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Effects of Nitrogen Application Rates on Nitrous Oxide Emission from a Typical Intensive Vegetable Cropping

System

QIU Wei-hong, LIU Jin—shan, HU Cheng—xiao, ZHAO Chang—sheng, SUN Xue—cheng, TAN Qi-ling

(College of Huazhong Agricultural University, Microelement Research Centre of Huazhong Agricultural University, Wuhan 430070, China )
Abstract; Field experiment was conducted to study nitrous oxide(N,0) emission and its relationship with different nitrogen application rates
in a continuous vegetable cropping system in Wuhan. Nitrogen was applied at 0(NO), 430(N1), 860(N2), 1 290(N3) and 1 640(N4 )kgN -
hm™ to the plots during two experimental years. N;O emissions were measured for six rotational vegetables [pepper (Capsicum annuum L.),
radish (Raphanus sativus L.), Spinach(Spinacia oleracea L.), pepper( Capsicum annuum L.), Chinese cabbage (1) (Brassica Chinensis L.)
and Chinese cabbage (2)]. The results showed that nitrogen application significantly affected the N,O emission from this vegetable system,
N0 emissions ranged from -8 to 39 pgN-m™>+h™ for NO, from 0.4 to 157 wgN-m™>-h™ for N1, from 12 to 626 wgN-m™>-h™ for N2, from 8.5 to
982 pgN-m™>+h™ for N3, and from 16 to 1 342 pgN-m™=-h™" for N4. Application of nitrogen also significantly increased the total N;O emis—
sion, the average total N,O emission from five treatments (NO, N1, N2, N3 and N4 ) was 0.48, 1.35, 4.49, 7.83 and 10.57 kgN-hm™, respec—
tively, the emission factor varied from 0.33% to 1.13%. There was an exponential relationship between nitrogen application rates and total
N>O emission. Different seasonal vegetable crops had different total N,O emission, the largest total N,O emission was pepper, the lowest was
spinach. In addition, soil temperature affected the seasonal variation of N;O emission, the peak emission of N,O occurred at summer when soil
temperature was high.
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Table 1 The soil basic agro—chemical properties for this study
Nkl pHIH  BE/  WRE B/ BB

g-kg' OKLI mg-kg'  mg-kg! mg-kg™ mg-kg™
Total C 2 5:1) Total N Available N Available K Available P

6.8 5.8 1.98 45.6 127.8 7.64

1.2 Rmeigit

RIS H R AEYIABAE IR 2 P o IR FEH 5 4
RIEAE, AR E 3 kES IR R AREILX
Wt FHE(ERZE,N 46%) , 43k FEREF38 MR 5 FH
BEAE G BERRES , P,Os 12% ) FAs AR (AR , K0 50% )
YRR EENE TSR S AT — IR MR

W 3L 4T 6 B8 3 FpHE : B ( Capsicum
annuum L.) ¥53%E =5 ,20070426—20070729; # b
(Raphanus sativus L.) FBEM ,20070924—20071225;
W 3E (Spinacia oleracea L.) # 3 — 5 ,20080220—
20080416; #HL (Capsicum annuum L.) 5k _—%5,

2 WIH A EHRSEEHERE (kg-hm?)
Table 2 The rates of nitrogen fertilizer of the six seasonal
vegetables(kg*hm™)

43w e Bh R B
Pepper  Radish  Spinach Pepper Cabbage Cabbage

MEE DEE

Treatment - »007)  (2007) (2008) (2008) (2008) (2009)
NO 0 0 0 0 0 0
N1 100 60 40 100 90 40
N2 200 120 80 200 180 80
N3 300 180 120 300 270 120
N4 360 240 160 360 360 160
POs 120 40 80 90 90 50

K0 200 70 100 200 160 60

20080424—20080804 ; /)y 4 3& (Brassica Chinensis L.)
i ,20081025—20090105; /)N 4 3 ( Brassica Chi—
nensis L.)PU A& ,20090310—20090430,
1.3 REFHZE

KR S, WERE 2 RER(ERR
350 mm, &4 300 mm) , fif AP ER 0.5 mm B A EESE
B, TP A AR B ZE AN — 3 IR, SRAERT , A/ NX N
RE2NEFWERE, WEEEREE/DNXIH
T2 ANEFWESREZ EHE 2 m, REATN 20
mL B FIERHNE S48 F1 16 mL A5, FIFH =58
B R R AR N0 SR, SR 5 T AR IS AR R, 7 [ 32
WEHTHHT . NO SUERFESR N H KPR
FAE 1K, B ZEFRARME 2 R, AZFEE 10 d R4+ 1
Wo MEAESG 1~2 J& P 2 3G I RAE IR gl . RSB ] —
Bt b4 8:00—10:00, SRAEFFEENS ]2 20 min, 53
FFESE 0.10,20 min AFRESMAK, SEH 100 mL 3 4t
An ok B AR 10 YR L L, URASIAR SR, Bl R
FEIRZE AR5 FH 20 mL SRS RAESRE .
14 N0 HEEHNERHERIBEERNITE

HE 2 I A8 < N0 S AR5 17 R A Bl J5 19 36
[E Varian 7= GC3800 SAHE LY . ARG 1 mx 2
mm( N2 ) A, HIE 80~100 H Porapak Q AJIE
FoAE, AR 55 °C,ECD #:0 , AG #55 B 330 °C, R H
e R SR 0 O VI R A, OR B ] 4.30
min, SR 5 40 R S (>99.999% ) , i K 30 mL -
min,

HERCE 2 AT N0 HEHGE & 45 LA E] 5
AT AR A Rl N0 B & il R TR
AR

Ac 273

Flux :thXEXT

K Flux AHERGE &, pg-m>-h7;h HFNA RS
5] A&7, msp AR RS T NLO-N SRR B, B
1.25 kg-m™; Ac/As A PSR UR BE B 1] 9 28 £k 36
pg b TARSFENIRE K,
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2.1 £ NO HEFEE T

Jiti FH RUHE RE 2% P v it - 38 N0 e, HLHE
i B R e R R 0 P T, ELRS R AL B G
N,O Ay & 22 78R (B 1) N1.N2 N3 N4 %%t
RUKF 13 N0 HeoE 25 2074 0.4~157,12~
626.8.5~982,16~1 342 pg-m?2- h', Kifi AALFLA T
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Figure 1 Seasonal variation of nitrous oxide emission
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3)o (BR—HEEKN, FEPIAERT ] NO HEUS &
TEENES, H& 2k (3 3).NO.N1 N2 N3 N4
& Ab TR ) 13 N0 P RO B 4300 0.48,1.35,
4.49.7.83.10.57 kgN+-hm,

TRIHA AP AF 138 N0 HER R 20 (B N0 HEjik
MEGHAERM G, —H & EEKE TR
A (7] o % 32 19 HE 2R B0 7 3908 Y8 L 43 1 R
0.36%~1.13% (200704—200804 ) #1 0.33% ~1.11%
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Table 3 The total N,O emission and emission factor

HER R B

S5 Total NyO-N/

AL Treatment kgN+hm™ Emission Factor/%

200704—200804 NO 0.48+0.20e —
N1 1.38+0.29d 0.36%
N2 4.05+0.85¢ 0.78%
N3 7.70+1.05b 0.98%
N4 10.84+1.94a 1.13%

200804—200904 NO 0.49+0.13¢ —
N1 1.32+0.38d 0.33%
N2 4.93+1.03¢ 0.86%
N3 7.95+1.55b 1.03%
N4 10.29+2.19 a 1.11%

H:RPARIFEFIRZE R B E H(P<0.05) CRA SPSS (v15.0)/4
One-way ANOVA #HL k47047, ZE R LSD &%), Different

letters in a column indicate significant differences at P<0.05 as determined
by One-way ANOVA of SPSS(v15.0) followed by LSD test.

2.3 AEHFEEH LT N0 Hii

FE R —Ha KB, FAER [R50 14 N0 HE
WS EZEREAR(E 2), d07E N4 KFE, B (2007
1 2008 )N0 HEjf B & 43514 7.7 kg-hm™ 1 5.5 kg-
hm2, /N 132 (2008 F1 2009)N,0 HEjik i 843 51K 2.6
kg-hm™? F1 1.9 kg-hm?, M N0 Hiik B &1 A
0.22 kg-hm?, —J51H , X 5 ARRE A KA KE
B B X5 739 — T 5 EAEA 5, W N0
HEBUE BRI A KA S R IR R, N0
HEBOs AR/, A K EE 2 M RERER R, &
51#2 N,O MIEHERL
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A, e AR &S, ARG EZE NO HEik
BE(BHEEAR(x)EBENEEREOCER,
BT

BRHN(2007 ) :y=0.634 1e2%7% R?=0.992 5(P<0.01)

B (2007):9=0.363 1e*®%* R?=0.938 6( P<0.01)

P32 (2008 ) :y=0.045 199> R?=0.926 8(P<0.01)

BRH(2008 ) : y=0.908 6e°%°> R?=0.926 0(P<0.01)

/NEZE (2008):1=0.269 0% R?=0.959 3 (P<
0.01)

/INEAZE (2009):y=0.147 4e%°* R?=0.972 2 (P<
0.01)
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Figure 2 Exponential relationship between N application rate and total N;O—N emission in six crops
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FEEN 0.33%~1.13% , HAH /K T Eichner™ #8535 45
B fludE H BRI EES [ REAY 3 N,O Hel s 7
2.2%~2.1% ., (ABLE T N I —LERFFTZ5 5, 2 He 46
5T & Bt A S 1 - R EAE A 0.27%~0.3%LA N0
T A 2R ;s Xiong S 5Y 3R B , B BT A8 X % 32 b
N,O FEIHER R ER 0.73% ; T 3L A1 £ BRED 7 H 7]
ST IR FEEY R 58 ZAE RSk 2% F1 N,O
HE R R, /N R R G NLO HE & 43
WEAE Y 0.02%..0.69%F1 0.14%

KREEEFHTAE, EAORNGKAMAR
A E K B R, 4 R SRR A T B B b, HR
1980 4£ 1) 316 77 hm*( 5 RAEW SIBFE Y 2.2%)
K EH] 2008 £ 1 788 J7 hm® ( 5 RAVEY S Fhm
FRRY 11.4% )P, 23T REN Ny, 5HMAKREYAHL,
REHHZEE = e, AR IEE R, BA
HER B R = R M, FAOS TR B A
M T IR R S 2 EER SRR 17%, [F
A, 5 VR A R B, S 44 e A B S A T R A e S
®, MItEHRERXRZET, HEARSIE1000
kgN-hm?-a™, |11 745 B R Bt (2 W =ik 2 800 kgN -
hm?-a™ U8 338t 5 B 5 TR AEY E 3 2K F
180 kg N+ hm-a™™, Ui B, 7E3E 0+ PR A K
BMAE, 2r=4 NO B FRZRE, #HmsiH1E
N0 MR . ASIRIANST R, M ARSI 11
N0 4E - HE S B4 1.35(N1) . 4.49(N2).7.83
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