¥35% 10 LA = O 1 61—78
Vol. 35,No. 10 ACTA PRATACULTURAE SINICA 2026 4% 10 H

DOI:10. 11686/cyxb2025443 http : //cyxb. magtech. com. cn
B, W SO, AR, A5 R T AN A B A RS S RUIE B A AR BIE AT . Bk 2, 2026, 35(10): 61—78.
YIN Min-hua, CHANG Wen-jing, YIN Jian-xin, ez a/. Optimization of alfalfa pasture planting patterns and nitrogen fertilizer management to reduce

greenhouse gas emissions. Acta Prataculturae Sinica, 2026, 35(10): 61—78.

ETRHAMNEERE M EERERR
ERIEEERUHAR

BECEE R R R YRR EER KA B ER ETE
o

CL ROl R KRR B TR B, T fr 22 M1 7300705 2. Wi VL4454 B2 W 58 Be L i VL e 310018)

E BRI S ARHEBCE S b ol A R T TTER IR . R R O AR R RN O, B AR
Joa 11 AR 0 ARLZE DA e 0 I A b 1) 41 24 A A 7 v it — e R S IR RUIE IR SRR O RN A 2 . AR
Ao P A 2 0 1 A MR AR R A ROR AR . AR S o B 3 R R AR SR (FP) B A
Wy I i b B (BMD) | 28 4 35 38 4t B (PMD) | 2 R EUIE 2 A [ (PR 28 (U) A2 B AUIE (C) 1 4 Flite 27K F- (0,80, 160, 240
kg+hm™), ZE /0 Hr T AR 3 5 I 4 B 1 45 #5 4 CO,  CH, I NLO HERCAI 520 o 45 SRR W], B 15 B Ll CO, .
NLO ¥ HE IR A CH, WIS o 5 it B AR 28 A L i 9% B UNE R 35 B AIK CO, A1 NLO 1y B BRUHE i, IR 4 i CHL W
R R , H A L CO, NLO SRR HE i i i CH, 52 B Ui J 349 I it 207K 1 8 v 42 18 & 3, HL 3R B oy PM>
BM>>FP. BM il PM [ & 15 77 48 4 FP 23 90 P-4 32 155 43. 56 % H130. 07 % , it H $a e RN 1) 1 7 7 A it ) IR 361
PI4E R 8. 46 %0, it 160 kg-hm * 458 B ZUIT 45 5 28 3 4= Wy B ik b B (BMLC,) 19 8 7 7™ et e 9 (24, 83 t-hm *) R
FEEA it 20 A B4R 725 97. 11 % o il FH 95 B ZRUIE 109 42 Bk 18 VRV 34 (G W P) R 22 SR HE IS0 B ( GHGT) 43 ) 4 it FH PR 356
I REAR 12,26 % F115.04% . BM 19 GWP 5 PM Ab B R AIR 15. 28 %6 , 4 FP AL P 4278 15. 1200, GHGI
PM Al FP V- 3543 BIREAC 11. 84 %0 M1 17. 18% o & b, FEARWF 58 5144 T L )it ] 160 kg-hm * B AN 4 & 2B LY
fift i 155 (BMIC, b ) 2 H 7 51 36 THE IX S 208 0 A 245 X A 00 398 7™ e 10 7 oA e FELASE X,

SR R RUNE 5 A e e % 5 T B AR s A A B T

Optimization of alfalfa pasture planting patterns and nitrogen fertilizer
management to reduce greenhouse gas emissions

YIN Min-hua', CHANG Wen-jing', YIN Jian-xin’, DUAN Ya-ya', LI Hai-yan', WANG Yan-biao',

KANG Yan-xia', MA Yan-lin', WANG Ya-yu', QI Guang-ping'

1. College of Water Resources and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China; 2. Zhejiang
Institute of Quality Sciences, Hangzhou 310018, China

Abstract: Agricultural production is a significant contributor to global greenhouse gas emissions. Alfalfa (Medicago

sativa) is the world” s most widely cultivated forage crop, and it fixes nitrogen wvia its root nodules. However, in
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intensive production systems targeting high yields and quality, this crop is often supplied with nitrogen fertilizers, and
this impacts greenhouse gas emissions. Optimizing planting management practices is an effective approach to mitigate
greenhouse gas emissions from alfalfa fields. In this study, we analyzed the effects of planting patterns and nitrogen
management on CO,, CH,, and N,O emissions from alfalfa fields. We conducted a field experiment to analyze the
effects on greenhouse gas emissions of three planting patterns (flat planting, FP; ridge-furrow planting with
biodegradable film mulching over the ridge, BM; ridge-furrow planting with plastic film mulching over the ridge,
PM) , two types of nitrogen fertilizer (urea, U; controlled-release nitrogen fertilizer, C) , and four nitrogen
application levels (0, 80, 160, 240 kg-ha '). The results show that alfalfa fields served as a net source of CO, and
N,O emissions and a sink for CH, absorption. Compared with application of urea, application of controlled-release
nitrogen fertilizer significantly reduced cumulative CO, and N,O emissions while increasing cumulative CH, uptake.
Cumulative CO, emissions, N,O emissions, and CH, uptake all increased with increasing nitrogen application levels,
with the largest increases in the PM treatment, followed by the BM treatment, and then the FP treatment. Alfalfa
yields in the BM and PM treatments were 43. 56 % and 30.07 % higher, respectively, than that in the FP treatment.
Alfalfa yields were 8.46% higher in the controlled-release nitrogen fertilizer treatments than in the urea treatments.
The highest yield (24.83 t-ha ') was in the treatment combining 160 kg-ha ' controlled-release nitrogen fertilizer
and biodegradable mulch film on ridges, representing a 97. 11% increase compared with the yield in the unmulched ,
nitrogen-free treatment. The global warming potential (GWP) and greenhouse gas emission intensity (GHGI) were
12.26% and 15.04%, lower, respectively, in the controlled-release nitrogen fertilizer treatment than in the urea
treatment. The GWP in the BM treatment was 15. 28 % lower than that in the PM treatment, and 15. 12% higher
than that in the FP treatment. The lowest GHGI was in the BM treatment, and was 11.84% lower than that in the
PM treatment and 17. 18% lower than that in the FP treatment. In summary, under these conditions, application of
160 kg-ha ' controlled-release nitrogen fertilizer combined with ridge-covered biodegradable mulch (BMC,
treatment) is the recommended cropping management system for increasing alfalfa yields and reducing greenhouse
gas emissions in the Gansu Yellow River irrigation district and similar ecological zones.

Key words: controlled-release nitrogen fertilizer; biodegradable film; greenhouse gas emission; planting and

management pattern; alfalfa
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hm ", 3R 56K 58 A BEALIX BT, BB R A X | U 2 R R it UK AN R (R 1) o Rk (1 2) e 1%
G VAR (FP) , BB A= ) At M (BML, LR R SRR R RS W) AR 7, 385 5 3 90 d) A1 28 3 35 3 b s (PME, 22 M
G A Hb BRI A B R 2B ) o TR b S A I T L 2 43 500 SR 100 em 0. 008 mm o AR 28 YA 45 B A
HELC, 7R 4 1F K AR 25 T A 4 T 43 A7 BR 2> 7 4R 7, 4 (nitrogen ) 19 i 20 ol 30 % , T4 4F 11 15 3R 7 /i — Wk Ik
Herits 1A IR 2 (U, H XA B BR324 28 A, 000 0 4 B0 46. 4%, 4% 6:2: 2 43 5 F AR AR 8 58— FE IR 75 0T 5B
— R X E A ) o i ZKE 4% 0.80.160 Fi1 240 kg-hm *. {803t 21 4~ 4b#, AN AL BREE & 3 UK, /)
X LA 42,9 m*(5.5 m>X 7.8 m) . ¥ /K it NE SR FH 3% 9 K N — 1A Ak Ty 3o 2B RS- R /0N X 3 8 5 [ B85 43 ) b
A0 A1 60 cm, KBTI 2 Loh ' /N EKE 122 /1T AMKFCEEE 0.001 m*), FH FH ik ., o
HE it Bl AR A5, PO JE 8 40 %016 %0 ) AR AR (SR B, KO TR 40 21 60 %0 ) 45 50 kg hm “E AL T R4 —HH
1 1R T 1 — YR Mt A o T 7K B H At PR T 5 R it ) 24 b A b, T 3 N I ) 43 1R 2023 4E 6 H 20 H .7
H29HMIA12H, LA 202446 A5H . 7H 28 HMIH 25H .

B3R PAE A K Zerp & Ab BEE A8 B NO, -N I NH. =N & A E . iR AR AT, LS
RS R G HEIr 98 8.86~17.06 mg-kg '.2.36~6.21 mg-kg iR ZE LM T, BIEM S A ME SR & &
23504 10. 33~20. 78 mg-kg '.2. 28~6. 23 mg-kg ',

F1 WKWkt
Table 1 Experimental design

frE A =X ALz % Nitrogen fertilizer management
Cropping patterns LS Jitts KT = FE e
Nitrogen fertilizer types Nitrogen application levels (kg+hm %) Application rate among three crops
-1E Flat planting JRZ Urea (U) 80 (U,) 6:2:2
(FP) 160 (U,) 6:2:2
240 (U,) 6:2:2
B AL Controlled release nitrogen 80 (C,) 1:0:0
fertilizer (C) 160 (C,) 1:0:0
240 (C,) 1:0:0
it &ML No nitrogen fertilization (N,) 0 (N,)
BB YRR A PR3 Urea (U) 80 (U)) 6:2:2
Ridge-furrow planting 160 (U,) 6:2:2
with biodegradable film 240 (U,) 6:2:2
mulching over ridge
(BM) B AU Controlled release nitrogen 80 (C)) 1:0:0
fertilizer (C) 160 (C,) 1:0:0
240 (Cy) 1:0:0
it &AL No nitrogen fertilization (N,) 0 (N,)
BB 3 i Ridge-fur-  JR & Urea (U) 80 (U)) 6:2:2
row planting with plastic 160 (U,) 6:2:2
film mulching over ridge 240 (U,) 6:2:2
(PM) -
¥ B AUIE Controlled release nitrogen 80 (Cy) 1:0:0
fertilizer (C) 160 (C,) 1:0:0
240 (C,) 1:0:0

it & B No nitrogen fertilization (N,) 0 (N,) —
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Fig. 3 Soil available nitrogen content
(a) R MAE b BUR 2 E NOy -N B B3 8 5 (b)) fURPIAE A A0 R 23 NH, =N & 5 P I 5 IR 22 40K 7R 9500 BAFIX ] o AR i/N G 52 B 2R
b B2 R) A7 A B 2% F (P<<0.05) , Ab R4 FPN, FP, FP, % 2 [a] , UMt i F IR %, CIRE M B A . TR . (a) represents the average soil
NO;-N content under each treatment over the two years; (b) represents the average soil NH47-N content under each treatment over the two years. Error
bars indicate 95% confidence intervals. Different lowercase letters indicate significant differences among treatments (P<C0.05). Processing groups include

FPN,, FP,, FP,, etc. U represents the application of urea, C represents the application of controlled-release nitrogen fertilizer. The same below.

1.3 MEZRA 5 H*k

TARSE — A H AR T 5, R % P 2 2 A R 0M 638 A (8 H SO 35 {1 GC-2010 Pro, 25 JH ) 2 B 15 d ik
A IFIE L3 CO, . CH,MIN,O, # S 46 HH 4 60 cm X 60 em X 60 em( TA-FC #4548 , b 5 KR 2 BES RHEA R A
Al ), R HLRS S 60 cm X 60 cm X 15 em, Hi T #8404 A E 75 H#1 10 cm., %%%M:Bﬂ%%% <A ORI JAE b5 i oK 2
B KR b Ao A SR SR RIXUR L2 B2 11 A N e BRI T A 22 ke 12 V /N XU TR B0 UM, XU Ah 3
FHAL A o SRASARET K A E TR L, LA RIS B R AR A L 0 OR A P MO R R R — B, AR
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KRR A A4 9:00—11:00, 7658 0.10.20.30 min F R 110 50 mL {3 8 %% & 18] 4 25 2% 4 40 mL <44, 7 H)
Y 7] S 0 = 0 5
1.3.1 CO, CH, M N,O HEAlG#E & (f,mg-m *-h )

de 273
f=p X HX "X

X 60 1
dt 273+ T (1)

WARBUR G L, de/de J RAE I 25 AR N SRR FE 2 6%, mg-m *+min ',
SR EAE I, Fos HEBURER s 2, s e Ak o
1.3.2 CO,.CH,MN,O 2k i (M, kg-hm *):
M= 1[(f 1 +f)X0.5]X(d,,,—d,)X 24/100 (2)
2 N SRAE U /o0 5 R R B & SR W HE RO & 5/ 48 R — UCRFEE & 5 d —d N SR AR ) B R 2
100y BA37 5 e R B
1.3.3 & BRIGIE B #4 (global warming potential, G WP ,kg CO,-eq-hm *) :
GWP=M(CO,)+ M (CH,)X 25+ M(N,O )X 298 (3)
A M(CO,) R EW CO, BitHEM R, kg-hm *s M(CH,) A 5E W CH, ZiHHEiCE kg hm s M(N,O) M il &
WIN,O B3t HEik &, kg-hm *,
1.3.4 FHf5 " at TE 125 H A8 9048 W1 R FH 8 55 R0 - 66F LU 25 G 09 7 bk e 77 i o 78 B /I DOXE A 42l b i
BT mX T m ATy, & b BN 5 BRI 7 fF T M, (kg) 5 7E R FE 7 55 BEHLIE I 50 em X 50 em /INEET7 N 1S FR
e m fif T ML (), AR5 B/ INRE T i R A BF i ABEAR T 105 °CAHE 30 min, 75 “CHET ZE 5, 7748 2F FR T
T Mo (g) , Mo/ M, B R B 4 T 6F Le . B8 B 8 T 87 i 2 FRD R 4 77 i
AR (Y, kg-hm H)iHELAX L.

Y =(M, + M,)x 1000/M, (4)
1.3.5 &= S ARHER B (greenhouse gas intensity, GHGI, kg CO»-eq-kg™ ') :
GHGI=GWP/Y (5)

1.4 HKESH

¥ H Microsoft Excel 2021 #4334 , Origin 2021 #4:4: &, IBM SPSS Statistics 27. 0 3 4F#47 F 173 53
Bro SRR R M Duncan ¥ BEAT 75 28 43 BT A0 22 1 LU o SR HTXUIR 2R 5 25 40 BT R A5 32 L300 43 A, b 35 M K7
P<<0.05.

2 HBRESH

2.1 AHAMBEXL RIeEEE FFE CO, MK Ha

2.1.1 COfEiuER  COHEMUM R (106. 24~818. 68 mg-m *-h ) i £ 5 2F 75 9 4F 1k 2 56 T) i 5 PR A i 3,
B A AR RS & R BB (L 4) . R R AL AT, PM 5 BM ) CO,HEGE 5 3 FPF- ¥4 7+ = 36. 836 il
20.08% ,C, C, 1 C, 19 CO,HE L8 552 N 435 ¥ 7 i1 12, 39% . 19. 55% F135. 06 % o Jifi FH R K 45 4b BELAY CO,HE
i 30 A it P A R IR SE 2 T 13,43 %, Hoth PM 5 BM &8 FP B2 1 30. 79 % #1113, 26 % , U, UL F1 U %8 N,
53 2 T i 22.45% .38, 16 % F156.27% o B A AL FPN, A CO, HEE it (2 45 ¥4 268. 37 mg-m *
h™ D) A, PMU, 59 CO,HEMGHE (2 4FF- 3 24 523, 14 mgem *+h )t .

2.1.2 CO,BRHEE  BRAEA AR A K it RK 7 =3 58 B AE F RN 2023 45 it UK 5 ZE AL 2 |
VB X 7 B4t CO, ZBUHE A& B2 Wi R 3 (P=>0. 05) 4, Hi A B4 D 25 Fn g B4R 35 8 3 5 i CO, BRI
(P<<0.05,% 2) . CO, R B HE ik & & B A it FH 45 B B AR T H R 3= B ZOK P2 m 3 m s, HBM 5
PM & T FP(E5) . i I BEE XM T, C CoM C iy CO, BFHEBUR K N, 43 517 2 7185 13. 64 %6 .21, 05% Al
35.83% ,PM 5 BM ] CO, R HE i 8 FP 43 5 °F- ¥ 75 36. 3200 A1 20. 67 % . J IR &= 54T, U, .U, 1 U, 1)



5 35 B 10 1 Ol 2E 3] 2026 4F 67

=N, ¢C 4C, v(C U «U, >0

900 5y 900r )
“F- {6 Mean: 336.99 - 114 Mean: 382.43 [S
it K8 Max: 650.12 i K fH Max: 849.01

750 B /ME Min: 127.48 750 /M Min: 170.99

600} i 5 ¢ : i 600} i E g
' Y ' i ' Y '

450} { 4 450}

: t
g %%300

AN
SRR SR 2

0 1 1 I | 1 1 1 1 1 1 1 0 1 1 1 i | 1 1 1 1 1 1
900r (¢) SF34 {4 Mean: 467.43 900r(d) <44 Mean: 320.62
5 KA Max: 818.68 g P 5K Max: 724.09
750 e /M Min: 166.03 i 750} i /ME Min: 106.34 ;
: : ‘@ : : :
600f Y Y ! Y g 13 i o0f V Y !

HBD! oM v

450} 450} t
300} § g i i i i 300} i i i 2
150-i 150} ! ; i

HEONH A

CO,HE i 8 & CO, emission flux (mg-m *-h™")

0 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1
900 () I Mean: 375.44 900r (g) “T*¥I{H Mean: 409.12
B K Max: 747.45 ¢ K A4 Max: 760.13
750 e /ME Min: 113.26 7501 /M Min: 80.82 §
H H B ' '

600} ' ' vg g 600} Y V

g B asop
300f i % ; i 300 é
SIEEE | R i

5/I01 5/I15 6/I01 6/I15 7/I01 7/I15 8/I01 8/l15 9/01 0 5/I01 5/I15 6/I01 6/
H 1 Date (H/H Month/day)

B4 MHEEXSEEEENEEEM COEMEEN N

Fig. 4 Effects of planting pattern and nitrogen management on CO, emission flux in alfalfa grassland

& 22 A R 3 3 930 2278 95 04 A5 DX 1] ATHE HGE o, 1 28 1 Sk R AL F1F . (a) L (b) AT () 43 B 32K 2023 4F 1% G F-AE 28 78 A Wy e i b e ) 28 % 5

5 (d)  Ce) FT(D 43 0 R 2024 4F A% G2 1A 22 78 A8 Wy W five b 5% R 28 78 353 b 5% . R[] . Error bars and dots represent 95% confidence intervals

and emission fluxes, respectively, and the dashed arrow indicates the application of urea fertilizer. (a), (b) and (c) represent flat planting, ridge-furrow
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planting with biodegradable film mulching over ridge, and ridge-furrow planting with plastic film mulching over ridge, respectively, in 2023; (d), (e)
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over ridge, respectively, in 2024. The same below.

CO, B BHEM 25 N 4351 ¥ T 23, 85% .40. 70% F158. 44% ,PM 5 BM i) CO, 2R HE ik & 48 FP 4 51 F 1 7+
1 30. 6496 F113.20% . A AL #E T, PMU, Y CO, B FUHE IR 5 (2 4FF 24 1. 65 t-hm *) , H PMC, .BMU, il
BMC., 19 CO, RFHEM 8 PMU, 43 51 P B REAR 12. 76 6 7. 87 %6 F130. 15% .

2.2 MK L RAEE L H EE R CHH R 0 ¥ a

2.2.1 CHHepuE & CH AR AARFR I 0§ W, BLRE 76 A= 8 W10 52 58 T i Ja B AR R 34, il A 4 PR A2 K
REREAMBEH(EG6) . il HE B AL AT, PM 5 BM ) CH, W ICH 45 FP 43 517 B REAK 35. 93% F120.98% ,
Cy C, M Cy i CHL W A £ 488 N 43501 S 34 w8 24 749 .71, 22% F140. 07 %0 o it F DR 28 45 b #1% CHL, IR g 3 o 4
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F2 FARAMEEASEEEETEERER CO,EREMENHTENN

Table 2 Analysis of variance for cumulative CO, emissions in alfalfa grasslands under different planting patterns and nitrogen

managements
AEA Year P L T PXL PXT LXT PXLXT
2023 455. 30%* 108. 44 178. 25%* 5.28% 1.41% 0.71ns 0.18ns
2024 232, 63%* 377.10%* 238. 99 2. 59 13. 615 28. 50%* 0. 58ns

T PACR AR S, L AR UK, T AR AR AL+ #Hlns 430378 P<<0. 01 .P<<0. 05 Fll P>0.05. T Id.
Note: P represents planting pattern, L represents nitrogen application level, and T represents nitrogen fertilizer type. **, * and ns denote P<<0. 01, P<C

0.05 and P>>0. 05, respectively. The same below.
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Fig.5 Effects of planting pattern and nitrogen management on annual cumulative CO2 emission in alfalfa grassland
FM Q3R A 2 IR AL 1, BM AR 3K B A= 9y 5 A J Ak 22, PME AR 3 2 358 M i Ak B, R 18] . FM denotes non-film treatment, BM denotes treatment with

biodegradable film, and PM denotes treatment with conventional plastic film. The same below.

Jit FH 42 B UL P 2 71w 6. 9106, o PM 5 BM &EFP 23 )P BB AIR 12, 5200 F16. 6700, U, UL UL 8 N, 51l °F
¥t 28.96% .50.26% F1 32.41% . Fr 47 AL BE v, FPC, 9 W Y38 i (2 4F 3 0. 0566 mg-m “+h ') & &,
PMN,, (%) W i o (2 4FF 4428 0. 0224 mge-m ™ *~h™ ") Fefik .

2.2.2 CH, ZEBWUCE  BRAMEETE  ZUIE 28R A ZUK 7 = 38 BAE F B 2024 R 5 AUIE A58 B
P G E T H CH, 82 B 52 M) AN 28 (P=>0. 05) Ah, oy B DR 38R 28 B4R 3 0 35 5% m) CHL 9 SR B MR g it
(P<<0.05,383) . H & it CH, 2 R WS 6 2 30 Ay it FH 45 UIE v 7 FH AR 3R, i it 280 /K - B2 v 528 e 1 i s A1
##, HBM 5 PMAR T FP(E 7)o s 42 B AUIE & 44 T, C L Co M Cy 9 CH, 2 B I B 58 N, 23 531 °F 3 71
23.96% .67.61% H137.93% ,PM 5 BM i1y CH, 2 BRI i 5L FP 43 51 - X AR 34. 98046 F120. 24 % o IR & 4%
PR, U UR U B CH, BRI N2 B3 785 27, 59% 43, 31% A128.49% ,PM 5 BM i) CH, BRI i it
BFP /I T e5 14.83% F17.65% . A AbHf  FPC, i CH, 2R (24 F 3 0 1. 78 kg-hm ) e
2.3 AHEXE RIEF AT Y E N0 MK H R

2.3.1 NOHEBGEE  NO HEHOE & Bl A8 A & W E 52 5 T i 5 B A0 3, Bl AL AP PR AE K B 1 T 3
(E18), i H#EBAN &M T, PM 5 BM By N,O HEHGHE & 48 FP 4350 F ¥ 748 25.13% #19. 11% ,C, .C, M C, 1Y
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Fig. 6 Effects of planting pattern and nitrogen management on CH, emission flux in alfalfa grassland
FUEAC K CH, W . Negative values indicate that CHy is in the absorbed state.

R3 ARAMEEASEREETEEEM CH,ERRBEBN T EZS

Table 3 Analysis of variance for cumulative CH, absorption in alfalfa grasslands under different planting patterns and nitrogen

managements
Ay Year P L T PXL PXT LXT PXLXT
2023 222. 38%x* 207. 56%* 8. 60%* 57. 26%* 52. 76%* 37. 24 1. 72ns
2024 65. 79%* 65. 82%* 31. 27 6.49% 1. 05ns 9. 45%x 1. 28ns

NLO HE il 8 58 N, 23 50107 2 7F 5 4. 82% .12, 23 % F121.49% o it F PR 28 451 F , NLO HE il 76 45 #4368 18 J5 W
TR WO P B R IESE Y T 24, 61 %, Horp PM 5 BM 4 FP 43 5 - 34 715 24. 08 % #110.01% ,U, U, fl U,
BN A3 FH 5 21.93% .34.96 % F163.31% o BT A AL b FPN, B HEAGHE & (24538 0. 04582 mg+m °-
h™ ) A, PMU, (Y R & (2457225 0. 0892 mg-m *-h ") fe & o
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CH, Z B HE X & CH,cumulative emissions (kg-hm )
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Fig. 7 Effects of planting pattern and nitrogen management on annual cumulative CH, emission in alfalfa grassland

2.3.2 N,O ZAUHERCE iR A 2 | A 2 7 A it 0K T 2 IR 2 Rt RUK P 5 AU 2SR A A2 HAE Y B R
M N,O SR HE i (R 4) o NLO SBUHE il ek 38 B0 Ay il FH 4% 8 S0 AC AR 7t FH PR 3%, Bl it 280 /K 1 488 v S 34 i a9, HL
BM 5 PM & F FP(E 9) . jifi HE B R AT, C Co Ml Co iy NLO B BUHE B 58 N4 91 2 7185 5. 56 %
11.41% #120.01%,PM 5 BM 19 N,O 2 FUHER 3 FP 4 HF ¥ T 21, 31% M 6. 73% o IR E &40 T ,U,.
U, F U, B NLO B R HE MR 8 N2 93 TF s 21. 78 % .34, 24 % H161.47% ,PM 5 BM 19 N,O 2 FHHE ik £ % FP
Oy B TR 23.12% M1 9.45% . B A AR R R, PMU, B9 N,O 2R HE T B (2 45 5F 2 4 2. 82 kg-hm *) e & , H
PMC,;.BMU, #1 BMC, ¥ N,O B FHE i & 5 PMU, 2 31 2 B 25. 18% .9. 22% F138.83% «
2.4 AHEBEXLERARFTESEFEIAELSRTHAR G W
2.4.1 SERHGE W T & A BRI R TS (GWP) 2 30 kit FH 4% R UAE /N T FH PR 3%, B it 207K - T e
SRS, B PM A BM K T FP(KE 10) . i H#E B AL & T, C . Co M C, 19 GWP # N, 43 51 °F ¥ It
12.31% .19.36% H134.21% ,PM #1 BM [ GWP % FP 43 5 °F- #7155 19. 55% #136.29% . i IR R &M T, U,
U, fil Uy 19 GWP 38 N, 43 51 F ¥ F+ 55 22.73% . 38.03% 1 56.22% , FP [ GWP & PM fil BM 43 Il 7 ¥ % (%
13.12% #130.52% .
2.4.2 R ESAHE R B A 7 B i UK 3G i SE s S BEAIK, B BM 5 PM 3 & T FP(IE 11) . it
FERE AT, CoBE T8 7= B 7E 2023 4558 N, C, f1 Cy 43 3 F 34 3 75 54. 21% .24. 20% 1 11. 77 % , 7 2024 4F
5N, Co 1 Cy 43 9 - 24 #2175 50. 83% .21, 67% A1 12. 71% ; BM 5 PM H B 48 7= &t £ 2023 4F- 58 FP 43 9 F 24 #2
43.56% F130.07 % ,1E 2024 4E 45 FP 43 5| - ¥ 2 785 31. 49 % A1 17. 05% ; BMC AL B 1 6 7= B fie v o i JH IR 28 4%
PR E T PR AE 2023 F1 2024 4E 43 51 13. 34~21. 06 t-hm *F115. 62~24. 14 t-hm *, BMU, At B0 B 75 72 = (W
A 22,60 t-hm *) e i, 8 FPN, . BMN, B9 Fil FPU, 43 51 - ¥4 8 3 3 5 77. 18 % . 43.49% 1 30. 33% . [Al—
Jiti KT R AR R it 47 R RUIE it FH PR 38 AT P 3 4 5 A 7 5 8. 46 %0, BMC, A R A 7 it A A o
7 R M = AR HE O B (GHGT) 22 38 it FH 45 8 0 IE AR T it FH R 22, B it 607K T o8 2 5B B AR S T &
e, HBM/NT PM M FP(E 12) . i HE B AL ST . BM ) GHGIH PM Fl FP 43 51 °F- B B AL 21. 84 %6 Fl
14.56% ,C, M GHGIE N, C, Fil C, 20 5l F- ¥ B A% 22. 26 %0 14, 73% A1 21.45% . Wi IR & 4444 F ,BM ) GHGI
4 PM Fil FP 43 51 F 34 B# A% 12.50% A1 9.28%, U, i) GHGIL ¢ N,. U, fil U, 43 51| F 4 B A% 3. 11% .5.99%
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Fig. 8 Effects of planting pattern and nitrogen management on N,O emission flux in alfalfa grassland

R4 FRAMEEASEREETEEERNO RRAMENFTESF

Table 4 Analysis of variance for cumulative N,O emissions in alfalfa grasslands under different planting patterns and nitrogen

managements
Ay Year P L T PXL PXT LXT PXLXT
2023 33. 61 131. 28 44, 03%* 0. 04ns 0.17ns 10. 92 0.51ns
2024 82. 33%x 229. 04xx 84. 36%x* 4. 48ns 0. l4ns 17. 24 0. 15ns
3 itig

3.1 AHEEXLE RIeT A HiE LR TR a
SAEGRMEY N E] A 9 K [ AU RE ) 5 TR A AR R R 2 R AR B e ) B A B Ao AR A AN R U A Y R
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Fig. 9 Effects of planting pattern and nitrogen management on annual cumulative N,O emission in alfalfa grassland
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Fig. 10 Effects of planting pattern and nitrogen management on global warming potential in alfalfa grassland

Pl v A A i Ay 42 BRI TR W3 (kg CO,-eqrhm ) o (a) 1036 2023 45 Fh i A1 20 55 Z60M0 A5 B 17 7 0l 4 BRI TRV S 52 1), () 1R 36 2024 4F Fi A 20 5
FUIEAE B X 1 4 5 2 BR O R A B . The coordinate axes in the figure represent global warming potential (kg CO,-eq-ha ). (a) represents the
impact of cropping patterns and nitrogen fertilizer management on the global warming potential (GWP, kg CO,-eq-ha ') of alfalfa grasslands in 2023.
(b) represents the impact of cropping patterns and nitrogen fertilizer management on the global warming potential (GWP, kg CO,-eq+ha ') of alfalfa

grasslands in 2024.

3.1.1 CO,HEjik A CO R 2 T AR R A F5 00 A W o3 AT L BT 1) S 5 W Sl Wy I
W K A HE 55 e ) T 1 48U AR A T G v 1 5 O R S % R I X - 39 COL HE B STk e ™ Pl 6 2 5 0 A S
I PR RS R e R YRV 254 S TR NI R 3 COLHE . 5 Zhang SR IL TE AT E K
WF 5 485 R — B0, AR WT 58 B, 28 B35 1 b 58 R 2 7 A W 6% ik 2t B ) Y A R C O, HE T B A% G0 A 2 T
36.83% F120.08% o X FE Iy T 7 BT AR £ w5 - S IR B, 1 ok A W M LA BLTE A A . SR, Zhao S5O HE
Bram A (Gossypium hirsutum) WWFGE & B, W BT 55 23 BE AR+ 4 COLHEL . 33X 7T A 5 M B3 55 7 U &0 7 Zhao
SR R, A 2/ 3 TR 55 OSSR N T Lk A AR BEL IR 2 S I T R — R A AR A e s i
AR 50 R FH 2B AR 7 5 =, Ml JEE S o 2B A, 1 CO, T 3E ik 2898 DX A R HE i . 8 78 TR AR 3 70 28 T 45 1 T i
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Fig. 11 Effects of planting pattern and nitrogen management on alfalfa yields

(a) FlCc) 43 AR 2023 F1 2024 463 F 5 B U 1Y B 78 7 4 5 (b) A1 (d) 43 334R 46 2023 F 2024 4E i PR R 19 B 45 7 . (@) and (¢) represent alfalfa
yields with controlled-release nitrogen fertilizer applied in 2023 and 2024, respectively; and (b) and (d) represent alfalfa yields with urea applied in 2023

and 2024.
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Fig. 12 Effects of planting pattern and nitrogen management on greenhouse gas intensity in alfalfa grassland

P i A s il Sy T 3 SR HERICIR B [ kg (CO,-eqrkg ') 1o (a) 1R 3R 2023 AR Pkt 52 20 15 40 B 4 3 GH 127 768 00 b U 8 A5 ORI JBE 19 52 1), (D) AR ¢ 2024 41 b
AR 2 5 00 A B 1 7 o b UL = AR HE SR BE (9 52 . The coordinate axes in the figure represent the greenhouse gas intensity (GHGI) [kg (CO,-
eq-kg ') J. (a) represents the impact of cropping patterns and nitrogen fertilizer management on the greenhouse gas intensity (GHGI) of alfalfa

grasslands in 2023. (b) represents the impact of cropping patterns and nitrogen fertilizer management on the greenhouse gas intensity (GHGI) of alfalfa

grasslands in 2024.
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AROEE A 1, TSI € COLHEM . 2B RIS n] PR (B I /U3 24 O B 1 S8 TR 001 4, AR BB W 3 £
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