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Abstract: [ Objectives ] The nitrogen supply and utilization of soil and fertilizer-derived N were studied under

the condition of reduced urea N input and combined with N-inhibitors and chicken manure, to provide a
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theoretical basis for rice cultivation in Northeast of China, in terms of improving the nitrogen use and fertilizer
efficiencies. [ Methods ] "N isotope tracer technology was adopted in a rice pot experiment. The five treatments
included: no nitrogen fertilizer control (CK), conventional rate of urea (urea-""N), 80% urea N + 20% chicken
manure N (NM), 80% urea N+ inhibitor (NI), 80% urea N + inhibitor + 20% chicken manure N (NIM). The
contents of ammonia nitrogen and microbial biomass N in soil and urea-derived nitrogen, and nitrogen content of
rice plant at different growth stages were analyzed, investigated the rice yield was investigated. [ Results ] 1) NI
treatments had considerable soil ammonium N and fertilizer derived N supply ability compared with N treatment,
inhibitors had a compensatory effect on nitrogen reduction. NM treatment had markedly higher N supply ability at
the tillering and filling stages, compared to N treatment. Compared with N treatment, soil NH,-N in NIM
treatment increased by 19.2%, 66.3%, and 36.5%; NO, -N content increased by 13.9%, 12.7%, and 17.3% at
returning green, tillering and filling stage, respectively, "NH,"-N content increased by 14.59 mg/kg at tillering
stage. 2) N and NI treatments had no significant effect on soil microbial biomass carbon (MBC) content, however,
NM and NIM treatments significantly improved soil microbial biomass N (MBN) content at the returning green
and filling stage (P < 0.05). Compared with N treatment, the MBC content in NIM treatment increased by 32.61%,
29.23%, 53.46% and 2.85%, and the MBN content increased by 147.98%, 22.97%, 133.33% and 24.63% at the
returning green, tillering, filling and mature stages, respectively, while "N-MBN increased by 22.56 mg/kg at the
tillering stage. 3) N-inhibitor with chicken manure addition increased the rice yield and biomass. Compared with
N treatment, NIM increased the biomass, yield and nitrogen uptake of rice by 83.59%, 124.18% and 46.66%. It
also significantly increased fertilizer N residue in the soil by 56.48% and reduced the fertilizer N loss by 78.7%.
Compared with N treatment, NIM treatment had a significant effect on N absorption and utilization of fertilizer,
and its N absorption, N utilization rate and N agronomic efficiency were significantly higher than other treatments.

[ Conclusions ] For brown paddy soil of northern China, the addition of inhibitor (1% PPD+1% NBPT+2%
DMPP) and chicken manure could replenish soil N supply. Based on 20% reduction in urea, augments with the
application of inhibitors and chicken manure increased the fertilizer utilization rate and increased the rice yield.
From the perspectives of fertilizer N release and utilization in rice, NI and NIM treatments shows superior
agronomic performances.
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Fig. 1 Effects of urea reduction combined with inhibitor and chicken manure on ammonium and nitrate nitrogen contents in
paddy soil during rice growth
[ 1 (Note): CK—ANJiti &% I No nitrogen control; N—%# i JR 2 Applying urea N 318 kg/hm?; NM—80% 7 2 JR 5 +20% XS24 %A Applying
80% of urea and replace the left 20% with chicken manure; NI—80% JR Z+illl il 377 Applying 80% of urea and adding nitrogen inhibitor;
NIM—80% 7 5 JR Z -+l 51+20% %4 2¢ % NM plus nitrogen inhibitor in urea. & AN [E/NG FHACHE B — 1 F WAL B 2 [7] 25 5 .35 (Duncan,
P < 0.05) Different small letters in the figure represent significant difference among treatments in the same period (Duncan, P < 0.05).]

22 AEREEASAXNTIEMEEHRT =N

M 2 AP, it IEHLAUE (N, NI) b FEXT £
HEUE Y ik & i TG WA RE A (P> 0.05), 5 N AR
FHEL, NIM b3 E 5 TR . o BEH R K
WA YRR & (P < 0.05), i JHAYE
(NM. NIM) &35 m TR W1 2 B R P i
T (P <0.05), 10 500 fic it X 2% 76 4 U 2k P i
PR, HEINA Y E R T R E AR . SR E
AEBEAHEL, NI, NIM &b 2 e 6l 350 (6 s i 5 384
TIREMAEYER (P<0.05), NIM BEH#E T4
BANMED ER . AS S (P<0.05), 7ERFH.

SYBES L E I B A W e e 0 ) L
N ACFRE T 32.61%., 29.23%. 53.46% F12.85%,
A A TS T 147.98% . 22.97%.
133.33% £l 24.63%.
23 PERARELIEESERMENERERERL
F &L 3 AT, 9 Rt A1 ) R B 2R 1
BHAFE SRSy R A T, KRR S
NIM AbF 1€ "NH, -N & & & 5 T NM A FE (P <
0.05); TE/KREHEII NI AL P+ HESN-A Y m A &
DS T HABATE (P <0.05), FUHMEHF A ZM
P T R FE WK AR, B T IR RS IR R R L

- 250 r OCK ON ENM EN @INM = 160
8 2
% & % 5 140 +
8 200 S
S = =5 120 |
g 3 g @0
E 8 — a
5 150 ¢ . g 100 2
41 2 4w 80 |
< %]
ZE 100 bbb, 0 B g
i .S by H 5 60| 2
=2 = 2
-5 HE=E 40
=3 N7 3
2 T 5 27
= s . .
BT SR WERI 1R I SrER WERIN i
Returning green Tillering  Filling Mature Returning green Tillering  Filling Mature

2 A EREEREIIFIFIFIGIEIKEE FHTEPREYERAE LT
Fig. 2 Effects of urea reduction combined with inhibitor and chicken manure on the transformation of soil microbial
biomass carbon and nitrogen during rice growth
[ (Note) : CK—Aifi% %} 8 No nitrogen control; N—% 1 JR & Applying urea N 318 kg/hm?; NM—80% % #t JR £+20% W3¢ %A Applying
80% of urea and replace the left 20% with chicken manure; NI—80% JX Z -+l il 5] Applying 80% of urea and adding nitrogen inhibitor;
NIM—80% 7 f JR Z -+ 5+20% % Z£ % NM plus nitrogen inhibitor in urea. ¥ b A [/l/NG F RS FE [F]— 4= 7 AL 2 (6] 22 5 .3 (Duncan,
P <0.05) Different small letters above the bars represent significant difference among treatments in the same period (Duncan, P < 0.05).]
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Fig. 3 Effects of inhibitor and chicken manure addition on the conversion of urea-derived nitrogen in ammonium nitrogen
and microbial biomass nitrogen during rice growth
[ (Note) : MBN—f#4: ¥4 % Microbial biomass N; N—# i JK & Applying urea N 318 kg/hm?*; NM—80% F 7 JR & +20% 124
Applying 80% of urea and replace the left 20% with chicken manure; NI—80% SR E -+l il Applying 80% of urea and adding nitrogen
inhibitor; NIM—80% 7 2 JR Z +Hil il 771+20% #2¢ %0 NM plus nitrogen inhibitor in urea. £:_F AN [a)/ NG F AR [F]— 4k F kb3 2 7] 22 5 i 2 (Duncan,
P < 0.05) Different small letters above the bars represent significant difference among treatments in the same period (Duncan, P < 0.05).]
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F= 1 FREFEEG X KFERF BRI
Table 1 Effects of fertilization treatments on agronomic indexes of rice
s A=Yt Biomass (g/plant) g P THE
. o - B Panicle No. Yield 1000-grain weight
Treatment 35 Returning green 43EBEM Tillering I Filling  {E3UY Maturing per plant (g/plant) (@
CK 0.17+0.08 a 2.28+0.07a 18.44+043d 30.52+9.46Db 4.00+0.00d 10.65+£0.23¢ 157+6.4Db
N 0.18+£0.02a 277+1.04a 3510+0.77¢  30.65+10.25b 6.33+0.58c 12.53+534c¢ 226+15a
NM 0.16+0.04 a 2.67+128a 5124+0.73a 5195+720a 833+£1.53ab 25.81+4.03a 227+18a
NI 0.16+0.04 a 3.61£0.62a 4450+3.74b 53.56+13.95a 8.67+0.58ab 23.74+1.28 ab 21.1+30a
NIM 0.18+£0.04 a 3.60+044 a 44.13+£4.19b 56.27+349a 9.33+£0.58a 28.09+3.68a 21.1+£20a
1 (Note) : FPEUE I FHIME + AR Values in the table are mean + standard deviation (n = 3); CK—AJifi & X1 i No nitrogen control;

N—# 5 JRZE Applying urea N 318 kg/hm2; NM—80% ¥ i JR Z+20% X9FE%( Applying 80% of urea and replace the left 20% with chicken
manure; NI—80% JRZ+Iil7] Applying 80% of urea and adding nitrogen inhibitor; NIM—80% & 2 Jg Z -+l 71+20% X3 % NM plus
nitrogen inhibitor in urea. [EFIEHE G A F/NG FHRCEA PR E 2 5 5.3 (Duncan, P < 0.05) Different lowercase letters in the same column
represent significant difference among treatments of the same index (Duncan, P < 0.05).

*2 AEMRE XX KEREFHRNFI

Table 2 Effects of different fertilization treatments on N-use efficiencies of rice

f ZE e M e st 322 A A ek 2 f= 27 f= N2t I .
REAREROR ; AEEHR DTk R . e U ES R HE B T)
wmo " AR o SiSit S a -
NGPE FCR NUE NAE NPFP
Treatment NHI o HI o
(g/®) (%0) (%) (g/®) (g/?)
CK 56.28 +2.44 a 0.56+0.02a 33.27+2.02b 0.33+0.02b
N 40.15+7.71b 0.54+£0.06 a 4273+522a 0.43+0.05a 45.57+5.28 ¢ 11.59+5.62¢ 3525+5.62b
NM 48.54 +£5.46 ab 0.59+0.02a 43,18 +£2.82a 0.43+0.03a 64.69+1343b 27.76 +3.48Db 51.42+348a
NI 48.17+4.76 ab 0.59 £0.05 a 41.88+3.13a 0.42+0.03a 67.81+7.81b 29.08 +2.84b 52.75+2.84a
NIM 48.44 £ 1.65 ab 0.60+0.03 a 4430+ 1.26a 0.44+0.01 a 86.49+ 1321 a 38.76 £8.19 a 62.43 +8.19 a
# (Note) : CK—ANJifi &% #& No nitrogen control; N—% /R & Applying urea N 318 kg/hm?; NM—80% i 5 IR E+20% 3% Applying

80% of urea and replace the left 20% with chicken manure; NI-—80% JR -+l 5] Applying 80% of urea and adding nitrogen inhibitor; NIM—80%
R R ZEHHIF+20% 153 % NM plus nitrogen inhibitor in urea. NGPE—Grain production efficiency of nitrogen; NHI—Nitrogen harvest index;
FCR—Fertilizer N contribution rate; HI—Harvest index; NUE—N uptake efficiency; NAE—Agronomic efficiency of N fertilizer; NPFP—Nitrogen
partial factor productivity. FHEUE R I + brUE2E Values in the table are mean + standard deviation (n = 3). [FIFI¥HE 5 A /NG TR FAL
P[] 22 57 i3 (Duncan, P < 0.05) Values followed by different lowercase letters in the same column represent significant difference among
treatments (Duncan, P < 0.05).

HROR A, AU BERE R R AE R P B RAE, 3B
PR T KRR X RO A M R SOR T, 5 AR S A
R 70% KU, BIRFERL10% £
NM A FRECR IR B 55 T N AT, Sk ok mg +
I, RIBBEE 20% FCiixg s, AURZH)™, des
P IR R A KRR

2.7 BREHINEIF REETKBEKETER
HAIEFRB MR X R

AR B F IR ER, RIS K
RFEAIE T R RS, S T IR
BIRCE P R, X RERICA RAFRROR . b
5 AR Z A BA R F R IEMCK R, RUIAIL
P A AL B E—E R A RAFRBR AR G R AR

3 e

31

11 4 AHOC BT R WY, IERHEMER B & (FN) 5
WOREmFA] R RS | KRS AR W 2 ] A
IEAASGOCER, NERFER IR KR AR K B R iy
RO B3 . IR A R S SR T RN
FUMRKR, MESRSES YRR

AEHER SR BH LN A RFELHE T

80% R+ 58 A NEAH L, B T 145
R ERRIEN SRS E (B 1, B3, P>0.05),
X2 B AECMIE BRI, NBPT. DMPP 41
AR KR A R, IS KR A L) NH, -
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*3 FERES X TR TIRESRAKE-TIRAZE PRI SE

Table 3 Distribution of fertilizer and soil source nitrogen in rice-soil system under different fertilization management

e SRR KRERAR B KRR DHEPAURRLLE]  KREFIRDRIRLLE]  ARHRG R
Treatment Soil total N N uptake by rice Fertilizer N in soil Urea N uptake by rice Urea N ratio in soil Urea N uptake ratio by rice Urea N loss ratio
(g/kg) (g/pot) (mg/kg) (mg/pot) (%) (%) (%)

CK 1.26+0.07a 189.61 +11.73d

N 1.30+0.022394.66+23.78 ¢ 30.63+1.14¢c 182.22+14.97b 6.81+025¢ 4049+333 ¢ 50.51 +£4.06 a
NM 1.27+0.032480.72+60.42b 39.97+4.64b 191.20+15.56 b 8.88+1.03b 63.73£5.19b 22.10+6.34b
NI 1.28+£0.052494.75+35.15b 48.07+£5.50a 215.57 +£4.84 ab 10.68 £ 1.22 ab 71.86+1.61 ab 1217+197 ¢
NIM 1.32+0.04a578.82+5943a 4793+3.62a 221.67+17.61la 10.65+0.80 a 7776 £8.65a 10.76 £5.75 ¢

1 (Note) : FPEUE I FHIME + AR Values in the table are mean + standard deviation (n = 3); CK—AJifi & X1 i No nitrogen control;
N—¥# 1R % Applying urea N 318 kg/hm?; NM—80% # 2 JR K +20% 3% Applying 80% of urea and replace the left 20% with chicken
manure; NI-—80% JRZ -+l 7] Applying 80% of urea and adding nitrogen inhibitor; NIM—80% ¥ i IR &+ il 57+20% 143E % NM plus
nitrogen inhibitor in urea. [FFEUE G A R/NG F-HEF R Ab# 8] 2% 5 .2 (Duncan, P < 0.05) Values followed by different lowercase letters in the
same column represent significant difference among treatments (Duncan, P < 0.05).

TURERT I 1.00
Sample
time
0.80
-1.7x10716 e
) Treatment
0.60
Bl B OO OVWNN
0.40
~0.64 | 040 | 084 | MBN " “‘
0.20
0.16 0.17 0.10 0.20 MBC ‘ .
0
A
~0:34 0.17 0.46 0.39 021 |
-0.20
Ak
0.17 0.16 0.079 | 0.032 | —0.020 | 042 | o
TR ~0:40
0.57 0.44 -0:47 | —0.25 0.23 -0:24 | —0.085 | &
FN
KA 060
0.86 0.29 -0.73 | —0.54 | 0.048 | —0:24 | 0.020 0.83 N
absoption
-0.80
Hs 1A 08
0.85 0.22 -0.75 | —0.57 0.045 | —0:26 | 0.043 0.80 0.96 &
Biomass ~1.00

4 FIBFRZ [BIBYFE X534 (Pearson, n = 60)
Fig. 4 Correlation analysis among various indexes
[#E (Note) : MBN—f#/f:## N Microbial biomass N; MBC—#4:#) i C Microbial biomass C; TN— &4 Total N; TC— &L Total C;
FN—AERIE (38 ) Fertilizer N residual. *— P <0.05; **— P <0.01; *** — P <(.001.]

N WIEAFEAE, BROR A BER, SOl 300 i s Xt
PR Z K i B S AR Ve F 2, T R R RMEAE
Ut T 80% JRZE -+ EY 80% SR E -+ 7+ 2

(F 1. K2 MK 3), XS5t a ba ¢
(C/N=10.63), BFFEEY, WA L2 M
WAL HOREK, T R, SO nw L AR

RORMIA R, 2 P 7 e K oy BE N R U
MBS R AR R & i (P < 0.05), XFEHSN
Xf A HLIE AL R0 1 RE T A4 £ 014 T2

R TR 0 4 T 45 Bk 4 [ 4 1A SRR TR
DA Wy ek G R 1 5 285 B 2R 4 R e N D72 P £
R R R BN A R BOKAE IR 23 R BRI
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WAL R, AR R AL LS 5 KRR 1 T IR AR 5 A5 5
BRI, T KAE T A WLERB IR LA
RAMER A E 22, X5 Liu ZCO8 45 R A — 2
Pan S5CURFSE AR K, FERGH 4, AHLCHLIE R
Jiti 2 38 1k 3 i - HEA PLAR AR B B i AR A AL
PE, WA FTRERIE S LY b B R
PASENLEN SR, R e e,
3.2 AEHEAE A R XT K FERYHE =1 A

ARG R BN, 80% R E 5l 77 K 3% 3% il
g, KA IR Z, 22 CK K 2.64 fi5 Al
N 2.24 fi5 (& 1), KEIEHEES G PR APER
FRA AT TRl o D3 STt 10 590 -5 Rt 20 A
I, BARESAMMAYRASEZRARE, |
SR FERG =, AT RE D DA A N S 2 e
e T 3 G 0 0t NH B[, 390 [ 2 24k
RS, KRB KB h RIS R s e, K%
CrREGEET WER, SOKREIOCR T, ATk
B, SR ARAR e, A HLIRRHECE AR AR R
i AR N 10%~25%, AE PR 8 AR Rt i 4t
NS E R R FE, KRS T NS
SrRRER AR E A , KRR . AR R R T
A4 g A8 B B AR KO, R R U R R G
oo ARBEGY 20% MIA HLIERRR AR, AR
R E A 64%(F 2). X AT RESZ AR H N AR i
PREE, RedErf e s ACEH A &M m, B M
TR R S AR R, XY FERNTiE U Y 1
FEHLER, ARE P ON A AL ICHLAE Bt i T 4 e
I 7, fEE BN TR, 0
T, A AILTRN XS ZE 4 A 1 A 55 o0 R A R
I8, IEHS ENEIE R 2AH BT 3R AR
33 AEERARAMKBEREFNAERRAEN
A

NEERRI 2 L kA 27 ) 2 R R I A 7™ )
BB R R AE A H R ERH R RCR . AT N b
B, P0G AL EL (NT, NIM), HA e A&
P, bt AR 70% DL E, BERHE A5 2 3
WA, AR 10% 224 (3% 3), BB ™ T8
R, k3 61.62 kg/kg, ALK T 30 4F 1
SR m A PR 1l 54 kg/kg™, SILAHEEZE H 14.11%
(£ 2). IMEEZEFEOWIFERIT, JIREGFIAS T 6 50 A
A R U0 7K L FR 400 AR HE Y S e
o U 2k POt 41 ) ) sl 2, A AR AT Y B S A
HER RE T BRI S AR & &, B SR A

Yy R AL, B AR A AR R TR
WF, T 4 (R & 43 A 98 IE T it A Ak B - R A
A R R IR R B R A A Ok
Fo AHGERE, MEIRENG, W TR E K
FAEARAE R, PR R R WBOR 5 A A 2 1A
KRR, X EARBGT A R —2 (& 4), 54
AN T K FEOSOR] R R R A A, SR AR
FHH B E B . BKRERER P B350y, ok
AR R AR, FERAERGHENRTES.
AREFFE R FE KR BE, TR IR R NH,-N Kk
Py S R A AR B T KRS BE, TR T K
FERA AR, IR ZOE T R SR
4 ZhE

R0 U T 0 7 77 B 0 AT 20% SR B A
REAE TR K R A K ANk st 3R E AL . 80% JRE L
TR A I AR . AR MUEY AW
BEeg =g B, MK 4ls (NBPT+PPD+
DMPP) 7Efef H T3 R RAME T HRCR B2, e
20%. Jiti FHRAS S 0 40 o T R E R R A A
IR A P o GRS U TR D ) B A 2 A
mEREAR . EEMAEYER . AW H
R RME AR 2 OR AR e A 7= S TR
FLRE 3 I AR AL R S R, D IR R R R
e, MR FIXG X AN A D RIVE A .
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