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O, Bk, RS Ham R
(1 WS ARR o, I 471023 2 RSO B TR IACRA0E, HIR 210044; 3 A AL TS T
PRI CTIRRLE B LSRRI, IS 210008)

OB RSO AR, BRI AESSRR R . ER AR A ORI, O SR R IR T
BHLE, Z5RE . Q5 MENCTRIAHIL, FREZERME(DT)HRZ 55 T B AL DT+M)L G EFEK 13 "N-NH; ik
fit, DT I DT+M ZbFREY “N-NH; HEB 7205159 0.19% F1 0.37%, ko CT ZbFRA HIFEAT 95.8% F191.7%, @550, AR
it S H s T Rk AR B N B, B T PN RS . RIIERERE G, DT+M ZRERAY PN L E/DN, H CT ARHRIE
48.7%. QFNEIRIGEAENEHETR 30 NHL-N 92, BERSEIEFAR, ML CT A, RIEHHEALEE DT A1 DT+M & IEFIH
ROHIINT 69.8% F1 57.1%, MHh, FACHRIGEEA B FKRE 7 E 4@ m, B DT AR~ FUR 2B AR, T DT+M
MBI VERIRE 4 AR AE
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Effects of Different Fertilization on Nitrogen Loss and Use Efficiency in Rice Field

ZHANG Min', YAO Yuanlin?, TIAN Yuhua®, GAO Jialu', YIN Bin**

(1 College of Life Science, Luoyang Normal University, Luoyang, Henan 471023, China; 2 School of Applied Meteorology,
Nanjing University of Information Science & Technology, Nanjing 210044, China; 3 State Key Laboratory of Soil and
Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The effects of different fertilization on rice growth, nitrogen use efficiency and loss were studied by in-situ and
micro-area isotope experiments, and the mechanism was explored through the nitrogen transformation. The results show as
follows: 1) Compared with conventional surface application (CT), urea deep placement (DT) and urea deep application combined
with organic addition (DT+M) significantly decrease '°N -NH; emission. The emission factors in DT and DT+M are 0.19% and
0.37%, which are 95.8% and 91.7% lower than that in CT, respectively. 2) Compared with CT, nitrogen deep application
significantly increases the uptake of '°N from rice plant and root, and reduces the loss of >N. DT+M has the lowest °N loss
among the different fertilizer treatments, which is 48.7% lower than that of CT. 3) Nitrogen deep application can enhance the
fixation of soil NH4-N and increase nitrogen use efficiency. DT and DT+M increase nitrogen recovery efficiency by 69.8% and
57.1% compared with CT, respectively. In addition, DT also contributes to the increase of rice yield, but it is affected by
environmental conditions. By contrast, DT+M gives a stable increase of rice yield.

Key words: Rice; Deep application of nitrogen fertilizer; Ammonia volatilization; Nitrogen use efficiency
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IHEETR TNy, A%t A e

T NHy #EAIUR, fEmARFIHRCE,
TRZ A5 A BRI | G JIE s 1) F0 J7 =X 2A
Bt PR Z AW 2T, Horp ORI it 2 a5 K
FEAEAC L T RUIEHER A — A 2R i . 5 AR
FHEL, PR VR AE 1 2 BRI H 7K NHL-N R EE, I3
> NH, #5110, Jenifffse i, R EHEBE % PR
20% ~ 45% [ NH; #5155, $#15 26% ~ 93% MY ENEF]
FHER, HKREHE 7 38% ~ 55%! 121 (H IR AR X BEHF 5%
i, R EE BN, TR A kb X R
SRR AR T, —IRMIR R IR 2 30R
PrtiEA R B, 555 KRR AR o
R, ERUKRETEIER, ARTRRE AR e

— A, AT AILIE A A% 1 o 35 A RE T
PE ARG FERL R R, R A e PR R IR, PR &R
R 38t A MUAE FT e B A i — 20 4R S KR - i
W7 o SRTTZAE XK F AR K A AE A A
%, Hxt PN L pm b= IR, Wik, AR5
FEI M DX HEAT T I P RN X [ 225, 5T
PRZ TR T B4 HLAL XS K A= 1 . NH; 8 f1 PN
Fe ) B2, DUIA SR Aol Sk (A 7 B R
A

1 MRS

1.1 i

KB T rh B R 2 B R A AR A AR S
(31°32'93"N, 120°41'88"E)iHiAT . xufifi T ARWIHLIX,
JE R A, AR RR 15.5°C, AR EREK
it 1 038 mm. R AR A T BT E AUK
+ (= t), FELO~20 cm)IEARMER: pH 7.36,
AL 35 gikg, & 2.09 g/kg, Wi 0.93 g/kg,
FHE T35t 17.7 cmol/kg.
1.2 iKEEigt

AT AL H F ] JELAE /) D3 56 Al X R4z 283
B, WA 4K, . OXIRCREE, CK);
Q@ HU AL (EIE R, CT); @RERMEDT); @R
Z T EEAHUEDT+HM), A3 3 A,
HALHNX BEPLIX A HES . LI ALTE 2015 4FF1
2016 AEWAFEZE, A EIE AR E(H N
460 g/kg), BEAE AL BERRES (S P,Os 160 gkg), HAE
EAE (K20 600 g/kg). FNEFALIE(CT) AN
RRIZBISIUE, 4 3 YO, L E 4 2 1 4,
JEACR R 4350 6 A 24, 7 H 7 M8 A 14, FALRE
AL BE(DT F1 DT+M) ARy — Rtk Sk, F

I N A AT AR T ST 38 AT
JRE R, FEROKRERIMRSE S em, MRF 10 cm #E47
WAL . A3 HLAE A 8 2422 S5 B SR DR A G R DR A R 4R,
KWE 30 d), FAKERK 70%, SRECTE, FRYA
60.7 g/kg, SHiE N 8.8 g/kg, FHIEN 12.7 g/kg,
AHUBR SRR 504 g/kg o BEAL . AP AL A Ak Bt FH 5
A, ATHLAE | BAERE ANAR AL T AR A 3 — R 32 2 48
S, ELARHEARAE LR 1.
£ 1 FEAEMHERER

Table 1 Fertilizer application under different treatments

B AHUIEHTR

N : P,0s : K,0(kg/hm?)

(kg/hm?) 9] H—UGEIE B YGR
CK 0 0:90:120 0:0:0 0:0:0
CT 0 120:90:120 60:0:0 120:0:0
DT 0 300 : 90 : 120

DT+M 2250 300 : 90:120

XX TR T 2015 4F, K REAZWHEGS
50 cm, N1 38 ecm)ffi A 13, s 4% 15 em,
T AN A N PRZE (RN 5%, i i TorE
JITBRARL), e IX A ) ) /s DX AR G

HER KRS SR A 46, FEPREER 20 om x
20 cm. /NX 2 (] 3 FH YRR R 55, By (kK AR E
o T AL B A BRI U A R — 2
KR HAL, A2 3 ~ 5 ecm BOMTEIK, ELEAR
RET— A
1.3 HRMNRESUE

ANKAR I A KRR S, AN TR 3 m® BRE DT,
Oy IFERLAASE AR, ARG X RIFRE, IR TP,
MF=J5, B—FR kPR RFS FFRE R T 75 ~ 80°C AL
bk 24 h HEEE, ZJEHBEHUEEE, T
AR FRRCS i 0 i VR B R T & L G A%
M o VEDI W R B ARYE T4 B i A AT o,
RIEFA IR NRE, %)M 48 it 20 X 5 AN it X AR
Y R 1) 20 B LAE R0 S5 1 B 40 SR A T AT
UEAh, 2015 AEAEVEM A KR (S B . $h i, 22
TR VESI) K ARROIR T, B/ NN TREE 0 ~
20 cm (Y HIERES,, BEEIRAS T, 7E 20CHTK
FRORAT, FEobT e DR, of RS Bl S TR A
FridiE i, 2 mol/L KCIHEH, R FHHEm) 5 vk f e
AN VR 43 5 5 148 NH,-N Fil NO5-N F i

RIS T NH; R MR, RE LS
P2 AT, WIS 2% IR GRA H L2 R H
By egTan ). MiAEJE SRR R RAE, MR IL
TRANAS R 1k, B R WS B4R R AL 978 % st [m] i
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e o5 54 4%

5%, MM E, TR 1 ~ 2 R,
7E 80°CHLT, HILAMIE ""N-NH; $#14: . NH; ¥ & Fiiit
PN RFEIA B BE R NH; #ERBURZ AL, X AEDIL
I, RAEH AR . AKREAR A S8R T . RERRAE N
IKFEMRTE SO CHL R, SRIGHRE ALK, FRI. N
= B R0 E A R 2 TS (MAT-251, USA), i#
ZH +£0.02%. A A IERHER R E 2R (NI E S %
Lopez-Bellido %5,

NAff (%) = (B-A) / (C-4)x100

ok AR NH; # & #5125 (N, kg/hm®) = Ndff
(%) x NH3 $i %

oK ARG i -3 43 /KR 2R U (N, kg/hm?) =
NdAff (%) x A G & < TR

K A B £ 39 5% B (N, kg/hm?) = Ndff (%)
x FHEAE SR « BHERE x HHIRE
b AJE48 UN KRERFRE; B R DAIRE . H3E. AR
Z PN EREELK SN-NH; #kEE; C 2Rk 5N R,
1.4 HIESW

REEFHEE 1 SPSS 20.0 FEATHEH/3Hr, Origin
9.1 I, i FH 5/ i 2 1 22 S (LS Dy 05) X AN [ Ak
PRZ A AR . BRI . VR i A EUIE A ]
HATE ST

2 HRENH

2.1 #X "N-NH;#E%

IR SE R, CT ALBHAY SN-NH, 5 26 &
B, R 13.4 kg/hm* (LA TE N 3, FRD)GE 2). R5H
PR 2R it 75y 1 IR 1 Z0GE 1 NH; #5 & 1 7240
KA, AR, JRE—IRERERE S
53 AR RS I AERLE NH; HEji, DT #l DT+M kb3
) PN-NH; #8 %53 IR T 95.7% Ml 91.6%. DT
Al DT+M AbBEAGFLAE NH; HER R TR 0.19% Al
0.37%, HHLL CT AbEEEEREAILT 95.8% Fil 91.7%
(P<0.05),, 33 7 I ZRUIE R it BB A A R B b o0 o A e
() NH; #5 & 4525 .(H )2 DT il DT+M Z [A]f# "N-NH;
PERMREA BE XS, RUTEIE T & 4N B
A LIS RE AT NH; 3% & 151 26 35 A 5200
22 WERPNFBASHK

TIX KRR T, X HR AR | Hb LA AR A 4 e
B ON SR TN, 45 0L 3. R CT AbBEAH HE
DT Al DT+M b B i 2 52 5 1 /K Feg b E 35 53 LA SRR
) N Wz, DT I DT+HM &b B A K RERLRR N
WO (M s SAR Z A CT AbFEAF B4R & T

42.8% Fi154.5%(P<0.05).DT Fl CT kb3 fii] 33 "N
FREA R 2Z R, i DT+M Zb B R 42 5 17 5 PN
FRPE . 5 CT ALFAHEL, DT+M AbBAY + 58 SN 5%
RN T 43.1%, X R EEGRE T Bt HLIE A F]
TR

£2 FECEHTEE N-NH; K

Table 2 '"N-NH; losses from rice fields under different treatments

Ab ¥ PN-NH; #14:(N, kg/hm?) NH; HER T
M AT EAR2 & PN-NH; K (%)
CT 8.45 3.29 1.62 134a 45a
DT — - - 0.57b 0.19b
DT+M - - - 1.12b 0.37b

T NH; {5 R 78 NH; B30 5% 5 it /R 0 He s A
B )N i e A LR 22 5 5 % (P<0.05); F I
£3 TEMBLIERN N R, #IAFRE
Table 3 N uptake, utilization and losses under different treatments

AhEE S PNZERE PN RIREN, kg/hm?)  PN#E PN A

(N, kg/hm?) 4 B3 s KR (%) HFR(%)

CT 63.7b 76.8b 7.97b 50.5a 25.6b
DT 67.5b 109 a 9.82ab  37.1b 364a
DT+M  9l.la 121a 11.7a  259c  404a

Rt AR it T Bt A AILAE 357 66 8% 48 v 7K A
(5 SN FI R, DT FI DT+M 4bHE N F 243
g 36.4% I 40.4%, B CT ALHBEINT 42.2% FI
57.8%(P<0.05)., FIF AL AR R R PN
g, BERKEI, ARLEZH2ZEREE, B4R,
CT > DT > DT+M, DT+M Ab3RfY PN $ide efik,
HiEAL Y 25.9%, (LT DT+M A 37.1% Fl
CT AbHfY 50.5%.
23 TEXNE

IKFEA R A B (P BE L $77 . 228 L RESRRIIR)
AL RS ILE 1, FEor el k2Rl
], DT Il DT+M ZbBEAY 3% NH,-N S B & T
CT Ab#(P<0.05), &I RUEIE AR IE T fic it A HLAE
AT S AR E SN AR ) . X T REE
RUIE TR it i % 4 ) L 59 0 R A P, AE K RO R
WM ARSI R, BIRTRE AT LARHAS AU _E T
B, s AR e R X
()38 NH3-N &g & T CT AbFEpgias, (HE2ER
AR (P>0.05), BRI AR 45 NHL-N 5258
B W BRI, ERRANIE A B 255

M T KRR & BT (] — L Ab T K S5, g
NO;-N & B AL F 13 NHy-N & i, AS0h, A
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Fig. 1 Concentration of soil NH;-N and NO5-N (0-20 cm depth) under different treatments

[i] b Hi A 7 31 1A A4 + 3 NO3-N & =76 6 mg/kg LU
T, HAFAL#EZ E A 14 NOs-N & it i Ay % 2%
S {HZUHRE DT il DT+M Ab P4+ 58 NO;-N &
R T CT AR, 30T BB B ISC3R i — e
1R, KRG AT AR, AT 3% NHi-N
1] NO3-N iYLk
24 KFEFEEMRBRAE

FH [61] /0N DX 3t 568 T A ) Ak 1 70 e 7= o R 4 38
W R WL 4. 2015 4F, 5 CT ab¥AHEL, EAEGE
WS TOKFEAYEL, DT F1 DT+M b3 A 7K AE ™
HPES CT A HR R T 13.4% F121.2%. 2016 4F,

TR B R IR e, SEOR R bR 3
ANRITERERY ST 2N, DT FI CT &b B2 7] it /K Fe e
WA, M2 T, DT+M AbH 5 2 4 2K RS =i,
HAREE CT ALFRIE N T 13.6%, 8 DT AL BRI T 9.5%,
RUE TR A B T3 5 K R RS AT FRFRL R R 1)
Wi, WAEHL DT Fl DT+M AbHiH 24 & T e
TR ZE MWL, DT F DT+M Ab 33 i 2 8 2 Wl
S35k 234 F 241 kg/hm?®, A5 CT ACHEIN T 40.1%
144.3%.DT Al DT+M ZbHF- 2 AR R FZ(NRE)
SN 53% Ml 49%, WA BEZES, AXREST
CT AbH, 200l CT AbFHE S T 69.8% F1 57.1%.

x4 TRLEMKEFESEMEAZMALER
Table 4 Yield, PNU and NRE during rice seasons under different treatments
Fisf ] Rk 3 FERL™ A EW RN, kg/hm®) NRE
(t/hm’) HPRL T U (%)

2015 4F CK 471c 46d 21¢ 67 ¢ -
CT 8.99b 103 ¢ 52b 155b 294b
DT 10.2 a 114 b 105 a 219a 50.6 a
DT+M 109 a 132 a 94 a 227 a 46.8 a

2016 4F CK 491 ¢ 38¢c 43¢ 8lc -
CT 8.75b 90 b 90 b 180 b 33.0b
DT 9.08b 114 a 136 a 250 a 563 a
DT+M 9.94 a 126 a 130 a 256 a 513a

F: R NRE Wi E i A A HUIE.
ROMEMRT 95.7% F1 91.6%. Kt HENE I il H v

3 ihie

8 P PR 28 0t 3 2 it R ) S0 i NH 45 %
R AR O B BA TR, U BT 22 4 A FLRUIE 26t
PRER— U R RE 6 1.7 WA IR NH 45 4
ARG T LA K DR T LA HLAC Y PN-NH;

IR - S (4 IR A, SE A PR ER KA I ], (ERE A
IR A= T SRt AR it P A ALAE Ak BE A F i 7K
NH,-N Hil pH I 240 T — AR AT 1esh, A
NEGE AR 7T LA H] NH3-N 7] By, il 30 A7
TEZM NHi-N, 2R EYX AR M, Fit NH;
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PR R R 53 AR . Al NH HE 2 — > 20 75 fife ok
& Bk vk g, LHREERE, FREE IR
NH; HEAlCER KA E 5, Horb R HHONH HECH S
(4 9% ~ 20%!" 7, A ZE H RUIE R it LA B it T it
AHUIEAE R AEAE NH; HEBCH F AL 0.4%, JEATH
BRTREH NH; 5% 0 XF Ho X A s st AIEIR
Jita Pt A5 ALIEAG B 41 = 3 IR U [ , A4 E
P — (R R AEG AL B PN BURRER T 30%(FE 3)-
R, SRR % P it A HILAE 5 A Bh 1 R A H 4046
&K, TERD R AT EREE 75 Y By K

5 E LR L, PR 2R B ATt T A AL
4y 40 4 v RN SRR FH 38 PR 28R it v DA vy 1 4
NH;-N i, JE K A iy ], A2 K Rg b 1
T AR AT A (B 1), ABFgE, IRER
Jita TR T T i A AL IES A B8 ) 80 3 R ) 26 EL R
FNALBE A= 69.8% 1 57.1%. JEBIHL, Jeni
g, ML, EUIR M A ZAE R R T
50% ~ 70%">" Ak, wi ARSI AR Rt 1)
PIRRPREA THEZ A, A B TRIR R ALK, 8
VEGIF BRI, S i s e = e o) AR g
SE MBI, 2015 A7 AU TR it Ak 35 A K R i
BERET 13.5%. (AREZLEF R TRSREW
M, 2016 44 KL AR R IR b B 2 (8] i VE 9 7
HIFRA B 2R XA R m AR IR E —K
PEUR G AR HE T R 202 i Wi, (Rl i
W2 EPERI, SEUEWE S KA TEGRAMN
%, FMAFTEY - m bR e ™. M2, R
R Lt A AL AR B e b A R K RS R X R R
W, AKAERG R . AT AR R, A AL R
Z K8 RGN E EE TR, MAEY) A KA EE A
A B m P20 R, ZIEEE T B ita JLE
ANUA B F AR AR AE &0 2%, WD FIE 4 AT R
Bis Y, RERER R4, [EAHE .

H iR E 57 8 1 s AR n, © g2 Aol & J#
B —> BRI R 2 o N TR 4 e UM R it 75 ZE T FE R
WS A, AR TAT R 3 & . T e
[, MU SR AN A il o 2EEAh, SETREHA
HE G HLIR A A T AR 2222wl U A 52 5|k 3k
o A ERNE A, — R AT L1548 K
ST RN R, SR AR RS H AL & A —AN 5 ] o

4 e

FUEE AL FRRY SN-NH; HEE PR 0.4%,
AR T AR R NH; ¥4 . FETRE RED 3 i

T R A2, (DR KRG M bR 4 FRR 2 X AR
B, AR SRR 57.1% ~ 69.8%. IHAh, A
JIE At th, R A KR = R B s, (H LS SR A2 3R 2%
PERRZ o AR — A BB G AA L, TR0 T i AL
RESE =R B e, FLIRZAS T 30% IR S
JE—TRAEASHE) BA A B it

SEZ 3k
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