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Effect of Fllm Mulchmg, Straw R/tentlon and Nltroge}l Fertlhzatlon on the N O and
N, Emlssmn ima Winter Wheat Fleld

PENQ.:Yll il Hu1 “tong’ ZHANC Shao-wei' YANG Tlng WANC Xiao- fel , ZHOU Chun-ju** , WANG Lin-quan' *
(1. Col fege of Natural Resouirces and Envnonment Northwest A&F Uﬁlverblty . Yaﬂg'hng 712100, China; 2. College of Life Sciences, Northwest A&F University, Yangling
712100 Chma)

Abstract;/In order to explore the characteristics of N,0 emissions from winter wheat fields in the Loess Plateau under different farming methods and nitrogen levels, the
dynamic changes in N,0 emissions from rain-fed winter wheat fields were quantified using static box-gas chromatography. Winter wheat ’ Xiaoyan22’ was used as the material,
and a two-factor split area design was adopted. The conventional tillage (CT), straw incorporated into soil (SM), and flat film mulching (FM) were assigned as the main
plot, and three nitrogen fertilizer rates (no nitrogen fertilization, 20% nitrogen reduction ( 144 kg=hm =), and conventional nitrogen application (180 kg+hm™2)) were
assigned as a split plot. Taking CT as a control, the effects of FM and SM on soil N,O emissions under different nitrogen rates were assessed. Furthermore, the correlation
between relevant environmental factors and N,0 emission flux were analyzed, and N, emissions were estimated using empirical formulas. The results showed the following; the
N,0 emissions from the soil of each nitrogen treatment occurred within 20 days, and N,O emission flux peaked within two weeks post-fertilization. The average N,0 flux, the
total N,0 emissions, and the global warming potential of N,O were 1.92-22.75 wg+(m*+h) ", 0.10-0.46 kg-hm =, and 26.72-122. 15 kg-hm >, respectively. The
N,0 emission coefficient of fertilizer nitrogen was 0.03%-0.28%. The total N, emissions ranged from 0.70- 1. 82 kg+hm ~>. The N fertilization and film mulching
significantly increased the N,0 emission flux (P <0.05) and the cumulative N,0 emissions (P <0.05) ; however, SM marginally reduced the total N,0 emissions. The N,0
emission coefficient and global warming potential of fertilizer nitrogen under FM were significantly higher than those under CT and SM (P <0.05). The N,0 emissions without
nitrogen treatment were only significantly positively correlated with soil water-filled pore spaces (WFPS) (P <0.05) ; the N,O emissions in the N fertilization condition were
significantly positively correlated with WEPS, @(NO; -N), w(NH," -N), and 0-5 cm soil layer temperature (P <0.05). Overall, under the condition of no fertilization,
waler was the main factor to control the nitrogen transformation and soil N,O emission; nevertheless, under the N fertilization condition, both nitrification and denitrification
contributed to the N,0 emissions in the rain-fed winter wheat fields. Film mulching practice and nitrogen application markedly increased the N,O emissions, fertilizer nitrogen
emission coefficient, and global warming potential in the rain-fed winter wheat fields. Nonetheless, straw incorporated into the soil resulted in a marginal reduction in N,0
emissions.

Key words: winter wheat; straw retention; film mulching; nitrogen fertilizer; soil N,0 and N, emissions
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Fig. 2 Annual dynamic changes in soil N,O emission flux under different tillage and N rates during the winter wheat growing season
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Fig. 3 Dynamic changes in soil water and heat conditions under different tillage modes and soil pH under different nitrogen levels
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Table 2 Total amount of soil N,O and N, emissions/kg+hm ~>

. NLOHEH &L N, HERCE
2018 ~2019 4E 2019 ~2020 4F WAEF-2 2018 ~2019 4F 2019 ~2020 4F WA 8

CT-NO 0.11 +0. 04Bb 0.09 +0. 09Bc 0.10 £0. 01Bb 0.54 +0. 06Bb 0.86 +0. 10Bb 0.70 0. 08Bb
CT-N144 0.20 +0.07Ba 0.27 +0. 15Bb 0.23 +0. 04Ba 0.68 +0.06Bab  1.64 £0.22Ba 1.16 +0. 14Ba
CT-N180 0.22 +0. 06Ba 0.34 +0.17Ba 0.27 +0.07Ba 0.72 +0.02Ba 1.88 +0.33ABa 1.30 0. 17Ba

FM-NO 0.14 0. 05Ac 0.11 £0. 11 Ac 0.12 £0. 02Ac 0.77 0. 07Ab 1.22 +0. 08Ab 0.99 +0. 07 Ac
FM-N144 0.26 +0. 06Ab 0.38 0. 10Ab 0.32 +0.07Ab 0.89 +0. 00Ab 2.30 +0. 10Aa 1.59 +0.05Ab
FM-N180 0.33 £0. 13Aa 0.60 +0. 08 Aa 0.46 +0. 16Aa 1.05 +0. 03Aa 2.60 +0.22Aa 1.82 +0.09Aa

SM-NO 0.14 0. 06Ab 0.09 £0.03ABc 0. 11 0. 02Ab 0.79 +0.01Aa 0.76 +0. 09Ba 0.78 =0. 05ABa
SM-N144 0.21 0. 09Ba 0.21 0. 13Cbh 0.20 +0. 02Ba 0.65 +0. 06Ba 0.80 0. 16Ca 0.72 +0.11Ca
SM-N180 0.23+0.11Ba 0.30 0. 11Ca 0.26 +0.04Ba 0.65 +0.07Ba 1.19 £0. 19Ba 0.92 +0.13Ca
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500

450 —O0— CT-NO —&— CT-N144 —8— CT-N180
—O—FM-N0 —&— FM-N144 —8— FM-N180
400 —£&— SM-NO —&— SM-N144 —&— SM-N180

350

300

200

@(NO3 -N)/mg-kg™!
[
L
=

150

100

50

200

150

@(NH+-N)/mg-kg™!

50

i

2018-10-29 |-
20181224 |- &
2019-01-21 + T°1)
2019-02-18 |- |f
2019-04-15 |
019-05-13 | |
2019-10-01 2
2019-10-29
2019-11-26
2019-12-24
2020-05-01 "2
2020-05-29 |-

2018-10-01
2018-11-26

o4

HM (4E-A-H)
B4 2018 ~2020 FENEFEERKSEREAHERERE T LI o (NO; -N) #l 0(NH; -N) Bh75%E
Fig. 4 Dynamic changes in soil @(NO; -N) and @(NH, -N) under different tillage methods and nitrogen

application rates in the winter wheat growing season during 2018-2020
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Table 3  Fertilizer nitrogen N,O emission coefficients and N,O global warming potential
s AL AN, OHE L R % % N O & BRI IR 4/ kg - hm ~2
2018 ~2019 £ 2019 ~2020 4 P43y 2018 ~2019 4F 2019 ~2020 4 P42

CT-NO — — — 30.05 +0. 10Bb 23.39 +0.78Bc 26.72 +3.87Bc
CT-N144 0.05 +0.01Ba 0.12 +0.02Bb 0.09 +0.01Ba 51.26 +2.84Ba 70.39 +0.92Bb 60.82 +11.18Bb
CT-N180 0.05 £0.01Ba 0.14 +0.02Ba 0.10 +0.01Ba 54.80 +3.12Ba 88.65 £0.45Ba 71.73 +19.63Ba

FM-NO — — — 37.39 £2.26Ac 28.06 +0.82Ac 32.72 +5.56Ac
FM-N144 0.07 £0.01Aa 0.20 +0.02Ab 0.15+0.01Ab 68.79 +0.43Ab  102.45 +0.79Ab 85.62 +19.44Ab
FM-N180 0.09 +0.02Aa 0.28 +0.03Aa 0.18 +0.02Aa 84.53 £2.73Aa  159.76 £0.75ABa  122.15 +43.46Aa

SM-NO — — — 35.21 £0.97Ab 25.50 +0.88Bb 30.35 +5.66ABc
SM-N144 0.05 £0.01Ba 0.14 £0.01Ca 0.10 £0.01Ba 51.55 +2.14Ba 54.91 +0.88Ba 53.23 +4.58Bb
SM-N180 0.05 £0.01Ba 0.14 £0.01Ca 0.10 £0.00Ba 60.19 +1.41Ba 79.46 +0.57Ba 69.82 +11.16Ba

1) AR S FRER R A R B EAR [R5 Uk 22 18] 89 28 S Pk AN RN R A RV A ) i 20 ek 22 18] A9 22 53 (P < 0. 05)

BT SM Al CT(P <0.05).
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