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Abstract: [Objective] This study aimed to analyze the characteristics and influencing factors of soil acid buffering
capacity (pHBC) in the critical zone of forested red soils derived from different lithologies, to provide a theoretical
basis for controlling red soil acidification and maintaining the stability of forest ecosystems in southern China.
[ Method] The selected soils within the forested red soil critical zone are derived from phyllite, red sandstone, and
granite. Soil samples were collected at depths of 4.5-6.0 m and were systematically analyzed for pHBC, pH,
mechanical composition, mineral composition, as well as the contents of organic matter, iron and aluminum oxides,
exchangeable acidity, and exchangeable base cations. Based on soil acid buffering theory, linear regression and
random forest modeling were employed to analyze the vertical variation of soil pHBC and its main influencing
factors. [Result] Soil pHBC showed distinct vertical differentiation: it decreased with increasing depth within a
certain range, and increased after reaching an inflection point. Within the pH range of 4.4-5.6, the vertical variation
of pHBC was primarily governed by soil pH, clay content, and organic matter content, showing a monotonic increase
with decreasing pH and increasing clay and organic matter. Under the overall dominance of pH, the pHBC of
phyllite-derived soils showed significant positive linear correlations with the contents of organic matter, clay,
kaolinite, and crystalline iron oxides. In the red sandstone-derived soils, pHBC correlated positively with the
contents of clay, silt, kaolinite, and amorphous aluminum oxides. For granite-derived soils, pHBC was positively
correlated with the contents of organic matter, clay, silt, hydromica, amorphous aluminum oxides, crystalline
aluminum oxides, exchangeable K*, and exchangeable Na*. [ Conclusion] Soils within the studied red soil critical
zone are highly weathered, featuring high exchangeable acidity and aluminum saturation but low total exchangeable
base cation content that varied little with depth. Within the 4.5-6.0 m depth range, base cation exchange contributed
minimally to pHBC. The primary buffering mechanisms were proton adsorption onto solid surfaces (organic matter,
clay, silt, iron and aluminum oxides, kaolinite) and the dissolution of aluminum oxides. Secondary silicate clay
minerals, along with minor amounts of primary minerals such as anorthite, albite, and microcline, also provided a
measurable acid buffering effect via mineral dissolution reactions.
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Fig. 1 Distribution and sampling context of the studied soil profiles within the red soil critical zone
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Table 1 The information of soil profiles within the red soil critical zone derived from different lithologies

Ee et 3T g = 2 B4 PRSI KAERIEL R
Lithology type Soil profile Longitude Latitude Sampling site Sampling Number
number depth/cm
THs 116.8316°  28.5269° RTE
P10 0~600 13
Phyllite E N Yugan County
b 117.1048°  28.3492° SRR
P08 o 0~450 10
Red sandstone E N Guixi City
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Fig. 2 Acid-base titration curves of soil samples at different depths within the red soil critical zone derived from phyllite (a), red
sandstone (b), and granite (c)
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Fig. 3 Depth variations of soil acidity and acid buffering capacity (pHBC) within the red soil critical zone derived from different
lithologies (a. Acid buffering capacity, b. pH, c. Exchangeable H*, d. Exchangeable AI**)
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soil critical zone derived from different lithologies
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Fig. 6 X-ray diffraction (XRD) patterns of phyllite-derived soil (a), red sandstone-derived soil (b), and granite-derived soil (c)
samples from different depths
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Fig. 7 Depth variations of soil mineral composition (a. Quartz, b. Kaolinite, c. Hydromica) within the red soil critical zone
derived from different lithologies
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Fig. 8 Depth variations of soil iron and aluminum oxide content (in the form of elemental Fe and Al) within the red soil critical
zone derived from different lithologies
23T EIEM A ENTIRREHNTEXLWER

THCE KB 1)L pHBC SRR A PR & B2 AR LA, SRR kL& B &
FUMRR (F2) . AWERBNLIE pHBC S SR ENEEEMHK, SERTER
WFIEMR, SIS EEWEE TR, fEkE K E L5 pHBC 5HHL . FkiAT kL
BEEREFIEMRK, SRS EEREZIHR.

THCEMLRY A K BRI pHBC SR A SR EEF LMK, SRKaBMaRgE
AR RARE (K2 . EKERKENLTEPHBC 5Ka S REEREEEML, 5
A EREFERFAL, pHBC 5 Ele A& BRI L E .

THCE KB pHBC 5T & & 2 BE EAK, SIEMEk. JoE WM & T
SRLEZHBLERR (K2 . AbaKE WL pHBC 50 M B EE EMAL, 51
SEIER SR BRAN 0 S BE B E LM R . TEK A K H 113 pHBC 5CE 4R
fb RS RN EF LR, ShERHREREEWEE MR, SRIESRLEZELIERAR.
THCE ML A K B HI L3 pHBC S5AZH# BSR4, 55, BES B R REMLM KRR, ML
b R F )L pHBC S e tE SAIS e bk iy o i 2 W IEAR R (R 2) o

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

*2 TRAMR BNORXET LR pHBC SEZWRARK RBEXRH
Table 2 Pearson correlation coefficients of soil pHBC with its influencing factors in the red soil critical zone derived from

different lithologies

TR AR pHBC

I

Soil properties T AR feris

Phyllite Red sandstone Granite

HHUF Organic matter 0.932** 0.502 0.844**
ik Clay 0.719** 0.751* 0.812**

i Silt -0.148 0.816** 0.621*
fbHi Sand -0.473 -0.814** -0.799**
FAYE Quartz -0.426 -0.764 -0.753**

ml& A Kaolinite 0.573* 0.713* 0.533
7Kz} Hydromica -0.412 0.435 0.729**
JsE K4 Amorphous iron 0.503 0.383 -0.744%*
T2 A4S Amorphous aluminum 0.559 0.885** 0.693**
suE2k Crystalline iron 0.559* 0532 -0.557
ELIE4R Crystalline aluminum -0.265 0.595 0.716**
Ca® 0.524 -0.335 -0.331

AL A T K* 0.244 -0.159 0.646*
Exchangeable base cations Mg?* 0.400 -0.282 -0.474
Na* 0.274 0.565 0.560*

T RV R R e S RIIROR P<0.05. P<<0.01 Fil P<<0.001. F[F. Note: “*”, “**” and “***” indicate P<0.05,
P<<0.01 and P<<0.001, respectively. The same below.
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I IR R, BRI DTk TRk, A LB AERL, AR AR AN TG E TR AR B DTk i T
TEERRTC E AR . BEAREILES RB IR, HHEAHLE . HUBRAL R, B AR BRI
ok £h 555 IR A I T AT R R RR LR A i 52% M FL AR S, Horp, IR, AZHME Mg
A LT & 5 A5 B TN FR 22 A B A 7t (R TR IR
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Fig. 10 Changes of soil acid buffering capacity with pH (a), clay content (b), and organic matter content (c) within the red soil
critical zone
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