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Effect of 'Water-Fertilizer-Gas Coupling on Soil N,O Emission and Yield in
Greenhouse Tomato

SHANG Zi-hui'?, CAI Huan-jie'”* , CHEN Hui'*, SUN Ya-nan', LI Liang'*, ZHU Yan'’, WANG Xiao-yun'
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory
of Agricultural Water and Soil Engineering, Ministry of Education, Northwest A&F University, Yangling 712100, China)

Abstract: To reveal the effect of water, fertilizer, and gas coupling on soil N,O emissions in greenhouse tomato soil and suggest
appropriate measures for increasing yield and reducing N, O emissions, static chamber-gas chromatography was used to study the effects
of soil N,O emissions. The variation laws of soil temperature, water-filled pore space (WFPS), NO, -N content, and O, content and
the influence mechanism of N,0 emission under the condition of water-fertilizer-gas coupling were analyzed. Aerated conditions
comprised two water levels, 0.6 W and 1.0 W (representing 40% deficit irrigation and full irrigation, W represents when sufficient
irrigation water was available ), and three nitrogen levels (120 kg-hm™*, 180 kg-hm™?, and 240 kg-hm >, representing low,
medium, and high nitrogen, respectively, with 50%F, 75%F, and F, F is the recommended amount of nitrogen application locally) .
Three levels of fertilization were used as controlled unaerated full irrigation (O representing aeration, and CK representing conventional
drip irrigation). Nine treatments were designed in the experiment. The results showed that the tomato field cumulative emission of N,
O under full irrigation (W2F10, W2F20, and W2F30) increased by an average of 55. 7% compared with the corresponding treatment
at W1 level (P <0.05). The N,O emissions of W1F30, W2F30, and W2F3CK fields significantly increased by 13.4% and 43. 8%
compared with medium nitrogen W1F20, W2F20, and W2F2CK and low nitrogen W1F10, W2F10, and W2F1CK treatments,
respectively (P <0.05). Compared with the corresponding unaerated full irrigation, the emissions (W2F10, W2F20, and W2F30)
significantly increased by 11.2% (P <0.05). Aeration, the increase of nitrogen rate, and irrigation amount resulted in the increment
of tomato yield and yield-scaled N,O emissions. Compared with medium nitrogen, the yield and yield-scaled N,O emission of high

nitrogen treatment increased by 12.5% (P <0.05) and 3.9% (P >0.05), respectively. Compared with low nitrogen treatment, the
yield and yield-scaled N,O emission of high nitrogen treatment increased by 30.4% and 9.6% (P <0.05), respectively. The yield
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and yield-scaled N,O emissions of aerated full irrigation significantly increased by 29.7% and 18. 7%, respectively, compared with

aerated deficient irrigation. Compared with unaerated irrigation treatment, the yield under aerated treatment increased by 10. 4% (P <

0.05), and the yield-scaled N,O emission increased by 3.9% (P >0.05). Under the conditions of increasing irrigation water,

decreasing fertilizer application, and aeration, partial factor productivity, and irrigation water use efficiency (IWUE) can be

significantly increased. After comprehensive consideration of cumulative N,O emissions, tomato production, nitrogen fertilizer

utilization efficiency, IWUE, and yield-scaled N, O emission, it can be concluded that aerated low nitrogen full irrigation is an optimal

management mode. The results provide reference for increasing yield and reducing emissions of greenhouse tomato.

Key words: greenhouse gas ( GHG) ; coupling of water, fertilizer, and gas; N,O emissions; emission control; aerated irrigation
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Miniprobe ) , — J& 7 47 I 52 — IR - 4 < )
1.3.5  Foiiy= & AEE /K A FHR0CR (irrigation water
use efficiency , IWUE)

R £ /DX BRI 5k, SR E AT 1/100
KA BRFRIBUCR 52 50, IO S (EAT S 124k PHAY £
BRIEEE AR T E 53 1 . WK R BCR THRA
B2V

IWUE = 100Y/1 (6)
K IWUE A K R SR, kg-m Y HIEY)
Pt kgehm 7 T HEE AT, mm
1.3.6 ZFAEFIHZECE (nitrogen use efficiency , NUE)

RIERI R (kg - kg ™) R AEY) 7™ & it A =

I HOAE SR AN T A5 =
NUE = Y/N . (7)
A, N A E kg hm 2. u "'rl
1.3.7 H% N0 ;%f HE il = ( yleld scaled N2
intensity , Y-Sy ) \ ¢

BN, 0 FH ﬁlfﬁﬂli%%ﬂ*jﬂi%% N O %ﬂi@”f
ek RPN At D) )

[ Y RY )Y
A, Y- swﬁﬁifﬁ N,O BBk grkg "
1.4 S b o

R HI SPSS Statistics 2217 K i 5 1A X

Pe43#1, I Origin Pro 2017 23141

2 HREH

2.1 JKMESHEA AT 4 N, 0 HERURRE
BT A 45 A0 B A1 N,O HE i AR
PRI A — 3%, 2 it AU HE O & , HR 8
W AT (1B 2). N,O HEE & AR Ll 4.5 ~
151.41 pg-(m*-h) “"HEAEE 1 N,O WA B, &
AR AL I 4 PIGE(E , 7350 B BLTE T i F8
FHJG 26 28 . 54 . 69 F184 d. 3 N,0 HEHGE & £ i&
L IIE TS 5 28 d, UL W2F30 b3 5,
HJ 15141 pg-(m*+h) ™', & WIF10, W2F10,
W2F1CK, W1F20, W2F20, W2F2CK., WIF30 il
W2F3CK 4k # 43 5] 35 1T 197.1%., 165.3%,
180.3%. 168.7%. 113.3%. 127.7%. 159.1% Fl
115.7% (P <0.05) , 7K F st JIE Xof e {52 ey 8 =5
3 N, 0 HEHGE & R E B AE T A G 56 84
d, Pl W2F30 4bHfc i, 4 95.32 g+ (m*+h) ' 8%
W1F10, W2F10, W2FICK., WI1F20, W2F20,
W2F2CK, WIF30 Fil W2F3CK 4k B 43 5] 3 Jn 1
371.9%., 179.6%. 168.2%. 315.2%. 138.3%,
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161.5%. 234.5% F1 116. 8% (P <0.05) , # K Fljiti
NEXT USRS ) b 3. 35 RS AE IS 26 54 F1 69 d W fi
TGN 38.33 ~78.3 wg-(m*+h) ' {54 W2F30
Ab 3R A vy (S A A 3 2% e N i

AN ZKE R I 5 40 HEE (W20) b3+
HE N, O Heful s EEIN A7 S (W10) 4b3 1

HEN,O HERGEEIIEIG I T 58. 1% (P <0.05) . A
T ISR (F30) AbBE 4358 N, O i &
BB AE (F20) FIRAE (F10) 2L B 123 N,0
Heisom /= B E 40 A 3G I T 16. 1% F1 42.9% (P <
0.05) , i FESHHEK (W20) b3 N, O HFcHE f 1 {E
AN AR AL HE (W2CK) 341 T 10. 73% (P >0.05).

160 160 160
—~ 140 (a) F14L-¥g — 140 (b) F24b8R - 140 i (c) F34beH
= = = o
o~ & 120 o
L 120 T L 120
% 100 % 100 5 100
=80 =80 = 80
ﬁ 60 g 60 E 60
‘é; 40 -5:I 40 _5: 40
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0 : 0 ' 0 :
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Fig. 2 N, O emission fluxes under coupling condition of water fertilizer,| and gas \ -__.'f":_-" A

AT BN AL N,0 EH ﬁtﬁﬁtif,ﬂ 59
~1.24 kg-hm AL (3R 3) . AU ILN, O
FRHE = ﬁ%tibn(zﬂ <0.05),F3 7J<¥T W1F3O
W2F30 il W2E3CK AbF ) N,0 B ﬁkﬁﬁtgﬁa 57
AT e AALUL SO 5138 K T 16. 694 16.2% A
7.3% (P <0, 05) ¥ 7J<¥T%$HML¥E§:\¢'H“
K29.2%, 53.0% F149. 1% (P <. 05) ik 13 K
T N0 %”4'* VHERERE R B2 S B 13, 490 % 1 7
YR 430 897 FR5y WAL SIEIEN, 0 ERHES
iﬁ%‘iﬁﬁﬂ(P <0.05). W20 %&£ T, F1 F2 fil F3
(1) N, 0 ZRHEREE W10 S 0F T 4501 8 b #5351
KT 38.5%., 64.5% F1 64.0% (P <0.05),F1
HINT 55. 7% . AL BREAINTALHE N,0 SEFHE

T, A EW2F1 0 %ﬂ W2F20 f N, 0 %i T
A W2F1CK] i W2F2CK SOBL I i-ij'a 12. 4%\
6. 4% 1H§#TE% iuﬁ W2F30 Y N,0 %Eiiﬂ\ﬂkﬁi
B WZFSCK L}E 'N,0 2 Hkﬁﬁtiﬁ%fi‘ﬁu
15.3%. it W2 7J<¥TJJ[H£LIE N,0 &# ﬁFﬁiiﬁu
N ﬁuﬁuﬁjﬁrﬂﬁ*ﬁn 11. 2% (P <0.05)% f b e
A WINEEHEN, O 40 B SRS LR
.WEJ;%E;H > SRR > W > B, 4
B N0 & BB E N 44.8%,
28.5%. 18.6% 1 8. 4% . Z& v A, it AL A0 i< 1
PR R LR A VR D 8 N, O HERO™ A 1B 3 R
M (P <0.05) ; B AT A A S 1 3 7K R it A g 5
T B RS M PR N OHE I 7= AR B 3 5 i (P

F3 KBESHEAEATEEEMTEN,O SHERHME" /kg-hm 2

Table 3 N, O emission in different growth stages under the coupling condition of water, fertilizer and gas from greenhouse tomato/kg+hm ~2

Qb T FEAE AL FL) FE R JAIH N, O HEHUS b
WI1F10 0. 13¢ 0.27¢ 0.15¢ 0.038e 0.59d
W2F10 0.15be 0. 34c 0.25¢ 0.07c 0.79¢
W2F1CK 0. 14be 0.29¢ 0.22¢ 0. 06cd 0.72¢
W1F20 0. 15be 0.29¢ 0. 16de 0. 04de 0. 65d
W2F20 0. 18ab 0. 50b 0.30b 0. 09be 1.06b
W2F2CK 0.20a 0. 45b 0.27be 0. 08¢ 0.99b
WI1F30 0. 15be 0. 34c 0.20cd 0. 06cde 0.75¢
W2F30 0. 15bc 0.58a 0.39a 0.12a 1.24a
W2F3CK 0.21a 0. 46b 0.30b 0. 10b 1.07b
HEK W 1.86 64.35* 107.80 ™ 62. 48 * 224,00 **
i F 6.82* 22.69 16.70 ** 14.59 * 65.88
=0 4.99* 12.29 12.77* 4.58* 17.84 ™
W xF 0.78 5.59* 4.14* 2.72 9.69 **
W x0 0 0 0 0 0
Fx0 3.72* 1.02 3.35 0. 61 1.44
WxFx0 0 0 0 0 0

1) & 5V G FREAN R s A BRI AEAE 25 5 B (P <0.05) , # (P <0.05) Fl % * (P <0.01) F/RIEAEA R R 3 2%
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<0.05) ; 7 i A 52 I K91, VK it JIES A0 fin A=A
N F R HOK RE RS A 1 FET 38 N, O HEU™ A B 3%
SN (P <0.05) ; Foni s, K it IE A <
PR FVE XS 3 N, O HERCRZ ) 3 (P <0.05).
SR E WK G A FKIE RS A X -8 N, 0
HERCE i 2 (P <0.05) , % 135 N,0 2R HE &
Y52 R R K > A > IR > KBRS
2.2 4 N,0 Hemrz m N o
2.2.1 N,O fEigm A 73 A48k

TR AT W R AR L R 17,7 ~
32.3C[E3(a) ~3(c) ],k 5 RAME AL
L, BRSBTS A (1 1) . RS AR S 5 33
54,69 F192 d HBLF K, X 5 AR T R DA G

IeAh, i K2 4540 B WFPS Sk st A8 1k H
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~3(i) 15 N0 HEica & (K 2) i —2; m 4
0, &5 WFPS 2UHTHBH MR, RS KE
i R O, SRR K 3 () ~3(1) ). FESHr
T TR K EAE RN 13 S em
TREE AN IR EE 24 JC B E 520 (P > 0. 05) . W20 A FE
WFPS % KF W10 AbHi ) WFPS(P <0.05) , 34
WM 7. 4% TN <At LR WEFPS TG .35 P 52 1)
(P>0.05). FAEANA T AR LN, Nk
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Fig. 3 Dynamic changes of soil water-filled pore space, temperature, nitrate content, and oxygen content

in tomato under different water, fertilizer, and aeration conditions
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S, A2 i R ] 5 VR W A R A 52 T T S
JENO; -N i 20 800 B b T, it & o 4
NO; -NFi i 8 i 3 m (P <0.05), F3 4b
NO; -NJRR/P 80 F2 F1 F1LALBR B8 A0 T 8. 0%
F120. 7%; FEKFINXFNO, -N i & 43 808 1o % M
ZH(P>0.05). W10 ZbFRAF W20 AbFE + 1 4H <
TR T 2.61% (P <0.05) ,iiCxt +3 0, &&
T 5. FE5THE K S T I AL B I Ak
AR EI KT 4.21% (P <0.05).
2.2.2  HHEN,O HEBC S m PR ) 06 &R

F BRI E K G 1Y 4 R N, O HE i & i n]
A1, 3N, O HEGE 5 WFPS 2H5EGEM (P <
0.05) , 05 Z%0h 0. 729, 8109 77 F2%0 + 3 N,O
He G H i WEPS 34K 28 50 K s R 2 0. 72
(E4). UhBH 5K i Ak i Re T H3 N, 0 HE
Y 72%; 4N, 0 HEHGE 5 35 em REEANIR
PR SE AE R AR OC R A R BGA ) - 0. 539, H
PRELC R R R 0.29( K 4) w&fﬁj:i;%/mr“ﬁﬁ X
fife ks T £ N,0 ﬁlﬁﬁﬁziéﬁ 29%; 4 N, 0 HFJilcim &
e (0N -Nﬁ' %é&lmz?aﬁmmaéa&%,%af
FHN 0. 728 ABHOCRIY B H O, 30(@"45 B
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J50.26(F 4), LR HE O, FFR /> B A8 Ak fid B
T 3% N,O HEBCE Y 26% . i E 4 L2550 Hr ] Ja,
4 N,0 HE Z 2R 72 m, HON,O HE & Xt
NO; -NJ5T it 73 BORH M e e, 28 b o UK.
2.3 KAEAHE A YR T R s LR AT

it 2 L R AR A 2 R i i (P <
0.05,% 4) ,F3 ZbHRFHH ™ i F2 Fl F1AR3E 435
HINT 12.5% F130. 4% . W20 % W10 233 i
TN T 29. 7% (P <0.05). W20 % W2CK At
PPN T 10. 4% (P <0.05).

TG IWUE 34 K, ZUIEH R 8i2b. F3
Lb R i IWUE #F2 F1 FI iiﬂﬁ%ﬂ}ﬁﬂﬂT
11. 1% A1 30. 4%(P <0.05).F1 miiﬁmﬁﬂﬁrﬂﬁﬁ
xﬁi%i@{ﬁé}ﬂuﬁ 12 #i1 F3 &}Eiﬂﬁﬂ? 18,5% i
53.3% (P <0.05). W20 % W10 kb3 IWUE W{%&T
28.5% (P £0.05) ,ﬁkHE?F'JFHxﬁKi‘JJHT 29. 9% o
<0.05); ﬁﬂmLﬁiﬁaTbﬂmiﬁ%&nu IWUE %uznﬂe.‘
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Fig. 4 Relationship between soil N, O emission flux and WFPS, T', NO; -N, and O, under different modes of water, fertilizer, and gas coupling
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(P<0.05). [BIEA —E I E B, A RTEQ, 7 25 S AR AR

VEE K it 0RO B 7 R N, O HE il L
AEIER I, W20 3 W10 Ab B ™= N, O HE ik & F
BN T 18.7% (P <0.05) , F3 4b B3 i 24 =
N, O HE il £ F B {8 F2 AbBEBG hN 3.9% (P >
0.05),% F1 AbBEXE N T 9.6% (P <0.05),
W20 AbBAE W2 CK 4b B2 jih B N, O HE iR 7
S BbI IE(EW NI

FeAr=it & N, 0 HEZ -8 bR s i, B —FR b
AR A1l S WL il = 2 2 N, O HEBALHI. #4546 br

L FA XN, O HER R 25 A e An R R A —
Pl = HE M AR T 5. 255 5 8 AR IR SR AL
BHTRCRE 25 RR I (R 4) F8IRER A M N
B EUEHES G 2 W2F10 > W2F1CK > W2F20 >
WIF10 > W2F2CK > W2F30 > W1F20 > W2F3CK >
WI1F30. H L, 28 &% 7w N0 2R E A
JEFIFHZCE IWUE F1EL= N, O HERCE , AT 55 447
ISR FE 20 FE AL H (W2F10) AR i K B <
— IRk T %

F4 KESBEEHTEES N0 HIREAXZWETF"

Table 4 Yield and N, O emission of water, fertilizer, and gas coupled tomato and their related influencing factors

s N,O B2FUfleicE o RURAAIRCR TR 43 AR 3 H" N, O it pamy iy
/kg+hm ~2 /t+hm 2 /kg-kg™! /kg+ (hm? -mm) ! /mg-kg ™! A

W1F10 0.59d 42. 63f 355.23¢ 39. 34be 13.73b 98. 14 4
W2F10 0.79¢ 57.00d 474. 48a 31.52e 13.95b 12579 T
W2F1CK 0.72¢ 52.13e 434.39h 28. 86f 13780b 15735 o AF
W1F20 0.65d 52.01e 288.92e 48.00a 13. 06b 85.960% / I
W2F20 1. 06b 63. 46bc 352.58¢ 35. 14de - 16. 76a 100.27
W2F2CK 0.99b 58.99cd  327.74d & 32. 66def 17. 00 93.48/ 457
W1F30 0.75¢ 55.51de  _231.30f , 51.23a 13! 70b 4.7 ¥ o 4
W2F30 1.24a 74.36a 309.854 * 41.17b /7 16.63a 93.37 ol 6§
W2F3CK 1LO7b | 64.23b 267. 624 .'w 4 35.56¢d < 164702V 81.09 g
WERY 023 | 0.14 Aopf B 0.21 ¢ /O | osgo

W <86 357 | i Adt £ 62.48 " 224.00 ™ p
kW %6 64.35 107.80"" H

Jiti % F 6. 82 ™ 22.69 % 16,706 © 4 14.59* 65.88 .

im0 4.99. 12.29 127 A 4.58* 17.84* o
W x B 0.78 5.59* ¥ 44147 2.72 9.69

Wix 0/ 0 - O “ 0 S0 0

Fxo 4! @3 p- 1.02 §3.35% =27 0.61 1.44
WX Fx 0 0. 0 0 : 0 0

3 it TN E AR 5, E S5 S0 1S N, O HE B0 2 At
T1E

3.1 KBRS X % i HHE N, O HEB 52

I ZE AR A4 T W N0 P HEGE R
FRHE & 43 591 & 27.05 ~ 58.19 pg-(m?+h) ' Al
0.59 ~1.24 kg-hm > | AR F A4 F W B
4 YR N, O HEB R W, 43 551 A it 35 HE AR it 2 1ES 5
K AL S L AR SR 2 Fih 4 e
RRBUIN FER R LB, AR T RER D, +
B E Y R R L. IR IR IR AN
BT R F e A R A A B AT R A R A
N,O B, 355k i 1 10 4 SR AH — 350 3 A s
91 T A6 A F e B R R0, R 1 37 40 T 8
R A A RS2 (4 I K rh Bl I R, DRI LRI T
RFELLN,O A HEB A 2% . s 1 A Ak S A
NI, K 5 A W) B RN R 23 2 2 3
N, O HERCHE . %2 7280 WR 58 & B0, IRV R
TRALF R AL S N, O HE 5 06 (i s ] 5. 75 0 B Ah
AR N, O HEl e th AR KN /S 2 d, i

W, HE—2E A6 N, O HEHLH .

VKR - HEGE S E R R R WAL, S il A
FAAR SR 5, BETTRZ A 38 N, O B 7= A A g R
SRR ARG P T4 I A T B T
FXWMT N,O i (£ 4), 5T ANFREE R —
;2P AR, WEPS R T — 5 B I, + 5
N, O HEilE 55 WEFPS £ IEAH ¢, WFPS ik #] 70%
iF, 3% N,O HERGE B K. WEPS £ %A il
PR A 5 5 A A 3 N, O HERO %
BRI, WEPS 45 i B SR Ak 200 B 0% M 1 56k, B2 il AR AR
A2 3 N, 0 HEl 25 A 35 WEPS £ 4k
F35% ~56%, K483 70% (1K 4) , H k13 N, 0 HE
i ER A A O . IS K AR AR
BEAE R VLT ik, (H N, O AE Sk w 8] =4 7= /), Bl
TR, B Ak 32 in PR 55 £ s o ) e g
17,7 BB Z N,0. Fu5r B AL P 1 13 WFPS 4T
40% ~ 60% I 38 75 SR, 48 N,O HEik =
T BRI AR B E KK Y% £ e
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BT & R N, O SARHERL, i 2 2 A - 5ENO, -N
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TR d BRI G A 8 KT K, 5500 2 S 0 45
BT R R TR AR A T A I, B
R B AINO, -NZE ARk, il AL AR i1k
PR3, N, 0 SRR R . 1 RbIE RU L R
A 7= ST WRATE , AL S R AP 826 0 A 358 T
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