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JITE FH SR 22 105 — B SR K P &8 B AR A
e B 3 50 AT I A5 1 5% b+ 38 pHS. 6, A HL
17.4 g kg ™', 2R 2.2¢ kg ™', WfRA 169.5 mg kg ' A
%o 38.0 mg kg ™', A 175.2 mg kg,
1.2 REFHZE

YT 2011 4F 6 H JF UG kAT, % 20 Fp Al U 2
F20114E6 A 16 HE 7 H 22 H.2011 457 A 26
HZ8 J31 H.2011 459 A 10 HE 12 A 15 A,
2012 4F2 H 18 HES H 29 H ARKWKFHE L B
FISE(UREEAR) EAFR(H 14) BRE(H
B - 1), IR 7 AL H, PR 0LE 1, it
FH 8 BLIR 2, Y b R B 20 w) WA A5 5 T it FH 1 2
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W ge ;) 18— E . B = 25 A IE (KCL, 60%
K,0) FI s I (4586, 12% P,0,) iE F & ¥ H
194.9 kg hm ~* 45 PU 2 5 32 40 IE (KC1,60% K, 0) Fil
IR (A EEREIE, 12% P,0,) ¥4 270.0 kg hm %
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Table 1 N application rates of the four crops of vegetable(N, kg hm™*)

BFSE
abP bW BHSK Peking cabbage T RBAE
Chinese g4y 38 A Total
Treatment Pakchoi cabbage ... Potato  nitrogen
fertilizer Topdressing

CK 0 0 0 0 0 0
U200 200 200 200 67 200 867
U300 300 300 300 100 300 1300
U400 400 400 400 133 400 1733
CP200 200 200 200 67 200 867
CP300 300 300 300 100 300 1300
CP400 400 400 400 133 400 1733

1.3 HRXESHN

SRR R R I H AR B4 S mm
JEH) PVC Ml B, 4 R PR 4o 3 R A &6 4, K
/NH0.50 m x0.50 m x0.50 m; 45 it H—A
FLL AR TR T — i B 3 IR 5 AR R A LB
MEFE o, fE R R g XA AT A L, iR R
0.50 m x0.50 m,#F%2 K 0. 54 m x0. 54 m,fF 4.2
em, SR FE AR RO ACKE BEOK A SEAE A CE T
JEAE b fif 2 2 B SR 5l ol A< FLH 10 ml i g 4%
FHBCHE SR, B 10 min il — YR, 7 22 DU IR, [R] B R
BRIC AR N IR B . B UCR AR FEA LR HFTE BT 8:00
~10:00 PNIHAT, RAESG 2 d N 58 ORE ik B2 A o
W7 AR 2% Ry 22 $E A8 A a3 7890 A £ I 2% K
FED , K I #% 15 B 300°C, {5, 424 80 ~ 100 H po-
ropackQ, Fl N, YEZR S, 20 2 A2 45 40 ml min ™',
AL B 5 R IF R R R A RS — ], 51 2
~3dRAE TR, R 3 ~ 14 d SRR 1T IR, HHRE
AR &P P YR R R 1 B (1] [1] B8 A A, o 4% 1k N, O HE
JCGE i INACE 15 3] N, O ~F X HEGE it HE 24k
R A LA B ), A5 8] N,O BB HE R . A
KEWRELI N0 ~20 cm, 7 ~15 d RE—K, 4>
Frisf I 2 mol L™" iy KC1IZ 4%, 3 P iy NH, - N
JEE R FH i 19y 5 b € 9 0 5, NOy — Nk B R T 464
43 606 BE I A
1.4 HiEgE

IR T B ] Excel B TH IR, X 44 45
JRH SPSS(16.0 JinAS) iy LSD gEA47 2 & L,
FIHI Originpro (8. 6 fltAs) il 4] .

2 4 R

2.1 AEMMUE N,O HiE=E

AFZEZE N,O HERC A AR, 17 28 =M
T4 S 2 7 it N 5 Y A S B B ) Tk
W (P 1, B Sk 2R it AR B R ) 5 B SRS 2 N,0
He e I AE W AR J5 20 S d I, Fe R{E F ik N
9.84 mg m * h~' (U400 4bFH ) , It 5 & M AR 3, B
Fe R34 N 0.014 mg m ™ h ™' (CK 4b#) ; # 2F 3%
H i AL 5 AL AN AR BT R , 75 10 H 10 HaB RS 3 d
DAL HE TR X A /N (R DAL, D JR R R B AN TR SR
7 N, O 135 HE i i e H A W (9 22 S k. AR TR &
JEANEER B AR 45 AL HE N, O - 2y HE il i 2y
R I, A5 AL BT 3 N,O HECE B AE 0.41 ~
2.65 mgm ™ h (£ 2); LT RETH N0 HE
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WOBE RS TE FEIAE N 0.41 ~1.24 mg m ™ h ™' [A] 3
3 B 2F P N, O HEHHE Y EI7E N 0. 10 ~
0.53 mg m > h™' i), M F AT =%, DR ERRHK
AT 0N A b PR O B A, 2 N, O fE
HOGEEJEEFE N 0.02 ~0.28 mg m > h ™' ji], M3

AWML A 1 - 2 N, O HE il ok &, W HLIR &R M
CP ZE 4b PH A F- 2 N, O HE 7k id & 23 5 7 0. 29 ~
0. 68 mg m > h™'.0.26 ~0.50 mg m > h'fE; B
FH A i AT I, B PR 2R AL 1 - 25 N, O HF il 2 2
& Tt CP ZUIE i Ak 3
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Fig.1 N, O emission fluxes from plots different in N fertilization rate in the four vegetable seasons
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Table 2 Seasonal and annual average of N, O fluxes from vegetable fields(N, mg m >h™")

b ¥

g EEIEEd B O psSURIIE I

Treatment Pakchoi Chinese cabbage Peking cabbage Potato Total period
CK 0.41 +0.05d* 0.41 +0. 13¢ 0.10 +0.02d 0. 02 +0. 00b 0.12 0. 02¢
U200 0.70 £0. 13bed 0.95 +0.21d 0.30 +0. 086¢ 0.08 +0.02b 0.29 +0.05d
U300 1.08 +0.20ab 1.53 0. 13be 0.41 +0. 13abe 0.14 0.01b 0. 45 0. 07be
U400 1.24 £0. 36a 2.65 +0.27a 0.53 +0.09a 0.28 0. 12a 0.68 0. 10a
CP200 0. 65 0. 029¢d 0. 88 +0.03d 0.26 +0.04d 0. 05 +0. 00b 0.26 +0.02d
CP300 0. 82 +0. 20bc 1.23 £0. 10cd 0.35 0. 06¢d 0.07 £0.01b 0.35 £0. 04cd
CP400 1.09 +0. 17ab 1.70 0. 18b 0.49 £0. 08ab 0.11 0. 04b 0.50 +0.07b

1) S0 00 59 4% % =5 b A 400 1) ) SR R A, 3 B0 45 K PR 201 8] 8 R & Observation was done throughout the whole experiment period, including sampling
during the vegetable growing periods and fallow period. 2)3FYJ{H + 515 22, [a] — %1 o K [6) 725 6 78 A ) b B 8] 22 53 . 2 (p <0.05) , F[A], Val-

ues in the table are means + SE). Different letters in the same column indicate significant difference between treatments (p <0.05). The same below
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BEER(EI)., TREFMRIRELIHALZ CP A
JIES Ak B SO0 300 1 N, O e 56 14 it 220 19 384 n
T 18 0, A ARV L4 B AE 1. 61% ~2.62% 1.36% ~
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Hy b B AT, B S b UL I 3 P N, Ol e B it

R B DT84 001, N, O i 5t 0k ) S 77 A

[ 2 1) LU B G 3R o X 3T — 41 B S b R 00 8 PN 1Y
N, O HEf i BAR ST, 78 Z L Bt H 7 N 0,867
13001 733 kg hm > PUA 7K, il SPSS 17 il &
PLE A EIH R R A CP A AE A N,O0 HE
MRS EEHEZRBOCR BRI E NN y =
10. 44¢” ™",y =10.60e” ™™ (y R N,0 il hit , «
FoR AN &) ARG R A A5 0. 999 KU b
(K2),
2.4 CP GBEXT N, O HE B P 5 357 2

HI 3R 3 T, A R8I 359 P, A [R] 207K SF 4k 3
NL,CP AEAL B N,O HEBCR /N T 5 AR R AL 3,
JLANHI AR 7.21% ~ 59. 81% Z 0] (£ 4, K0 x%f ]
CK) , Ut B CP ZUHE o i g £ 400 1 550 A Skl 77 N, O
HE il 5 e rp I 5% 2 3 F = A UK A BRI
R AH G At 3 22 09 4 TR K T A B Y Oh IR
Forpr—A~ 5 5 A R T 4% S R R 0 IR B AIC, T

K3 HEZHEMEMAE N,O-N HEm =R

Table 3  Seasonal and annual N, O-N emission rates of the four crops of vegetable (% )

Ak #1 ey THX B3 Ty SR URIIE:]
Treatment Pakchoi Chinese cabbage Peking cabbage Potato Total period
U200 1.41 £0.32a 2.18 £0.91b 1.91 £0.67a 0.69 0. 16ab 1.61 £0.47b
U300 1.91 £0.48a 3.04 £0.22b 1.84 £0.71a 0.92 0. 05ab 2.07 +0. 36ab
U400 1.78 £0. 68a 4.57 £0.69a 1.77 £0.42a 1.54 £0.69a 2.62 +0.51a
CP200 1.04 0. 16a 1.90 0. 40b 1.73 £0.25a 0.35 0. 05b 1.36 £0. 09b
CP300 1.18 +0.47a 2.24 +0. 14b 1.47 £0.25a 0.35 +£0.08b 1.47 £0. 19b
CP400 1.47 £0.27a 2.63 +0.40b 1.39 £0.39a 0.53 £0.22b 1.80 0. 34b
70 -
60 -
y=10.44¢0001x
r=0.999 9, p=0.000 1
~ 50 F
5 E
® 240
840 HHRH
2 Z .
= Conventional urea
2 3
3 = 30 |
ZZ CP AE
Z' % CP N fertilizer
i =10.60e" 0008
r=0.999, p=0.001
0 . 1 1 . 1

0 400

1200 1600

S 8 N fertilizer rate (N kg hm)

B2 BN N, O HE R 5 B KB R R (RZEBRIRTE 95% 1Y BAR XN )

Fig.2 Relationship between fertilizer N rate and N, O emission rate during the whole observation period( Bars indicate 95% confidence intervals)
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Table 4 Effect of the nitrification inhibitor on N, O emission in different seasons( % )

it &K ey BHX T s SQURIIE]
N Application rate (N, kg hm ~%) Pakchoi Chinese cabbage Peking cabbage Potato Total period
200 11. 64 7.21 14. 04 34.12 8.75 +8.95a
300 23.7 19.13 15.30 50. 86 21.00 +2.6la
400 11.81 35.97 7.23 59.81 25.28 £4.55a
100 160 350
= —+ U200 —+— U300 300 —+— U400
280 = CP200 120 &~ CP300 -5~ CP400
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g 8 ——U200 9% & \ U400
i g \ —#-CP200 ) —&— CP400
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O 1 1 1 1 0 1 1 1 1 0 1 1 1 L
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Nl 5 Observation date (yy/mm/dd)

N H #) Observation date (yy/mm/dd)

B3 CPAEMNSHMIRELE+IED 20 em PJ NH, - N 5 NO; - N ¥ BF L 4%

Fig.3 Comparison between conventional urea and CP fertilizer in concentrations of NH,” = N and NO; - N in the 0 ~20 cm soils
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RIAR 5 5 B3 A A A 1 F U MR 5 i
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P N, BRI A9 8 R BB E s A
BRI TR A OLIN , 5] 4 LAF g J5 40 64 B0 5, A e e R
AT RE MR o b R DA BB T R i 0 1 L
B )24 1 AR 22 A i SCRBE B ( DL 3R 5) , J B0 A [ A5
J2 N, O B HE L % Bl 25 0 N8 7t FH - 484 o i 388, ELAR
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Table 5 Relationship between nitrous oxide emission rate and nitrogen application rate

i A2 UG T i N, O HFJi B o )
BRI AR 12 46 P (1] . . . HewR fREOT
Fertilizer N rate CumulativeN, O
Vegetable rotation Growth period Emission ratio (% )  Exponential equation
(N, kg hm %) (N, kg hm %)
0 3.30
[LFAR VSV Ve At 20070/4/12 - 522 5.20 0.36 y=3.216%000
Pot Tomato/Cucumber/ Celery 2008/04/05 696 6.50 0. 46 R? =0.98
870 8.30 0.57
0 0.48
- 200 1.38 0.36 o004
B/ 8 /e 2007/04/26 - r=0.58e" """
- 400 4.05 0.78 !
Pepper/ Radish/ Spinach 2008/04/16 R? =0.97
600 7.7 0.98
760 10. 8 1.13
0 0.49
230 1.32 0.33
b U VUNEE L NEE et 2008/04/24 — y =0. 60" %>
460 4.93 0. 86
Pepper/Pakchoi/ Pakchoi 2009/04/30 R* =0.95
690 7.95 1.03
880 10. 29 1. 11
. 0 0.85 o002
PAVUNSEYZ: Ve 3 2008/09 — y =0. 84¢% 002>
- - 500 2.80 0.39
Lettuce / Pakchoi/ Pepper/ Amaranth 2009/09 R* =0.999
750 5.42 0.61
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FE R FE B A0 0 3 30 3 B 4 v RUNE A R
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4 2 it

FENL I T 24 1 AF () B TR] 4 BE PN, 6008 47 it FH 7K
SEH N 867 .1 3001 733 kg hm > (i35 b I, % IR
£ 5 CP AW N,0 HE #3518 1.61% 2.07% |
2.62% M 1.36% 1.47% .1.80% ;N,0 HEjik & 5 &
JIEL it P 2 S S B PR B R o 3 Nt AUK R A Ak
il 3R X T N0 HE s, AR R S Gk
8.75% 21.00% ,25.28% . #t & Wi A &0 jiti FH 7K ~F
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RELATIONSHIP BETWEEN NITROGEN APPLICATION RATE AND
NITROUS OXIDE EMISSION AND EFFECT OF NITRIFICATION
INHIBITOR IN VEGETABLE FARMING SYSTEM

3t

Xiong Wu'’ Xia Yongqiu' Zhou Wei' Yan Xiaoyuan'
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Changshu Agroecological Experimental Station, Chinese Academy of Sciences, Changshu, Jiangsu 215500, China)

Abstract High fertilizer N application rate and low nitrogen use efficiency are two typical problems in vegetable
farming systems in China. To explore quantitatively relationship between N, O emission rate and fertilizer N application rate
and its mechanism, and effect of nitrification inhibitors in mitigating N,0 emission, a field experiment was carried out
having four crops of vegetable and lasting one year. Results show that when the N application rate varied in the range of 0
~1733 kg hm > a™", the total N,0 emission increased exponentially with N application rate, no matter with or without
the addition of any nitrification inhibitor, that is to say, the higher the N application rate, the higher the N,O emission
rate. The application of nitrification inhibitor reduced N,O emission (8.75% ~25.28% ) from the soils of all the N ferti-
lization treatments, and the mitigation effect increased with N application rate. In plots applied with N 300 or 400 kg
hm ~* season ', the economic benefit arising from reduction of N,O emission as a result of the use of the nitrification inhib-
itor was higher than the cost of the nitrification inhibitor. Therefore, the use of nitrification inhibitors is a profitable option
even without considering some other factors like improving N use efficiency.

Key words Nitrous oxide emission; Nitrification inhibitor; Vegetable field; N application rate
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