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Interactive effect of irrigation and nitrogen fertilization on greenhouse gas emissions from greenhouse soil

DU Shi-yu, XUE Fei, WU Han—qing, ZOU Hong—tao, ZHANG Yu-ling, ZHANG Yu-long, YU Na"

(College of Land and Environment, Shenyang Agricultural University / Northeast Key Laboratory of Conservation and Improvement of Culti-
vated Land, Ministry of Agriculture and Rural Affairs/ National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Re-
sources, Shenyang 110866, China)

Abstract: This study conducted an experiment on greenhouse grown tomatoes to explore the interactive effect of irrigation and nitrogen ap-
plication on the level of greenhouse gas emissions released from greenhouse soil, and to determine the impact of this effect on emission flux
and total cumulative emission of greenhouse gases(N,O, CO, and CH.). Furthermore, this study examined differences in global warming po-
tential (GWP) and greenhouse gas intensity (GHGI) between the gases over a five—year experimental period. Nine treatments, comprised of
a combination of three irrigation lower limits (W,: 25 kPa, W,: 35 kPa, W3:45 kPa) and three N application rates (N;:75 kg N+hm™, N;:
300 kg N+-hm™, N3:525 kg N+hm™), were utilized in the experiment. Results showed that the effects of irrigation and fertilization time in-
fluenced the emission fluxes of NoO and CO,. N>O emission flux increased after fertilization, and the high irrigation rate (irrigation lower lim-
it 25 kPa) raised the emission fluxes of both NO and CO.. The variability coefficients of CHs emission flux were in the middle to strong
range. Except for the interactive effect of irrigation and nitrogen on the total cumulative emission of CO., and the effect of nitrogen fertiliza-
tion on the total cumulative emission of CHs, irrigation and nitrogen fertilizer rates and their interactions had a very significant effect on to-

mato yield, GWP, GHGI, and the total cumulative emission of N,O, CO,, and CHs4. Additionally, as nitrogen fertilizer rates increased, the to-

WisEH:2018-03-28  FFAHEHEI:2018-07-20

EF B A (1993—) , B 0 TR 058 A4, FE AR T KBS . E-mail :shiy_Du@163.com

HEEEE B I E-mail :sausoilyn@163.com

ELTE : W% A AR E T H (41401322) ; [H 5 ST L 1550 H (2016 YFD0300807 ) ; [ 8B S #3115 H (2015BAD23BO1) 5 R Mk AR A5
ZRALH 0 PR T S B T RO B T H (2015NYBKEFT-01)

Project supported : The National Natural Science Foundation of China(41401322); The National Key R&D Program of China(2016YFD0300807); The Na-
tional Science Technology Support Program of China(2015BAD23B01); The Key Laboratory of Arable Land Conservation Foundation, Ministry
of Agriculture and Rural Affairs, China(2015NYBKFT-01)



FEHET 25 K U A 0 500 0 5 S g g 477

tal cumulative emission of N>O also increased. The total cumulative emission of N,O and CO, had a significant, positive correlation with

GWP; the average contribution rate of N,O to GWP was 5.25% compared with a GWP of 94.59% for CO,. Ultimately, reducing the nitrogen

fertilizer rate and increasing the irrigation lower limit could effectively reduce greenhouse gas emissions and ameliorate global warming. In

this study, W2N; treatment provided the optimal regulation of irrigation and nitrogen fertilization needed to increase tomato yield and miti-

gate greenhouse gas emissions.

Keywords: interactive effect of irrigation and nitrogen application; greenhouse soil; greenhouse gas emissions; global warming potential
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Figure 1 Dynamic changes of N,O emission flux and N>O cumulative emission under different irrigation and nitrogen treatments
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Figure 2 Dynamic changes of CO, emission flux and CO, cumulative emission under different irrigation and nitrogen treatments
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Figure 3 Dynamic changes of CHs emission flux and CHs cumulative emission under different irrigation and nitrogen treatments
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Table 1 Total cumulative emissions of N,O,CO, and CHs, GWP and GHGI with different irrigation and nitrogen treatments

o NORBUBER  CORPUBRER  CHLEBUBIER  ARMWEH BRI
Treatments Total cumulative emission Total cumulative emission Total cumulative emission GWP Tomato yield SR GHGI
of N,O /kg N-hm™ of CO, /kg C+hm™ of CHu/kg C+hm™ /kg COr-qhm™ /x10° kg-hm™ /kg COs-.y kg™
WiN, 0.427+0.007dDE 1 348.6+7.5a 0.189+0.022becBC 5129.9+25.4bB 49.01+0.88bcC  0.105+0.001 4bhcB
WiN, 0.625+0.026¢C 1292.8+30.1a 0.076+0.001eC 5003.1£121.2bBC  38.94+0.80dE 0.129+0.000 5aA
WiN; 1.509+0.089aA 1461.2£9.7a 0.322+0.015aA 5998.2+73.2aA 59.94+2.66aA  0.100+0.005 7hcB
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PR ZAY Single factor effect

W, 0.854+0.212aA 1 367.5+32.4aA 0.196+0.045bAB 5377.1+201.2aA  49.30+3.91bAB  0.111+0.006 0aA
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N; 0.998+0.170aA 1 286.2+64.2aA 0.200+0.041a 5139.0+302.2aA 50.75+3.85a 0.102+0.004 4aA

FH5 F rest(P)

W 0.000™ 0.000™ 0.006™ 0.000™ 0.005™ 0.000™

N 0.000™ 0.006™ 0.970 0.001" 0.073 0.011”
WxN 0.000™ 0.053 0.000™ 0.028" 0.000™ 0.001”

T OSEY AR R, B — AR RN KRG 71 8 A B ] 22 57 24 5 2% (P<0.05 il P<0.01) .

Note: Mean + standard error, different lowercase and uppercase letters in the same column indicate the significant differences at the 0.05 and 0.01

probability level.
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