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Abstract: [Objective] To investigate the structural and functional characteristics of soil microbial
communities in major tobacco—growing regions of southern Anhui, and to analyze their relationships with
environmental factors.[ Method ] Four typical tobacco—growing areas in southern Anhui, including urban areas,
Huangdu, Nanling, and Wuhu, were elected as research subjects.Soil physicochemical properties such as pH,
organic carbon, total nitrogen, total phosphorus, available phosphorus, total potassium, alkaline hydrolyzable
nitrogen, and available potassium were measured.Based on high—throughput 16S rRNA sequencing technology,
soil bacterial community o —diversity, 3 —diversity, and community composition were analyzed. Microbial co—
occurrence network analysis was employed to reveal microbial interactions, and FAPROTAX functional
prediction was used to analyze microbial ecological functions.Mantel test and redundancy analysis (RDA ) were
applied to identify key environmental factors driving microbial community structure. [ Result] The results
showed that the soil pH in all four tobacco—growing areas was acidic (5.08-5.24).Nanling had the highest levels
of organic carbon and total nitrogen , while Wuhu exhibited the highest total phosphorus and the lowest available
phosphorus, and Huangdu showed significantly lower total potassium.There were no significant differences in
bacterial community a—diversity among the tobacco—growing areas, but significant differences were observed in
community composition and structure. pH, organic carbon, and total nitrogen were identified as key
environmental factors driving community structure differentiation. Mantel and RDA analyses revealed that pH,
organic carbon, and total nitrogen were the key environmental factors driving microbial community structure.
Network analysis indicated that the tobacco—growing area in Wuhu had the highest network complexity , while
Nanling had the lowest, and significant differences existed among microbial networks across the tobacco—
growing areas. FAPROTAX functional prediction indicated that soil microorganisms primarily participate in key
cycling processes such as carbon, nitrogen, and sulfur. The Nanling tobacco—growing area showed significant
enrichment of functional groups related to carbon cycling, while the Huangdu area was enriched with nitrogen
cycling—related functional groups, and the Wuhu area exhibited sulfur-related functional groups.[ Conclusion |
This study reveals the distribution, functional characteristics, and environmental driving mechanisms of soil
microbial communities in major tobacco—growing areas of southern Anhui.lt clarified that pH, organic carbon,
and total nitrogen are the primary environmental screening factors shaping microbial community structure.
Microorganisms in different tobacco—growing areas adapt to local nutrient conditions by adjusting community
interaction patterns and metabolic functions.The research findings provide a theoretical basis for regional soil
health management.

Keywords: south Anhui tobacco planting area; soil nutrients; microbial communities; co—occurrence

networks ; functional prediction ; rhizosphere soil; environmentally driving factors

[ W58 2 )& (Nicotiana tabacum L.) 238 F HE L FAEY , 76 B R L3 b 5 A =M, i
T b DXV S 22 0 7 MR X, R A TR I JE ) B A J S B 2 KU, DAL e T Ry
F, HOphRR 0 2R AR IR R I O B BT R R BT e S AR R R e R, b
FAFIR P E MR N TEAL 22 1o FURCE PR BT i A R BRI, TR AR AT M i A0 DX 0 8 AR 2SR K
5 ARt S5 S JR) S EBAIL AR , T DX B 7 Ml F) AT 4 e e EL A o A BV A (R S R S [T
WEFE e ] - R AE A A A 28 R G P e TR BRI A T 53, 2 S5 A LB o3 M 3 0 08 20 S s 35 4 il
SR OCHE AR A B, AR VR 5 P 22 S T A AR S e R SR AE R L MR B A Ay 2 A AR 2R 05 B 5 B S R Y
TR, o3 A7 6 K EE B, 31X SE 0 A W RE A% 15 B AR ) WO SR 20 O S s pi s e, A WF ok
B, A (R ABLAR DX ) - S8 B o K A W A 7 8 R A A I 2 5, i ok 52 W 3 00 P FIAR PR A 5 1)



55 4 3] A — A 45 g P 00 DX SRR 5 MR R R e W A 1 LA 5 2R L T B 1 - 1081 -

FEPE AR A R T B BB i XA B A0 5 M 48 SRR R A 28 X S I R B, AN [] A 25 AR
bR IERUE R 222 R B3, B S T BEFR IR B UIAH G . SR, DG TR A X - 33 R A0 % o Gy
UK B A P T 2 26 G ) AR O 2R iy o) )i PR AR Ak A5 (), AT ik = 3R 8 1 AR AR AT

(AR 5T DA o B AR X Ao J A2 2% it P A RS i R AL o) 2 224, R TR X i) - 8 2 4R
FETED] 025 ) S ok o KT, L R0 32 DXl - S8 G A W A s Ao o 7 5 536 B85 A8 A FC 2R i ) AR )
24 QR Bt P15 2R A7 OB T RS, DL S A ) AR S T R AE R X R] S AR A o0 S A, i e = RGeS, A
DAL 8 AN I o (4P DR P DG B P R ) A 5 DA Fo o 308 X B0 g e R e 080 4 1 LU IX R A 5 % 42
T A SRR AME BT, 4545 16S rRNA Syl il 7 R Je 2R A 2827 o0 i, REEARSE : (1D B A
(AR DX - S A0 B 10 0 AT RRAE 5 (2) 20 BT RRE VR AL L 22 R R G I 5% 45 g 1) AR X 1) 2 55 (3) - 3
RIS 7 X S W B TE G5 A R AR A S T RE I UK ShATL I . IR 45 SR B A A Mg o 0K DX - 3 {kt B 4 1
FRIOK TR it N (A R A A0
1 #MR5EF=E
11 REXE SR

AT GEAE A e R B X TR o 12 X sl S At i 2 XU A, AR = 38R AL R VD £ RV
Ve KD L FKAE 1o A R AR B XA 4 ARER M0 B (X)) Fh A X U B S i) A0 X e
BTG DR S BE, T A AR 2 T Mg e R R XA R AR X R R SR S0 87 BT A ik
0 R 90— AR 55 i . T 202448 4 7 LRSS AU AR , FIAE % 4 R 16 500 #i/hm®. it iE J5 58
g AR St M 5L E A IEm(N) :m(P,0,) :m(K,0)=10:10:20]600 kg/hm® HFAE 450 kg/hm?; 4k )5 7 d
25 d o3 AEE A FRE [m(N) :m(K,0)=13.5:44.5]75 kg/hm® F1 112.5 kg/hm®, FHoAhy FH (] 7 S ANV 47 100
PRAL I 1 3 B IR S5 B8 2 b g SR R A PR vE A T
1.2 MEMERAZE
1.2.1 BRI E5Hme RE

T2024 47 7 v i) S L U0, 76 AT DI R Pk FH B A7 - S0 it R AR | AR IX R O AR
FMER 1SR o BERESUR LSRR BRI 10 RR A& FRAAK , SR 4E 0~20 em B2 AR bR + 1% TR 53
SUGHIL VAFESD o FERZE 2 mm G X LB A Bk SAEYIBRIR IS , 0 R 2 0% . — I FEIR T AN E T
W A BT 5 05— A AETE 10 mL ISR 25045, B T -80 CEEMRIRLVKAR rh @ VR A T e 2 1
SR W) B DN A $2ECS R
1.2.2 L3k Fal 2

S 2+ FLO 32 G 5 R AR AL A BT ) - SR AR BRI A . A pH {ER FH HL LRI 5 , K
Fe A 2.5: 1, ff F pH i (Five Easy Plus—-FE28, METTLER TOLEDO, United States )l & . -+ 47 HLA% % F
KR A PSRRI 5 A EUR LI OE AUE DN A2 5 T e wlok A AR BRI il — SR 6 P 0l
JEREVEIEATIN S 5 A M A5l SR FH AR PR S M 12 3 — SR B DT 4 66 B YR A 5 3 4 0 5 i R T & AU b
B — I BE R E
1.2.3  DNA 42 B A i £ ) -

fifi F EZNA® £ 383457 & (Omega Bio—tek, Norcross, GA, US) $2 B £ 1€ Hh (19 &2 DNA . fifi i NanoDrop
One (Thermo Fisher Scientific, MA, USA) Kzl DNA [ B 4 B . B s , R 514 338F (5'-ATCCTAC-
GGGGGGGCAGCAG-3") HI1806R(5'~-GTACACHVGGGGTWTCTAAT-3")%f V3-V4 0] 48 [X 47 PCR P 1,
P 1Py 2 alifl 5 4465 , 76 Mlumina () Miseq PE 300F & $EATI0 )

fd 11 QUIME 2 B AF " 4b 1R A4S 3] 1) i L 5080 5 1 DAD A2 53035 %8 [ 1y i P 910 90 4 o s ok 0 2
MR i A A, LLARAS A JE ™ 38 1 15 8 28 1R (ASV ) 5 4 STLV A (v. 138 ) B3 128 X6 40 v kA 7 4 43 286
1.3 #HFESH

AR P A BE I R1E T (v 4.4.3) 087, 18 H vegan " 1T o ZF£4% (Shannon | Chaol 5 %1)



- 1082 - RN AN I 3 4 48

T8 FARFRHT (PCoA ) 1 Adonis £ 5 ; i FH SpiecEasi £ % T SparCC Jy 32 #4) B 34 A= 4 3L 80 I 2% (15
{H : I1>0.6, P<0.05) , 3B M F FMEFAE , 76 Gephi(v 0.9.3) il ¥4k . SR Poisot 5545 H A9 5 32 , il ad
Ll 35 ) 2 [] He A 75 s (OTU/ASY ) 18 3 422 5C F R T33P0 9 1 2% 22 8] A AR SV o i microeco B #E1 7T
AAHT(RDA) Fl Mantel K56 , DA i8] B FR58 A5 15 0] A 1) 22 W 1 A A 25 A0 A v 2 BE R RF A 52 i) . il FA-
PROTAX i JE AT 1A= Wy DI RE Tl , 45 SR 28 Z—score bRUEAL JG I E JB 7R o PRI T 224381 (ANOVA)
T e A 22 57, 1 2 MK «=0.05,

2 HBRESM

21 BRREAFEEFERTEXFEERSHT

g R T 0 X A=A PR FANER 1 TR, 400 XY S S v, AN IX E R 22 5. £ IX
T HEFR A T R W A A (B) R BV, R 25 AR B r I X IR LK AR SR
e, 3 ik (2.53£1.07) % . (0.16+0.05) % , Ho A A BILER & 5 A0 X Fe i | 3 U 001X 4 S v o 43.75%
25.24% .26.50% , 4= . & B 0 I X Y 23.07% 5 JEWIE X A S R T, N (1.5320.49) g/kg, B3
1o T R B MR X (41.67% ) FIIH XA X (155.00% ) 5 B8 A X 4= 40 4 il 25 AR, 100 (1.01+0.15) %, BH i
T A 3N MR X, BRLSR 53 B 53 A0 B 5 A i R A0 A AE — a8 OCHR HL A5 A7 R - B I 00 DX i 2 o 1
e, M (128.56+15.32) merke , 5 4 RN 43 A FRAEAH I, 16 B2 0 X+ 398 55038 R0 4 e 5 ol sl il
It DL U R X A 1R (39.39+17.12) mgrkg , FE i K0 X 5 A% (17.94+7.20 ) mgrkg , 5 48 & 1 40 A B 35 AH I,
PRI e 0 0 DX Sl 2R 1 A P Ao, A A5l 1L 25 A8 0 O AR 5 A0 o XA X i (112,35
12.47 ) mg/kg , Fe i 10 IX F A1 (85.23+9.65 ) mg/kg , BEUEMH X 4y (98.65+10.23 ) mg/ke , B AR 5 48 5 £ (1) 43
fifaF AR —3

*®1 BREFEARTEEEERSF
Tab.1 Analysis of soil chemical properties in major tobacco—growing areas of southern Anhui

S/ R el Bl Ak 8/ AL/

DX Ik ARRI%  2EI%
H (g-kg")  (mg-kg")  (g-kg')  (mg-kg") (mg-kg™)
Areas P 0c TN grKg mg-kg grKg mg-kg mg:Kkg
TP AP TK AN AK
AR X
Urban tobacco  5.10+0.45" 1.76+0.28" 0.14+0.03" 0.60+0.17° 29.84+12.47" 1.32+0.47" 115.23+13.56" 112.35+12.47"
region
B X

Huangdu 5.08+0.35" 2.00+0.31" 0.13+0.01" 1.26+0.44" 39.39+17.12* 1.01+0.15" 108.65+11.23° 98.65+10.23"

tobacco region

7 B A X

Nanling tobacco  5.22+0.51" 2.53+1.07° 0.16+0.05" 1.08+0.46" 32.54+13.85" 1.46+0.48" 128.56+15.32" 105.89+11.56"
region
JiIIHIX

Wuhu tobacco ~ 5.24+0.38" 2.02+0.39" 0.14+0.03" 1.53+0.49° 17.94+7.20" 1.30+0.31* 118.98+14.25" 85.23+9.65°

region

B Ry ST BHELARIEZE” . —FN R [ BN AR 35 25 55 (ANOVA 4347, Tukey HSD 46258 ; P<0.05) -
Values are mean + SD. Different lowercase letters within a column indicate significant differences at P<0.05 by one-way

ANOVA with Tukey’s HSD test.
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Different lowercase letters indicate significant differences at P<0.05 by one-—way ANOVA with Tukey’s HSD test.
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Fig.1  Analysis of relative abundance of soil microbial phylum(A) and class(B) communities in major tobacco—growing

areas of southern Anhui
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Different lowercase letters indicate significant differences at P<0.05 by one—way ANOVA with Tukey’s HSD test.
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Fig.2  Analysis of a and 3 diversity of soil microorganisms in major tobacco—growing areas of southern Anhui
®2 WEETFS5HEEFEEEZER Mantel 7347

Tab.2 Mantel test results between environmental factors and bacterial community structure

WHEH T Environmental factors r P
pH 0.210 0.011°
F WL/ % OC 0.335 0.004"
2K /% TN 0.271 0.002™
2/ (mg-kg™) TP 0.111 0.031
BB/ (mg-kg™) AP 0.035 0.279
241/ (mg-kg™) TK -0.012 0.54
A 2/ (mg-kg ™) AN 0.089 0.085
B/ (mg-kg ™) AK 0.056 0.198

#F7R P<0.05, #4378 P<0.01,
* indicates P<0.05, ** indicates P<0.01.



543 AR A fg i A DX 337 43 S AR BRI WU R V& 1 LA DG R MR I B 17 - 1085 -

24 BRETEAERAXTEAFMESH

fi7E B T2 B DX LA 4R X AR 0 P T A5 20 14 ASV SR B8 TR, 3 T SparC.C R #4510 X 1) A 25
GyF 02 (B 3) o BRI X5 AT 8 i 22 (148) 1 6 1A 8 DX J B0 5 o A 0 2465 4 4 B, L 430 (1 255)
FPEE R (19.308) fie iy o BLAh , FETTAR X HA i i B X 45 28 15 (0.150) AR A () - B AR KB (1.512) L 1
A B2 R X 4% B AR e R (5.133) o MR 48 SR i, B 30 0 DX AR B A0 AR 5 A 5 (0.377) , 6 AR X e {1
(0.279) o (EAFIE R, 4 X A SRR W 0] A AH B AR FHYS R IE AR SE (R 3) o i e AS R IX i A= 9
P28 11 22 55, TR R 26 A ST FR B (3R 4) I AT U3 rAT o 25 SR 3B S AN (R DX A A 4 D 28 A7 AE —
ERCE I ASV  E A A I Mg s A R 25 5. BRI, 5 B A X R SE IR X AR L
WX IX VS AR XA TR 22 57 (0.919 5) o 3k IXMH X V'S FE T 4 X A 0 2% 85 R ARLARL , A S5 4 0
fi£(0.844 1) , MM 2 (1855%) . MHLLZ T, B MH X VS FE il A0 DX s A 4y I 4 H 52 ASV £ e /b
(754%), & A A R 22 5 B35 (706 55 VS 1126 4% ) B H M 28 A0 54 (0.876 6 ) AT T3k X AR X VS
BEPEIAIX o kS L[] R B RS & A0 XA P N 45 A7 AE — 3 A ASV, {E AR S 1 Bl 2 4 Do 24 L
AR AR A S IEE N e BAE SR S5 b

IEAH%: 648 IEAHL: 550 IEMK: 505 IEM*: 688

AR 471 FAHE: 368 fAHIE: 330 fAEIR: 567
XX HPE X B RRE X JE X
TR RS A LB W AT W 2R ] L E !
FEEI W) TEARSE IR EBS

P13 g g A DX A A W B L B R0 26 7 B
Fig.3 Co—occurrence network of soil microorganisms in tobacco fields from major southern Anhui tobacco region
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Tab.3 Parameters of microbial interaction network

ZHU Parameters IR IX A X B X B A X FEWIAH X

7 58X Nodes 148 131 123 130

B Edges 1119 918 835 1255
¥ 4% % )% Network density 0.103 0.108 0.111 0.150
I Average degree 15.122 14.015 13.577 19.308
R 4% 4% Network diameter 3.926 4.003 5.133 4.048
AR KB Average path length 1.728 1.700 1.737 1.512
H I RHL Clustering coefficient 0.509 0.526 0.478 0.528
gk Modularity 0.331 0.377 0.352 0.279
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(T AR 5, AR AL =22 5 1498 pH AH G s RDA2 Sl 1 %0 20.91% , T A8 5 3 287 + 3 Hlime il 4=
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Tab.4 Numbers of shared ASVs (or nodes) and unique edges (correlations) and their dissimilarity
between different networks from major southern Anhui tobacco region
JLEE ASVs =i AN o0 26 AN AR
X1 Areas . PR
Shared ASVs ~ Shared edges ~ Unique edges Dissimilarity of networks
DX X V'S B Y A0 X
j}ﬁl:}.ill: X . 88 82 1037 836 0.9195
Urban tobacco region VS Huangdu tobacco region
X AR X 2 AN X
i}ﬁ!:}i-ll:VST’ﬁ@‘jkI[: . 82 107 1012 728 0.890 5
Urban tobacco region VS Nanling tobacco region
DX AR DX V'S FE 5] 4K X
j}ﬁl:k-l:VS%{ﬁﬂkll: . 87 185 934 1070 0.844 1
Urban tobacco region VS Wuhu tobacco region
AR X 2 S X
hﬂgkl.!: VST’@B&"}{IE . 84 107 811728 0.8779
Huangdu tobacco region VS Nanling tobacco region
B X VS FE 15 8 X
,‘{J}*AZIII'ZVS%/EH}:I[: . 83 125 793 1130 0.884 9
Huangdu tobacco region VS Wuhu tobacco region
SIRIX VS TERE X
. Fﬁ&ﬁkl;VSaﬁ(ﬁﬂk‘E . 75 129 706 1126 0.876 6
Nanling tobacco region VS Wuhu tobacco region
Overall permutation test: P=0.001
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Fig.4 Redundancy analysis (RDA) ordination plot showing the relationship between significantly
changed high—abundance bacterial taxa and soil physicochemical properties
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