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Effects of Oxyfertigation on Soil N,O Emission under
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(1. School of Water Conservancy, North China University of Water Conservancy and Eleciric Power, Zhengzhou 450046, China
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Abstract: Oxyfertigation delivers water, fertilizer and gas coupled mixture to crop root zone via
subsurface drip irrigation system. This new technique changes the oxygen concentration and water
distribution in soil and thus affecting the nitrogen cycling process, including nitrification and
denitrification, and then affecting soil nitrous oxide ( N,O) emissions. However, the influences of
oxyfertigation on soil N,O emissions from greenhouse vegetable fields and its main influencing factors were
both little known. To understand the influence of aeration, nitrogen application and irrigation on pepper
soil N,O emission in greenhouse, totally eight combinations were tested, including two types of nitrogen
application rates (300 kg/hm” and 225 kg/hm’) , two types of aeration levels (40 mg/L and 5 mg/L) ,
and two types of irrigation amount (1.0W and 0. 6W, W was full irrigation amount). Soil N,0 emission
flux was monitored via using static chamber-gas chromatograph technique. Soil temperature, water-filled
pore space ( WFPS), dissolved oxygen (DO), NO, -N and NH, -N content were also measured.
Quantitative contribution of influential factors to N,O emission under oxyfertigation was analyzed by
structural equation model (SEM). Results showed that aeration, the increase of nitrogen rate and water
amount resulted in an increase of soil N,O emission peak, cumulative N, O emission and yield-scaled N,0
emission under oxyfertigation. Compared with control, the cumulative N, O emission of aeration condition
was averagely increased by 31.90% . The cumulative N,O emission under full irrigation was averagely

increased by 43.22% compared with deficit irrigation. Similarly cumulative N,O emission under
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conventional nitrogen rate was averagely increased by 33.01% compared with the 75% conventional

nitrogen rate treatment. Aeration and the increase of water amount resulted in an increase of crop nitrogen

use efficiency. However, the increase of nitrogen rate caused a decrease of crop nitrogen use efficiency.

Considering crop yield, nitrogen use efficiency and yield-scaled N,O emission, the treatment of 75%

conventional nitrogen rate aerated deficit irrigation was an optimal combination under oxyfertigation. The
path coefficients of soil temperature, WFPS and NO, -N content were 42% , 60% and 58% ,

respectively. And soil temperature, WFPS and NO, -N content were identified as main influential

factors. The research result provided a reference for the selection of water, gas and nitrogen coupling

management and demonstrated the great significance in knowledge of soil N,O emission under

oxyfertigation.

Key words: pepper; oxyfertigation; nitrous oxide emission; aeration; structural equation model;
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Fig. 1 Dynamics of air temperature and humidity

during pepper cropping season in greenhouse
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Tab.1 Experimental design of oxyfertigation

s - Jite A/ WRE/

(kg-hm %) (mg-L°")
NIWIA L.ow 300 40
NIWIC Low 300 5
NIW2A 0.6W 300 40
NIW2C 0.6W 300 5
N2WIA 1.ow 225 40
N2W1C 1.ow 225 5
N2W2A 0.6W 225 40
N2W2C 0.6W 225 5
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Tab.2 Irrigation amount during pepper growing season

—— %%)ﬁ #7K i/ mm

s} 1]/ d W1 w2
2018 - 04 —-10 21 33.6 20.1
2018 - 04 —19 30 40.3 24.2
2018 —04 —29 40 26.9 16.1
2018 -05-03 44 30.3 18.2
2018 -05—-10 51 28.2 16.9
2018 -05—16 57 34.9 20.9
2018 —05 —23 62 39.0 23.4
2018 - 05 -29 70 34.3 20.6
2018 —06 —07 79 33.0 19.7
2018 - 06 —13 85 32.2 19.4
2018 —06 — 18 90 29.0 17.3
2018 —06 —23 95 29.6 17.8
2018 —06 —28 100 30.9 18.5
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Tab.3 Fertilization scheme of pepper in greenhouse

B N/ (kg+hm ~2) P(P,0,)/ K(K,0)/
i ] /d NI N2 (kg-hm~*)  (kg-hm?)
21 40 30 12. 14 21.43
30 60 45 12. 14 21.43
40 40 30 12. 14 21.43
51 40 30 12. 14 21.43
62 60 45 12. 14 21.43
70 40 30 12. 14 21.43
85 20 15 12. 14 21.43
it 300 225 84.98 150. 01
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Fig.2 Soil N,O emission flux in greenhouse pepper production system under oxyfertigation
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Tab.4 Crop yield and soil N,O emission in greenhouse pepper production system under oxyfertigation

b B N, O Hj st/ (kg-hm ~%) FEAE/(t-hm ™?) AR F R % = N, O HE B/ (mg-kg ™)
NIWIA (0.56 £0.05)° (98.94 +7.62)" (329.81 £21.92)°" (5.66 £0.08)"
NIWIC (0.40 £0.02)" (86.72 +5.97)" (289.08 £24.83)" (4.61£0.35)°
NIW2A (0.39£0.02)" (73.12 +5.84)° (243.72 £20.36)° (5.33£0.51)"
N1W2C (0.29 +0.01)° (66.43 £3.36)1 (221.42 £18.14)" (4.37 £0.27)"
N2WI1A (0.40 £0.03)" (83.19 £3.01)" (369.73 £24.03)" (4.81 £0.58)°
N2W1C (0.33£0.03)° (79.13 +5.84)" (358.25 £28.11)° (4.17 £0.28) "
N2W2A (0.26 +0.03) (64.50 £1.61)"° (282.88 £16.23)° (4.03 £0.44)"
N2W2C (0.24 £0.02)¢ (59.79 +9.69)° (265.73 +38.77)" (4.01£0.20)°
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Fig.3 Dynamics of soil physical factors affecting soil N, O emission
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