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Abstract; Tea ( Camellia sinensis L.) is one of the most important and traditional economic crops widely cultivated in acid
red soils in the subtropical zones in China, and the planting pattern constitutes the major artificial factor affecting the soil
bacterial community structure. However, the effect of the planting patterns on soil bacterial community structures and
functions in the tea garden remains unclear. To study the characteristics of soil bacterial community compositions and
functional groups under different planting patterns and slope positions, soil samples derived from topsoil (0—20cm) were
collected from the upper, middle, and lower slope positions of conventional ( CT) and organic (OT) tea gardens. Illumina
MiSeq sequencing and PICRUSt2 predictions were performed to investigate the bacterial community structures and functional
groups, respectively. Further, the Spearman correlation analysis and redundancy analysis (RDA) were also used to examine
the soil property factors that drived the community structure. The results showed that; (1) compared with the conventional
planting pattern, the soil bacterial diversity under organic planting pattern decreased remarkably, and the Sobs and Simpson
indices significantly decreased in the middle slope position ( P<0.05). Regardless of the planting patterns, the soil bacterial
diversities were the highest in the middle slope position. Ace and Simpson indices of the bacterial community in this slope
position were significantly higher than the respective values of the lower slope position under the conventional planting
pattern (P<0.05). (2) A total of 29 phyla, 82 classes, 190 orders, 316 families, 517 genera and 929 species were
detected in soil bacteria of tea gardens. The dominant bacterial phyla were Chloroflexi, Actinobacterita, Proteobacteria and

Acidobacteria. The dominant bacterial genera were AD3, Acidothermus, norank_f__norank_o__FElsterales, and norank_f__

Xanthobacteraceae. (3) The results of principal coordinates analysis ( PCoA) showed that the soil bacterial community
structures could be distinctly separated in different planting patterns. The community structures of soil bacteria in different
slope positions were significantly different under the conventional planting pattern ( P<0.05), whereas they were similar
under the organic planting pattern. The permutational multivariate analysis of variance (PERMANOVA) indicated that the
bacterial community structures under different planting patterns showed significant differences ( P<0.05) , whereas those in
different slope positions did not ( P>0.05). The linear discriminant analysis effect size ( LEfSe) analysis showed that 57
biomarkers were very sensitive to the planting patterns, with different planting patterns enriching different bacterial
populations. (4) PICRUSts2 platform predicted 6 biological metabolic pathways and 46 subfunctions in the soil bacteria of
tea gardens, suggesting of abundant soil bacterial functions. These pathways mainly involved metabolic processes, genetic
information processing, and environmental information processing. The organic planting pattern increased carbohydrate
metabolism, amino acid metabolism, membrane transport, signal transduction, and lipid metabolism of cofactors and
vitamins functional genes. (5) The results of the Spearman correlation analysis and RDA showed that soil alkaline nitrogen,
available phosphorus, total phosphorus, total potassium and pH were the main factors affecting the abundance and diversity
of the soil bacterial community. In conclusion, the organic planting changes the community structure and the metabolic
functions of soil bacteria, promotes soil bacteria carbon and nitrogen metabolism and enriches beneficial bacteria, and thus

is beneficial to maintain the sustainable ecosystem in tea garden soil.

Key Words; organic tea garden; slope position; compositions of bacterial community; high-throughput sequencing;
PICRUSt2 functional prediction
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U0 i BEAT BRI 2R 7 LR A B, B R R AR B AE A | A LA el 3957 0 Bl M 8 RV A 4 2 4 sk
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e B I L AR PR R AR . 53 8 Al 4 R 22 MO el L 3 i I B T A, AN )35 T 77 £ o R
R A P PR A C S S L SR PR T O, AT S B U W REVE R AR s 1 FEB R AN
FELAAR QR H RS BE] (X B ) A LRSS Bel 3 52, 23 s A RS 5 285 el - S A W e v 2 S =2
REVENT AL B AR R R HOR R AL b 928 5 i P 2R LU 45 BEPEAl A AR AR X B PR B 25 A 4
PERERIRCE , o m] S LS Pel ik — 25 4 RIS S A A dl

1 HARRBEFE

1.1 ARSI

FFE XA T4 4 s LU T rh e A S 2Rl A BR 2 I 25 i Rl AE B 1 (117°567E,27°34'N) 4K 435m, 1%
DX 388 T W A 2 A, DU 2B SRR FE A2 (P34 B BREHEL 1629h) | WY 2 231l (AR Y [T = 1926.9mm) , |
OB AP R KT, i N 2R O R Fr g 1 b AT 3R Ol 220, 22 AR I T BN, 382k 46 B
TR B ML, AR AR R EE ST FRAR S (] 2000 4F  H RS ORI A R AR T AR A A R
(N:P,0,:K,0=15:15:15)2250kg/hm? , it i 77 2 W H0ite , #c BEBF 2B AR (2 AIKE 3 H LA), Hfilh 30% ) Bk
FIBNE(8 A Al Ll 30%) FI4ZEHAE (12 ANRE 1 7, il 40% ) i AT, BREETE HERR &, A
HLES bel 42 B A WL 37 Uk AT | B ARt SORDEAE 2250ke/hm? , B6BE B2 B 2005 4F38 1o A M w4 B A IE
OIIE, H FUASTE FA HLBEE S FE A EAZ AR 1T
1.2 R R AE S A

I R] — 3% 1] 1 5 F ( Conventional tea, CT) FIA HLAS [ ( Organic tea, OT) i _L35 47 ( Upper slope,U) \H13
i (Middle slope , M) F1 3137 ( Lower slope , L) {E A g, 43-J1ic 4 CTU .CTM CTL,OTU ,OTM #1 OUL, 2k
FERTTA) A 2021 4F 3 F EAARCRAE S ULIE 1, 8 R4S e A AILAS el 22 (8] 9 ELAR R B AN 100m, FESE I | %8
T B3 R YE, EYEABEE TR 10m, 3 YA Z RIS AHIEZS 30—50m, FEREAN A VRS T 10m
T K% BRI 3 > 10mx10m FIRE T, SREBAHETT 0—20em HJEHEM, REF T 0—
20cm HJEMESL . BEAREMCRAE 5 A LRSI T SO IR A 26 T UK G ol s [ 528G = A A, RS
H RN LA A ISR 18 ARG, . B AR R AN RS TR , 0 FE R T -80°C Uk h , H F £+
8 DNA $2 A Z FEME 0 B s — 3B 434 b KT 5 23 3l 2mm A1 0. 149mm i T 4H 56 4 198 24k 14 ot
30T
1.3 Wik
1.3.1  HIERUEY DNA $2HUS w5 5

FREL 0.5g ¢ +330RE i SR 133 DNA $2BGR 7] £ ( FastDNA®  Spin Kit for Soil, MP Biomedicals, USA)
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1 FRERFEREFESTEE

Fig.1 The sampling sites of the research area

VAT, SR BUS AR S BRI B 04T, $RIEUK DNA FH 19 (1935 S AHEE I B PRI AR 5 B & | ] NanoDrop2000
BRSO GEE THAG I DNA B EEFNZERE  FvBE G4 Ja A i DR A7 T -80°C VKA HI T PCR ¥4, ZH w1 H]
16S i 519 338F (5’-ACTCCTACGGGAGGCAGCAG-3") Fl1 806R (5'-GGACTACHVGGGTWTCTAAT-3") #4749~
U A Rl 20l UMK ZR (4l Y 5xFastPfu Buffer,2 pL # 2.5mM dNTPs,0.8uL 4 Forward Primer
(5uM) ,0.8uL [ Reverse Primer(SuM) ,0.4pnL [ FastPfu Polymerase, 0.2l [} BSA il 10ng I DNA | #b
dd H,0 & 20pL, ¥"#8 444 .95%C HZE % 3min, 95°C 30s,55°C 30s,72°C 45s,27 MG, 72°C ZE{H 10min,
10°C B 3 F2 ) 58 i, & H lumina Miseq ( PE300, San Diego, CA, USA ) 1 il £ I )55 % 5 I 5 A% 35 40 14
16S rRNAJF A1 , Z4E 10 38 75 A 9 = 25 B A BR A /] 58 Gy T4
1.3.2 b

SR E % TR B S -4 M A 5 438 LB (SOM ) |, SR B ZUE I 2 H 32 & (TN) |, RS fig 5
O IR AL (AN) R F B BR DT LU A 2500 2 336 250t (AP ), SR KA 23 D606 B 12 0 7 4 498 s A%
(AK) 2K H pH THIUE 133 pH( /K R 1:2.5) R SR EA- KA G REVE NN 2 38 PH B8+ 284 it (CEC) R HHER
JIINGE + 345 (BK) , DAL Jr i 2 B A2 i ) EA 7 a0 b - A M I L2 1,

®1 FETEELER

Table 1 Soil Physicochemical Properties in tea garden

15 H7% WAL Conventional tea( CT) A BN Organic tea(OT)

Index st 2 LR T AL e i g A T
T A DU Soil organic matter/ (g/kg) 24.43 30.10 27.97 32.63 33.97 34.67
4% Total nitrogen/ ( g/kg) 1.34 1.04 1.49 1.46 1.26 1.17
R Alkaline-N/ ( mg/kg) 69.00 56.00 106.00 94.50 100.50 89.50
45T Total P/ (g/kg) 0.78 0.94 1.08 0.54 0.63 0.71
WA Available P/ ( mg/kg) 207.08 244.77 234.53 4.90 3.20 12.53
441 Total K/ (g/kg) 8.30 8.85 9.65 12.65 11.25 12.65
AN Available K/ (mg/kg) 100.50 83.00 72.00 106.50 220.50 131.50

. e

iﬁﬁiﬁﬁii capacity/ ( emol/kg) 18.56 15.27 13.40 11.04 12.34 11.26
pH 4.27 4.27 4.35 4.63 4.77 4.83
+ 2T Soil bulk density/(g/cm®) 1.19 1.18 1.14 1.08 1.11 1.02
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1.4 FHEAES S0 b

K H Flash FAEXTI0 745 SRk 4 7 it i i D8 AL B e 9 94 A5 B = B 7 91 . ffi ] Uparse 3544% 7341 i
TR FFMMIEER N 97%) , 1ER St fe b LB AR , 153 2I44E 43 2 80T (operational taxonomic units) Y
REFI, K TIRBNEAERAE S ITRT B PR 53 2505 B R RDP classifier DU 583 60 97% A BIK
SN E S R B TARR T I A T 0 2522 AT IR EE S A KO E B FEAR TR W Fh 2 A5 2., 2 TR 16S rRNA L
YR A Silva 138 (http ;//www.arb-silva.de) , & Mothur (1.30.2) T3 FE i B9 Alpha 22 A£4: 48 £OK 2 ke
WAEYIHEE T M ZREYE . SR QIIME 1155 Beta Z2FEMERE B4, >R R 15 5 (version 3.3.1) vegan X
PFLHEAT PCoA 43 M FE L, W G2 AT 7 24 00 ARDL P B8 25 S M, 4 38 4 1 T e R A a3 42 T D0 e FH
PICRUSI2(22.1.0) B AFFE AT 43 ), HAR A 2 BRI F-AE LR 737 F- 23 (hittps :// cloud. majorbio. com/) , 135
PR TR 451 5 PR BT 8] A AH DGR I TUAR 204 (RDA) R R 1B 5 vegan GFAT 0T IVEIR . R
FH SPSS(19.0) 3% - ESR AL PE 57 5 -+ R AN R 22 B P 48 BORN - 358 4 B D0 S50 ¥ AR S BE Y Spearman AH DG
PEFEAT AT o

2 HRE5H
2.1 PRI 0 2 bel AR TR Alpha 2R R RZ IR

FERFAREMAR 18 DL RS A 0 o e omw

BT 548250 4% XK Ry 410.30bp, 18 > IERE &y 21600 —a CTU

JEHER 23891 MNHHAENHITE, SRR L BB 0|

BT E Oy 880—1817 A, FHYH S AE HO8.T1%, M EZ ol

RTRRINATT LU  (12), kSR omren "

AL AR ETHR B R ETHAFE DA GO T 4 bkt

S5 el = R A MRV S5 R AR, IR B A R, 0 05000 10000 15000 20000 23000 30000 35000
FERREY Alpha ZREVES BT (36 2) 55201, R A N R e

AMULLXTACPA LA Alpha ZAFFERIAR. 2 AU 0.97 R TR TR SRR L
LA HLAPE - SE2H AT Alpha 2 BEPESE b KL Fig.2 Rarefaction cu;‘ves,(;f each soil sample at similari;y of 0.97
fgefen , HC R LA P T AL 1 AR Ace | Chaol CTU: % M2 FE 3% Upper slope in conventional tea garden; CTM ;
Simpson FRE B3 T R (P<0.05) , B3 firp W LS I Hr 37 Middle slope in conventional tea garden; CTL: A1
Wiy + 3 40 TH Alpha ZREVEFEAR Z 0] 22 R I # ZF T AL Lower slope in conventional tea garden; OTU: £ HL 2
(P>0.05) ; A HLES FE rf 3% 17 4 3241 74 Shannon $8 %k 2 3 Upper slope in organic tea garden; OTM; A HLAS & o 3 i
R TR (P<0.05) , FLT SRR 7E = A B = ] 2% Middlc': slope i.n organic tea garden; OTL: A #L 2% el T 3 fii Lower
FARFE(P>0.05) , [A—3 AL, H L bl L 58 40 iR e i e aren
Alpha ZHMEFRAR R Z 25 TA HLAS b, Horb i
s e A0S Sobs H1 Simpson F8EUE Z & TAMLASH , B LA AUMARA T T3040 i B 2R B0
FALRE(P>0.05) , WHERZET 220020, FE 7 UM A7 % Shannon $8E0F1 Simpson $8HGEZ A 1%, (H
JERE DT A X Shannon 48 5UFT Simpson $8 807 32 B A F .25 ; A Jr XA X Sobs 5% . Ace $8 %4
Il Chaol FEHU N 2.3 (P<0.01 5% 0.05) , {H % 8 HAE F IS IR A 8.3
2.2 RS R 5 XoF 5% el - SR AR TR Vi 35 AL 1Y) 2 )

PN 18 53 255 el - S ot ARSI 21 F 48 R R Dy 29 1T, 82 4,190 S H L 316 AR, 517 A48, 929 A
P MRS B3, 78 110 2K b, A A X B (> 1%) B9 A 28 %5 1 1] ( Chloroflexi ) | £k 14 ']
( Actinobacterita) ZZJE ] ( Proteobacteria) FRFT I ] ( Acidobacteria) JEBEE [ ] ( Firmicutes) \WPS-2 V%55 &
I"J( Planctomycetes ) KiERTE ] ( Myxococcota ) FIZEHLHI 1] ( Gemmatimonadetes ) , Fi i 4R 25 B 7] iR & 1] A8

http ; //www.ecologica.cn



8440 A E = 42 %

TETR I VR ERAT P T 1R 2 X AT 1T, 2005 21 1 e 40 T B0 72.29%—90.67% , 5 A AL (1K 3) A
WA e - AR 2T T ] R RE R R 28 S A 1) A RE G 3= BE A i 2 35, SR ST 1) RS ER TR T T L GALLS FIER AT
[T (unclassified_k__norank_d__Bacteria) FJAH X F W R,

F2 MERX AT E LM Alpha ZEEERRIE

Table 2 Effects of planting patterns and slope positions on soil bacterial community diversities of tea gardens

JbFE i1 Sobs %K Ace 1H%5K Chaol 5%X Shannon f§%X Simpson FH%X

Treatment Slope position Sobs index Ace index Chaol index Shannon index Simpson index

AR (7202 1434+57Aa 1765.26£49.77ABa 1766.29+45.57ABa 5.700.04Aa 0.0105+0.001Ba

Conventional tea (CT) g fin 1633£170Aa 1920.67+28.49Aa 1907.29+49.85Aa 5.38+0.06Aa 0.019420.017Aa
T 1361£165Aa 1690.84+149.84Ba  1705.41169.36Ba 5.6920.27Aa 0.0096+0.0035Ba

IR EHEf 1252+169Aa 1594.06+203.85Aa  1612.02+260.48Aa 5.4120.04ABb 0.0139+0.0029Aa

Organic tea (OT) i fr 1268+179Ab 1615.78+194.62Aa  1633.07+224.37Aa 5.630.24Aa 0.0093+0.0023Ab
T 1015+119Aa 1303.45£146.06Aa  1305.762143.17Aa 5.0920.35Ba 0.0246+0.0145Aa

E:ﬁffimm P 17.824** 17.681 ** 11.966 ** 4.441N 0.8521

A Slope position (S) 4.677* 5.437* 3.848* 0.935™ 0.893N

TR =B (PxS) 0.686"° 0.847N3 0.788N5 6.289 * 5.852"

ARNG FRFOR AR R Z 25 ARKE PRI Z BIZESE, TR « P<0.05, * # ; P<0.01,NS: 25 AR

TEJB 2K B 3)  MXTFEERT 1% e A 19 4, H AD3 IR % & (Acidothermus) .norank_f-_

N IO

_norank_o__Elsterales 1 g__norank_f__Xanthobacteraceae BUFIXT £ R T 5%, S EAE (K 3), HHL
25l - PR T R | 4\ B BRI R ( Sporosarcina) Fl JG30-KF-AS9 By AHXF 7= B8 #2 i & 14 Jin, AD3  TK10 }%

Ktedonobacteraceae IMCC26256 Fl OF53—F07 [T 32 % i 22 FA%

]

o ol

ok ks norank £ Xanthobacteraceae

—~ w™ A
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Fig.3 Relative abundance of soil bacterial community at phylum and genus levels in the different sample plots
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Fig.4 Principle coordinates analysis based on Bray-Curtis distance method of soil bacterial community structure
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Table 3 Results of the permutational multivariate analysis of variance

S0 Parameter F P it BR: R* Explained variable
gL Planting pattern (P) 6.7050 0.001 0.2953
Yifii Slope position(S) 1.3273 0.24 0.1503
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Fig.7 Spearman correlations between soil bacterial Alpha diversity and soil physical and chemical properties
SOM: +HEAHLET Soil organic matter; TN 5% Total nitrogen; AN B fif %l Alkaline—N; TP G Total phosphorus; AP: H{Z(# Available
phosphorus; TK: Ef Total potassium; AK: #AL4H Available K; CEC . FHE T 384/ i Cation exchange capacity; pH; BK: 1 3% & Soil bulk
density; * F/R8 P<0.05; * % FR P<0.01; = = * F/R P<0.001

x4 IEEFI RDA LROMBENE

Table 4 Explanatory weights of environmental factors for RDA results

- A I"T Phylum J& Genus

Soil properties RDAI1 RDA2 R? P_values RDAI1 RDA2 R? P_values
SOM 0.3762 0.9265 0.1255 0.359 -0.4249 0.9052 0.1534 0.314
TN 0.9691 -0.2468 0.1218 0.401 -0.945 -0.3272 0.1843 0.207
AN 0.8045 0.5939 0.3219 0.037 -0.9439 0.3304 0.2911 0.064
AP -0.6476 -0.762 0.5828 0.001 0.759 -0.6511 0.7498 0.001
TP -0.7077 -0.7065 0.347 0.045 0.7741 -0.6331 0.479 0.011
AK 0.7372 0.6757 0.1931 0.193 -0.8685 0.4957 0.1935 0.173
TK 0.546 0.8378 0.6143 0.001 -0.686 0.7276 0.71 0.001
CEC 0.7897 0.6135 0.0539 0.501 -0.9537 0.3006 0.0512 0.666
pH 0.7942 0.6077 0.5479 0.003 -0.8826 0.4702 0.6005 0.002
BK -0.8843 -0.467 0.228 0.151 0.9282 -0.3721 0.3095 0.061

SOM: +3EF HLET Soil organic matter; TN ; i % Total nitrogen; AN: #i f# % Alkaline—N; TP &L Total phosphorus; AP # %k #f Available
phosphorus; TK: &4 Total potassium; AK; #HELH] Available K;CEC ; FH# F 32t i Cation exchange capacity ;pH; BK: T2 Soil bulk density

3 g
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Fig.8 Spearman correlations between relative abundance of soil bacteria and soil properties
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Fig.9 Redundancy analysis between the relative abundance of soil bacteria at phylum and genus levels and soil properties
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Table 5 Spearman correlations between soil phosphorus contents and soil pathogenic and beneficial bacteria

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
AP .0.470" 0.678 ** 0.249 -0.538" 0.304 0.238 -0.639"" -0.436 -0.257  -0.592** -0.507 "
TP 0.514" 0.637** 0.221 -0.581" 0.218 0.156 -0.614"" -0.474" 0.014  -0.493" -0.552"

X1: AP E R Flavisolibacter; X2 ¥ fg 5. M 18 J& Sphingomonas; X3 & [CF J& Prevotella; X4 J5ZETFT W J& Paenibacillus ; X5 B 5. 38 F &
Pseudomonas ;X6 1AFL I E Burkholderia ; X7 ZEHFT B & Bacillus ; X8 1 2R 2E AT # & Lysinibacillus ; X9 BRIFR ZEMIAFT T JE Alicyclobacillus ; X10
S EMATH & Brevibacillus ; X11 2 PN & Gemmatimonas
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