSP R R AR R D), RERIXEAER RS
BRIy . BRSNS T . KEBATITERY, AREAHZE
VIt Z BV E R RS AR Y | R |
pH %51 Z2 [H 2 ) B o) — A 40 14 AN ) B ) 2
FARTEE ST A AS R A ], AR PR AR M i |
R At S B Eh S 3, A K B B
TEDCE T RELS 0 07 TR OCHE TS, Rk, B9
AR BRARAE W00 LR A K B 52 i JSA B2 G 5 ) B
i

BB B A BRI B B i R A v 2R, R
WA . WEESE, RIMEAN, BRI EE,
RA RIS o BRE ™ L ROl 2 5 K
HHEAE R AL NSRRI Bl T 5550, 1
Ry, AP E R AR A IERE | PO TEsR, BA
JORMIMRER , RERS A ROR IR i 3Ry, i H S 4L
FHANZR LR B B SR AN 0 0, IR AR A 2R | 7 i
Fl R, A LR SRR R SRR A S A
VEBRBRE ARG A, FRTIZAE AR S FTID TR %
2 o MR T A7 B i ) eF R e R M R A B ) ™
AT P, B RO BR R B REA , SRR RRR
Tt Ml A e T ) e

RAEWFFEUEN] , 3 b ) 505 RE S I AR ) A K
T, e R R AR LA AUE A Y, R A
A, WA g AR P RERE SRAR I DO | FROKBE
JIRT R ER R T sk, AR A R B
WA YRTF TARDGRESE, BRIz £
SEPVR T T R AN A RO B b LR
SRR, R BLE YR MR S Y A R
A FWIRIARBR IR 2 S UIAOC . R, WFFERRAB M i A

[F] A= 4 30 55 MR PR - 9 B RE VR 4 A S T35 4 22 1)
(DG ZR, b AR = vl ook ORS00 W R R 2 4, DA
T35 B O AR B 2R X H e TRk
AR A A o} AR PR L TR R VR 25 A0 AR TR e 7

AHFFEF A lumina MiSeq /&5l B0 FFHA , X
TR AR T AN [ 2 R AR s = 398 v 1) L B R 5 #
TR0, BT BRI AR AN R 2 K 5 B R 4Lk
KA EFR o Z MMM E R, TR R BRIk B A
Kot B AR BRIAEE (0 ARk, A 76 2 e v ol 12 i TRt
TR R R ISR Ay 450, A o i AR SR —
FEMHE S

1 #RERE

1.1 HREEER

5T XA T 5t M 48 7K B oK 8 A M e Bk
P, M BRARAR 104°58'01.39" ~26°24'57 81"E,
26°24'53" ~ 26°25'05"N, ik 1000 ~ 1200 m, 4EHH
HERTEL 1 560 h, AP 30FNR 4 500 C, -0 17.8 C,
TR L, AEREKEEA 1100 ~ 1350 mm,
1.2 HigER TERE

TR T8 B KRBk (Actinidia chinensis cv.
Guichang), HRGEHEE M MIL 3 4, 1ENEEHBA Y%
B, B BAASE KB (K> %i=1.5 m x 0.8 m),
T 2019 4E 3 AR, 30T 2019 4E 6 H (Fxiepkii
R 7 ~8cm, FZEHA0.1~02cm). 8 Wbk
HiRRE 16 ~ 17 cm, EZX A% 0.5~ 0.6 cm) A1 10 A (Fk
WEREE VRS 19 ~ 20 cm, FZEFAE 0.6 ~ 0.7 em)RH
BEAIL 5 SRS BURERE | 2331k AR B bk v A= FC Ri AR
bR+ 3E#FRIC mel, me2. me3). EAERER - ER
id mzl, mz2., mz3). AKFHRFF 1+ EFEC mhl .
mh2., mh3)FEdl, HAIERN RIS —UCRFEG IR AR
TR FFATART AL . ARBR - HEHURE S 547 63 55 <RlE
Bo BHERE SRR SIS ARG 2 ATCH A #5148,
IR I SL586 % A BiTE 4 'C A1 —80 C UKAA A
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FE, 0T 3R 4 B f I R e Y
1.3 TEEBLIER

B 200 g 1487 35 'C HERIHET 5 T LA et
S3HT: RIEREAE ARG TN 2 1 B 32 4wy Rk
50T Do 1458 pH FERFERT, R FEHE R B 1
FE, EIEBUUR (AN)R Aol e, B3y
WE(APYR ] NaHCO; = 4&-FH6 b A kil , 135
TR (AK) SR FH T T e V52 8 - JOHA D O 88 T
FE, AT LK (SOC) R FH 3 % W 1 43 ) B sl
E, BRI E 3 N EE, T SPSS(Version 18.0)
Oy BT A B TR A T AR R T 2200 o
1.4 TEEERSFUF

HAFEAE DNA JERADRA CTAB 1K TH2
B, H 1% BERRRHEER Uk A IR I DNA, &4
B 3 ANERE . MRS 1Y DNA SHBHR, i H s of
Hg#E T PCR ¥73%, ¥ 351975552 1TS1
F(5'-CTTGGTCATTTAGAGGAAGTAA-3") #l ITS2
R(5-GCTGCGTTCTTCATCGATGC-3"), PCR #"14
MK ZR (20 ul): DNA BE47 3 ul, 5xFastPfu Buffer 4 pul,
2.5 mmol/L dNTPs 2 pl, Forward Primer(5 pmol/L) 0.8 pl,
Reverse Primer (5 pmol/L)) 0.8 pl, FastPfu Polymerase
0.4 ul, BSA 0.2 ul, ddH,0,8.8 pl, PCR S 5514
97 °C 1 min; 95 °C 10s, 50 °C 30s, 72 °C 30s, 35
AMEFR; 72 °C 4 min, PCR P¥#iH 2% (BRI ME
VRIS HL B A , i FH Thermo Scientific 2 ] $R AL I
[l G R AT R alifl . 2K A 461 PCR =4
B EEEHEAYELRHEARA AT Illumina
MiSeq ML T .
1.5 EYMEERSITHH

i 45 F FLASH XF MiSeq 15 21 it X5 7 41
P PE reads Z[A]fY overlap &, H$FHXTAY reads

PEHZ (merge) i, — 25 7 51, [RIBT X reads B9 5T i Al
merge YRR BEAT BIEE L8, AR T2 1 PR i i
barcode F15 1975 X SR BIARUT S, BIML
B . R Usearch #4F-£5 (vsesion 7.0 http:/
driveS.com/uparse/)\ AT BT HN TR, ¥ i55
97% LA LHFFIEAH OTUs, ffif] RDP classifier
(version 2.2 http://sourceforge.net/projects/rdp-classifier/)
DUt Er A X 97% MLIKFER OTU AR IF I 4T
532, Itor HIHE S (kingdom) . [](Phylum). 44(Class) .
H(Order). #hH(Family). J&(Genus). Fi(Species)FtiT
SHEARMBEIR DA AL, AT ETA ITS Unit 2088 #E
(https://unite.ut.ee/) 7 FE TR IR H WY FE B o e
FIFH Mothur #4504 , T HEA [RIBEHLAIAFE T (9 Alpha
ZFEEFEEL, W Alpha ZFEPE50HT AT LIS 2RV
YRR R B ERE MRS, H 97% MU
MEEA OUT, FET spearman #EZRE, R RIES
ST IREE R 5 FEAS V& % RDA Il Heatmap AH 43
MritfER . 15 SPSS(Version 18.0) 4T AR &
J7 7% (One-way Anova) XS5 [KH7 &2 # 22 5 (Duncan)
22 5 W E Ge it Lo T 545 8 5 i il it S
AR B 2R TR A F 5E

2 HERE4SWH

2.1 BRIRBEE A B EKERER LRI AL MR
HIZE 1R, BEERRBERAR R AW AR, 1
pH. BACA . ARk BT 5 B S,
B B AR AR A K S SE RS T S T 22
BoR, 3 pH . BRI RO & R 3 A A= 1)
5 RATI AR KR 22 57 .35 (P<0.05) ;. 30k
U 2 B A A A T A SR A R 2 S
A PUBRTER L AR KA I TE 35 22 5

R 1 FRBRHEE AR EKEIRIR D IR LR

Table 1 Rhizosphere soil physiochemical properties in different growth stages of kiwifruit seedlings

3RS pH AR (mg/kg) % (mg/kg) LA (mg/kg) A WLk (g/kg)
me 57+0.12b 111.36+9.64 b 18.68 £2.26 b 354.8+18.22a 60.91 + 1.64 a
mz 6.5+0.16a 122.62 +15.08 a 58.27+5.20a 261.43+9.68b 59.66 +2.20 a
mh 56+0.17b 107.04 + 14.85 b 21.88+1.78b 291.88+ 15.93 b 60.00 + 0.63 a

TE: me. mz, mh 7357 BRGERE A AE T . A A A RS AR BR 135 P BAR P IME « biE2E, [RSNEUR /NG TR

[F) F 7R AN R AR PR 1 e R] 22 38 P<0.05 R3E K, TRR,

22 BRREMEAREERKBRREERZAMMNE
L E

22, HEMEEESZEE i A, N E

FIEE 30 000 f I A5 #E i Sobs g i £ T-F-2%

VEWIBTA RS HE A B 301, BT A L SRE Rl RS LS

WA ] A A B 0T 0 L TR VR A5 8 o AR 2 TN, e
BRI 3 AR AY 9 A~ T 18RE i L3R4S 215 612
FABITY], PR R 234.62 bp, VL 97% AHIK
FERX RS T OTUs 22, 4585 1 776 4~ OUTs,
BRESRIN R 3R 99% L E(F 2). FETEM,
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ZHEPEFR AL (Shannon) 2 A B AR Bk A= 1 i 5 A
WA R R Z A4 3% 22 5 (P<0.05), Chaol F&
JESR BN S R4S N TE 2 25 5 (R 2). 20 Wl
KR, BRBBE T R AR BB, ARPR S R
EREEAGT -8, HESHEAZER, AR
Bk iR RA K, ZARTETE BN D Bt T 22

A

1 TIEERER&E
Fig. 1 Dilution curves for soil samples
222 HEHEMWSLYFIAT 9 IR
IR 1776 4~ OTUs, 73 J@ T 10 1] 22 49 151 7} 157

J& o AR TR LB RS 10 AT
FEAN 7KV T Bt ) J AR B0 Ay A R ) 400 Rk A 0 —
Z, HAERKEZ 1 19, fERHRE K L
IR A e %, HUGRAE K, Bod i b
PUEAERKEBIER 3). S REW, Bk d Kt
R, i ECE AR B B T R AR
P, TERMBRR T HAE N E I OTUs Bt i T HAb Y
W, ARKEWRD.

M 4 AIAL, TERRBRR A KW T I m R R A
WIEA 43 NESRIBA 294, KA 14 M8,
UL 67.44%); BAEMRAREIEA 59 NEE
JEA 45 A RAKINA 14 ANJE L SE ] 76.27%);
AERFHRAWIEA 30 NORENA 4 ME, %
FE L] 80%). AN, MBI A A A I A 1Y TR R
A 170 NCRZEIA 548, % ] 68.23%), Hrp
WHEE Mortierela(15.84%) . K& W& Cladorrhinum
(7.39%) . HeIIHJE Fusarium(7.06%) . ER¥ETH Plecto-
sphaerella(4.55%) . H£78)& Cylindrocarpon (3.14%) 5
AN JEARXS F= BERCR, SRRk i R A 2R WA %
D (R 5)0 7 W R R BRIk B e A [ A=
XSO MIZ O RS Rk A K R B DA OG

R2 HEFIHSFIT. FEERSZHEME

Table 2 Sequence numbers, richness and diversity indexes of samples

3R AT & OTUs F 5 5B (Chaol) 445 % (Shannon) B 5 R (%)
me 71508 +1180.58 a 574.33+46.59 a 588.85+40.39 a 443+0.11a 0.99 £ 0.0010 a
mz 72 030+ 351.67 a 654.00 £107.83 a 673.47 £104.32 a 425+0.34b 0.99 +£0.0001 a
mh 72074 +2059.33 a 546.66 +53.17 a 580.52+49.93 a 425+0.12b 0.99 +0.0001 a

®3 WRBETREKHLEER. X, &
BRI SR
Table 3  Quantity compositions of soil fungi at phylum, classes,
families and genera levels in kiwifruit seedlings at different growth

stages
5K AR A 1 ARG
] 10 10 10
k1 18 18 17
= 138 143 129
J& 111 117 106

223 HEHEHABRSERME  DITEKE.
6 MHRBERR A 3 A AR KR PR 4 LB T 14
KT T AR 2R L A1) R A2 A R A CREL VT 3 B <1%
VAR A o BRABEAR B A, AEXT B R R
] Ascomycota (72.69%), HIK M#f%E] Mor-
tierellomycota (18.80%), % 2% ] Rozellomycota
(6.68%), AT ] Basidiomycota(4.28%) FIER 4 # | ]
Glomeromycota(1.45%). 1EI 13ZKFET, H 10.62% ~

17.13% (9 TR ZEFHAR I B 14328 22 01k R 43 BT
FATBE T TR o T3 B8 TR 32 3 Bl R R AR R A
TSI Ja Bt s, 7 Wi, AR 3R R
ik 72.69%; PR ], BT TR
A s, ZEA R IAAR XS = B fe i s BRAE AT 1A
X =F B Bl A RS 2R A R N, TR R RS
AT = i 2 e 103, A TR 1) B B R AR &
ARAZ, BESARE,

ORISR RN, PR BT PR
AT 1 TRIIR SE TR T TR A Bk 1 A [) A AR P+
BERWE A SRR OB, b PR TR
o7 AT, AR B T R I 2 AR b 5 AN [ A A
Y

2RI R T BRI TE 3 AR A
IR B 38 ECTRRH 3 2K N A TR AL L 5] e A
FEREE T B <1% 10 R Hofth) . 7EBRAERR I AR K
WY, AR PR I B O R N B Y B Rk ST AL
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Lasiosphaeriaceae(18.97%), Hok h 9 {5 F} Mortiere-
llaceae(17.32%) . MiR7eF} Nectriaceae(13.20%). [
FREEFl Pletctosphaerellaceae(6.42%). #B43 B AHEA
] A= 430 s B F BEAR AR B B D, il dn . SRt
(Bolbitiaceae)7E A= KA H B, 7 4 A= 3 A2k K e 3]

AEX) BRI s B B (Aspergillaceae) Fl [5R] #% 18 B
(Orbiliaceae) (1) ELH fE 75 & AE WL, 7EAE KA
AA K5 AT = BEAR G, AT = B AR Y 24 09
2B R AN 35.52% ~26.03% O FE ISR H
A3 2824 5E T4 o0 BT B RH K-

x4 BHEMEFAREKPLREAEHARERANK

Table 4 Relative abundances of fungal community at phyla level

bR A

A m

mc Setophaeosphaeria, Cordyceps., Paraphaeosphaeria, Hygrocybe, Westerdykella, Papiliotrema, Cyrenella, Corollospora

Trichomerium , Phaeosphaeria, Echria, Seiridium ., Hygrophorus , Aporospora , Diutina , Byssochlamys, Chaetosphaeronema ,

Rhizophydium , Tolypocladium , Acrocalymma ., Chaetosphaeria, Phialemonium ., Arthroderma . Simocybe ., Neobulgaria .
Biscogniauxia, Cladobotryum, Pholiota, Scleroderma, other (14 JEA4r25, V3 HHAD)

mz Lentinula . Phialocephala . Panus, Neosartorya, Flavodon. Camptophora, Kodamaea ., Thielavia . Tumularia . Meyerozyma .

Debaryomyces . Monochaetia, Rhinocladiella, Thielaviopsis., Madurella, Sporothrix, Subulicystidium, Collarina. Pichia .

Corynespora, Nectria, Hirsutella, Melanoleuca, Dipodascus. Bipolaris, Heterocephalacria, Symmetrospora, Trametes

Ceratobasidium . Mycosphaerella. Hypholoma . Ceriporia, Coccomyces. Plectania, Naganishia, Malassezia, Leptospora

Pycnoporus . Monascus , Myceliophthora, Chaetomidium , Athelia, DaldiniaStrelitziana . Kazachstania, Palmiascoma, other

(14 JEARY2E, 1T EHA)

mh Exidia , Paecilomyces , Rosellinia , Scopuloides . Vermispora , Phlebia , Pseudovirgaria . Lycoperdon , Cortinarius . Neofusicoccum .

Kockovaella , Setophoma , Teichospora , Thelonectria , Bjerkandera , Anthostomella , Filobasidium , Russula , Archaeorhizomyces .

Nemania, Erythrobasidium , Brevicellicium , Geastrum, Polyplosphaeria, Bannoa, Mycoleptodiscus . other(4 J&A4532&,

U1 Hofth)

x5 FEBEMARERPALBERAN

Table 5 Common bacterial genuses in different growth stages

HAHEE H (%)
Fusicolla 1.30
Mortierella 15.84
Cladorrhinum 7.39
Fusarium 7.06
Plectosphaerella 4.55
Cylindrocarpon 3.14
Perilandula 1.37
others 16.45
unclassified 42.90

B 760 7 BRI\ AR ST R R X 3 BE A A SR BEAR &R
ARRIVERIVEF G, EAERKEHFER;
ErkFER . HERER, BREAHLBUET SR,
e A 31 B i ey 5 A 4 B RN = B2 A B bk
MR AR RGBT EAL ., LEA B R, 48R i )
AR = A 25 | it & BRI BR e B AE 3
25, HftiEl 2R A B2, CAHGE, BErAIE
A B TR B 22X . SR TR R A VAR
TR Venturiain aequalis EURTE 5 | F ) 3EL 2
B AT & T 5 B AR A Ak 1 A 0 e
AL b A 000 32 B T R A A A Ok A 00 i A A ek
AR A K BABRAE M .

OB A R R, Bk AR R B I R B R

AL, wimER . BERFER . MRFER, HERA
BHEBRGEE A K 0 A TR

)EFIIKN-. R 8 WEMBEBR I TE 3 AR AR
TR B A 3 FL TR I8 43 25 7KF T 4% BRRE A L ] Je A
RGP EBE<1% VA LA o ZE R 1 A TR A
K, ARPR IR 3 e RO A %2 R Mortierella
(18.63%), HIKJEH BT )& Cladorrhinum (16.65%) .
W JJ )8 Fusarium (8.02%). A 42.19% ~ 28.75% [¥)
FCTR A H AT 28 2A 0T T AR 4y BT (T R s
K-

B 160 R AN iR T TR AR G 3 B B A BRAEBEAR 2R
ARRIERINE TS, EAEREMRS, BamE
(Cladorrhinum)F8%F 3 B W RIS S G REAK, AR
IR IR o R A0 TR AEAS R A A0 s B = B AR
N . ¥ e W& (Cladorrhinum) | #E 7542 J& (Conocybe)
FNZE 5557 T8 (Phoma) FHNT = JBE AR A HC T b 3 A S0 AN
R EM & N E (Arthrobotrys) Ml F % &
(Penicillium) A% - BEFE A 9 b AR KT AR KOS
e WIREE Periglandula . Ht 1R & Fusicolla
i 7% B4 J& (Phialophora) A X =F B 76 AE K JE 1 He A
KA F AR 5 3R BB R R RS [ A=
35 ) AR A R R (R 4)

SITEE AR, R 2OKE b, AR KA
(1) 3 PR AR 2 AR 2 S R A B R S B
PR AN TR, TR AN [ A A
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AR O E R, B ERAL, RPREARA MRS AN R A i DA O
R6 NALKFTHEEEAN

Table 6 Relative abundances of fungal community at phyla level

TR PR B (%) | L3R FLE AN HAFH(%) | - Here FLR AL I (%)
mc Ascomycota 51.79 mz Ascomycota 72.69 mh Ascomycota 58.66
Mortierellomycota 18.45 Mortierellomycota 12.51 Mortierellomycota 18.80
Rozellomycota 6.68 Rozellomycota 1.29 Rozellomycota 5.71
Basidiomycota 4.28 Basidiomycota 1.36 Basidiomycota 2.65
Glomeromycota 0.60 Glomeromycota 0.83 Glomeromycota 1.45
others 1.06 others 0.70 others 0.81
unclassified 17.14 unclassified 10.62 unclassified 11.92

RT BOLKFETHERAN

Table 7 Relative abundances of fungal community at family level

IR FLIH LK B (%) | A3 A FLTH ZH I B (%) | 3R FLTH LK 43 H (%)

mc Mortierellaceae 17.32 mz Mortierellaceae 10.92 mh Mortierellaceae 18.63
Nectriaceae 13.20 Nectriaceae 12.87 Nectriaceae 17.58
Lasiosohaeriaceae 6.47 Lasiosohaeriaceae 18.97 Lasiosohaeriaceae 8.07
Plectosphaerellaceae 5.24 Plectosphaerellaceae 6.42 Plectosphaerellaceae 4.32
Bolbtiaceae 291 Aspergillaceae 2.32 Clavicpitaceae 3.76
Didymellaceae 1.66 Didymellaceae 1.78 Stachybotryaceae 1.24
Stachybotryaceae 1.65 Stachybotryaceae 1.54 Herpotrichiellaceae 1.52
Herpotrichiellaceae 1.27 Orbillaceae 2.31 Chaetomiaceae 1.36
Chaetomiaceae 1.62 Chaetomiaceae 2.43 others 10.30
others 9.29 others 8.28 unclassified 33.22

unclassified 3.37 unclassified 32.16

*8 EHEKFTEEEMK

Table 8 Relative abundances of fungal community at genus level

RS LR 4 HAr (%) | L3R LR 4% H(%) | LR FUH ALY HAr (%)

mc Mortierella 17.29 mz Mortierella 10.92 mh Mortierella 18.63
Cladorrhinum 3.34 Cladorrhinum 16.65 Cladorrhinum 1.86
Fusarium 7.71 Fusarium 5.16 Fusarium 8.02
Plectosphacrclla 4.48 Plectosphacrclla 5.56 Plectosphacrclla 3.42
Conocyba 2.87 Cylindrocarpon 4.05 Cylindrocarpon 4.08
Phoma 1.30 Arthrobotrys 2.30 Periglandula 3.50
Others 13.32 Penicillium 1.81 Fusicolla 1.96
Unclassified 49.69 Others 13.22 Phialophora 1.24
Unclassified 10.33 Others 13.92
Unclassified 43.37

23 HEMBEES TESERXES R B, BAHSG; W] MW SA YK E

it RDA A8, 55— "R almee T SUEAHR, RIEAHDC, 5488 . BAA . pH 2
51.53% F1 11.74%, RITfEREREH] 63.27%(A 2), A C (K 2). RDA 3 Hrgi RN, b Hiak
ULEHEE — | b RBAR A b S W R R AR e 3R i S R B v A ] AR A ) R R A AT A
PEFEBEAS T A T2 R o Kk,

RGN TR S AR . HAA . pH i E—Al it spearman AHIGE R BOEAL - B4
AR, RIEASE, SEM ., B A FBEES DR B AROCH: R SRR 12 4

http://soils.issas.ac.cn



534

FEFOCAE BTl B PP Ot BRAent B AN ) A T AR PR L R R 450 S 2R 551

Py i A OGP R TR TR R B RS B RER 5
R R A SE R IR 9 HIN, TR T 1S54 30k
i W IE A 5 (spearman A5G R %L 7=0.80,
P=0.009); 5 pH £ B EIEMHX(r=0.76, P=0.017),
R S 2 TR 56 (r =—0.80, P=0.009); ik
A TEM (= 0.18, P=0.65), SH LR G (=
-0.25, P=0.52), {HAHXMEAREE . wElT 156K
B ERAEG=0.72, P=0.029), 5HAh#zFE>
AR AL, A R SR 0A
AHOCHE , (HARSCHER A 2, I npl s a1 547 Pk
(=0.6, P=0.087)FIEERLA(r=0.47, P=02)FIEHIX,
SRR (=—0.15, P=0.69) . A W (=—0.35, P=0.35)
M pH(r=-0.27, P=0.47)GAHX. HTHI]. P2
W] BREEDAT 15 5 o o i F AR OCHE(A 2,
%9,

e mge
. +mh
100} AMmz
§ 30¢ th-llum)cum
=
= .
g of
[a) ;
= —
K
—50+f
.
+
-100¢

100 50 0 50 100
RDAI (51.53%)
B2 ERMBLEHS5TIENERTH RDA 547

Fig. 2 Redundancy analysis of fungal dominant groups and
soil environmental factors

VLB T aS SRR, R A R A s 3], +
SR AN R B 2R R S RO RO R LG R A
ZE 57, o b AT AR AN R 5 B R R TR
VR AL E AT

3 ihie

31 RETEFSTUSR

e 2 AT, ARBRER R A R A A 0 i
fr, T AR SUT R SR I RE B AR R A ARG
REARJR T1s , A HUBR LT A . G Al 354048 Ak Al
BE SRR P 3 R W) B X 3R A BRI RS e Al 4%
o FAABHEHPAERK N RULT TR, AR A
AEYE R RS . SRR AR, R
120 - 49 R A U A TR AR LA e
ool s IR Y, s A, B %
BRREA MeAh, HIERAR £ B B R
YRR AFIA LS BE A VERT, S8 o I IR il
W57 WL A A R i I MR R LA JC WU A R0
o AR g Y, WA PFIEINN,, AEEAR I
e WA STk A 90% AUmE!SO, Hiknr g, t-HE
B AE AR LS i R v AR A
W5 7 T A U TRCRURN A SO e N, vl e R AR
AR B A AN SR G AR R AR L al Al R R )
FFAT MILJBT A9 LT, X B 0 4 49 RO P A A e
TEFRA LR, FEMTMCAE IR PRI, DA bk i
A B SR TR o I 5 A T R R A (AR
AR TR U T KR DR [ 1) 76 8 AE 1 3 B 4 v A T
N PIE, A el (A R s - e W D g
INEE LIRS EHB .

x9 HEMBEBSIRIMEEFRIMEXM

Table 9 Correlation of fungal dominant groups and soil environmental factors

FR LRI N P K C pH
Rozellomycota —0.193 —0.444 0.100 -0.233 -0.619
Ascomycota 0.176 0.803** —0.8%** -0.25 0.762*
Chytridiomycota —-0.067 —-0.209 0.133 -0.717* —-0.067
Blastocladiomycota —0.323 -0.392 —-0.220 —0.085 —-0.247
Mortierellomycota —0.151 -0.351 0.467 0.6 -0.276
Basidiomycota -0.176 —0.485 0.35 0.083 -0.628
Olpidiomycota 0.017 —-0.309 -0.117 —0.183 —0.343
Cercozoa 0.368 0 —0.183 0.033 0.042
unclassified —-0.226 -0.519 0.2 0.067 —-0.385
Kickxellomycota 0.475 —-0.261 0.167 —-0.134 -0.311

unclassified -0.402 —-0.602 0.383 -0.167 0

ok, R RIFRIR A ML P<0.05 FIT P<0.01 2K,
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32 WREIEEFEHEARESHEST

FHHSERUE Y A Wi . 2R | U T SR
Fp K PFAr A 58 04 ot 2 A0 {g R AR B C B AT AT .
[lumina MiSeq =38 525 I J5 2 ARAE A #r— 4Gy 5
B, fiee R 40 4 i I o AN o3 B - SRR M A v A
FFREAE, H A Chaol $8%XF1 Shannon %KAM #E
T FREFIRE IR 20, AR B a By, i X
Vs R Ak, H AT S AL A P el DA
s o7 N AR ST 3 i Tllumina MiSeq =3 i f 7
5T 3 AASEI AR B SRRk 1 AR B - 48 b FU TR
TSR, KT TE T T REE B 2R AR R
SeTb R R, AR A 0 T Y L R A
72.69%. X — R 5 AR AFPZE R A 5, 4
LT SR B AN ) A B AR PRI A P sh 822 4k,
I AR B R R, AR R
F @M EA, ARKEPXTR, £
TR B AE T B b A A B R AR AR L, SRR
2SI 5 R L 25 KR [R) A= 4 st 30 =8 2 LR AP S R
X = BE LU REA RIS 3, d AT 22 58045, AHARLER 43«
Sk 1 TR e DY 0 R T RS JRR LU 2 R R A R i A Y
FEARRE; 2R e ARERNY], FERRR
HAR S22 5, BN : PRsE ARkl 4K
b AR PR O = B RGN, AR BRI A R
Bl 00 R A A B IR, B KR WO G H i 2 A
KA A, i 7] T 8 R R LU 245 4= 5 S AR X
I, TR A IS I G AH S o 1 B3k o S [
FA) A R Dt AL AR o 9 R s AT O A o e A A
YFRE A, ARIARBR B S YA . AN ERE B
B, RHEREME AR Z R A G, EEY K E B
BRI e WA M7 Al peie /SR, X 4510
i Schiiler ZFPOHF 8 45 B —2 .

B AR FL TR (AMF) 5 AR YR 2 A]JE AR A
R, R A . AMF RESSIH WA U+ 33 v ik
BRSO A . 2001 4F, fEERMAFKAE AMF
B2 TEETT, I AMF 445 R 12,
TRFE R, FERRGERE A AR R, BRI TAEX 3=
BRI, X — R ARk A7 KA 2 PV 5 A
A HF A D AMF B0 R — 2, B SRR PR
SUA . HEEEA pH LA 225 SR SIS
MR A KB AMF DLCA %08 . A0 . AL
PRAE - R AR AL A F AT 25 5 A BORL R I Bk
RS IR e R AN E A BRI IIRE , ib B
AT A A8 5T b RN R 48 A AU A SR A S Y
PERRA, proedfeil, Femimepk Az Rt fe v, A )

(R BRFE A E Ry AR AR LT, PR R BR AR R 0 5%
G WRMSCRIR) A 5 BIBRAGERK 1 ) 2 4, 3R 98 7T B TR
BRApnk i A A v B B AR R

A FE A ARG B AN [) AR R, b398 b B
Shannon #8402 [M47 i % 22 5%, {H Chaol F & FEHE4L
Tow S, WPRHEER & . 5 OTUs FIRAA IE
e A I e, RS WIRARGER 2 FIER 4).
WV AGERk v 7 AR AR s 2E S GG Bl i, AR R
7 A AT RS A T B R Y AR T
B P BERE , Tk LE R n] RE B A S L3 TIF K
B, BT A RN, O — SRR TR S
G SRR, SARKE RS E | 2
PEFERCE 22 R AIDE R . FLAE 1954 4F, Martin 26>
5T R M P TR R BAe RR LG, S AR PR
-3 ] AR B R AR B Rk BT
PRECEEIG NN o A9 b o 10 5 S ARG 2 RS I, H T
PR AR = B 1 1 (3 8), X 15 Martin %5
D 285 A 22 5 o D IR b 2 S 1 ) e it R 7
JE& AR E A S R K Z , T AR SRR
FFp, KERS R Xt 2l E , A ReAAAE At 5Fh Z AR
IhfE2E 5, FTLA SRS R225 . BN, Zhang %Y
il , K BAEBUR R T Bk J) R (Fusarium.oxysporum)
FERBAERLR = A MRS L Beds | BRZE . APLIRSF £
FPFE R AL BT, 3X SR R AT ) 3 b L T
P, XHR 22 30 T a0 ¥ ith 2 18 (Aspergillus flavus) . K
] 7 fi 1R (Botrytis cinerea) . 7K 4% Hik 61 W (Fusarium
graminearum) . KK 5 (Penicillium italicum) . I
i 22 4% H (Rhizoctonia solani)% 14 Fp EHEA —E R
FIREFIHTRG M o 73 —Fh AR TTHiR T TR e 5 | S AE ) i
IPEEG , HH AT RN, S T TR R AN [R AP 2 18] 1 D g
1 N N T BN ol S W DO SR =i 0L P
W, U TE)R AT AT ERER , AR5 b Wi iy it
TIWRABAEAE S Zhang HiRIEZR T) 9 T T = AH R Al
AL WAHMEA T3 o —F SNy, IR ]
DRURN 22 A TR B sy 2 + 508 AL VWA ER AT 148
TRECER P, AR B TR S — AR R B AR
BT B AR A S AR XS & R, R R
Hy A BERREE A A AL, BE SR IMEERGA L, &
TE 5 S g h AR S A

ABFER K IN , TERRBEMEA R R A K A F 1, 1
bRl — ki g m, filan . RAwEE
(Rhizophydium) . W5ER IS )& (Phaeosphaeria)~5 44 Ff
WE A KV A RS ; BRIEEE (Mycosphaerella) .
¥ % J& (Rhinocladiella)% 60 Fh s A= 914547 B & ; Ul
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H %38 (Paecilomyces) . & B-J& (Exidia)~5 30 g4 K
JE WA R o XSS R B TRk i AR K R B R
M DREAR N . 45 G BERk P A [ A R IR B R
T IEFR A E IR EER , LUAR 2R A B B9 g
55, DN I LE R TR B D BE T BEAFTE R — D AR
PHPERLE] . SRR bR+ 8 FC R VR 254 52 4%, A A
B MYERKET . AR AR R AR bR LR
B ey Al o S B A > €15 B e 11 BU I /7 iy ]
PR A, USSR B ST ARG 2, R 2Lt
8] PIX SR AN FEE WIS T, SRk i
AN AE A I X SR A T s TE AR AR B rh 9 D) B
AL A A A WY R R AR I, O SRR )
RFA 2, (G B S B Z B AR EAE
IRBHNGIA F R A, WI0A & E B, RS
A 1a R BRIk i AR — e 2%
3.3 REEE#ESIEFIXESN

T EERRRE | AR AR HE . A LR
G F SR B ARG S Ay, T LA S e 3
HIRE TR, B AR I A i B . A A A
Vi AR AT S, IR AR R S A
TR SRR BT, Bk A ] A A I U Akl A
8 pH 519208 W3 IE ARG, SR 5 19 3
FHOG, (H5 LA R AR DG AN W2 0 PH A 0l |
ROBRR . pH SRS TR A A RN A R Y LA
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S5 5 R T RERE AR PR R LS M 5 Ry
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