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Effecfs of Mulching and Application of Organic and Chemical Fertilizer on Greenhouse

Gas Emission and Water and Nitrogen Use in Summer Maize Farmland

JIANG Hong-li"* | LEI Qi*, ZHANG Biao'**, WU Shu-fang'-***

(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of Water-saving Agriculture in Arid Areas in
Northwest China, Northwest A&F University, Yangling 712100, China; 3. Key Laboratory of Agricultural Water and Soil Engineering, Ministry of Education, Northwest A&F
University, Yangling 712100, China; 4. Yellow River Conservation of Water and Soil Suide Governs the Surveillance Bureau, Yulin 719000, China)

Abstract; To explore the effects of mulching and the application of organic and chemical fertilizer on N,0, CO,, and CH, emission; maize yield; water use efficiency
(WUE) ; and nitrogen fertilizer use efficiency under the conditions of the same nitrogen fertilizer input in summer maize farmland, an experiment was conducted in the
Guanzhong Plain of China. In this experiment, the two main experimental factors were mulching (M) and no-mulching, and the secondary experimental factors included no
fentilizer application (CK) , organic fertilizer substituting chemical fertilizer at 0% (0, 0.00 kg-hm = organic fertilizer and 225.00 kg+hm > chemical fertilizer) , 25%
(T25, 56.25 kg+hm ™ organic fertilizer and 168.75 kg-hm > chemical fertilizer), 50% (T50, 112.50 kg+hm > organic fertilizer and 112.50 kg+hm > chemical
fentilizer) , 75% (75, 168.75 kg+hm > organic fertilizer and 56. 25 kg-hm ~> chemical fertilizer) , and 100% (T100, 225.00 kg+hm > organic fertilizer and 0.00
kg+hm 2 chemical fertilizer) , for a total of 12 treatments. The results showed as follows; (D both mulching and fertilizer application (with or without mulching) factors
significantly increased soil N,0 and CO, emissions and reduced soil uptake of CH, (P <0.05). Compared to chemical fertilizer treatments, the organic fertilizer treatments
reduced soil N,O emission by 11.8% to 52.6% and 14. 1% to 68.0% and increased soil CO, emission by 5. 1% to 24. 1% and 15. 1% to 48. 7% under mulching and no-
mulching conditions, respectively (P <0.05). Compared to that under no-mulching, the global warming potential (GWP) under mulching increased by 140. 7% to 206. 6%.
Compared to that in the CK treatment,, the GWP of fertilized treatments increased by 36. 6% to 67.6% and 31. 2% to 89. 1% under mulching and no-mulching conditions ( P
<0.05), respectively. Combined with the yield factor, the greenhouse gas intensity (GHGI) under the mulching condition increased by 103. 4% to 166.2% compared to

that under the no-mulching condition. Therefore, GHG emissions could be reduced by increasing yields. ) The mulching treatments increased maize yield by 8.4% to

Wt A 2022-06-02; f£iT BHY: 2022-08-22

E&WH . EZEHESH LTI H (2021 YFD190070402 )
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22.4% and WUE by 4.8% t024.9% (P <0.05). Fertilizer application significantly increased maize yield and WUE. The organic fertilizer treatments increased yield by
2.6% t08.5% and WUE 13.5% to 23.2% under the mulching condition compared to that in the MT0 treatment and increased yield by 3. 9% to 14.3% and WUE 4. 5%

to 18.2% under the no-mulching condition compared to that in the TO treatment. (3) In the 0-40 cm soil layer, the total nitrogen content of mulching treatments was increased

by 2.4% 1024.7% compared with that of the no-mulching treatments. Fertilizer application treatments increased the total nitrogen content by 18. 1% to 48.9% and 15. 4%

10 49.7% under the mulching and no-mulching conditions, respectively. Mulching and fertilizer application promoted nitrogen accumulation and nitrogen fertilizer use

efficiency in maize plants (P <0.05). Compared to that in chemical fertilizer treatments, the organic fertilizer treatments increased nitrogen fertilizer use efficiency by 2. 6%

10 8.5% and 3.9% to 14.3% under mulching and no-mulching conditions, respectively. Combining ecological and economic henefits, the MT50 under mulching conditions

and T75 under no-mulching conditions can be recommended as planting models to guarantee stable yield and achieve green and sustainable agricultural production.

Key words: mulching; organic fertilizer; greenhouse gas emission; water use efficiency; nitrogen fertilizer use efficiency
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Fig. 2 Dynamics of soil temperature and water filled pore space (WFPS) with different treatments during the summer maize season in 2021
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Fig. 3 Dynamics of soil N,0, CO,, and CH, emission flux with different treatments during the summer maize season in 2021
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i BURAE ;5 B SR BT, Co, HEK
WY AE7 H 20 H 29 HA HE %
8. 7EEAGE S AR B i, 58 co, HEE 28
R T2, B EA AT T 45 A BAR Ak 8] TGt 35 1k 2
5¢,T100 Ab# I 3 5 T H A AL B (P <0.05). 7

=1

AEESTEKRKEAN,O, CO,, CH, HEE, £HIGBERMBEESEHBEENZ

ZAF T, A HLAE Bt Ak PR Y CO, HE R X E
MTO ¥4 H1 T 5. 1% ~24. 1% ; AEBEHT A HLAE
et b BEAY CO, HERCEIE &£ X TO 3 T 15. 1%
~48.7% . Hor A HUIE S AL 50% HIAbPERE B 3
FEAIK CO, HEjlE (P <0.05).

A

Table 1  Total emissions of N,0, CO,, CH,, global warming potential (GWP) , and greenhouse
gas intensity (GHGI) with different treatments during summer maize
HmHE fEEE NOHE R CO, M CH, HE B GWP GHGI
(M) (F) /g+hm 2 /kg+hm 2 /kg+hm =2 /kg+hm /kget !
MCK 380 +35e 16 181 £1 670b -4.12 +£0.29d 16 166 £2 046b 3248 +411a
MTO 2079 +£51a 21584 +3 161ab -1.91 +0.71abc 22 081 +3 864ab 3030 £530a
M MT25 1834 +85b 24992 +3 090a -1.17 £0.67ab 25445 £3789a 3404 £507a
" MT50 986 +42d 22 678 £2742ab -2.95+0.0lcd 22857 £3 372ab 2890 +426a
MT75 1243 +75¢ 26294 +3 191a -0.86 +0.53a 26599 +3914a 3395 £500a
MT100 1384 +90c 26776 +2 790a -2.27 +0.63bc 27079 £3 425a 3605 £456a__
CK 139 £31e 6035 £701d -4.35+0.15¢ 5950 £863b 1296 & ¥$8bc
TO 1281 +28a 7510 £753¢d —-1.46 £0.40a 7 808 +918ab ‘1312 _1;_1'5lu4bcu_
(A T25 1101 £27b 10 112 #+050ab -1.71 £0. 14a .10 356 £1290a 1 674%“2'()8;113'
T50 550 £32¢ 8763 £ 14029hc -3.45+0.54b | 8812+ 1253ab 1 3404 19.kbey
T75 409 +26d 8 643 = 777be -2.73£0.03b | 8 676 £961ab 1 275 :;I;ﬂﬁ‘c ]
T100 519 +21e¢ 11166 £1270a ~1.90 +0.44a/ 147251 21 547a 1746 }:‘24033““-"".“ ¢
M sk ol - ® l,-“' o sk
gﬁ%‘mﬁg{j F‘".‘ *k ) p" ’_.-"'" sk i ' . .“ %
r MXF 3k i,pffs 2 * "..‘ ‘Jnns -4 . ns

1>§&{ajﬁmﬁm@§ n=3; InﬁlJTlrrJ/J\'ﬁ?ﬂﬁﬂdEilﬂiﬁ B (P<0.05); 4

,lll'](P<0 o1 )T A G5 B J
7 %3 AR SRS R 'y
CrmrmakemExRgy 0

Table 2 //Single PearSon’s correlation coefficient between greenhouse

gas emission and soil temperature and water filled pore space (WFPS)

WiH N,0 o, CH,
+ R/ C 0.209 0.430 ™ -0.119
FIEALBE KR % 0.159 0.226 " 0. 041

1) Hl s R RRA B FELM (P <0.05) Fk @ EEm (P <
0.01)

2.1.4 CH, HFjilcE &4k

BEMERZE | A PR 2R K 9 R 2658 B X -3 CH,
HEoE AT B0 (P <0.05,3 1), HHER M
FIEALBR S AR 4 cH, HERCE A W PR
(F2). 540 135 CH, HEMGE &34 1 2 /928
ACEIAEE , A7 T 38 T R 6738 o, 35 3R HECRAAE
WO, BRI T e X CH, AW, 4% 4k P 7E
BEAER R E RN LA, 5 X
AEFRAR LG, A NS AL BRREAR T - 458X CH, Wi (P <
0.05). MM L RAERESAME T CH, HHE
WOEETE —1.02 ~0.62 mg-(m*-h) "' Hl -0.94 ~
0.38 mg-(m’-h) ' Z 0. FEE RS T, 245 4b B XT
CH, FIWI K /NE B R . MCK > MT50 > MTI100 >

-

-
=

- — i s
!,7* N s S8R WA (P <0,05)
el . oy

o o

MTO > MT25 > MT75, MCK /b ¥ 75 % A= 25 # 4 %o
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SrREEINT 39.7% ., 81.5% . 115.3% . 251.8% Al
380. 8% . TEARGEAE ST, A AL BEXT CH, fY I
WR/NEI K. CK > TS0 > T75 > T100 > T25 >
TO,CK Zb3#XF CH, MM IR R 54 4. 35 kg-hm 2,
b H Gl &b B4R BB T 26.0%. 59.2%.
129. 4% . 155. 0% F1198. 1% .
2.1.5 SRR

R 1 AT LUE ), Hb A 5 R IR HE I 1 4 Bk
(P <0.05), FEIEH N BB RN T 4%
CO, Wy HERE: | B S5 AL F Y GWP X Fu L 4 A7 i
AEBRIEHNT 140. 7% ~ 206. 6% . 4% it A Ab -t 184 i
T GWP(P <0.05) , i iB AL BRI GWP Lo X HE 4b 2
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Fig. 4 Yield and water use efficiency ( WUE) with different treatments during the summer maize season in 2021
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Fig. 5 Soil total nitrogen content with different treatments during the summer maize season in 2021
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Table 3  Nitrogen absorption and utilization with different treatments

BREE EERER ARPRE AR ARFABE FUNER HBEE e EIRE
(M) (F) /kg+hm 2 /kg-kg ! /kg-kg™! /kg kg ™! /%
MCK 113.14 £3.90d 44.00 +0.38ab 71.40 £3.72a
MTO 156.05 +11.38¢ 0.69 +£0.05¢ 47.10 £5.38a 32.39 +1.35¢ 71.96 £5.64a
S MT25 189.63 +1.67a 0.84 £0.0la 39.43 £1.22b 33.23 £0.73¢ 75.80 £1.30a
MT50 178.50 +1.07ab 0.79 +£0.00ab 44.31 £1.52ab 35.15 £0.99a 74.75 £1.56a
MT75 187.04 £4.21a 0.83 +0.02a 41.91 +0.86b 34.82 +0.07ab 77.32 +1.44a
MT100 173.17 £6.86b 0.77 £0.03b 43.43 +1.37ab 33.38 £0.27be 75.83 £0.17a
CK 86.31 +4.38¢ 53.44 £4.76a 71.11 £2.77be
TO 140.49 +£9.66b 0.62 +0.04b 42.66 +4.15b 26.46 +0.76d 68.25 +0.54¢
YRR T25 150.50 +4.90ab 0.67 +£0.02ab 41.13 £0.51b 27.50 +£0.56¢cd 73.42 +1.98ab
T50 171.08 £16. 11a 0.76 £0.07a 38.86 £4.51b 29.22 +0.65ab 74.63 +0.40ab
T75 154.75 +18.2ab 0.69 +0.08ab 44.73 +6.55ab 30.23 £0.88a 77.31 £2. 14a
T100 145.58 +14.30b 0.65 +0.06b 44.62 +3.59ab 28.64 +0.51bc 71.30 £2.95be
M EES EES ns EES *
MxF ns ns # ok ns

D) BUEAFIME = bR, n=3; FIFIAR/NG FRRIRAL BRI 22 5 B3 (P <0.05) 5

(P <0.01) FIBEA 500

sk s A3 BIRRA WA (P <0.05) |
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