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Study on Community Assembly Processes Under Paddy-upland Rotation

LIU Wenjing'?, ZHANG Jianwei', QIU Chongwen®, BAO Yuanyuan'?, FENG Youzhi'*, LIN Xiangui'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Guangdong Haina Institute of
Agriculture, Huizhou, Guangdong 510000, China)

Abstract: To understand paddy-upland rotation ecosystem microbial mechanisms, the community composition and assembly
processes in a paddy-upland rotation ecosystem were investigated. In addition, the samples collected from long-term flooded lotus
field ecosystem and fruit-planted upland ecosystem with the same parent material were also evaluated as the control. Results
showed that due to the particular niche pattern driven by frequent farming activities and fertilization management, deterministic
processes dominated microbial community assembly in both upland and paddy-upland ecosystems. In upland, the deterministic
processes were up to 78.6%, while stochastic processes were 10.7%. With the intermittent flooding, paddy-upland ecosystem
undergoes a relatively high soil fertility accumulation and favorable hydrologic connectivity, which formed a gradual-changed
inner condition. Compared to upland ecosystem, the stochastic processes (39.3%) increased in paddy-upland ecosystem. In the
same way, the stochastic processes (50.0%) dominated community assembly in long-term flooded ecosystem. In total, microbial
assembly processes exert great influences on community composition and functions, the increased stochastic processes favor the
microbial diversity and the interactions among microbes, enhance community resistance towards disturbance, which in turn
benefit the stability and sustainability of agroecosystem functions.
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P Ao R RN W A T 25 4 L R DR 2 ) Y O R 2
AR R AR ) A 25 2 RIS AR S I I ST R P
Vellend™ 7 1 A W 10 9 A4 AL R TE 0 55 450 3 i 11
T IR R TR, FEBERIE R — Bk Stegen 25 BN
FEVE ALY 4 DA SRR - [R) b B 3 A 5 T e %
aof R (B PR e A ) LA R R il 0 ) o P 4 i 7
(FEHLMET ) . ARG R A S BN E R 2R,
BIAnYIFRRRE . FPEOC R e g . HAFFIDY AR LA
WS (N pH. AR S48 VR S5 8 B
o i M R AR AR TR AR T T L R e
WA IR IR S50 o AR R, BEBLPECh MBS A
H R A RSO, BEVRSS A i A L FET L B
A e T A R R ], PR I A T S VR A
AR A AR T O . i DAk B AL R
P b AR S [R]4  F A  RE T H E, SAS BAS AT Bl
YRR A S e R R )2 TR ST 25 ROBE T Y
A WA TR ML A AR S R )

AR AR e BLE W10 N B PR R H AR R
e AT FRSLE Y BIETE . AT RS R A S R G K
B30I P e R A T e AR A fiE 0 VO X AR AR RS
RGL, TEEALIEPEAN A AT R e v ) SR bR
—, B ) L AR A R R IR B DA R
A AR L A U AT R AR S R G, KRR
PR AR H AR 28 R 40 D A v R B 2B 77 B ) D
R IR BE I A R R LR Y AT R Sk A AR &R
Gel>10 BRAME . IERE . K SO SRS AR A
IR A1, 135 ) U A W e 4 2R A0l e ] 2
PER)SCHER 2 A P x) HIEES Mok | A ALY R
filp ISR IR B A5 i 2 S m B (/R T 22 e
YA YRS, B 2 R A PR i 2
DifedetE, EE AR R TIRea Bl Tl s A B R S
TE R SRE!" 0 R AR RGN N E—K T 5
ERHARRG, HMEYW 2R 2, |
FEVE R0 ML A 8 . ASHIFSE B AE il i R 5T R —
IR REAES RS . REKRERIEES RS
DA B AR 0 K AR 10 7K A A 2 R Gl A R T A
2R, LIRS T2t A R R R
Vel

TEM o FLRZUAS AR R A S v, BN R PR A 1
W A S e Tl A P A s R ) R M R 3R TR SR A
T, W P R R YRR A e R B
2 DA A B sh /N AR v A4 AR
TR PRV R A TE 2200 TR PN 7 1 ik PR T A 4
BEHLE RO, gl A48k 32 BRI A9 38 sh (191 4n B

BEL MAEAE), HARRE R 2R, BT
FARS TR AR AR RS R, - RS T AT R v Ay e
AR PN, ORI R — AR s . fi i
AR OK Az A 25 R GU AR W T K IR 8 19 AR 9 32 4
FRPL Bl LRI TR AR RIS AN, I Z K B 3l
Pe e E M BEPLIEY 8, B AR FE S — ARk
RBEAXT T R A S RS, K AR T R Y i
PR R BE AL I R AR R S G O, T T
I ACIRES KA S RGP BENL M R fTRE S 25
PEAE o il i UK AR S R G TS A 25 b AT
BT Wt AT RS A T A 25 R GE RO TR IR 4E SR AL
DAAEE S ) R0 0 42 ol A 0 L ) AR R BRI T4
I a5 TAML A ™

1 #REFE

1.1 H#FmEE

RIGFEM T 2018 4F 8 HTET 74 S T kX
KB FIRREREE . Hoh, IR RG] TIERE
FE (R IHE K ) 5 K R F0 AR A 28 3R G T JR WL A ol
HE, AR R R AE); RIEES RGN
TARMFAE I RAE) . BB RGRE 8 MM,
It 24 MREF TR, AR ISR E S, T
T KU T DABR 2532 22 (7K 43 o 24 it 2 T A DL A
WK IG, RGBSR T —20°C UKA8
o TR AN L 4] DNA, FIRFES SE 4K
I3 0 FH 100 A A
1.2 TIEEEBAERNE

A WL (TOC) K FH H 58 IR A Akl e 5 +
B4 (TN R PG E BIL I E 3 + 320 (TP)FI 4
B (TK)SR FH R - TR A, 4] e 4 A L 83k
FHECEETHENE s A A (AN 2 mol/L
KCl $2H¢, sl e ; HIEa 2 AP)RH
0.5 mol/L NaHCO; $2H¢, FHx L Akl ; 343
BI(AK)R ] 10% HNOs+1% HF 14, HUSHEA %5
TR E SRR 3 pH R KR H
1 : 2.5 1242 pH it (Thermo, USA)M 2,
1.3 11 DNA $2E

- HERE 5 DNA (R IE HESER 2 DNA $2 G
#&.(MP Biochemicals, Solon, OH, USA)fdi F A BR L HR .
FEECAYFER 4] DNA % T 50 ul TE(tris-EDTA)ZE ift
W, IR 1% Bl REEE BRI R SRR . 25,
* ¥ W 2 & {¥ NanoDrop ND-1000(Thermo
Secientific, Wilmington, DE, USA)Xf DNA #175E &
oIl
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1.4 16S rRNA EF PCR ¥ i R SEEM R

AL G 519F(3'-CAGCMGCCGCGGT
AATWC-5")HI 907R(3'-CCGTCAATTCMTTTRAGTT
T-5")%T 4l 16S tRNA HE[H V4 ~ V5 028 X479
o IEMSIY 3UIMA S bp B HIBREE TSI 7 2 br
% (Barcode) LA X A3 AN[FIFE o 50 pl PCR K R ALFE
1.25 umol/L i ANTP, 2 pl(15 umol/L)1E [ Al [ 5|
7,2 umol/L  TagDNA & ff(TaKaRa, Japan)Fl 1 pl
(50 ng)i) DNA #&ti . Fr A+ 1S 3 435 IR -G A
LLVHBR PCR i B i ar PRIV 5422, xS
MELL T TH K AU DNA #idiz . PCR 9 3 2R AT
94°C 5min, 30 MEF©4°C 30 s, 55C 30 s, 72°C
45s), fxJ5 72°CHEK 10 min, FrA PCR =44 ot
1% BRIEHBEI AT 200 5 S A I L 1] QIAquick
PCR Purification Kit(Qiagen)2lifki®7| & 2lifk PCR ¥
=4y, 31 A NanoDrop ND-2000(Thermo Scientific,
USA)E Pk B . B A FFE LY PCR 7444 IR A5
BEIRIEHEATIR A, ] TlluminaMiSeq I 55F 4 1
A7 el Y

16S tRNA il Jy 2% K ¥ %1 {# HH  Quantitative
Insights Into Microbial Ecology(QIIME)- 5 #E47 4y
Bro BTEHRT 20, KEE/NVT 200 bp 7 FIBEEER,
FF MR 9% Barcode J7 81 5 4 b 247 DR IC o {3 FH cutadapt
Al trimmomatic 73 | L Br Y 3E 5 1 W Ak iy o), ff
H Usearch B4 08 97% AYAHLIEXT P 5 4T 3R
FOFHATIR A R B, KRR S AR OTU,
Horp B4~ OTU v 3 B d5 i 19 7 40 i i AR AR 7
5, WFhERESE SILVA 119 database(http://www.
arb-silva.de/download/archive/qiime/) 50 #& % . 18 FH
FastTree B . R G L BEWHLIT R RE KB KFEL
FEPE

M IEAFE] 601 514 Z& i i 16S rRNA FEP 5
5, FESTHITE 8 742 ~ 46 254 Fk. Ny T HEATAE S ]
ZREPELUES, KT A RS P G — i PE 2 8 742 4%
RGEZ =R eIL YR N
1.5 £EEEHE

BT RG K ERSE A58 V34 B Yy b
¥ B (between-community mean nearest
BMNTD) I £ if ¥ Fl 5 % (between-
community nearest taxon index, PNTI)i{#E AL ][
RERBHBRBH(RGE KT ZMHME). PNTI £R
BMNTD UL ML T AR (R G R B
A5, YRR E BEALE ) T A BEALE 2 [R]AY 25 5
AT R 844 “picante” T HALRY “comdistnt”

taxon

distance ,

IHRERSEM . BNTLFE 2 ~ 2 FoRpEY AL, M <2
B >2 TR e M PR R

Ak, AHFSE R FHZEAE Bray-Curtis [ 25 W
AT Z R B REYLE 2 (8] 2% 5 1Y Bray-Curtis-based
Raup-Crick(RCpyay) T I T HOR e ) A
PR AR R IEWLI 2] (1) Bray-Curtis {F FlIZ A
BRI ZEBATUEIL N 1 ~ 1o RCury fH<-0.95 EL >0.95
FoR WL INAE 5 Z AR U A7 A i 2 25 7

i P A e R () M R R (BNTI<-2) ML 57 JiT
P 36 5 (BNTI>2) 41 B o BE AL P 3o 7% A0 45 9 B i
(IBNTI|<2, RCyr,y>0.95) Fll [A] J5i ¥4 §™ L (BNTI|<2 ,
RCiry<-0.95) UWIHBNTI<2, |RCpyy|<0.95, NIFETE
g o e A PR R A o
1.6 HIESH

FET YR K Observed OTUs LI RFEET &40
KB K1 phylogenetic diversity (PD ZFE1E45 %01
T RAEREVE alpha ZFEM: . FET Bray-Curtis 15
(OTUs /KF)Fl BMNTD B (R4 Ak B /K ARE
HEZAERE S PT(NMDS)H LR R R 45t 25 5 . &
¥ £ 5C )7 2% 43 M7 (permutational multivariate analysis
of variance, PERMANOVA) [ LGB0 FETE 25 14 22 57
W, DL EaPr A R A “vegan” 1. FTES
BT (ANOVA) FH LA Z 48 B 1 4 1) 22 o0 p, A ]
SPSS16.0 114 . JUAR /T (redundancy analysis, RDA)
FHUABEATIE VR 2540 5 PR EE R 7 0 A DG M43 #T , 8 75 3K
SR IE A A FE IR N . AR Giit 4y
Br, AR K200 P<0.05 Al P<0.01.
H MENA 7£2kF- 15 (http://iegd.rccc.ou.edu/mena) 17
% A 285347

2 &R

2.1 HEBEEN

W 1 s, KA BAERUK B RS R G
i AR TR 25 A P R L 0 5, HAK R RAER S
Ean A AR AL TR AE RSB AE S RS M Z 18]
PERMANOVA 7345 1R, 3 Fike iy i =22 5] 2
IR IE 45 22 S g B35 (GR 1)
22 HEBEYWIAR

YR OTU Y B ZE R, ABFRAET KF 1
Pkt AF T 3 B S5 e A D0 S 20 B T R s oS A e
(B A A P FR L R 25 57 NIEL 2 B, TR 12K
b, 3FAERRG G R s R R . AR IR TR
["J(Proteobacteria) . BRFT | J(Acidobacteria), Zr%5 B
I"J(Chloroflexi), JERERE [ ](Firmicutes) . fAFFE ]
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Fig.1 Nonmetric multidimensional scaling (NMDS) analysis based on Bray-Curtis and B MNTD distances
F1 TRESAGARABFEEHES 100}
Table 1 Dissimilarity tests of bacterial communities among
different ecosystems using permutational multivariate analysis [[] Others
5T [ | unclassified_Bacteria
PERMANOVA Bray-Curtis BMNTD - [_| Planctomycetes
A S [ Proteobacteria
Lot R P R? P = S0r L] Firmicutes
) || Nitrospirae
= = || Bacteroidetes
KA vs BAE 042  0.002  0.794  0.001 5l ] Chioroflexi
Aci .
BAE vs KEEE 0366 0001 0624  0.001 [didobacteria
KA vs KR 0.285  0.002  0.513  0.001 0t - — s
K RBRIE S RE
(Bacteroidetes) . JHZLIA | |(Actinobacteria) . fiff k42 i€ 2 FEEDRSGT HIRME KA MFhA K

P T T(Nitrospirae). L, ZRJE BT A XS = BEAE K AR
AR RGN B K (39.75%), KR EAE
(29.5%) . PAEAB RGP EAR(Q27.13%). [FIFE, AT
AT AR AR G = B S AR ) A A, e 7K A K 4R
BHEAESRSE TN S SR 635%, 5.35%F
4.65%. THFRFF BT AN F B 2 BUAH S LA, 7EK
H(15.05%) . KR HAEQ29.5%) . FAE(35.6%)EEF
G N

Fig. 2 Relative abundances of bacterial community composition at
phylum level under different ecosystems
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ARSI E T AR AT RS W Observed
OTUs {ELFI PD fH, 43 FERAEMIFI KT FI R G0 K
BRI alpha ZFEM . 451 FM, WRKCE T 415
alpha ZFEPES R IUKAES K BRRAE>ZIEESREN
3 (P<0.05)( 3),

2500r 160
? ot §
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C L
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et 2 so}
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Fig. 3 Alpha diversity indexes under different ecosystems
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24 TEAFMERINEERFEEMNIN

AR SO FRAE A A A I S50 1 & T8 br o3 i 5 1 4
A 2EME BT A TR DG 0T, AR ST L3k 2 JB X 4
WRER A . RIS PE BT AS TOC, TN,
TP. TK. AN, AP, AK #l pH, H: Observed OTUs
F1 PD {84351 5 #AL A F 4T Pearson AHOCHE AT,

Bray-Curtis Fl BMNTD {255 453 1] 5 45 B A0 R -
17 Mantel AT, 45R B7R, Observed OTUs
I PD H¥5 AN # 53 HI 5 (P<0.01). [FIFE,
Bray-Curtis fil BMNTD [ 8546 (45 38 1 (TOC |
TN. TP FI AN)PA K pH 5 5 & 1EAH 56(P<0.05), Hp
5 AN [AHDCHE ik (35 2).

R2 REARFEFEHNEIERS TIBRUFZEEEEXES T

Table 2 Correlations between bacterial community structure indices and soil chemical properties

TOC TN TP TK AN AP AK pH
Observed OTUs 0.238 0.393 —0.08 —0.05 0.695™ —0.113 —0.254 0.188
PD 0.239 0.413 —0.068 —0.041 0.699™ —0.124 -0.254 0.184
Bray_distance 0.249™ 0.306" 0.293" 0.109 0.426" 0.08 0.051 0.404"
BMNTD 0.1317 0.264" 0.216" -0.03 0.4517 -0.009 ~0.04 0.345™
TR S KA L K BERAE. BEESR Loy KA
GEANHREY 19 RDA 255011 4 FR . A4S R Al
GUROANTRE R A AR AR — . TR 1(RDAL) o5}
R T BASS 56.21%, TAKE 2(RDA2)MRE T 7 -
MR 285%, % BILMRE T MR S ool /=
84.71%.. 7R i) 25 7% 5 121 TRV 40 K 2 5 5 - -l =
JEJ3(TOC. AN, TN Fl AK)JHH P fe . TOC, ™
AN TN 557K A K T8 R A 25 22 G 40 8 1 7 S B 03 K
BUFIGEARDC LR . AK 5 AR A RGBS P T

SBEIFIEMYER . 5 Mantel HXHELEH—
B, AN XTREESEHIAS S . AL R
BEBRAE K A FUK SR AR A 25 R 5 T 3 T M2k
BRG(E 3).

RDAI (56.21%)

4 TRETEGAERES TIRUFERA RDA H
Fr
Fig. 4 Redundancy analysis (RDA) of bacterial community and soil
chemical properties

R3 TRETSRFLREUFHERES

Table 3  Variations of soil chemical properties among different ecosystems

b2 ¥ KA KGR AR AR
TOC (g/kg) 929+222b 16.85+0.599 a 6.88+£0.632 ¢
TN (mg/kg) 960.62 +217.81 b 1167.84 +52.83 a 759.59 £ 68.31 ¢
AN (mg/kg) 128.75+ 18.85a 129.05+10.47 a 92.61 £ 6.44 b
AK (mg/kg) 119.95+37.03 b 196.66 + 14.13 a 160.27 + 48.80 b
e BPRATARVNG FREFR R AR A S RS8R 22 5 8 3 (P<0.05),

25 SFESWESH

ARG ToKA K EARRAE . BEAER RS T I
KAEMK NSNS SE, B S 5(OTU
0 (total nodes). iEFEH(total links), FHIEEASKE
(the average path), “F-¥JHE R % (average clustering
coefficient) . f& # FR %{ (transitivity) . & # &
(connectedness) LA M 5% (modularity), 2%
BB IR 4, Hr, BREBOIRT 04, £

R A BRI AES R S iR
L, KRS RE TR, FEASRE T &AK;
A LR RS 1 R BUAR [R] A4 R Fe s T 2 407
AR RG N i, WIS RS T MR E
P o X LeZE UL, 20 B 7R K AR K A RK
FRA ARG R S AR B T R A S R
4, X ] fede TR FAEE T il 152 R i A1 T 2L
T BRAN AL 8] A P i RIS E MR i
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Table 4 Topological parameters of bacterial network of each

ecosystem

WIS KA K REAE R
W E 1333 955 794
R 3611 1635 1672
TR AR B 8.855 9.213 8.286
TR REL 0.134 0.143 0.117
FUEY 0.141 0.135 0.203
SURPILE A 0.755 0.608 0.416
B AL FE 5L 0.91 0.878 0.897

2.6 WEBEEEMTHNEENELE

N T IRT WS AR A ARG T 0B e v 2540 22
SHEE, ABEFERES BNTL AT RChry 6 T
MR AR S R, SR 5 R, KSR AR AR R
GEIUAE W I R A ) A A A T B R i

O

KR

(32.1%)F il [R) Joi P 22 3 0[] Jo 4 9 o R 45
17.9%; KPEHAET, FFEERESRE S 50%, Rk
PEY HOI R 7 25%, §ROR SRR b 14.3%; FAE4
A R GEN VA AR A 32 o [R) e R RE (78.6%) K
B, PR E 10.7%. WAMREITE T 3 A ES
RGEBIR RIS Bt 72 DOKA B REAE S R
ge, [l b AR BN 17.9% 340 #)
78.6%), P ECTERR G AR AR 32.1% [EAREF]
10.7%) iE—25 50 B i o 1 2 00 ff o kil e () o
PERE + SEPERERR) . BENLEE (R BEY . + P
BRI R (R e R + [R50 Al
SR RGBS + PRURGNGEE 5), 4R R
N AERUK SRR AR S R G0 i e M 72 3 5 oK
ARG VLM R T i T RN 17.9%
F] 78.6%)ME BT FE(N 35.7% F 78.6%)Hi K/
2 RAEAERRGIS M, BV RN 50% F 10.7%)
ISP FE (N 32.1% 3] 10.7%) M FEAK

4

§ B [ABE Pk
B ¥ BRI R
W [y S
=R NGRS

B5 REESRGETHEDEENRESTE

Fig. 5 Relative contributions of ecological processes under different ecosystems

RS TRESRFETHEDREEMEMHEMS. BN,
BRIt U R R R
Table 5 Deterministic, stochastic, homogenizing and differentiating
processes influencing community assembly under different

ecosystems

EBRRG et REYLME R FREMEE SRR R

KA 0.179 0.5 0.357 0.321

KRR 0.500 0.393 0.750 0.143

BIE 0.786 0.107 0.786 0.107

3 iFig

AWM — R R — 2 e e R
SFRESKERIERMEAS RS T NEEYHER

d Hh BAEA R R G010 E it R A5 (78.6%) Bt
T, TR AR S R G e AR o R e R L A (50.0%) [
1%, TBENLE R 1 (39.3%) Fh i s 16K 3 s /K 1)

KA RG TR L2 TR, i RS
(50.0%). TERVESOKSERAEERRGE T, WALk

e ABHERE S, I EeE . AL S B, (1 1
PR~ R R A 3, R ZL A SN S5 I
—E M AR R, IR DEAE P PR S Le e 2k
FRoR, HER A th i Pl fe 5, %
PR R ARG . KRS i TR AE RO HEE
WK PRI T AU A FE , 1 3R %
DA, Sy ol A1) R A: i ik LA R 3R 404 K
R A ) M BR AP B A A TR T T R R, PRI B L
PRI, AR, BN R IR
JIB/N A TR AR, BARA A HLA R i
A ORI PSR S BOL A TR SR e e,
SRR T WCE Y SN P S i ™ e e
KA K A AR 2 R G P A 2 1 BIE : HAAE )
RERA A YL R 2GR 5). Bk, AU
FAFERBWAA R TIES . BB 4 MRS
T, IKAEFIK AR S R S8 h T KB TR il
A8 A SR SRR L, A R ) HURE SR PR
A A=A E S, T PR S R SA I )5
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LR BE , BT LAY HOE BRI e R AR S R G b L i
N, KREREASRGRZ, KEESRET R,
BYEARBRGT, BB BIARG 2 LR 2 it ey =X
S 2T R A YA REAE I IR B R SRR R AR
PRl LA d e (4 TR M R PR, T 32 7 A S
BIAHXT NG K AEAE R R G T, W [R] 5T 3 4 H 6
AR 5). [FBL, SRR m SRR AEAS R
GERPL T R 5). KA KERIELEERS
R R I S I R R B T R TE Y L 2k
SIEE,

TwtEKE KRS RER RTEREAS
G5, BEALPE R R A e e AR AR AL R IRk Sl v 45 44
HIE (L 5 R 5), W PEad e T LASR AR s A B
TR TiRE , T REA LI R RS A T 2R
B BE AR E S RGN BE MR PE RSt ()
B, B AL A P e b A e A T X R B A 85 A
e ksl 81— R E . B, BEMLIE S
FEXT T AT 8 28 R G REA 1E 7] BB HLAER 70, oK
He RoK SRR AR S RS8R B0 5 BEALPE 3 n] At
W& PR 2R LA S R G YIBE  3X — 2518 ]
FE A YRV 2 R RO 25 SRAS LIRS . TCieTE P
KR IE RS R TR, MEEEE alpha ZFREMEY S
P YRR A A S R G BRI 3). T, A
K53 Z 58 WU AR S R G R T B Al S = &
A IREE S5 . R, NI AR S50
REM] i R, KA RUK REARAE R R G T T B4
KIE SFHRE R GEEE R BS Y B EE T
BEARRG (£ 4. R UHEREAHSEH TA
PEAR JE R BRI, 7= T T Z AR, w2
BNZRAEY AR, [, KA RUK R 1R A
BRG T HRACIE S R BRI T R E B Y Fl
)38 . R PP Ak Wy T A RV R 1 28 R
FITF AT FSLE M AES R G

L WS - SR A AT DL R R R K
AR SR B S E IR h 3 . 3R MRS R Rt
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