32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

HT 7= BN, 0HF iR = B A AR X

FIHIASL:
BOHRE, SR, ANIEAH, Thisf, Woti. 2T i MIN OHERL Y 52 2 il A ], A0l FRBa Rl 22241, 2024, 43(1): 202-213.

TELR %15 View online: https://doi.org/10.11654/jaes.2023-0194

TR BERRNAR  HAd S

Articles you may be interested in

KRB X B0t - N O FINOHE L A3

FUER, TR, B, A8k, kR ¥, sk R
AP B F244]. 2021, 40(6): 1366-1376  https://doi.org/10.11654/jaes.2020-1217

A HLICHUIE BT 37 55 el i 28 S AACHE % 52 e
It X EIE, 15K 5%, SOMPOUVISETThongsouk, FLIE, 2 P 4E, BXEFH
LV FREE B4R 2021, 40(9): 2039-2048  https://doi.org/10.11654/jaes.2020-1477

LT DA AR e S S8 A R HE ORI 5

ERT, B, RIFAL, 7KW, 1R, S

LNV FREE Rl 2224 2021, 40(8): 1829-1838  hitps://doi.org/10.11654/jaes.2021-0181
T VRN Yo THE A FETINH 44 FIN OHE B 5

FIR, XU, B, BIXK, FhiEEE, X, R
LV FRBE B4R 2020, 39(10): 2354-2362  hitps://doi.org/10.11654/jaes.2020-0067

N [ A R RS 57 S S el i 2 A HE TR A 5 )

ZERI], XU, TS, PG, mBRAR, BT
Aoy FREERLE 24 2021, 40(1): 227-236  https://doi.org/10.11654/jaes.2020-0846

KIEMGE AT, PAFEZFENLEE


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2023-0194
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1217
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1217
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1477
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0181
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0067
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0067
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0067
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0846

2024,43(1):202-213 R W ®E M FE F R 20244F1 H

® Journal of Agro-Environment Science @&

B, S0, PNIEAR , A5 BET 7 R N2O HERR A 28 3k AR L)), A BRI 27 40, 2024, 43(1) = 202-213.
DUAN L B, CAI H J, SUN Y N, et al. Greenhouse tomato yield and N,O emissions based on irrigation model[]]. Journal of Agro—
Environment Science, 2024, 43(1): 202-213.

FEisRLE 0SID

ETF == N0 HE YR =E & iE BRI

BOodg 2, SRR, AR, LE, Ak

(1. PG AL AR ARBIES K F K R SRS TR AR, BEVE #508 712100; 2. I ARAMBIE K2 I AR K + TR T s s %, bk
7§ Mk 712100)

W OE TR RS NLO HEBO AL R, T K A SRS X B it S 3 NLO Y520, XA [l K AR AL B A T 25 G VAR
P A PR HER I . 3 DA o VR 1 T HE AR (D) KT () A Ak (A) 3R & ISR (CK) 7843
WESAET 2 AR AE At e, 35 8 11 A12 (G 591 A 75 8 R 0 72 43R X AV E - IR B (K, 433100 0.8 T 1.0) 2 ANEZK K,
F1F1F2 A3 51 A AR i JE , Xof 19 i 20 424 180 kg - hm 1 240 kg - hm™)2 M JIE KT, A1FT A2(43 510 1 S A 2552k
S, A 10 AR B SR P S I A —ORH Gy X e i 42 B A NLO HEBGHEA T WM 43 BT, R G 98 KB 5 %o il &5 B b £ 3 NLO
HE A 52 0 K s R 25 235 SRR )« A it A s ¥ 14 034 385 o - 4 N0 HEIGE 5, 12 40 FH Y NLO HEBCH 1 Lb 11 40 3534
H114.79% (P>0.05) , F2 AL B LE F1 AL FEE- 24384 11 34.90% (P<0.05) o JIAHEEAS 358 NLO HEE A 520, 5 CK b FRAR 1L,
A1FTA2 L0 BEA3 IHE 10.02% (P>0.05) F162.92% (P<0.05) o -3 NO HEHGHE 8 5+ F0KFLIRE BRI BUEM R, 5 NO-N
T R BOEM R Y LR /N F AT 26 CH, N0 HEBGHE i 5 O 2 BOEMH R, HHERE KT 26 CH, 24k
PEUAHDCE R o ZRG 25 IEF M7 i N0 SRARHE R WK 43R PSR RUIE AR 26 7 0 FRBRL ™ NLO BRARHE A, HEAE AT 52
180 kg hm™ Y 15T/ HEIE (K,=1.0) IR E Fshidg ™ 157K JsiHE B A A =

SR : NoO HEH; K S SRR G W0 28 e i 5 03 K o Bt I o

FESHES:S641.2;9626  XERFEEL:A  XEHS:1672-2043(2024)01-0202-12  doi:10.11654/jaes.2023-0194

Greenhouse tomato yield and N,O emissions based on irrigation model

DUAN Linbo"?, CAI Huanjie"*, SUN Yanan"?, MA Jing"?, YANG Nan"?

(1. College of Water Resources and Civil Engineering, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of
Agricultural Soil and Water Engineering in Arid Regions of Ministry of Education, Northwest A&F University, Yangling 712100, China)
Abstract: The objectives of this study were to investigate the changing patterns of N,O emissions from facility vegetable fields, understand
the impact of water—fertilizer—gas coupling on soil N.O emissions, comprehensively evaluate different water—fertilizer—gas treatments, and
propose effective measures for emission reduction. The experiment focused on tomatoes as the test crop, considering three factors : irrigation
(D), fertilizer(F), and aeration(A) levels. Two fertilizer levels under full irrigation without aerated (CK) irrigation were set as the control.
The study included two irrigation levels[I1 and 12: deficit irrigation and full irrigation, corresponding to crop—pan coefficients (K.,) of 0.8
and 1.0, respectively], two fertilization levels (F1 and F2: low and high fertilization, corresponding to N application rates of 180 kg+hm™
and 240 kg-hm™, respectively), and two aeration levels(A1 and A2: 1 and 2 times gas, respectively), resulting in a total of 10 treatments.

N>O emissions from greenhouse tomato soils were monitored and analyzed throughout the tomato reproductive period using a static dark
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box—gas chromatography method. The aim was to investigate the effects of water—fertilizer—gas coupling on N,O emissions and analyze the

influencing factors. The results indicated that increasing both irrigation water and fertilizer application led to an increase in soil N,O
emission flux. The average N.O emission flux of the 12 treatment showed a 14.79% increase (P>0.05) compared to the 11 treatment, while
the F2 treatment exhibited a 34.90% increase (P<0.05) compared to the F1 treatment. Aerated irrigation significantly affected soil N.O
emission flux, with the A1 and A2 treatments showing a 10.02% (P>0.05) and 62.92% (P<0.05) increase, respectively, compared to the
CK treatment. Overall, the soil N,O emission flux exhibited an exponential positive correlation with soil water—filled porosity, a positive
exponential correlation when soil temperature was less than or equal to 26 °C, a linear negative correlation when soil temperature exceeded
26 °C, and an exponential positive correlation with NO;=N content. Based on considering tomato yield, cumulative N,O emissions, irrigation
water use efficiency, nitrogen partial factor productivity, and cumulative N>O emissions per yield, the recommended irrigation mode for

greenhouse tomatoes to optimize yield, water conservation, and emission reduction is 1—fold gas—sufficient irrigation (K.,=1.0) with a

fertilizer application rate of 180 kg+hm™.

Keywords : N.O emission; water—fertilizer—air coupling; greenhouse tomato; soil; irrigation water; fertilizer application
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Figure 1 Dynamics of daily average air temperature , relative humidity , solar radiation and photosynthetically active radiation of greenhouse

tomatoes during the reproductive period
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Table 1 Design of experimental treatments

IhEE HEAOKT AT NI
Treatment K., Fertilizer level/(kg-hm™) Aeration level
ATF1I1 0.8 180 1A
ATF2I1 0.8 240 IR
AIF112 1.0 180 1A
A1F212 1.0 240 1A
A2F 111 0.8 180 2155
A2F211 0.8 240 2155
A2F112 1.0 180 255
A2F212 1.0 240 Pt
CKF112 1.0 180 AR
CKF212 1.0 240 AR
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Table 2 Irrigation amount of tomato during the
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KB BEMIE R WMUEAAEZER S BEKESL
Trrigation Days after Evaporation between ——
time transplanting 2 irrigations/mm K,=0.8  K,=1.0
2021-04~15 20 9.4 11.59 14.47
2021-04-19 24 9.3 11.46 14.32
2021-04-22 27 23 2.83 3.54
2021-04-28 33 5.0 6.16 7.70
2021-05-01 36 11.4 14.05 17.55
2021-05-05 40 9.4 11.59 14.47
2021-05-10 36 18.5 22.80 28.48
2021-05-14 49 13.0 16.02 20.02
2021-05-19 54 10.9 13.43 16.78
2021-05-24 59 10.6 13.07 16.32
2021-05-29 64 14.7 18.12 22.63
2021-06-02 68 13.2 16.27 20.32
2021-06-06 72 12.3 15.16 18.94
2021-06-11 77 13.7 16.89 21.09
2021-06-16 82 10.0 12.33 15.40
2021-06-22 88 14.6 18.00 22.48
2021-06-28 94 12.4 15.28 19.09
2021-06-29 95 1.7 2.10 2.62
2021-07-04 100 11.5 14.17 17.71
2021-07-08 104 9.2 11.34 14.16
Bt — 213.1 262.66  328.10
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Figure 2 Dynamic variation characteristics of soil N>O emission fluxes under the coupling of water, fertilizer and air
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Table 3 Yield and N,O emission of water, fertilizer, and gas coupled tomato and their related influencing factors
B iy N0 R HEWEK 43 R IR ANEMRAE 1 B N0 BBHEE LA R R
Wi . . . S . . . . Hoy
Item Yield/ Cumulative N,O emission/  Irrigation water use  Nitrogen partial factor Yield-scaled N,O Composite Sort
¢ (t+hm™) (kg+hm™) efficiency/(g-1.") productivity/(kg-kg™)  intensity/(10 kg-t") score index ©
AlF111 40.08e 0.98h 48.84cd 222.69¢ 24.53d 0.492 5
Al1F211 44.85cd 1.28f 54.64ab 186.85d 28.78¢ 0.456 6
ATF112 46.59¢ 1.11g 45.44de 258.86b 23.91d 0.642 1
A1F212 53.30a 1.51d 51.99bc 222.09¢ 28.34¢ 0.633 2
A2F111 41.86de 1.43e 51.00be 232.55¢ 34.17b 0.437 8
A2F211 46.51c¢ 1.95b 56.67a 193.81d 41.98a 0.364 10
A2F112 50.03b 1.75¢ 48.79¢d 277.94a 35.07hb 0.620 3
A2F212 55.52a 2.24a 54.15ab 231.35¢ 40.33a 0.528 4
CKF112 40.37e 1.01h 39.37f 224.25¢ 24.97d 0.449 7
CKF212 44.96¢d 1.34f 43.85e 187.33d 29.92¢ 0.375 9
D 0.28 0.14 0.13 0.28 0.17
HEAKT 113.43%* 273.56%%* 10.75%* 128.84%*%* 0.52
JiAE F 53.53%* 902.81%%* 52.54%* 151.25%%* 88.50%*
A 48.84%%* 1 278.70%%* 39.93%* 55.85%* 185.78%*%*
IxF 0.85 1.07 0.02 0.42 0.89
IXA 0.54 19.05%* 0.16 0.72 0.02
FxA 0.43 19.56%* 0.35 0.60 1.55
IXFXA 0.13 4.76%* 0.10 0.26 1.19

T B/ NG 7 B AR [ b PR 22 53 17 35 (P<0.05)

Note: Different lowercase letters in the same column indicate significant differences between different treatments (P<0.05).
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