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Abstract: To investigate the short-term effects of biogas slurry fertilizer on the physicochemical properties of
degraded grassland soil, this study investigated moderately degraded grasslands in Zhenglan Banner, Xilingol
League. Four treatments were established: blank control (CK) , water control (W), 50% diluted concentra-
tion of biogas slurry fertiliser (BS;,,), and full concentration of biogas slurry fertiliser (BS,4,). The applica-

tion rate was 300 m’-ha~'. The contents of nitrogen (N), phosphorus pentoxide (P;0O3) and potassium oxide
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(K:0) in the biogas slurry are 0. 11%, 0.07% and 0. 09% respectively. Soil samples from 0~15 cm and 15~
30 cm soil layers were collected to analyze their physical and chemical property indexes. The results showed
that compared with CK, both BS;,,, and BS,y; treatments significantly improved soil physical structure, with
decreasing soil bulk density and increasing soil porosity. Applying biogas slurry fertilizer markedly enhanced soil
physical and chemical properties and microbial activity. The contents of soil total nitrogen, available phospho-
rus and available potassium increased significantly by 14.50%-25.86%, 66.87%-204.06% and 30.26%
-193.91%, respectively, while the contents of soil microbial biomass carbon and microbial biomass nitrogen
increased significantly by 11.04%-18.39% and 12.47%-28. 34% , respectively. This study revealed the short-
term effects of biogas slurry fertilizer on the physicochemical properties of degraded grassland soils. It provides
fundamental scientific evidence for restoring degraded grasslands and enhancing soil fertility,, while also offering
reference support for the resource utilization of biogas slurry fertilizer and the sustainable management of grass-
land ecosystems.

Key words: Biogas slurry fertilizer; Typical grassland ; Moderately degraded grassland ; Soil physical and chemi-
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Table 1 Basic physical and chemical properties of

biogas slurry

BA J8 S AL
Total Total Total Organic pH
nitrogen/%  phosphorus/% potassium/%  matter/ %
0.11 0.07 0.09 14.5 7.11

o BBE L PO T, B4 DA K0 1
Note: Total phosphorus is measured by P,0O5 and total potas-
sium by K,O
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BS 000 Ab PR AY SP & 3 5 T 5% B 41 (P<<0. 05) , #H b
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Table 2 Effects of application of biogas slurry on soil physical properties of moderately degraded grassland soil

bR L i3

HE fLEE

Index Temperature/C Humidity/ % Bulk density/ (g-cm®) Porosity/ % pHIR

CK 25.67+0.45" 23.60+0.62" 1.34+0.03" 49.21+1.09" 8.17+0.15"

W, 21.97+1.31" 28.07+1.53% 1.3740.03* 48.31+1.24" 7.84+0.35%
BS.., 24.4041.04" 22.53+1.44% 1.234+0.01" 53.78+0.49* 7.94+0.30"
BS100u 21.4340.85¢ 21.4341.06" 1.1940.01° 54.9940.48" 8.120.57%
H CKL IR W, 2K a3 % B8 BS0,, 500 Y6 i B8 W BE TR VRE s BS 00, » 22 W BE VR WRE 5 7R W) K5 2 B AR 36 O[] Ak 1 1) 25 5 3K 1) I 35 K °F- (P

<20.05)

Note: CK, control; W, water control; BS5,,, 50% diluted biogas slurry fertilizer; BS,y,.;, full-strength biogas slurry fertilizer; different

capital letters indicate significant differences between treatments (P<Z0. 05)
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Fig. 1 Effects of application of biogas slurry on carbon and nitrogen fractions of moderately degraded grassland soil
TE : CK X B W, 7K 53X B8 BS0,, 50 %0 1 B M BE TR WRNE 5 BS 00, , 22V BE TR IRNE ; BS , AN AL BE; SL, 122 BS X SL, A R4 LS 1 2 #Y 22 .
TR AT R (/) 5 SRR RN ) A #EIR] AN (7] = J2 0] 22 53 326 £ i 25K 7 (P<20. 05) 3 P<<0. 05 {038 Ik 35 22 57, P<<0. O1fRFR M f 35 2% 575 R,

AR AR R. TR

Note: CK, control; W, water control; BSy,,, 50% diluted biogas slurry fertilizer; BS,y,,, full-strength biogas slurry fertilizer; BS, different

treatments; SL, soil layer; BSX SL, interaction between different treatments and soil layer; different uppercase/lowercase letters indicate that the

differences between different treatments or different soil layers reach a significant level (P<C0.05) ; P<C0.05 indicates a significant difference,

while P<<0. 01 indicates an extremely significant difference; R*, linear mixed model index. The same as below
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Fig.2 Effects of application of biogas slurry fertilizer on phosphorus and potassium fractions of moderately degraded grassland soil
(A)0~15 cm (B)15~30 cm
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Fig.3 Correlation analysis between the physical and chemical properties of soil 0-15 cm and 15-30 cm

TE ST, R s SM, T 3800 %

;SBD, HIHEA TSP, HIEFLBE ;STC, £ 20 STN, H 2% STP, + 4w STK, + 441 ;SOM,
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#ekE R fE P<<0. 05, P<C0. 01 8% P<<0. 001 /KF T B A BEH KX R

Note: ST, soil temperature; SM, soil moisture; SBD, soil bulk density; SP, soil porosity; STC, soil total carbon; STN,

STP, soil total phosphorus; STK, soil total potassium; SOM, soil organic matter; SAHN,

soil alkali-hydrolyzable nitrogen; SAP,

soil total nitrogen;

soil avail-

able phosphorus; SAK, soil available potassium; SMBC, soil microbial biomass carbon; SMBN, soil microbial biomass nitrogen; * , ** or *#*

indicate significant correlation at the levels of P<Z0. 05, P<<0. 01 or P<<0. 001, respectively
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Table 3 Eigenvalues and variance explaination in principal component analysis of soil physicochemical properties
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Principal component number Eigenvalue Percentage of variance/ % Cumulativ percentage of variance/ %
1 5.6382 37.5878 37.5878
2 1.6830 11.2198 48.8076
3 1.5610 10.4068 59.2143
4 1.2191 8.1270 67.3414
5 0.9645 6.4301 73.7715
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9 0.5288 3.5255 92.3990
10 0.3685 2.4566 94.8556
11 0.3067 2.0450 96.9006
12 0.2119 1.4127 98.3132
13 0.1450 0.9666 99.2799
14 0.1080 0.7201 100.0000
15 1.6691E 7 1.1128E ° 100.0000
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Fig.4 Principal component analysis of soil physical and chemical property indicators in moderately degraded grassland with

application of biogas slurry fertilizer
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