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improvement. Biochar application is an effective measure to mitigate gaseous nitrogen loss form farmland. However, the impacts of
nitrogen reduction under intercropping green manure combined with the biochar application on gaseous nitrogen loss and the
system’s nitrogen footprint remain unclear. This study aimed to evaluate this comprehensive practice to provide a technical approach
for the green maize production in oasis irrigation areas of Northwest China. [Method] A two-factor field experiment was set up in
2021 at Wuwei Oasis Agricultural Experimental Station in Gansu Province. The experiment employed a two-factorial design. The
main factor was nitrogen application system, including conventional nitrogen application (N100), 30% nitrogen reduction (N70), and
30% nitrogen reduction combined with sesbania biochar (N70S). The second factors were cropping patterns, including maize
monoculture (MM) and maize intercropping with common vetch (IMC). Six treatments were formed: N100-MM, N100-IMC,
N70-MM, N70-IMC, N70S-MM, and N70S-IMC. From 2024 to 2025, maize yield, nitrogen absorption and soil physicochemical
properties were measured, nitrous oxide emission and ammonia volatilization were monitored, and the nitrogen footprint of the
system was quantified by life cycle assessment method. [Result] Compared with N100, N70 decreased maize grain yield,
aboveground biomass and nitrogen absorption by 7.9%, 6.1% and 4.7%, respectively. In contrast, N70S increased grain yield and
biomass by 8.6% and 2.7%, respectively. IMC increased the yield by 3.8% compared with MM. Notably, N70S-IMC increased grain
yield, aboveground biomass and nitrogen absorption by 12.6%, 4.3% and 4.0%, respectively, compared with N100-MM. The N70
reduced cumulative N,O emissions and NH; volatilization by 16.0% to 25.2% and 9.9% to 24.7%, respectively, relative to N100. The
N70S further reduced these emissions by 24.8% to 27.7% and 17.6% to 43.9%, respectively. Compared with N100-MM, N70-IMC
and N70S-IMC reduced cumulative N,O emissions by 12.1% to 20.1% and 20.1% to 35.8% and NHj volatilization by 15.3% to
24.3% and 11.2% to 20.1%, respectively. Soil analysis showed that, compared with N100-MM, N70-IMC decreased soil ammonium
nitrogen (NH,'-N), nitrate nitrogen (NO5-N), and microbial nitrogen (MBN) by 17.6%, 15.6%, and 9.6%, respectively. While
N70S-IMC decreased NH, -N and soluble organic nitrogen (DON) by 15.6% and 7.3%, respectively, but increased total nitrogen
(TN) and MBN by 3.9% and 25.0%, respectively. Random forest analysis indicated that soil NO;™-N, NH,"-N, MBN and DON were
the key factors driving N,O emissions, while NH; volatilization was mainly driven by NO;-N, NH,"-N and TN. Life cycle
assessment indicated that the nitrogen footprint under N70-IMC and N70S-IMC was decreased by 28.9% and 39.7%, respectively,
compared with the N100-MM. Furthermore, the nitrogen footprint of the N70S-IMC treatment was 10.4% lower than that under
N70-MM. [Conclusion] The combination of maize-green manure intercropping, 30% nitrogen reduction, and sesbania biochar
application increased grain yield and nitrogen absorption, improved key soil properties, and lowered N,O emissions, NH;
volatilization, and the system’s nitrogen footprint, which was an effective path for green and sustainable maize production in the
Northwest Oasis Irrigation District.
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Fig. 1 Information of spatial arrangement of maize monoculture and maize intercropped with green manure systems
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Table 1 Active nitrogen emission co-efficient of agricultural input data
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MM: Maize monoculture; IMC: Maize intercropping with green manure; N100: Conventional N; N70: 70% chemical; N70S: 70% chemical N combined with
sesbania biochar; N: Nitrogen application regime; C: Cropping pattern; NxC: Interaction between nitrogen application regime and cropping patterns. Significant
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Fig. 2 Grain yield, biomass and nitrogen accumulation in 2024 and 2025
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Fig. 3 N,O emission fluxes under different treatments



16 3

RS [VEZROIE N BT FO I B 5 AR TR P A ik 3611

Ja 3 AR 6.2%—14.4%. 9.3%—33.3%; 28.0%—
40.8% - 45.5%—50.3%; 17.1%—18.1% . 48.2%—
51.1%.N70S % N70 Ab P N,O FH 5O 5048 A8 FEAE
PR 30136 IR 9% 30118 L FEAIS 14.5%—22.0%. 7.9%
—31.0% Ml 37.5%—40.3% . #1t N100-MM,

N70-IMC F1 N70S-IMC AbFEAERE AR . #5715 936 A A0
HES B I PG 6.7%—18.3%A1 16.4%—39.0%:;

27.5%—28.8%M1 48.1%—59.0%; 12.8%—16.2%F!
49.4%—62.0%

&~
W

U BEX) 2024 AFFI PR35 4% N,O BB
JBCEAT B R, g B MR AR R A AR R
2025 AEFIPAEY) N,O BB 22 (P<
0.001) (P 4) . #EL N100, N70. N70S 4L HH (1) 2024
R AT N,O BAHEBCR FRIK 25.2%. 27.7%H0
16.0%. 24.8%. N70 5 N70S. MM L IMC AbF[H]
N,O BRI &L i # 2 % . M N100-MM,
N70-IMC A1 N70S-IMC AbHE [ 4573 N,O S AHE
HRG 12.1%51 27.4%.

2024

Nk Cns NxC:ns Nins  C:ns
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Fig. 4 Cumulative N,O emissions under different treatments
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3% NH; # d R AE LG 2—4 d IS BEAE : B S
BTN, AEE 9 RGHAE T2 (K5 . MLk
N100, N70 F1 N70S &b HE ¥4 NH; $5 K H (A1
FENE AR SR IR SR G I 43 ) B AIS 17.0%—
36.9%H1 30.2%—40.7%; 24.7%—71.6%F1 43.9%—
80.8%: 9.9%—27.8%F 17.6%—53.8%. N70S % N70
Ab B NH; #5 R T AW AE A FE 0 . 45009 08 AR
HTE B A 6.1%—15.9%- 25.5%—32.2%#1 8.5%—
36.0%. ALt N100-MM, N70-IMC A1 N70S-IMC 4t
HNH; 7 A 0 AE AR SE R . $5CTY 1136 T A0 e 2 3
BB BIBEAK 20.1%—43.5%1 35.8%—47.7%: 29.1%
—76.0%F1 51.9%—83.4%; 11.2%—44.4%K1 20.1%—
65.6%.

it SR S RO AR X R 2 (WA EAE TR 2024
2025 AEFIPHAETE) NHy 2R R R % (P<
0.001> (B 2025 FEAZ HAEHSM) (K 6) o AHEE N100,
N70 F1 N70S ALFE(F) 2024, 2025 EFIPE-H) NH;
BRE R BRI 24.7%43.9%9.9%H1 17.6% 17.0%-

30.2%, N70S £ N70 AR T 8.5%—25.5%. AHLL
N100-MM, N70-IMC F1 N70S-IMC 4b# (1) 2024 £EF1
PRAET- 1) NH; S5 R R FRAIG 29.1%51.9% 41 20.1%.
35.8%.

gr b, SRR K BAEARLE,  RAESRIE A
30% A HHC it FH 75 2E PR BE 6 PR AIG N,O HEJEORT NH;
R
2.3 HIEBALMOIK R EXT NO HERFA NH, 32 & B 210
2.3.1 HEIEAMR WK 2 PR, ML N100, N70
ASEEFI P 4E SOML TN AP, NH,'-N. NO5™-N. DOC.
DON. MBC Hl MBN ~J-#5 % & /b 2.8%—29.5%, pH
/b 0.09 AL N70S &40 3K TN A1 MBC & 1
BB 1.5%—2.4%H1 10.6%—17.0%, pH #4in 0.18
ANHLT, NHy-N. NO;-N. DOC. DON Al MBN %
kD 10.1%—24.0%. AHLL N70, N70S #4bHH[H
SOM. TN. AP. NO;-N. MBC 1 MBN 7 V-1 18
B 3.7%—28.0%, pH 141 0.08 AT

FHEL MM, IMC AR EEFAET TNV NH, -N.NO;™-N,
DON. MBC 1 MBN % &350 1.9%—21.6% (F
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Fig. 6 NH; volatilization accumulation under different treatments
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2.3.2 LIRS NO HAk Ao NHAE K B E <0.05) (B 7) o BEHLARMBAL TR, NOy-N,
Mantel #5363 1, N,O HE/f('5 NOy-N. NH,-N. DON, MBN. DON HI NH, -N 2511 N,O HEJB ) =2+,
DOC.MBN Fl pH £ 1. 3 [FAH9¢; NH; # & 5 NH, N, NH,-N. DON. DOC. TN Hl NO;-N &0 NH; ¥4
NO;-N. DON. DOC. MBN fil pH 28 EMHE (P KR FEER T,

Pearson's r
1.0

0.5

-0.5

-1.0
Mantel's P

@ <o.001

@ 0.001<P<0.01
@ 001<P=<00s

>0.05
Mantel's »

— 0.25-0.5
— <0.25
— positive
------- negative
N;O NH;
AP Ins Significance AP - ns Significance
B Non-Significant B Non-Significant
SOM | ns M Significant SOM ‘ns M Significant
AK lns R-squared: 0.4609 AK |ns R-squared: 0.7011
0 4 8 0 3 6 9
%IncMSE %IncMSE

THEFRY PETHIE, NoO R NH; 22 IR 3 RABHEOR . SOM: AL TN: 4% AP: A AK: A2 MBC: HUEY)ET: MBN:
HMAEWRSE; DOC: TYEA B DON: I TEAHLA

Soil nutrients represent the two-year average, and the emissions of N,O and NHj; are the two-year average cumulative emissions. SOM: Organic matter; TN:
Total nitrogen; AP: Available phosphorus; AK: Available potassium; MBC: Microbial carbon; MBN: Microbial nitrogen; DOC: Soluble organic carbon; DON:

Soluble organic nitrogen

E7 NOHME. NEAES HIBNERFZEH Mante | S HTFAREH FRIAIRE
Fig. 7 Mantel Test and Random Forest Model of the relationship between N,O emissions, NH; volatilization and environmental

factors
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2.4 TIEFEF

BN R 245 K2 3R 9 3 S DT R UE
WA EL R R 90.3%—92.4% (K 8) .
it S S R L P ke AR T AL B A R AU
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- S N leaching
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Fig. 8 Nitrogen footprint under different treatments (average for 2024-2025)
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BBV 5 MEE (N100) AHLL, WA
30% (N70) 4bFE N,O Al NH; SFHEBUR 7 5 A
16.0%—25.2%F1 9.9%—24.7%. X FH KT A H
PP T e s R A B, TR DAL A AE
IR EAE R KPS (NH, O P2, Mantel 4347 (&
7) RS, FEEEHLA (NH,-N. NOy-N) F
AEPEEHLE (DOND 5 52 S AR IR G
XA ¥

FERCEUHEA b, PRSP IR it P 6 NH #EK%
FEILH B3 I N, N70S % N70 AbEE (K] NH; £
TR R B BRAIG 17.6%—43.9% . 3X EH I+ W 4EY)
IR & I FLBR G AT R B e I ES B0 (NH,-ND
(147 SRR B R 2 [ R AR T, AT A 28502 NHL #8 %
(R0 R K YT, R A4 R A 3 1)
THTHNA S B RIS ELL (K 2, HIXHE
B SRAFE IS ) A B e e it JIES 5 AR 8 s 0 391 P
Y3 VAR A 6. AT H,
A= ) i R A R P e R B D B AIG 3 NH, A
NO; S, Fmia g at,

SR, TR AEP R A NLO SRR HE R G W3 5%
Wi o IX AR NH; 1 NoO HEBUT) 22 AR, $87R T
VO R UI 16 22 5 o PR 2R 40 i o 4 B4 2 T
P B[ RF NH,', B8 b 3 ) 2 1 5m Z4 % NH;
FER, AEGE T NoO I 9 HIEE & 75 200 ok 3 1 7 6 4]
W TCEY A S IRAEAG I R o AR 56 P H 1
IR AR S (680 'C) Wl fig G EUH R m
HHREH (RHESATRED W, mz 3 thm?
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W A 3 R ) ) ()
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