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Analysis of Soil Bacterial Communities in Water Level Fluctuating Zone of
Three Gorges Reservoir Area with Different Re-vegetation Types

LI Yanjie' , JIANG Mengyun', YANG Junnian*, LIU Renhua', ZHONG Yan*, WANG Jing'

(1.College of Biology and Food Engineering , Chongqing Three Gorges University , Chongqging 404100,
China ; 2.College of Teacher Education s Chongqing Three Gorges University s Chongging 404100, China)

Abstract:In order to study the effect of different re-vegetation types on soil bacterial communities in the
water level fluctuating zone of the Three Gorges Reservoir area, three different soil samples, including pure
grassland (A,), pure woodland (A,) and covered woodland (A;), were used for physical and chemical factor
detection and 16S rRNA gene sequencing, and the effects of different re-vegetation types on soil bacterial
communities in the fluctuating zone of the Three Gorges Reservoir area were analyzed. The results showed
that there were no significant differences in the values of pH value, total nitrogen (TN) and total phosphorus
(TP) between different types of soil samples; there was no significant difference between the contents of soil
organic carbon (SOC) of A, and A;, which was significantly higher than A, (»p<C0.05). Correlation analysis
showed that the ACE index and Shannon index of soil bacterial community were significantly positively relat-
ed to soil SOC and TN content (»<C0.05), Chaol index was significantly positively related to soil SOC con-
tent (p<C0.05). There was no significant difference in the dominant bacterial populations in different soils.
The relative abundance of each of the six dominant populations of bacteria at genus level was significantly
related to soil SOC and TN contents, respectively (»p<C0.05). Redundancy analysis showed that SOC was the
mainly dominant significant factor of soil bacterial community structure (p<Z0.05). It is shown that there is no
significant difference in the dominant populations of soil bacteria under different re-vegetation types in Water Level
Fluctuating Zone , and the structure of soil bacterial community is mainly influenced by soil SOC.

Keywords: hydro-fluctuation belt in Three Gorges Reservoir area; vegetation; soil; bacterial community
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DA, T DU 1| 235 4 2R %, 8 PR T AR b i & L M Ak KT
b LRSS A e A 2R K AL Y = L H
MR, XBL5% A5, RAZRE Wil
AR HRR 17.7°C Wit B R 42°C, IR
T 3.7°C P 4E H BT 1 484 h, 24 F B R K
1243 mm, 7Z8JEEEHAE =02 K175 m K RT R
43 0 SR G R b RN B T B M
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MZAER AKX, 204 T 145 ~175 m /K ¥ 5 72 1 34
P R F R (Cynodon dactylon) 2% 5 v] W B
(Arundinella anomala) ¥ 5 (Hemarthria com-
pressa) MB B (Xanthium sibiricum ) %, i A\ Tk
Mo RN RN TR 27 F 165~175 m i 2, MoK
Y3 2012 4F >k B 28 AR & b & (Tazodium
‘Zhongshanshan’) , o 7 B0k M 50 A 4 3 Fh 0 Ty
FH . 49 AR — 8% R, N TR R
ARG T LLRZ ST R 5 85 %0, 2012 AE A% % 1) 4 25 iy i
BB TR0 AR S SR E2 3T 100%, 2020 4F 4 %
PERTESEEHD 165~167 m 7K #8541 28 7 o KK 8
RN 10~12 m, KEE A2k 200 d) 3T 2% 5%
JKTRTFR 2E 5 (A, ) AR (AL I BB (AL S AIFSE
XL EAFEIE 3 DEEAN (5 mX10 m), &
AP 10 m, 3 AR b IEAT 9 M FRY .

BEAF PSR EL 5 (OB B 5 AMEERE 020 em
FHER G G VE LR AT R BEAE LIRS
JE Y 50 em 24480 [N 58 . BORE I 5 2o B 4 0
BRAL T R R 55 0 JBORE S5 AR I R A O T8 R 4 (] 52
B, —ibar A —S0°CIRAEH T U E M Z R S #T
Pl HFE KT 5 T A A S 2
1.3 TEBAERME

13 pH (ERHIKR SR AL H LK 18 2.5
TRAT i H 30 min J5 U ; 1 384 HLIK (soil organic
carbon, SOC) % J H # B2 ¥ & -7 fn #4: (NY/
T1121.6—2006) P 5E 5 + 44 % (total nitrogen, TN)
KR YL (HJ717—2014) I % 5 + 3 4 B (total
phosphorus, TP) % Al NaOH 8§ 4&-4H & 31 5 6 6 &
P (HJ632—201 1D 5E ,

1.4 112 DNA 2EUE 16S rDNA il 5

A MN NucleoSpin 96 Soi i& #] & ( MACH-
EREY-NAGEL,Germany) #£ 8+ 3% DNA, 3/ 1 % 5ig
MR I H 9k I Synergy HTX 22 3y fiE 8 FL A G 0 4%
(BioTek , USA) Kl DNA 5B PEFLlfE . ] 338F(5'-
ACTCCTACGGGAGGCAGCA-3") #l 806R (5'-GGAC-
TACHVGGGTWTCTAAT -3) 5 ¥4/ #4014 16S rDNA
1 Vi—V, X, 50 pl §3EKFR 100 ng #EHR DNA, L5 pl
518110 pmol/1),25 pl 2XPCR buffer for KOD FX Neo
(Toyobo ,Japan) ,1.0 ul KOD FX Neo %% PCR i (1.0
U/ ub) (Toyobo »Japan) 1 10 pl ANTP(2 mmol/L), "4
M9 .95 C HAEE 5 min, 95°C 28 M 40 s,55°C B k&
40 s,72°C ZEA 40 s, 25 NPF IR, 72°C ZEH 7 min,
PCR 7= 28 1.8 %6 11 35 JI A 58 Jie v Uk A I s 10 Je [l
W, 2% 2 AL 5 A 3% AR YR A R A A Tllumina
Hiseq 2500 & ¥,
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ik J5, 7E 97 0 AHRLPE K SEAE OTUs 2K B F
RDP classifier L %F Silva 16S rRNA K % 38 %
it OTUs AR 7 50 /E ¥ Fh7E B 22 T Mothur v,
130T 5B i 1 ACE 4541, Chaol 484k, 2% £R 458 $Cf
FWIEE., F H Excel 2019 (Microsoftware, USA) 1E %k
PetE L SR R A2, Ho Kruskal- Wallis 3 H T
WA FEAS ] B S A W) 22 FE PR 5 22 5 B B M (o =
0.05), FL I R M Ml Turkey 2 F P 4 A (8] B4k
P25 55 B3 M (a=0.05), T B2 R & M & R 8K
(Spearman correlation coefficient, o) F F 1 i £ 4
FALH 7 508 2R R A R S R A
FHIAH M5 % A Canoco 5.0( Microcomputer power,
USMAYEIT AT/ BT (redundancy analysis, RDA) .
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f % 1 A, Al B (A AR HE (A, R B bk
Hb CA) I TR B Y T b e B =R TR
PE2Z S A AL 1) AR HLIK (SOC) F 2 8] T &
FMES HYEERT A, (p<<0.05);3 FhEEH Y
SHE(TNMER (TP FR®2Z MR EEES.
1 FEEH T EOBLER

- OH [ ﬁmﬁf}i %ﬁ{ %@%/7
(gekg™ (geke™ (gekg™
A 7.4340.43ns 17.89+1.05a 1.09%0.11ns 0.81£0.06ns
A, 7.11£0.46ns 13.6240.91b  0.8940.08ns 0.76+£0.08ns
A, 6.91+0.37ns 16.25+1.43a 1.0740.11ns 0.7840.06ns

VE AR /NG FAEFRORAE 0.05 /K P A7 E B F PEIE 5 ns FORAE 0.05
IS AR 2
22 TEAFEHEN«SHEM

X R U BOHE AL B K OTUs 2K, 45 1
ARLGAHEER 1296 4 OTUs, Hif A OTUs 0 H
Jg 2175 A, 4847 1 294 45 OTUs, Hirf 47 OTUs 4 H
J12; A3 1 222 45 OTUs, Hid A OTUs 3t H A
38; =H A OTUs $H M 852, T ACE #5%4.Chaol
FER AR AR BRI VRIS BOTAE Ay AR A, I A R
V6 425 A 2R 45 0 S O [ R s 22 8] (7 200 B T 75
FEEMERMRHERY AR ECGE D,

2 TEMEMTIEAEN o SE%EY

WA ACEHHt  Chaol #% EE R RS R
Ay 1388+103ns 1431£106ns  0.004440.0004ns  6.211£0.112ns
A, 1282447ns  1349+107ns  0.004540.0004ns 6.1104+0.073ns

A, 1347+58ns  1430+69ns  0.0048+0.0005ns  6.143+0.084ns

23 TEBUAFSAREREESHEN
A A BT 25 R R (36 3) . 131 SOC #1 TN
TR S5 ME ACE F & B 48 5O & W 2 K M 48 5
B EA X (p<<0.05),SOC &5 Chaol #5%k  %
TEAER (p<<0.05),
3 tHEYATFSHEEEE o SHEMIERMERXYE

Eicid pH {8 AL £ g
ACE f5 %t 0.500 0.783" 0.728" —0.317
Chaol $5%k 0.583 0.667 0.594 <0.001
IR 0234 —0.527 —0.403 0.477
ERE 0.300 0.767" 0.678" —0.450

0. Fam p<<0.05, FEIFE.,
2.4 AS[E)HE RO 4 T BE R A RS AE

geit Ay, A FI AL REHAE T K SF AT R B AR X
FEHEFF | 10 9 5 A2 W 0 3 b B AR IR R A8 B T 1)
(Proteobacteria) (36.67 % ,28.48%,30.67%) . R Ff
i 17 (Acidobacteria) (20.66 % ,23.66 %, 25.79 %) . &
5 ] (Chloroflexi) (13.38%,5.60%,7.61 %) . £
B0 7(Actinobacteria) (4.27%,11.51%.6.99 %), %
PAR B ] (Gemmatimonadetes) (8.21%, 8. 42%,
7.33%) .Rokubacteria(2.69% ,6.04 % ,5.91 %) . L #F
B 1 (Bacteroidetes) (4. 40%, 1. 07%, 1. 89%) .
Latescibacteria(3.75% ,3.00% ,3.08 %) . fi§ £b W& HiE &
I'J(Nitrospirae) (2.47 % ,3.46 % ,3.40 %) M JEBEF ]
(Firmicutes) (0.95%,3.65%,2.39%) (& 1A), 3 Fif
FEHL B TE R T ] JRR AT BRI ] VBRI ] LT AT 1] R 25
FARRL T 1] SRR ARG T B A, e rh S IR BT R AT
BTPIE 2005 3 £ 52 % D

WA 1B FF7R Ay A A FEHLTE A K 10 322
PEFFp BEAR R N 28 T B 49 ( Gammaproteobacteria )
(16.53%, 12. 62%, 15. 52%), Subgroup _ 6 (12. 28%,
6.87%,11.57%) . o & #F & 49 ( Alphaproteobacteria)
(10.61%,9.13%,7.83%) . 8- 28 & i 24X ( Deltaproteobacte-
ria) (9.53%,6.73%,7.32%) . ZF A E 49 (Gemmatimona-
detes) (7.55%,8.30%,7.04%) . NC10 (2.69 %, 6.04 %,
5.91%) . 2 #F B 49 ( Acidobacteriia) (2. 47%, 6. 84%,
4.47%) JRA 48T M (Anaerolineae) (8.58 % ,1.69% ,
2.83%) . L #F H 4N (Bacteroidia) (3.98%,0.89%,
1.82%) Fll 2 1 #T & 49 (Bacilli) (0.79%, 3.20%,
1.89%0), 3 FhAE M i) v-728 T8 T 49 . o 28 T AT A 4N
75 TV TRT 4R 2 B0 T 4 S5 D R o LA, L AR T
VRT3 Fh AR TE R A A RE o5 LUl 3002647 .
25 BATFHEAEMEBELEEAEFHEXYE

FEJE KT A AL R A, 1 BE 5 TP 7 350 X B
KF 1% R AT FERAR £ F B uncultured_bacterium
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_¢_Subgroup 6(12.20%,6.87%,11.56%) , uncul-
tured bacterium _{_Gemmatimonadaceae (7.25% ,
7.79%,6.54%) , uncultured _bacterium_o_Rokubac-
teriales (2.56% . 6.01%,5.83%), RB41 (0.58%,
5.36% ,4.44%) , uncultured _bacterium _p_Latesci-
bacteria (3.40%,2.99%,3.02%0) , ¥ 2 I 5 Jid o80 J
(Sphingomonas) (3.60%,2.19%,2.31%), MND1
(1.88%6,2.34%0,3.6100) » B AT & J& (Thiobacillus)
(3.40%,0.33%,1.14%) , uncultured _bacterium [ _
Anaerolineaceae (3.30%,0.54%,1.02%) , % ¥ &

others B2 Latescibacteria
E= Nitrospirae [l Rokubacteria
[===] Bacteroidetes [N Gemmatimonadetes

Actinobacteria EEH Firmicutes
Chloroflexi %] Acidobacteria
Proteobacteria ATTKTERESE
A, = S =
A,
A, j= =
0 20 40 60 80 100

X EE/ %

J& (Bacillus) (0.41%,2.44%,1.00%) . J& K 40
RO FIRE X R T 1705 RN 11y
MM AT g B B R (6 4) ,uncultured _bacterium_c_
Subgroup_6, HiFT H J& ( Thiobacillus) F1 uncultured _
bacterium_{ Anaerolineaceae 55 Fh Tt B AH X £ 1Y
54 SOC Ml TN 5 & I 3 1E A C (p <<0.05),
RBA1 FZEMUFF BB (Bacillus) SR ORI 2 B 1) 5
1458 SOC Fl TN % 1 4 & 7 4H ¢ (» <<0.05) , uncul-
tured_bacterium _o_Rokubacteriales FEE W FH Xt 3
JE 5 14 SOC & it 3 HUAHE (p<<0.05)

others Actinobacteria

E Nc1o [T Bacteroidia

=] Anaerolineae [N Gemmatimonadetes
Bacilli EHH Deltaproteobacteria
Alphaproteobacteria  [EZZ] Subgroup 6
Gammaproteobacteria

3

. =

>
S
L

0 20 40 60 80 100
M EE/%

B 1 R R R A
F4 BAFHAEMNBEMBESELETFHEXE

P pH 8 A LKk £ N
uncultured_bacterium_c_Subgroup_6 0.350 0.833" 0.728" 0.267
uncultured_bacterium_f Gemmatimonadaceae 0.450 —0.350 —0.402 0.067
uncultured_bacterium_o_Rokubacteriales —0.200 —0.717" —0.628 —0.117
RB41 —0.200 —0.850" —0.753" —0.300
uncultured_bacterium_p_Latescibacteria 0.600 0.617 0.418 0.483
Sphingomonas 0.500 0.650 0.460 0.517
MND1 —0.350 —0.350 —0.201 —0.200
Thiobacillus 0.400 0.850" 0.703" 0.400
uncultured_bacterium_{ Anaerolineaceae 0.400 0.850" 0.703" 0.400
Bacillus —0.200 —0.850" —0.753" —0.300

i — 25 R B RDA X+ 538 Ak Y AT H K -F- 41 3w

FRETE L SR i CHIXF £ B Top 100 847 BR 14 HE 7
ST (B 2) , RDA, AT B 5 2219 71.85% . RDA,
AR T 2510 5.16 %, Wi BRELAT MR B BT 21
77.01%, SOC, TN, pH {H 1 TP # 5 RDA, i #l
Koo SRR o A 45 R BoR L SOC R B 3 M
A F (pseudo-F =10.8, K IE p =0.032) , Hff B R K
60.7 %0 » B} SOC J& 5% M — e J2g X7 7% 7 + 18 4f o 7
TR 2 W E N (p<<0.05),

3.1 HETEAREEEKN TREELEFHRAE

5 — B0 il A L2 oK A R GEAN [R]85
KA AL T TR P A 3 K — 85 BRI b, L s PR A
JiANEL 52 A AR B (45 W) AL 52 K SCHRRAE J2 N 263 3l
SRR AP R RIS
i R A 1 S 0 pH (ELEZ T T AR B 5T
HRO Vi A [ A 52 AR Bl ) 4 pHL R R G 3 T 22
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T A R 2 [ AR TR R B it Lt R O 204
Sk PRLER (1) R ), A 37 R IR B0 B H A 1 R IR ) 1 Y
M =00 Tl R M AL RN RO (AL RE AL
Z R RTE Y DR S 2 SOC B8, #osx w6 R ke
i SOC & 34 1 2 T 2l dkih (A, (p<<0.05)
X5OAMEGE R, L5 TN M TP & &
e s N R A Sy Y N I NI RG2) B itk SR 7R 3
WrsEA ) ARG L 3 R OR [ R g RE M ) TN
TP Sy, H IO W 2500, i 5 380 40 0 55 45
TORFFEY ) BURE D A = K 2 K 58 T R AR
BB, B K G TE 175 m & FE DL EA A B B
M X ATRE S AN TN N F P ot RIiIEBA L.

1.0 F B, A
pl‘iﬁ Gemmatimonadaceae
B . AN
Latescibacteria V5 \
’\; Sphingomonas Bacillus
© .
\©  Anagrolineacea€
e
Q Thiiobacillus
e
I SoC .
Subgroup_6 _,,""
e 3
L N
¢ | MNDI
Cl
-0.6 b 1 1 1
-1.0 1.0

RDA,(71.85%)
B2 BATPLEMAHRBZMESELRETFH RDA S

32 HETAEEEEW L EMAE BT

e A0 TR R VR A5 R S R R A R 2 R OC R
WYL AHYIAR R W) K8 Ve W) Dy A R AR
Fe it T R SR A K AL 5 W) A B EUE SR AN RE IR (W] i
40y 30 3o AR I AR P 552 o 08 1 SR 43 L pHL
AR A I D F AL T T8 SR P 85, 3 [ ke o 1 o
20 TR A A B IR S A TR R T BT . AT I ST R B
NS L N B S o NI I N T 0 ¥
WY 20 TR AR T I S TR] AN TR A DX S R A
R L BFPRED . b A 5 v A A B
S L[R5 0 R E b R ER IR R B0 A TR R IS AE A . BFST
R WP HRMAES R R WG LR, 1%
PR DR 1 RIS R R 20 R W 0 S A R A R A
AR SR A 286,12 V0 o IV 2 [ 52wy - 8 240 TR VR 45
o KA Sy — Al A W A D H S RIR
S/ Z N AR S A TR NN iOR a2 E I /S 82 8

5 W) A A G B T S ) B LA S5 O R 40 4 R 2
MER WAL IR E AR SE., AR R
TIN5 7KW AT 5 ) = e J2E DX 1T - 9 A0 TR RV 45
A H K A7 28 A 2 BIK S 1 V& 7 1 198 4l TR R R
SER RS I B R ACHIF S B B A T KO v AR
R 7% BIF ST RE 3t L 22 AR K AL AR A B A — 2, 2%
R 3 P& A A Hb 1 AN B R R R 2R
TeW 25, SOC W2 5 J& /K A4 & Toplo £
PRPHE(p<C0.05) . Z5EF 1 19 e At ot , i 00 AH
AT e R T VT B A [ 48 2 A BiE i T R A 4 1
(19 A WL B E5 it 52 el - S 40 TR R VR 454 .

3 FiEE L O OL AR 1 42 S A2 JE 1 1] (Proteobacteria)
FIFRFF#1] (Acidobacteria) , H 1T 4K Top 10 1
PP AR 5 224 A I R SR AN R v 4
BRI, CABIR R AIEETT R R v BIEE
(Gammaproteobacteria) . 3% J& B 2K ( Deltaproteobacteria
N o 25T B 4W ( Alphaproteobacteria) 25 2H 1% , A X} =F B 24
di IR R 3006 . oI 25 R A HLYIRE AR S N JT
RAEFMEIRR , AF T IS B ] (Proteobac-
teria) Y-Z8 & B 49 ( Gammaproteobacteria) 1 §-7% £ 14 4
(Deltaproteobacteria) - Y5 AH Xt 3 FF 7 24 Bl (A, ) F
RO (A, 35S, o A8 JE T 49 ( Alphaproteobac-
teria) Y-V S HH X F FETE 3 P AR M 3 A — 2, WoR oA
[Fi) 465 S AL 48 O T 9% 7 - 59 % [T 0 OB G B S 5
TR AT B 1] (Acidobacteria) H AT W8 R Fl1 55 5 7 25 55 4L
HE NS 5A G R %M ME BT RIEIF S L IEA
AR EZEEH. N A LA AR, HIERY
pH {5 T B 3, B FF 18 1] A A X = 5 2 BT
X5 2R R T IE R E A EE S
T pH (AR SC A S5 IEATET . sHT] (Chlo-
roflexi) R 48 28 1 24X ( Anaerolineae) |32 43 5 T /K 2k
Ko e, R £ 1A Lk 0 R A
bl A (AL R B bR ML (AL HE 4l bk i
(A ] I B8 22 A Wy ke A4 L mT A F 5 A L I Aot 10
20 P R 4G B 83 TP AR L ) TR 4R 4 TR 2K ( Anaero-
lineae) A X} F= BE 4L .

4 45

(1) MK R T =0 X & A RBE
PSR 3+ 4 pH A TN Al TP & & LB & 2%
Sl e rp 28 K 8 R R S O TR RE A
pH HH hE,

(2) MK R T, =k o X T ¥ i AN [l 42
P TRURE Hb, - 398 1) 20 DR Vi T R R 2 R TC ) B 2
5o 3 IR b - S 1 2 R R Vs O SRR R A — 2,
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PLE v IE B A L o 28 T AT T 20 5728 T 40 0 25 B i
PSFE 2 5 KT H A FERE Y 309022 47

(3) T ¥&H 1 3 40 T 78 J& 7K 1 2 A0 35 Fl i
5445 SOC #1 TN &g 3 4 & (p<<0.05), H it SOC
S LR DX T S A0 TR R TR Y R T
(p<<0.05) , X ] g 5 A [A) 46 52 A 2 Y ml SR (ki A
PLETE A K
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