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Abstract: [ Objective | The study aims to investigate the effects of using vegetable waste fermentation
biogas slurry to replace chemical fertilizers on the soil fertility of Chinese cabbage (Brassica rapa wvar.
pekinensis) cultivation and the quality of the cabbages.It also seeks to screen out the optimal replacement ratio
of chemical fertilizers with the biogas slurry.This research provides a theoretical basis and scientific evidence
for solving the difficult problem of disposing of vegetable waste in the main production areas of high—altitude
summer vegetables, improving soil fertility, and achieving high—quality cultivation of Chinese cabbages.
[ Method | “Jintong” Chinese baby cabbage were used as the test material , and the field positioning experiment
was conducted for two consecutive years in 2023 and 2024, and five treatments were set up under the condition
of equal nitrogen amount, including five treatments, namely CK (0% biogas slurry, conventional chemical
fertilizer treatment ) , T, (25% biogas slurry + 75% chemical fertilizer) , T, (50% biogas slurry + 50% chemical
fertilizer) , T, (75% biogas slurry + 25% chemical fertilizer) and T, (100% biogas slurry) , to analyze the
effects of different biogas slurry dosage on soil fertility , the quality and yield of Chinese baby cabbage.[ Result ]
The content of soil organic matter was significantly increased under the treatment of biogas slurry replacing
chemical fertilizers and there was a cumulative stacking effect for two consecutive years of application.
Compared with the CK treatment, the increase in soil organic matter content under T, to T, treatments ranged
from 6.28% to 22.77% and 36.73% to 52.01%, respectively; Biogas slurry instead of chemical fertilizer
treatment could significantly increase the contents of soil total nitrogen , alkali-hydrolyzable nitrogen, available
phosphorus and available potassium, and the pH showed an upward trend; The soluble sugar, soluble protein
and vitamin C contents of Chinese baby cabbage were the optimal under the treatment of 75% chemical
fertilizer replacement by biogas slurry, and the vitamin C contents of Chinese baby cabbage in the two years
under the treatment of T, to T, were significantly increased compared with the treatment of CK, with the
increases of 38.18% to 66.08% and 37.73% to 57.46%, respectively; The titratable acid showed a decreasing
tendency with the increase in the amount of replacement by biogas slurry, but there was no significant change ;
The nitrate contents of baby cabbage under all biogas slurry treatments were lower than that of conventional
fertilization in the two years, and the decreases were 16.53%-43.73%, 13.36%—38.39% , respectively ; With the
increase of the proportion of biogas slurry substitution, the yield of Chinese baby cabbage showed a trend of
increasing and then decreasing, and the yield of Chinese baby cabbage reached the highest in both years under
T, treatment, with a significant increase in yield of 27.81% and 23.05% respectively compared with CK
treatment ; Biogas slurry replacing chemical fertilizer treatment can save the cost of fertilizer inputs and improve
the economic efficiency of Chinese baby cabbage.The highest income of Chinese baby cabbage was obtained in
two years under T, treatment, which increased by 29.0%,23.4% , respectively, compared with CK treatment , and
the highest production/input ratio was 53.0 in both cases.[ Conclusion | Considering factors such as soil fertility
and the quality of baby Chinese cabbages, the fertilization treatment of returning vegetable waste fermentation
biogas slurry to the field to replace 75% of chemical fertilizers (T,) is the optimal one.
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Tab.1 Experimental treatment and fertilization situation

b3 WAL E (kg-hm™®) NEAEA (kg hm™) S A/ (kg hm™)
Treatment Nitrogen supply from biogas slurry ~ Nitrogen supply from chemical fertilizers ~ Total nitrogen application rate
CK 0 174.0 174.0
T, 435 130.5 174.0
T, 87.0 87.0 174.0
T, 130.5 43.5 174.0
T, 174.0 0 174.0

i YR CHISH A AT IR B B Lk 2 i i G250 YL a3k | 2,6- T AEE Iy I A 5 T
R R FH I B R A V0 5 5 A PR h 2 BUNY/T 1279—2007 % .
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B T A 5
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R BIEAE Excel 2007 EA 785BI SPSS 22.0 #4475 K 2 U7 2243 #T (one—way ANOVA) | Pear-
son A0 &M Hr , % JH Duncan’ s 1 2 82 22 )7 1 (P<0.05) 4722 B B 21047, % T E o o i i k1745
EVEHY 5 Origin 2021 214 .
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Fig.1 Effect of biogas slurry application on soil organic matter
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Tab.2 Changes of soil nutrients under different fertilization treatments

Ay AP pHAH RN g keg") TR/ (mg-kg™) R (mg-kg™) MR/ (mg kg ™)
Year Treatment pH value Total nitrogen ~ Available nitrogen ~ Available phosphorous Available potassium
2023 CK 7.94+0.02" 1.13+0.05" 82.34+0.55" 29.30+0.30° 286.75+0.46°
T, 7.92+0.03" 1.16+0.01 84.84+0.20" 30.90+0.38" 277.07+0.52"
T, 7.94+0.01" 1.31+0.02* 85.42+0.60" 33.71+0.25" 296.16+0.52"
T, 7.94+0.02" 1.38+0.03" 89.65+0.48" 34.61+0.75" 295.86+0.24"
T, 8.06+0.02° 1.41+0.04* 87.15+0.16" 31.32+0.16" 358.10+0.46"
2024 CK 7.96+0.01" 1.29+0° 82.25+0.53" 29.84+0.94" 277.06+0.53°
T, 8.01+0° 1.35+0.04 84.97+0.23" 31.12+0.55" 275.62+0.31°
T, 7.99+0.01" 1.47+0.05" 85.91+0.59" 33.97+0.42 289.20+0.48"
T, 8.02+0.01° 1.53+0.03" 89.35+0.65" 34.55+0.82" 290.76+0.60"
T, 8.03+0" 1.59+0.03" 86.43+1.07" 31.81+0.45" 344.66+0.53"

B AT EE R EDR o [R5 Bl 5 AN R) 7 25 Ak B2 1) 22 57 123 (P<0.05)
The data are averages + standard errors. Different letters after the same column of data indicate significant differences be-

tween treatments (P<0.05).
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Tab.3 Quality of baby cabbage under different fertilization treatments

R WEEL RrEVEREe  RTEAERY%  ATEPEEARY (mg-g)  AEER C/(mg-kg) IR/ (mg-kg )
Year Treatment  Soluble sugar  Titratable acid Soluble protein Vitamin C Nitrate
2023 CK 3.28+0.10° 0.25+0" 2.09+0.03" 233.63+5.23° 824.54+61.75"
T, 3.68+0.08"™ 0.24+0.02" 2.08+0.06° 322.83+8.28" 688.23+137.53"
T, 3.78+0.08" 0.22+0.01" 2.25+0.05" 351.07+11.07" 617.49+122.06"
T, 4.09+0.07* 0.20£0.01" 2.43+0.08" 388.02+4.23" 530.37+97.77*
T, 3.47+0.23" 0.21£0.02* 2.27+0.04" 337.69+19.92° 463.94+16.39"
2024 CK 3.10+0.06" 0.29+0.02" 2.11+0.02 233.73+5.29° 842.52+33.95"
T, 3.32+0.05" 0.27+0.02" 2.20+0.01° 321.92+3.72" 730.00+38.55"
T, 3.48+0.22" 0.24+0.02" 2.35+0.05" 345.04+10.63" 673.17£92.70"
T, 3.76+0.20° 0.23+0.01" 2.48+0.03" 368.02+6.76" 558.63+96.28"
T 3.46+0.06" 0.23+0.02" 2.38+0.04" 336.28+9.28" 519.08+26.36"

Bl J P E R R . [R5 B e AN R 7 R 45 A Bl 2 8] 22 57 1 % (P<0.05) ¢

The data are averages * standard errors. Different letters after the same column of data indicate significant differences be-

tween treatments (P<0.05).
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2004 4F TR A 75% Fl IE AL B (T,) T Ik e 3 A 3 Fig:2  [ifect af biogas slurry application
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R4 B HE AR Ab HR X 4 S AR R 2 B BN
Tab.4 Effects of different fertilization treatments on the economic benefits of baby cabbage
EH M PEGe) PUGE ) ERRA/GE ) A GE ) R
Year Treatment Yield Output value Nitrogen fertilizer cost Revenue investment ratio
2023 CK 42.07 43 752.8 1218.0 42 534.8 34.9
T, 36.77 38 240.8 1157.1 37 083.7 32.0
T, 40.72 42 348.8 1096.2 41 252.6 37.6
T, 53.77 55920.8 1035.3 54 885.5 53.0
T, 41.07 42 712.8 974.4 41 738.4 42.8
2024 CK 41.95 41 950.0 904.8 41 045.2 45.4
T, 39.69 39 690.0 922.2 38 767.8 42.0
T, 41.74 41 740.0 939.6 40 800.4 43.4
T, 51.62 51 620.0 957.0 50 663.0 53.0
T, 41.42 41 420.0 974.4 40 445.6 41.5

HRAE T A IR RT , 2023 . 2024 4FLELESE T 4350 1040 T/ 1 000 TT/, A2 500 0 7 98/kg (5.2 T/kg, THRA I A
5.6 7t/kg.

According to market research, the market price of baby cabbage in 2023 and 2024 is 1 040 yuan/tand 1 000 yuan/t, chemical
nitrogen is 7 yuan/kgand 5.2 yuan/kg, biogas slurry nitrogen are all 5.6 yuan/kg.
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Tab.5 Eigenvalues and variance contribution rates of principal component analysis

WIMRAHE M TR BRSTERR/%  RBUHIEE TR BRSTHRE/%

Component Initial Variance Cumulative Extractive Variance Cumulative
eigenvalue contribution rate  contribution rate eigenvalue contribution rate  contribution rate
1 5.926 65.842 65.842 5.926 65.842 65.842
2 1.400 15.558 81.400 1.400 15.558 81.400
3 0.655 7.279 88.679
4 0.469 5.209 93.888
5 0.253 2.809 96.697
6 0.179 1.993 98.690
7 0.085 0.942 99.632
8 0.020 0.221 99.853
9 0.013 0.147 100.000
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