5563 % 453 + 5 o iR Vol. 63, No.3
2026 45 A ACTA PEDOLOGICA SINICA May, 2026

DOI: 10.11766/trxb202502220080 CSTR: 32215.14.trxb202502220080
Aok, ZEVISC, JAISK, ME, VRRER, A, SR ARSI AP R AR X A SR AR R (], LS, 2026,
63 (3): 767-777.

HE Bing, LI Jiangwen, ZHOU Lin, SUN Jian, XU Chenyang, DU Wei, HU Feinan. A Rheological Approach to Study the Effects of Biochar

Addition on the Mechanical Stability of Soil Structures[J]. Acta Pedologica Sinica, 2026, 63 (3): 767-777.

B FFEMREVRR RN IR 5 FI2 E E8

A

frouk!, e, B O#°, B @, FEMS, A S, #HEetT
(1. PEACAARBHE R K SRRl 5 TR, BEPigE 7121005 2. PHILARMBHE KA WA =BE, Bevigg 7121005 3. hERME
BEK AR K LRI, BRPR 712100)

OE: AEWTRAEN R SRR, e AT . RSR HRA ARR e YA TS A (0 AR, A
EﬁﬁMmL SV R BE RS A W S S Tkt - HES5 AL ) 2R PR SR ASTESR BT AR D30, DAATR] A oA i
it (0%, 1%. 3%. 5%. 10% ) M9 +HENRFFES, I 4 A3 3 SERRFRALME T, R AR IR AT + 1R
KR (30%. 37.5%. 45%. 60% ) 25 T HIBTBYSREE B HMESHL, ST AN AR D) T s I & i 50 oy ss i Sz
SRR SRR AR . G5, A e VS I i 5 R AR BT Gnt e 4 B B A e A B 5 ),
PR T HIEAEREAE BT YIN ), BRI S AR (30%~37.5% ) &0F T EMIFRRY KT IR L B X 0 FE A

MRS, R T B s iR et . SR YRR IR B 10% 0, B AR S K R A N AR R I R PERIR A
i o A=W 5V IS 2t 448 e BT BT SR B AR S, TG T AR AR e v, DRI AT A 8 X 2 R e R i
{1l B TR

KR VIR HIESSTTE M BUOTSRES; RETRMESAG SRS

hESES: S157 XHFREG: A

A Rheological Approach to Study the Effects of Biochar Addition on the
Mechanical Stability of Soil Structures

HE Bing', LI Jiangwen"*, ZHOU Lin®, SUN Jian?, XU Chenyang?, DU Wei”, HU Feinan'*'

(1. College of Soil and Water Conservation Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China; 2.
College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; 3. Institute of Soil and Water
Conservation, CAS & MWR, Yangling, Shaanxi 712100, China)

Abstract: [Objective] Biochar plays an important role in improving soil physicochemical properties and enhancing soil structural

stability. It achieves this by increasing soil organic matter content, enhancing nutrient retention and availability, and improving
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soil structure changes that further promote soil aeration, water infiltration, and root penetration, thereby strengthening soil
structural stability. Soil structural stability is critical for sustainable agricultural production, as it influences soil erosion resistance,
water-holding capacity, and overall soil health. However, few studies have explored the effects of biochar addition on the
mechanical stability of soil structure from the perspective of rheological methods. [Methods] To address this research gap, a two -
year field experiment was conducted. Soil samples with different biochar addition rates (0%, 1%, 3%, 5%, and 10%) were tested
for basic physicochemical properties. Additionally, amplitude sweep tests were used to measure soil shear strength and
viscoelastic parameters under varying water contents (30%, 37.5%, 45%, and 60%), aiming to analyze how biochar addition
levels affect the shear strength and viscoelastic properties of the soils. The amplitude sweep mode is a robust rheological
technique that allows for the assessment of soil behavior under different deformation conditions, providing valuable insights into
soil mechanical stability. [Results] The results showed that biochar addition significantly improved soil structural mechanical
stability by enhancing soil basic physicochemical properties, such as increasing soil cation exchange capacity and organic carbon
content, which in turn increased soil energy storage modulus and shear strength This effect was particularly pronounced at lower
water contents ranging from 30% to 37.5%. At these water contents, the soil structure was more stable and better able to resist
external forces. Furthermore, biochar addition also resulted in an increased range of the linear viscoelastic zone and higher soil
yield stress, thereby improving its structural stability. Notably, at a 10% addition rate, the soil maintained strong stability even
under high water content conditions. [Conclusion] Biochar addition enhances the mechanical stability of soil structure by
improving soil shear strength and viscoelasticity. These findings clarify the mechanical mechanism underlying soil structure
improvement via biochar application, and thus provide a scientific basis for formulating targeted soil structure optimization
measures in the Loess Plateau region.

Key words: Biochar; Soil structural stability; Shear strength; Viscoelastic parameters; Amplitude sweep test
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Table 1 The physicochemical properties of wheat straw biochar

I MR Specific K4 Ash
W i % Biochar pH Cl% H/% 0/% N/%  H/C o/c  (OHN) /C
surface area/( mz-g ) content
INEREFE
6.08 76.10 2.18 24.21 0.67 0.03 0.32 0.33 15.17 3.52
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Table 2 Changes of basic physical and chemical properties of soil under different application amounts of wheat straw biochar

sl CaCOy/ AHLERY/ PR T AR SR LR
Treatment Pl (gkg") (gkg!) (m>g!) (cmol-kg™)

CK 8.08+0.04c¢ 68.70+1.99a 7.26+0.26d 32.234+2.42¢ 13.12+0.36¢

Bl 8.29+0.05a 62.38+0.76b 21.07+1.74¢ 40.63+7.67b 16.18+0.72d

B3 8.18+0.02b 52.53+3.61cd 31.2742.19b 45.69+3.56b 17.50+0.14¢

B5 8.16+0.02b 53.20+0.51cd 32.46+2.39b 49.94+0.57b 18.35+0.08b

B10 8.04+0.01cd 49.84+3.15d 85.74+2.83a 61.58+7.24a 18.72+0.03a

(DOrganic carbon, @Specific surface area, @ Surface charges number.

TE: CK: AEIAEYFTS; Bl: 1%MAY R B3: 3%MEWTREM; BS: S%MAYTSIEM; B10: 10%HEY R
BRI s R PEAE N P EARER 2 (n=3), FFIARF AR RN R ALY BRI T M2 5 B3 (P<0.05). A, Note:
CK: No biochar added; Bl: Biochar application rate of 1%; B3: Biochar application rate of 3%; BS5: Biochar application rate of 5%;
B10: Biochar application rate of 10%; The data in the table are presented as mean + standard deviation ( n=3 ), different lowercase letters in
the same column indicate significant differences at the 0.05 level between treatments. The same below.
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Fig. 5 Soil shear strength parameters of different biochar application amounts under different water content
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