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Effects of Land Use on Soil Bacterial Community Structure and Assembly Process

HU Tianlong"?, LIU Hongtao'?, ZHANG Yanhui'?, WANG Hui'?, LIN Xingwu', XIE Zubin'"

(1 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Soil samples from 14 paddy fields and adjacent forestlands were collected across southwestern and eastern China.
Using 16S rDNA high-throughput sequencing, bacterial community information was assessed and analyzed to investigate the
differences in soil bacterial community structure and assembly processes under long-term land use as either paddy fields or
woodlands. The results showed that the bacterial richness in paddy field was significantly higher than in woodland, and there
were also significant differences in community composition and potential ecological functions. The relative abundances of
Chloroflexi, Nitrospirac and J-Proteobacteria were significantly higher in paddy field, whereas those of Acidobacteria,
Planctomycetes, Actinobacteria and a-Proteobacteria were significantly lower compared to woodland. The paddy field enriched
more photosynthesis, denitrification and biological nitrogen fixation functional genes. The bacterial communities in paddy field
were mainly influenced by pH, organic matter content, and annual rainfall, while those in woodland were mainly influenced by
pH and altitude. Deterministic processes, particularly heterogeneity selection (both 60%), dominated both paddy field and
woodland bacterial communities (62% and 68%, respectively). Despite the equal proportion of heterogeneity selection, the
intensity of heterogeneity selection in woodland was stronger, and community variation was more significant. The number of
connections in co-occurrence networks increased with the strength of heterogeneity selection. At the same strength of
heterogeneity selection, the co-occurrence network of woodland had more connections than that of paddy field. In conclusion,
land use patterns not only affect community structure but also influence the potential ecological functions and assembly processes

of bacterial community. In paddy fields, there could be a higher rate of nitrogen turnover, while woodlands may exhibit a greater
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potential for microbial interaction.

Key words: Land use pattern; Paddy field; Woodland; Bacterial community; Assembly process; Co-occurrence network
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MR A B AR . SR AES RG]
Fri & SRRl AR 4l
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1.1 BRREMSEIHIFIRE

MR 4 28 R T A 8dE, T 2015 4F 10
HOKAECE A NF EAR (L0 . 2R, i) AP
G = FE) 14 4B KRE A+ FE s R4 ST A AR R
A 0~ 20 cm REFER (R 1) BDMHELILS” B
KA 6 MEIFIRS) o FE SR AT A VK &S iz ] 512
1, BB R /NG IESTT, Wi —
SRR 80 C T HHEL DNA £ 5 —sr
AT WS Je T - A B M S o AR
SRR (AMT) FAE Y oK i (AMP) ML Worldelim
W3t (https://worldclim.org/) 3R, YRR 1970—
2000 “FRFEIME, W L
1.2 TEERAERNE

WA A E 4 R Ak T )
PEAT - AR A B 40 o A 1) S ER AL R A
4 pH. AP, W, &8 AR, 3L
B, 43 pH R LKL 12 2.5 BT ikilE s A
BILF R FH B TR S fb— Ak 5 2B R 6T
PR RIS ., SR L O 5 R A Al -
EARRRTNAE, JOGEEREETRIE ;A 3R IR R
- R, AHTE L BRI BRI R 2R
R, JIANEETHRIE .
1.3 +i#E DNA #2E. PCR ¥ iZX Illumina

Miseq Ml E
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Table 1 Information of sampling sites

PR s ORI % i 134K (m) AERR(C) AR K it (mm)

TLAR N P-01 i 117°46"29"E 34°18'42"N 20 14.44 683
F-01 20 4E K

FADINHIERS P-02 g H 120°32'46"E 32°10'01"N 1 15.12 1005
F-02 12 AR LR

LT P-03 FEH 120°29'50"E  31°33'51"N 1 15.85 986
F-03 15 AR RRbR

i P-04 g 121°023"E 30°57'35"N -1 16.02 1028
F-04 10 AEFF bR

LR P-05 e H 119°57'36"E  31°34'28"N 3 15.62 1040
F-05 15 AEFF bR

R T P-06 FEH 117°05'46"E 32°22'06"N 17 15.46 929
F-06 b

ES CON P-07 g H 116°47'17"E 30°12'30"N 9 16.95 1497
F-07 b

A P-08 T H 107°27'10"E 26°19'17"N 904 14.38 1210
F-08 H SR HE R bR

=R P-09 i 100°19'33"E  25°35'56"N 1978 14.63 834
F-09 H bk

Bt B P-10 g 106°35'09"E 26°31'36"N 1280 14.59 1123
F-10 AR A FA R R

PN YR P-11 e H 100°14'12"E  26°41'02"N 2206 12.15 807
F-11 e

Giglbay s P-12 FEH 107°49"28"E 26°12'45"N 885 15.69 1203
F-12 AR HE R bR

Bt YR P-13 i 107°29'11"E 27°42'07"N 790 14.67 1106
F-13 AR HE R R

SRR P-14 e H 107°44'19"E  27°17'31"N 737 15.02 1130
F-14 IR

for Soil 2K & (MP Biomedicals, Santa Ana, CA,

USA) 42 B + 3 4= 9 &, DNA, F|H] NanoDrop
ND-2000(Thermo Fisher, USA)ZrHri Bt DNA 3k &
PR, I 1% A BUNEWEEE R f R e
. R4 16S rRNA KK A8 FH 514 515F (GTG
CCAGCMGCCGCGG) 5 907R (CCGTCAATTCM
TTTRAGTTT) #fi.a,\ V4 ~ V5 XERF B, 1EM
1% S15F B9 3" A B HIBE 3 PP 51 1) 43 2 bR 2
(Barcode) LA X3 AN[AlEE . PCR WK ZR A 20 uL,
HA % Premix 10 pL. U514 0.4 pL. g4
0.4 uL. DNA #&#f 1 pL, fInJCiKEM 2 20 L. PCR
PR SN S5 R . 95°C 5 min, 30 x (95°C 30 s,

57°C 30's, 72°C 455s), 72°C 10 min. PCR F=¥1H 1%
B R EE i H Uk R iE AT 4tk , (] AxyPrep DNA
Gel Extraction Kit [ISC 7] & Iy 59 B 19 F Bt .

Fraifefs i PCR )¢ EE/RIRS), (1] Tlumina
Miseq AT 7347, 200576 h B at L IEOT 5T AT
3BT R
1.4 HEYEBESH

16S rRNA U J¥ 5 5 ¥ 41 fff FH QUIME 1.9.0
(Quantitative Insights Into Microbial Ecology, http:/
qiime.sourceforge.net/) #4773 41, 5¢ BUT F B4 |
KB ZERiRGH . #BIEEHITOTURSE .
YR 5 SRR . ZREMT R R G L B R Y,
KRR T 20, KE/NT 200 bp BF510, 4
UCLUST 534518 97% AR Fe 5130 7 S ARl B9
OTURY, WP B¢ Green genes database(http:/
greengenes.Ibl.gov/ ) B B . R T HEATRE AL E) Z 4R
OH, sl O PR A B I P R A [ 32 il 22 971
Gi—HhF-2 5 000 FHFEFTYRZHEAE M. R
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BHLZI0N 20T (ADONISK B ZH [R] 22 5 . 7EBF bk
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Bray-Curtis #5974 70T (db-RDA)F-45 & 1] Hil i
TS B 1 7 2 T A 5 A S R 4 TRV 2L =z AT 1)
FHOCHE o I € R ok o) e FELRUBA b 200 P87 3 % s i
TR EEHT. M Stegen 25PNk E BNTI
fH(B nearest taxon index)Fl RCpry M Ej(Raup crick
index based on Bray-Curtis distance), PNTI<-2 &
BNTI>2 s Mt 72, Horh pNTI<-2 FIR A Bik
£, BNTI>2 KR Tk ; —2<pNTI<2 FRonblbLiE
e, HH RCpray<0.95 FREIFY L, ~0.95< RCpray
<0.95 KRS, RCpray>0.95 T bR HI"
FERY LI LB, ALAR BA T AE AR S BORE  — 2 1Y
OTU, JFiT% OTU [a]AY Spearman #HIGHE, [UARES
FHRREKT 0.6 H W EM/NT 0.01 BYAHCREL,
FIH “igraph” A ERIZ5 I F Gephi 0.9.2 %4
PEAT 25 A AT RAEET . R Tyer S5P8TA it 2L a0
W28 P RGP AT 00 AT o S ik — 2D AT A B S o e

XL B 25 I R, BEHLAN 14 R AR
10/ MREA Y L SR 26, I3 1950 BNTIRE M f4 - 24 1
OIS ) S B e R T, 3 0 4 R AR A
o, AT BT

2 HBREHSH

2.1 TEHEFMH MR

Xof A HH 5 ] 0 A = 39 % B Ak M S AT
e A BB 1), e F A /008 5 52(9.62 ~ 57.38 mg/kg)
3B TARHL(3.7 ~ 41.4 mg/kg)(P<0.01), T 4280 7 &
(9.98 ~ 21.46 g/ke)| i EALTHMi(11.88 ~ 30.30 gkg)
(P<0.01). 75 LA PR . pH. A S8 51,
T 5 0 b 22 5 AN I 35 (P>0.05, Do Hrp, %
A HLT(SOM) & & 13.29 ~ 94.14 g/kg, b H
13.3~77.20 g/kg; FEH A pH ZE{LIE R 5.06 ~ 8.0,
MHb R 4.76 ~ 8.32; A H 28 (TP) & & A AR LG F N
0.27 ~ 1.05 g/kg, MHIN 0.31 ~ 1.36 g/kg; FH K
B AK) &R EIE BN 66.5 ~ 191.18 mg/kg, FiH
Jy 88.8 ~451.0 mg/kg (% 2).
2.2 TEHEFMM TIEAEE R AR MBI

e b ARTR TR T T (R 2 35.44%) 2 /-
WA 12E, H o ZRJE R AAHXT R 8.36%, B
LN 10.75%, v ZILHEN 2.89%, & ZIHHN
12.42%; HKIESEHE1(19.60%) . BRITHE]
(18.61%) . THLLHI1(6.06%) . THALIZHERTT(3.67%).
JEREDA11(3.08%) . IF&E W 1(2.59%) FIHUFF ]
(2.12%), XEETTREF I 5 A 900 7 51 1)
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Fig.1 Comparisons of soil properties between paddy fields and woodlands
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Table 2 Chemical properties of soil samples
KA eSS pH FHHLT (g/kg) 24 (g/kg) 2 (g/ke) HH (mg/kg) A 3 (mg/kg)
TLIRAR M P-01 7.85 28.93 18.50 1.05 174.55 57.38
F-01 8.25 30.90 19.05 1.26 181.00 13.50
PN IIE P-02 8.00 23.58 15.15 0.93 66.50 29.53
F-02 8.32 13.60 17.23 1.03 88.80 22.1
AT P-03 527 33.74 13.63 0.77 128.84 36.12
F-03 5.85 18.20 15.19 0.64 155.00 5.10
T EHH P-04 6.17 33.40 16.44 0.7 103.90 35.41
F-04 4.94 25.30 19.04 0.57 128.00 4.90
JDiN: v s P-05 5.85 25.34 13.39 0.44 137.15 25.36
F-05 476 26.80 15.10 0.62 122.00 15.70
KT P-06 6.09 13.29 14.96 0.36 90.00 14.69
F-06 5.39 14.30 16.33 0.48 179.00 17.90
BT P-07 5.65 15.51 16.03 0.68 75.00 29.51
F-07 6.94 13.30 18.18 0.94 78.70 11.20
Bt HA P-08 6.22 53.22 9.98 0.7 95.59 14.80
F-08 6.67 31.60 22.57 0.72 173.00 11.50
PP L] P-09 7.45 62.38 21.46 0.77 153.77 32.97
F-09 5.98 33.90 16.68 0.99 99.10 41.40
S BEH P-10 5.06 94.14 12.17 0.71 191.18 9.62
F-10 5.02 77.20 15.50 1.16 451.0 5.20
nEER P-11 7.45 61.40 15.46 0.89 166.24 37.22
F-11 5.99 58.10 11.91 1.36 418.00 31.30
GRLPRE S P-12 6.54 54.42 13.19 0.76 132.99 27.38
F-12 4.43 47.70 17.43 0.44 105.00 5.30
MR P-13 5.34 28.48 17.20 0.27 78.96 10.03
F-13 5.53 35.90 30.30 0.31 209.00 5.00
T AR P-14 7.45 50.68 14.16 0.86 187.02 24.15
F-14 7.12 33.70 11.88 0.36 114.00 3.70

97%(&l 2A) Ml A= 338 AR TE BT (AH X B 33.83%)
R EENRETIZE, Kb o 22BN
14.89%, B AEILH N 7.51%, v 7SI HMN 7.24%, & 7%
TEHEN 4.21%; HUCZERATHET1(31.15%) . KR
(8.33%) . ZEETHI1(8.07%) . IFEHI1(4.51%) . UFTF
I7(2.85%) . JEBER [](2.79%) FI A 1k 42 BE 7 1]
(2.14%), X LTI P H] &7 LT A 4l T 5 10
94%(% 2B)., A4h, R LHErPL ] ffbIZiE
BRI & AR 18 40 A0 A X 3 3 T AR (<
0.001), TIRATHI]. &R, LR o ZIE
A2 A AFDRT = B 0] d 2 I TR i (P<0.001, 81 2€).
WA = R 5 20T e 0 B v A T Rt A7 7
WS, MR E AR T 2T | BRER R I I R
AEH BT RESEA , Mikg H s THEEZHMEAERH . &
A E I A S A W T AAE TR DI RE S (] 2D). A

(7] (R RS Ao S 0 (B AR R b)Y T, b 55 )
AR AL AT i 22 S B AL AR fRRRAE , (R4
AR5 G 22 5 0k 35 (P<0.001, 8] 2C. 2D),
2.3 TEHMAMKTIEAEEE o ZEN
AR o SR, YR EE
(Observed OTUs) 2 = T-HkHI(P<0.01), T Pielou’s ¥
SJEEFEHOM Shannon ZAEPEFE B S M 22 55 R I 2%
(P>0.05, & 3A), pH SHARkHFIRE I I E A o 2
FEPERZIN 3 (P<0.01), TCiS/EfE A EMML, YrFp:
B Pielou’s ¥4 Shannon ZAEMFEEIY S pH
R EL R P<0.01, E 3B), MMk
B, kM A3 pH<6 B, AHRIAREH 3 pH BE T
MH(P<0.01), IHGEAS AR YRl 4= 8 BE L 2 e T
M H YbkHb 5 pH>6 I, FEHIFIARHLE pH 2557
ANEE, YRR N2 R AR EP>0.05, E 3C).
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Fig. 2 Relative abundances of bacteria community compositions at phylum level in paddy (A) and woodland soils (B), and statistical
comparison between bacteria phylum abundance (C) and potential ecological functions (D) in paddy and woodland soils

24 TEHMMHTEARER SHEMEEXF ADONIS Fa50 & BL(E 4A), Fef FHFURAH 20 TR A 7% 2
15 A F i fia) Bz S 3 (P=0.002), F&HARFER RS R 40 RS
¥ T Bray-Curtis IEZf NMDS A #Hrif45a WHREZESR . WS AR B REE 22 538 5
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Fig. 3 a-diversity of soil bacterial in paddy field and woodland (A) and its relationship with soil pH, and comparation of soil pH and bacterial
richness between paired paddy and woodland soils under different pH of woodland soils(C)
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Fig. 4 NMDS analysis of bacterial communities based on Bray-Curtis distance in paddy and woodland soils (A), comparation of B -diversity (B)
and RDA analysis with environmental factors(C, D)
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