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Abstract ; Nitrous oxide (N,0) has been recognized as one of the most important trace gases in the atmosphere that causes
global warming and stratospheric ozone depletion. Nitrogen (N) fertilizer is considered as the primary source of N,O
emissions from agricultural soils. As a large agricultural country, China consumes the greatest amount of synthetic N
fertilizer which accounts for 30% of the world consumptions. Therefore, quantifying N,O emissions from agricultural soils
and seeking suitable mitigation measures have become a relatively hot issue in international global climate change studies.
However, the task has proved to be uneasy because N,O production and emission processes are very complex and are
influenced by a number of soil and environmental variables, interacting soil water and N processes, crop uptake and
management practices. Especially the N,O emissions from the greenhouse vegetable systems are more complex because the
system obtain relatively higher inputs of fertilizer (e.g., N fertilizer application rate can be as high as 1,500 kg N/hm?) ,

more water irrigation and cultivation disturbance. This paper reported a field experiment with intensive measurements of N,O
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fluxes from a greenhouse vegetable system with varied management treatments in Fangshan District located in the western
suburbs of Beijing, China. N,O fluxes in conjunction with the main environmental drivers (i.e., soil temperature, soil
moisture, soil NO;-N and soil NH;-N) were observed from Feb. 2012 to Feb. 2013. Four treatments, i.e., the control
treatment (CK), the farmers’ practice treatment ( FP ), the optimized fertilization treatment ( OPT), and the OPT
treatment with nitrification inhibitor amendment treatment (OPT+DCD) , were implemented during the experimental period
to test the impacts of fertilization on N,O fluxes from the agroecosystem. The CK had no fertilizer applied; FP consisted of
2,470 kg N/hm’ with 1,270 and 1,200 kg N/hm’ from synthetic fertilizer and manure, respectively; the OPT reduced
synthetic fertilizer rate to 573 kg N/hm”. The field was planted with tomato, cabbage and lettuce rotation during the two
experimental years. The results indicated that large amount of N,O emissions were observed in the spring and summer
periods when the soil had relatively high temperatures and moisture. N,O emission peaks were measured following each event
of fertilization or irrigation. The high peaks usually lasted for 3—5 days. During the experimental period, N,O emission
rates ranged from —0.21—14.26 mg N,O m ™ h™" with daily means ranging from 0.03—0.36 mg N,O m~ h™". The annual
cumulative N, emissions ranged from 1.69—20.66 kg N hm™, based on which the annual emission factor was calculated
to be 0.36%—0.77% of the fertilizer N. Compared to the FP treatment, the OPT and OPT + DCD treatments both
significantly reduced the annual N,O emissions by 38.09% and 61.3% ( P<0.05) , respectively. The N,O emissions during
the tomato, lettuce, cabbage and fallow periods accounted for 60.65% , 26.32%, 10% and 3.3% of annual cumulative
emissions, respectively. The fertilizer-induced N,O emissions varied across the N application rates, the crop growing periods
and the management treatments. N,O fluxes were positively related to the soil water filled pore space ( WFPS) when the
WEPS values varied between 48.88%—79.88% ( P<0.05) . There was no consistent correlation between N,O fluxes and the
soil temperature at soil depth of 5 cm. Higher soil available nitrogen, especially nitrate, contributed higher N,O emissions.
In conclusion, alternative management practices such as reduced fertilizer application rate and amendment of DCD could

effectively reduce N,O emissions from the greenhouse vegetable field which usually emitted more N,O than other croplands

in China.

Key Words: Greenhouse vegetable field ; nitrous oxide emission; seasonal variation; influencing factors
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Table 1 The planting and harvest time of each vegetable for one—year cycle

FURIIBIG] At [l I3 A3 VNG|
Sampling period Tomato Swelter Cabbage Lettuce Fallow
H 3] Date 02-22—07-03 07-04—07-27 07-28—10-26 10-27—01-30 01-31—02-23
HH I REL Days of growth stage 132 24 91 926 23

*2 RRPEHSETHEXALERE

Table 2 The rates of N application in different treatments during each vegetable growth stage
Fhi Tomato £132 Cabb 23 Lettuce 3+ Total
K a age
fhm (ALHE A+ AT HLHE D) (?CHE"E:L )g (EIEE+AHLUEA) (A +AHUIER)
T ) ( Fertilizer-N and ( Fertil ’ N)/ (Fertilizer-N and (Fertilizer-N and
reatments Manure-N) / i ;\;/z::lr— ) Manure-N) / Manure-N) /

(kgN/hm?) (kgN/hm?) (kgN/hm?) (kgN/hm?)
it ZACAL B Control (CK) 0 0 0 0
A R E AL B Farmers” Practice (FP) 750+800 120 400+400 1270+1200
WAAAHEAE 2k 2

4 225+4 12

Optimized fertilization (OPT) 300+800 8 3+400 573+1200
U0 U AR A -+ 20 i 550 4k 3
Optimized  fertilization ~ with  nitrification 300+800 48 225+400 573+1200

inhibitor (OPT+DCD)
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Fig. 1 The seasonal variations of N,O emissions, soil
temperature and soil moisture in the tested sites (arrow represents
the date of fertilizer application)

CK A i 20 IE &b B Control treatment; FP 4 & > 45 jifi B 4k ¥
Farmers’ Practice treatment; OPT 33 % { k. i I &b ¥ Optimized
fertilization treatment ; OPT+DCD Y& Z A4k it 2 + it £k 410 ol 771 Ak 24

Optimized fertilization with nitrification inhibitor treatment

WA Z AL B ( CK) Sem PREE 380 5N, OHE#GH
B ERIEAHC KR (P<0.05) , H A Z AL 2L
PRHAERRGEN,OH(F) 5HF Sem HE + 3R
JE(T) AR K FR  F=0.009e""(R*=0.09, P<
0.05) , M HAh AL AL R Sem IR BE + 3R B 5N, 0k
TG 5 22 [A] TC R ARG (35 3) o MRt A AL 3T
T RN A S A K 3 AT 5 BT R I, 76 7 i
HERKZE N,OHBGEE S 5 om W R RS T
IR FE A EKER (P<0.05) , Al fE& i T &Kk
KEBHABE K, HE 55 TN, OHERO R (i N . 78
SR P Z IR SRR 3 e A SRR K
N,OHFBGHE B 5 5 om TREE 43I B S0 0 38 1 A0 G
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RS S om WE LHRBEN X R TRITE
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(2) H8ER R 508 S L EN,0 0"
AR KA YL, - EFLER & KR (WFPS) 7E
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R T R 2 R 55 R U R I R
R TR 43 78 & T B in 22 B RS =5 T R A 08
T 5 K 34 A R R A (R KO BE R IS 1
KAy R BT 1) ol %25 AR BEN, O R ik
S RIEALBR E ACR AT O BRI, I 2
(B FAAERR 2 35 I TEAH G OC R (P<0.01) o SRR IR
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Table 3 Correlation coefficients between N, O flux and soil temperature and moisture in different treatments during each vegetable growth stage

Kb HH Treatments

DIL AS N S LI N
. AR BHEARALEE A A e Ak B T AL A 5 Ak 2
vegetable growth AT A Ak 2 ) . - o
stase Control (CK) Farmers’ Practice Optimized Optimized fertilization
sage ontro (FP) fertilization( OPT) with nitrification
inhibitor( OPT+DCD)
5 em M S| -0.41** -0.36"* -0.59 ** -0.53*"
5 cm soil temperature EES 0.27 0.19 0.28 0.28
H 0.20 0.75** 0.75** 0.67**
A 0.35* 0.01 0.00 0.13
HIEFLBR B KR (WEFPS) 0.50* 0.58* 0.66 ** 0.61**
Water-Filled Pore Space EE 0.04 0.37 0.36 0.28
H3k 0.66** 0.71** 0.75** 0.66**
AE 0.46** 0.49 ** 0.48** 0.41**

w fil = S HIFIRTE P<0.05 Fl P<0.01 K- B3

(3) HEILHLA N, OMHERCE T Rsfk
FURAEACVE SRR . B IE A RS A VE IR T 52 +
BEREE 52 A 10 32 IR BE i 2, A e
+ 32 (20 em) NO-N F1 NH;-N AR{L UL & 2, B4~
A2 NOJ-N & B 25 T NHL-N, A+ R 2
(0—20cm ) FHAS A Y & 50 FIAE 7.77— 269. 35mg/
kg, B R M S BILHETE 0.42—5. 36 mg/kg, M1
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B W T NOJ-N J& A ALAE F R, 4 D58 it
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Fig.2 Dynamic changes of the mineral N in 0—20cm soil layer under different treatments
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21 A5 A 12 H i AE R, OPT+DCD A B m A T
DCD, NI 2 I LLE H LS LR N R 2 L, OPT+
DCD AbBEAY NH;-N 5 B8 & 1 OPT, v] ULAH Ak
FIFIDHE T NH-N [6] NO3-N f9%E4k , Wiy iz ity
RIS NO; B DN, O A HEC , i3t 2 B vk B Al
OPT+DCD Kb BN, O i HF ik i B AL T~ OPT 4b B
A
2.3 Bt S HIN, OHERUE A HE R 5L

JEAEL A2 T Ao it FH 12 2 52 ) N, O HF ik 1) o %L
PRS2 it FH 20N i (3 48 3 N, O A HE e, e HE
AR F it 2 i 2L H: A 8 A 3 A CK AR FEN,O
AEHER R AR, 7 (1.69+0.23) kg N/hm* ; FP 4b B
$9(20.66+0.91) kg N/hm”; OPT b3 AR LR N

60% M IE LT, N, O4EHE B S 5k > T 38.09% ; OPT
+DCD AbFE L FP AN T 61.13% , Hik % i Z K
F(P<0.05) (F4) ., MEEXFHE N, OHEHE & 1Y 5
i 7 AN ) % o A R A BT 22 57, CK Ab 3 FP Ab
B OPT AbBEAE A S A K 2R 22 e 13k 3] g 3
KPR A A K25 FP ALFRAT OPT 4b# 2 [A]N, O
HEf S 22 S AR B % (P<0.05) (K 3), XF FP b3
ARIBE A K Z AR IR N, OHE i S HE AT 0T, %
FiA K ZEN, OHEI S ((12.53+1.52) kg N/hm?) (5
SR N,O HE B B A 60. 65%, ARk K
26.32% , M HRAEKTAL A 10% , HAx 3.03% 1L
K B FORMIT, T UL O8I0 3 P it i S HN, O HE i
HEEOR A TEMMA AR, A3 KBIN,0HF

HCEED

x4 TRLEN,OFHHHBEEURAFHBEE

Table 4 The average emission flux and annual cumulative N, O emissions for each treatment

St HE i HER S B €S
s - o o
Treatment Average emission fluxes Total emissions Emission factors
reatmen /(mg N,0 m2h™") /(kg N/hm?) /%
HHE AR AL EE Control (CK) 0.030.00 1.69+0.23d
A B ) IEUE AR AL B Farmers’ Practice( FP) 0.36+0.02 20.66+0.91a 0.77
A AALHEAC AL PR Optimized fertilization ( OPT) 0.23+0.02 12.79+1.33b 0.63
Vol AT A+ 4 A 41 o 370 A
Optimized fertilization with nitrification inhibitor( OPT+DCD) 0.1420.01 8.0320.37¢ 0.36
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Fig.3 The seasonal cumulative N, O emissions in each treatment
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KRB AE R Bt P2 1 TN, O HERR . H . TRttt 5
N, OHE 2 B0 (4 e ELOE(E = I BRGNP 9R 7
AN VLI PN, O HIE i 15 38 0 147 H 307 ik IS A o SR
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N,O m™ h™' 5K FE b HTRR X 1 i B T 14 A
FEHHERR G (S BLAE AR 22 )5 1 0—3 d, HE ke {5
fo TS 21 AR BT R R AR B B SR R G Lk
2a WL f% Er HEGE R 1.213 mg N,O m™ h™' il 1.342
mg N,O m™> h™" ; ABF 5T 00 45 S 0 2t o3 1 K HH AR
WG, Tor I FE BT 5 X A /N /R oK
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T 5 )

B — , B2V S M MRS A 5% R RE A 2E TN, 0
(HERL . ANkl > RS R Wk 1 - HEN, O

JBGHE fE LR R AR BB AR B 1,41 %, 44 P FEXE
s tn, |- B S b AL FEN, OHE R (O B9 2 I A Bt
ANBEREAR L 2 ZEN, O HE G N T 21%, Rk, Wit
K Hi AN AT ST A (R PR 5 K R0 XU 114 52 i AR /)N
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TG MrERA AR SR (12 A 1 A, X
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1B S 8N, O BRI AE AN &, F el UL, AR
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Fig.4 Vegetables yields in different treatments
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Fig.5 N,O emission intensity in different vegetable stages
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