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N,O emissions from a vegetable field with fertigation management and under

greenhouse conditions
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Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract; Fertigation is an alternative cropping management practice that combines fertilization and irrigation, and it is
being employed in China to reduce nitrous oxide (N, O) emissions while increasing fertilizer use efficiency. A field
experiment was conducted at a vegetable field with cucumber and celery planted under greenhouse conditions, in the
suburbs of Beijing. The field was divided into 12 plots with 4 treatments. These were a control ( CK) , routine farmers’
practice treatment ( FP), farmers’ practice with drip irrigation treatment ( FPD), and optimal fertilization with drip
irrigation treatment (OPTD). 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 by static chambers all year round, and
the soil temperature, and soil moisture, ammonium, and nitrate levels were monitored in parallel with the N, O
measurements for all the treatment plots. The application event induced N,O emission peaks that lasted for about 10—15
days in all the plots. However, all the later dressing events caused relatively short N,O emissions lasting 3—5 days. During

the observation period, the accumulative N,O emissions differed across the treatments. In comparison with the annual N,O
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emission rate of 31.00 + 2.15 kg N hm™* measured in FP, the N,O emission rates measured in FPD and OPTD were 4.16%
and 42.71% lower, respectively. During the cucumber growing season, the N,O fluxes were significantly correlated with the
soil water filled pore space ( WFPS) for all treatments, but during the celery growing season, the N, O fluxes were
significantly correlated with soil temperature for all treatments. The resulis indicated that optimizing fertilization-irrigation by

adopting fertigation could reduce N,O emissions from agricultural systems.

Key Words: greenhouse vegetable; fertigation technology; N,O emission
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AR B R R RO SRR A A B AR R ARG 4.5—10 £5'7 FEME A S 4—T7 £ AL AR
KRB JER FH A 1 H S 20 N, 0 Hiik (P02 m AR N, O HECRE A2 M B 1.5—3.5 £51°)) | Bk
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S ARG 22 1] 259 Bl — 7K $Asfs RN — 4 B 1) A 45 AR BT S 3Rl B ) - 39 A A R DA B 3R
R sEAL , PRS0 - SRS Ak - SRS A S B S FE AT N, O HEFif , 3l 2 5 X 12 48 B it T N, O HEi /Y i
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JRT 2013 4E3 H 18 HEM,7 H 16 AHHide,7 H 17 H—9 A 14 H Z 8 WIKNZE, AFVEVEY) ; E3E T 2013
49 H 15 HEM,2014 4 1 A 14 H—WIgk,

F1 TEAEEREUER

Table 1 Soil physical and chemical properties for soil profile

+)2 g s gl AL Bl A A AL AR
Soil layer/ Total N/ Total P/ Total K/  Organic matter/ pH Alkali-hydrolyzale N/ Available K/ Effective P/

cm % % % % (mg/kg) (mg/kg) (mg/kg)

0—20 0.32 0.16 2.69 5.5 7.57 145.56 782.84 105.04
20—40 0.14 0.10 2.71 2.2 7.77 73.21 157.70 24.23
40—60 0.09 0.09 2.61 1.5 7.80 65.27 68.91 10.11
60—80 0.08 0.09 2.62 1.2 7.83 44.77 67.23 7.94
80—100 0.08 0.08 2.53 1.2 7.80 77.66 75.13 16.18

FP .FPD OPTD kb3 F A HLAE I AH TR , CK \FP . FPD . OPTD Ab 3 U4~ kb B jiti FH i 20 AE P B AH ], 430
A DAL R A A AU , R AR U 23 SR RSB Mt o #RAE = A HLIE 34 500kg N hm ™, A HLAE
(4-38%) Tk 41.59% , & A5 1.33% , B 8 120kg P,O, hm ™ A AEH &4 200 kg K,0 hm™, 53¢
AR ZEHHUEAE N 500 kg N hm ™ G HLUIE(4-28) & /KE N 60.13% , 7% &k 0.94% , BEAEH 24 120kg P,
O, hm™  FfAE &4 180 kg K,0 hm ™ PHZAEYSEAC S 24U , BIHE , VR 4B IS 183 a8 AE R CK AZb3EAT FP
AL BRI E R 7K i, 17 FPD AR BEAT OPTD Ab3HR FHHE | AERHBE 7K i AAEPIAR TSR 38, # R AE K
TR HE K IR B RN 25% , v AE K ZRR K B2 1B Y 40% , FP F1 FPD ZbFHAK AL AUkt H 535 8 700kg N
hm ™, OPTD fLIE A KA L Z I T 40% , BARHERE fLHE R BG4 2,

K2 ERFER LB EEBR

Table 2 Irrigation and nitrogen fertilizer management during growing seasons

HE L .
K NS iy N . WK it A S A
PR e TN (s KT [LIE L
Crops growing . . Irrigation . Irrigation Total N/
i Treatments Basic fertilizer/ thod Fertilizer/ thod ke N/hm?
season (ke N/hm?) metho (ke N/hm?) metho (kg m”)
# K [N 3/27.0,4/20.0,4/27.0,5/1.0,5/10:0,5/ -
Cucumber cK 3/18:0 ik 22:0,5/30:0,6/15:0,6/29:.0 & 0
.. 3/27.0,4/20.35,4/27.70,5/1:70,5/10; v
FP 3/18:210 e 1 700

70,5/22:70,5/30.:70,6/15:70,6/29:35
N 3/27:0,4/20:35,4/27.70,5/1:70,5/10: -
FPD 3/18:210 i 70,5/22:70,5/30:70,6/15:70,6/29:35 i 700

3/27.0,4/20.21,4/27.42,5/1.42,5/10;

OPTD 3/18:126 B 42,5/22:42,5/30:42,6/15:42,6/29:21 ik 420

3 CK 9/15.0 il 12/4.0,12/21:0 i 0
Celery FP 9/15.88 i 12/4.66,12/21.66 i 220
FPD 9/15.88 i 12/4:66,12/21 :66 THUE 220

OPTD 9/15:52.8 e 12/4; 39.6,12/21; 39.6 THE 132

Febh B Bl FoRpENIE H R R & JH WHAA/H s AUIE R DA Al & B A e A s BT Ky kg N hm™2, The table “Date; Value”
means the date of fertilization and nitrogen fertilizer. CK AR FEA A A AL 3 CK represents control treatment ; FP QA B T 15t I b 38 FP represents
farmers’ practice treatment; FPD {%ZE/KIl—{A&{LALBE FPD represents farmers’ practice and drip irrigation treatment; OPTD {248 Ak sk AE — {4 fk 4b 2

OPTD represents optimal fertilization and drip irrigation treatment
1.3 SMAEREHWE
I # A AR - G i e AR I — R A A5 1 it S b #8 T- S e JR) B P9 - 338 N, O HE ki 2 3517 00

I o SRAEAE i TOUR | PP BT ARG AL, ANERANBRHR A . SRAE RS ARSI Bt AR FBE 7 5, 7
WERARAR I SER B EAT 1 B0, WA A b AR A 7R K 70cm, 9 80cm , 55 60cm , Fe KRR JEE ) P B AR IURE AR 26

http ; //www.ecologica.cn



4 A E = 36 &

PE A RSN SRR AR L 2L TOUAR N A Rl s S /N XU, PR UEAR R P ARS8 50 00 T 2 A XL fL T4
Sk AUHRRE e LRI B AR SRR TOUAE RN b TS IS R SoRh A 2 B8 5% AR A KOl AT 60 em B, 34
R4, LA DU e 144 TOUAR 5 Hh A6 0 2, R 3R SAE Ao L A < R I U ST T A R 28 47 5 IS AR
70 em, Bi 80 em, 5 25 em, THEAAFTAFHIEA M T o SRAERT KEAE S TR T, FH IR AR IK 88 Je 78—
SR 5 100ml FESHERTE 0,7,14,21,28 min FHERAR AR T4, [FIAS T IM624 W+ 5 em MR E,
TRIME-PICO64C Wl 15 em + 2 RS /K& RFEGS R SR REFI RS T 44T M SE g0 3 I 2, SRAE R[] —
MR E 1 9.00—11:00 , B JERAE— I ML FIHEIK 5 B SR, 245 A0 BRAT CK ARHE[A] N, O WA 3
25 SRS 1R IR

SASHBIRE L Agilent 7890A ML/ HT N,O WA, SR I HL FHliJRAG I %5 (ECD) 43HT N,O ¥
1.4 BdEHr

R AR B B B 1) P 22 Ak SRR ARG i, Al i (F) THEA R

de 273 P

F =pH— —
dt 273 + TP,

[ F SRR 2l & (g N,O-N m™ h™") , F 5 fEFR RN RSz <, S E R -3 1 K
SHOZ SR . p IARUER LT N0 B (g/L) ,H JRAEF T ERE (m) , T ARFERN R (C) , P
g FRERF SR (mm Hg) |, Py ARAER SR (mm Hg) |, de/de J9RAEERE P N,O-N H AL #E H (pL L h™') |t
FFNFEIEBFIR] (h) X o/t SRS AR IR AR B 1 AR b

TR FE PRARR T AR A0S 8 W T 2 T oA W ) S o, % o R 1) 38 3 i B R ] A5 4 R
RHER R,

N, O HER R BEHE I A 22 35 77 i N, O HERCE: , B N, O HERCE R S5 H R AL B = R A

N,O HEf 2 H AR AL 38 N, O HEBC R & 5% I8 N, O HE i 22 25 AR A B0 el . SR Excel
2007 ,origin8.5 F1 SAS9.2 FE itk % S g s A T35 il B A Geit4#r .

2 HR55%H

2.1 £33 N,0 HEjlos A A

FEFEAN W E ST, 45 A0 B AR - 38 N, O HERICAE TR i AL -+ 78 Tk = 5 S B M — B e T 2 A e i 1
AL FASE S, TAERINZE AR EOR BN, O HEROEAE (& 1a) o X ULEH , HEAE LR 5 ik H 35
N,O HECRFEEE M AR EER | HEE R RN Z B OIAE G A, P RRaE S VE 9 Al I 12458 N, O HEilc g
FEEL 10—15 K, M HARERE GBI+ S 148 N, O HElode— i HAsk 3—5 K X R EY AR FELTA
HLAEHI 20% U8 (3 RA K2R F1 40% FIE (34 K2 ) MU AL E A2 v B DA S0 e, il ik
Fravfe - S fe o Re R B T 5 A SN (RUIR) (BB R IR (IR DL RGE HERMEEIN T (K73 , Bl
I+ 45 N, O HEBUE A 22 I K o B W P, A [ b B ] 438 N, O ~F- X HEGH & K /MR Y -y FP>
FPD>OPTD>CK, CK ZbFRK) N,O HEHGHE S5 MK,/ F-113.25—708.44 g N m > h™' SFHE &R 152.15 pg N
m” hT XREHTHME A KR RAER AR, BZ N,0 HEW NV HF, FP ALEE FPD 4bBE OPTD 4b
FH N, O HEGHE &2 75 BBl 43751 4 - 85.50—8338.64mg N m > h™" [ —127.09—8504.60ug N m™> h™' [12.41—3143.04 pg
Nm7?h™', FPALBE N,0 FXHEBGH /& , OPTD 4bFE N, 0 HEWGE £ 5 FPD AbFEE A7 B W 24 5 Ui B it &0
L E I I N,O HEoE R, iR K2 CK FP FPD ,OPTD A3 it F- 4 HE il i A T 215.83—1745.73
pg N m™ h™' Z [a], B K T d: K R [l b 21~ 24 HE G 1t ( 76.39—344.99 g N m™ h™') | iX 58 A=
K Z R K R K D e O YRS S T AR K R K,
2.2 N,0 ZFHE R FHE R R

RIGHIE] CK FP FPD OPTD AZbHE () N, 0 BFHEE MK KK 8.61£0.70 kg N hm™ 31.00£2.15 kg N
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——CcKk —%—Fp —o—rpD —A—o0PTD [l F1 [ D!

N,Oif #
N>O emission flux
/(mg N-m2kg™)

The amount of irrigation/mm

TR A 7K B WFPS

5cm soil temperature/°C ~ Water-fulled pore space/%

SemtiR

5 I I I I |
2013-03-15 2013-05-15 2013-07-15 2013-09-15 2013-11-15 2014-01-15

H#4 Data

E1 FESELEN,O HRBEE BTN (FL AR A ), BRI BT 1))
Fig. 1 The dynamic of N, O emission flux under different treatments

(Arrow represents the date of fertilization , the vertical bar represents the date of irrigation)
CK fUFE A AN AL FE CK represents control treatment ; FP R ST Bt IEAL 3 FP represents farmers’ practice treatment ; FPD AR —f&
ALAL PR FPD represents farmers’ practice and drip irrigation treatment; OPTD X FE Ak K HE— 14 fL AL FE OPTD represents optimal fertilization and

drip irrigation treatment. FI #8718 ¥ FI indicates furrow irrigation ; DI #87# 7 DI indicates drip irrigation.

hm™ .29.71+0.65 kg N hm™ ,17.76+2.10 kg N hm ™, CK 35 -
PR N,0 RFHE AL, FP . FPD OPTD 408 N,0 2
FUHERCR 23 B CK 9 3.60.3.45 .2.06 15 (& 2) , #HIH
BB, RS T 9 FPD AL 2 N,0 EFRHEM R L
FP Ab BRI /D T 4.16% ; OPTD A0 FRAE /D 40% AL 0 A &
PIEGL T, N, 0 ZRRHE & e FP oAb 3 i 2 k> T
42.71% , Hik®) B #F /K- (P<0.05) , #IRNAEK T CK,
FP FPD OPTD 4b3 N, O BFHHECE i 56 1 1] 45 4
PR ZFRHE R 66.44% ,81.12% ,81.14% ,67.00% , 7% W]
TE TS5 AE R P 3T K 2= 38 N, O Rt 5 0
Z kAR ZE N, 0 HECE AR D 5 R R A
ST, 2 SR A O, AR K it AU LT
FERKEZLZ; TRENA KRS (FE ) KRR X 2 RRAELHEN,0 RitHgE
ﬁﬁ% , 1EL#T j:ﬁé?@%i EE %B’\J{ﬁfjj ; = Ieﬂ ﬁﬁ 5% ﬂﬁﬁ 3& , Fig. 2 The annual cumulative N, O emissions for each treatment
N B 2 I, 7o A K AN (P ™ 45
M5 2 A B K i £33 N, O HER) .

IPCC ( Intergovernmental Panel on Climate Change, 2006 ) ¥ [F] 3 Py i I8 it H 5 1 ) N, O-N HEA R & &
Jith 2 A3 b SCR N, O HECER B, IR N, O-N HE RN 1%, HERER BUEPEA AN [R]85 B it s HERL

30

25

20

15

NOR R

Cumulative N,O emissions/(kg N/hm?)

10 ¢

FP FPD OPTD
=S5t AR 4L PR Treatments
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RIS HIhR, 23 H I, FP HE R B K, #MEK 2 N0 HER R B0 (1.62%) T i & T s K %
(0.61%) . AWFFEH AV N N, 0 HE R EQRIF N FP>FPD>OPTD, FP FPD AL ¥4 N, O HE il & 4L
1.17% ,1.10% , i T TPCC 1% FYBRINE, i OPTD 4bFE N,0 HEfL R ECH 0.58% , W # KT TPCC 1% HIERIAME.,

*3 ARE4LEN,O HiHGRE

Table 3 Emission intensity under different treatments

e e i is N, O HFHCE i He s 2 HE R %
. Yield/ Cumulative N, O emissions/ Emission intensity/ Emission factor/
Growing season Treatment 2
(v/hm*) (kg/N hm?) (kg N/t) %
# R CK 78.23+0.15b 5.72+0.15¢ 0.07+0.01b —
Cucumber FP 81.65+1.58b 25.15+0.58a 0.31+0.02a 1.62
FPD 86.48+0.87a 23.19+0.87a 0.27+0.01a 1.46
OPTD 89.40+0.68a 11.51+0.68b 0.13+0.01b 0.63
F CK 117.26+16.11b 1.7620.44¢ 0.02+0.01d —
Celery FP 120.21+8.22h 6.16+0.60a 0.05+0.01a 0.61
FPD 119.92+4.08b 5.00+0.24ab 0.04+0.01b 0.45
OPTD 144.13+8.16a 4.55+0.21b 0.03+0.01¢ 0.44

BUE G F R FBARLIELE P=0.05 7KF F i3, The letter after values indicates significant difference at 0.05 level. CK AR FE ATt & NE A
CK represents control treatment ; FP A0 A [ > 15 it AR 4L B FP represents farmers’ practice treatment; FPD 1R 2 KB — {4 4k 4 38 FPD represents
farmers’ practice and drip irrigation treatment ; OPTD 2t KB —A& {43 OPTD represents optimal fertilization and drip irrigation treatment

BN TSR K ZE FP AN SEHEROR B 5K, CK AR BEHERCHE B /)y, BB A K ZRHE O B 28 K T sk
AR ZEHEBGRE . WA 2 OPTD AbHE N, O HERGRE W38T FP ALER , Ui 7E 00 fh it AR S itk - /K A — 14
AL REAS LR = B AR T A 8080 N, O HERC, RS B34 7 DR AR i
2.3 FRBEHFX N0 HERAR R
2.3.1 R N,O HER A

VO, A K 23R )2 (0—15em) HHESLBR & KB (WFPS) — BELAERFAE S = K, AT 45%—80%
Z 8], + 3R AR K G A B E T AR HE 2 6] WEPS 284k #4401, {5 FPD F1 OPTD 4bHH WFPS 1 3t i
fHLL FP 1 CK ZEFRIE (&l 1b) , 55 Sanchez-Martin 257575 it i 5% 18 0 5 118735 WFPS /& T HE i 45 2R 25
@120 Gl WEPS 5 N, O HEREAT AR SE AT | 2 SRS UL AR TR b B N, O HERGHE 75 WEFPS 4
FARKENE H RS A3 K IR TAE K2R R AR N, O HEGE & 5 WEPS 22 6] S 40 ¢, H o] LA %507
PTG, A K EARRLE T N,O HEMGE & 5 WFPS 3% I35 M et I 3 IUE K 2+ R R
M N,O HER Y £ ZASE T,

x4 TELEN,0BEES 5em £i85 WFPS gy18 %14

Table 4 Correlation coefficients between N, O flux and soil temperature and moisture under different treatments

BN R FrE K
pag:it Cucumber growing season Celery growing season
Treatment WFPS Sem F- i WFPS Sem ik
Water-Filled Pore Space Sem soil temperature Water-Filled Pore Space Sem soil temperature

CK 0.41"" -.0.01 0.32 0.52"*
FP 0.40 " -0.24 0.32 0.30"

FPD 0.42"" -0.21 0.23 0.30"

OPTD 0.48"" -0.14 0.24 0.59 **

# Fll % % 43 BIFARLE P<0.05 F1 P<0.01 /K | &,

TRt 5% S Hb 31 XL 4 4 S99 R A AR B S A =1 1, A T 8—35°C = (], 2 v R VR 1) - MR R S AR
25t Al (F 1e) , HEE S0 57 2 W K B S 18 HE Y 509%—60% I, — K 12:00—14 ;00
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AR Sem HIRFLIEWE S 1°C 224, HABRT R B 22 S AN B 3 AR i v K B I8 VE Y 25% (R
AR ) BN 40% (A K ) R I A ] 2224 T 9.00—11:00 Z [H], S EUHE S8R )Z Sem LR
EARE, BwINVERKS KR E S BT 15—35C .8—30°C Z [a], 446 A T - 1Al fh - I
WSIL I L I A GAH SR AT, BB A K R TR AR B N, O HEE &5 + 38R B 2 R W3 G H

AL FE N, O HERGE 5 3R 2 (8] 82 H 5, nT LUAXTEO B 4G . Vallejo 76 D8 S HLAFIY %
WK A — A A 1 T TRLRE B S 3 AR T N, O HERGE B2, T 2 P58 2 W ok %8 N,0 HEiL S Sem i
WA AN A/ N2 N,O HECS Sem VR L0 B 3F A" ) DL7E S AR 55 T B AR %o e AR A 1
L (AR AT ), R R S AR K ZE N, O HE BB N T2 —,
232 HHETHLAENT N,O HER R

3 N,0 EZk A T E RS LA SR AE %5 REAEN,0 EES5EHAMIEEN

N, O SR 1 2 SR8 (ST B AR ) B2 ISP, paple 5 Correlation coefficients between N, O flux and inorganic
b FEEZ O R (B S RS R) B, % pitrogen under different treatments

SN, TIEME A S BN T 11.94—669. 86 HKE

mg/kg Z 0], B SA S HAT 0.30—15.50mg/kg 2 [1], Tﬁim - Growing season -

AN TSR ER(E ), FVERFT 4 22 1

FHGIBAE 7 Wk, LIETHLEFE 4.5.6 A0 & im, CK 0.42 * 0.19

3H22 H(E/RT 3 H 20 H-21 HEM) WBEA H B FP 0.32 0.40

W, ARAERKZE RTINS EIEE B A 9 18 FPD 018 025
OPTD 0.03 0.28

H T 3REM) 10 H 8 H (EHH 20 KIG#EK), FP,
FPD A3+ HER S A & & F LN T 150-250 mg/kg Z
], R AR AR = 7K o A [A) Ah 3 3P 34 Al A8 A & it AR 43 1 102.96 mg/kg 178.00 mg/kg 217.41
mg/kg F1109.66 mg/kg, W] FPD>FP>0PTD>CK , i BT FE AR XS 8 3 v] LA hn 282 - A R 2, LS A
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Fig. 3 The dynamic of the mineral N in 0—20cm soil layer under different treatments
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