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Abstract: In response to the issues of high nitrogen fertilizer input and declining soil quality in the Hexi Oasis
irrigation area for silage maize (Zea mays) production, this study investigated the effects of mixed leguminous

forages on soil physicochemical properties and yield of silage maize under reduced nitrogen supply. The aim was to
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provide a scientific basis and theoretical support for development of recommendations for soil health management and
sustainable production of silage maize in this region. The experiment was conducted at the Wuwei Oasis Agricultural
Comprehensive Experimental Station from 2023 to 2024 using a split-plot design. The main plots consisted of three
crop planting patterns [ M: monoculture of silage maize; MH: mixed of silage maize and soybean (Glycine max) ;
ML: mixed of silage maize and lablab bean (Dolichos lablab) ], while the subplots comprised three nitrogen
application levels (N,: 360 kg+ha™'; N,: 306 kg-ha '; N;: 252 kg-ha™'). The results showed that compared to the
M planting pattern with a 30% reduction in nitrogen fertilizer, the soil bulk density in MH and ML patterns under the
same nitrogen level was reduced by 5.5% and 8.0% , respectively; porosity was increased by 6. 6% and 10.8%,
respectively; pH was decreased by 0.9% and 1.0%, respectively; organic matter was increased by 3.9% and
5.1%, respectively; total nitrogen content was increased by 9.2% and 10.4%, respectively; total phosphorus
content was increased by 8.7% and 10.9%, respectively; total potassium content was increased by 9.4% and
12. 0%, respectively; nitrate nitrogen content was increased by 26.4% and 29.8%, respectively; ammonium
nitrogen content was increased by 19.1% and 25. 1%, respectively; available phosphorus content was increased by
8.8% and 10. 6%, respectively; and available potassium content was increased by 5. 7% and 10. 1%, respectively.
In addition, compared to the M planting pattern, the forage yield and energy yield in the MH planting pattern were
increased by 23.1% and 25. 2%, respectively, and in the ML planting pattern by 30. 5% and 33. 6% , respectively.
Under the MH planting pattern with a 30% reduction in nitrogen, the forage yield and energy yield did not differ
significantly from traditional nitrogen application, but under the ML pattern, they were increased by 20.5% and
17. 8%, respectively. Moreover, the forage yield and energy yield in the MH planting pattern with a 30% reduction
in nitrogen were increased by 15.8% and 17. 8%, respectively, compared to the traditional nitrogen application in
the M planting pattern, and in the ML pattern with a 30% reduction in nitrogen, they were increased by 23. 8% and
28.6% , respectively. Therefore, ML patten combined with a nitrogen application rate of 252 kg+ha ' improved soil
physicochemical properties and increased forage yield, and can be recommended as a suitable cropping pattern and
nitrogen rate for silage maize production in the oasis irrigation area.

Key words: mixed cropping; nitrogen application; silage maize; soil physical and chemical; forage yield
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Fig. 1 Average temperature and precipitation at the experimental site
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Fig. 2 Soil bulk density under different cropping patterns and nitrogen application levels
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Fig.3 Soil porosity under different cropping patterns and nitrogen application levels
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Fig. 5 Soil organic matter content under different cropping patterns and nitrogen application levels
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0.05,%£1). SMAMH,MHARX +HE 2R T EEN N, NIKFE 5828 9. 2% 4.4% 4. 1%, &8 557

F1 AEAMHEEAMERKET2LEFHIELYRIAE
Table 1 Soil total nutrient content during the whole growth period under different cropping patterns and nitrogen application

levels (g-kg™)

oA 452 5 Jiti S K 42K Total nitrogen 4T Total phosphorus 424 Total potassium
Cropping pattern N application rate 2023 2024 2023 2024 2023 2024
M N, 1. 05ef 1. 06d 1.43e 1.44e 20.42d 20.51d
N, 1.03f 1.03e 1.42¢ 1.43e 20. 36d 20. 44d
N, 0.96g 0.98f 1.41e 1.43e 20. 25d 20. 34d
MH N, 1. 08abc 1. 12ab 1.51d 1. 50d 21.50¢ 21. 54c
N, 1. 07bed 1. 10be 1. 53¢ 1. 54c 22.28b 22.38b
N, 1. 06de 1.07d 1.56b 1. 55be 22.37h 22.41b
ML N, 1.10a 1.13a 1. 52cd 1.52d 21.58¢ 21.59¢
N, 1. 09ab 1. 11ab 1.56b 1.57b 22.25b 22.29b
N, 1.07cde 1.09cd 1. 60a 1.59a 22.71a 23.38a
5 2 Significance (P value)
A4 28 Cropping pattern (C) o o o o o o
Jiti 207K °F- Nitrogen application level (N) ok ok % ok % %
4 Year (Y) NS NS NS NS NS NS
CXN o o o o o ok
Y XCXN NS NS NS NS NS NS

[F) 31 AN [vi] /N5 B AR 3 45 Ak B 2 JR] 25 5 1k 8 3% (P<<0. 05) Different lowercase letters within the same column represent significant differences among
treatments (P<C0.05); *; P<C0.05; **; P<C0.01; NS: P=>0.05; F[i The same below.
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TR 9.4% . 10. 5% ;A S REMBERX TSN, N, EZR AR E, EMHEXTEN,ZF KB E 7N, FIHE
2.2% ,7E ML BT H N, NG 50 T e 1. 9% 3. 8% s s AH & i /F MASE AU R 5 N, N, 28 5 AN i 3, 7F MH 0 F
H5N,ZRARE NI 1. 9%, 7 MLE T N, N9 4. 2% .5, 2% o TRAE B R & W F 0 T +

F2 AEAMEEAXMERKETEEETHIEERLFTICE
Table 2 Soil available nutrient content during the whole growth period under different cropping patterns and nitrogen

application levels (mg-kg™)

TR A 5 it K- fif S AR A AR
Cropping pattern N application Nitrate nitrogen Ammonium nitrogen Available phosphorus ~ Available potassium

rate 2023 2024 2023 2024 2023 2024 2023 2024

M N, 16. 83e 17.42¢ 7.36d 8. 96d 28.66d 28.74d  148.44e  148.96d
N, 15. 82f 16. 82¢ 7.07e 8.67¢ 28.55d 28.61d  148.39e  148.39d
N, 14. 26g 15. 26f 7.05e 8. 65¢ 28.52d 28.58d  147.24e  147.24d

MH N, 17.98d 18.98d 8. 54c 10. 14¢ 30. 62¢ 30.66c  153.04d  153.44c
N, 18.99bc  19. 99bc 8.63c 10. 23¢ 31.20b 31.34b  154.40cd 155. 20bc
N, 19.57ab  20.57b 8. 88b 10. 48b 31.22b 31.41b  156.13bc 156.13b

ML N, 18.16cd  19. 16¢cd 8.57c 10.17¢ 30. 69¢ 30.71c  155.41bc 155.41bc
N, 19.05bc  20.05bc 8. 68c 10. 28¢ 31.23b 31.41b  156.89b  156.89b
N, 20. 52a 21.52a 9. 66a 11. 25a 31. 86a 31.96a  163.45a  164.25a

i Pk Significance

Pl A5 X Cropping pattern (C) *k *ox ok ok *k *k ok *ok

Jifi & 7K °F- Nitrogen application level (N) ok o o ok ok ok o o

4 Year (Y) NS NS NS NS NS NS NS NS

CXN *ok ok ok ok ok *ok ok ok

Y XCXN NS NS NS NS NS NS NS NS
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B AR A LS R A B ORISR 40 1 e O 2, 6 W G RHIR AR AT AR IR R IR ORI b S EIE T R
Tyfie ™= Az A, DT 2 45 55 40 AL 17 1 AT S
2.4 TR ARHARX Fo i G F AT E R A

Fofr e A 2 it R0 ) E R A A A X A R B R 3 (P<T0. 01) , AR B R AR BE < B RE B
2 it L T ) CE AR KR e ) R e R A e e X G R R W (P>0. 05, 181 6) o AR AR = 1R) b AR, MIH AR X 4]
BB 7E Ny N, K R H MO 2GR R it 207K S 43 548 55 23. 1% .15, 2%  ENK S T 22 2 A B 3% i & /= s 1E
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A XA [ il 207K S 2 AR R 33. 690 .21, 0% AN 7. 2% o b Ah , ML B 4] 55 B 57 5 AE N K R B MH B 43
B 9.6%.9. 5% 1 N, NyKF F 22 53R 3% o il ZU/K 18] He 45, N A B 0] 0 7 e MASE 5 MIH A X o 5
N, N, 22 5 AR 3, 78 ML b 5 N, 28 OR824 NGB 5 20, 490 5 N A B AR B 77 B fe MBS 55 N, 28 5 0K
ELVBRNEMS. 7%, E MH AL 5 N, 22 5 A B 3 8 N2 & 10, 5%, 78 ML B0 88 N, N, 23 0l 42 55 8. 094
17.8% . MeAh, MH A1 ML A 28 N, 7K S 9 Fa) B 7 d 4 MRS NG K S 43 5310 388 i 15. 896 A1 23. 8% , g 1 7 B 144 K
17.8% M 28.6% . ML BT N, /K5 MH L2 N, K- 36 B 535 10 7= a0 34, Ho ) o0 1 7= g B v th /5 % 8. 0
ANE Sy X — 22 I E T B SR AE R G R R 2 BRI BT b RS NP . ML AR N, K H A B R A A
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Fig. 6 Forage yield and energy yield under different cropping patterns and nitrogen application levels
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Fig.7 Relationship between soil physical and chemical characteristics and forage yield

EY: fit # 7 & Energy yield; FY: fd % = & Forage yield; TN: 4x % Total nitrogen; TK: 4 #}l Total potassium; NH, -N: # % % Ammonium
nitrogen; TP: 4:# Total phosphorus; BD: % # Bulk density; AP: 7 % Available phosphorus; AK: #2441 Available potassium; SP: fLF ¥ Soil
porosity; NO, -N: fi§ 75 % Nitrate nitrogen; SOM : 5 #LJ5 Soil organic matter.

®3 ARAKERAEFESTIEEVEFHEXREMBEZRY

Table 3 Correlation coefficient and path coefficient between forage yield and soil physical and chemical factors under different

treatments
EERAN SCCY DPC [H] 422 38 1% & %X Indirect path coefficient

Parameter pH TN TK NH,"-N TP BD AP AK SP NO, -N  SOM
pH —0.548%*  0.160  — 0.005 —0.091 0.201 —0.319 —0.061 —0.014 —0.265 0.194 —0.255 —0.103
TN 0.538** —0.009 —0.085 — 0.080 —0.172  0.292  0.048 0.006 0.206 —0.184  0.255  0.100
TK 0.820%*  0.131 —0.111 —0.006 — —0.247  0.431  0.077  0.019  0.324 —0.258  0.339  0.120
NH,"-N 0.805%* —0.262 —0.123 —0.006  0.123 — 0.433  0.075 0.019  0.341 —0.260  0.341 0.124
TP 0.842#%%  0.454 —0.112 —0.006  0.125 —0.251 — 0.076  0.018  0.333 —0.257  0.343  0.123
BD —0.770%% —0.084  0.115  0.005 —0.119 0.233 —0.404 —  —0.023 —0.319 0.246 —0.307 —0.111
AP 0.356%*  0.035 —0.064 —0.002 0.070 —0.138  0.233  0.057 — 0.170 —0.152  0.116  0.307
AK 0.822%*  0.369 —0.115 —0.005 0.115 —0.242  0.408 0.073  0.016 —  —0.242  0.310  0.134
Sp 0.798** —0.269 —0.115 —0.006  0.126 —0.253  0.432  0.077  0.019  0.331 — 0.332  0.125
NO, -N 0.826%*  0.380 —0.107 —0.006  0.117 —0.235  0.408 0.069  0.011  0.302 —0.235 — 0.123
SOM 0.755%%  0.158 —0.104 —0.006  0.099 —0.205  0.351  0.060 0.007 0.312 —0.212  0.295 —

SCCY : 5= 4 (1) faf B 41 5 & % Simple correlation coefficient with yield; DPC . H i 4 £ %{ Direct path coefficient; TN: 4% Total nitrogen; TK:
42 #f Total potassium; NH, -N: £ Z% % Ammonium nitrogen; TP: 4 # Total phosphorus; BD: % # Bulk density; AP: A 2% ¥ Available
phosphorus; AK: #A# Available potassium; SP: FLERE Soil porosity; NO, -N: filf &% %& Nitrate nitrogen; SOM: 4 HLJ& Soil organic matter.
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