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Effects of fertigation on N,O emissions and their mitigation in greenhouse vegetable fields

JIANG Yu~—qian, LI Hu", WANG Yan-li, ZHANG Jing, SUN Yuan, WANG Li-gang, HUANG Cheng—cheng, ZHANG Jian—feng

(Key Laboratory of Non—point Source Pollution Control, Ministry of Agriculture; CAAS—-UNH Joint Laboratory for Sustainable Agro—ecosystem
Research; Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )
Abstract: In this paper, four treatments, i.e. control (CK), farmers’ practice (FP), farmers’ practice with drip irrigation (FPD ), and optimal
fertilization with drip irrigation (OPTD ), were conducted in the suburbs of Beijing. FPD consisted of drip irrigation with fertilizers dissolved
in the irrigation water. OPTD had the same fertigation but N fertilizer was reduced by 40%. Soil N,O fluxes were measured year round by
static chambers. Soil temperature, moisture, and nitrate levels were monitored in parallel with N,O measurements for all plots. Finally, the
effects of fertigation on water and fertilizer use efficiency and soil N,O emissions in this system were analyzed. Results indicated that the N,0O
emission fluxes in the treatments ranged from —2.67 mg N-m=-h"! to 22.56 mg N+m™2-h". Fertilization and irrigation were the major factors
inducing N,O emission peaks for a certain time. The N,O emission peaks lasted for 10 days after basic fertilization, and for 3 to 5 days after
additional fertilization. The fertigation management reduced N,O emission peaks and lasting time. Soil temperature was a significant factor
affecting the N,O emissions in cucumber season. Compared with the FP treatment, FPD and OPTD reduced the annual N,O emissions by
29.41% and 32.63%, whereas FPD treatment increased the nitrogen partial productivity and irrigation water use efficiency by 14.62% and
43.54%, respectively. It is concluded that the fertigation management practice could not only increase water and fertilizer use efficiency, but
also reduce N,O emissions while maintaining or increasing crop yields from the greenhouse vegetable system.

Keywords: fertigation ; greenhouse vegetable ; N,O emission ; mitigation contribution; water and fertilizer utilization
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Table 1 Water and fertilizer management practices during cucumber season
H 3 JEAC it R VK H 19 - 6 A it 2Rt T K o A,
3 W ILIEH AL K WO BN K WANR LR
Treatment Date : Basal fertilization Lirieati thod Date ; Additional fertilization, Lirieati thod  Total N/ke N - hm
reatment Irrigation/kg N+hm™, mm Trgation metho Irrigation/kg N+hm™, mm rrgation metho o 8 m
CK 2/6:0.77.48 12 Flood 3/14.0.,45.95;3/29.0.,71.34; 127 Flood 0
4/14.0.64.62;5/11:0,52.76;
5/25.0.44.64;6/8.0.42.82;
FP 2/6:210.,77.48 1% Flood 3/14:70.,45.95;3/29:70.71.34; 1% Flood 700
4/14.70,64.62;5/11:70,52.76;
5/25.70 .,44.64;6/8.140.,42.82;
FPD 2/6.210.,77.48 127 Flood 3/14.70.,34.46;3/29.70, 53.52; JHHE Drip 700
4/14:70.,48.47,5/11:70.,39.58;
5/25:70.33.48;6/8:140.,32.12;
OPTD 2/6:126.77.48 127 Flood 3/14:42 34.46;3/29.:42 53.52; T E Drip 420

4/14:42 . 48.47;5/11:42 .39.58;
5/25:42 33.48;6/8.84 32.12;

®2 RAEEEENERE

Table 2 Total fertilizer and irrigation rates in different treatments

AhEE A HUAE Manure/ AEIE (Hr 4l ) Fertilizer/kg - hm™ A Total

Treatment kg N+hm™ N P05 K,0 irrigation/mm
CK 0 0 120 200 399
FP 500 700 120 200 399
FPD 500 700 120 200 319
OPTD 500 420 120 200 319

FH 30 mm R ERHA R EE IR, YR K
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Figure 1 Diagram of automatic sampling static chamber and base

SRR A ARHGE i, AR
de 273 P
dt 273+T P,

K F o NO BHERGHE I, g NJO-N-m™-h™, fAfH %
7~ IR PSR, 1 s 3 1) KSR
SMsp APRERSET N,O BB, g L7 H FRFE
FEARE I, m; T RGN AR, °C i de/de Fy Rt
FEPY NLO-N MR BE A bR, wL- L7 -h s 404 IS
I [E] b P ol SRR, mmHg; Py A5 o RS,
mmHg; P/Py=~1,

(2)N0 HEC SR R AR SR R
T 22 6] A W 00 B T o, SR R R A S i
it Z IR AT AR B4R B S AHE R

(3)N0 HEHGREE : FRIE MR LT 5 N0 HE
JifciE, B NLO HER S &5 A N AL B R 7 2 0 HUAEL
RN WIE

I=FIY
KT A HEBCRE kg N-t"5 F i+ 3% N0 HE
JiiE kg N-hm?2; Y PEYI =&, t-hm™,

(DHIEY it

F=pH



VLR 258 I X 25320 NO HEBC 9 B0 B 5k 1619

Y=WIS
Kb w /N BRI AEY) ™ i, 68 /N
L, hm?,

(5)N,0 HEjit & % . IPCC (Intergovernmental Panel
on Climate Change ) [l ] P H 1k IE Uit FH 51 1
N,O-N HECE o5 St U A 43 e SO NLO HEjik
B0 VUL IE R NLO-N HE R B 1%, 15
NCWR

EF=100(E—E.)IN
A Ee A1 Ec 43 51 hy it 008 AR R A FROR AE ) A
K2 NO U kg N-hm 25 N O 24 2t AL
kg N-hm=,

(6) - 4FEALER 5 /K (WFPS) : iy TRIME-PICO64
BT S K S AR . AR
1&@
K. 0, & TIHIAFE K, em® em™sp, J& TR,
grem>;p, N HIEHTE

(T RNEFI T, RN A 7 71 (PFP kg -kg™)
FIR:

PFP=Y/F
K.Y EY AL &  kg-hm™; F it Al i, kg

-2
hm=,

W FPS=

[\
\*}

CK

-

N}
T

N.O i

N,O emission/mg N-m=-h™

1727 2/16 3/30 4/22 5/18 6/10
H HH Date

-]

2

FPD

N-0 i

N,O emission/mg N-m?-h™

_3: nrmar i
1/27 2/16 3/30 4/22 5/18 6/1
H HH Date

(8) W K A FHR K (Trrigation water utilization ef—
ficiency ,iWUE ) :

iWUE =YW
ALY MEY R kg hm ™ W ONTEIE KR, m* - hm ™,

K Excel 2007 F1 SAS9.2 ¢354 b S 36 %5 4
PEATTHEE B A GETE 23 B, Ak BT 2848 AR B R 3L
T3 5328075 22 93 1% AT Duncan ¥

2 HERESN

2.1 THEELEMET N,O HERUBHE R [E =

S A% Ab B 4398 NLO HE 0GR Y & A= e it AR
FFENE e, — 3B 7 N0 HESOR 0, i T AR
Jii A\ A T SRR AL SRS A R R 2R T, DA AR
T N0 myHEiR . Hirh 2015 4F 2 H 6 H it BT A
J5 N0 HE 22 T 7~10 dCIEL 2), T 28 I B 0k HE
TG W AR AR S a] Ky 3~5 d, FFLEmtfa RSB h T
FAE it A AN R AR S SR AN [R] i, RN A T
Prati &k 500 kg N -hm2 (4 HUIELL K& 30% 19 16 IE
A, B AR BE A 10% 40 BE A, 7T 0Lt F &UIE R 4
EHE NO L . A ENAER ZE NO HER =
IR B TE A S MESEE 5 1956 1 d, DL FP AR BEHEL
i, I8 %) 16.09 mg N-m™-h™", i 76 A4H [ it NE &
B2 , FPD AR BEAH L FP AR B FAARR T N,O HE ki

22
:517 1 FP
|
w7 12F |
Q£ 7,
TL O YR Y Y Y ¥
E | 4
S ok | Beg B L
EEE TR R o W e
I P T T
27 2116 3530 422 518  6/10
H HH Date
2y
o OPTD
T
B 12F |
2w
7; T *jc ¥ ¥YTY ¥ ¥ ¥
S L7 %
= ,h-'h‘i Mf‘ {.H B s piabnay Say

ST I T O O B 4

-3
1/27 2/16 3/30 4/22 5/18 6/10
H HH Date

2 REIAMIE N0 HEREE ST (FFARRIEEBH)

Figure 2 Seasonal dynamics of N,0 emission fluxes in four different management treatments( Arrows represent fertilization dates )
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Table 3 Pearson’s correlation coefficients of N,O fluxes with soil

temperature and soil moisture in different management treatments

b3 5 em Fifi R3PS

Treatment Soil temperature at 5 ¢cm Soil moisture
CK -0.65%* 0.47
Fp —0.61%* 0.10
FPD -0.24 0.20
OPTD -0.46%* 0.43%*

TE = R AR IFIRAE 0.05 1 0.01 K 225 g 2
Note : *and** indicate significant difference at 0.05 and 0.01 level ,re—

spectively.
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Figure 3 Dynamic changes of 5 ¢m soil temperature and water—filled pore space for each treatment
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Figure 4 Estimated cumulative N,O emissions and N,O emission

intensities of four different management treatments
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Table 4 Water and fertilizer use efficiencies for each treatment

e PR BKAIECE AU )
Treatment Yield/t-hm™ iWUE/kg m™ PFP/kg kg™
CK 87.02+3.24b 16.33b —
FP 100.24+1.64ab 18.81b 83.53b
FPD 114.89+11.66a 27.00a 95.74ab
OPTD 102.12+4.66ab 24.00a 111.01a

T [RFUAN R FREFR R A B RIAE 0.05 K V22 5 W2

Note: Different letters after values indicate significant differences at

0.05 level.
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Figure 5 Relationship between N,O emission intensity and water

and fertilizer use efficiencies
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SEIRFTE R, IR SR ZE S A K NLO HEK
W R IEASE, TR A R A R R T
s £ 58S A A 1) S L IES 4 Wk AN [R) , DA T RLEE X N,O
HER Bt AR o 380 R NLO HEJ Y X
— BT, 7E [ — S 2013—2014 4F i 5E
021 R WEPS S N0 HER E 22 m B . fEA
Z= g, WEPS HXFF OPTD ZbF5ne 2, 1%
HAPIA A PR FZ AN .25, P RE 3 K [ B it )
ACHTPAR A, - 3900 R L R I AR s 25 S AR Ak i i
SN i LR AR 43 28 B AE A AT REIE RS T 52
— 7K 53X NLO HER A 5200

Zg EAl L R I AT 51 3 — R A
YRR b2 KA W2 S e i AR Ak CAnsm =k R AU
TAEIREE KON S TEESE ), ST Z M NO 77 A FilHE
BRI X R 2 T AR A AR RN
JEYIHR B S AN RIS R . DR, R A e TRy 20 AR
TEIIZAET , BBk B RIS 4 DL e AT 2 [
2& HAEFXT 438 NLO HERL W sZma HLERAIE ST o
3.2 MG T N0 HEM B E KB HER

AT, Bt N ZE7E N AR it AE 2 1) 2%
T, NI R HE 3, NLO HECEE DL (29.77+
1.89)kg N -hm™ J# > 5] (21.01+2.61 )kg N -hm2, j5 i
N,O HEff s g > T 29.41%, THAEIR A 40%
HIEAE T, NLO HER S S g B> T 32.63% .
AT GE S AE T SR R R AT AR AR S
55, 255 AP AE IS R BT NLO HEUR AR BR 22 7

AN BRZE NLO HE 5 L1243 5D 7.79%
DI K 36.35%, ZAEMZRGEE REWIRHER AR A B
EREAAE i (B T NO HElcE . BN
AR RPN I B R 2 NLO HE B BT B,
2006 4FF1 2007 4F3i# ¥ it HE DX 0% B A8 AR 4 7= i N,O
HERl R b B IX 43 00820 1.50.1.56 g N-kg™', Hil i
43 AEF 53.29%F 58.9%. BT R AT
AR A LR K = AR R3S ARV E A = T R
TALAVERT, R NH=N Fil NO;-N 8 o sy, o
REA I S f VR A2, Tk 2> T NLO HEjk . A
AFF 5% 2 B, T ¥ S BRFAT S 10 1) X 3R NSO HE i
(AT BT HLEA , (E Sk Ak 1) 1388 WEPS 3l H & KT
80%, i F5 33 3 4 - HE i B o ) KL A AR A fof
N0 HE—253RJF R Ny, NIRRT N0 AR . 1M
T3 A — e 5 A ki HE A AR D NLO HE ik ) JE A
F B VR AE A IR B B E IR X, 2
T VERINE BRI RS s R AL 3 5 K IR
FAEAL T A1 NLO 22 ]2, Kennedy SE2IHF5Y
2 BV e A T e e i, AR R T e X K I
PSR AT, D8/ T e R B YRR B, R T O
T NO HERR . B FA SO & BRI T T 455
WEFE , T E R A I HE AL ATy 7 B 1 — 25K g
% .
3.3 HERRBEGTEYTE.
HER X B

Pl 90 VR T2 T AR AL T A N 2 A K
HE &A% A2 0E T MR 256 1 A0 3R 4 B Wi, A R T ik
Jita IR S 7 T2 ARSEES AR R £ FPD &b
PR (114.89 t-hm2) & F FP 4b¥H(100.24 t-hm™),
454 2013 F1 2014 A AR () LI A5 40 28 B i
Jita AE S T I ™ o R AR A AR A B [l A AR Ak (H T L
A B 2RI T VR = i . B A L AR IR
Jite S AT 5% 245 SR 2 B i v A B 1) o B R TR
BT 1A B 7 i T TEE T AE AR 3 43 B K i 9 A
e T KB . AR ES A a0 AR
M 2013—2015 4E FPD 40 38 i U IC O 25 77 7743 51 Hy
72.07.90.30.95.74 kg ke, 5 IR A 317E ||| 45 55
HIE 5% 45 AR VT (85.64 kg kg™ ), Zotarelli ZEPWF5%
W R WY, TR R TE R A TR 4 v 37 %~
68% . J& HAF T Zeati A AT 2% P A AR ] i I St 1 155
BT, T KIS 7K 20 R R A% S 2 o T
B T3 = SRR E BN B 5T 45 R 0T, e b 2R
B HE AR R AR AT HE 75 49.90% o AHIF 5% 3% B

KIBFIFHRZES N.O



VLR 258 I 25320 N-O HEBC 9 B0 S 5k 1623

HE BB RO = AUIE R AR 14.62%~32.90% , HE K
IKFIFRCR 27.58%~43.54% ., VEY) 7K BE ) FH 2% 1 2
w, XTI N,O HE R B A EEA/EH . Van
Groenigen SEPIIF 57 ¢ B 4 = /K NE R FH 22 5 0 e
AL TR NLO HECE 5 fe IR &R, T S5 IR 5T
W B T AT AL i T VR R R R SORI L A
1 VE A LA A0 R SR TR P SO I Ak BRI
AR 2 NO HEj s b o AR5 kit
St 3 E K — EORFE R R W KE  BARIE R T
A T RN S A S A ) 25 A , AL U i I 4
i TKREFIFSCE, MU B NO JHERCR . AT
D, 7 VR i B PR B = A TR T, BT KT
JE SCsHE , AN 2 kg 8t =i i (A5 A I — e R

4 #ig

(1)50E 5 AR K 25 NLO HE I {7 T2 28 4 v T3
KRB FAE IS AR HRLE 10 d 245, B HEHRSE 3~54d,
T TR N RERAAER NLO HE B0 (A AN 5220 ) o

(2) R UAE it PR A 454 T, s vk oy =X
T VEE AR HE B I R BE /D NLO HEL S 29.41%, 11
WD 0% R NE T R R EY = B AT
T AE Ak 280 NLO HE B 32.63% .

(3) 7] UM it FF £ P9 25 R, 0 V8 ot A s R
1S P REHE B 14.61%, I H AR RA = 1
TR K A SR BE AT BN 14.62%F1 43.54% . [R]
JKAEF RS NLO HERCR BE 5L 2 ki 56, K AR A
FHAR AR X80 NO HER HAT SRR .

S 3Lk

(1] A NRIEFIE SR, B E SR LM Jbat: RSt i,
2013.
National Bureau of Statistics of the People’s Republic of China. China
statistical yearbook|M]. Beijing: China Statistics Press, 2013.

(2] SRR, #h 83, 0 W, 5. FR B 20 Kk SR ]
3%, 2012(18):1-4.
GUO Shi-rong, SUN Jin, SHU Sheng, et al. Analysis of general situa—
tion, characteristics, existing problems and development trend of pro—
tected horticulture in China[J]. China Vegetables, 2012(18):1-4.

[3] 2278 AL P O Bt e b AU R AR B -5 A s 2w [D]. b
AU E AR B, 2012.
JIANG Hui-min. Effects of nitrogen fertilizer management modle on ni—
trogen residue and utilization in greenhouse vegetable soil[D]. Beijing:
Chinese Academy of Agricultural Sciences, 2012.

[4] FWZ, ENE, R B 6 T3S RS I NO HEU L
TR R[] A 2A244K, 2012, 36(6) : 1830-1838.
YU Ya—jun, WANG Xiao—guo, ZHU Bo. N,O emissions from vegetable

farmland with purple soil and the main factors influencing these emis—
sions[J]. A cta Ecologica Sinica, 2012, 36(6): 1830-1838.

[5] Zheng X H, Han S H, Huang Y, et al. Re—quantifying the emission fac—
tors based on field measurements and estimating the direct N,O emission
from Chinese croplands|[J]. Global Biogeochemical Cycles, 2004, 18.
doi:10.1029/2003GB002167

[6] TRARSE, XIBEW, 2 5, 5. A6y Bt St 52 22 A [R) L PR A 7 I
RACR LB T, AR PR =24, 2009, 28(12):2663-2667.
ZHANG Ji-zong, LIU Pei—cai, ZUO Qiang, et al. Nitrogen uptake by
different catch crops in facility vegetable field[]]. Journal of A gro—En—
vironment Science, 2009, 28(12):2663-2667.

(I AEERG 2 Bt BRI, 4. b st AR m g i AE i 5 5 41T ().
o LSS ALY, 2009(3) 1 75-78.

DU Lian—feng, WU Qiong, ZHAO Tong—ke, et al. Analysis and study of
typical farmland fertilization in Beijing Suburb[J]. Soil and Fertilizer
Sciences in China, 2009(3):75-78.

(81 XUPIL, #  3h, BRAKAE, 55, W M ALH A X 2R 2277 4 KK B

AT, Al TAEAR, 2012, 28(25):106-111.
LIU Hu-cheng, XU Kun, ZHANG Yong-zheng, et al. Effect of drip fer—
tigation on yield, water and fertilizer utilization in ginger[J]. Transac—
tions of the Chinese Society of Agricultural Engineering, 2012, 28(25):
106-111.

(9] A, BRATE, 254 75 Fertigation : K LR (A RG], T2
Ho XA BFFE, 2001, 19(4): 16-21.

ZHOU Jian—bin, CHEN Zhu—jun, LI Sheng—xiu. Fertigation: Effective
measures of water and fertilizer regulation[]]. A gricultural Research in
the Arid Areas, 2001, 19(4):16-21.

[10] EHemm, 2= 17, E2HI, 55 KNSR S0 T Bt St ity N.O

HEIT. 252447, 2016, 36(7):2005-2014.

WANG Yan-li, LI Hu, WANG Li—gang, et al. N;O emissions from a veg—
etable field with fertigation management and under greenhouse condi-
tions[J]. Acta Ecologica Sinica, 2016, 36(7) :2005-2014.

(1] FHEEE, 7 &)L, SR A, 5. R RIAHVE Rt A Ji % SRR B 2 fk

Kt AL B[R] [T]. A 25454, 2012, 32(3):879-888.
TIAN Shen —zhong, NING Tang—yuan, CHI Shu —yun, et al. Diurnal
variations of the greenhouse gases emission and their optimal observa—
tion duration under different tillage systems|J]. Acta Ecologica Sinica,
2012, 32(3):879-888.

[12] =585, 48/ F5 . AL S5 A AL K5t T /M 22 Y CO, CHL N0 i

W H AR AL, AR A FREE 3R, 2014, 23(1) : 178-182.
LI Xiao—mi, LUN Xiao —xiu. Diurnal variations of CO,, CH,; and N,O
fluxes from wheat land under the treatments of fertilization and no—fer—
tilization[J]. Ecology and Environmental Sciences, 2014, 23(1).178-
182.

[13] BTG, TRATRY, S50 B, 2. (RAP R VE X 8 L mi JUR /N A
YA PR % AMAGE A B AR LRSI o R AE A, 2013, 29
(21):35-40.

DUAN Cui-qing, ZHANG Ren-zhi, CAI Li—qun, et al. Effects of con—
servation tillage on daily dynamics of greenhouse gases flux from spring
wheat during mature stage in dry land of the Loess Plateau[]]. Chinese

Agricultural Science Bulletin, 2013, 29(21):35-40.



1624

BTN Ry 35 EE 8

(4] 5% 4.2 R, E3rN, 55 nURE LB BBk 3 13 N0 ik
AR 2523, 2014, 34(14) : 4088-4098.

ZHANG Jing, LI Hu, WANG Li-gang, et al. Characteristics of nitrous
oxide emissions from typical greenhouse vegetable fields in Beijing
suburbs[J. A cta Ecologica Sinica, 2014, 34(14 ) : 4088-4098.

[15] 5k, ZE B i, A 3%, 55 ASIRDEAE & X it 3 b N,O HE i
HERIFZIRT]. Al TARAE, 2010, 26(5) - 269-275.

ZHANG Zhong—xin, LI Yu—e, HUA Luo, et al. Effects of different fer—
tilizer levels on N,O flux from protected vegetable land[J]. Transac tions

of the Chinese Society of Agricultural Engineering, 2010, 26 (5):

269-275.

[16] F4EX, & A, ™22 W T HFHD NO HEBO AR FE].
KRR, 2014, 7:31-34.

WANG Wei-han, MAO Qian, YAN Ai-lan, et al. N;O Emission from
green pepper field under drip irrigation|]J]. China Rural Water and Hy—
dropower, 2014, 7:31-34.

(7] T4 e, DA P IR -3 R 48 NaO HERURHIE D).
R EFREE R, 2008, 28(4):313-318.

YU Ya-jun, ZHU Bo, JING Guang—jun. N,O emission from soil -veg—
etable system and impact factors in Chengdu Plain of Sichuan Basin[J].
China Environmental Science, 2008, 28(4):313-318.

[18] Wang D, Shannon M C, Grieve C M, et al. Soil water and temperature
regimes in drip and sprinkler irrigation, and implications to soybean e—
mergence|]]. Agricultural Water Management, 2000, 43(1):15-28.

(191 FRI5, 55 B4, 4k, S5 W AR I LI CO, A N0 7R
HETBSE I B ST (D). o Il PR )2, 2014, 34(11):2757-2763.
GUO Shu-fang, QI Yu—chun, DONG Yun-she, et al. Response of pro—
duction and emission of CO, and N,O of agricultural soil to drip irriga—
tion[J]. China Environmental Science, 2014, 34(11):2757-2763.

[20] Laura Sanchez—Martin , Ana Meijide, Lourdes Garcia—Torres. Combi—
nation of drip irrigation and organic fertilizer for mitigating emissions of
nitrogen oxides in semiarid climate[]]. Agriculture, Ecosystems and
Environment, 2010, 137(1):99-107.

[21] Clemens Scheer, Reiner Wassmann, Kirsten Kienzler, et al. Nitrous ox—
ide emissions from fertilized irrigated cotton( Gossypium hirsutum L.)
in the Aral Sea Basin, Uzbekistan:Influence of nitrogen applications
and irrigation practices|J]. Soil Biology and Biochemistry, 2008, 40(2):
290-301.

[22] FEHaiN. FRBBIESEH K AL — R 5T L3 NO HERR BT 5E[D].
Jent: ELOP R B, 2015.

WANG Yan-li. N,O emission from a vegetable field with fertigation
management under greenhouse conditions in Beijing Suburbs[D]. Bei—
jing: Chinese Academy of Agricultural Sciences, 2015.

(23] #EEHAE, TRALRE, U2, 45 MU KA 3y xR B3 FH N0 By
Wi RSB ST ). Al PRS2 40, 2009, 28(6) : 13191324
HUANG Li-hua, SHEN Gen-xiang, GU Hai—rong, et al. Simulation of
some impacts of fertilization and water management on nitrous oxide e—
missions from vegetable field[]]. Journal of Agro—Environment Science,

2009, 28(6):1319-1324.

[24] Kallenbach C M, Rolston D E, Horwath W R. Cover cropping affects soil
N0 and CO, emissions differently depending on type of irrigation[J].
Agriculture, Ecosystems and Environment, 2010, 137(3) :251-260.

[25] Laura Sanchez—Martin, Augusto Arce, Alejandro Benito, et al. Influence
of drip and furrow irrigation systems on nitrogen oxide emissions from
a horticultural crop[J]. Soil Biology and Biochemistry, 2008, 40(7 )
1698-1706.

[26] Kennedy T L, Suddick E C, Six J. Reduced nitrous oxide emissions and
increased yields in California tomato cropping systems under drip irri—
gation and fertigation[]]. A griculture, Ecosystems & Environment, 2013,
170:16-27.

[27) % R, ZE3CHI, VERRAE, S5 ASIRHEWE 520 15 it 75 i - 4 5] 1

BRI BHEB KT BERASE T K LRSS, 2012, 19(3):
102-107.
NIE Bin, LI Wen-gang, JIANG Li-hua, et al. Effects of different irri—
gation methods on nitrate nitrogen distribution in soil profile and irri—
gation water use efficiency of tomato in greenhouse[]]. Research of Soil
and Water Conservation, 2012, 19(3):102-107.

(28] BEIE T, bk A2, EHUE, 55, ML X B2 K ZUR e &

A R BRI, P E AR R AR, 2015, 20(1):135-
143.
FAN Zhao-bo, LIN Shan, WANG Jing—guo, et al. Effect of drip fertige—
tion on water and nitrogen use efficiency and nitrate residues in a
greenhouse of tomato[J]. Journal of China A gricultural University, 2015,
20(1):135-143.

[29] Zotarelli L, Dukes M D, Scholberg J M, et al. Tomato nitrogen accumu—
lation and fertilizer use efficiency on a sandy soil, as affected by nitro—
gen rate and irrigation scheduling[J]. Agricultural Water Management,
2009, 96(8 ) : 1247-1258.

[30] e, JR k. S ) K HE R PR i B DR & K A3 A i

K43 F ISR B S [T]. PHAC AR B R = 2= 4 B AR B2,
2009, 37(1):211-216.
ZHOU Bo, ZHOU Jian —bin. Effects of different fertilizers and water
managements on water distribution in soil and water use efficiency of
tomatolJ]. Journal of Northwest A &F University(Nat Sci Ed ), 2009, 37
(1):211-216.

(BU A5 2, PhadE, AR, S5 M 20 2 o I IR /K 43 Be X A

RSB Rl LR, 2010, 26(8) :67-72.
WEI Yan, SUN Li-ping, WANG Shu-zhong, et al. Effects of different
irrigation methods on water distribution and nitrate nitrogen transport
of cucumber in greenhouse[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2010, 26(8):67-72.

[32] Aguilera E, Lassaletta L, Sanz—Cobena A, et al. The potential of organ—
ic fertilizers and water management to reduce N,O emissions in Mediter—
ranean climate cropping systems: A review[]J]. Agriculture, Ecosystems
and Environment, 2013, 164 :32-52.

[33] Van Groenigen ] W, G L Velthof, O Oenema, et al. Towards an agro—
nomic assessment of N,O emissions: A case study for arable crops|J].

European Journal of Soil Science, 2010, 61(6):903-913.



