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Mitigation of Nitrous Oxide Emissions in Vegetable System by Treating Soil with

Dicyandiamide, a Nitrification Inhibitor

QIU Wei-hong, LIU Jin-shan, HU Cheng-xiao, TAN Qi-ling, SUN Xue-cheng, HU Zhen-lan

(Microelement Research Center of Huazhong Agricultural University, Wuhan 430070, China)

Abstract; Undisturbed soil monolith lysimeter was used to investigate the effectiveness of DCD ( dicyandiamide) in reducing N,O
emissions in vegetable ( Chinese cabbage and pepper) field. Results showed that DCD significantly reduced total N,O emission in
vegetable field. Total N,O emissions from the urea treatment without DCD reached 0. 215 kg+hm ~* for Chinese cabbage, and it reduced
to 0. 109 kg+hm ~* | equivalent to a 49. 3% reduction. The total N,O emissions for pepper were much higher compared with those for
Chinese cabbage. The total N,0 emitted from the urea treatment was 2. 32 kg-hm’2 (without DCD) and it was reduced to 1. 14
kg-hm ~? with DCD application, representing a 50. 9% reduction. In the control treatments where no urea was applied, the daily N,0
flux was very low and it never exceeded 9 g+ (m®-h) ™' for Chinese cabbage and 22 g+ (m”+h) ~' for pepper, respectively, but DCD
also reduced N,0 emissions (33.5% for Chinese cabbage and 33.4% for pepper). In addition, the urea-N emission factor (EF) was
0.15% , 0.99% for Chinese cabbage and pepper without DCD, respectively, and it was reduced to 0.07% , 0. 52% when DCD was
applied. These results demonstrated the potential of using nitrification inhibitors (DCD) to mitigate N,0 emissions in vegetable system.

Key words: greenhouse gas; nitrous oxide; emission factor; nitrification inhibitors; dicyandiamide

AT (N,0) & — il 5 A0, B BE T 7 2k
W FE AN, SOFT LU A T 2 S e T 5 R )
N,O 2 IR 5502 0 0 78 IR 7, O ELEOA O 2 21
fhdf K ma 7 KR N0 R B 2005 4
4319 nL-L~', Lb T 3 6y i 270 nL-L "8 K T
16% ', 3F H N,0 LL4E K 0. 3% () % 389 K
Xu 25 SR W, A 4E AT 13,31 Tg N LU N,O (7%
ABEE RS, A AR SRS R
T N,O K214 T 50% , A Bk = BNl T B
K TR T 1480 7 0SSR e (DCD ) i gk /b A% H -
38 N,O Hi TN e I a2, A A Ak £
FF W], it DCD AT LAAT 200k /b 5 b 4 3% N0 Ff
O R RO VR 4 1 A% F E B NLO TR, I Xu

2 UOURN Li A E ST & B DCD AT DL 3 BRI
KA E K N,O i ikt ; Ding 251" BF 58 % W) i 1]
DCD 1] Ly A /32 242 K 301 399% 1 1= 4 N,O HE . 8
&, AR T DCD i HI i 3 e+ 358 NLO ok
BORBEF R, H AT 24 b 7E DCD o B A 5 3 A
W R L b IR A Sk TR B PR v 2k 4 7
HC R b AR ¥ DCD i T B R A S
i, BFSY DCD 3% 458 N,O i i 5% i, LU 4

WA H 31:2010-12-17 ;4531 H #1:2011-02-25

B4 T H AR B G 3E By s ik el B EORTUH " (948 T H )
(2003-754,2008-725 ) ;“ +— F.” [B KB} £ 3 # 1F % H
(2008 BADA7B03)

PEF TR (BRI 41 (1983 ~ ), 2o, L WF 50 A, = BEAF 5T Uy ) 24 Mt i
HAEXZGREAMKEMNL TR ), E-mail; qiuweihongl029 @
gmail. com

I R A, E-mail : huex@ mail. hzau. edu. cn



114 IS s 0 45 < i A 3 1 0 O 0 S e = NL O 1 T R 3189

F TR YE NLO WLV (%5 B0 R A B
1R i

L1 5%

AR R 12 AR A (E AR 590 mm, &
650 mm, [ 1 0.27 m®) ®F 5% it A A 1L 30 5 5
(DCD) X} 3¢t 5 45 148 N,O sy s . J5UR + 4T
il (T VEZ OCER[ 15 ]) T B0 A v &l
KPR B B A . B R G i) 4 4
N AR SR AR M i O A P Al oK AR P S
(114°21'8. 34"E,30°28'5. 87"N) . 1 458 11y 3 A 5 4k,
PEAR b : SBK 8.60 g-kg ™', MR 0.28 g-kg ™', AL
B[ 49. 82 mg-kg ™', M A B 2.96 mg-kg ™', pH 5.12
(my:m, =5:1).

1.2 50 b3 55 B

AR B R RE T 2 B R, i 2 b B R
( Brassica Chinensis L. ) (2010-03-19 ~2010-04-24)
FIEEHL( Capsicum annuum L. ) (2010-04-27 ~2010-
08-17). R4 & & 4 ML BE, 4 %4 Urea, Urea +
DCD ., Control, Control + DCD, X 7 Urea 3£ 718 jiti
JR %, Control HoR AT IR FE (FH), A3
AEE. LA AR & (BN 1) 2 120
kg-hm Bl 200 kg-hm ~*. N (SR EUIE S 2 K
N, HE 50% (2010 43 H 19 H), B iE 50%
(2010 4 4 J1 9 H). HAMENE 5> 4 Kt N, A e
20% (2010 £ 4 7 27 H), B 1 & 30% (2010
£S5 25 H) B 2 & 30% (2010 45 6 H 15
H) BB 3 & 20% (2010 £ 7 H 19 H).DCD 5
PR Z [R) B it N 48 B it P S I R 3 R B[R] e it
F DCD, jiti FH 8394 10 kg+-hm >,

B OIE Mo M A B3 B IE (P04, 80
kg-hm ~*) A4 IE (K,0,100 kg-hm ") — 4 jE A
BB A (P,0,,120 kg-hm ™*) — ¥ ¥ i A, 40 A0
(K,0,200 kg-hm ) 4% BI it A, FE I 50% (2010
F4 H27H),BIES50% (2010 4E5 H 25 H).

1.3 REJE

N,O SRR A A v R 4 B A B A
MR, B A K 350 mm, 155 % 300 mm, 4 E Ky 0.5 mm (1
AN AN WA e B A T AN b 2 ~
3 em, J [l A S S B 0k R AL 6 TR AR i 1 B
YED, 58— A K FF R RE |, SR FF IS B 44 B A PVC,
B O 600 mm. SR AR R % K 20 mL BE ] BEREE 4 2%
16 mL ST R (VL 958 m B T 1) K 2L
A2 ) . R R =08 R B R AR N,O AR K SR

FEI, S 50 mL v 5 4 >k o] il R 04 10 2 BL L,
LAY )56 AU b KRR R 22, AR JE T 20 mL 43
o ICURE VE N B R A [ 52 56 S AT 0 A
KAERFEEIN H] 2 20 min, 73 5 4E 0 10, 20 min K
B NLO MRS AN B J5 — K.
1.4 N,O HEJ8CE 19 e K fIF 8o & i v 51

NLO HE R I &« N,O S A4k 43 B K H e de Ji
()55 [ Varian j»* GC3800 “{AH {3 A I 52 . {4 1% #%
Hlm (K) x 2mm (WiR) AEIFE, NI 80 ~
100 H Porapak Q HJIH 78 4%, £l 55°C ,ECD A3l
Rl g it 330°C, SR FH A+ 38 2 4 S i i A0 DY 3 )
e 10 E AT, DR B I TR) 4. 30 min, Bh S A AUT( >
99.999% ) , i # 30 mL-min .

N,O HF Bl & f vH 5 N,O Hi i il & 45 B A7
() P B A7 T AR AR T S R R R NLO Y il
AR

Ac 273
Flux = h x = x ==
ux = p X h x A X T

2, Flux J FFBO8 2 [ pg- (m®-h) 7)), Ae Sy il &
) s h OR8N A RO R I 5, p A AR AEIRIL T N,O
SURINE BE (1,25 kgem ™), Ac/Ar g H UK IR
JS B I 1) A AR A6 % [ e (Leh) 1], T R AAE P9 il
FE (A XTI EE ) -

N,O FTBCR & ) vF 85 R AR 20 vk ok AR 7k
YT 1A] A R I NL,O i) S

N,O TR H vF 55 BLNLO JE AR B A &=
o Pt ) 2N F B fa
L5 gt ot

Excel Z(45 4L P, Sigmaplot 1 B4, SPSS % 45 4k F1
RYLAT J5 200 W

2SR5

2.1 188 N,O HEJsUH & 1 3 AR b
SNt 3 B v T T NLO HEOE & B IR
Jiti 1 ZUE 2 J5 , 45 6 DCD 4b #E + 4 N,O Hi U8 73
T o A A R T e T S ) R R
B dh (Bl 1)L )i, JE AN G056 ) (8] 5t ] DCD e &
F9R D+ NLO (R HE R BRI (13 ) R b
o N,O HE S0 AR AR F Y 12,9 ~ 63,0
pg-(m’+h) ' ] DCD Jg W) > & 7.7 ~ 28.5
pegs(m’-h) '[E 1(a) ], KA T +HE N0 HE
JEOE =A%, i DCD F1 R i i DCD 4k 2 1 43
N,O HEJBUE 2= 3/ T 9 pge (m®-h) ~'L i 76 Bk B
PO, T3 N,O HF 50l &2 TR R /N SR



3190 7|

32 %

Moo

—_
<
(=3

—eo— Urea

—0— Urea + DCD
—v— Control

—a— Control + DCD

() hE

o©
(=2

(=
(=3

NOHEBOE R/pg: (m>hy ™!
8 &

I I
2010-04-17  2010-04-27

2010-03-18
400

2010-03-28  2010-04-07

(b) A
300

200

100

NoOHHBGE B /pg-(m>hy ™!

0
2010-0:

+ d
I\

2010-05-23  2010-06-20  2010-07-18
FEHH (8-H-H)

2010-08-15

{5 Sk 27 bt RN e 1)
1 N,O O B3 A2 AL
Fig. 1 Daily N,O emissions
N,O HiGE S [ B 1(a) A 1(b) ] &AL 2 3% N,
O HEBCGH T A2 4k Y5 Bl o4 18.9 ~259 pge(m’+h) 7',
i Fl DCD J5 W) ok 2> 42 11.7 ~ 115.0 pg-(m’-h) ™

[ 1(b) ]. RIE LI T -3 N,O0 HE U8 &5 1%,
Jiti i DCD AR i ] DCD Ab 2 -+ 48 N,O HE 50l & 7
ARG W4 /N T 22 pg- (m’+h) 7.
2.2 13 N,O HER s AR KR L

1 nl %, Fhad /s B2 18], oK i F DCD i
Jt Ak B E g N,O HE R B (LA N iF) o 0.22
kge hm >, jfi J| DCD Jm W & 3% k2> & 0.11
kgs hm ™ (P < 0.05) K4 Fudi/b T 49.33% 1 +
56 N,O HEJ. AR BRI ], N,O HE BSOS 5 22 & T Fi
/N S 39T 1E) 0 NLO HE TR &, R it T DCD I it 4
A EE A+ 48 N,O HE R BN 2,32 kge hm 7, it ]
DCD J5 I & 9/ % 1. 14 kg+hm > (P < 0.05),
24 Ty 7 50. 9% i+ 4 N,O s

R A FR I g N, O HE T R A, R
DCD I & 0.036 kg- hm™> (/N [9 3%) Hl 0.35
kgs hm > (B M) 5 iti I DCD i, 0 36k > & 0. 024
kge hm > (/NEI3E) F10.23 kg hm > (Bi#) , DCD
SR> T 33.5% (/1R ) R 33.4% (B N,O
HEFC. PR Ah  FiRL/S (128 I 3 N, O HE iR B b B i
BRAUAE (£ 1) . /N [ S8R it A DCD it 40 1238 N,O
He 2K (EF) 25 0. 15% , 4 Jjiti A DCD I, 0 yik 2> 5]
0.07% 5 BRBLA Jiti F DCD N il %0 13 N,0 HF st & %%
$30.99% , 4 )i \ DCD I, 3> 3] 0. 52% .

#1 N,O-N G flFgcit [DCD kit . HF iR 2

Table 1 N,O-N emissions , reductions by DCD and emission factor
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BN
Control 0.35 (0.14) ¢ — —
Control + DCD 0.23 (0.97) d 33.4 —
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