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N EAR R R — Y WiRIH T
Kz % KR, BAKE LR, &R re
TAREARE ) AR T4 R A R T H A i v 7
M, HAEVRSEFEE, WERRE, BWmigh
B, ZXE R A TR o R A5G, RER
H A =R ), SRR AR & A = SR kA Rl B
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B, SR e D PP BOR AR TR IR T i 2= A
K ERFR AR e - AR R v SRR, B AR
T IR BEUM S B e M3l o

1 ARSIk

1.1 HREXER

T 6 8 F AR Ml A B O R S T A
Scaul (R E v EnE SR, 119°04'107 E.
26°13'31" N ) o FrabHbIE Ay 1l i i 4o J5t 28 H2
Mo, ARV, TR E R R
R BTSRRI RS -
KW R AR AHLFH34.0 g kg A
201 gkg'. &M 032gke. 8 13.0gkg . &
A 173.4 mg kg ARLWE 5.5 mg kg ', EHALH
49.5mgkg ', pH 5.3,
1.2 Wit

AR RSB (1) BEH-LH

(CK) ;5 (2) W=%-K#E (R-R) ; (3) HEXK-
KRG (C-R) ;5 (4) BRI IKAE (M-R) ; (5)

#H-KAE (B-R) o RRACFRR3REL, KR
KHHED) , BRI m® (K4 m, $52.5m) .
AR SR FRREET R PR . R St AT
JrREWTE RS R,

K A 20114210 H LA R Ag 0okl 5 1 1R
ML R R4 R AE 54 R R (Hoh CK AN Ay
BIF2012 ~ 20154 BSR4 M B T, & s
HD) o, 20154E 100 BAZSHR . TR A=
TOKALE, FAERKEAT, NX NI (30
em X 30 cm) , DU YRR KA, BRI S
AMER KT, 20 cm, R FEAEN (44 L
f]) B, 2 FAEVEYIBOR G 5 FF 450 A% [l [ Jf:
BEA L, HERRHRERE, AREA. KREE
B I Ab R LR K HEE A =

20154F 10 H £ /K R Wi AR 402k H T i i R R 4%
INKHFRE LRE (0~20 cm) 291 kg, T4 HRER
T, W E AR H A B AE-80°CIRAE, HI
T i 3 2 U F 4T
1.3 MEFE

PR A T R L M .
pHHZE W AKEHE (LK1 2 2.5) pHITIE, A
PLETOMR I H B8 BR B A M ARk, AR TN it

HLRE R, B TPHMA- APk, &4
TKHNaOHIE il — K UG EET:, HACA AN B i
Y, AREEAPHO0.5 mol L' NaHCO, R #-4H
BRIk, HEAEFAK1.0 mol L' NH,OAc #%
P — O BE I E

TN A DNARFEE . R AR G+
HEFLIH4IDNA, K HFastDNA SPIN Kit for Soil
( MP BiomedicalsZyr), JEE ) 5 &, i B
966 (NanoDrop 2000, FE ) ¥IIDNA
(VR FE N4 . DNAFE S RAF T —20°Crk A 5 H

16S rRNA KL P 1% i i i Oy« >R 38 H 5
¥519F (CAGCMGCCGCGGTAATWC ) HI907R
(CCGTCAATTCMTTTRAGTTT ) § #4075 16S
rRNAFEH V4 ~ VSIX . IER ST 54 &S5 bpid
barcodeJ A LAIX 7 dh . PCRIZBIARFR AS50 pl,
f14525 plf)Taqg DNAR G ( Takara ) , 2 WAYIE
514 (10 pmol L") , 1 wlfYDNARH ( £)50 ng
FEHA) , 20 plfY ddH,0. ¥4 21495 CHlAs 1
3 min, 95 °C7E1E45 s, 56 °C B k45s, 72 °C FEfH
60 s, 35MEH, FxJ572 °C P17 min, PCRy“¥4f
e, SYRNEIRG S, Eidlllumina Miseq V-5
(HMuminaZyw], SEE) #ATEERNT (fEREE
Bt Fi o HIEWFRT ) o
1.4 HUELE

HF QUME S M F- & X I A FASTQ SC 4R 17
gL PR RBRECAR L FEI HXE R
97 % AR AL 7K V- K] 43 524 43 25 BA 6 (operational
taxonomic unit, OTU) . ENOTUMHALHFF
VEVEAC FeEF 1), @it RDPHR A 1Y 2 2% 159 F1 432K
24 T4, RJTMothur A 2 REE SR
$ (Chaol . Ace. FARIGHRI AL "
i FHR K % 2 T Bray-Curits B 5585 gt E 17 B 2K
Mro KHlCanoco 5.0 FR{4xf BREE A 15 40 #F Vs 245
FJBEF7 704701 ( Redundancy analysis, RDA) .
K HISPSS 18.0#E47 481t #r, B Jr 22 70 i
(One-way ANOVA ) K5 22 kb 3 0] {8 22 5 1
E

2 45 R

2.1 KEREERXMASZHKEEENE M
A A REAERLR T 2015454 15 FH KRG = 5 e
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ATHRREm (K1) o RER-ZH (CK) A4
PRI, AR5 737 kg hm™?; B K-KREFE1E
(C-R) =i, M8 266 kg hm™>, Hik y#&-
KAEEAE (B-R) . M- KFEHRAIE (R-R) AR
P KFEERPE (M-R) , J=iHRIKCKT 737 kg hm™,
7 493 kg hm >f16 783 kg hm >, C-R. B-R. R-RAil
M-RECVERL K 1y 77 i 43 Bl 2 CK P Rt 1Y 1.4445 . 1.35
fif . 135 RIT.184%
22 KEREEAINLZHIIEELERIZIN
MR 1AL, KPERAERS A LA, 4
PR AR R o 5, B-RACFEAY + 2 A
TERE, HEUDE R TR-REGH, 5HARAE
AT B EER., SCKHME, M-RABEH &
WHZ W EER; HARAER R 2wk S a1y
AR BT (p <0.05) . CKAMBEAYAT RCBE & =
A%, 10U K14.92+0.72 mg kg ', KEHAEG 158
RS S (p < 0.05) , R-R, C-R,
M-RFAIB-R 5435 4180.36% . 89.48% . 25.80%
F179.83% ., CKAIM-RAL B 3 25 4P 2 i e 1%,
R-R. C-RFIB-RAk B[ 3 RH & & 5 il /& CK Y

10 000
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7000 F
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3000F
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1000

0

JKABF= & Riceyield (kg hm™?)

CK R CR M-R B-R
Kb Treatment

T CK, FER-LH; R-R, M3-KFE; C-R, FEAK-K
Fi; M-R, #a%-KHH; B-R, &E-KF. T Note: CK,
fallow-rice; R-R, rape-rice; C-R , corn-rice; M-R milk vetch-
rice; B-R, bean-rice. The same below
BT AR R A AR SO A R 7™ 42 (4 52 )
Fig. 1 Effect of paddy-upland rotation on rice yield relative to

mode of the rotation

1.04£% . 1.12F5M11.294%. SCKALFEAI L, /KR
YERE Y e p H W &3, — @ RE FZ8m T
+ERR AL REE

F1 AEKEBRERRILZHTIERE TR

Table 1 Effect of paddy-upland rotation on soil physico-chemical properties relative to mode of the rotation

e A HLBT £ e il AR Ak AL
OM Total N Total P Total K Available N Available P Available K pH
Treatment . 4 o 4 4 o -1
(gkg™) (gkg!) (gkg") (gkg") (mgkg™") (mgkg™") (mgkg™")
CK 38.49+2.76a 2.10+0.14ab 0.34+0.02b 22.02+0.74a 172.1+30.2a 14.92+0.72¢ 39.89+0.03¢c 5.34+0.11b

R-R 36.97+0.66a 1.94+0.03b

C-R 37.77+2.17a 2.17+0.03ab 0.44+0.05a 21.76+1.24a 161.4*10.7a 28.27+0.03a

M-R 38.76 £2.88a 2.10*+0.13ab 0.34+0.01b 21.71+0.65a 167.5+13.3a 18.77+0.69b

B-R 37.24+4.48a 2.23+0.27a

0.47+0.0la 21.51*1.17a

0.47+0.04a 20.78%0.77a

168.4+5.0a 2691+1.02a 41.51+8.50bc 5.66+0.02a
44.72+2.27b 5.68+0.06a
38.30+£6.68c 5.61*0.16a
166.6 £2.9a 26.83+0.88a 51.46+1.6la 5.64=0.11a

e RIS EEAR/NG FR RN ZER B (p <0.05) Note: Different lowercase letters in the same column indicate significant

difference at 0.05 level

23 KEREBRAWAZHIIBEAEREEFEE

M MR

Iluminays i &80 5745 8 2o, 1540 B3k
a RIS A ROFH1283 7745, BAEERT I
F10 782 ~23 78655, MPRIFIGEE o Fl B ZHEME
Rl EeE X BT RE S BE LA EL10 00045751 .
Chao 1#§ZUMOTUS H I Mt 5 B . MR
2A[ 1, CKALH T HEM I Chao 188, 5

3016135, KPFRAEBREAL T H 3400 1)+
&, R-R, C-R, M-RFIB-RALFChaol$§ %4
LR B IR 13.65% . 13.68% . 4.21%F
13.99% ., OTU%t H 5 Chao 148 %%/~ A A 4 25 1k
B, BUKERAERRIL T B EOTUSME . &
A RT3 3 % 48 BORT I ke - M 4 R R U A 2 R,
F2WR B -4 N DK R R L an i £
MR EEZS (p>0.05) .
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Table 2 Diversity and richness of the soil bacteria in the soil relative to mode of the rotation
Ak 3 Chao 1 464k BAE K HTTEE ARG R
Treatment Chao 1 index OTU number Shannon index Simpson index
CK 3016=*135a 1903 +116a 9.32+£0.36a 0.99 +0.00a
R-R 2 604 £ 240b 1593 +181b 8.74 +0.45a 0.99+0.00a
C-R 2603 +82b 1 626 =94b 9.01 £0.26a 0.99 +0.00a
M-R 2 889 + 123ab 1 667 £ 73ab 8.94+0.14a 0.99 +0.00a
B-R 2594 +219b 1627 +177b 8.95+0.29a 0.99 +0.00a

H: WA F R AF/ING FRER R 227 B3 (p <0.05) Note: Different lowercase letters in the same column indicate significant

difference at 0.05 level

24 KERERXMNAZHIIRMBEIEFZEMHN

AL

TETT KK, SRAELMER - a0 -
BEE A AL CHHXTFERE >1%) (E2) .
FEUFZZIEEI] (Proteobacteria )
BRFF# ] ( Acidobacteria) . AP &I
( Bacteroidetes ) . &2 &) ( Chloroflexi) .
WL ] (Actinobacteria ) . JEEBE T[]
(Firmicutes ) . {#% ] ( Planctomycetes) ,
2y A E EEAT71.88% ~80.09% ., 1AL,
HEAEHETT ( Armatimonadetes ) . Wi 1]
( Cyanobacteria ) . #EEH ] ( Elusimicrobia) .
FHMET] ( Gemmatimonadetes ) . AL IEHE F
[T ( Nitrospirae ) FIJEH T ( Verrucomicrobia )
GEMXTEERM (<1% ) BAIRBEE . &R Pk
A14.92% ~22.89% W , J& T B35 TN
ST B AR TR RIS

I & LI R A WA, &
41.61% ~44.82% . “BIL T 144 WA 19 43 1
ESRAELEME LA T4k (K3) . 5CK
HHE, KFEARAME L o A IE RO y -4 B A
XM (p < 0.05) , ARHmT
49.42% ~ 82.58%F138.92% ~ 61.48% . 1 & -AL I
PEAR T 2 B M CKALHE Y 14.95% T B 2K S48 4
WFRN8.95% ~ 11.29% ., J& T o -ZE T B 1Y M9
# H (Rhizobiales) f/EFFEEZW N (p <
0.05) . BR¥TH ] ( Acidobacteria ) ¥R M+
e 2 RAUSATERE, L3 B 7E CKAL B e A Hy
14.18% , /K PR AR R T AT i A0 F 2
(p<0.05), R-R, C-R, M-RHAIB-R%Jll 5 CK 4k

PRI T 62.36% . 48.84% . 33.48%F151.78%, #
K B 19 L R R 8 ST ) T RRAT IR T TR 2R

CE I eI N 7 < o R S D
EFEWRET REZL, W, AR
( Actinobacteria ) . fi§fLERTER [T ( Nitrospirae )
M2 ( Chloroflexi ) #ECK. R-R. C-R.
M-RAIB-RH A A XS 42 B350 1.10% . 1.40% .
1.55%. 2.01% . 1.62%; 0.35%. 0.75% .
0.98% . 0.75% . 0.81%F7.61% . 4.59% .
533%. 4.84% . 4.96%. S5CKH, KFEH
VE b S 700 4R TR T A A SR E TR T R X RE 4
G IN27.27% ~82.73% M 114.3% ~ 180.0%
M4k 25 W 1] (Chloroflexi ) Af Xt B 0] i /b
29.96% ~ 39.68%

+ MG B ORE K R R K OF 1 o A R A
THAE (K4) o KRB RAEL A D T E
GP1., GP3, GP6., GP18 ., Sideroxydans .
unclassified Alphaproteobacteria,
unclassified Betaproteobacteria,
unclassified Deltaproteobacteria,
unclassified Rhodospirillaceae. unclassified
Rhizobiales, Pseudolabrys. Bradyrhizobium |
Rhizomicrobium . unclassified Chloroflexi,
unclassified Anaerolineaceae. unclassified
Bacteroidetes fU M X £ &> 1%, H AP EBRATEI]
WM EER L, GP1, GP3, GP6FAIGP18Y
L EIEI9.79% ~ 17.19% . TEA [l §& 1F 4b 3
oA SRR W E R R, BIAGPT
WAL IR )& ( Nitrosospira) . 184 H & #
J& (Bradyrhizobium ) . Rhizomicrobium¥r
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100

- (o) *®
S S S
T

¥ Relative abundance (%)
S

CK

= Others

= Planctomy cetes

® Fimicutes

 Actinobacteria

= Chloroflexi

W Bacteroidetes

m Acidobacteria

= Proteobacteria
R-R C-R M-R B-R

Kb P Treatment

B2 2K SRR AL B - AR T I A TP b A 2RO AR X 5

Fig. 2 Composition and relative abundance of the bacterial community at the phylum level in the soil relative to mode of the rotation

50
45 t

proteobacterial subgroups (%)

AS TG W REFI XS = B Relative abundance of

u Alphaproteobacteria

40
35F
30
25 F
20
15
10
5t
0 1 " " 1
CK R-R C-R M-R B-R

Ab ¥ Treatment
m Betaproteobacteria

m Gammaproteobacteria = Deltaproteobacteria

I3 A5 7K 5B A b T A SR T A 20 A1 17 0

Fig. 3 Distribution of proteobacterial subgroups in the soil relative to mode of the rotation

CKAb 3 & & e AL, K5 1E G M X F & 4
%Uigﬂ[l61.77%~265.3%\ 67.76% ~113.6% .
4.78% ~ 60.75%F199.18% ~ 194.6% ; A ALIE 40
W ( Sideroxydans ) MIXFFEAECKA P i, 42
Vi S A = B U /0 33.68% ~ 57.85%
2.5 BELHH
YRR S AT R, SR . AES AT LA
Iy 2R, 125 CKFIM-R; %522%. R-R,
C-RFIB-R., HAZER-A NI = g - K FEFAE Z 1
THEANTEREE S C B 2 R . k. RE M
X3 AR AR Y 5 K R e R - A DA RV S A T

B S R
2.6 MEETXMKEREAFTHEKELIBMAEE
ELEMEm
- 1€ T A PR R AN DA R VR 2 R MR DG M A B
W23, OTU%CH . Chaol#5 %0 B4k K 78 45 %
HUIAREYE . HhOTURH 5TP ., AP ¥
K (p <0.05) ; Chaol FEX S TPHIAP M B %
AL (p <0.01) ; OTUSH . Chaolf8%15TK

BERFEIEME (p <0.05) . HSpearman’ sRL
XA (TR ) o A2 TE R R 4 e

e AT MR AT (R4) o GPR BN o -2
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FHXFFJE Relative abundance (%)

CK R-R C-R M-R B-R
b Treatment
mGpl ¥ Unclassified Acidobacteria Gp1 mGpl8
" Gp3 uGp6 ¥ Unclassified Bacteroidetes
m Unclassified Anaerolineaceae m Rhizomicrobium u Bradyrhizobium
W Pseudolabrys m Unclassified Rhizobiales m Unclassified Rhodospirillaceae
m Unclassified Alphaproteobacteria  m Sideroxydans u Nitrosospira

P4 2K SRR AL B - SRR TR T I A T AP L A AR AR X 5

Fig. 4 Composition and relative abundance of the bacterial community at the genus level in the soil relative to mode of the rotation

0.20 0.30 0.40
L ! |

C-R-1

B-R-3

CR2 ———

R-R-2

R-R-1

R-R-3

M-R-3 —— N
B-R-2
B-R-1

C-R-3

CK-2

M-R-1

M-R-2

CK-1

CK-3
Bls  AN[RDK A VR AL R 4 S A0 BRI Vi 45 A4 AR DL BE IR 12

Fig.5 Dendrogram of hierarchical cluster analysis of the bacterial

community in the soil relative to mode of the rotation
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TR BN EESTP, pHEM B EEME (p <
0.01) ; d-IEITSHTP, APREEMAL (p
<0.05), SpHEWBFENRMHIE (p <0.01) ;

v-EREIIMS EESAPEN B EIEME (p <
0.01) , SpHERZFIEMEK (p <0.05) ; RITHE

IR AT S TPREFEMX (p<0.05) , 5
pHEW B EIEMX (p <0.01) , STKERER
X (p <0.05) 5 ZRERIAHX B HpHE i &
FiAHE (p<0.05) .

R3 ITHEMRSERFESHEERMEXNE

Table 3 Relationships between soil properties and bacterial diversity index

ZREMERREL ZERIIN e N A4 BRA PER A T .
Diversity index OM TN TP TK AN AP AK P
BEESY JEPAICOTU 0.031 -0.199 -0.551% 0.525% 0.249 —-0.559%* -0.184 -0.565
Chao 1 #8%L
0.136 -0.234 —0.773%* 0.567* 0.242 —0.72%* -0.462 -0.607
Chao 1 index
1< %Shannon index 0.048 -0.073 -0.377 0.482 0.075 -0.368 0.018 -0.351
VM FRAE K Simpson index  —0.019 0.038 -0.032 0.262 -0.27 0.036 0.297 0.01
*, p<0.05; ** p<0.01
F4 TEMREARMBEERLNE
Table 4 Relationships between soil properties and dominant bacterial taxa (RA >3% in all samples)
U] - \ A . o .
HHLFEOM  LATN TP MTK  HMAAN  HREAP  HAHTIAK pH
Abundant taxa
|
-0.379 -0.143 0.575%* -0.438 -0.238 0.457 0.393 0.752%*
Alphaproteobacteria
B - IL T
0.036 -0.318 -0.336 0.318 -0.434 0.091 -0.560 —-0.064
Betaproteobacteria
8 I
0.229 0.064 —~0.539%* 0.424 -0.020 -0.529% -0.289 —0.716%*
Deltaproteobacteria
v -
_ -0.300 0.054 0.436 -0.157 -0.297 0.739%x* 0.489 0.612%
Gammaproteobacteria
R AT 1] Acidobacteria -0.089 0.029 0.550* —0.549* 0.018 0.482 0.321 0.698%**
U ] Bacteroidetes -0.007 0.107 0.343 -0.091 -0.319 0.382 0.263 0.396
425 ] Chloroflexi 0.050 0.039 -0.354 0.313 0.063 -0.275 -0.029 —0.640%
WL CANOCORK X MRS A 7+ Ml LA i A B EKF
BEIEIEATRDA S Mo 6 nT T, 55 —HE P il An
55 T HET B il RS T A TR VR AR AL 9 54.92% F1 3 F

10.75%, Wi Zfik65.67%, FWARBFFE EEEN
IRBE N T RR A 4y b ff Bf AN TR VR . M-RAFICK
REPRA; T — . P4 MR, B-R. C-RFIR-RALFEA T
. SR, &R RPN, L8ipH (F =
7.9, P=0.002) . AP (F=6.2, P=0.002) Fl
TP (F =152, P=0.018) X4 B HE 7% 45k i 52 0

BFRE-4 N (CK) AbFKFRE = miHRAL, K5
BAEG =R 2RI . M-R< R-R< B-R< C-R,
FEAESENK RE™ X — 2518 5 Xuan s 1 45 SR AR
—F, RN H T AR RS i AR 22 5,
IKAE = i G IR AR AE 25 5 o C-RAGIIK ™ ft e
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H18 266 kg hm™, #CK/= i 44.12%, 7= = i3
Jay Be 5 SR BTGRPy A 4 3% 43 e AT e A At R
AT IR A 5 1 KR AR 4 e o B
e P kAT Ak, SCKM L, KBRIER L
HETP. AP, AKHIpHII W34, XrlfEeh T2
VEREYAEFEIE H S AT LAY ASOIE R T 0 S5 (B AR
HEEMRE, ERE KA A 5 = S
WA ENE, SR EIETNMAN A 2 5 H A4 AE
AFREIF TG 3 2 5, R R TR I I e [ A g
S AR R R R R A Y L CRAR B A
pHIRAR, KPEEAEGpHI BN, XA — B
GHE T MRS, X RE S BRI L
AR B T RO G

AR5 2R e 3 £ 00 B AR R ¥ IR AN [ 7K 5
FAEBE AN TR 2R AT T A Y .
SRR, SCKMH, KES5Ea%, #U. &
KA R VR G RN 0 £ 8 BERRAK, A 5EL
MM FEEEEFREES . KERIERLENRZ
FEMEFR B S A R E 3 2 5 (£2) o LI L4
3V & e s ST B S e [ B R E S
AN SE S S-SR oy iU s £ P A e o A
NEMEBRG, BN ZEMW R LR E T
AT E A B RE R

AL K R -4 R AR B, UK SR EE AR I OR B
ARV iR W I AN B REVE 5 R, HUR R A 2O
O AR AT B R AR, FETT A ROKOE,
P LA TR TR 1] Ry e R DR S 2 TR R T Y
41.61% ~44.82% . BRATHEI]) ZHAET HA R
HAAEE T, R RIEMAEY RS, 2 L
UNTEZEREIS% ~ 46% 21 o AW BRFFEE 1 59 AH
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Effect of Continuous Paddy-upland Crop Rotation on Bacterial Community
Structure in Cold Waterlogged Paddy Soil

FANG Yu WANG Fei' LI Qinghua LIN Cheng HE Chunmei
( Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China )

Abstract A paddy-upland crop rotation field experiment, consisting of 5 treatments, i.e. fallow-rice (CK),
rape-rice (R-R), corn-rice (C-R), milk vetch-rice (M-R) and bean-rice (B-R), was conducted to investigate
effects of the rotation modes on bacterial community structure in cold waterlogged paddy soil, using the high-
throughput sequencing technique, and relationship between soil physicochemical properties and bacterial
community structure as well. Results show that compared with CK, paddy-upland rotation significantly
increased rice yield by 18% ~ 44%, but decreased richness of the soil bacterial community in most cases.
However, the rotation did not affect much bacterial diversity. Proteobacteria and Acidobacteira were dominant
bacterial groups in all the soil samples, and Proteobacteria was the highest in relative abundance. Compared
with CK, rotation significantly increased relative abundances of Acidobacteria, Actinobacteria, Nitrospirae,
Bradyrhizobium and Nitrosospira and various bacterial groups involved in carbon and nitrogen recycling.
Cluster analysis shows that CK and M-R belonged to a group, B-R, C-R and R-R to the other group in terms of
soil bacterial community. Redundancy analysis demonstrates that soil total phosphorous, available phosphorous
and pH were the main factors affecting soil bacterial community structure.

Key words Cold waterlogged paddy field; Paddy-upland rotation; Bacterial community structure;
High-throughput sequencing
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