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Response Mechanism of Soil Greenhouse Gas Emission and Yield
of Greenhouse Tomato to Water-fertilizer-air Coupling
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Abstract: In order to seek the irrigation mode of greenhouse tomato land water conservation, emission
reduction and superior yield, taking tomato (Jinpeng 8) as the research object, the experiment set I1 and
12 ( corresponding to the crop — dish coefficient k,, 0.8 and 1.0) two irrigation levels, F1 and F2
( corresponding to the application of nitrogen 180 kg/hm” and 240 kg/hm’) two nitrogen application
levels with A1, A2 and CK (1 time and 2 times Venturi aeration, respectively, without aeration CK was
used as control treatment) as three aeration levels, a three-factor completely randomized design with ten
treatments, each treatment repeated three times, was used to monitor and analyze the greenhouse gas
emissions during the whole life cycle of tomato by static dark box —gas chromatography, and to investigate
the changing patterns of soil CO,, N, 0O and CH, emissions and tomato yield. The effects of irrigation
level, nitrogen application level and gas addition level on the yield and greenhouse gas emission of
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greenhouse tomato were analyzed, and the net global warming potential (NGWP) and greenhouse gas
intensity ( GHGI) were synthesized, so as to put forward the greenhouse tomato water-fertilizer-air-
integrated drip irrigation management mode with the goal of water conservation, emission reduction and
high yield. The results showed that increasing irrigation level and nitrogen application level both
increased soil CO, and N, O emission fluxes, with an average increase of 24.8% (P <0.05) versus
14.8% (P >0.05) in the I2 treatment compared with that in the Tl treatment, and an average increase
of 8.6% (P >0.05) versus 34.9% (P <0.05) in the F2 treatment compared with that in the F1
treatment. Aerated irrigation had a significant effect on soil CO, and N, O emission fluxes, which
increased by an average of 5. 5% and 10.0% (P >0.05) in Al, 20.9% and 62.9% (P <0.05) in A2
treatments, respectively, as compared with that in CK treatment. Soil CH, emission fluxes during the
whole tomato reproductive period did not have a significant pattern of change, showing the soil as a sink
for CH,, increasing irrigation level would increase soil CH, emission fluxes, while increasing nitrogen
application level would reduce CH, emission fluxes, 12 treatment increased by 27.8% on average
compared with I1 (P <0.05), and F2 treatment decreased by 25.5% on average compared with F1
(P <0.05). Aerating, the fertilization and irrigation significantly increased tomato yield (P <0.05).
Considering the economic and ecological factors, the benefits of A1F2I1 treatment were the best, the
combination strategy of aerating level Al, applying nitrogen level F2, and irrigating level 11 can take into
account the requirements of water conservation and superior yield reduction, and provide a reference for
the better irrigation mode of greenhouse tomato in Northwest China.

Key words: greenhouse gas; tomato yield; aerated irrigation; water-fertilizer-air coupling; net global

warming potential
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Tab.1 Design of experimental treatments

Qb3 k,, Wi/ (kg-hm~2) s
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AIF112 1.0 180 IR
AlF212 1.0 240 IR
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CKF212 1.0 240 AR
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40r - CKFI1I2 40+ CKF212

9%
W

HEE A8 R, 12 Ab PRAHEACE & L 11 AR 3
27.8% , TEHEAKAKT- RIS K — BT, A
AR AR CH, HEBCGHE 2 H B E 2257 (P <
0.05) ,F2 kb b F1 Ab 3 HEHGE &K 25.5%
TN TE W 25 AR CH, W HEJL, £2 o + 5%t CH, 1Y
W
2.2 TERBERFEUER

T AT WIN, A A0 WEPS A8 b 3—%k
SR IR S AR A, JE B WK R,
2a 2b FIT7R  FERHEIG 2= 70 d, R ORI 5 i 12
WVE, WEPS 4ER e 8 = 7K F-570 ~ 78 d, WEFPS &
W 2R R SRR LA . OFE ] X — B B
SR BT 78RR, AL WEFPS B#(I%, QULET %
A TSR I 5 1, R BB PR A 2 0 7 K R
7, 5 B, WFPS F&{% ; WFPS J& M 2 55 78— 3% 1
K, IS8y WEPS M4 T CK 403, Al
AEFRFEAR 1.72% (P >0.05) , A2 AbFEF&AK 3.33%
(P >0.05) ; BEIKIKF-FEAR 2 B AR WEPS, 11 &b 3
WFPS L 12 Zb 30 1. 66% (P >0.05) , £ 431y
IR A R 3 R R A TR
HRAME A — 3, BT F 16.6 ~31.9C
HRAEE 2e 2f AT A, F 4 A0 B NO; -N & 8 fb#a
PR, FERAE IS 27 .54 .68 .95 d #EATIBAE B RS
4 NO; -N S 2RI, HBE(E , eSS 28 d
PSS 1 MNIE(E , e RACER Y A2F212, H A2F112 4k
F 42. 8% , 2 Ji RS AR i (A1 34 i NO; -N &5 &
B, EERIBIE S, 4 BITE 55 .69 .96 d i B
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Fig.2 Variation characteristics of WFPS, soil temperature and NO; -N content under coupling of water-fertilizer-air
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18, BEFS A A8 A& B R SRR, B J5 2 R 7 LAk
- F1 AR S AS AU & LG AE 95,72 ~ 379. 02 mg/kg
WZARML, F2 A FEAE 125. 15 ~ 507.9 mg/kg P A5 4k,
F2 0P NO; -N & & KT F1 A# (P <0.05),
HEE S 30. 88% 5 HE KKV FUANAK V- 1 A2 AL A
S NO; -N Fa iy B A8k (P >0.05)
2.3 KEESBEMNEMTFEMRESEHMREE
Bl iR T B MR

5 FR A EWRAR LY, 75 S 25 AR i ™ a4
3 R FEAA A B A AN, 11 5 12
KRB REE2E 5 (P <0.05) KR4, 7 i
W2 3 h, ATF1I2  ATF212 (A2F112 1 A2F212 Ab

BRI 11 7K 25 FH O A B A 7= 43 S 6 16. 2%
18.9% .19. 5% F119. 4% , Jifi & 5 19 A8 fb 23 3 i
PR AR AR 3 AT, AR RE K K SERTIn R
ZMEE F2 AbBE B S T FL AR (P <0.05),
A1F211  A1F212 A2F211 | A2F212 #1 CKF211 [t F1
AEFR R B £ AH A B 43 ) 5G  11.9% (14. 4% |
11.1% 11.0% F1 11. 4% , V<AL H =& B F 5 T
XFHRALFE (P <0.05) ,A1F212 Fi1 A1F112 H CK %&%4H
T b 3 () 77 A I 18. 6% 1 15. 4% , A2F212 Al
A2F112 o CK £ AH Iz A #7543l 155 23. 5% Al
23.9% , A2 KhHAE AT AbBEFE RIS AT $E SR K
5.8% ,JFAEE(P>0.05),

#*3 AELELE CO, N,0.CH,ZFRHME3 NGWP FEii == GHGI K&

Tab.3 Effects of soil CO,, N,0 and CH, emissions on NGWP, tomato yield and GHGI under different treatments

3R S R BHEOR/ (kg-hm =) NGWP/ Fr/
JiEL] - - GHGL/ (kg-t~!)
CO, N,O CH, (kg+hm~2) (t-hm~2)
ALF111 1.01 x 10*# 0.98" -0.54¢ 253. 41" 40. 08¢ 6.32°¢
A1F211 1.08 x 10*# 1.28¢ —0.82% 328. 32! 44, 85¢4 7.35¢4
AIF112 1.38 x 10* % 1118 -0.38" 293.13¢ 46.59° 6.30°
AlR2I2 1.47 x10*¢ 1.514 -0.54¢ 396. 791 53.30° 7. 45¢
A2F111 1.33 x 10** 1.43¢ -0.704 370. 64¢ 41. 864 8. 86"
A2F211 1.45 x10*¢ 1.95> -0.90° 507. 23" 46. 52¢ 10.92°
A2F112 1.55 x10*" 1.75¢ -0.55¢ 463.31°¢ 50. 03" 9.27"
A2F212 1.71 x 10** 2.24° -0.714 591.57* 55.52° 10. 65*
CKF112 1.30 x 10*f 1.o1" -0.19° 269. 59" 40.37¢ 6.68%
CKF212 1. 40 x 10* < 1.34f -0.33" 356. 90¢ 44. 961 7.96¢
HK W 348.75 269. 68 ** 53.79 ** 266.70 ** 113.48 0.10
WA F 49. 48 ** 877. 44 * 59.79 ** 669. 99 ** 53.55* 73.55*
s A 178.20 1247.53 ™ 52.86 " 980. 92 ** 48.87* 162.39 ™
F WxF 0.92 1.02 1.99 1.37 0.85 0. 60
W x A 16. 62 * 19.72* 0. 65 15.53* 0. 54 0.01
FxA 1.97 18.18 ™ 0.37 15.80 0.43 1. 60
WxFxA 0.09 4.77" 0.47 4.51" 0.13 1.26

I RIS R ARVNG FREFBOR AR B2 R 3, + | = JPIRIRTE P <0.05. P <0.01 KFRZE, TR,

FemiA R b it 20 G 4 BRI
(NGWP) Bl = 3 Jn (£ 3), F1 Al F2 Ab B &
NGWP B W E 2R (P<0.05),5 F1 &b
FFE, F2 Ab 3 NGWP F X1 32. 2% ., K &
B, NGWP 1 f 2z 38 K, 11 &b #UF 12 kb 3
NGWP HA B EM2ZF(P<0.05),5 11 4bFAH
F, 12 4 3 NGWP F- 3488 An 19. 5% < kb 38
X NGWP BHA 5 (P <0.05), Al 438 A1
A2 b ¥ NGWP ¢ CK &b 3 43 51 ¥4 i 10. 1% F1
68.4% , A2F212 4t B! NGWP ik 3| & kK, H
591.57 kg/hm*, EAK BN, 1R = S ARHE R B
(GHGL) ¥4 Fréfin (€ 3) , 11 AL BRAN 12 Ab B4
TR FEWZER (P >0.05), Jiti & &3 X GHGI
HABFEMEL (P <0.05),F2 kb3%g F1 b
GHGI V- X34 18.5% , AL ¥ 5 CK AbFH[H]

GHGI B B FEM2 R (P <0.05) ,5 CK 4 FAH
kb, A2 4bFE GHGI 3541 36. 0% (P <0.05) , 1fij Al
AEFR AR 6. 1% (P <0.05) , £ M5 CK 4t B AH
b, AL b3 NGWP 3K H J2 7™ 38 i i) i
K, 3 GHGI B, A1 Ab PR AE (5 1E 35 77 4 1
P& BEIRT GHGI,

WK it EFM A 3% €O, N,0 . CH, BRIk
JiEE (NGWP Fl7 il 7 5 A i i 2 52 (P < 0.01)
KA HE A VE X+ HE o, N, O B R HE i A
NGWP F=AE M 5200 (P < 0.01) 3 ARS R A % £
HEN,0 ZFHHE R NGWP 77 A4 b i 5200 (P <
0.01) , KAESHEA 1E T 1 N, 0 ZRHECR M
NGWP P24 B 5 (P <0.05) . 438 HAE X ™
A GHGL B JC i 520 X 7™ it 152 M f /D3R
WUHHEK R A
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3 it 0.01) ,H HAKSHEX L1 CO, RFHRE " E

3.1 KEESHBEXLIE CO,HEM BN
- 4980 N - R s 3 CO, HEU
EHE, AEFMAETHAR BB, CO,HEHGE &
BEMEEES, MK la, b nTH 758 (MG
0 ~30 d) +3E CO, HEHGE HHAL, B0 B A8 H i if
WK R, T, T R AT AR A, it A T
PR EIREAARC L i B i 1 5ER
FEAL FHARIRES (L 2) , kA F RS co,
HEGE AR ; 225 b R A T S W T
B AR IE T B Y R [R] B R A AR R B
K, AR R I 3 58, CO, HE M & 72 38 K 78 2%
SERERIA (52 ~77 d) , TR RAE KRR R AR A 57
I K 3 ToTe | (]I B mst i) R R A i (| 2) L 4
TR AR T 38 B A IR0, A T R 3 A
EKE, B B RS WEPS 40 T F &R B, i €O, HE
FCHRAE T 2 B T CO, R A ; A
B (78 ~ 105 d) CO, HE M 1232 87 B AR, B 25 56
REAEKETRE, TR TS, 145 Co,HE
SO R N R Foh 3 CO, HERTEAN R Y A
A BA B 2R SFMARKRE -8, X 5 1
THAE DT IR FIAR 2R I AT G, A ARG 58 2R B, 1438
TR 0 T R R O AR 2 MR A 7 30 ) AS () 26 B B
B EFHE FRERAY 54K co, Hi i &
AR —3L
15 CO, MR, TR AEWIR R A T2
R 39 0 (0 S SRR R 20 AR T) ) R ) A B it
T IREE R AR, R VE AR 2R R A A A
R, TR IR+ 38 CO, Y HE, +HEK /242
s T AR 3R AR KRS e A M R R CO, B,
UAR HHEE SR R 3 CO, 1 7= A S HERL Y
FEARES K S R I AR i 31 Co, Rk, 5
RS g g R — B, R RO K R A S
P T AR Y R T R HLER B
feor i) AL 14 co, HECR TR,
IATE B T HRBR L3RR BRI R
P2 R = S8l A= Py P i, 2 v 1 <k (45 Co,
HEfo K, ARG, F2 AbFR L FL AR ER CO, HETi
R HEIFRRZE (P >0.05) , X &K A 2% 5
AR BE S+ Ef A WP e A R AR
A B A T I R ) T ) [ st
Jite AE A, 25 42 i VR W AR, (EVE W0 9 B 3% R 0 AR
57 A HE co, HEM, K A AT
FPRTFXE CO, BFHE A B (P <

2 M LA B X T 2 e, T AR R R
T AEXT CO, HE S 25 1 52 ], T 08 K i < 5 il
RENE TG, AR T co, HEm s

3.2 KEESHEXT 1 N,0 HiR A&

145 N, O HET 2 A E SRR A
FEFIIR A5 1F T 1 Bl Ak ik 72 77 A2 1, 5 )+ 48
N, O HEAl i) 3222 [ 2 A il & | 1 4980 B AN 1 1R
JEAER BRI T R R AR, BRI
ALY NO, -N Fhir, AT 338 N, O HE ik
I B EF Y B S 28 55,69 .96 d B
N, OHECIEAE , ¥ J2mT 1 d B AR5 Ay A5 37 d
PR, R MTE 27 d B R, BOAR T
NO, -N& 8, H I ) - 58R BEARIR (&l 2) , %
FOA 21.3°C, L IR W AR, 5 B e g
N,O HEjf i & B, Wit LI AFER T KEn
NO; -N,Z J5 bl & + 58 B T+, - S i i
NO; -NAEHIH N, O, il B, A BT 5EER M, N, 0
HETR A B AR EE M 25 ~40°C 1 AR IS 45 51 5 HA
6. AE AN, 11 Co,HiBuE 5 £ N, 0
HEGE R SR A S E S MO R BGAE 0. 764
(P <0.01) , AT REZ A Ay 4 ST i #8800, s £
B R AR AR IR BE 1) & J T 4 = - 58 N, O /Y™
A S HERL Y A A I g 2 B T A i B A A
T N, 0 [, K I N2 3 WEFPS, {2
PERAERBIIE A, 420 N, 0 HEAE , £ 2 K F
11, Wi 2 B2 NO,y -N &1, 52
N, O HEB, RN F2 KT F1, 13 N, O HEod & 5
WEPS Fl NO, -N % &3 2 i F LM EM X LR
(F4)(P <0.01), # & R %5 514 0.305 F1
0.552 {04518 37 d Z 0 38 B R AR i BudlE , +
HE N, 0 HEfGE 5 WEPS #1 NO, -N &84 Bk
WM BOE A GO R , 5 3CHR [ 36 - 37 ] 45 AL 4H
[F], AT L FE— 284500 T, TR (W) X N, 0 4
IR )55 M A FH 2 e Gl B 45 R 49 52 i) 28 SR o 44
o MIAEBE S 3N - gEm Ak SRR I RO, A
#E N, O HEi, HEZK it A A FXF N, 0 Rk
BAWREWE W (£3)(P<0.01),BRAKEMHEG

x4 T CO, N,O.CHHHNEBEESTEREFTF
X R
Tab.4 Correlation coefficient of soil CO,, N,O and CH,

emission fluxes with soil environmental factors

ZH WFPS I NOy -N &g
CO, HEACHE 7 0. 094 0.349 *
N, O HEGHE 0.305** 0. 196 = 0.552*
CH,, Hi ki & 0.183* -0.094
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Ah HABRAVE X N, 0 HEi HoA B v, +
IR B E A NOS -N AR RSN E N, 0
Hefif i) FE R E | i HAR S =W B A1
X HHEN,O HEBGE MR (£ 3) .
3.3 KIESHEAEXT 1 CH,HEMM RN

48 CH, HE R E AR AR T, e
WA A PR . CO, (H, S 5 7 7= B g B (A AV
TP CH,, EEERAMERER S EAEEEN L
Herp ) fEREAES R G, IR CH, , SO
CH,, T3 CH, 2™ H e i A e S Ak 1A 2 [ 1
FEAE Y, KRS UE B R b R CH, 1Y
ST, CH, HE A R 2 S0 K it A AN - 9 HE Ak
PEBTAE N, AR 45 R R W], K 58 CH,
HER™ A=A 25 5 ), A R 43 i 2 R 3
+ 3 CH, (IL, +3% CH, HEGHE &5 WFPS 2 1F
FHOC(FR 4) , B K SRR InHE A8 K+ CH,
HEMGHE 5 WFPS MR R, SRS
PRI 5 285 SR — B, X HE Tl 9 31 KR R R AE TR 4R
ISR, 7= FBE AR A 3 v %) 5 B AT AL o ik 2B
CH,™ , I i &/ + 18 CH, HE, 36 n
X CH, 1M, R R i AORE R R T - S Y
ORI, b A AL CH, Ak, dE s > CH, HE
i, R A AR B, SE TR R CH, HERL
T T MRS AR ST 4G SR e I it AL B A T X R
(AHEAENE ) 4B CH, PR 2 AL, A il e 45
W F W AR 3 CH, BHER A B B
i 5 A 3 -4 CH HERCR >, X nT B2
P it AE s 1 0, 38 T e R A RS A AR TR
PItRbR CH, 8L, PR CH, R
3.4 KESBEXNEM - EMEKEILEEEN

=20

T 22T 5% UE SE A Ak B2 S 8 0 e b e =
(P <0.05) "1 R AN . MR A b fe A0 S8 A
ni) o7 G SR 8 B, A2 3 b R B R A 7 R )
A A A A 7 T T AR ) R SR A AT B
VIR, A5G HLIR | L5 it i i e 2y
JRIET, s 2 AR ZR S RE AR P 2 K T
VEWE G T AR DR ORI, 22 T IR B 1S 3
AR TYEAA S i, ASe | it 20 i A
IKEIGA sat, 5308 -9 | ISR 3L,

IS HEBE 212 CO, A N, O HEjik, 12 37 1 3%
CH, YW, 51 NGWP B4, i /N BRI A2

Al .CK(# 3),{H GHGI i KEI/MKIK A A2 CK,
AL, BEBINACHE R[] B 5 582 7 5 A NGWP (3% i,
R A A 38 51 RS A 7 i 3 I B2 K T NGWP
(3R L AP A = S, B, RS A
8 DA L A AR P HE T, YT K R
R, oA AN, B 1k AU S B0R = AUk
HEHE N, IR = AN, 2R G 5 I, ATF211 23
5 CKF212 Zb3 A ZEORUE ™ 5 (Y [, ATR211 4k
PR A HE B FH /K  NGWP Fil GHGI ¥/ F CKF212 4t
R UEHERE ATF211 Ab B A i 28 76 5 7 7K A0 7= s
HEAEALRE B

4 #Hig

(1) 15 co, HEila e 247 N 2 e
i TR 28]V I K AKCE R 2K F- 1Y
o 38 co, HEEE i, 12 43 Co, HEik
WAL 11 Kb SE R340 24. 8% (P <0.05) ,F2 4b
L F1AFESEII 0 8. 6% (P >0.05) 5 i< #E %
X4 co, e A BB g, 5 CK ZbHAH L,
A1 AEEEFD A2 AbFESR IR 5. 5% F120. 9%

(2) 13 N, 0 HEGH s AE 24 F W 2 BET
i E R Ra R HE K KT Rt S KT (R 38 fin 34 25 3
Jn 43 N,O HEE 12 4B N, O HEE I 1
AEFRSE A1 T 14. 8% (P >0.05) ,F2 4bFH L F1 Ab
B 1411 34.9% (P < 0.05) 5 fin A< HE W % + 4%
N, O HEBGHE A W5, 5 CK AR L, A1 &b
FRAT A2 A3 B 10. 0% (P >0.05) 1 62. 9%
(P<0.05),

(3) W E ARHE A T i 24 B W 2 I st
Ak, 458 CH, HEBGHE I W A b R, S 1 4
h CH, W K ARG n2s g i 1- 3% CH, HFL, it
RACEHG I 2B 1 CH, HEik, 12 4b3 CH, HEjk
W 11 AP 3En 27. 8% (P <0.05) , F2 4k
I F1 AL BRSEIREAR 25. 5% (P <0.05)

(4) IR 25 3 it 7= i (P <0.05)
Jith KT R 7K KT 38 hin 2 fnb 2 8 18 3 bk ™ it
(P<0.05), AR5 R FU], N Z T80 85 MR BE
SR SE A R, ATF211 Ab B ZE ORI 7= o5 1) [R] A
NGWP  GHGI FIJEE 7K 7K - B IK T % B Ak 2, A o 4
TN 240 kg/hm® A 1 A5k, 0 0.8 1
T ST T AL Ay G At DXL 5 7 8 1 K D HE 1
BAETE AR

Z % x #t
(1] SPREA, 2%, skibae, % KR RFFBREXT R L SR AR A Sl = A [ T]. R BB, 2023,

54(9) . 365 —373.
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