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Responses of Rhizosphere Soil Fungal Community Structure and Function to Continuous

Cropping of Different Resistant Varieties of Tobacco Root Rot
AO Jinchengl’ 2 QIN Shugang3, QIU Xueli*, ZHOU Min*, ZHOU Shaosong4, LU Yao*, FU Yanyan4, KONG Chuisi*,
MAO Yanting*, YU Xiaofen*", LUO Yigui'®

(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2 Wenshan University,
Wenshan, Yunnan 663000, China; 3 Yunnan Tobacco Company Qujing Branch, Qujing, Yunnan 655000, China; 4 Agricultural
Resources & Environment Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

Abstract: Tobacco root rot disease resistant cultivar Yunyan87 and susceptible cultivar Honghua Dajinyuan ( ‘Hongda’ for short)
were used as materials, a pot experiment was conducted to analyze the community structure, diversity and function of fungi in the
rhizosphere soils under continuous cropping ( 4 and 8 years) using I llumina MiSeq high-throughput sequencing. The results
showed that, the relative abundance, diversity indexes, and numbers of endemic species in rhizosphere soil fungal communities of
susceptible cultivars were higher than those of the resistant cultivars. Compared to the resistant varieties, the relative abundance
of the dominant rhizosphere Ascomycota was higher in susceptible varieties, and those of potential fungi of Mortierellomycota,
Basidiomycota, Chytridiomycota were lower at phylum level, while the relative abundance of Penicillium, Chrysosporium,
f Chytridiaceaes were lower at genus level. MetaCyc functional prediction results showed that, with the increase of continuous

cropping years, the relative abundance of fungal Fatty acid extension-saturated metabolic pathway decreased first and then
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increased in rhizosphere soil fungi of susceptible varieties, while that of resistant varieties increased. Under different continuous

cropping years, the relative abundance of Fatty acid oxidation [, Glyoxylic acid cycle, Pentose phosphate pathway(non-oxidized

branch), Calvin cycle, Glycolysis III (from glucose), Heme biosunthesis [, Coenzyme A biosynthesis | and Gluconeogenesis |

were significantly higher in rhizesphere soil fungal communities of susceptible varieties than those of resistant varieties. In

conclusion, reducing the abundance, diversity, relative abundance of metabolic pathways, and increasing endemic species and the

abundance of beneficial bacteria are the microbial mechanisms of tobacco varieties Yunyan87 resistant tobacco root rot under

long-term continuous cropping conditions.

Key words: Continuous cropping; Tobacco root rot; Soil fungi community; Functional prediction; High-throughput sequencing

T AR A AR Y EE A Ry, B
eI A AL SRV SR UIAH G . 2 IR W2k
RIZWH AR ) LAY ARRT, e
VIR 25 A0 R B SAU) TlE RE A A H O A e
SR AR FERT A RRAR R B BiFgE & B, o
A+ — G 25 AR W A i B T (Aspergillus) . K
W (Trichoderma) . A BEH (Myrothecium)=5 EL TR J& 1) 4
B 2 v T A -, SO E Y 57 R KA R
(Ralstonia) WA 3 B i 31 T o A - 400, i
P LI RE 5 B R E A R U EY R
g O mT L, TR AR A5 B A 3 A K
(1) - e BT SRR VB - A B il A A K A T

JHEEHL JE 9% (Tobacco root rot) 3 22 i #ik JJ F 5|
AL ) — Bl R - AR 5 AR AR IR I 2% KM X 34
AR TR R A R D A RS T s 7 AR e A K
B R A R 3% ~ 5%, TG H KRR 30%
DAY, {0 7 i e GRS R B O T S5 | T G
S5 B SRR RS T A B AR Y
et , BiaEMERE I, FFIVEYIHT o e o v ke b
I 2 A 1 BT A8 N S R — R A A X
LaMondia' "B 55 TA A FF & RIS & B S5 i AR JE 9 A
AR B IR T AR AR SR A RO A — 18 2
R R, YEY)E RN WRERE 1 S PUm M % U AH
5o WA AR B ST S Y, B AP R R AR B 1
8 ELAT T R 3 B IR SR AL R R AR PR AR R TR
Ho /N7 dds i, e AR fh s o
rn A Y'T60 P AE FL TR A A R A 7 22 FEE AR 805 T
pn AP, EEE R AU F A B A . AR
AL, ISR YIRS, SRR
AV A A T AR 1 AR B A A P e R s D O A
Yo JLEFR B A S A O A B bR 2 — o 1l
WIF R AE R, BRSNS B O i AR AR
o S8 200 AR 7 235 R R G 3 B R AR s AR A X S
o T I i R AT AR BRI R A IR R 2 U (|
HEAE ST PR S AR PR - 1 TR V% 45 40 A D fig

FFIE H AT ANTERE , 10550 R AR SR DU Al R AR
PR S EC R AR v 2540 S D REA B T IR A B AR
JE AL . ST, ACBIFSE SR Y i i 0 4
AR I3HT T MR EEARE AN TR i AR B - S8 BT
A RIIIRE , BIFTEAE R TR BRI B AR B s A
4 S A W~ DL B s (A2 i S A e S 4

1 #RERE

1.1 fkart
L1 g fEEQ. 4 F0 8 a) RHERITE
Tt FIEGE A 0)HR A T = 4 M i 5 e XA O
HHIX.(103°23'9"E, 25°20'19"N), &%t 143 7] X 4,
P85 3 a LA B+, RMREATATVEY) . 3 R R4
RELAH FH A [R]— A ;1 G2 bR, RELAR DG 52 9] 2500 . F 2021
AE 7 RN AR R R R A A R R, X
A 2. 4.8 a Y NH HAR % &0 2 00 B4 T 2.5% ~
5.5%. 7.5% ~ 10.5% F115.0% ~ 25.5%., & 57E
Xif o A 422 RS TR REHLIEER 5 a8, RBRR LA
2=, EHZEL (0 ~ 20 cm)izs 2 = AL KA IR
e
1.1.2 PR LIRS A A 2 A 87 kA
R HURE AT, JEh “R”; KA IT RN
BRI LA, 2k ST,
1.2 REigit

FHEFEEH A XFN. WS EZR 411
DIFGE 2 BT JE R Fk 2 SRHE 2L (R < L T 8 x
T H4#£=33 cmx21 ecmx17 ecm)H, 55 R ERK
A& B L A2 A (m(N) o m(P,0s) -
m(K,0)= 12 : 10 : 24)36 g/FR ARG fhA HLAECA HLT
=45%, MIRIr=5%)200 g/bk MIEE., BAk)E 20 d
JEFEFR A (m(N) © m(K,0)=13.5 : 44.5) 9 g/tkikiTi
B, Bt IR N 1 PR, R Ab
30 4, W3 WERE ., BRRIGH 65 KitfTab e, RH
PHREBRPR 1 50 ¢ HITHE SE T, B4t
PHEEHLEL 4 N EERE,

http://soils.issas.ac.cn



513

A A« AR AR A TR BT it o R o - S BT 7 45 K B T BE X 8 AR 14 W 109

x1 RERE
Table 1 Experiment design

s 185 4 A4
2a 4a 8a
aK STO ST2 ST4 STS
= 87 RTO RT2 RT4 RTS8

1.3 WWmE KRG %

- 4 B TRT R 3E E AAAT h ba SRSe A RE
FABRA A R I, HEFRPRE 0.50 g fif 1=,
E.Z.N.A.® soil DNA Kit (Omega Bio-tek, Norcross,
GA, FEE)IRF G FEARFE K 2 DNA #1140 ,
FHZF NS B I F VKR DNA R4l B FR i . Wl e
BRI 4] DNA Sk HEAT Barcode FRiciURHIES 4],
ITS2 F: 5'-GCATCGATGAAGAACGCAGC-3";ITS2 R:
5-TCCTCCGCTTATTGATATGC-3 XJHH ITS2 X if
1T MiSeq #4735 . F] Bio-rad T100 £ PCR 1%
(Bio-rad, FE[E)XI3AK) PCR P4 2% M B

RREBERC vk alifb /5, A T llumina ZAH] TruSeq
DNA PCR-Free Library Preparation Kit # ZEi#7] &
T CEF A, Qubit it AISCPERIN G A% 5, i
NovaSeq 6000 U J7~F- & #4707 .

14 HEREESH

K Excel 2016 HEATEUEAL BN SPSS 20.0 #E4T
I 2505, R Origin 2018 HEFFVEIRL, I $cdn 2
WEPHE . Uk BRI G A, TEARIME 97% AKF
R} USEARCH 5.2.236 H {04 AL tags HEATHAE
4325 BJC(Operational taxonomic unit, OTU)RZLIFK
% OTU fAEXf FEEM OTU fR%F4. FIH QIIME
(version 1.9.1) /4] assign taxonomy.py X} OTU
Py 28R, WX EUEE A Unite (Release7.2,
http://unite.ut.ee/index.php). {# FH %4 Mothur(version
v.1.30. 1) 5 S BV 2B LAY Sobs 45 RIS Bk
FEVE ) B AR —4E 238 £ (Shannon-Wiener’s), F| F 324
R4 #T (Principal coordinates analysis, PCoA)/#TE
B V% 454 Beta ZF£P% MetaCye(Metabolic pathways
from all domains of life)%#is 4 7t il + 1% E A HEIS 10
BHEE AR R . VR IRIEFE R 355 T
Hittr.

2 BR59WH
21 EEEETHEERBEBFBICE)MMRIELE
EFEE% OTU 9

T 97% WIMIESRIET, 32 MRES LS ]

5231 4 OTU(K 1), RTO &b FEHFA OTU %44 STO Ab
BRI 13.1%; RT2 %% ST2 4bH, RT4 # ST4 AbFH,
RT8 Ab3i4; ST ALHRFA OTU 2 5IFEIR T 9.6%.
8.2% 1 5.4% , Ui I AH [ AF 4 FR T /8% A AR Br +
HEEREA OTU Ui hfh £ .

[
F
n
S
2, 336 &
376 371
\ 4
ST4 396 Core: 284 366 RT4
391 343
S
ES 380 42>
-
—

(=

(RRIBEFR ARG UL, BEIRPBFRERZA A h A b
B, AEE SR BRI N S 4L R ECE)
1 FREAETRELIEEEN OTU HE LK
Fig. 1 Comparison of OUT numbers of rhizosphere soil fungi under
different treatments

2.2 EEFHTHEERE R RAMREERLE
HEMHEZHFNE

2.2.1 Alpha ZF:ME: & 2A FIE 2B s, STO.
ST4 il STS 4B EL I #E4 Sobs $5 %A1 Shannon F5%L
Y15 35 T ST2. RTO, RT2, RT4 , RTS8 4k H(P<0.05),
Hir ST2 ~ ST8 4b# Sobs $5 %1 Shannon $8 %% &4
hna#, RT2 ~ RTS8 AbFHARIRA /N, KIHAE®G4 a fl
8 a) NEYH T Fh(ST4 11 ST8)Sobs F5%UA1 Shannon F&
B W2 UM SRR (RT4 F RTS)., & 2C W,
STO. ST4 il ST8 AbHUHPRAR PR +EF R #EV% PD 48
#(PD whole tree index)J il % K F ST2. RT2. RT4
Fl RT8 AL (P<0.05), AS[AIHK 1% VR4 BR T 2 it
R P e F A BETS PD R AR 22 3R B3
Zi b, KIEVEAERR (4 ~ 8 a) T, JB i AR B 1 458
FLR VR AN R . R K5 B 2 T
I i Al

2.2.2 Beta ZFME T RIS R ER(E
3), S 1 AR 2 KRS 22 S G sk 2t
J71.1%, BAAFE, RTO. RT4 Fl RTS AbFHHI PR 145
FLHERETE T B0 PCoA2 Y IE(H X 1R, 1 STO.ST2.
RT2 FH 04 E PCoAl Fil PCoA2 ({7 X 5k, 1560

http://soils.issas.ac.cn



110

+

e %57 %

T AR A B AR B G B (6 i AR P 1 S B TR ) o 4
JAFTER .22 5% . i —2F Anosim K30 45 R WoR AR

0.3

0.2

o
-

g
o

PCo0A2 (10.2%)

3

ZEAE T R B AR o AN [R) BT i AR B 9 R
LM BT (P=0.001)

B
300} W A @ 6-(3)
a 4% bc b
250 ?7 V) b 5] a
bc 717 c X ZI7
= 200 e ¢ g4 717 od d
5 £
2150 S 3
2 E d ¢ 4
n
100 2
50 i
N AN AN NAA 7N
STO ST2 ST4 ST8 RTO RT2 RT4 RTS$ STO ST2 ST4 STS$ RTO RT2 RT4 RTS
AbP AbPp
500
©)
ab a ab
40 57 217 217 b
c 27 c c

/

97

O 1 1 1
STO ST2 ST4 ST8

RTO RT2 RT4 RTS8
b3

(A. Sobs 8%k; B. Shannon #§%1; C.PD 484k, EIH/NGFRRRIFRALEE 2 715 P<0.05 3 KF)
2 EEEHTHRERBFEARRMERMRIELIEEREE Alpha ZH14%

Fig. 2 Alpha diversities of rhizosphere soil fungi in different varieties resistant to tobacco root rot under continuous cropping
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Fig. 4 Dominant flora of rhizosphere soil fungi of different resistant varieties of tobacco root rot under continuous cropping
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Table 2  Differences of fungal metabolism in rhizosphere soils of tobacco varieties resistant to root rot under continuous cropping

iR STO ST2 ST4 STS RTO RT2 RT4 RTS
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