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Effects of Flue-cured Tobacco Continuous Cropping on Microbial Community Diversity and

Co-occurrence Network in Rhizosphere Soil
SHEN Jia', ZHOU Chuyue®, WANG Jitao®, TAI Xianchang®, LI Lanzhou®, YIN Hao®, ZHU Yifan?, XIA Hao', JIANG Chaoqiang’,
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(1 Industrial Crop Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China; 2 Anhui China Tobacco
Industry Corporation, Hefei 230000, China; 3 Yunnan Tobacco Company Lijiang Company, Lijiang, Yunan 674100, China)

Abstract: To explore the effects of continuous planting of flue-cured tobacco on soil physiochemical properties and microbial
community diversity, and to identify the main factors leading to continuous cropping obstacles, rhizosphere soils of continuous
cropping (CCO) and non-continuous cropping tobacco fields (NOR) in Lijiang of Yunnan Province were collected. Soil nutrients,
enzyme activities and microbial diversity were measured, and the differences in bacterial and fungal community diversities and
network structures between CCO and NOR soils were analyzed. The relationship between soil physiochemical properties,
microbial communities and tobacco plant growth was analyzed by partial least squares (PLS) model. The results showed that the
plant height and fresh weight of CCO was significantly reduced by 50.27% and 71.09% compared with NOR. The available
phosphorus, potassium and conductivity of CCO soil increased by 129.66%, 40.90% and 132.74%, respectively, and soil urease
activity increased significantly, but soil pH decreased by 0.45 units, and acid phosphatase activity decreased significantly. The
bacterial community showed a significant decrease in Shannon and phylogenetic diversity (PD) indexes, whereas fungal
community displayed significant increases in ACE, Shannon, and PD indexes. Bacteria and fungi such as Rhodococcus,

Streptomyces, Cellvibrio, Cyphellophora, Gibberella, Ceratocystidaceae, and Waitea were enriched. Co-occurrence network
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analysis indicated that CCO soil microbial network had higher modularity and tighter connection, and the competition between

bacteria was enhanced, while the competition between fungi was weakened. PLS analysis showed that soil available phosphorus

had a significant positive effect on microbial community, while soil conductivity had a significant negative effect. The change of

microbial community was the main reason for the obstacle of continuous cropping in tobacco field.

Key words: Flue-cured tobacco; Continuous cropping obstacles; Soil physicochemical properties; Microbial diversity; Network

analysis
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HEAE 63.67 £ 8.02" 19.07 £ 0.61 8.67 + 0.45 69.43 £ 4.93" 24.73 + 6.04 0.61 £0.65"

. * MORIERRE R FIA P<0.05, P<0.01 B FKF, TR,

2.2 RBRTEEEMERANEEE

PR AL PE R N2 2 B . SAREEMEL,
HEAERE AR PR 138 pH W EREK 7.34%(P<0.05), A
RO . BRACH B M R S 129.66% .
40.90%(P<0.05)F1 132.74%(P<0.01), BB A A HL
Bro o 2=, TR 1 R, EEE
R P 3 JUR il 7% 1 b 5 v T AR S R 0 AR o - 43¢
(P<0.05), 1B 1 606 7 0]\ 5 R IR (P<0.05), 3

SR A ST R R O P 5 R T 1 R AR B 3T
EXER,
23 RERTEREYEEEN

Ao T N T P AR s - 2 P 25
P THER, AEEERIIIRPR 4 5 053 441 ASVs,
BEAEEIIIRER L 5 346 A4 ASVs. JLEEH 34
AL 762 A&, HHiRZR R ] (Actinobacteriota) . AR
JE ] (Proteobacteria) . Acidobacteriota B[ 1. 4K

http://soils.issas.ac.cn



1056 + e %57 %

(K 20) B, PREIRMR PR 34 2 747 SAHR 40 B

I"J(Chloroflexi)Fll Gemmatimonadota F# [ | 7E A FPAR FR 1=
ASVs, JEFEAEREMIMRER 454 2 306 520 ASVs.

Herp R HERA AT 5 RIANRATLESBE(R] 2A), ZERRLRIZ,
T2 IRFRTIEBLMER

Table 2 Physicochemical properties of rhizosphere soils
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Fig. 1 Enzyme activities of rhizosphere soils
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Fig. 2 Microbial community structures and numbers of common (unique) species of rhizosphere soils
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Table 3 Microbial diversity indexes of rhizosphere soils
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Fig. 3 PCoA analysis of rhizosphere soil microbial diversities
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Fig. 4 LEfSe analysis of rhizosphere soil microorganisms
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Fig. 5 Co-occurrence networks of rhizosphere soil microorganisms
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Table 4 Properties of co-occurrence network topology
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Fig. 6 PLS model of effects of soil physiochemical properties on
soil microbial community and flue-cured tobacco plant height

T B R SR A AR AT AN R R 1) T B o A TR i 4%
P4 T 2K R P R K 8 2 S B 00, 4 0R 4F FH i (B8] T
Wik | M b S A RN B AR T AR A
PR 1), RUFERTTANIX, &S AAE A 5 2 7
AR, SEE R RS REIR, 55
PRI A SR A5

T A AR IS R o Al A M O% AL
JER AR A KRR 2 —P IR, EAE
BEfig -4 pH. &, AL, AR, SR
ARS8 Az e ik S R R, AR
TR REILR . SR 2. BUE . AR
i3 A o (R 1 S 3k 3, nf DR [RIFE B VR +
eI MR R R R R o ASEFIE & B, FEMTTARIX, %
YRR FE AR AR AR B A A R0« SR ATCER 2 4 0 S0l 34 o
129.66%F1 40.90%, +3EH R8T, pH TR, 5K
BHECRRIE R R B, #AE 6 )5, MH LA
BRI A4 AN 13.33 mg/kg il 233.09 mg/kg

-0.217
(0.679)

~0.572
(1.528)

W42 17.54 mg/kg Fl 285.19 mg/kg, PEiEAr, HHITUH
X AAE AR R, K0 Al P,Os SR —ER 255 kg/hm®
1105 kg/hm?®, 35 F FK(P,05 60 ~ 90 kg/hm? . K,0
70 ~ 80 kg/hm?) 1k 2 (FUiti FH &R, JL-T-AS it P
MEYVEEAED) . I, ¥ K B0t R . B
PRI A R . A A RN Y A

B 5 FEVEAR R N , 58 5% B 0 IERERIAR 5
ST RE S BER TR, S A SR 1T 6
B, XS i B T RE 24 HY, IS8+ pH
REfik, e SR ThE M pH T BRI LA $hii ik
M4 Ling 262 | Lithourgidis 252\ Wy,
VEVDENE G 78 K Bh Mo 3l <AL |
e b R e B R R B R A, R S B
b B R i AL B G I ai i S B

MBS I e R A L A R R
KFR, AR AT R ITAG h EBFE AR . X+
SRS A RN AR o AR VR R A 5 IR
P PETE S, FRPERERRBGETE MERMR(E 1o TSP,
FTEP A I, VRN R YRR A 1 T
B, ARG P M EAR BR IE ARG o S VR F 435k
T PR E , JEAE 3 ARRHEHN 13.02 mg/(kgh), HA1E
20 4ERFIS N 33.75 mg/(kg'h)P, IR +Erh
FFE YIS BRI, A TCHLE A 0 R LR
J5 A T A5 A . AR BRI AR sk Ik
953 fige B oy AT DAL B W RO K A S5 A1) TRl
A DU IR 227 A A RN — S A , TR 17 W T il T i
P LB A K. SN =SB PN, RS Y
A R R R AR A 28 RGP T AL L e R R
SRR IR, SR R R AR, R
S HUEME MR AT A B R 2 —
3.2 EMEXTIE A T IERE B R LML A

sl

HR B B2 0 1) 40 BRI A 2 S O R TR T
(Actinobacteriota) fIZEJE B | ] (Proteobacteria) , B 1Y
B £ B F %W ] (Ascomycota) . BH &[]
(Mortierellomycota), 3% 15 5% 72 BT 5 45 A —
. EAEREREARPR L ERA 1 ASVs Bt i L, £WE
YRR AR & A A Rl 2 R AR PRt 4 i 58 (] 2C,
2D). MIAEY) o ZREVEIREORE , AR AR
7% Shannon FE44 M1 PD $8%50 2 [ ; A HEYS ACE
F6%0. Shannon F8ECF PD 84U Z T &, RHAME
FEE AR MERRAR, BTV ) SRR 2 5 s,
Yu 2P Wang PR AF 2] T IAULE SR AN
FEFN o ZAETEAE LI, 3% 1 A5 B 41 P A A

http://soils.issas.ac.cn



%5

Vw55 JE A AR B b SR W R v 20 R e I 2% 45 ) B 52 1061

PP A AN R B AR AR o S TRV 1 2 FEE R AT g Ak
TR TR RS AL - T LRV 4 22 R 1 fan D AT
REE R ELRTERT Y PR 251 0 Hsa 03, fig
FIHEE 32 (BT, B R S0 i 40 TR 1) L i ) R A
B AR T R IEEREY . A ISR, KA E
VEFEAN A YR o Z AR IS o 2461
Frim, w8 CHEAT, 2 IR TR R
BLUC D LEfSe AT RWI(E 4, 1| MEEI]
(Olpidiomycota)fii v Ay A= WIbr sy, 1 THE VR AT
MRPR PR R BOCERE IEH GE M RRA i
JHECARPR T OEEE) T ER T AT N R TR R KT
ARG A bR S PRV A E A 4), W
LT ER TR J@ (Rhodococcus) . BERE T (Streptomyces) . 44k
IR B (Cellvibrio) % 4l & A1 Cyphellophora . 7 %
(Gibberella) . Ceratocystidaceae . 345 (Waitea) H.
o XEERUEWREE MG AR AT, EE2AR S0
SRR o PRI, R TG A D ) AR R AT B
FEGEVERR R

A L AR A PR T S 5 e R 1 2%
(FL35 0 288 4 NI R0 2% 2 )31 ak FE B ) 285
ST R, SAREVEMLL, BRI RAR PR L A A T
TR T A IR D 28 B34 A B 22 719 RN, R T S
HEAEBAIN T A0 S B M 2 A, X 52 n
P BIFFEAE R — 35 AR JH AR s - HE 200 TR7 19 2% 11 171300
Lo s TR AR R, {H FL TR X 264 14 £ 300 L AR TR
HEAEE, X WG AR T A Z 8 B SE AR
FH, EBRAR T FLRR Z IR A 38 e VE T /R RS AR
o - 478 %) 240 7 I 48 A LG T A 4 1R R SR R (I 4%
BT, BT AR A A o AR
B o XAl BESE A EVE R B T ARBRIOAE AE 1k, dHTR
TN X RS, A 2 A A, T ST
HI T Reb . X T BRI 2%, 3RS A0 B R N 48 55k
WA, (R BANNE BAZIBSCRCF A AR K
W), EATZE AR R AT HE S b (9 4 H AR T
K)o BEAN, FEAERS HR B TR 45 o A e AR R
S, AT LS I e PR R S M R, e O R
i, ABAF BAL BB RCR T 5 LR 2% i A AL AR B
HRPEN R, (AR BRI R, SR ORI
XL A SR e SR HOR LR A K AT
AT A5 3503 A R A 1) i 2
33 TEBAMR. REVEESEREERER

FIPSER

Wk PLS AR T RIEMARYERT . A Y
AR K Z B AR . AL, LA

BB U VR AT 5 A IR [ R, X5 2R Ay
SRV R B TSR A IR A
AR (B 6). HLS A 2 M R WV O 245
MHIIRE . AR A R, ST mnl
LA ER AR, BT R0 G R S5
A A R N, X AR AR A O T A
ZIRIETEFOC R, FEURE R YRR RIAR X 28 &
AR, 3 e B P B TR W AT RESRAT T S
e, AR P AT RE BT th A S R M+
SRAT SO R S SR e R ) SRS E W e, E TR
Wi JERR A A o e B8 ol A AR 7 A ST L e o 2L
i | AR AE I R A R L B E SRR, k]
LU PR, s LR(IAA), DUedEaiR
FERE, WRAEYOPTSEY ARS8
YRR, 5BV AR, TIRAE A
PR R, BRI E E E T, A E R E 4,
ToX L fole A W A A AR 2 0T 5 AR 18 A ™ A AN RS T
AR TN ST 1 2 A 2 A A RV, LK ]
i et A 25T BV AN i i 64 L SRR e v, L
QA AR R 4 O SO LR LR ECRESY DA
KM AL R IREE, SRTHEY) M, SEBEn] fp4k
lb K

4 #ig

IR 708 DX 2 A 0 0R FH  396 55 A 322 1 0 T 4
FLE, Bk, P4, BSRTME, pH Mk, L
WEHME T, AR E R E LT, A EME
Y4k BRAEY I 28 A T e S R A A B 5 ) 3
P, AR Z A 5a S VE ISR, i BB 22 8] Y 32 A
PSS o b A RO X (R A W Vs A A AR 1) 5
M, PG A0S TR A ARV AT S B Bl R,
A W RETE O B R AT W AR T R A AT S
R R S E YIS, SRR AR A

S 23k

(1] SKFI, E304. HY TR TR LG B 4
AREFFEHE R[] AY2fdE, 2010, 27(5): 69-72.

[2] Ling N, Deng K'Y, Song Y, et al. Variation of rhizosphere
bacterial community in  watermelon  continuous
mono-cropping soil by long-term application of a novel
bioorganic fertilizer[J]. Microbiological Research, 2014,
169(7/8): 570-578.

[3] Xia H, Jiang C Q, Riaz M, et al. Impacts of continuous
cropping on soil fertility, microbial communities, and crop
growth under different tobacco varieties in a field study[J].

Environmental Sciences Europe, 2025, 37(1): 5.

http://soils.issas.ac.cn



1062 + 1% 557 &

[4] Li G T, Gong P F, Zhou J, et al. The succession of [19] Lavecchia A, Curci M, Jangid K, et al. Microbial 16S
rhizosphere microbial community in the continuous gene-based composition of a sorghum cropped rhizosphere
cropping soil of tobacco[J]. Frontiers in Environmental soil under different fertilization managements[J]. Biology
Science, 2024, 11: 1251938. and Fertility of Soils, 2015, 51(6): 661-672.

[51 Beckers B, Op De Beeck M, Weyens N, et al. Structural [20] #f+H. +HERMAHIIML 3. dbat: FEgR AR,
variability and niche differentiation in the rhizosphere and 2000.
endosphere bacterial microbiome of field-grown poplar [21] Z=EE, Sk, BEN. + 3 5B RUE YIS B M].
trees[J]. Microbiome, 2017, 5(1): 25. Jb 5 Bl AL, 2008.

[6] Yu S K, GuH Z, He J X, et al. Impact of continuous [22] #RAGETT. HEEMUEYM SRS iR M), dEE: mAEE
cropping on tobacco growth, stress resistance, and soil F AL, 2010.
microecological structure[J]. Biotechnology & Biotechnological [23] Bolyen E, Rideout J R, Dillon M R, et al. Reproducible,
Equipment, 2024, 38(1): 2290343. interactive, scalable and extensible microbiome data

[71 Ma Z Z, Zhang X C, Zheng B Y, et al. Effects of plastic science using QIIME 2[J]. Nature Biotechnology, 2019,
and straw mulching on soil microbial P limitations in maize 37(8): 852-857.
fields: Dependency on soil organic carbon demonstrated by [24] Newman M E J. Finding community structure in networks
ecoenzymatic stoichiometry[J]. Geoderma, 2021, 388: using the eigenvectors of matrices[J]. Physical Review E,
114928. Statistical, Nonlinear, and Soft Matter Physics, 2006, 74(3

[8] Wang R Q, Xiao Y P, Lv F J, et al. Bacterial community Pt 2): 036104.
structure and functional potential of rhizosphere soils as [25] ¥, T, BRI, S5 BN . XTI e
influenced by nitrogen addition and bacterial wilt disease i AR [T, PERG AR 244, 2004, 17(S1): 267-271.
under continuous sesame cropping[J]. Applied Soil [26] %, RISCHE, WAL, 5. JENRTEVERERR ™ A (14 R A0
Ecology, 2018, 125: 117-127. IR HE R[], AR, 2022(10): 107-110.

[91 skakt, HEBA, SRAR, S5 005 &R R AT I O R [27] Lisuma J, Mbega E, Ndakidemi P. Influence of tobacco
[7]. P EHEERLE, 2011, 32(3): 95-99. plant on macronutrient levels in sandy soils[J]. Agronomy,

[10] Li A B, Jin K K, Zhang Y Z, et al. Root exudates and 2020, 10(3): 418.
rhizosphere microbiota in responding to long-term [28] FhEEE, Jeotum, k)M, . BT = LEEREAN L
continuous cropping of tobacco[J]. Scientific Reports, 2024, HERALPEIR R B TS PR ST [T]. AR 2E 4R, 2015, 24(3):
14: 11274. 409-417.

[11] Wk, B, MM, % B L IRIE KEE [29] ZEJpift, ZESrHE, 2. 2N E G LA b
B A5 B 5 B R B o2 kR (1], SRR VT AL B2, 2024(8): SRR B S PERF ST [0]. R AR SE AR, 2021, 37(6):
109-117. 82-88.

[12] Bai Y X, Wang G, Cheng Y D, et al. Soil acidification in [30] skl mF, HEWN, . ASFEAAT SR . -
continuously cropped tobacco alters bacterial community HESR A M IS IR (D). A 57 5 I0RA 4R, 2010,
structure and diversity via the accumulation of phenolic 16(1): 124-128.
acids[J]. Scientific Reports, 2019, 9: 12499. [31] Hu H, Tang C, Rengel Z. Influence of phenolic acids on

[13] Yan L, Zhang W Y, Duan W J, et al. Temporal bacterial phosphorus mobilisation in acidic and calcareous soils[J].
community diversity in the Nicotiana tabacum rhizosphere Plant and Soil, 2005, 268(1): 173—180.
over years of continuous monocropping[J]. Frontiers in [32] Lithourgidis A S, Damalas C A, Gagianas A A. Long-term
Microbiology, 2021, 12: 641643. yield patterns for continuous winter wheat cropping in

[14] XVH6ES, 250, 2540, 45, AR Br e il A4 W xR & northern Greece[J]. European Journal of Agronomy, 2006,
R RO RELY). M 7 S IR, 2019, 25(8): 25(3): 208-214,

1373-1382. (331 FEMET. VU L DX M A S A ) 22 R ) B i

[15] Jia M, Wang X S, Zhu X Q, et al. Accumulation of KMALHIBFZE[D]. #i: PaALRMEHE K%, 2021,
coumaric acid is a key factor in tobacco continuous [34] ZEAKE, HMW, XB/NWG, 5. AW 700 % JH 5% +
cropping obstacles[J]. Frontiers in Plant Science, 2024, 15: e AL Bt K - 398 it 1B TS P A 2 e (7], HR R R B 2
1477324. i, 2022, 28(4): 59-66.

[16] Freilich S, Kreimer A, Meilijson 1, et al. The large-scale [35] #&MkaE, PR, &AF, 5. AR % VR AR B AE A +
organization of the bacterial network of ecological HARBIFZ MR [I]. TLPE AR 2= 4R, 2020, 32(10): 93-98.
co-occurrence interactions[J]. Nucleic Acids Research, [36] ANz, MMy, #RKFE, 5. mEA SCIUMHE 3%
2010, 38(12): 3857-3868. FEIE 1 fetn 240 B B AR [I]. L5, 2022, 54(1):

(171 Ztde, Mk, R, 5. AWIERCHER PLIL XS 18 A4 AR 95-102.

PRATER v 25 S A F A RO )], 3, 2022, 54(3):  [37] GEAEZ. M5 HARE 1E A 08 B HOR KL BOR B 5T
498-507. [D]. Jo%8h: YLRg K2, 2021.
[18] HEZEAME L. MWE A Z MR A I & 8 YCO/T [38] YuF, Yan Y F, Dong Q, et al. The changes in rhizosphere

142—2010[S]. dbgt: " EFRAEH AL, 2010.

metabolome and microbiota are the main direct obstacles to

http://soils.issas.ac.cn



%5

Vw55 JE A AR B b SR W R v 20 R e I 2% 45 ) B 52

1063

(39]

[40]

[41]

[42]

[43]

[44]

continuous cropping in tobacco (Nicotiana tabacum L.)[J].
Agronomy, 2023, 13(4): 964.

Zhang Y, Dong S K, Gao Q Z, et al. Soil bacterial and
fungal diversity differently correlated with soil
biochemistry in alpine grassland ecosystems in response to
environmental changes[J]. Scientific Reports, 2017, 7:
43077.

IR, R, Ly, & EEMM L IEm Ry
UL IE I S FEE IR 1Y Mantel Test Z3#7[7].
oy [ A 2l 2 R (P 30, 2019, 27(3): 369-379.

Xiong W, Zhao Q Y, Zhao J, et al. Different continuous
cropping spans significantly affect microbial community
membership and structure in a Vanilla-grown soil as
revealed by deep pyrosequencing[J]. Microbial Ecology,
2015, 70(1): 209-218.

BOGEE, #HBE, ROKEE, 4. LIETRIE AL BN AR AR 1
S8 LT I I 5 ) 0o 0 7 B s R (], R RO Rk,
2021(3): 34-39.

Chen S, Qi G F, Luo T, et al. Continuous-cropping tobacco
caused variance of chemical properties and structure of
bacterial network in soils[J]. Land Degradation &
Development, 2018, 29(11): 4106—4120.

PR SEAFEA T YRR IERAE WA SED]. i
Bl WL BRZ R, 2020.

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Yao J, Wu C Y, Fan L J, et al. Effects of the long-term
continuous cropping of Yongfeng yam on the bacterial
community and function in the rhizospheric soil[J].
Microorganisms, 2023, 11(2): 274.

PRE, FEE, Kast, & EECEY AR FE R E
J7 =AY B2 [J/OL]. Hr R B AR 4R, 2025: 1-13. (2025—
01-10). https://kns.cnki.net’/kcms/detail/11.2985.7S.20250110.
0958.002.html.

Kim J M, Roh A S, Choi S C, et al. Soil pH and electrical
conductivity are key edaphic factors shaping bacterial
communities of greenhouse soils in Korea[J]. Journal of
Microbiology, 2016, 54(12): 838-845.

Ben Keane J, Hartley I P, Taylor C R, et al. Grassland
responses to elevated CO, determined by plant—microbe
competition for phosphorus[J]. Nature Geoscience, 2023,
16(8): 704-709.

AFAR, L5, SRS, S MEPARBRE A w AR LS
FEHERET). RS A)~ 741, 2023, 29(2): 495-506.

R e, ETIE, W, 5. SILERFE T 3w
TR R IR Z T REPE IR [J]. 134, 2024, 56(6):
1253-1261.

RSEHE, SRR, AR, & A IEA VLR T
BUIE X HE AR + SRl E it i dh A A Z REPE RO 2 R (0], £
3, 2023, 55(4): 804-811.

http://soils.issas.ac.cn



