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Effects of Different Organic Materials on the Stability of Saline-alkali Soil
Colloid
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Abstract: [ Objective ]Soil colloid stability plays an important role in soil nutrient retention, structure formation and crop growth.
The application of organic materials is an effective method for improving saline-alkali soil, but their effects on soil colloid
stability in these conditions remain unclear. [ Method ] In this study, we investigated the effects of biochar (BC), cattle manure

(CM), and maize straw (MS) on soil colloid stability at different salinity-alkalinity levels (non-saline-alkali, mild saline-alkali,
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and moderate saline-alkali) through soil incubation and sedimentation experiments in the laboratory. [ Result ] (1) The addition of
organic materials significantly reduced the diameter of saline-alkali soil colloidal particles, making it similar to the diameter of
non-saline-alkali soil colloid. In mild saline-alkali soil, the effect of MS treatment was most effective, and the colloidal particle
size decreased from 785.7 nm to 360.2 nm. In moderate saline-alkali soil, the effect of CM treatment was most effective,
decreasing the colloidal particle size from 675.8 nm to 393.6 nm. (2) The stability of soil colloids was related to the degree of soil
salinity. Compared with non-saline-alkali soil and mild saline-alkali soil, moderate saline-alkali soil colloid exhibited
significantly high stability, likely due to elevated high pH and high alkalinity. (3) Organic materials had minimal effect on the
colloid stability of non-saline-alkali soil and mild saline-alkali soil. However, CM and MS treatments significantly reduced the
colloid stability of moderate saline-alkali soil, causing colloidal particles to agglomerate. Therefore, in moderate saline-alkali soil,
the application of cow manure and maize straw may be more effective than biochar for stability improvement. [ Conclusion ] The
application of organic materials ameliorates the basic physicochemical properties of saline-alkali soil and optimizes the state of
soil colloid. Compared with biochar, cattle manure and maize straw, due to their rich functional groups and nutrients, significantly

reduced the colloid stability of moderate saline-alkali soil upon application, thereby inducing colloidal aggregation and promoting

the formation of microaggregates.

Key words: Soil colloid; Biochar; Cow manure; Maize straw; Zeta potential; DLVO theory
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Table 1 Basic physical and chemical properties of soil

o Kk SR #b%E Sand FHRL Silt FiKL Clay
+ e S X EC/ F UK Organic
pH Water-soluble salt (2~0.05 (0.05~ (<0.002
Soil type (mS-cm) carbon/ (g'kg™")
content/ (gkg™") mm) /% 0.002 mm ) /% mm) /%
E[E2 17 f o 8.61 0.57 10.73 0.66 56.33 13.90 29.77
LN 8.3 2.49 12.15 7.16 45.43 24.25 30.32
SN 8.66 5.24 12.87 15.75 29.67 37.36 32.97

@ Non-saline-alkali soil; @ Mild saline-alkali soil; @ Moderate saline-alkali soil.
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Fig. 1 FTIR spectrum of biochar ( BC ), cattle manure (CM ) and

maize straw ( MS )
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Table 2 Basic properties of soil colloid with different organic materials addition

e b3 JRe R WOk LA Zeta HL{Y BORYEEE 2
Soil type Treatment Colloid content/% Particle diameter/nm Zeta potential/ mV D kT

FEER I 1 CK 16.9a 429.6+18.8b ~22.9+0.5a 43.1
Non-saline-alkali soil BC 13.9¢ 384.1+8.0c —26.9£0.5bc 62.4
CM 14.2bc 459.0£12.9a —27.7+0.9¢ 76.5
MS 12.9d 437.2+15.9ab —26.2+0.4b 62.1
SN CK 16.5b 785.7+68.1a ~17.60.7a 33.9
Mild saline-alkali soil BC 17.1b 421.8+19.6bc —-28.0+2.1bc 73.0
CM 18.0a 420.6£18.4bc -25.9£1.3b 60.7
MS 10.9¢ 360.2+7.8¢c -30.7+1.3d 82.2
o R R CK 5.7b 675.8+154.2a ~22.0+0.8a 59.3
Moderate saline-alkali BC 4.6¢ 574.0+37.7a -23.1+1.8a 62.3
soil CM 9.0a 393.6+17.7b —29.7+0.5¢ 77.8
MS 9.4a 415.8+17.7b -27.2+0.5b 65.7

Al I /N B 3 M 25 T LSD O HG RSB (W) 19 22 57, [R]— - S8 [] b 2 [R) JCAH [F] 52 B 7R 22 57t 1. 3( P<<0.05 ). Note: Differences

between data were compared by the Least Significant Difference ( LSD ) method, and different letters between treatments on the same soil

indicate significant differences ( P < 0.05) .

http://pedologica.issas.ac.cn



34

PNRIEAE . AR LT SR e A 1 ) 72 )

783

ZetarLfy
Zeta potential/mV
b
(=)

T

0 CK

CK

O
O BC O BC
A CM A CM
v MS v MS
1 1 1 1 1 1 720 1 1 1 1 1 ]
0 100 200 300 400 500 0 2 4 6 10 12

#¢ & Concentration/(mmol-L™")

2

He & Concentration/(mmol-L™")

AR B RL X HE R 1 A Zeta HL (LI 50

Fig. 2 Effect of different organic materials on colloidal Zeta potential of non-saline-alkali soil
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Fig. 3 Effect of different organic materials on the relative absorbance of non-saline-alkali soil colloid
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Fig. 4 Effect of different organic materials on the colloid deposition rate of non-saline-alkali soil
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Fig. 5 Effect of different organic materials on colloidal Zeta potential of mild saline-alkali soil
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Fig. 6 Effect of different organic materials on the relative absorbance of mild saline-alkali soil colloid
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Fig. 7 Effect of different organic materials on the colloid deposition rate of mild saline-alkali soil
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Fig. 9 Effect of different organic materials on the relative absorbance of moderate saline-alkali soil colloid
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Fig. 10 Effect of different organic materials on the colloid deposition rate of moderate saline-alkali soil
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