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Abstract: The aim of this study was to determine the effects of different nitrogen application rates on grassland
production performance, economic efficiency, energy use efficiency, and ecological efficiency index under mixed

seeding conditions. The overall aim of our research was to provide a scientific basis for the efficient use of N fertilizer
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to achieve environmentally sustainable development. We conducted a field trial in 2021—2023 at the Sidunzi Grass
Field Science Research Base of Ningxia University. The experiment had a two-factor design with two cropping
patterns (SS: forage sorghum monoculture; SL: forage sorghum/lablab mixed cropping) and four N application
rates (N;: O kg+ha '; Ng: 90 kgrha '; Ny,: 180 kg-ha '; N,,: 270 kg-ha '). It was found that the synergistic
effect of mixed seeding and nitrogen fertilization significantly increased the hay yield and crude protein yield of the
system. The optimum production performance was obtained with the mixed crop fertilized with N at 180 kg-ha .
This treatment had the highest hay yield (29.08 t-ha ') and crude protein yield (2. 62 t-ha '). These values were
higher on average by 20.69% —23.86% and 21.03% —26.89%, respectively, compared with those in the other
treatments and the control. An economic benefit analysis showed that the forage sorghum/lablab mixed planting
fertilized with 180 kg+ha™ ' N had the highest average annual net income and net energy output. The values for this
treatment 33.94% and 21.32% higher, respectively, than those in the control (no fertilizer) , demonstrating good
economic-energy synergy effects. The forage sorghum/lablab mix with 90 kg-ha ' N application had the highest
energy use efficiency and energy productivity at 10. 84 and 0. 60 kg-MJ ', respectively. These values were 1. 94%
and 1.95% higher than the respective values in the control. The sustainability of the different cropping patterns was
evaluated on the basis of the forage yield, economic efficiency, energy use efficiency, and ecological efficiency index.
The highest sustainability index (0.97) was obtained for the mixed crop with N application at 180 kg-ha'.

" is the optimum level for the forage sorghum/lablab mixed

Therefore, application of N fertilizer at 180 kg-ha"
cropping system in the Northwest Arid Zone. This treatment improves the forage yield and sustainability of the
cropping system with relatively low N fertilizer inputs.

Key words: seed mixing; nitrogen fertilizer; production performance; eco-efficiency index; economic benefit
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M H & (kg-hm *)= TR & (kg-hm *)}< HEHA&FE(%)
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%35 B 1M Ol 2E 3] 2026 4F 43

723 [t (the ratio of income to cost, RIC) 32 A0 F .
RIC=NI/TC

F1 FETH(2021-2023 F ) R BENEFHAE

Table 1 Annual average (2021-2023) economic cost of agricultural inputs

Ao 462 2 it K BEAA Input cost (yuan-hm *)
Cropping  Nitrogen appli AT HiFrHL JIE A 2l T W R 9% fift 5 Mt
patterns cation levels Labor Tractor Fertilizer Pesticide  Drip irrigation tape  Electricity bill Seed Total
SS N, 2313. 36 1985. 04 858.00 909. 36 750. 24 251.28 720.00 7787.28
Ny, 2313.36 1985. 04 1344. 24 909. 36 750. 24 251.28 720.00 8273.52
Nigo 2313. 36 1985. 04 1830. 48 909. 36 750. 24 251.28 720.00 8759.76
N, 2313.36 1985. 04 2316.72 909. 36 750. 24 251.28 720.00 9246. 00
SL N, 2431. 44 2309.76 858.00 763.92 750. 24 243.36 2947.68 10304. 40
Ny, 2431.44 2309.76 1344. 24 763.92 750. 24 243.36 2947.68 10790. 64
Nigo 2431. 44 2309.76 1830. 48 763.92 750. 24 243.36 2947.68 11276. 88
Ny 2431.44 2309. 76 2316.72 763.92 750. 24 243. 36 2947.68 11763.12

SS: 1l FH 5 3 H14% Forage sorghum monoculture; SL: 4 H & 3 /47 B & IR 4% Forage sorghum/lablab mixed cropping. T [f] The same below.

1.3.4 peEfdEitA AR Ak BE 5 BE 8 4% A (energy input, EI,MJ-hm *) 45 F 7 T 489l HLAE AR AE A
24 WDRL RS R A AR (R 2) o B ZH R 0 Y RE B A I AR 7 B R T LURH B 1Y BE Y R AU
(R 2), &% T - & (forage sorghum dry matter yield ) F1 4% I & 4 i 7 1 (forage lablab dry matter
yield) R B 2 B RS 18 MI-kg ',

K2 FFEH(2021-2023F )R EF=B/NE
Table 2 Average annual (2021-2023) agricultural production inputs

B A SS (MJ-hm %) SL (MJ-hm ™ ?) fig i Y i R A 2% 3k

Input source N, Ny, N N, N, Ny, N N, Energy equivalent coefficient References
AT Human labor 192.8  192.8  192.8 192.8 202.6 202.6 202.6  202.6 1.96 MJ-h ! [21]
JREL Fuels 90.0  90.0 90.0  90.0 954 954 954  95.4 56.31 MJ-L ™! [21]
HLIK Farm machinery 37.5 375 37.5 37.5 45,0 45,0 450  45.0 332 MJ-h ! [21]
A Chemical fertilizer-N 0 90 180 270 0 90 180 270 60.6 MJ-kg ' [21]
B Chemical fertilizer-P,0, 150 150 150 150 150 150 150 150 11.1MJ-kg ! [21]
B AE Chemical fertilizer-K,O 90 90 90 90 90 90 90 90 6.7MJ-kg ! [21]
425 Pesticide 0.75 0.75 0.75 0.75 0.63 0.63 0.63  0.63 120 MJ-kg ™" [21]
T4 HEHF Drip irrigation belt 75 75 75 75 75 75 75 75 76 MJ-kg ! [21]
H1 %% Electricity bill 838 838 838 838 812 812 812 812 11.93MJ-Wh ! [21]
i St Fp ¥ Forage sorghum seed 18 18 18 18 18 18 18 18 43.5MJ kg ! [22]
FEL 5 Fh - Lablab seed 0 0 0 0 49.5  49.5  49.5  49.5 23.8 MJ-kg ' [22]

T BB R (EDIHEARX =0T .

EI:EEII+EIZ+ --EI,

i=1

A ELLEL--- ELAUE FR R Ao B RE B LA (MT-hm %) .
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EEI= NI/EI
K DM IR T 57 & (dry matter)
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Fig. 2 Effects of different cropping patterns and nitrogen application levels on normalized difference vegetation index (NDVI)
SS: fl J = B¢ B Forage sorghum monoculture; SL: A Ji i 52 /50 15 5 IR 4% Forage sorghum/lablab mixed cropping. H: 278 # 2 2k W1 i 4= K& K
#,2021,2022 F1 2023 4E WOR 1 B9 A K KB 31k 127,123 #1134 d. The number of growing days until harvest is 127, 123, and 134 days for the 2021,
2022, and 2023 harvests, respectively. T [f] The same below.

FAE K 120 d B, Ny Ny AT N, 2 B TATE 43 51 Fo N3 1. 96 % .5. 57 % Fi1 1. 75% , 2022 4 43 51| bt N, 3% Jin
4.07% .5.48% 3. 67% ,2023 4£ 43 5l L N3 2. 7926 .6. 89 % F1 5. 83% , HoH1 Nyo . N Fl Ny 5 N, Ab B 22 [1] 22
SR B B 3 K (P<C0.05) o HT AT L, N A FE 2 1 ) o 0 O AT A 0 28 B o
2.3 HHMFXFAERENTFEZZAAEG ZZTWH Y0

ol e X, 0 i 260 Ak T g B S B W A B A 5 (P<<0. 05, R 4) o 3AEIRX B0 &5 S 2 B, 1) v 3 15 7 12 YR 4%
WA T R B PR RE L 2021 — 2023 4F 1 T BCRR 23 il 4E 15,6800 13,8906 Fl 14. 33 %0 , HLEE H 7 & 43
R 25, 7126 .25, 960 F123.43% o IRFEALIEE 0T 57 5 10 5, 7EAS [\ 2K R L 3 4RI I 45 R B 7E Ny,
Ab BER A B f R, 43 9 R 28.12,28. 58 Ml 30. 53 t-hm 7, 5 N, &b B A FE, 2021 — 2023 4 F & 7 4 B4R =
21.13% .23.86% M120.69% . MALEE /=Bl LI H, 34E7E N Ab B R #4935 8 i 5, H5 N Ab Bl 22 5 8 2% (P<
0.05) . 5 N A H, 2021 4 it 0 &b B3 (1% KL 2R (1 7= 4 5 T 18. 88%0~26. 89 %, 2022 4F- #5113, 11%~25.81%,
2023 4FE 455 1 11.90%~21. 03% .
2.4 HHFAPFEIASTHEFRANGT A

o A X it 2R/ S X A 35 A D 8 L AT 3 R (P<<0. 05, (&1 5) o 34E P34 45 B3R B IR 4% 4 s i 41
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Fig. 3 [Effects of different cropping patterns and nitrogen application levels on leaf area index
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