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TR R R X, AR ERIRLS.4 CL AR
FE/KE1 107 mmo BoH X AR 29 4L Pl i 50 K iR 5+
A I 7R IE VS R R R AT R, —4F
FTLARAES ~ STEBR S, 2 B 7 5 29408k 5 26 7 1 it
BRI 50 RN B ik A £+, pH
J5.2, HENI2 gem™, AR N19.2 g kg™, H
HLA 2.0 g kg™'o
1.2 gt

AR GG B B A, A E R A (Nr,
i 640 kg hm™ a™') FIH MAEA (Nn, % 960
kg hm™ a™') , ZEBAZEUE KT 53 50 152 it FH A Ak 410
HlFICP (CP-N) . AiFHCP (N) . # M YHh s
MR R T, IS N SRR AT B S, R SR
it A A AT . BT AL s R E S A A R

AW EsE (CP) MRFE MR EIE TAH R
WA, EERANRESAM0.24%, XS
R A A AT B B A I RIAE T o R A A R AR
5 24 b A BB RE K- 00 19 . A AR B3 YR R
5, /X3 mx2.2 m,

RIS R PUREESE, R 2503
TN, A SR N P o 7 v A R
K. HARMEE S A K SRR E LR 1

B SR AT BB TR g, LR RERE S
B, G IC O K WOKEERE . R FE B IR
S MM B R (EILER, 60%
K,0 ) FIBEIE (586N, 12% P,0,) Jii HE N
960 kg hm™ a™', &, B . #ICSMIEILICE N
B SRR AT — PR A, it AE =X it

R MOAHREACH B R REBRERR

Table 1 Growth periods and farming practices of four vegetable crops
BN AR it AL ks M %&E KM s
Vegetable species Growing period Fertilization Tillage Irrigation Pesticide Greenhouse covering
application
¢ Amaranth 2015/05/03-2015/06/30  2015/04/30 2015/05/01  2015/05/03  2015/05/10
2015/06/10
2503 Water spinach  2015/07/17-2015/09/29  2015/07/15  2015/07/16  2015/07/18  2015/07/22
2015/08/26
3 Cilantro 2015/10/23-2016/01/15  2015/10/21  2015/10/21 2015/10/22 2015/12/05-2016/01/15
2015/11/29
/NEZE Baby bok choy  2016/02/21-2016/05/13  2016/02/19  2016/02/20  2016/02/20 2016/02/19-2016/04/30
2016/03/27

1.3 #HmEESSH

K FH 0 25 5% PR s 4 — SO B 5 1k I 22 2 H N, O
HERGHE B o SREEFS PV O BRI AG, SRAFE A [ 5
TEREE /NN, IRIETHRFIS50 cm x 50 cm, =R
40 cmo SRFEEFFOFRAEFR I B o ) IR A2 MRS A 7K
DL S B3 SRR I . RFEIIGE H o —
—WK, HAE S S AR, 2~3 d—IK, FFEE
7~10 do RAEEEFEIE YK F9: 00~11: 00, H
20 mIVESHPEE R SRFE S, fEAE T M50,
10, 20F130 mindEREEANTARME S o SR AFPIFE S
i B 525 % T 48 hN I ZHER A% (L (Agilent
7890A ) MIEFE Ml P N,OF & o L HEAETH (3%
(Agilent 7890A ) Kl &5 A ECD, Kl 45 i

300 C, BRHMS%RA N Bt o B UCRAE IS [F] B I E
RAEFANTRE . RHERE . RAURE . AR AR
i N O ¥ J32 R A 1) ] 719 2k (0] )9 AR 225K 15N, O HE
oE R, %N RIHE
F=p x hxdC/dt x 273/ (273+T)

Krp, FRENOHIGE R (pgm™ h™) 5 plEdriietk
BETFHAEEE (mgm™ h™") 5 AEHE (m) ;
dCId R RAEFR N BRI BE AR AR TR R 2
HERFEF N RSP SREE (C) o

IR R AR FAUORE Y, IRE O ~ 15
em, 27 ~15 &RE—K. SHHTEHH2 mol LT UKCL
B2he, MW TR A (NH;-N) B R HH 6e By 5
ez, A (NOS-N) ¥ E RS/t
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D7 1) 3 K B S A A B
1.4 HIELIE

KM Excel 2010444 3F 47 850405 1155 K &1 3R )
1B, RHIMP 905 %5 £ b BN, 0 ZFUHE & |
NLOHE L R B . 80 2 7™ d AR 7™ 2 N, O HE il i
T2 B (LSDE ) KA, NLOHE &
B T it A B Y N O HE e 25 A it 2 Ak FE Y
NLOHE it IF: ok DA Ui, oA it 22040 3 A9 N, O HE il
HAEARSCH AR LI, SR AISPSS 16.0%) 32 #1N,0HE jik
TR Bl P AT AH O DL B B AH 2 A HT
2 45 R
2.1 ZRAEFHN,OHMBEUARHEEXEAFHNS

Tk

IR, 4% Ah P 32 3 N, O HERICE & 09 25 v
AR S AR — B, AN [R]85 2% 2N, O HE i1 1 4%
H2ES (FL) o EMNOH L EEEFES—9H
By, e H AT HE SO XD (L), SR
A IEA G (62, p<0.01) o WERAERKSE

N, OHE AU H BRAE ARG 10 dZe AT, X 5% F95 1)
TR T 0, HIEE N 2 594 pg m™ h';
250 A K ZE I HE G e R, AR AR JE AR P ik
FIHERCE, HIEAN 6 426 pg m™ h™'s FNIX
AKZE (2015/07/15—2015/09/29 ) (91655
SO R, AR R 234 ~ 31.2
Cs |7 A BB R 5 B0 0 S L IEWFPS A
F49.1% ~ 74.0%, {23 1N, 0HEk (%2,
P <0.05) ; /NSRRI E b F 2 (% i
BEFHOR AW WA HEROE . A, & AR BEEN,O
HEME S AN 1.2 ~ 6 427 pg m™> h™', HF#5 i
JIES S 1 384 i kR 5 A TRt 2R R S i C P Ak 3 B
PR TN OHR A &
2, S EEMESA . AR
ALV 10.8 ~247.2 mg kg ' Hl1.8 ~ 186.8
mg kg™ o FAHEA SRS MR S T HEA L
I 2M50.9 ~ 60.4 mg kg ' F131.6 ~43.3 mg kg™, B
it A RSN, A AbER Y+ TC LA S R
5 PR 2 B AR FRAR B, R R S InC P Ak B
S+ RS A S T E R R N12.3%, EF
LRI SR A 7K T 8 o i A 410 1 751 Ak B b - 38

~ 45
2 = THLE A KaE wies | .
« TR B Soil temperature
®mE 30} .. P {eo =%
EE S . e
® 2 . o | ZE
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= 0
30 . | 0 .
6 000
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g E —+— Nn
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. . IS . e
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H#] Date (yyyy-mm-dd)
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Note: Nrindicate reduced N dose, Nn indicate normal N dose, CP-Nr indicate reduced N dose with CP, CP-Nn indicate normal N dose

with CP, Arrows indicate fertilization dates. The same below

K1

Fig. 1

AR L BENLOHF G &, 3l . R IAL B S K B B AL

Dynamics of N,O flux, soil temperature ( T ) and soil water filled pore space ( WFPS) in vegetable field under different

treatments
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F2 LIEFLRREKE. THERERIIRESE. HESESN,0HBESMMEXSE (HLHBS) « WEXE (ET#H)

Table 2 Pairwise correlations (top right ) and partial correlations (' bottom left ) of the main driving factors of WFPS, soil temperature

(T) , NH;=N and NO;=N concentrations on N,O emissions during the whole observation period

N,0 WFPS T NH;-N NO;-N

N,0 - 0.208%%* 0.521%%* 0.781% 0.700%
WFPS 0.221% - -0.061 -0.144 0.081

T 0.345%* ~0.065 - 0.423 % 0.230%*

NH;-N 0.539%* 0.327%* 0.108 - 0.667%%*
NO;-N 0.383%: 0.133 -0.207* 0.316%* -

W %, p<0.05, **, p<0.01

300

—— Nn

0 i

2015-09-28 2016-02-28

H#i Date (yyyy-mm-dd)

2015-04-2

K2 A[E AL PR SR

—=—CP-Nn

0 .

2015-09-28 2016-02-28

H#i Date (yyyy-mm-dd)

2015-04-2

AR HEZE

Fig. 2 Dynamics of NH;—N and NO;-N concentrations within the 0 ~ 15 em soils

TEAS A & s A
2.2 SR EALIEN, ORI E R ik 5 = BHE KB 4R
S Hh A 5N, O HE 755 B it 220 5 3G i 3 o, s
55 M U Nn b B SR HINL,O REHE LR IR, A
N 59.2 +4.4 kg hm™>; CP-Nrib¥ A3 #N,0 R HE
WA/, AN 31.2+2.2 kg hm ™, WE3FTR,
A EE 5 UG &AL PR (Nn ), JREALER (Nr) BEAE
TERHN,OHEE (p<0.01) S5H RS (AR
F) o5 MM, R b A 0 3 g
07 U6 280 Ak 2 g B 457 77 0 N, O HE I DU ARG T 8 0 it
RACPE 50U R 0 b BRAR L, A5 it U
N, WhCPREMS I D N,0 2= (K3, %
3) , (A I 2 M AR B ™ N, O HE i (813,
p<0.01) o SWMWIBIN, 7ENr. No§ i A K
L, IINCPSEHIN, O HE L & 5 B 22 29.4% |

26.0% , RHN,OHE L &R 55 5 FE£60.9% |
42.4%, TircEAA B EZW, KRN FEEN,0
HERCR 2 3 REA%32.1% . 30.3%.

3.1 BEKRCP I HN,OHEH &Y 520

T+ IFEN,OHE L iy 2 AR b R 2 LK
ARV EE RS R 00  ARR 4% B SR N, O HE L
HESEKRK (FR3) , FOLFKEFMHN,0 ZFHHEK
mER, HEBERHBRENIT.S%. XEH TR
ZE iR 2 T, P R K RS B A R A R A R
T dE S s E 5 e E R, S L HEN, O
A S HERCERAE AR SR L R AR e
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Table 3 Cumulative seasonal N,0 emissions of each vegetable growing period ( N kg hm™)

e LR o INZES
AbFE Treatment
Amaranth Water spinach Cilantro Baby bok choy
Nr 1735+ 1.36 a 17.54 £0.90 ¢ 1.45+0.15a 2.48+0.86 b
Nn 19.83 £4.01 a 26.77 £ 1.76 a 2.11+0.71 a 4.34+0.85a
CP-Nr 9.58+1.64 b 1535+£0.93d 1.39+£0.31 a 1.76 £ 0.52 b
CP-Nn 10.92+2.59 b 24.49£0.46 b 1.41£0.86 a 2.71+0.90 b

e RSN R RR AL B 25 7 2 (p <0.05) Note: Different letters in the same column represent significant difference

between treatments at 0.05 level

O
(=]
N

E o5t S St
% a = g =
) =

I = 60 f jl-_ W 8 4 T

E==) R®C a |

=2 b b =5 T

HE 45+ + T S8 3¢t

% ) 1 'S b
@] Z

Q c 5) -l-

Z'% 30} T S 2}

_°§ Z c J.
ks I
g 15! 1} 1
j=}
O
0 L L L 0 . . A
Nr CP-Nr Nn CP-Nn Nr CP-Nr Nn CP-Nn
270 0.6
225+t E 0.5
b i | w2
| a T T =) |

_ 180 ? I T %5 04 X
b T 2
£ - T

wE s | L =5 03 b .

L g I O, T c
) Hz d I
> 90 273 02} =

23 -
451 =01
=
0 1 L L 00 " ' '
Nr CP-Nr Nn CP-Nn Nr CP-Nr Nn CP-Nn
AbFE Treatment AbFE Treatment

R — R PR R R R R AL PR A 25 5 1 3 (p<0.05) Note: Different letters in the same chart represent significant difference

between treatments at 0.05 level
3 AAFSEHAN,O0 BB . NLOHRC RS . B3 ™ & . 507" =N, OHE il &=

Fig. 3 Cumulative N,O emission, N,O emission factor, total fresh vegetable output and yield-scaled N,O emission relative to treatment

AT RAEAIER, Rz 257 4 T4 AE 27.4 °C, F¥LHEWFPSIAF]S55.8%, HiZETH R
AR LA Y TS RIS LIEWEPSIE T50% ) R K k76 d, SECGEHIN,O KRR HE. T
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A, UL RS AL AR R SR M N, O = A i 2k FE IR A R ) R R, A e AR R
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W5 25 S F B A A4 ) 770 8UEURE (DCD ) Wit FH g
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[vi) o 25 A T A1 ) 550 X 4 249 £ 58 b o A N O HE T 1Y 285
BABA AN, Zhang®s BT AR E,
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Effects of N Reduction and Nitrification Inhibitor on N,O Emissions in Intensive
Vegetable Field

CHEN Hao LIBo XIONG Zhengqin'

(Jiangsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences,

Nanjing Agricultural University, Nanjing 210095, China )

Abstract [ Objective] A one-year-round field experiment, monitoring nitrous oxide ( N,0 ) emissions
during the growing seasons of four consecutive vegetable crops and yields of the crops, was conducted to
investigate effects of reduced application of nitrogen ( N ) fertilizer and application of chlorinated pyridine

(CP) , a kind of nitrification inhibitor, on N,0 emission and vegetable yield. [Method] During the
observation period from May, 2015 to May, 2016, four different species of vegetables were cultivated one by
one, namely, amaranth, water spinach, cilantro and baby bok choy. The experiment was designed to have
two treatments in N input i.e. 640 and 960 kg hm™ a™", or a reduced N dose ( Nr) and a normal N dose ( Nn) .
Urea was applied as N fertilizer coupled with CP ( CP-N ) or without CP ( N) . Phosphate and potassium
fertilizers were applied in the form of calcium/magnesium phosphate ( 12% P,05) and potassium chloride

(60% K,0 ) at a rate of 960 kg hm™ a™". All the fertilizers were evenly distributed among the four crops. Each
treatment had three replicates. N,O fluxes were monitored with the static-closed chamber method and gas phase
chromatography. Air samples were collected normally once a week and once every two or three days during
the 7 ~ 10 days after the application of N fertilizer. [Result] Results show that N,0 flux varied significantly
with the season in all the treatments, showing a trend of rising higher in the period from May to September
and staying lower in the rest of the year. The N,O flux during the growing season of water spinach was the
highest and reached N 6 426 pg m™ h™' soon after N fertilization, which could probably be attributed to the
high temperature in the season. But no apparent peaks were observed during the growing seasons of cilantro
and baby bok choy, when the highest N,O flux reached N 664.9 and 914.9 pg m™ h™' respectively. N,0 flux
was found significantly and positively related to soil water content and soil temperature (p <0.05) and to

N fertilizer application rate too. In treatment Nr, CP-Nr, Nn and CP-Nn, N,O flux varied in the range of N
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3.2~4280, 5.0~3293, 32~6427 and 1.2~6 097 pg m ™ h™', respectively. During all the four vegetable
growing seasons, treatment Nr was always lower than treatment Nn in N,O flux. Compared with treatment Nn,
treatment Nr could reduce cumulative N,O emission by 27.1% on average without significantly affecting yield
of the crops (p <0.05) . In the treatments equal in N application rate, amendment of CP reduced cumulative
N,O flux, which indicates that CP is capable of mitigating N,O emission in the vegetable field. During the
year of the experiment, treatment Nn was found to be the highest in cumulative N,0 emission, reaching up
to N 59.2 + 4.4 kg hm™, while treatment CP-Nr the lowest, getting down to 31.2 2.2 kg hm™. Comparison
between treatments equal in N application rate, CP amendment reduced total cumulative N,0 emission by
29.4% and 26.0%, N,O emission factor by 60.9% and 42.4%, and yield-scaled N,O emission by 32.1% and
30.3%, respectively, in treatment CP-Nn and CP-Nr, without significantly affecting crop yield. In the soil
of the vegetable field, the content of NH;~N and NO;—N varied in the range of 10.8 ~ 803.9 and 0.9 ~ 520.0
mg kg™, respectively. The average NO;—N content in the soil of treatment Nr, CP-Nr, Nn and CP-Nn was
31.6, 33.2, 35.7 and 43.3 mg kgfl, respectively, and the average NH;-N content, 51.0, 50.9, 53.8 and
60.4 mg kg™', respectively. Obviously, with rising N application rate, the content of inorganic N gradually
increases in all the treatments. [Conclusion] Taking into account cumulative N,0 emission, N,O emission
factor, yield and yield-scaled N,O emission, Treatment CP-Nr is capable of reducing N,0 emission and
getting high vegetable yields simultaneously. Hence, the practice of reducing N fertilizer application rate
by one third coupled with CP amendment can be used as an effective vegetable field management measure in
intensive vegetable production to mitigate N,O emission and maintain crop yield.

Key words Intensive vegetable field; Nitrous oxide emission; N reduction; Nitrification inhibitor
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