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Abstract; The seasonal dynamics of bacterial diversity within the rhizosphere of suitable herbaceous in the riparian zone of
the Three Gorges Reservoir Area were investigated using high-throughput sequencing of bacterial 16S rRNA genes. The
results indicated that: 60 phyla, 151 class, and 403 genera were detected in the rhizosphere soil. The dominant phyla were
Proteobacteria, Actinobacteria, and Bacteroidetes. The relative abundance of Actinobacteria and Gemmatimonadetes was
different across seasons in the phyla level. The abundance of Gemmatimonadetes was higher in summer, while the relative
abundance of Actinobacteria decreased significantly in autumn. The « diversity of rhizosphere soil bacteria of suitable herbs

showed a certain change pattern, the bacterial diversity index was the highest in autumn and the lowest in spring. The soil
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total phosphorus ( TP), available potassium ( AK), soil water content ( SWC), and soil organic matter ( OM) were
important factors that affected the microbial community structures of suitable herbaceous rhizospheres across seasons.
PICRUSt2 function prediction analysis of rhizosphere bacterial community revealed 6 biological metabolic pathways and 45
sub-functions. The metabolic function accounted for the highest proportion in the primary functional layer, which was
beneficial to improve the ability of suitable herbs to inhibit pathogenic bacteria and promote plant growth. The relative

abundance of 2 functions in the level 1 and 14 sub-functions in the level 2 was significantly different across seasons.

Key Words: diversity of soil bacterial community ; high-throughput sequencing; the Three Gorges Reservoir Area; riparian
zone ; PICRUSt2 analysis
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Table 1 Seasonal dynamics of physicochemical properties of rhizosphere soils

LH T e % BE | LENT %% 5% e

Soil factors Spring Summer Autumn Soil factors Spring Summer Autumn
T/C 22.87+0.41c 27.42+0.19a 23.8+0.14b TP/ (mg/kg) 1.37+0.05a 1.05+0.22a 1.25+0.07a
ORP 325.83+12.40a 326.5+12.88a  293.5+10.63a || TK/(mg/kg) 23.95+0.34a 22.01+1.45a 23.77+0.19a
BD 1.37+£0.042a 1.37+0.08a 1.40+0.06a || OM/(g/kg) 22.42+2.85a 23.07+2.84a 11.98+1.44b
SWC/% 18.32+0.51a 16.84+1.35a 18.86+1.09a || NH;/(mg/kg) 7.43+0.63b 11.33+1.62a 10.05+0.80ab
pH 6.89+0.036b 7.16+0.09a 7.37+0.101a|| NO3/(mg/kg) 1.46+0.12a 1.06+0.08a 1.54+0.29a
TC/ (g/kg) 14.25£2.26ab  17.46+2.91a 9.75+1.41b || AP/(mg/kg) 17.44+2.87a 14.70+1.44a 14.69+2.35a
TN/ (g/kg) 1.77+0.18ab 1.90+0.25a 1.18+0.14b || AK/(mg/kg) 15.33+2.03b 21.21+1.85ab 23.83+3.36a
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content; pH: 1.3 pH f pH value; TC: 134 H% Total carbon; TN: 134 %&( Total nitrogen; TP : 133 4> # Total phosphorus; TK: 13 4> #f Total
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Table 2 Seasonal variation of o-diversity index of rhizosphere soil bacterial community

R R

Diversity index

%
Spring

HFE

Summer

&

Autumn
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AR5 2L Simpson Index
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Fig.4 Redundancy analysis (RDA) of dominant bacterial phylum and soil environmental factors in different seasons
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Fig.5 Relative abundance of rhizosphere soil bacterial community in different seasons in level 1

AN PRy R A5 A D] 2 BE A AN [R) 295 22 53 .35 (P<0.05)

JEX 0 F AR T KT X 5 B AR AT S8 IX KOS 224 5%, ELIBURE 2447 - K & — EL R e R I e —
FE TR BE U] T BT A (A8 Al 2o i 20 T AR A LR A

http : //www.ecologica.cn



&t
B

9706 la SRS Bl 43 4

0.12; ®
A . 47
0.10} b_ab ER-E=
- i o k%
3 0.08}
=}
2
gg 0.06 bab
2
2 004
[
ba aaby,
0.02| 2 daby, apy,
maban Lbb aabe abab aabbababl I I
0 Ll Ll
S E oW % B E E B N E £ » o =
HOoN DN F oE K K £ N K ok oo £
- o #HOE ® H & @@
R = g &2 = W & g o
w b Q9 B & 2 P-4
e § = & 2 =
= z H =
= &
® &

TR T RERE ] Metabolic genes in level 2

E6 AREVRRAETRNINEEE _RIEEERE
Fig.6 Relative abundance of rhizosphere soil bacterial community in different seasons in level 2

A ING TR IR AR R B AN R 324 22 57 3% (P<0.05)

3.2 R[RZE1Y I A REASAR B b A TR v 5 AR PR R R R K R

FI I ZREME R B BT LA B — Pl i G A i Y | AN R 4R o b AR ™ ) i
B FREE R R E T A TR Y ARBETE R I ARPRAI T o ZREER AL N ARG, U] 1
PRI ) 251 Al b 3 BV A S AR P A0 B R v 1) S BN )8 HLR PR RV 9 o ZAFTETE AR SR
BNAK > E Z > 255, VAR PR 20 T b S Bl o [B] SRS S T 19 I, A 2 38 i 58 A8 DL 2R o it S 4 1 22
PRI URAE , R B o ZAEMERR B L iy, OO RREE ™, (IARBEE 4 R 5 Z AR 3K 5 =R IX
ST KL EE Ty A G, RV BROK ALz AT, A FR mUK LB AT, BRI VE K AL 8 8 T K AP 88 T 4R 2k
KBRS SRR AR R e, HLRB IR S 2B S BV AR MR BOR 2 T B (B AR AT 51X
HERKB L, LR ERUR P A IRERAT 2 BRI A W AR R Y BT R K e b A
P HE AR SO R A R DU AR R M 55— R B BT IR, SRk R Z RV R . BRI, X 2B 451
FW AR FEACHR PR A RV 22 AR 21 PR R AR e sl AT ] S i

R JREE pH fH A HURITEHLIR SR 178 Ak 1T LASE i S AR MR I 1 4548 % . RDA 43 HT iR | 5%
M 5 X3 A e AN AR s S8 A0 A v 45 4 A BRI 7 R 20 O ORP | R HLJT , 3 el 410 55
Husson JiEW] T +4E ORP &+ 4 Hi¥) GUEM RGN EBIKS RV X SABE ST 45 SARL, 1 75 Ry /K Bl
ACEE M, TR A R LIRS | AR I B AR, A il R O™ A A R T A LT R T R AR
SR DTG X 00 T A v 5 K e PSS M - A L X K 5 400 R VR 45 A AT S 350 (P<0.05) , A LT 35 &t &
TR NAAER HVIN AR, AR A TR o, (e AR A AR RO, () s m] ke A+ SR A ) BV I
St R M 30 AR ST b L3 U A B RETE 4 A AR DG, U R B A T B A
RLBAF O3 O3, £ S AE 45 BIAR K Blcay | - SEAR 2R 2 M08 T , s 1 S S5 ol A WD AR R A O A%
3.3 A[FZAYIE A REASR PR AN R D REAF AL

LB - SN TR R VE S5 40 1) S0 233 — 20 5 ) E 3 A R D BB A A, i = e A DX T 9 3 )
BIFE 22 AR P A A ARV 22 R X A0 B T e O T A RS . PLCRUST 5 7% ik DR 2HL 9F 50 AR IR, 8 Jon
EPREE, C ) Z A TR KR SRR A5 i U M D RERIT S

http ; //www.ecologica.cn



23 4 WS A R DR v R AN AR AR B 20 TR A 2 AR AR S S RE T 9707

PICRUSI2 D RETINZE SRR M, =W DX 7 7 i A REA MR B 1 3 rp A A i A% (5 B AL B BR IR (5 5
AbSE ANME R A LRGN SEE 6 > — IR Rz b | B =R oK AL A AT 45
RIREZE . LHEACETIRETE — S AR)Z b Lo dRe i, X5 X - AR B D RERIF S 4 2R — B0, AR
BRI A AL A A A DU AR B A SR AR RS AT e T 9 T 2 A e AR AR A 400 A D )
fEBEREI R R

BRI 2R B30 RS T L 3 o T A R R ORI Sl st T AR S TIRE Y . I Re R D, IR B
B R AGH oR AL S A I D REE A R R, BT 1 36% , h HEAN BT R Y B2 f D RE A A
YRR TR A U i 20, 2 L AN TR IE R R PR LT AR A R R AR o s B R R A
PR W A BB R A T 0 8 B o-BPR JHeZe e CO, e Rl A0 ULl A8 s e K Ak 5 1 1 AU U 5
S BRI ER S IE ARG A1 ) - M2 T = R B R T B AL AT RT3 A AR PR 2 T
FRERY M TRESE N U] 1 AR P A B 7 B IR P b k436 FE BRI ] 2 RE R A Ol v B A4 o O
SRR R T3 A BORTE W VR RPR AR BT R IOARIE 5 BAT, RPR LA o Z RIS B T IRAI, T
sk RN WFE R R B fe i F B, X — BB S AR S R Gy F B LA 5, v = B A4 1z iy D) BE 2R A ]
PP BTN S 5 AN 1 AR AR I, LA AR PR - S 20 T L T P IR K P R A K [ AR A
FEAEATRZE 1 P R B — € 22 5%, XS AN R 24 IR AH O35 sl A1 5%, HEL i U8 v 100 TR 3 70 A 0 114 24 2
S PUIE AR B A SORN 2RV | ST X E ST BRI A 7 A R s

JAE PICRUSK D REFTIN BEGS XS 40 B DI REREAT 73 Hr , 5L bl 12 2 RE T 5 A7 2 DR Bl SO, A 7 — 7 R
B0 S B T 4 s B AR X AR PR A 18 53 A RS AR B FALR HEA Tk — 2L 5T

4 g

R 7R DX A AR AR B A R AR AR A T R T A T A R T L A A T Y 22 S AN
RCHAAIL BT BRAT ] AAT R SRR 00E 2R APR38R B3 esi 1], -4 ORP 1 TP X 45
T2 AR S A AK V] B =200 TR V5 52 0 B35 OML Al SWC X Bk 70 200 TR R 9 52 0 B35, AR B - 408 48 7
DIRE T F W, = J2g DT 9 3 A AR P 3 b 5 C NP A SRR Rl R R B v

£ 3L Hf ( References)

[ 1] ChenF Q, Xie Z Q. Reproductive allocation, seed dispersal and germination of Myricaria laxiflora, an endangered species in the Three Gorges
Reservoir area. Plant Ecology, 2007, 191(1): 67-75.

(2] iRl =ik e DT P (9 AR S PRI ) AR O IVTRR A e e it , 2004, 21(2) : 32-34, 41.

(3] DFIR, REdess, skOA, Mefifs, XIZHe, BOHR. keI 78 X LR PR A A035 A PE VP4, A2 252741, 2009, 29(4) : 1885-1892.

[4] Tighe, 9ok, 2800, Fo3%, M/NSE, D350, KISE 2Kt 4 Fh =00 P8 X B A RIS SRR A R i Al A 5248, 2008, 32
(5):977-984.

(5] U3, KUK, Sler, HE, BLIUHE, STIRE, THAR. e D & M AR AR XK kAR S A i vz o AR 252 4z, 2011, 22
(11). 2829-2835.

[ 6] LuoF L, Thiele B, Janzik I, Zeng B, Schurr U, Matsubara S. De-submergence responses of antioxidative defense systems in two wetland plants
having escape and quiescence strategies. Journal of Plant Physiology, 2012, 169(17) : 1680- 1689.

[ 7] LiM, Yang D, Li W. Leaf gas exchange characteristics and chlorophyll fluorescence of three wetland plants in response to long-term soil flooding.
Photosynthetica, 2007, 45(2) ; 222-228.

[ 8] TLuwoFL, Nagel K A, Scharr H, Zeng B, Schurr U, Matsubara S. Recovery dynamics of growth, photosynthesis and carbohydrate accumulation after
de-submergence : a comparison between two wetland plants showing escape and quiescence strategies. Annals of Botany, 2011, 107(1) : 49-63.

[ 9] ZEmohA, Hses, skiapk, b, XN, 2280, =W DXHVE T 4 Fhid AR MY AR PR 5 ARRPR 1395 00 S5 RIS PERRAERT 9T, A= 387%
iz, 2020, 40(21) . 7611-7620.

[10]  #3Chr, AAH], Z2E T AKEMEX A HOEE ERK B TR E RN, B2, 2016, 25(5) : 49-59.

[11] Hartmann A, Rothballer M, Schmid M. Lorenz Hiltner, a pioneer in rhizosphere microbial ecology and soil bacteriology research. Plant and Soil

http ; //www.ecologica.cn



9708 JAE = 43 4

[12]
[13]
[14]
[15]
[16]
[17]
(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

2008, 312(1) . 7-14.

FRAEE, SKAREL. ARPREZEYIDIICERE. £HE, 2006, 38(2) ; 113-121.

Blndh, LI E S EBAGENL. s A Tolk kL, 1998.

Langille M G I, Zaneveld J, Caporaso J] G, McDonald D, Knights D, Reyes ] A, Clemente J C, Burkepile D E, Vega Thurber R L, Knight R,
Beiko R G, Huttenhower C. Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nature Biotechnology,
2013, 31(9) : 814-821.

EIETRK, MUGEEE, EATE, MIRH, EsE, EMRL WA TR TR SOR PR L R L A R, AR R, 2019, 43(3):
258-272.

A R, 3 M. bt HEAR T R, 2000 30-109.

Bt LA PURAOGREE N E. LHEALE, 1987(1) ; 43-44.

Spohn M, Widdig M. Turnover of carbon and phosphorus in the microbial biomass depending on phosphorus availability. Seil Biology and
Biochemistry, 2017, 113 53-59.

Caporaso J G, Kuczynski J, Stombaugh J, Bittinger K, Bushman F D, Costello E K, Fierer N, Pefia A G, Goodrich J K, Gordon J I, Huttley G
A, Kelley S T, Knights D, Koenig J E, Ley R E, Lozupone C A, McDonald D, Muegge B D, Pirrung M, Reeder J, Sevinsky J R, Turnbaugh P
J, Walters W A, Widmann J, Yatsunenko T, Zaneveld J, Knight R. QIIME allows analysis of high-throughput community sequencing data. Nature
Methods, 2010, 7(5) : 335-336.

Mago¢ T, Salzberg S L. FLASH ; fast length adjustment of short reads to improve genome assemblies. Bioinformatics, 2011, 27(21) : 2957-2963.
Douglas G M, Maffei V J, Zaneveld J] R, Yurgel S N, Brown J R, Taylor C M, Huttenhower C, Langille M G 1. PICRUSt2 for prediction of
metagenome functions. Nature Biotechnology, 2020, 38(6) ; 685-688.

Zhang T, Shao M F, Ye L. 454 Pyrosequencing reveals bacterial diversity of activated sludge from 14 sewage treatment plants. The ISME Journal ,
2012, 6(6) . 1137-1147.

Delgado-Baquerizo M, Oliverio A M, Brewer T E, Benavent-Gonzdalez A, Eldridge D J, Bardgett R D, Maestre F' T, Singh B K, Fierer N. A
global atlas of the dominant bacteria found in soil. Science, 2018, 359(6373) : 320-325.

TG, Bripe, AR T R e e 0P 00 20 P S0 3 b - R PR B PR R AR 0AT. R ASSRAR, 2017, 37(5) : 1650-1658.

W], BT, B T AR X A T RN R T A O AR AE SO R T AR AR SAAR, 2020, 40(4) ¢ 1316-1330.

Tebvh, JKHE, XA, SR, B, 225, MR, SeU. SCAR AT AR T AN B RE PR A AR AE. Al RL7, 2017, 53(2) : 89-99.
Dedysh S N, Ricke P, Liesack W. NifH and NifD phylogenies: an evolutionary basis for understanding nitrogen fixation capabilities of
methanotrophic bacteria. Microbiology: Reading, England, 2004, 150(Pt 5) : 1301-1313.

L33, Wed, WG, R, SRS FEwE AR 2 PR AR K SREERAE. Th RIS, 2014, 34(1)  176-183.
Kanokratana P, Uengwetwanit T, Rattanachomsri U, Bunterngsook B, Nimchua T, Tangphatsornruang S, Plengvidhya V, Champreda V,
Eurwilaichitr L. Insights into the phylogeny and metabolic potential of a primary tropical peat swamp forest microbial community by metagenomic
analysis. Microbial Ecology, 2011, 61(3): 518-528.

Lauber C L, Hamady M, Knight R, Fierer N. Pyrosequencing-based assessment of soil pH as a predictor of soil bacterial community structure at the
continental scale. Applied and Environmental Microbiology, 2009, 75(15) : 5111-5120.

s, SRoRVE, BhifESE, VAR, TAkE, XUNIPT, Sifeide, (R2r s, A v i a0 Xk =V S0 S e L SN T AR PR DT . 13
2015, 47(5) . 919-925.

THEEIN, AT, WA, RIE, WA, SRR, B, sRMEe, B, XUEURK. PG DURYD MR R A MR T3 A A RV 45 S T
RETUNN. LB, 2021, 41(10) : 4131-4139.

REIE, ARILH, AROFR, WIBRS, W IR WPAE DL BERUA )R AL bR BE - A B 2 R S T R . RSS2 4R, 2010, 30(11):
2883-2889.

PREE, BESC, WIS, KO0, G, SO, ki, Attt A HORED i m e ) R W AR AR RIS LR, 2012,
29(2): 189-197.

Thoms C, Gleixner G. Seasonal differences in tree species’ influence on soil microbial communities. Soil Biology and Biochemistry, 2013, 66:
239-248.

Husson O. Redox potential ( Eh) and pH as drivers of soil/plant/microorganism systems: a transdisciplinary overview pointing to integrative
opportunities for agronomy. Plant and Soil, 2013, 362(1) : 389-417.

Sahrawat K L. Organic matter accumulation i n submerged soils. Advances in Agronomy, 2003, 81: 169-201.

kil Y, SEk. R Jiat: 2 T RRA:, 2008 80-85.

Landesman W J, Nelson D M, Fitzpatrick M C. Soil properties and tree species drive B-diversity of soil bacterial communities. Soil Biology and

http ; //www.ecologica.cn



23 48] T AR R DT P S AN AR AR P A0 TR A 2 1 AL A e i B Sy RE P 9709

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Biochemistry, 2014, 76 201-209.

Ren Q S, Li C X, Yang W H, Song H, Ma P, Wang C Y, Schneider R L, Morreale S J. Revegetation of the riparian zone of the Three Gorges Dam
Reservoir leads to increased soil bacterial diversity. Environmental Science and Pollution Research, 2018, 25(24) . 23748-23763.

Dtk , Syl dUatAR R IR E AL - 3EANTA 1) PICRUSt JEFI N 43087 AR 252444, 2018, 38(6) : 2180-2186.

PR, M, T—, fhig, 26, BRI, PRICIE FHT DR KR ZTORY A0 2 50 S s 000 43 7. WIARE, 2018, 30(4) .
1052-1063.

I, R, WER, S, BEOGE. ARAETTR W VTR b R AR A AR TRV 2 AR PR RS . BREERLE, 2020, 41(9) -
4273-4283.

e, SRR, FA0F, APaeuk, Fmut, 82205, AEEY 0L A AR FORAE KRS B H A KR M RE I ITSE. smR R
. AR, 2015, 30(4) . 494-498.

Chen L C, Sun J Q. The closed-form solution of the reduced Fokker - Planck - Kolmogorov equation for nonlinear systems. Communications in
Nonlinear Science and Numerical Simulation, 2016, 41 1-10.

WuZX, HwoZ P, Sun Y Q, Guo L P, Huang L Q, Zeng Y, Wang Y, Yang L, Chen B D. Comparison on the structure and function of the
rhizosphere microbial community between healthy and root-rot Panax notoginseng. Applied Soil Ecology, 2016, 107 99-107.

UL, RGN, il B, BIAA. ANIRIARFN g L RSk 22 32 9500 1 B 280 M - ST A0 TR R 7 A5 A R S BE R RE IR U W) o A,
2020, 47(6) : 1763-1775.

Rahman M S, Quadir Q F, Rahman A, Asha M N, Chowdhury M A K. Screening and characterization of Phosphorus solubilizing Bacteria and their
effect on Rice seedlings. Research in Agriculture Livestock and Fisheries, 2015, 1(1): 27-35.

Somers E, Vanderleyden J, Srinivasan M. Rhizosphere bacterial signalling: a love parade beneath our feet. Critical Reviews in Microbiology , 2004,
30(4) : 205-240.

Elk, fERsn, B, HHEE, UK, RIUL, sk, B, AR AR shid AN AL Z 1 % PICRUSK SRETHIN 4347, BRI
Bl 2021, 42(8) ; 3875-3885.

http ; //www.ecologica.cn



