KX ZFMARE, FRMEFHAIEFRLE
KK B

(R e R s HARAT SUT, AT 210008)

B E ETRIEHESSEMERLZAXANLREDE, WE 7 REMXEZTRAR S ML

2 A E BN PRSI o PF 03 W T [X 22 22t 225 205 kg hm?, Je K35 2 621 6 hm2,
LI PR 3 722 70 hm™, FREEAHIRN 1101 76 h®, oo 8RR VORI RS 2 L i 5 20
BR BTN R . A F R G250 2 A2 ) 10 76 hm?, XAECP A A2 5 T 193~218 kg hm™
A, GG R, AT FHERE I R R RE IR D TR 10%~40%, 1§25 3 am i 5% ~15%. % J7ik
AMIBELE & B BNERR . SRR ANATERN,  fe v Hefhith X B A S R SR 2%, Al SR DX
L Bt 5 T R SR AR R

KR HMEF MR PR, MRS AN AL RoRE i ARWIBBX

PESES  S19 MERIREE A

it X e BERNREZLAEX, KELCREIEHE —BERFFER KT, SHERE
K fifar. AR, EAFRERHM T K, EFEMERREZETREEMSERE
O MR 4RIPCCHRIED, 22N, B4 HE R (1%) t3 K T HAEFETEIIHR R %0 (0.3%) .
Rk, 2225 i P 0N ke 22 12 3 A1 T 5y R,

MR R, FIRCRERE S, IREFN A ROk 2 R H . andeE K
WIHLDC, BRI bR T R S I AR I R B IR AR R, T T R R I bR
A, RIFZIX FEEHAE R E AL E RN 327.82~371.61kg hm?2. Wang Z5Ehsk £ T
ANAE LA, HIR T ERR N R HEMEER SRR, RERER ST 2K
A, WFAAR R AT A N 180~225 kg hm™2. Liang 275 % [ 33 5 mi = & 0
Ho R KRR AR FR RO LR, 583 i %Ry 120~180 kg hm?,

BRI E B R EZE AR, SR A, 28 HE 2 (8l = & a3k Z2 iR
K, DRI 3 T FE R ) PO 0 AR X S IR AT b X ) DX 3 S B o 17 EL, IXSERF FR HBRE T
REEEITMNRNL, KREELES 5 FE R H AP RN i = SRS BRI RN . LR R TE
TARMER L LE GV AR LR B R SR LRI E B R R AL IS A H X T 20 4
KIHE T RR, FIHB G 77k, s m s S N8 DU R B 5 S MR ETR
W NoO HEl. B AME SR I RS2 PR R, M E LR 2 AR 8N
G —Z BRI PPN, DA 12 X A 2508 B it U 1 o SR Lk Ak i

1 R ITIE

1.1 REIE

TEANEZA PR R, AR EIIIN, BT EZAEMSRAS AL, N EdpE
B, ERBINNE R SOk, s, PERESRE MR N0 HE
R BB SR AR RS A = G ok, M AR K. ik, &R

XA IMA G ZR GRS (N g ) T U RUIE = B 41 R IS BRA R A S5 A A

* R EREB ARG LAETH (KZCX2-YW-440) FIVL7E HARRI#E & T H (BK2010609) # 1)

+ EIRIEH, Tel: 025-86881530, E-mail: yanxy@issas.ac.cn

fEFZ A Bk (1979-), 5, WM, 4, FEENFHR HREIEII T . E-mail: ygxia@issas.ac.cn
WeAs H #A: 2010-07-12; W EME R H #1: 2010-10-17

1



ATV
3
N NB ~ M wheat (Fyield(Nrate)’ F)wheat) -M N (Nrate | F)N ) - z M loss; (Floss, (Nrate)’ Ploss, ) oY
i=1

A M e HNEMAFR= R OT hm?), RABFR (Fje(N ) kg hm?) 503
MM (Poper» 78 KGVIIEEE N AEFHEEN kg hm?); M NIEREAGE hm?),
AR (P, 78 kg SHEE N, 1885 M o5 NE PR RIABZLN T HIA
(7T hm?), EFRBERL 1k 25 ( Fioss (N e ) FIZRN FIABE AR (P 70 kg hfIeR$; £E
AWtgiH, X7 3 MBI ESRINL BN SN E S SN . PR
CFyig (N e ) FBRIFEE RN 5 24 B F g (N e ) PRI N, 1 BREL

PRI, 3 5 ST R AR S S AN G AR S AR, S RUIE ROIL bR i bR
PR, BT DL E SRR . SRR IR ECR — I 4L M— 38N 0
B 75 381 B Rl 2 S LA e R
1.2 HWWESGIT

N T HEFZZEF LR bR R SRR R A, R T ORI X T 20 SR EFE AL
B 5 E I ISR . A RVFIIEN T, FPEREEREERRZIURM N,O HEl
MEMTEERR. B RNE. BIEEEg R SPSS 11.5 FHRAH K R A =S M RO R
No N T ARUEEHE BA AT L0, HH A) R0 0 AR b 7 BRI 2 st R (R R AR — 28, &I LA
JRZRE, NO Wl e 7732 9% PSS, &3 R € 7 v B A ZiE, B TN e RR
M 5E J738 PVC i R S .
1.3 &F1FNietr
131 LFRAEEL A H AR REE IS & Fg Bk BIAEL , ik N,O. BiFE
K TR B IR =L RN S AR, SRR R iR R AR BN, PRIAR M 48— 1)
FEFR N HL 255205 . Moomaw F1 Birch15] NPUFNZBFIEN 46 b7 A8 (B BA. B
WA BAEA . EK . RN, B BRI IR S E e, Rk,
A AR X A FE bR, PEAL R LA R fh 08 i A B s i B S 3 Ik, AT 2% & VP Al U R
R IR ZFE RN

N TP A FITEAS B I [F — Fh RSN, 75 X AP s = i ke afe DA — 5 1 R AT %
k. M8 Eco-indicator 95 #ALFEF, 1kg NH3EKAH 4T 0.33 kg PO, I B & F-AL SN Al
1.88 kg SO, [IBRRI AN ; 1 kg AR BRSS9 TN #1249 T 0.42 kg PO, [ 5 F- AL 0N 5
1kg N,O 7£ 100 4F )R _FAH24 T 310 kg CO, HIIE. 2 S AR RN,

R i H A Rl e R A6 K 22 55 BT T TR 465 5 5 R I ¥ G R 1B 136 i IR 3 A fep A
it 11001270, BRAFHERL 1kg SO, i Huit 5 etk HTRAIERSEIEENDIF T
S, TR XA 1696 K M I AR [ ARIEHE RIS I, VRS, BRI A 84%
MR R 2 I8 TR T 4 B 338 T R AN, TR 22 K T I ) 7K AR & 8 7R K

R O L SRR RO BRI R (Mg J6 M) AT PR

M oss nm, = 84%x1.88x Fy5(N . ) x P, x17/14 (2)

rate

i, 1.88 91 kg NH; # K 57 SO, BRI AN I 240, P, N1 kg SO, ‘FEMER M
% (U6 kgh), AN 5T kGTs Fg (N e ) WEFER BLBRRI R, R ) R 5
(kg hm™®); 17/14 J& N % NH s 250

HEN KRR B B RERT A R 2 i k. CAWIARE, BT KEE SiEaxs



ol YRR AR I AR B R BB R 200 041 76 kg N PO ARYE (5K RS
WAL E 575D, & 0.25 kg BT 1 kg Vs 9B, MR X A B4t
IR RA Ay 0.9 To Rk, SR Ak UKL K T B A 3.6 JG kg™ PO, AT H R E
EIRUBURA T 3.8 70 kg™ PO,™ . [AIL, MU R K s U & 7R S () 2 B P 555
PR AT R Ao

M e =[0.42x (FLyy (N

loss-E

)+ FRpy (N, ) +0.33x Foypo (N, ) x17/14]xP,] (3

rate rate

A, PoAAE kg PO EEFREIRK (08 kg™)s FLiy (N, ) A1 FRoy (N . ) 205 A it
UGB BE IR A1) TN PR & (kg hm?), SR MAE Nue R 042 F10.33
N 1kg TN Fl NH3 258 PO, B & 3RS B 24 17/14 9 N XF NHg (s 25

N,O & —FhE B IR = 54K, & kg NoO I = BN 100 FEI [a] )R _EAH 24T 310 kg
CO,. M4 E R | 2008 4F 155 AE Gyt , 40l CO, KT k& N 20.4 £ 70, #r & AN 145.8
TG R, HEEEA NoO I % BN HIL BRI 45 2 R«

M =310x FE, o (N, ) % P, x44/28 ()

loss-N,0

K, FEy o (N ) FHEAUS N2O-N HUi i (kg hm?), R Nee FIF %G 310
1 kg N,O S8 CO, i A MMM E S ZHL: Py WEEF L CO, HHMIEOT ko™,
44128 9 N % N,O B 2%,

KWL FUR BT LURZ N (SR 46%), MRTRZMIME A 175 7t kg, ia R
%K 3.8 7t kgte BIEHAM , 7& hm?REREFRNHK (P, 7C kgt ) 5HAE Nue kg
hm2) (3R AH
13200 R M FE—EEE N, FEGE RN, Nt 8. A
BEFEeh, bR 32430 3 pe A 24 o 26N T A 80 0 /N2 7= 35 . 2010 4G
(IR 15 70 kg™t BT 2030 B /N ZE 88 7 B 5 /N2 SR [T AL
1.4 THEM DT

7B A% Bl R B 0 52 22 M T B3 2 S SO Mt AT R (AR 7 A 7 B 3
o B R R, R SRR IR T 1, 7 Bl S B A A ) P LU, 4 TR
St A B B2 SR AT o e 9 P S Y 3 M R R

KT A AR R SR R 2 R, T S EOE RN, B R R RO
TR OB 50 NSO 3 -

y-y f (6 — %)
S. % S

X, B ASE X RBER . HTEANSH X BEARR, y —BAREEAE S, Hik
X REEAR G TR X BT F384E, FH DL AR IR AN R BE8 2 i R AR 22
o SR, R X Ay RARLYEAR S S X 2 HE BERA R LR, B KisRREUE
e AR iR 2= PR SR AR E - (Partial uncertainty contribution, PUC) 575
TIERDHTY XX IR, &I7EH IS T S50 (8 B A2

(5)

X:

p
PUC, =327, 1, ®
i=1

Ko, r FUE AR X YR X, 5 Y, 2 IS RAL S PUCHE S A /N T 0 4
SHR E BRI



FETP M RAEHIAR 2 . AR PR R & 2R N, AN Ve £ ERIE T A7 I SEIe ot
W5 R AP B o SEIBOHE I E BN E M B2l T R AR . HEERE,
JEgE RS, T PUE G R AR AR HEZoR B (LR ks ah 1 2
TR A SRR AS A4, RT LI 37 18— g B 18] B A AR A% i B R B 52

2 25K 5

21 NEFEERAENXR
R4 SCRRIE IR I Ge it S 3, BRI AR SN EF- B AWE 1R, NERF &
(Tyiets (Npae)» kg hm™®) AT LA IR (Nrer N kg hm™) ) R R BB -
Tyield(Nrate) = —(0039 + 0005) Nrate 2 + (201i19) Nrate + (21985 i1558) 7
(7)) vlA, UAHEARES, KA X /NEZ A= B (2 198.54155.8) kg , /I
(132 B A e B R . YR 258 kg hm? I, /N2 R B 4 788 kg
2t SR R I 258 kg hm® I, /N2 7 e T It 2 PO 85 T

7000 A

Fyield(Nrale) = —(0039 + 0005) Nrate? + (201i19) Nrate + (21985 i1558)
6000 1 R?=0.71 ©

p <0.001

5000 -

4000 -

3000 -

/N 72l Wheat yield (kg hm™)

2000 -

1000

1(I)O 2(I)O 3(I)0 4(I)O
Jiti & Nitrogen application rate (N kg hm?)
1 ORI X /N2 77 B 5 i R B Rk R
Fig.1 Relationship between wheat yield and nitrogen application rates in the Taihu Lake region
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Fig.2 Relationship between NHj; volatilization and nitrogen application rates for the wheat season in the Taihu
Lake region
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Fig.3 Relationship between N,O emission and nitrogen application rates for the wheat season in the Taihu Lake
region
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Fig.4 Relationship between total nitrogen leaching and nitrogen application rates in the wheat season for the

Taihu Lake region
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Fig.5 Relationship between total nitrogen runoff and nitrogen application rates for the wheat season in the Taihu
Lake region
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Fig.6 Relationship of marginal benefits or loss with nitrogen application rates for the wheat season in the
Taihu Lake region
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Table 1 Variability of model input parameters for Monte Carlo simulation



NZE 7 ZHIE hrEz) AL firds i

Nitrogen pathway Mean (Std. deviation) Price type  Price ranges (yuan kg™)
Tyield -0.039(20.005); 20.1(+..9) Puheat 1.4~1.6

TnH3 0.077(20.012) Pa 45~6.0

Fn2o 0.010(20.002) Pgn 0.07~0.30

Tl 0.021(=6.004) P. 3.27~4.28

TRy 0.006(%0.001) Pn 3.6—~4.0

x 2 BRFWON. HEEIILE . PREA KBRS E A E 1T
Table 2 Uncertainties in the fate of nitrogen, urea cost, recommended fertilization and maximum net benefits for
the wheat season in the Taihu Lake region
B/ K ][N i 5 R H

Minimum Maximum Mean Std. deviation CV(%)

=P NELION 1943 3301 2622 346 13.21
Maximum net benefit (yuan hm)

HEAE it AT 1 166.7 2434  205.1 19.6 9.54
Recommendation rate (N kg hm™)

Fyietd (kg hm?) 2021 3169 2591 290 11.19
Fans (N kg hm) 11.38 1852 14.95 233 1558
Frnzo (N kg hm) 1.38 281 195 039  20.00
FRrn (N kg hm) 12.96 2414 1895 316  16.67
FLrn (N kg hm®) 2.90 6.24  4.47 0.85  19.05
Py (yuan hm?) 605.3 871.3 7383 724 1014

3 it
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BOKFBRIER MR B, (HR TR E Z e ARk . PR Liang 2578115
LA ML RE R, R T R R e B AR A AR & SRRk, W B
AR T B FR AR . T Wang Z5PUE 2 SR M BUR S T RUIR B RAS, 1% 77 VR RS PR 15 2k
o R BTN AR IR BRI AN AR R, THESE T T ARG . DL BTV
Bp R B> — ANRIEAK F SIS RN TERR, DR R SR 2 1 B A S

WK 7 Fis, SreEmcRE IE R (258 kg hm?) ML, AT 9T i HED e 280 1 77
ezs (YB) EAREEAE (f 4.3%), (Hi%E KKK (K 25.9%), SRR HN T
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IR/NG N e [ 25 35484k 10 78 hm, X 48F- 240t 8 B A8 5 T+ 193~218 kg hm™
Ao AR EIE MR ZRAE X AT Z N FAMA .« 54 BRI 2856 77 V5 2 it 20
B b Gt B A4 ik 230~270 kg hm®), ASHIT 72 #7578 RE 2D 10% ~40% 1 Tt i
T+ 2257 34 20 RE B2 5y 5% ~15%.
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Fig.7 Comparison between conventional N application rate and recommended N application rate in benefit and
loss for the wheat season in the Taihu Lake region
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gt = .

AR SR HERE AL AN E My 9.54%, HAEIE M E2okA 2 N7 1H: &R ER A
AR5 Ol 25 AN RS B . AR 2 P, BT SR RISBAUER BT, NoO HEBCE I A & Pk
K, A5 R 20%, G- T 4ATZEZIE NO R EAEIIE. 1 Zou Wi sk Tk
TIHLIX 2222 1) N,O AR, SEitRH NoO HIHE R B R TEH 7E 1.25%~2.05% 2 [F]. A
R AN E Pt R PR AR A AR S A B 5 SR 22 5t T T PR R AR AE Y
JERHA S 198 20 3 BURUE AR R AN 2 1 o U 110 i 22 ] DR I - 400 5 B R B b
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R EEWRE T, ERARRHRES Y, SR R R IBOX B Sl . T N.O HE
JEIAE T Pev Pgn st i AEUKHIR T Horh NO BEARR =R, (HZ2HREHXEN,
M EAEAR TN, BT LI AR R S48 R AR, FEEFF L ] DL . &8 TR
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Table 3 Evaluation of contribution of each parameter to the model with partial uncertainty contribution (PUC) (—
implies that the contribution is negligible)

BT 45 it I Recommendation rate B KU 22 Maximum net benefit
Darameter R AN B IR AN 5 A
Partial uncertainty contribution Ranking Partial uncertainty contribution Ranking
Tyield 0.04 8 0.06" 8
0.25" 1 017" 1
ThH3 -0.11" 6 -0.07" 7
Fizo -0.03" 9 -0.05" 9
Tl -0.14" 4 -0.09" 4
TR -0.12" 5 -0.08" 5
Puheat 0.17" 3 0.15" 2
P. -0.08" 7 -0.07" 6
Pgn -0.02 11 -0.01 11
Pe -0.03" 10 -0.03" 10
Py -0.19 2 -0.15" 3

E: *, £ p=0.05 /KF- L2 Note: *, Significant in p=0.05 level
4 45

AP G T ORI XK S AR 25 1) 5 AR E S iR i I 45 51, e TP AR AR
S IEZ Sy AL N 220 1= s Ao (A SR e R B ey S R R B 1 = A == W i
BRre s &S TR RN SRR BRI RN, 15 BRI X 2 Z ik 2 . 385
AN TR0 35 (A B 205 kg hm®, ki as 2 621 75 hm2, 2 HH B [ 22 U
FAF) 10 76 hm?, XIR-FM R R 2850 T 193~218 kg hm™2 2 [8] . M IR A 5 77 2 1
FATTAT, PRBERON 2 FEANTHT, il B (AR it A R e ORI AR = 3N . =TS )
R, IKE=&E., B, @5FNAES—.
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Nitrogen fertilization rate recommendation integrating agronomic,
environmental, and economic benefits for wheat season in the Taihu
Lake region
Xia Yongqgiu  Yan Xiaoyuan'

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

Abstract Excessive nitrogen (N) fertilization in wheat season in the Taihu Lake region has
resulted in serious environmental problems. Previous studies have recommended optimum N
fertilization rate. However, so far no holistic evaluation has been made of environmental impacts of N
fertilizer. Therefore, based on experiments on fates of various N fractions in relation to N application
rate in the region, an evaluation model for knock-on effect of N was developed, integrating agronomic,
environmental, and economic benefits in wheat season in the Taihu Lake region. Evaluation with the
model show that N application was recommended at N 205 kg hm for wheat season in the Taihu Lake
region, which may bring about maximum net benefit 2 621 Yuan, which is the balance between 3 722
yuan hm? in yield benefit and 1 101 yuan hm™ in total environmental loss. The total loss covers the
following losses lined in a decreasing sequence in terms of value, acid rain, greenhouse effect and
eutrophication. If the net economic benefit is allowed to fluctuate within the range of 10 yuan hm?, the
recommended regional mean N application rate would vary in the range from 193 to 218 kg hm?,
which is 10% to 40% lower than the prevailing N application rate, and nevertheless, would increase the
net economic benefit by 5%~15% in the Taihu Lake region. This method not only takes into account
agronomic, environmental and economic benefits comprehensively, but also provides reference for
eco-farming in other regions or other crops. It is easy for decision-makers and farmers to calculate or
recommend N fertilizer rate.

Key words Recommended nitrogen application rate; Harmonized agronomic, environmental,
and economic benefits; Model; Maximum net benefit; Taihu Lake region
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