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Sk 4.79<10" J/hm?, A48 H BRIk 1852 h,
AERH R =0 C A R IS 6 450 °C, 4F B K
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BN EE TR LLEE £,y WAy H R 21 38 oy
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Jiti % 7K F (CK . MRN . MRN1 ., MRN2 , MRN3) 3t
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27 HAEFR,7 H 28 HAS#:,10 H 24 H gk . fLIERI
KT 2 S v B AE - AU (ND) 150 kg/hm?,
AR (K,0) 120 kg/hm?, B iE (P,O;) 90 kg/hm*, &
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(KO 60% ) $i 43 BE M « TR =7: 3 it A , 45 B i i
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Table 1 Experimental design of mixed sowing of

Chinese milk vetch and rapeseed and reduced

application of nitrogen fertilizer kg/hm®
e ‘ Er'faﬁﬁﬂ;' %fﬂﬁﬁﬂi
| Nitrogen application Nitrogen
I'reatment . . .
to early rice application to late rice

CK 0 0

MRN 150 150

MRN1 120 120

MRN2 90 90

MRNS3 60 60

11 Note: CK: 58 23 I3 IR A + i ZUIE Mixed sowing of Chi-
nese milk vetch and rapeseedseedno nitrogen; MRN: 46 235 il
4% +100% U Mixed sowing of Chinese milk vetch and rapeseed-
seed+-conventional nitrogen application; MRN1: £ = %% | i 3¢ &
3% + WG 20% Mixed sowing of Chinese milk vetch and rapeseed-
seed+ reduced nitrogen application by 20% ; MRN2: %5 = 5 {3 1R
#% -+ Wi 40%Mixed sowing of Chinese milk vetch and rapeseed-
seed-+ reduced nitrogen application by 40 ; MRN3: 4 75 4 . 3 R
&+t 60 % AN Mixed sowing of Chinese milk vetch and rapeseed-
seed-+reduced nitrogen application by 60%. R [&] The same as follows.
1.4 HRIXESNE

D) 7K AN ™ b 25 o T S R s, 45/ X
Ay 20 SEAE N A RS A, TSP A A
DX FfEAL L AT AR B K R AR 5 38, KT R AR N %
P RE . R KBRS RURLIR T )5, 1T 1/100 43
e I TR (Bt ) 5 /N DX AT S AR Sy 5
PRyt KRS 25 R A 16 A RO 2550 R
REEL TR

2) L HEEEA HLIRIGE . T MR L B
X 4% 5 ML RE  HLO0~15 e I BHE 2 148 IR &
W5y, —dor L HE AR, B £ 2 BUd i, A7 T
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P 3k Uy VR DN E 5 AR ) R T S0 R 2R
K,SO B HIE W AE 5 5 SE AL A FLik R AT 333 mmol/L
o i PR B AR A - L R

3) BRI E . T IRREWOR S  FE RN X
HEATREML 5 sV E VAR bR 14 TR AT 5 2 RV A
TRIFA —80 CUKF IR A7 , BIE R E W E R A
PR FHEAT i . 1 SR FH 36 B QTAGEN
5 7 # DNeasy® PowerSoil® Pro Kit i 7 £ $2 Bt 1
HERE 5L B Y DNAL SR 5 DB Sl e Yok T T
D72 DNA B2 AT, R 190 Bh 0 1 B JiC Ha Dk A
I DNA 5¢ % P . fii i 51 # 338F: ACTCCTAC-
GGGAGGCAGCAG #15] ¥ 806R: GGACTACH-
VGGGTWTCTAAT X 13 A4 ¥ 1) 16S rRNA i 17
PCRY™ 4 . i FH 20 S B WHBE I F DK R 0 7740 o %oF
PCR W4 5E 2l MoE i, 4 i Miseq SCEE , 5 i )
FH Tlumina 23 7 £ Miseq PE300F & #E41I
1.5 HIEAE

Miseq I )5 15 2] i1 PE reads 1 e 4l overlap ¢
RUEATPREE , IRl B X e 0 o A 7 AR A 0 X4y
FEAS G AR 97 Yo B ARBLEE X P 51 i 4T OTU 2R 2643
BT R TP 3 224 03 A1 s 56 F OTU Al 2R L it
FEE AR E RS S B 2R
BB SRR R 263 = P B A MR I AT

K2 ARABEEMKECFENHRES

Alpha Z M43 8r WP B B FEAR LSRR
PR SRHR A3 AT

¥ H Microsoft Excel 2019 #F 17 % 4% 4t it ;
SPSS 25.0 RGUEAF BEAT RS A BT 22 3B , R
PR 2 (one-way ANOVA) Fl Duncan’ s 3k 47 )7 22
A2 L, H Origin 8.01E .

2 GRE5HMH

BRI KE~EM M

W 2 PR 58 25 5 SRR TR R AR
XF KA P R P A B R A — S . A ALY
S e 34 5 OR AR AL BE (CK) 25 5% 1 3 (P<<0.05) ,
55 %F B AR F, FLRG I 7 24.4296~39.23 %, I 1
19.34%~31.59 % , 78 106 A 24 2% 4b P MIRN 3 7=
R BT, BRI MIRN2 &b, 55 5 Al Ak 390 ] 44 2% 53
3% (P<<0.05). 74k, W& R IE R KE
N6 e i 20 250 LA A B MIRN A5 R0 R A e 22, L e Ak 3
MRN. MRN1, MRN2 ) £ % 3 %% @ % & i CK
8.41%~23.93% (P<<0.05) , M ff 45 Ab B 1 I 25 & T
CK(P<<0.05), #5111 16.91%~27.73% . M T-RiH 3k
F R AL B MRNS 3% & T CK(P<<0.05) , & ih
5.00%0; i s s 309 45 b B 35 @ 35 & CK 1.62%0~
2.54% (P<C0.05) o {H R 1 7 45 Ak 381 11 g oA B0 R 285
SERIPE AR E(P>0.05), BAK b, 5 HiE A AL
FRAA D8R 2096 Ab HEORS 23 BRI K R 7= o Sl 4
7.
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Table 2 Effects of different nitrogen application rates on rice yield and components

F 3R/ (<10 /hm?) FRAEARHL

s szl . : . BEH/ U THIE/g Fbri= i /(kg/hm?)
Variety Treatment Effective panicle Grain number per Seed setting rate 1 000-grains weight Actual yield
number spike
CK 224.74410.28b 143.11+7.15a 62.5443.39% 24.21+0.45b 5491.18+447.05b
o MRN 272.73+13.20a 145.0810.50a 59.3343.99a 25.1640.22ab 7094.00£128.31a
Early rice MRN1 278.51410.10a 149.68+£7.48a 60.0044.98a 25.0840.30ab 7 645.45489.54a
MRN2 277.21£20.18a 145.89+£3.31a 59.0948.88a 24.5740.28ab 6 945.45+279.93a
MRNS3 243.63+14.14ab 141.34£12.05a 67.5940.57a 25.42+0.05a 6832.32£470.72a
CK 195.29+8.35b 179.58+2.25a 76.6741.59% 22.8040.10¢ 6 334.34+241.54¢
MRN 228.3246.94a 183.17+1.34a 71.1841.88a 22.9840.12bc 7 661.624129.66b
ijie MRN1 249.44410.12a 170.13+15.21a 75.05+1.34a 23.1740.05ab 8335.354-92.40a
MRN2 229.97+6.77a 181.66£8.54a 74.58+1.61a 23.3840.03a 7925.254247.28ab
MRN3 228.35+12.36a 172.52£9.34a 75.76+1.6a 23.1840.16ab 7559.64-252.74b
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2.2 REXTEFEREEVREESS 0 L CK 16.05% . AbFE MRN #36 M4 HLaR &

TE 58 2 00 5l SR IR K 0 H AT AS TR
ST B R S A A TR T BILRR 2L 40 1 5 T 4N 3 3
JI7R o A3 MRNT A 39845 LAk & 2 55, = A
P CK 17.53% ., 4bFE MRN2 4§30 2E ¥ 42 0k & o A

e, E A CK 8.53% . 43w i A ML FI
Sy BACAA WLURR S 388 CK f ey, HLAE B0 B it 22008
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Table 3 Soil active organic carbon and its components under different nitrogen application rates

» o . . Dy BMATHLIR/ (g/ke)

IS L%/ (g/kg) WUERT (mg/kg)  TTEPERLI/(g/ke) WAL/ (@/ke) L S

N . e . . . . Easily oxidized organic

Treatment Organic carbon Microbial biomass carbon  Dissolved organic carbon Active organic carbon b
carbon
CK 16.47+0.66a 467.4446.42a 0.33£0.02a 2.74+0.12a 3.12£0.12a
MRN 18.47+0.50a 509.33+37.63a 0.29+0.02a 2.81+0.13a 2.83£0.07a
MRN1 19.36+£0.36a 535.76+4.46a 0.31£0.01a 2.97+0.20a 2.97£0.09a
MRN2 18.32+0.32a 542.48+19.00a 0.3240.03a 2.85+0.29a 3.00£0.06a
MRN3 17.9840.36a 536.52+25.62a 0.3240.01a 2.84+0.04a 3.0340.09a
23 HETERIRHNTM ZUS R R TAH CK, mih 1 22.07%~22.84 %

TE 58 25 5 59l SRR K 8 A4 T, AN [R] it 2L

S0 B R AR IR A R AR A TR . 45
ALY 2R T EY R E ST CK, & il
13.75%~22.31% . AbFEMRN Fl4b B MRN1 )25
Fz4

AhFEMRNL 8 SR &= B E & T CK, &l
19.05% . AbPEMRN Fl4h B MRNT {58 i A & it
FEE T CK, & 11.20%~11.39%, 4 e &
SRl 2 ot 2 o 140 0/ T A1

TREERETIERESAE

Table 4 Soil active nitrogen components under different nitrogen application rates

yi3i: 2R/ (g/kg) AR/ (mg/kg) #A R/ (mg/kg) A 20/ (mg/kg) WA R A/ (mg/kg)
Treatment Total N NO;-N NH, "N Alkali hydrolyed nitrogen Microbial biomass nitrogen
CK 1.6740.01b 6.69+0.11b 4.7840.17b 119.9+3.22b 52.544+1.47a
MRN 2.05+0.05a 8.2240.50a 5.514-0.29ab 133.57+2.48a 54.9343.07a
MRN1 1.904-0.05a 8.17£0.11a 5.69+0.21a 133.33+6.14a 55.774+1.94a
MRN2 1.934-0.05a 7.48+0.22ab 5.3840.27ab 131.02+4.09ab 55.2841.27a
MRN3 1.924-0.05a 7.54+0.37ab 5.2740.17ab 126.47+1.72ab 57.954+1.47a
2.4 TEmEMBAXMESHT i A B S R B U 5 (P<C0.05) .

AN Te] it KSR A S R A R U YRR DG PR dn
FSPIR o 25 TR 48 b 18], 4 HE ] 35 A AL
T PR LR A 5 A A A WL — 3 B AH 2 I 2 1E A
K(P<0.05), & AR IRM, 1542 R1 i
R A ZURN B A R DU A 2 IR IE A G (P
0.05) o A MLk & it 5 A ik 48 5 &2 77 A ¢ (P>
0.05), 5t A AEAR SRR B FE EHX(P<
0.05) o TWAEYy il 5 H AR BRAE bR 2 IEAH G, 52
R fire 2R S A R B A G (P<€0.05) , SR A
WG . AR i RS 0 A DR ES b 2 1 AH
K (P>0.05) , [0 547 HLik 2 2% 7 AH 56 (P<<0.05) ;

2.5 TIEFMMERITM

M\ Bk A= W) B 9% B Pan/Core OTU 43 #7 il £k
(DA LLE S, 540 B + 5554 99 1) Pan Core
OTU % th 2 A FEAS RGN B 3 S REAET , il 2 B23m 1
%, 4k s B Ak BEEE 2 B, AR ) ) Pan Core
OTU AL KAk . 40 BEYS Pan OTU 301
LB & MRN1>CK>MRN2>MRN3>MRN,
V% Core OTU U R BT 2 MRN2>CK>
MRN3>MRNI1>MRN,

i Ao 3 A Y AR AR O AR F 51 843 800 4%,
351 572 912 bases, P £ 416 bp, W FhF ALk
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Table 5 Correlation analysis of soil carbon and nitrogen under different nitrogen application rates

Fa xR Index TOC SMBC DOC AOC ROC TN AN NO; -N NH,"-N SMBN

TOC 1
SMBC —0.398 1
DOC —0.196 0.510 1
AOC —0.077 0.089 0.779™ 1
ROC —0.149 0.041 0.526" 0.539" 1
TN 0.495 —0.558" —0.069 0.133 0.006 1
AN 0.558" —0.575" —0.301 0.147 0.072 0.661" 1

NO; -N 0.613" —0.657" —0.385 —0.097 —0.348 0.696™ 0.573" 1

NH, " -N 0.796™ —0.495 —0.222 0.002 0.153 0.390 0.602" 0.557" 1
SMBN —0.592" 0.474 0.413 0.174 0.041 —0.387 —0.526" —0.459 —0.595" 1

T : TOC FR REA HLAK , SMBC 7 i 943k , DOC s rlIEHEA HLAK , AOC Fom il A ALK , ROC Fm A S AL A HLIK , TN =R
25, AN FR Bl ff 2, SMBN R i A= 9 it A . Note: TOC represents soil organic carbon, SMBC represents microbial biomass carbon,
DOC represents soluble organic carbon, AOC represents active organic carbon, ROC represents readily organic carbon, TN represents total ni-

trogen, AN represents alkali-hydrolyzable nitrogen, SMBN represents microbial biomass nitrogen.
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6000 /
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- o
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2500 MRN2 1500F  — MRN1
MRN2
2000 — MRN3 1 000}
1000 - — MRN3
500
0 L ) 0 . )
1 2 3 1 2 3
FEAS T &8 Numbers of samples replicates FEA T I Numbers of samples replicates

Bl AREEEETLEMERT Pan/Core OTU 4347
Fig.1 Pan/Core OTU analysis of soil bacterial community under different nitrogen application rates
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OTUs 67 4 ; 4b B MRN3 & OTUs 5 844 4>, Horpp
A1 OTUs 364~ ; 4b 3 CK £ OTUs 6 006 4™, Hor

A OTUs 694~ (& 2). kb3 MRNI .5 OTUs %t P F.O% Sié ; 6.183 ] 5.844
A OTUSs BUER & A i 1Y = o

S N ~ o
26 RN LA MRS SRR s §s§

MRN3

Kb H Treatment
I e VPR e [ o
ARG RIS A B B i Apha ZREIRAC gy R+ emmaE% OTUS 97500 Venn B
o3 (32 6) 45 R s, 43 MRN 9 Simpson even i Fig.2 Venn diagram of OTUs distribution of
Bl = T CK, i 28.57 %0, it AL KRR T 40 i soil bacterial community under different

BEVE RIS 5 BEFE 80, A PR MRN2 [ Sobs 8 %% 5 , nitrogen application rates
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WA R A SRALIRER T ARG AU ACRE = i, LSRR AR E WA 9 R i 21

Ab 3 MIRN fe 1K, 38 >4 98l 7T 385 00 4 P A v 8 3
B Ab 3 MRN2 F1, 2 B 22 A 1 i 25 i it 2 7 9 2>
(1012398
2.7 TERAEMITER ST

U M SEIRRE T A [ it 2 i Ak B IR
YRR LR 1K RS A F B R 3 iR . HE4
A5 AL R SR 2R S B 1) ARTE B 1T RRFF A T] i
R JRBER T, Horh 2245 B 11 (Chloroflexi) 7 Jr
IR BT 2 5 17.56 %0~18.92% , AR X 1 1] (Pro-
teobacteria) 7E T 75 1A T 128 v o 14.33%~17.92%,
1% T 7 '] (Acidobacteriota) 7E AF #F 58 (9 171 2% /o
14.29%~17.43% , it 4 & '] (Actinobacteriota) 7 Jir
WFFE I TT 25 5 9.31%~12.61%, JE BE B ] (Fir-

#6 AEERETHEEESHMEELY
Table 6 Diversity index of microbial community under

different nitrogen application rates

pisi

Simpson

Treatment Sobs even Shannon Coverage
CK 52.0042.00a  0.17£0.00b  2.57+0.03a  1.00=£0.00a
MRN  49.00£0.58a 0.19#0.0la  2.6240.0la  1.004-0.00a
MRNI1  51.00£1.53a 0.18+0.0lab 2.6040.05a 1.00+0.00a
MRN2  52.33£0.33a 0.1720.00b  2.5540.00a  1.00+0.00a
MRN3  52.00£2.00a 0.174+0.0lab 2.5740.01a  1.00=£0.00a

micutes) 7E BT 58 B9 1128w 5 5.38%6~7.70% , 45 Ab
FRB] A0 R & e B 22 R (P>0.05) .

W 55T ] Chloroflexi
B Z5JE ] Proteobacteria
W ] Acidobacteriota
W I Actinobacteriota
W SBR[ Firmicutes
R KT # T ] Desulfobacterota
W LI BER ] Nitrospirota
W FSEE T Myxococcota
W WAFE ] Bacteroidota
B T ] Gemmatimonadota
B KA MBNT15
Hot AL B Methylomirabilota
W KA 4 Sva0485
W PFEEE ] Planctomycetota
W JEiE ] Verrucomicrobiota
W @) Latescibacterota
W Ui #E ] Spirochaetota
W H A Others

CK
=
(]
£
=
]
.

I

o I

0 0.2 0.4 0.6 0.8 1.

0

[TKF-HE% S Percent of community abundance on phylum level

&3

TREERET HEARFZFNABYMERETKP)

Fig.3 Abundance diagram of dominant species of soil bacterial community under different

nitrogen application rates (phylum leveD
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MRN1 . MRN2 MRN3 &b & FE , 4540 B b 48 25 1
I"] (Chloroflexi) 43 % /5 20% . 21% . 20% . 19% .
20% , 28 1 ] (Proteobacteria) 43 % 5 21% .17% .
19% .21% .22% , i@ #F i 11 ( Acidobacteriota) 231 /5
22%.20% .19% .18% .20% , Jl £k #i 1] ( Actinobac-
teriota) 439l 5 20%6 .16 %6 .22% . 22% . 20% , JEERE B
I7 (Firmicutes) 4+ %) 5 19% . 17% . 19% . 25% .
21%

28 TEREVHESHERFHER

- M 4 TR B VK S A AL 4 B A e M (RDA)
(F5) @R, HHEANEEBEE 32.43%6 (1748 5 1] 2 —
HE Py il i B, 23.12%6 1078 S5 0T 9 505 — HE P il i

HEA BT 5 BT TR S5 R 42 78 RDAT Sl 1) 672 Al
7 1) KRB [a] 156 0 A 3t 2 A 50 X000 34 40 T A v
AR WA A TR B PRI PR3 v, 0 200 T 1 i 2 T e
IR ) 2 TR AR 2R Bl 2 0 UM T A BILARG , i
PN TS EOF AIN A AR R Uk R el EPSE SE R ¢ e
Yo A oy EACA LB ATV VA LB S DL e 22
FMXXFR, BRITET GEEITS TSR A
AL IS A HLER 2 OO OE, 5 R E YR R
LIPS
3 it it

B RYE G M5 8 4 980 2 E A 2
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Effects of application rates of nitrogen on rice yield,
carbon and nitrogen , microbial community in soil under
mixed sowing of green manure

HU Qiliang, YANG Binjuan, LLIU Ning, HUANG Guoqgin

Center for Ecological Sciences ,Jiangxi Agricultural University, Nanchang 330045, China

Abstract Five treatments including no nitrogen application (CK) , conventional nitrogen application
(MRN) and reduced nitrogen application by 20%,40% and 60% (MRN1,MRN2 and MRN3) under the condi-
tion of mixed sowing of Chinese milk vetch and rapeseed were used to study the effects of mixed sowing of green
manure and combined application of nitrogen fertilizer on the rice yield, the carbon and nitrogen and microbial
community in soil, and the main environmental factors affecting microbial community structure. The rice yield
and its components, the carbon composition, the nitrogen composition and relative abundance of microbial com-
munity in soil were measured. The effects of carbon and nitrogen on microbial community were analyzed.Results
showed that the yield of early rice and late rice increased by 24.42%-39.23% and 19.34%-31.59% compared
with CK treatment. The effect of MRNI1 treatment on early rice and late rice was the best. Compared with CK,
the content of nitrate nitrogen, ammonium nitrogen and alkali-hydrolyzable nitrogen in MRN1 was significantly
(P<<0.05) increased by 22.07%,19.05% and 11.20% , respectively. The content of soluble organic carbon and
easily oxidized organic carbon in soil increased with the decrease of nitrogen application. The content of nitrate ni-
trogen and alkali-hydrolyzable nitrogen in soil decreased with the decrease of nitrogen application rate. The domi-
nant bacteria were Chloroflexi, Proteobacteria, Acidobacteriota, Actinobacteriota, Firmicutes. Applying nitrogen
fertilizer increased the evenness index of bacterial community. The content of alkali-hydrolyzable nitrogen, nitrate
nitrogen and ammonium nitrogen was negatively correlated with dominant flora. The content of microbial nitro-
gen, easily oxidizable organic carbon and soluble organic carbon was positively correlated with dominant flora.
The environmental factors having the greatest influence on the bacterial community structure were alkali-hydro-
lyzable nitrogen, microbial biomass nitrogen and soluble organic carbon. It is indicated that the mixed sowing of
green manure and nitrogen reduction by 20% increase the rice yield and the content of inorganic nitrogen in soil
the community abundance of dominant bacteria, which is conducive to the reduction of emissions and the increase
of efficiency in paddy fields, and the maintenance of the stability of ecosystem in paddy field.

Keywords mixed sowing of green manure back to the field; rice yield; nitrogen reduction; soil car-

bon and nitrogen ; microbial community ; ecosystem balance of paddy field
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