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JR 5 B K 2 R AR T, (B A RE R A R K R LA
XoF R itk % S iR = AR HE U g ek AR W ARE, G I
IR NL,O HEB IS I = R 47

Fr3& (Apium graveolens L.) A<-TERHMEY), &6 F
BB IRy, SR A% i R G B s P,
AR SC LAV TSR R G, TN K S B L ey
P GREE. B, HSERESED) A K EIE R
W) CREACAEE RS AR T ) 52, JExd 3R Ar
155 NLO HES A1 AT /04T, HEIf R iditiSEth NLO Jik
HE XA B K BN T AR AR .

1 #MR57A%

1.1 RIS Hb R

RIET 2016 4 10 A 1 H#E 12 A 15 HIERE 5
BEKRMMAREST, KK 108 m, %5 8m, ZKIER. iRk
g A7 T 34°17'N, 108°02'E, ik 521 m, 41y
HIFR % 2 163.8 h, TAEH 210d, J@FiEH 5 FEIX. B
SERMIN A, A E 1.35 g/om®, HAIFFKR
N 28.17%C i F 5 /KD, pH {H 7.82, T IEFLERE 49.38%.
T IEERIAL R BPER (0.02~2 mm) JRES> %L 25.4%, ¥
¥i (0.002~0.02 mm) Jii & 7341 44.1%, Fiki (<0.002 mm)
i ¥ 30.5%, FEATEIIRILY: AL 16.48 g/kg.
4% 0.96 g/kg. 4=Ti# 0.36 g/kg. 44 10.4 g/kg, TIEAE
T —

BEAEAETN, HIKPHEE A H R0
FIARAb A SEAAR ], 10 H 38U AR X AR A
PEAM R (F D, HHBKHEES . e&E 8.
A IAHIXHEEE 23 HIE 0.6~143.5 W/m?, 1.2~292.1 uE.
8.5~24.9 °C 1 73.5%~100%2 [A] 5l .

E 2
& 300 - KIERET SR 300 B
Reg 250 — NAHBERS PAR 250 Zﬁ Q§
B2 200 200 % § E
&g 150 || 1505 &
K'E 100 | 100 4z E_g
850 NV WAL AR AN A Y450 228
~ 0 NG - LY 0 g _g
B 70 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 £F
@ SEA G B Days after transplanting/d

a. KPS FADE AR RARS
a. Solar radiation (SR) and photosynthetically active radiation (PAR)

) S S S e — ]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
SEAE G REL Days after transplanting/d
b. SIRFIARN RS
b. Air temperature (7) and relative humidity (RH)

AHXRRE
Relative humidity(RH)/%

Bl BEFELAFHANG B KGN,
XEA BFe AT, ABAAA IR
Fig.1 Daily mean solar radiation (SR), photosynthetically active
radiation (PAR), air temperature (T) and relative humidity (RH)
during growing season of greenhouse celery

1.2 REMHERIT

HETemMhy “ 257, RAJGEEE, S
10 cm /ifi, 1 4~5 Fritid BEAT AR Pl BEAER

JESHINIRE (N FUES$=46%) EWIBEIE (P,Os i
HH=16%) AL HRERET (KO i n4=51%).
RICWHE KRB 2 NREK, #EKELL 2 RBEK A FE
®20 cm ARAEZE R L) BT 78 K it B, NEEEL, W7 /i ik
(LOEy 11) Rkt (0.75E, 12) 2 MEBKT; %
14 0 (NO). 150 (N150). 200 (N200) F1 250 (N250) kg/hm?
AR, ARG IL 8 ML FE, SEETINAERL, FEAS A
5AEH,

FA/NXK 55m, % 05m, /NXEFE0.5m, A
+ 2016 4 10 A 1 HUMTEEAIREEE 2T 10 cm BT 2 A .
SEAEHT (9 A 30 H) fEJ/NXIEFint 1 20 s
(EA 16 mm, J%:LMEIEE 30 cm), YR 10 cm, F3Ljf
40%IH AL 150 kg/hm? (R AEAT 200 kg/hm? FRIARAE,
SEREIK 30 mm, EMEE FEE. KA CRgEERL
HARAFB.0 HP) 5FEMEMTINA, ERAE
T R — N, (T T AR N X K E A
S, BMEFME 2 d IR 1k, BIRENX IS E
134.9 L, &S EEARSHERE NI |, it
B ()X AN O /AT, SKEKDEEN
0.7 MP, et Ja, IR A E M HT 10 A 10 H.
10 H23 H. 11 A3 H. 11 A 13 H. 11 H 26 HAI 12
H7TH#EKG6R, JFT 1L H3HM1L A 26 HIM 2 K
KT FE R 43 O ZUIE PS40 N S AR S /N X, 78 40
WA 5 B A 3 K 23 ) 64.0 A1 48.0 mm, i
FEHET 12 A 15 HAeHUGE, AEEHIL75d.

1.3 MEMBS5AHZE

KA RO ESFE, fAH 6 mm ERERA L
WdlE, K. BB 508 300 30 A1 55 cm, FHiRANE
T S50 TEAVETE, FMTIGE 2228 Bk 2= S/
R o FRAS AR BETE S B Y R T/ X e, i
JAE ity FH K24 3 om R IR TUIRE ) 1 LATBCE B S R A AR
BURERHEK & E . EiER 7 d EARE—R, HT 1L
H 3 HEEAGBEGESNEM 3 d. RFIREURES BI7E 24 K
10 : 00, 10 :10. 10 :20 A1 10 : 30 F|JHHA =il &K
50 mL VESFAREEAT 4 AMACREE, BERIURE 40 mL, FEAE
ORI E FIREE . RBRAT 5, SRR b 9 R I (B B
IF1) it £ 4 [0 )1 52 % R*>0.85.

KATIFIRT, P 22 e 75 76 A T00 50 A 7 AR B B3 1)
FAPVIRLRE ;s FH A HR T E A AR L 20 em R IR
FE; 3TH4ENE 0~20 em L2 ESKE, REiHE
s I # K FLER# (water filled pore space, WFPS) 22,
HL 0~20 em Bl LR, ST RIREE 2 mm i, FREL
59 M4, H 50 mL PIEALEIE (2 mol/L) 2324
% 05 h JaidJE, ABEZFEN M (Auto Analyzer 3
AA3, Germany, 0.001AUFS) EL4:I5E t- 3Rl A B E
HESEP, T 1. 3. 5. 9 11 YeRAl, A+
B E A RIS ST EURE 3 UK, TRFEA 20 cm, FRriRZ]
J5 . PRGBS IR H05 I 5E 0~20 em 1 2 - 35 (1 R AL 48
M S R AL o B R P S IR R e A5 Py ki a0
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N,O HEB R B B B N,O R AHE o 15 /75 42 6
WORITHR S, A ORI R 9O 20 e & /N X
KM

TIHAR SR FES:

\ _1000-C-V =
w

X M AEER SR RESE (mglkg); C NFf
U E AR GBRASEO H (mg/L)s VR SR
AR (0.05 L) W RFERFTE (59).

N,O HEfcE &

F=p-h-dc/dt-273/T 2)

Xt F N N,O HEBGEE (ug/(m®h)); p NARHEIRES T
NoO AAEE (kgim®); h AFEEREE (m); de/dt NS
IREAALER (uli(L-h); T NFEHNERE (K.

3 FLBR & /K Z (water-filled pore spaces, WFPS, %)

r
26
X WA HIERR RS, %; r b E, glom®;
2.65 N LHEHE, glem?®.

AFELL NO Hilcs: 5 ARSI LU BT N,O HEF

WFPS=W, - (3

b—b,

f= x100% (4)

b 9 NLO HEUR S b AR B W EUALHE N,O BN
HERCR, kglhm?®s bo AR HEE A B 1 N,O RBUHEK
=, kg/hm?®; NA/NXGEIEE, kg/hm?.

77 N,O B FHERCE (yield-scaled N,O intensity, Y-S

NZO):

Y_SNzozg (5)
H Y-Snoo HE” N,O RBFFE, g/kg, Y FAEY™

&, thm’

FAEFIFH A% (nitrogen use efficiency, NUE):

NUE= " (6)
N

X N AR A ENX i, kg/hm?.
1.4 HIBRES D

18 Excel 2010 B fFAbEEIREE H5; PASW Statistics
18.0 FAFHEAT J7 Z 4 W ARG e, 2 E HECR A
Duncan #r &k 27k, BEMKFA 0=0.05; OriginPro 8.5
AR B SR A AL EE NLO F) BARHE

2 HR55H

2.1 KEEEMERTEM N HEMA M
BAFEAKS, INREBRAR KR FRET
St N,O HEGH & 23 sl Bk, Bt )E 34 f157d 4F,
HAR HARG NLO HERUE S 4R E AR (B 2).
F R, 7oA (1) FHI3E N,O HiiiE
W E T BEBAL T (12), 11 4P 435 N,O Hisom &
B E 12 4bFT v 33.7%. MFEIEAKKFET, it

BALH T 3 N,O HECHE B m TR &AL, HAE
SEAE G 34 d F1 57 d I Z 3 M 53 (P<0.05), HAhR %
FMEREFE (P>0.05). N250 b3 13 N,O HEBGE K
SPY8E 73 & N200. N150 F1 NO 4b# 1.9, 3.7 F1 9.5 fi5.
JETE 34 d A1 57 d #E/K Hti UG, 3% NLO HEius & H I
HRIE(E, Sitm iR, #EKEEEREGX 1% NO
HEBCE & (152 IA B /KF (P<0.05).
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FEAE G KB Days afer transplanting/d
a. 12 AbE
a. 12 treatment

7E:  NO. N150. N200 Al N250 73 A& I EBEA Tt AL O I bt 4
150 kg/hm?, I HEIE &R 200 kg/hm?, i A it 0 & 250 kg/hm?,
ENGE

Note: NO, N150, N200 and N250 meant aerated irrigation combined with N
application rate (0), aerated irrigation combined with N application rate (150
kg/hm?), aerated irrigation combined with N application rate (200 kg/hm?) and

aerated irrigation combined with N application rate (250 kg/hm?), respectively.
The same as below.

B2 A BBERRKAKFTREFE
R 2 I3E N,O HEAGE F 69 %o
Fig.2 N,O emissions flux of greenhouse celery from soil applied
with different water and nitrogen levels under aerated irrigation

ANEEAE AT L3R NO HiftE /£ 0.88~
6.56 kg/hm® 2 [a] (% 1), BEEREEMEM, 2 N0
HemE: B35 180 (P<0.05), N150. N200 F1 N250 4b )
SRRHERCETME 2 0 NO AbFEf) 2.30. 4.14 F1 7.15
£, MESUE RN T 2K L NLO TR R i s ek,
Fe K BA N,O HECE M 2 T 8K 1.27 1%

(P<0.01), F R s 85 /K2 7 3% N,O (1HE
7. N150. N200 #11 N250 4b ¥ 413 N,O HEjs & ¥-FME
AR 0.73%. 1.36%A11 2.28%, F/MEEK (11) Bk
FEK 12) FEICT NO R E . [RI, it 2 e 1
o, e E 2 EFHE TR, N200 Ab B I {E
B KA 205.65 tthm?, H. N200 A1 N250 kb3 ] 2 5 AN 5 3%

(P>0.05) ; FE4riE/K (1) BoBEERE (12) P& P
HIEINT 10.29%. R HEE KGN T g2, H
= N,O HESCE R38N, R EKESEKET, &
7= 1 kg ARG R Z AR, BT IR EAM EOR.

SRR FH 25055 I it 2 T 38 n ¥ 3 T F%, N 150N 200
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AT N250 AbFEF-EIME 5758 1.14. 1.03 A1 0.78; i 7643 ¥E
TR GRE R R BRI AR 2 AR R (P>0.05) .
IR 2 B A R 5 30 NoO HEGSE I, 4
Sere ik BRI, GRS E TR, HIL NO
Hemg gk a3 n; MFRREE T, 556K 2) M,
780 HEK (11 FEEREN T 10.29%, {HH 2R N,O HE
HOPBEM ™ NO BRI HE R E B 4 B3 T
27.87%#1 19.22%. KL 3RS S P2 RHEBOAR I SE, 7R 245
EHEEFEM NO HifE. WE 1AL, YtsE
>N 150 kg/hm?, N150 4bEEHER R ¥ %L 1% (IPCC i)
ER A RLTH N RO P, R
BT 17.07%. Hiti%E N 200 kg/hm? i, P22k F]
B, (B RE A 1.36% GEIE T 1%) . B, %
TR Hh eI B A RAN NLO HE e adi b, SR 7K
W12 JhFE, PR AR R LE 150 kg/hm? (RI3ERE H A BT
i, {HFELT 200 kg/hm?.

x1 MSERTKEEEF*IIENO
Hm R B AH X0 E T
Table 1 Effects of water and nitrogen coupling on soil N,O
emission and other important factors under aerated irrigation

R N o BUEF
BNy gpen0 SRR
R e rw o g TR
AP Cumulative g ) o ~* Nitrogen
Treatment N.O Emission Yield/ Yield-scaled
B 2 o use
o factor/ (t-hm™)  N,Oemission/ .. .
emission/ % (-kg) efficiency/
(kg-hm?) e (tkg?)
11 NO 1319 138.37¢g 9.67f
11 N150 229e 0.58d 17753 e 12.89e 118a
11 N200 399¢ 1.28b 21450a 18.58 ¢ 1.07b
11 N250 7.06d 230a 203.13b 34.79a 0.81d
12 NO 0.42h 117.60 h 4019
12 N150 174 f 0.88¢c 163.63 f 10.71 f 1.09b
12 N200 3.28d 143b 196.57 ¢ 16.78d 098¢
12 N250 6.05b 225a 188.70d 32.18b 0.75e

%K T-F-#4{E Mean of nitrogen levels (N)
NO 0.88+0.08 d - 127.98+9.2d  6.84 +0.02d -
N150  2.02+0.10c 0.73+0.06 ¢ 170.58 +14.5c 11.80+0.12c 1.14+0.06 a
N200  3.64+0.14b 1.36+0.15b 205.53+132a 17.68+1.04b 1.03+0.15b
N250  6.56+0.22a 2.28+0.25a 195.92+12.1ab 33.49+3.25a 0.78+0.05c
KA P41 Mean of irrigation levels (1)
11 3.66+0.18a 1.39+0.05a 18338+136a  18.98a  1.02+0.1la
12 2.88+0.17b 152+0.12a 166.63+12.1b  1592b  0.94+0.03 ab
le * ns * Kk *
H: F—F R G AR RS FREFROR BB TE 0.05 KFEFEE: **&
AR FERIR (P<0.0D), *FRIREFMK (P<0.05); 11 A1 12 AR RF
SrHE (1.0Ep) 58 (0.75Ep), TFIE.
Note: Different lowercase letters following values in same column means
significant difference among treatments at 0.05 level. ** represented significant
correlation at 0.01 level, * represented significant correlation at 0.05 level. 11

and 12 respectively meant full irrigation (1.0Ep) and deficit irrigation (0.75Ep).
The same as below.

2.2 Frieits N0 HERUR RO E =
AR EAC B R L R AL . AL

4HEE . NO3-N Fl NH;-N (1zh&B i 3 frw. 3K
SRS NO PR KA Iy #. M 3a Al
39 ITLAE H, HIBFLIR S /KEAE 46.78% ~74.02%7 6 H| A
AR H TR AR SR P M S AR AE A, DA
KA ZERARRIMIR AL T Bk B, 5%
AE BN IR KR YRR R R KT, K S TR A K
KRR ETE o ASFEACFE A 35 K R AT A5,
HFEEEK AL BE3K S & EIEHAE (P<0.05) &
T BB (12), AN A S A EE ] 38K o &
WA R (P>0.05) ANfAl. BN H B3 IR B 7E 12.80~
21.90°C il N AR L, AR APR38R 5 KSR A
8L, HARLIERE RN

AN T 7K 43 R it S0 A BE 3L 2 23 b = B3R 1 41 1 A
SE A AR A B . AHFEVEREKCE T, ik
T AN SR A2 B 2 B IS AT R n g - T . R e
R N, 78R (11 I3RS A2 & A0 s s A 4 B 5
BERE (P<0.05) &T7HERAE 12) .

BAEKTE, HIEESEESBUYEK, 75 057~
4.45 mg/kg i Bl N AR AL o BRAE B WA RN K i A J 3k
SRR B A, b R S R R B BOR
AT Img/kg. A E I HEEH A R RESES
Pei K, AR IR A E RS —5, RS2
U TR AR P I IR U R e, it A f - 33 Al A U
SR B TE, Bl AR E AR B . NOL N150.
N200 1 N250 AbFE-H3EmAER & HCF N 11.44,
20.79. 24.22 F1 30.01 mg/kg, TR EREHMMN T -
BHASEMEGE. MEABERET, TR 12) 11546
BEFRESHE (P<0.05) &K (1) AbFE,
2.3 BELTENOHNMESEEMEZRENXR

HE 4 A7 50, T3 N,O HiiE S5 HIR . 38K
o e EAEA R BB RIRER B R . T
BB Ko S A B & SRR, 138 N,O HE
RN, MUk 3 NSRRI E TR,
135 NLO HERCER SR I, AHIE BT R B, 3 N,O HE
RS R L K R A U R B A A
KKF (P<0.0D), HiE F#=%5 ik 0.13, 0.20 #1 0.73,
Tt B 398U RN K 20 840 43 BUARRE T NLO HERGR 1k
1) 13%F1 20%, 1] IR ZS B &= 5 B AR A T UG R
N,O HEBGHE S 73%MIA8 L. msbel i, HHERE. +i%
Ko BRI S R = BUR R HOGR = LI N0
HER EEIR R R . 11 NL,O FiiE S5HSE R &S
BAFIEREZEH KR

i e 4 T Rz i 20 B 2 52 398 NLO HETBU) i o
KEMAEY . W 4, H3E N,O HEBCEREE 3R 1L
TR SR A 40 TR 5 TR 3G T 2R P3G, A SR A BT R B
1338 NLO HEBUER 5 W9 38 24 R AR 5 35 TR AH 5656 R (P<0.0D),
H 5 B AH T AR SV = TR AL B, ke R
 0.39 F10.81, K HIRSALANE 1AL MRE 1 +35 NLO HE
FUE R 39% 1254k, T AE AN B AR T NLO HERUHE =
A4k 1) 81%.
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" 5‘7).320 3 g- 35000 . —4-N200 -» N250
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& EMGF¥ Days after transplanting/d SEAH T FHL Days after transplanting/d SEMJE FBL Days after transplanting/d

a. 11 Zb¥ - SEFL B & ok Sl ARk

a. Dynamics of soil water-filled pore space under I1

b. [1 4bF0 - SHREE B Ak
b. Dynamics of soil temperature under I1
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% 8 =~ 40000 ?i ‘E 40
=B b 35000 wEic
S5 £ 30000 I S Te30
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w 10 000 =3 10
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
SEMIJG KA Days after transplanting/d EAH G REL Days after transplanting/d
d. 11 Sh38 e ARk A sl 1 e. 11 b3+ NOs-N Fifit - sh a8 1k
d. Dynamics of soil denitrifier under I1 . Dynamics of soil nitrate content under 11
ES
'g 75 o 22,
w &0 320
% g 65 i 2 18
> 5 m £ 18]
40 & 60 &
&3 ® 216,
5 55 + |
= LA
®T 50 = 14
H3E 45 ’ @ 13! -
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F MG FEL Days after transplanting/d SEHLJE F B Days after transplanting/d
D g I2 BT Ak AT h. 12 b3 383 B Eh AR
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4. 35000 BE s _ _
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Effects of water and nitrogen coupling on soil N,O emission characteristics
of greenhouse celery field under aerated irrigation

Du Yadan'?, Zhang Qian*?, Cui Bingjing'?, Gu Xiaobo!, Niu Wenquan®*?**

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education,
Northwest A&F University, Yangling 712100, China;
2. Institute of Water Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China;
3. Institution of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: The global warming potential of nitrous oxide (N,O) is 298 times that of carbon dioxide (CO,), and N,O degrades
stratospheric 0zone. Agriculture N,O emission accounts for 59% of anthropogenic N,O emission. Microbial nitrification and
denitrification are the major pathways of N,O production in soils. Synthetic fertilizers application in China is still the main way
in agricultural production, so the increase of N,O emissions might be inevitable. The annual synthetic nitrogen (N) fertilizer
consumption in China increased from 9.34x10°t in 1980 to 22.97x10°t in 2009, and it accounted for more than one fifth of the
total world consumption in 2007. The harvest area of vegetable crops rose from 9.5x10°hm? in 1995 to 18.4x10°hm?in 2010
in China and is still increasing. The fertilization rate for vegetable crops in China was 628.05 kg/hm?, nearly 2 times that for
cereal crops (314.4 kg/hm?) in 2006, of which N fertilizer occupied the largest share. The rough estimation showed that N,O
emissions from vegetable fields accounted for 20% of the total direct N,O emission and N emission accounted for 17% of total
N consumption nationally. Besides, agricultural practices such as irrigation and aeration potentially affect N,O emission from
soils through influencing soil physical and chemical characteristics to constrain soil microbial processes. However, the
microbial pathways of N,O production after N application and irrigation input in aerated condition are not well known. In
order to reveal the effects of water and nitrogen coupling on soil N,O emission characteristics under aerated irrigation, and
further put forward effective reduction measures, a field experiment with celery was conducted in greenhouse in Yangling
District of Shaanxi Province. The experiment adopted 2 irrigation levels (11: full irrigation, 1.0 Ep; 12: deficit irrigation, 0.75
Ep. Ep is the cumulative evaporation from a 20 cm diameter pan between 2 irrigations) and 4 N levels (NO: 0 kg/hm?; N150:
150 kg/hm? N200: 200 kg/hm? N250: 250 kg/hm?), and 8 treatments in total. In the present study, the effects of irrigation
levels, nitrogen application amount, soil temperature and moisture, quantities of nitrifying bacteria and denitrifying bacteria on
soil N,O emission were also analyzed. The results showed that the N,O emission from the full irrigation treatment was
significantly higher than the deficit irrigation treatment. Nitrogen increased the cumulative N,O emission significantly under
the same irrigation level. The cumulative N,O emissions of N150, N200 and N250 treatments were 2.30, 4.14 and 7.15 times
that of NO treatment in the whole growing season of celery, respectively. The correlation analysis showed that the significant
exponential relationships existed between soil N,O emission and soil temperature, water filled pore space (WFPS%), and
nitrate content. And the significant positive relationship was observed between soil N,O emission and nitrifier and denitrifier.
There was no relationship between soil N,O emission and soil ammonium content. Irrigation and fertilization were contributed
to the improvement of crop yield, but the soil N,O emission was also significantly increased. Therefore, the combination of N
application amount of 150 kg/hm? and deficit irrigation was the best coupled mode of water and nitrogen to increase celery
yield and reduce N,O emission among the 4 treatments. It should be heavily emphasized in future in the Northwest China. The
results can provide valuable information for the selection of water-saving and nitrogen-saving method in Northwestern region.
Keywords: soil; greenhouse gas; emission control; N,O emission; irrigation; nitrogen



