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Bacterial Community Structures and Influential Factors Under Straw Mulching and Vetiver

Grass Hedgerows in Sloping Land of Red Soil

CHENG Yanhong, WANG Xinyue, LIN Xiaobing, HUANG Shangshu, ZHANG Kun, HE Shaolang, WANG Bingiang,

WAN Changyan, HUANG Qianru”

(Jiangxi Institute of Red Soil/Jiangxi Key Laboratory of Red Soil Arable Land Conservation/National Engineering and Technology
Research Center for Red Soil Improvement/Jiangxi Province Scientific Observation and Experimental Station of Arable Land
Conservation, Ministry of Agriculture, Nanchang 330046, China)

Abstract: In this paper, bacterial community structures were studied in the slope land of red soil under straw mulching and
vetiver grass hedgerows and their relations with soil environmental factors were also investigated in order to provide the basis for
soil microbial diversity maintenance and proper land management. Soil samples were collected from an experimental field (since
2009) with different soil and water conservation measures, including peanut contour farming (CK), peanuts + vetiver grass
hedgerows, peanuts + rice straw mulching (M) and peanuts + vetiver grass hedgerows + rice straw mulching (HM), the abundances,
diversities and compositions of bacterial communities were analyzed by high-throughput sequencing of 16S rRNA genes
(Illumina Miseq platform), and their relations with soil environmental factors were analyzed by using canonical correspondence
analysis (CCA) and factor analysis. The results showed that H, M and HM increased soil microbial richness and Shannon index
compared with CK, H and M dominated microbial richness, M dominated bacterial diversity, and HM had the highest number of
endemic species of bacteria. Soil and water conservation measures affected soil bacterial community structures, compared with
CK, M significantly increased the relative abundance of Proteobacteria by 5.1% and decreased the relative abundance of

Chloroflexi, while HM significantly increased the relative abundance of Proteobacteria and Bacteroidetes by 5.4% and 1.2%
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respectively. Principal component analysis (PCA) showed that bacterial community structures were similar between M and HM,

but significantly different with those of CK and H. CCA analysis showed that the activities of xylanse and N-acetyl-p-

D-glucosaminidase were closely related to bacterial community composition, and the contents of soil TOC and NO,-N were main

environmental factors associated with bacterial community.

Key words: Sloping land of red soil; Straw mulching; Vetiver grass hedgerows; Bacterial community structure; Soil physiochemical

properties
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1.1 R XHEER

TR 6 DA T PG 48 20 S0 5 T /K AR 56 o
(1162024" E, 28<15'30" N), 12X Ay HLI Ik Fr21 358
X, J@ T R, IR K & 1537 mm,
FEKE R AZEY R, E¥E 17.7 ~ 18.5C,
HER O U2 AT 3 R TUR B A, RS T+
BEEATRALPERR R . pH(H,0)5.0, AWML 16.2 g/kg,
4% 1.93 g/kg, 4 0.66 g/kg, 481 1.39 g/kg.

1.2 REigit

SENCRI AR T 2009 4, IRIG I B LA H A
FRHE (CK) , LA BCAFE 5 FSE 2 PR A LAl 1 e & A A
BH)., FEREERM)., FRAEE+RERERHM)3 A
KA AL 3, /NX AR 120 m? (24 m x5 m), 3 K
HE, TS . B 109 A6 & Rl
J B 991, FRAEZEEN 32 cm x 20 cm. FHRE
(Vetiveria zizanioides) & & [ 8 m XUATRME , BRATIE A
50 cm x50 cm; 78 i ff F AL TR AL A R S RS /N X
515 3% TR 4 500 kg/hm?, 56301 1] (4—8 )
5 R L i %l 60% ~ 70%.

B MR — i BT R AR RO, iR R
AR A 2~ 3 mo A AT AT I3 o A AR B T (R4
A 7 ) 2 ) R I S AR 9 % B, A b MR
fit MR H 1.65 ~ 2.97 myGHEA R,
THENFAAR B B L 1.0 m Py g62E R 08 o T b A
R B 2ok v 3 B X A A K i B A R AR, 6
VA A AR A1) % 30 ~ 50 cm.,

5 X 4% A T — o & 5 I8 (N-P,0s-K,0: 15-
15-15)416.7 kg/hm?, FEEEREIE(Ca0=180 g/kg, MgO
=30 g/kg, P,0s=120 g/kg)525 kg/hm?, 4% 4b B 15/
it 7 R FE A AR ) L,
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FH B R T FR A AN ARG s el v M A LR
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0.5 mol/L #ii FR #1¥= $ et U8, FH AL 3h i 5 o W AX
(Auto Analyer AA3, 7 &) & .
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ey BV W E R Y, kI o A OB T
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2 4 2 ifi (cellulase, CB)FIA Z M il (xylanase, XYL)
4 FhSSIRAGH AR, LSO 2 IR 2 3 K (leucine
aminopeptidase, LAP). N-Z. Mt 5:-p-D 42 JLA 4t
fit (N-acetyl-B-D-glucosaminidase, NAG)2 % 5 %A
B R TR 5 o FH /DN g S it 1) R T e AL R R
FE S B P (nmol/(g h)) .

1.3.3 +3E DNA HEBOR iy M Soil
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AIFRIL . A B RE AT 5 | P2 515F/907R, 514915
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e Y A DNA HEEOR AR 45 2540 LI IR AR i
AR A B W 56 A
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4% Chaol. Shannon f&%k. BAFEA M ZHFEME 4T
(Alpha ZHEME) AT L) S B4 TR A % 1) 3 B Fn 2 A4k
ik Chaol 48 £ 4 AF il v 240 oA RF 94 1 3 & B,
Shannon 48 %553 BT RE & Hh 40 R HE VR 1 Z2 RE . R
R & A AR ] (B4 [A])OTU (1 4 JEL (Veen) [ LA
B F 1554 (PCA) RIS X B 434 (CCA), IR
OTU FAYZESR, 1HIFES 035 B A RE S Y
W 28 B AR 1 P2

RISFHEE T SPSS 17.0 HEAT ALK & )y 2240 0r
(one-way ANOVA)FIAH 5 #T , 2 8 L 1E#F Duncan

Weftivk, WEMKE N P<0.05, £ &% Origin 8.0
BF . AARUESE TSN, R U Hr AT R
JER T 1% NS

2 HBREHS

2.1 AREKFRBEHETLEMAEFEEEM Alpha
T
ANFEAE R+ AN B 1Y OTUs 4 J& F1 Alpha Z k¢
PEWLZR 10 W3R LATLIE T, SXICK)HLL, Fi
HE (H)A BN Y F = . Chaol A1 Shannon ZFE
PEFE BN JCI B 22 5, AR E B AL EE (M FT HM)
B EHEIN T AR 1Y 5 BE AN Shannon ZREPERE B, H
H HM Ak BG4 B o & R AN R T M Ak
B, WHREFZMERERGEE 1), FREEE
BT i PRGN AN A R e 2 TR
TSR AN T 2R B R
F=1 TRKFRERTIREAEFEEEMSHEMEIER

Table 1 OTU richness and Chaol and Shannon indexes under
different soil and water conservation measures

b3 EEE Chaol #5%k Shannon $§%k
CK  736.67+£19.17c 3646.12+13.68ab 8.99 +0.04 b
H 751.67 £11.26 ¢ 3652.27 +85.94ab  9.01 +0.04 b
M  833.00%27.65b 3577.54+63.14b  9.22+0.02a
HM 94333 +2356a 3883.47+10546a 9.26 +0.01a
T5 2530 (F {H)
H 8.66" 4.29 1.12
M 4573 1.17 54.22"
H>M 5.01 3.96 0.06

. R FRSIARENG AR R A $a] 2% 7 i 2 (P<0.05),
* | o FRRAE P<0.05, P<0.01 AKF52m s R,

2.2 AEKGRIEET LIEMAEBZAMEME
F B EH TGt 501 A [6) A P K G4 it b A7
SO RUEDECH |, T LU WA [R] K LA it 22 1]
TE YRR AR IR S 1 B T 45 4b B OTUs
Y ESHO, BFEFRRFTEXIEN OTU $H,
gER IR, CKALEEM H, M, HM =Fp/K 35 iti4b
P A A AN S 2531 A1, H. M Al HM b3
(B AT A FI2E 400 A, H. M A1 HM b B+ HE 40
FREA PR B E T CK ZRBE(9 1Y), HM &b
FRARA R 81 B (M EARN 1.8%) BE T H 4
FRA R 19 Fh (5 BIRRY 0.4%) AT M AL BEARA Fl 26
Bl (5 EARRY 0.6%) (K 1),
2.3 AEKRIEHET LM E B EHRIFE
MITH 2K F (B 2), ZEJE 1] (Proteoba-
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cteria, 27.4% ~ 30.2%) . %3514 J(Chloroflexi, 20.2% ~
26.8%) . MRFT ] (Acidobacteria, 16.8% ~ 18.3%).
Jit £k 1] (Actinobacteria, 8.8% ~ 10.6%)F1VE 2% il ]
(Planctomycetes, 7.1% ~ 7.6%)%: 9 N 122 ArfF kb
HR A RS TE R, AT = B 2 RN 2 A SN B R
1) 90% , A LA P AL 45 JE BE TR ] (Firmicutes) FT4UFT
il ] (Bacteroidetes), 5 CK AbFRAHLL, M A1 HM 4b
B o3 ) G 2 B T AR B T AR X E B 5.1%
5.4%(P<0.05), F¥AK T4 EETTHAXT R, HM Ak
PRIA W E G0 T T TR AR FEE 1.2%, AL CK
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Fig.1 Differences in bacterial compositions under different soil
and water conservation measures
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Fig. 2 Relative abundances of bacteria at phyla level under
differnenrt soil and water conservation measures
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Fig. 3 Principal component analysis (PCA) of bacterial community
structures under different soil and water conservation measures
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Table 3 Contents of soil total organic carbon, dissolved organic carbon, NHz-N and NO,-N under different soil
and water conservation measures

Rt EIN CK H M HM
TOC(g/kg) 9.96 +£0.04 b 10.13 +0.34 b 10.81 +£0.21 a 12.56 £0.91 a
DOC(g/kg) 0.21 £0.05a 0.24 £0.66 a 0.15+0.21a 0.22 +£0.66 a
NH3-N(mg/kg) 98.32 +2.88 a 64.94 £1.47 b 39.42 +3.64 b 89.54 +£5.37 a
NO;-N(mg/kg) 18.57 £2.52 b 27.00 £1.67 a 17.92 +£1.61b 16.64 £2.10 b
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(o- MM HG: AG; B-HIWHIFHE: BG; £F4EZE . CB; ABMEME: XYL; RETREILINE: LAP; N-ZBiL-8-D &AM AMIHHE: NAG;
P AR [l /NG BRI AN ) 4 BR8] 22 578 P<0.05 7K 2.35)
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Fig. 4 Activities of AG, GB. CB., XYL. LAP and NAG under different soil and water conservation measures
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Fig. 5 Canonical correspondence analysis (CCA) biplots

representing relationships between soil environmental factors and
bacterial community at phyla level

x4 TERERFREEEERAMEZWHNEE ST
Table 4 Significant effects of soil physicochemical parameters on
bacterial community composition

CCAl CCA2 R? P

TOC -0.392 0.920 0.749 0.001**
DOC 0.902 -0.431 0.045 0.818
NH;-N 0.834 -0.551 0.090 0.681
NO;-N 0.512 -0.859 0.346 0.154
AG -0.961 -0.275 0.075 0.713
BG 0.995 -0.098 0.046 0.795
CB -0.407 0.914 0.222 0.302
XYL -0.409 0.913 0.648 0.011*
LAP -0.557 -0.830 0.020 0.920
NAG -0.327 0.945 0.562 0.025*
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