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Evaluation of the Improvement Effects of Carbonized and Modified
Cattle Manure Additions on Salinized Grassland Soils

PU Jun-yu', SU Ying-jia', WANG Xin-sheng', QIAO Jian-xia®, XING Zhi-xian’,
DU Jin-shan', HONG Yi-nan', LIU Ke-si***
(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China; 2. Grassland Workstation of Ulanqab
City, Ulanqab, Inner Mongolia 012000, China; 3. Hebei Ecological Environment Monitoring Center, Shijiazhuang, Hebei Province 050037,

China; 4. National field station of grassland ecosystem in Guyuan, Zhangjiakou, Hebei Province 076550, China)

Abstract: Soil salinization of grassland seriouly affects the development of regional animal husbandry. It is
urgent to improve the salinized land to enhance its quality and ensure the ecological security of grassland produc-
tion. In this study, cattle manure (NF) was utilized as raw material to produce biochar through carbonization at
different temperatures (400°C , NF4; 500°C, NF5) , with corresponding Ca (NO,) ; -modified counterparts
(Ca4, Cab). These amendments were systematically evaluated for their remediation effects on saline-alkali
grassland soils, to provide data and technical support for sustainable manure valorization and salinized soil
improvement. Biochar and its modified counterparts amendments significantly reduced both soil pH and total
alkalinity (P<Z0.05), with NF4 showing the greatest pH decrease and NF5 exhibiting the maximum alkalinity
reduction. Soluble sodium content was significantly reduced (P<C0.05), with NF4 and Ca4 showing the high-
est reductions. Biochar amendments also significantly increased soil organic carbon (P<C0.05), available phos-
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phorus, and exchangeable potassium, with carbonized manure demonstrating the greatest improvements. Over-
all, NF4 optimally balanced alkalinity reduction and nutrient enhancement, suggesting its priority for saline-

alkali soil remediation when using cattle manure to improve saline soil.

Key words: Saline soil; Carbonized manure ; Manure modification ; Soil alkalinity ; Soil nutrients
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Table 1 Characteristics of manure biochar and modified substance

IR HLG R A B A R
Additive pH Electrical conductivity/(pS+cm ™ ') Soil organic carbon/(g+kg ') Available phosphorus/(mg-kg )
NF 7.65+0.07" 2834.33475.66° 3.66+£0.72 17.34+8.64"
NF4 7.49+0.06° 4395+207.18" 7.75+£1.54¢ 31.17+3.42
NF5 9.54+0.04* 5925+81.69" 10.91+1.34" 62.13+14.42°
Cad 7.1240.03¢ 2371.67462.53¢ 11.124+2.57 14.646.63"
Cab 7.26+0.03 3060.33+£92.45¢ 14.554+1.27% 19.23+5.73"

1 NF, K426 NF4, 400°C 4k 4= 2 s NF5, 500°C 5 Ak 2= 2% Cad, 400°C e M 4= 4%  Cab, 500°C e M 4= 2% . R [R) /NG R 7R 45 b B 22 1]

PSR E(P<0. 05), FIH

Note: NF, air-dried manure; NF4, manure biochar at 400°C ; NF5, manure biochar at 500°C ; Ca4, calcium nitrate modified manure biochar

at 400°C; Cab, calcium nitrate modified manure biochar at 500°C. Different lowercase letters between treatments mean significant differences (P<<

0.05). The same as below
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Fig.1 Effects of the addition of manure biochar and modified substance on pH and electrical conductivity of salt-alkali soil

H: CK IR NF, R 4528 s NF4, 400°C o A 4R 36 s NF5, 500°C sk £k 4= 2% 5 Cad , 400°C UM 48 36 5 Cab, 500°Clt 4 38 . ANRI/NG SRR R 45
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Note: CK, control group; NF, air-dried manure; NF4, manure biochar at 400°C ; NF5, manure biochar at 500°C ; Ca4, calcium nitrate modified

manure biochar at 400°C; Ca5, calcium nitrate modified manure biochar at 500°C. Different lowercase letters between treatments mean significant

differences (P<20.05). The same as below
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Fig. 2 Effects of the addition of manure biochar and modified

substance on total alkalinity of salt-alkali soil
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Fig. 3 Effects of the addition of manure biochar and modified

3

substance on soluble sodium of salt-alkali soil
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Fig.4 Effects of the addition of manure biochar and modified

substance on organic carbon of salt-alkali soil
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Fig. 6 Effects of the addition of manure biochar and modified

substance on available phosphorus of salt-alkali soil

Effects of the addition of manure biochar and modified substance on nitrate nitrogen and ammonium nitrogen of salt-alkali soil

1500

a

Lo,
1000 B l

C
500 - -
c\
0 1 1 1 1 1 1
CK NF NF4 NF5 Ca4 Cas

B7 mUBRMEFERMTLIELZHRERSEMNHIT

Fig.7 Effects of the addition of manure biochar and modified

Hot
Exchangeable potassium/(mg-kg™")
T
(=2

e
2R
P

substance on exchangeable potassium of salt-alkali soil



336 o ¥ # 4 34 %
F2 mURBEFERMITEFEME T IENEER T
Table 2 Comprehensive Effects of the addition of manure biochar and modified substance of salt-alkali soil
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