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Abstract: [ Objective ] This study aimed to investigate the vertical variation characteristics and controlling factors of acid
buffering capacity (pHBC) of strongly acidic red soil regoliths.[ Method ]JThe strongly acidic red soil regoliths with pH values less
than 5.0 were selected as the study objects, which are developed from Quaternary red clay (including an upper uniform red clay
layer and a lower reticulate red clay layer) underlain by sandstone bedrock located at a small agricultural watershed in Yujiang
District, Yingtan City, Jiangxi Province. Approximately 8-meter-deep soil-rock core samples were collected from two upland
boreholes using drilling, which were classified into four layers, including a uniform red clay layer, reticulate red clay layer,
weathered sandstone layer, and sandstone bedrock layer. Regolith pHBC and other related physicochemical properties were
measured. Multiple linear regression and random forest modeling as well as acid-base equilibrium theory analysis were used to
quantify the relative contributions of regolith organic matter, mechanical compositions, mineral compositions, iron and aluminum
oxides, exchangeable base cations, exchangeable acidity, and pH to pHBC variations across different layers. [ Result ] The red soil
regoliths exhibited layer-specific acid buffering characteristics. The regolith pHBC were 2.53 + 0.41 cmolkg -pH unit ', 1.93 +
0.59 cmolkg "pH unit™", and 1.39 + 0.22 cmol-kg™'-pH unit™' in the uniform red clay layer, the reticulate red clay layer, and the
weathered sandstone layer, respectively. The regolith pHBC increased with depth in the uniform red clay layer, decreased with
depth in the reticulate red clay layer and the weathered sandstone layer, and increased from the weathered sandstone layer to the
sandstone bedrock layer. Interestingly, the exchangeable base cations of the Quaternary red clay layer at a strongly acidic state
were exhausted and played a limited role in the changes of pHBC. Moreover, the pHBC depended on the protonation process of
crystalline iron oxide and organic matter in the uniform red clay layer, the dissolution of amorphous and crystalline aluminum
oxides and the protonation of amorphous and crystalline iron oxides in the reticulate red clay layer, and on feldspar dissolution
and exchange of exchangeable calcium and magnesium ions in the weathered sandstone layer. Also, the dissolution of carbonates
plays a key role in the pHBC in the sandstone bedrock layer] Conclusion JThe acid buffering mechanism in the strongly acidic red
soil regoliths primarily centers around the protonation and dissolution processes of iron and aluminum oxides. These research
findings provide support for the acidification assessment and improvement of the red soil ecosystems.

Key words: Acid buffer mechanism; Mineral surface protonation; Soil acidification; Quaternary red clay; Weathered sandstone;
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R 2T 48 S0 By W sty B b R 2 B 41 1 AR A S
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Rkl 1568 mm, HEREHECH 1721 WP frik
WA S LS 1, VEW EE NI A ( Arachis
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1.2 #mLEBES5H5H

I FH I 1 B AILBC 4 WA sk ( AR 13 em)
Iy R A FL S BHS FI BHS Y2 L0 FE A,

SRAERTEIh 2016 4F 4 A A 11 A . BHS #HEZIRE
4 0~10 cm, AELE)ZEEN 0~140 cm; BHS #f
YEIZE R 0~16 cm, AL L)ZIEEH 0~110 cm,
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WATIX G, FEE R AETE T A SR 5 A 2 9, IR
b2 ATEAEN BFL S BHS il BHS HITREE 4>
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SMERRAE L E . Waa itz Kk
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x1 dERUFHILSNERERSEER
Table 1 Information of red soil regolith borehole location and sample depth interval
e e
s iAo CEEAR TR = WAERD A2
Bedrock/c
BHFL A 2353 R Uniform red clay/cm Reticulate red clay/cm Weathered sandstone/cm
Boreholes Longitude Latitude - il
FEUCREY  BERIREEY RWRIREY O RERIRET RRREY RERIRET O RERIRE
/em /em /em /em /em /em */em
BHS5 116.8992° 28.2350° 0~140 0~16 140~610 170~200 610~710 590~610 /
50~60 294~320 675~700
100~110 384~404
484~504
BHS8 116.8955° 28.2362° 0~110 0~10 110~600 185~200 600~740 580~600 740~760
50~60 290~310 680~700
100~110 390~410
500~520

(DLayer depth interval, @Sample depth interval
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Acid-base titration curves of red soil regolith samples at different depths in boreholes BHS and BHS
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Fig. 2 Changes of acidity and acid buffering capacity of red soil regolith samples with depth in boreholes BHS and BH8
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Fig. 3 Changes of exchangeable base cation contents of red soil regolith samples with depth in boreholes BHS and BH8
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Fig. 4 Changes of mechanical composition and organic matter of red soil regolith samples with depth in boreholes BH5 and BHS
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Fig. 5 X-ray diffraction ( XRD ) patterns of red soil regolith samples at different depths in borehole BH5
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Fig. 8 Changes of Fe and Al oxide contents ( expressed in the forms of elemental Fe or Al ) of red soil regolith samples with depth in boreholes
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Table 2 Linear regression results of red soil regolith pHBC with mechanical compositions and organic matter contents

+2 - ) T A LR RERIAY A B
fib i Sand kL Silt FhkL Clay
Soil layers SOM Model-fitting degree
WAz +E (n=6) —0.405 -0.092 0.324 —0.477 0.269
Uniform red clay layer
Mg+ 2 (n=8) —-0.071 —-0.467 0.609* 0.755%%* 0.653%*
Reticulate red clay layer
0.717%* 0.532*

KA RE (n=4) —-0.371 0.038 0.469

Weathered sandstone layer

B R RINAE R P<0. 055 “**” FIR P<0.01; “***”ZFIR P<0.001, TJA], Note: “*”indicates a correlation coefficient with P

<0.05; “**”jindicates P <0.01; and “***” indicates P < 0.001.The same below.

R3 OWANE pHBC 5XET MR EREMMUELE

Table 3 Linear regression results of red soil regolith pHBC with main mineral contents

+Jz [ Ktk WE AT+ AT MR A B2
Soil layers Kaolinite Hydromica Vermiculite and chlorite Model-fitting degree
Kz tz (n=6) 0.284 0.741* -0.432 0.471
Uniform red clay layer
WS 2L L2 (n=8) 0.472 —0.646* 0.890%*** 0.890%**
Reticulate red clay layer
WA 5 )2 (n=4) 0.145 ~0.204 0.625%* 0.522

Weathered sandstone layer
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x4 TIRRKUTE pHBC 5ERREIRSHEE LY S ENEMLSER
Table 4 Linear regression results of red soil regolith pHBC with contents of Fe and Al oxides in different species

R LI 2

+)2 ToE ek T i B 4k =] rmI ek YA
Model-fitting
Soil layers Fe, Al, Feq Aly Feg-cry Alg-cry
degree
WL F )2 (n=6) 0.030 -0.022 0.842% 0.452 0.822%* 0.450 0.324
Uniform red clay layer
M+ )= (n=8) 0.895% % —0.863%** 0.787%%  (.870%** 0.756%* 0.885%%* 0.898*
Reticulate red clay layer
KA A= (n=4) 0.068 -0.241 -0.075 ~0.128 0.103 0.208 0

Weathered sandstone layer

EH RO LT, pHBC S5CHIE Me™ ot SAcH e AL AR pH R B GURDGHE (%5),
o pH 5 5 F LA CURIC  (EMBU B L2 pHBC A, ekl Na FUH A BB SR TARIURR . &
GAE Ca¥ L Mg KRR REFLRONDE,  EARALR.

®S5 BT pHBC 5SEEXMMMARE TR pH HEMRISER

Table 5 Linear regression results of red soil regolith pHBC with contents of main exchangeable cations and pH

LWL BH B T Exchangeable cations BRI
+)2
pH Model-fitting
Soil layers Ca** Mg** K* AP H*
degree
WIRLF L2 (n=6) ~0.340 —0.443* -0.079 0.385 —0.087 —0.655% 0.403
Uniform red clay layer
M+ 2 (n=8) —0.612* —0.732%* —0.699%*  —0.738%* —0.046 —0.672%* 0.582
Reticulate red clay layer
KA RE (n=4) —0.139 ~0.060 0.031 0.002 —-0.169 0.082 0.287

Weathered sandstone layer
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S5 13 P BRI AL T AT R IR 2% b A i EE A 3 F it
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