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{14 P I B ) b ST ARGHS 3 I 114 2 RN S X, 45
U 16.5 °CAERET 1 447.9 mm, 4 P39 H B8 1 531.4 h,
i3 N U e sl U R EA I EiR il oo = D EAR IR ]
R - AR AR UISRTHEZ 3 (0~15 cm)
A HLR & & 26.08 g/kg, &% 1.28 g/kg, 4 Wi 0.54
g/kg, &8112.79 g/kg,pH 4.84.

TR0 BB A AR B, 43000 R - R SRR (R
Fef-W AR ) P RE - P AR N R ISR 10 MR
DR .MROR .MPOR, &/~ 4b #3533 E A Ei A
AN ) Ak 3 22 ) i S e 8 Rt A FH s L3 1

MR BT, o R B &I $2e BEEE A < 43 BE AT - 7l
JE=4:5: 1), B IEAE RN — DA . AP
N 27.34 g/kg, &R 1.58 g/kg, &M 0.64 g/kg, 4=
B 12.11 g/kg,pH 5.13, /K53 & 28.66 %, B & A &%
i 2.53 g/kg, i AR & 1 0.51 g/kg, A% A HLIK
84.57 mg/kg.

DR BT, 7R 9 200 42 B3 AR - 4y BEJIE =

46T 1, Wi EPIE AR 6 I8 — WA T B A SR TR
JIE ¢ R BE A« 43 BE AR - AR =4 : 5 1t A, W A0 I
PERNE — Wt A o A BLBT & &0 34.38 g/kg, 22 A
1.60 g/kg, &M 0.6 g/kg, 48 12.44 g/kg,pH 5.17,
K4y 31.33% , A A & i 2.78 g/kg S A H
i 0.61 g/kg, ATAEPEA HLIK 83.22 mg/kg.

MROR R T, & A N8 A HLIE S 4F by 38—
YOt . A ML &N 26.23 g/kg, 2 A 1.47 g/kg,
W 0.57 g/kg, &8 13.58 g/kg, pH 5.22, K43 &
26.33%0, B A 1.92 ¢/kg SR G 1.19 g/kg,
ALV A LK 85.46 mg/kg o

MRPOR# 0T, A HUAE I AE by A — Vit
INERRSHE 40 d JE Wk B Ak sk . A HLE S
26.04 g/kg, 4 A 1.36 g/kg, 4 B 0.60 g/kg, 4= Hf
13.00 g/kg,pH 5.38, 7K 73 % & 25.33%0 , BE S A & =
1.87 g/kg, W 25 A & & 1.04 g/kg, ol iF M A MLk
78.76 mg/kg.

F1 ARBHERN TR HEERRKR

Table 1 Amount of fertilizer applied of four farming patterns

kg/m*

Qb PR Treatments

JEEFIZE Fertilizer types

Jiti it Fertilizer amounts

g (MR)

Middle season rice

XMZEFE(DR)

Early rice-late rice

PRG-I ZE(MROR)

Middle season rice-oilseed rape

g -/ A S-SR (MRPOR)

JRZ Urea(N:46%) i BEHR%E Calcium superphosphate
(P,05:12% ) FIEALAN Potassium oxide (K,0:60% )

JR# Urea(N:46%) i3 #2455 Calcium superphosphate
(P,O;:12% ) A8 ALHT Potassium oxide (K,0:60%)

N 126 .P,0, 110 .K,0181

N 84.P,0; 88 .K,0 88;N 105.P,0, 110 FIK,0O 154

A NE Compound fertilizer(N:15% ; P,05:15% 3 K,0:15%)
HAHLAE Organic fertilizer (%7K i Water content 23.4%,
T35 N Dry basis N 2.85%,P,0; 3.42% ,K,0 3.13%)

N 124.P,0; 142 \K,O 133

A HLAE Organic fertilization (7% 7K it Water content 23.4%,

Middle season rice-pakchoi-oil~
seed rape

T N Dry basis N 2.85%, P,0, 3.42% ,K,0 3.13%)

N 90.P,0; 108.K,0 99

2017 AEMe RIS AR5 T 11 A 3 BRI FEHLZ A0
AFEHHER R 1 0~15 em BYBHEZ 3900 5 2E 17 B
B, BB M 28 BRI RS, F8 MR S5 93 PR
gy, —HBAry 200 g LHERESL B THACEEE IS 5N
K HE AR E TWAR S, T—-80°C
VKFEORAT , T BB E 1 SR S5 H0 93T 5 o — 3 4y
B BRSO AVK &G T 4 CUKFRORAE T 3
P AR T I
1.2 TEBUMRONE

PRI ORI R R
FH HLSO, 8 Ak 5 2R FH U 8h i 59 20 A G AT 7 (F1-
Astar5000, FOSS, Sweden) ; 428 15 72 502 - i R
P S R SR BB L @R e 5 a4 A S LN
YIEE I R OB BE v D e 5 338 pH R /K £ L1

1:1, A pH i1l %€ (FE-20, METTLER TOLE-
DO, China) ; 347 ML 5 o 5 8% FR P IS |, >R
JFH B T8 SV 4K i 2 A7 R 0 5 b A S RN B AR
A 2 mol/L KCHRH S5 , R L2 3 0 43 A A
(Flastar 5000 Analyzer) I % ; £ 3 7] 7% 4 A L ik
(DOC) 2K 0.5 mol/L ) K,SO, 12 i J5 i 2 1 55 1 5
SR FVBE T30 72 - 8 o a1 /K i
1.3 T Z DNARE

TIERUEY) B DNA 2332 2R ] Fast DNA
SPIN #2543 DNA &7 & (MP Biomedicals, San-
ta Ana, CA). #2HUAY 13 DNA H 50 pl Jo & K
AT R SR a1 00 10 B B ARl O Je e D0 L o i, e f
% H Nanodrop ND-1000UV-Vis 43 3¢ ¢ & i1 5&
DNA {9 ¥ B K Jii & 2 % (Nanodrop Technologies,
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AT A5 AR O e FH 0 T B ARV 45 44 B4 52 ) 37

Wilmington, DE, USA) . &K FL Uk 5] 1 7 i 4
B 4585 DNA 45017 & & AR TREL, S8 A, ]
HEHTRSM PCRY 1,
14 WREEPCRYEESEENF

* M Nu-ssu-0817F (5'- TTAGCATG-
GAATAATRRAATAGGA-3) #l Nu-ssu-1196R
(5-TTAGCATGGAATAATRRAATAGGA-3) Xf
18S rRNA BEATY 1 o §HIK R0 10 L, (45 L 1iF
5197 (10 pmol/1.) 0.2 pL, T 54 (10 pmol/1.)0.2
pL,5 pL B SYBR Green Il (TaKaRa),0.2 pL. B Rox
(TaKaRa) ,DNA 4 1 pL (5 ng) , #MJCHEZK 2 10 pl.
5 B PCRY L 7 : 95 °C 30 s, 40 MY
95°C 55,60 °C 30 s,

T 18S rRNA 7E R Z U E W it TR, A9
2 A] 114 35 DR 4 370 A Ak AS K T P 2 ik T B X
(ITS)E M ARGt XA X AR LA, I AR PRl R
Sy M AT DR GE T g f R (s L Rk, FR AR
FHTTS X 385 2% 5 BT R PIRh AL A . 32 I TTSIF
(5 -CTTGGTCATTTAGAGGAAGTAA-3) #i
ITS2R (5 -GCTGCGTTCTTCATCGATGC-3)!
XFITS JF813#47 PCRY 1 . §7 A Z ) Mix(TaKa-
Ra)12.5 pL, F3i#5 4 (10 pmol /1) 7.5 pL., F#F5 14
(10 pmol/1.)7.5 pL.,DNA 4 2 pL. (40 ng) , #MTE /K
£ 25 pL. PCRYIEFEFH 95 °C 10 min, 94 °C 30 s,
55°C 305,72 °C 1 min, 40 Mg ;74 °C 9 min, PCR
77 28 B BB B LYK ol FH R Il ) el Ak Js
B bl 55 A B 2R AT BRZA R AT e 38
FF , 3 F Illumina Miseq PE300 il ¥ 5 5 1 47 B i
T
15 BEENFHFEOTUREREZHRSH

ey 308 £ W0 A5 1 04 X 9 A AR A 5 B
& 3 barcode A5 | 4 15 81 X 436 i A5 218 RO 91 o
i U8 25 2% 1 B iE SR 97 %0 #E 4T OTU (operational
taxonomic units) B2, N T 1524 OTU XJ A Y
W Fp o2 E 8., % RDP classifier D1 i3 55 7 %) 4%
AFEHE B OTURFRITIN BT /3224 008, B8 o 2
K-SRI E A B G 0.8, FF7E phylum (17) 7K |
Goib 4 DREAS B BE V5 AR . EC T TTS B ol
UNITE 8.0(http://unite.ut.ce/index.php) ", ELH
ITS i 38 & $dl £ 20 b 1% 2= NCBI S 2
(No. PRINAS836033) .,

LA TEAN AR VEASE 2 2 18] (4 BV A 22 52 0 A
K 5 F R B 89 PCA 32 i 43 43 # (principal

component analysis) . Venn & FH F 438 A [R] Bk E 5
XN HEHEE SRR, R CANOCO 5.0/
db-RDA (distance-based redundancy analysis ) 73 #7 ¥
Be A 5 FCTR VR A 09 G 2, HE v R ORI B e 1%
1% (forward selection) i 1 4> PR 455 A 1 % 50 11 FE 7%
ZERE A AR DTRR A
1.6 HiELIE

{11 SPSS 25.0 #AFX Be e AT e it o b . R
FH BN 2 7 2243 (one-way ANOVA) H 5 AS [A] #F
YERET HL A 18S rRNA B2 19 22 ek s Bdin 45 R LU
CSEIE L BRERE RN, n=3; R H LSD £ 5 At
B AT 22 5 0 E MR B («=0.05) 5 5K JH Origin
2021 MR B PFEAT22 14

2 GRE5HMH

21 AEMEEXTHEATENEREE

PP T AT T, AN R AR AR 2 2 ) 7 = AP A
FES . HEFEEE MRPOR kb # (4.15 X 10
copies/g) H1 i & = T MROR (2.05 X 107 copies/g)
5 DR (3.6X10” copies/g) (P<<0.05) . MR (2.86 X
10” copies/g) Y FLIE F 1 B 3 = T MROR(P<<0.05) ,
{H DR 5 MRPOR \MR 5 MRPOR 2 [i1] 1% . B 5 it
225 AN (P>0.05),

6.0x10°
g T
o~ =
=% =
< T .
7 E aoxi0f a
g = be i
\U/ o}
SE I
z | 1
iﬁ % 2.0x10° |
o
o6
0.0 : : : :
DR MR MROR MRPOR
AbH Treatments

MR R %P ; DRARE TS s MROR A8 % P RS -3 3% ; MRPOR
EERTRE -/ NAZE-mEE . ARVNG T3R8 22 57 235 (P<<0.05)
T IA s MR represents middle season rice; DR represents early rice-
late rice; MROR represents middle season rice-oilseed rape;
MRPOR represents middle season rice-pakchoi-oilseed rape. Differ-
ent lowercase letters indicate significant difference (P<<0.05 ). The
same as below.

Bl ARMEEXTEEEFEHTL
Fig.1 The abundance of soil fungi under

different farming patterns
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22 ARAMEERXTEHTENEFEEAEK

4 Tl AR (10 A EEBIE A AE 0T L TR RV 5 ) 1) 5
W) UL PCA 3 B8 (1 2) o B &l 2 7] 0L, PCA 43 #r 3
PEUT 24 F M5 PCALFIPCA2, = )7 22 B3t 5t
BRFE N 46.84 00, ARFRARIALFEAY 3 BE 2 B , R W
FLIR B VR 4540 22 S R . DR 5 MR PR EEAE A AT
() I TR BE T 45 R Rk R AE — 2, Iff MROR 5
MRPOR PR 5 0% FL RV A5 A A W 408, Ui
B X 2R (DR) 7% Ry B 2 R FOK A VEBRVE R S
W UOE T B B- 2R

10F
u ® MR
DR
@ MROR
L ¥ MRPOR
.I
S
o
<
b S SRR
I v
o
= *
= ™
®e
-1.0 1 i 1 1
-1.0 1.0

PCA1(31.4%)
E2 FTESEERHIEERENERS S5 PCA
Fig.2 PCA analysis for soil fungi under
different farming patterns

23 AEABEEATHEETENEREYFHER

WK 3 prs , ARIFHER A HIE R OTU A
MR, 4N HIE =42 39904 OTU, Hp 4
i) OTU A 358 4>, i M OTU %9 8.97%. DR,
MR .MROR % MRPOR 435Il 245 1 354 .1 625.1 515
K 17824 OTU, MRPOR A 1Y OTU % & it £
(826), 1 MROR Mt A7 () OTU %tdt 5% /> (590) . MR
5 MRPOR #:4 OTU 5 £ (659) , DR 5 MROR
A OTU A (500) , 45 RE W, A FIBHERT F
HH 4 398 BB AR AF 7R 22 5%, MR .MROR } MRPOR
PR T AR ERE

MROR MRPOR
DR 590 826 MR
40 196 95
612 50 153 700
358
51 o weges, 76
138

B3 FREBEEX TEEEETE Venn
Fig.3 Venn of soil fungi under different farming patterns
P P A AT UL, 4 A Kb SAG I ) LA ] A
T#ER ] (Ascomycota) #HFF#[] (Basidiomycota)

A7 1% '] (Chytridiomycota) \BR % 1% [ ] (Glomeromyco-
ta) FEAH ] (Zygomycota) M 432 b A i 78 L 1A
(Unclassified fungi) . Hp, F2# B[] (24.12% ~
31.77%) 54 T W 17 (7.07%~24.71%) J i # 1&
1,3 8% W12, 5 DR AL, MR, MROR,
MRPOR ¥ G ] 5 86 T8 1 A9 ARD 32 52 4 55
A5 T T A AR A B2 4 ARG 5 487 B 1T A A X 2 BE 7R
MRPOR 4 3 o 34 i, 1 78 MR & MROR 4b B

Unclassfied fungi
Ascomycota
Basidiomycota

Chytridiomycota

T

Glomeromycota

. Zygomycota

Blastocladiomycota

2 S . Incertae_sedis
R4 MM‘\ »® ° Neocallimastigomycola
M%O"l‘é 20 0 8 5‘;)\‘:

B4 AEHEERX TEEEITKEREAR

Fig.4 Composition of soil fungi phylum under different

\,?’\’N
O/‘f" 20 g

farming patterns
24 ARMMEEXTHEAIENERFESHEY
SRR N i 3 R 95 19 Alpha £
FEPERE RN 2 0r7n . Hoh Chaol F1 ACE SRR TE R
= B , Shannon F1 Simpson 2 7/~ & Bf 2 £ ¥, PD
whole tree /8 R4t & B LM, Coverage 7R 4%
PP R ST B 2R, A AL R T R A F
99% P b, Ui W25 AR AN 7 R 5 B . MROR 5
MRPOR ffJ Shannon #i % {2 % = T MR 5 DR, ifi
Simpson § BE M . MRPOR A9 B 5 & JE &
ROGURE AR B2 5 T HAL 3 b B
F2 TESHEER T L EEEEE Alpha SIS
Table 2 The fungi Alpha diversities of different genes

among four farming patterns

A7 PD
Treat-  Shannon Simpson  ACE Chaol Coverage whole
ments tree

DR 2.837c  0.152b 662.039¢ 612.741b 0.996a 140.365b

MR 3.525b  0.211a 852.287a 736.224b 0.996a 133.102b
MROR  3.549a 0.072c 678.479c 677.524b 0.996a 132.764b
MRPOR  3.772a  0.056c 836.526b 793.570a 0.996a 156.257a

T R RING FhE R 28 55 1. 3% (P<<0.05) . Note: Different

lowercase letters represent significant differences(P<20.05).
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TREDT 25 ASTRDPFVRAE O A T LT 2 B2 SR v 45 44 A 5 39

25 ARBEERXTRHEETENEFEEREE
SEHE5RERETFHHEXME

XF BT E 5 R 88 A 7 E 1T Pearson AH OGP
BT, AR R B e S TK (pH . NO; -N K
g3 A OC & B4 i Dl 0.505 . 0.707 , 0.744 |
0.123, H v B =E B 5 pH & NO, -N 23 5% 1E
HH 56 (P<<0.05) ; L 45 SOM TN TP \NH, -N
B AE W i A OC R B4 il S —0.341
—0.644 . —0.388,—0.633 K¢ —0.123, Hrh H 3
5 TN & NH, " -N 2 B 8 2 10 74 56 (P<<0.01) .

P P 5 AT L, A R 1 Xof - 9 T B TR 5 2540 ) i
BT 2 N HEE 4h 43 ) R 43.59%6 F120.98% . M
SRR L, TN ONH, =N 3 5 K B K R = i
5 LR TR T8 2540 0 A1 AR S PR e i L3593 1) 25 /K
- (P<<0.05) o Horp = HE S K i FAS R BFE A
T BB S5 R O A 25 S AR R R R R, i 39.5%0,
1M TK kR Ak, 10.4 %,

Lo [ ® VR
W DR
" @ MROR
- R V¥ MRPOR
s TN(16.7%)
3
g NH,; =N(17.6%)
P
2 K Gy
T * Water content(39.5%) @
- o 2
i L TK(10.4%)
MRS o
Crop yield(15.8%) )
-1.0,
-1.0 1.0

db-RDA1(43.59%)
BE5 ARMEER LIEEFEE %S db-RDA
Fig.5 db-RDA of soil fungi under different
farming patterns

3 i #

ST W) BTV AL i T AL AR PR Y
AW dabr . ABFIESE R, B A2 A -/
I3 - 28 5 1 8 DR R R W R W
pH™ IR B FR A O AR A 2 B ) L T
Bt OG- AEARWTSE T, AR pH 5 A
FREAFAEA 035 A IEAHOCOC A, {5 4 PR F B /A =X
Z [H] pH E TG B . 2% 57 (5.13~5.38) . Ak, pH Al fiE
AR R HOPRE -/ R TS A T L R Y
F TR TR RSN B SR E HN PSS
Fo WHGX RGP AT REA LR P I

FH UG , 76 IR A 5 00 T PR -/ S-SR
1) IR A A B B HOOUZERE RN T3 1A% ARk T4
AW AR R, X 5 R R ARSI R
) - 98 EL R BEVE 40 A 0 B R W E5 I A — 2
F BB ZER , ARG -/ SR TSR B K R F R b
R VEY 23 0 W R it 1Y) M L 20 S SRR R PR
LKA Y, AR £ BB T B 2k T
TR A B R K R AT, AL
TP IR 8l ] B2 SRS IR A A
T WU GH 5, 5 85 T AR TF 7 A CO,, i — 20
R T I 18 A1 67 235 44 e 48 Tt AR 45 K A4 B T
[GESEAELITSS 3 A 5V N e & L
FE -, LRI R A W N R R
SR PR - /N 3R - SR S5 R - SR 38 K R AR AR b
B R RS - S L T RS /N SR TS T 1
BAE S 80P R -l SR A A 2R AR B A T AR -
ST . R AT F B, 40K 22 19 TR B A
Ay, BA i 2 A AR 4 R A I R S X R
AHLUTAYRE S WAL SR AR N A ey
B, BRSBTS R R
K2V BeAh A ST AP b i B A SRt B, T T
Il (24.120~31.77%) 5 1 7 W '] (7.07%~
24.7190) IARIBFHERZCT b i) R E R 128,
THYRIEAE R S R T IR

N A A N 1 o (R B W T G AN e
TELAEM X Sk B A M S A AR . b, W
Fei e 75 Shy v e KoK SR 48 AR A5 XS L TR 9 Shannon 2
FEVEFR B0 N . DA 5% AR A K R AR MR R X
Jei R 2 ARG TGN T 3B S
PERE A R T BB A ZHREMER N, X R K R4
YERIAE SR T H IR L R IR 2R i BT — 2 1)
M | 3 5 P ARSI AR AR VAR B R R
Th S AL S D REARRAE B 43 BT 45 A — 2, RUOR Rl
B S 51 1+ 8 pH USR5 55 - AL HR AR i ek
AR T A e = HE PR A PR P A S LR R R 4
VI . AHF5T B 35 K R 5
I RETE 250 0 A 25 S G SRS I 2 31X 5 Hofth 2
BRI 3 o L TR TR T 5 R I Y 45 S — B
BN 7K 43 f 2 5 e L B 1 A s 2L B ) O i TR
Fo AN, FHEE ] (Basidiomycota) f2 A [v] B/ 5
T AP SAFPRE | AR S MR Y ff A= A EL AT 5
T8 A K o IK BB AR A AR . TN
NH, " -N B A9 77 ot 2 5 W B TR FE 7 25 40 40 A 22
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S IR [N 1 o AR5 2 B R P AN Rl B A A X
FLR BV Si M R IR R A2 28 2 0F  FF AN h 3 — 1 36
358 R 2R DR L A AN R B VR A 1) o0 A 22 55, T
SR R I R R 45 R

AN TRIBEVE AR 2 A e H A o ) 22 S 3
TR MR AR 22 5 o o SRR
A2 R R /N SR - T SRR AR SR 4N T A
ARG, PR TR AR 5 1 h TR
ARy H R A K AR AR AR R S T Y
KO R R T AN SR A, S
FCRR R A K A s o RO AE e 4 oy B R el
K RRAE R T GE T RS IROL, P T
TR ) B N Z2 MR, Sk S EE SRAT ) T B A R £ R
SRR AR L L SRR W R A5 A T R e
B
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Effects of farming patterns on abundance and community structure of
fungi in paddy soils

XU Huifang', WAN Ziwei', SHENG Rong”, WEI Wenxue®,ZHANG Wenzhao’, HUANG Guogin'

1.Center for Ecological Sciences , Jiangxi Agricultural University, Nanchang 330045, China;
2. Taoyuan Station of Agro-Ecology Research, Institute of Subtropical Agriculture, Chinese Academy of Sci-
ences/Key Laboratory of Agro-Ecological Processes in Subtropical Regions, Changsha 410125, China

Abstract Four farming patterns including double rice (DR) , middle rice (MR) , middle rice-rape-
seed rotation (MROR ) , and middle rice-pakchoi-rapeseed rotation (MRPOR) in a long-term (10 years)
practices were selected to analyze the abundance and differences in community structure of fungi under dif-
ferent farming systems in China. The abundance and community composition of fungi in paddy soils were
determined by real-time fluorescence quantitative PCR and high-throughput sequencing to analyze the differ-
ences in the abundance and community structure of fungi in soil under different farming patterns and their in-
fluencing factors. Results showed that MR, MROR and MRPOR had a significant influence on the abun-
dance of fungi. MRPOR increased the abundance of fungi. The result of correlation analyses showed that ni-
trate nitrogen was significantly and positively correlated with the abundance of fungi. The crop rotation had
a significant influence on the gene community structure of fungi in soil. The result of redundancy analyses
showed that the content of soil water was the most significant factor affecting the community structure of
fungi. In conclusion, the abundance, composition and diversity of communities of fungi in soil were differ-
ent under different farming patterns of rice. The abundance of fungi was greatly affected by the content of
nitrate nitrogen in soil under different farming patterns, and the community structure of fungi was mainly af-
fected by the content of water in soil.

Keywords paddy field; soils; farming patterns; fungi; abundance; community structure ; paddy-up-
land rotation field
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