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Nitrogen Balance and Environmental Impact of Paddy Field Under Different N

Management Methods in Taihu Lake Region

XUE Li-hong, YU Ying-liang, YANG Lin-zhang

(Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract; Effects of nitrogen (N) management methods of paddy field on N export to environment and paddy N balance in Taihu lake
region, China were studied. Field experiment including site-specific nitrogen management ( SSNM) , organic & chemical N fertilizer
treatment ( OCN) , control released urea treatment ( CRN) , reduced chemical N treatment ( RN) and farmer’s N treatment ( FN) were
conducted at the taihu lake region in 2008. N loss including runoff, leaching, ammonia volatilization and N, O were calculated, and the
N balance was evaluated. Results showed the grain yield of SSNM, OCN, CRN and RN treatments was identical with FN treatment,
while the total N rate reduced about 20% -40% , and N use efficiency (NUE) increased 14.5% -44% . N export of SSNM and CRN
treatments decreased 52. 8% and 45.4% in comparison with FN treatment. Under the same N input, N export of OCN treatment was
lower than pure chemical N treatment (RN). N surplus was observed in FN treatment, while N deficit existed in SSNM treatments.
CRN and SSNM treatments could increase NUE, reduce N export without sacrifice of yield and benefit, and could be as an economic
and environment-friendly measure to intensify in Taihu lake region.

Key words : site-specific nitrogen management ( SSNM ) ; control released fertilizer; yield; N use efficiency (NUE); N export to

environment
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Sl R B HE R 3,37 x 10% w ] DL AR T U
IEE 32 W NUE-REE S N R=E A et Y e
— TR VA A P AR TR R T B I U TS U 1
R V907 KA R 2R A S i A AR A
SEIRBE A Ry 32 0 AR R Al TV T g 3R
Ve 14 ] 17 2 SR b 20T A D Bt DX SRR £ 22 R B R T 7
SR 5 16 B 7

AEBKBR TG AB WS, AR K &A%
KM N,O HEfw J& — 4> B R AR WF SR T, R
TR OH R K AL R A R R 29% -~
359 ' L H B T AR RS IR R O LAAE B
5% 200 7 2 R R A0 X R IR K R B s e Y
1A [+ I 25 i 4 e A A HE IR W T A SRR
RS2 RNE = AU A DL R RN it P ) A5 I
B ARy k2 S R A AL G AL IS it | e 2% A R
A e 5 i AT RE A RO R BUR O AR B
FARGEIHE T A A BN A8 21 05 0 A8 A R AR
Bl R DL R SR HE TR 52 0, 255 25 BB PR R AL
22T RN LA KA THAE Ty 64 0T R 2 R R LASHE S R )
TSR F 54— ol 3 B A 801 A8 B X, DTG 38 3
Ay FIFR 858 X 14 235

1 #R5FE

1.1 K&t

T 06 M o5 2 B A AT 32 IR I L T i
() — P H | b Ak TG 8 T B A e E A VD RE SR
e O WA AP & i 35,65 gokg T A
1.81 g-kg ', & W 0.61 g-kg ', Bl fi & 149.78
VOB BCWE 37.94 mg-kg ', HEACHE 118.33
B YA (1 S35 R L W A % . A HE K R AR HEA
KRR

B PRt AR (farmer’s N, FN,270 kg-hm ) fk
JE Vs 42 it AT ( reduced N,RN,210 kg +hm ) FEFnt
0 1 i 75 Bt BB A 2 ( site-specific N management,
SSNM, 153 kg'hm_z) A HLTEHLBC AL S (organic &
chemical N,OCN,210 kg- hm ~*) 5 & A& R} 4b B 451
R (control released urea, CRN,180 kg+hm ~*) LA &2 JC
A(NO)6 NAbHE, 3 RER (£ 1). MHLX AHixit,
/NX T AR 80. 4 m®, 3K I b B T A2 017 m®. FN RN
H1OCN Ab i) 2000 43 3 A | B8 AR A A AE 3 vt
A5 53 90 5 30% . 30% A1 40% , Hib OCN Ab B 5
B A A MR o B R Y 20% |, 2R F G J2 775 4R
I8 VA PR AR AT HLAE. SSNM Ab # 35E A F  W] RN

mg-kg~

Ab 358 B AR 4 43 BE B R A o> AL B i R SPAD
{EK . CRU 4b 38 rhojg M2 BHZ0H & 05 8 N =
70% , 4R HET , SR LU AR 42 1E RN W) 7 1 G 45 R IR
F(ASHE 3% ), HHIRE N SR & 30% , HIfE
Sy BEAL. NO Ab R 008 T 4G A B 8% B0 A HH 2 4
], W HC i (46 P,0, )65 kg-hm >, — YK 1k L i, 40
HEFH 4 (K,0)90 kg-hm =2, JE A0 AR AL 45 it FH 50% .
JK R AR S Ao BEORE 11 5. K0 BHR R 2 Hb Ak
PR K E R A H. I A A BE AR K 5 ~ 8 em K
2,4y BERCTEH 8 d J5 FF 4R s I, K 45 o 5 7 K it
A R 2 M T A0 ) 0 3 3 52 AR R 5 T o ) S A SEE
K, H b, AR R i AR R AR R RS
HEMALFRH 11 d A EK, WA FEm &
£1 TEALEMNEME(MNIT) BE/kg-hm 2
Table 1 N rate of different nitrogen management treatments/kg-hm ~

Jite A Ak $HASE (A=Y SYEERL REND B

2

A it A ik 2R FN 81 81 108 270
Ak B W A Ak 2 RN 63 63 84 210
i 75 i JIES Ak 3R SSNM 63 45 45 153
AHLLHLE AL B OCN  63(42 KAADLE) 63 84 210
B R Ak B CRN 126 ( Z&fEBAE) 54 0 180
JCRAL B NO 0 0 0 0

1.2 JHrAnn e s H

TEOCHEA: B I (it 4> BE T A A 40 Ak 19 il B
B9 RESR ) H AR (1 2 20 524X (SPAD-502)
D5 25 b B A 42 e vk 1 SPAD {HL, A5/ Xl 22 10
AR WACI I U o 5 QU o1 S S N W 2
PHEAE %N BRI 7= ) 353 B 7= 1t
Fa 15 PR 2R T] B e AR ek BB AR R, B 3 R s R
I I fl i 10 AR PR 2 R B (% ), JF T S AR R A
W . 7 it NE Jo B — Ji N R R R A TR K TR S
52, 4.6 dRE 40, 60, 80 Fl 120 cm IR E
(95 T /KR TR] s 0504 HE K RNAR 0 K B . 30 3 i 4
T AL A AT KRR B 2 2R e R S U . I A i
10 S5 HE K FHE K R B FITK &
1.3 il ab 3R 3 By

B b B SR ) SPSS 13.0 T 9 ANOVA 2% iF
AT AN [t NE AR 2T 7 e R O e /W lie & URE )
ARG R VR 2R A Y O 25 43 B RN IR S T A
5, TR T RS HOXE ) K AR 0 Ak BE O DL R
B RGEREN AR VAR AE. 25 8 H X K532 55
R ¥ A e oA TE AR, 28 W AR T ] LK B 95 A v AL
I AR EE, RUIREHERERARHRAA A
BV ERMARURFIEEN AT LS, LR FEK
R S I S S B N AN N 2 = RN
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A K 2 5 (recovery efficiency of nitrogen
RE,) .

RE = [ (Jii 2 XK R A AR M — ATt 40 DX AR
PREMM) /MR i ] x 100%

R F K ( agronomy efficiency of nitrogen,
AEy kg-kg™'):

AE, = (i 2 DX 7K 8 HF R B — ANl &L X ™
) /i A

e FH O 7K A A e Al e = BT8R A i AR RR ZK i A
- Ak - Bk

ROV = AR + GHLE + B AR
+ THRUIRE + FEKATAR) - it 0 (R
A+ RUEHIE + IEBIE + R

Horb RSB UURE R H T 8 2009 4 45 2= 52 bR
A DS, AR T S i AR % 2009 4F FE
2 T K 2R S R S R O R AR
5N, 0 HEB B AR s TPCC-EF J7 2% 24 4 B ik 47 4
GO TR A SRR 9 O 3 S R S 14 98 T K
JEZBUT A

2 #FR5E

2.1 i SCHA A

B T IR AL B AL A R Z0AE A8 B AL 5[] o O
T E R, 78790 ~9 162 kg-hm > 2 [i] 25 4k ( %
2). AKX P A7 132 kg-hm 7, 28 B % #b i)
REAE A . PR b, 24 2 8 0 =k 2D 229% , B 60
kg+hm CHPEOLR X 7= I ORI | X A5 gk W2
T e 25 U eI X BB 9 45 SR — B TR R B AR R
Aob BRI T I A 2 7 it BB AR X (SSNM) |, H VR
FH 2 55 8 FA it NE S =X E R 0T = 4 i) o >
T 33% (90 kg+hm ~*) Fl 44% (117 kg-hm ~*) {HJ&
PRI AT I . Xue 2520 5 K W1 S8 R A0 R 56
SERAL R, 55 R P it AR AR BEAH HE, FE OIS Y
oz 9 e FE A 37 /0 RUIE B 339% Y L 8 g
Wi AR ™ 33K A 2% B K I8 It dsk i A P it B
o L BTt AU b A AN [ G A A ke A
R T IR E S A LIR(ERTES A RS
SR Ak AT ek i Ak B ) R IS A i AR Ak
BB L2, S A A B G v T AR A PR O
1) 7= 1 VA PR
2.2 AR E WA EUIE R R ROR

B B A AR A 0 E AR fE 191.2 ~ 215.5
kg-hm 222 (£ 3) , AR ANEE B2 %A % 2%

5 BRI B (RE ) FIANE R ¥ RCE (AE ) 5
it B 5 AR DG A G R B I - 0.82 -
0.98(n=5,a,, =0.8114). Hrr o f it JE kb 2
ik ,RE, F1 AE, 70 %1M 38.0% M1 7.5 kg-kg ™', #& 7
it AE A B B 7, RE AL AE 43 514 52.5% #i1 10. 9
kg-kg ™", FH LA P it AT AL B 4> B3R S T 38% Al
449% 7SI B K. BEBE AL H A RE,
AE LR A AR 38 53 I 3 5 14, 5% T 31. 8% .
EFRNBAT A HLCHLECE AL B AE, W& T
LA AL B RE AT 4l AN A3 3k mT Re 2 o
A LA ROAS e 423 A 24 25 B il S BOK AF AU BOH X
A ETE
£2 FREMEEERTHKE-EREMR"
Table 2 Rice yield and yield components under different

nitrogen management treatments

Ab NO  SSNM RN FN OCN  CRN
L TT 18.0c 22.3ab 20.8b 23.4a 22.lab 22.6ab
T 114b  123ab 133ab  143a  140a  12lab
LESLH S/ % 97.6a 92.3cd 93.0b 91.3d 92.1cd 94.5b
TR HE /¢ 26.7a 21.7b  22.9b 21.8b 22.3b 22.8b

Fodit/kg-hm ™2 7132bh 8790a 8934a 9162a 8997a 8914a
1) [{—A7T WA A F AR R AE 0. 05 SEit K 225 3%, T IH

x3 ARAEREEEXTHAERRE.
AR ZHEMAIORE WE
Table 3  Plant nitrogen uptake, agronomy efficiency and recovery

efficiency of nitrogen under different nitrogen management treatments

4k B NO  SSNM RN FN  OCN CRN
7K A A

- 112.9b 193.3a 211.7a 215.5a 197.0a 191.2a
/kg+hm
oo g 4a %
ARG 52.5a 47.1a 38.0b 37.2b 43.5ab
/%
. -
RNEA 2L
) 2 10.9a  8.6ab 7.5b 8.9ab 9.9
F/kg kg

2.3 FAEEN IR HECE

T 22 000 IR S HE i B AR AR I B T
iy 1 DA RCSRHE . B AR R BR T M B AT T HE
KEN 768 A 18 .19 F1 20 H 4354 &K, A4
FE 2 B HEZK B 5 580 m®-hm 7. BN RE ZAR G 0 2k
) Sl R for UL 3R 4. TT DU T R A B R AL, Lk
SSNM Al 4k At i B 4b BE N, 49 531 BE A 7 it AE 4 2
(8.8 kg-hm *) Wi/ 1T 18.7% 1 15. 1% , ¥ HF & W&
IGF ok W25 2007 4 Y 45 SR 28 5 B0 IE b B ()
RARWHE R fe s, 4 9.3 kg-hm 2, A7 HLICHLIC 1
A PR E LA P AL B 22 R £ R 8.5 kgehm 77 Al
TN 9T 25 S AR — 2Lk 32 B RO A 9 b A
i BRI A R & A R HE K R R RS H
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Y1) (> BENETE S5 8 d JT U H) |, 1 I 4 A JE Ak
F FEF T 7R P8 8 B 28— A IR e R B2, T A BIL G AL
C e Ak B LA K% 22 42 TR NS Ak 3 PR Ay JHE S 280 2 18 e i i
FE T 74 e 2 AR Xt 5 v (BT 1)
£4 FRGEEEER THERREHHE kg hm >
Table 4 N export to environment under different

N management treatments/kg+hm ~2

o e Bk Bk
RICEEBA A wER N0
IEHIRAA Tomk mk i . i

A F it e 270 9.2 6.7 67.5 2.8 85.8
R = A 210 7.5 4.5 52,5 2.3 66. 8
AHLLHBCE 210 8.5 6.1 46.2 2.3 63.0
BIMALRHEE 180 9.3 5.6 23.4 2.1 40. 4
e AL 153 6.8 4.1 333 1.9 46. 4

TR 0 5.1 3.6 10.5 0.8 20.0
2.00
1 T
- 1.60 | T
; 1
&0
g 120
®
¥
£ 080
I
E=N
0.40
(i
NO FN RCN OCN  CRN SSNM
RIEE R

E1 TREREEEEAEARMNEKSERE

Fig.1 Total nitrogen concentration in drainage water

BIRPUR iR B R R EEHX(r=0.81),%
TR B AR 2. 1% ~3.2% , 517 A
GEEE AL L A R PG IE b FRAR EE A HLG
HLIE e A B 9 it A Ak B 5 i A Ak 4 % 42 ¢
HEL &b B4 43 550 sk L 2 T 40K 8.9% | 32.3% | 39.0%
M 16.7% , 57 ANWFE L5 FA A2 A %5 /O it
B SR, A HLIC ML i 14 35 The 461 2k 22 1 [ 45
A AL IE AR T (2 4) , FER T0E SE BIF g 4 R
FH R, ELR T R AR5 E— 25 43T

T 22 R 2 PR HE O B 5 R 2 I 2 3 E
K (r=0.93) 295 B A &N 20% ~30% 4.
Horp s ¥ % 5 BHEBCE W 50% ~80% 247, 7 U o
10% ~25% , B i 6% ~18% ,N,0 HEW /5 3% ~
5% . AN [A) SN0 A B 2 1) 280 35 HE i i A A 3 22
S, A P it IR A 3Ry A HE & B s, R 86.2
kg-hm ~* (55 4) ; 2 42 B8 0 Kb B A1) 34 B8 HE O B IR
40,4 kgehm 7 (K 4), HoE AR 7t AE Ab B e 20

52.8% ,iX FEZEK N Z RN AL B F M 1T =
12 it P Ak R R A AL G AL T Ak B A
PIUEHE 45. 4% F1 26. 4% . X 5 Ju % X5 KW M X
FE A2 50 AE R G0 247 B B0 43 B 45 1 — 30, BN fb AR
JIE A 3 L AR it NE Ak 2R 5T 48 EUIE 30% ~ 60% , AR
BedE o > — A MER B AT (210
kg-hm ™) A HLICHLHECHE Lo 20 16 AT Ak B sk 20> 25 55 HE
R 5% 26 A . R it 280 A B ) B85 HE R R 20
kg-hm P22 47 (F 4), HoA 8 B0 BEiE AE st HE
76.6% .
2.4 FeF G JR] B K AR 0 AL e

F 12 DX G K VR S R YR T L A RT3 T
JE BT T 5 G R ™, K R AE VO A A W IR
P 22 B HEWE K 1 BB VR N 2.9 mg- L7 38
I VEE RS H R R B R AR 19,1 kgehm T (R
4.1 R 258 A AR 9B T R Y AU TE 8.8 ~
16. 0 kg« hm ~* 22 i), BEAK -V IE 012 W 45 A A9 &, A
I, i B X K AR TR o3 AR R — 2 B AR . X 5 i
T A B Y A R — B A A R 0l
(18 1~ D A T 2 KA B v R 3 AT 1 U A5
2.5 FEHAS RGN A E T HEAE

BT IR TR VR R B A A A 2
38.9 kg+hm *, Ho b FIB UL A 16. 13 kg-hm *, 7
WAy A B A3 1911 kg-hm 2, B # A A T
3.75 kg +hm 7. O OAE AR W WA = DL 26.2
kg-hm 23+ I A8 RS & BCA M AR 65 ~ 335
kg-hm_z. RIRRE VAR E (K 2), 4 i B 4b 2
RERG W W, B Ay E 8 33,8 kg-hm 2, Hik
JEAHLICHLEC it 4b P, 23 A 88 19.9 kg-hm ™*, 2%
ERELMBAEERMM BRI L (12.3

60

40 |

(=}

R BT /kghm2
th
[=]
T

i

NO FN RCN OCN  CRN SSNM
FULE AR

B2 AEREEEEATHEBERS
Fig.2 Nitrogen deficit of paddy rice under different

nitrogen management treatments
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kg-hm ™) fRAE F Ak i o b 40 38 6 AR S | 7
Jits BB Ab RO MR MR A T OBk B 4, TGN 21.2
kg-hm . HAREKHBEEREHAEZRNAH
AEF L 3gErh (A B AT R A R A
T BRI . 42 5 it A Ak B DU R 3 Y RA AR RS 2R 45 R e
B R R KT, M 2 4% 28 R0 3Rk 1 KU .
TR ) AR B R A Y b RIS AR T O
AR 25 B K RS A8 ) B n] R s
2.6 AR AT

5 4T R TR EUAE b B B AR R 3R S BT, 1T
DI A B (IR R ) AR L R R
W5 20% ZeAq, AH R Rk A F o A, i HL it — IR
N, 99 29 7 A, DR ot A 6 i 4 (BT AR AR
2l b A TR SR B D TR OA 45 Ak B A AR TR ) L
B FLAC P it A ASE W v T Ak A U Ak B i AT
Ab 355 H AR P A I 25 B AU A 2% 87 ~ 102
JG- hm . A HLICHL B it Ak B2 R A HLAE A+ AH X 4
BRSO R B IR R B TR LR
Fab BTG A AL B A X ¥ I £ IR 10 674
JG+ hm "% A H LA Pt AE A BE VIR 25 ) 93. 2%

£5 RERIEAL IR ) A R3S AT/ T hm
Table 5 Cost-benefit analysis of different N management

treatments/ yuan - hm ~*

Ab 3 NO FN RN OCN CRN SSNM
JE AL B A 690 1867.5 1605 2404.5 1629 1357.5
NT A 450 1350 1350 1350 900 1350

FER AR 11814 14667 143025 14401.5 14269.5 14070
MXFkEE 10674 11449.5 11347.5 10647  11740.5 11362.5

3 it

(1) 4 [ K W o B8RS Mt 4 & 0 > 209% ~
40% AN o3 WP FE AT 7 o i U e 5 e N8 R T 2R B
SN (TR TS 14.5% ~44% ), AR5 HE R
22.6% ~52.8%.

(2) AR RURE 48 S = v ) 2 4 B I A 38 5
RO, R SR e 75 it A Ak B £ i A Ak B A 55 HE i
. R R B AR, A L HLE i H 4 e e
Aib 3 A8 9 /0 I 85 S HE T

(3) 856G WA 27 53 B, 9 455 R I Ak 348 R 422 75
Jite JIES Ak BB 6 A2 AN BB IS 7 B RN R AR B O R R R
JIE ) FH 25 el 20 A5 HE s a2 (B A ORI U el )
) fe RO R R A B A X

(4) 16 | ) 38 §5 G4 ™ H A5 0T, F AR A
B S RO RS (= e R X C A il % NS B s W
7 H A KRS 4 7743 K F B A 5 im0 e X e R

Jit A A, AT R K R ¢ v 1) 7 R (R R Y 78% )
I8 . 2 0D AR PR A HE TR (AR 76. 6% ), HEXS
PG B T T 52 M 378 376 T 7 400 % 1 97 T B e
e
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