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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] The strongly acidic red soil regoliths with pH values
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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 cmol-kg!-pH
unit!, 1.93 £ 0.59 cmol-kg™!-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] The 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; Earth critical zone
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Table 1 Information of red soil regolith borehole location and sample depth interval
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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. 6 X-ray diffraction (XRD) patterns of red soil regolith and bedrock samples at different depths in
borehole BH8
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Fig. 7 Changes of mineral components of red soil regolith samples with depth in boreholes BH5 and BH8
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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 BH5 and BHS8
2.3 MIEAURAELERENSES TIRE XM R MIEL M X R

TEM SRS = pHBC 5 3R & 8 5 R B 2otk IEAHOR,  SHPRIAURRL & B ) ot 5C R
AR GE2). FEMGLR L EMXMIEE T, pHBC 5L & & B e & 2k itk IEAH
KKFR. MWHh, ZIutetERIABA b, RS RO & B R A B SR ZR eSS &R, AL
NAZ BRI AN R KL o

B L E pHBC S5/K =B & & 2 R EEMEIEAR, EMALRL)E TN R &L
S (3 3). ML E L ERRLD S Rt pHBC S A MGHEA & B 2 5 5 2% E A, pHBC
e A S ER AR RARE . YIS BRI G L THURZH B L3 B 2 & 1)
TR,

FERI R )2 pHBC 5l B AR E B S B 2 BE SR IEAC GR4). FEMELL
FLZEd, pHBC S5EBEME S EEEZELMETAR, H5HAMBREYFar 28240k B
KRR F o BEENI I AR DA B A AR B A PR S

FEBRAR L2, pHBC 50t Mg &8 2 pH R EFLME UK, FEMDZLR L=,
pHBC 552 #utk Ca>'. Mg?. KR ERFLME MR, 5t APTEEM pH 2 8.3 51
(K 5), BAh, 22 Na BRI S BRER AR, RN R

*® 2 LDRRLT pHBC SHIMARRBNRS ENEMRIEER

Table 2 Linear regression results of red soil regolith pHBC with mechanical compositions and organic matter contents

TR Fe ory
TR EEEAL, == ——
il f WRE kR, —A— —E—

+ 2 kL ‘ ‘ FIEA B BRI AL
. Bk Silt ki Clay S
Soil layers Sand SOM Model-fitting degree
BIRAELZE (n=6)
-0.405 -0.092 0.324 -0.477 0.269
Uniform red clay layer
Mozl gtz (n=8)
-0.071  -0.467 0.609* 0.755%%* 0.653*
Reticulate red clay layer
RALHYEZ (n=4)
-0.371  0.038 0.469 0.717%* 0.532%*

Weathered sandstone layer

e “*” RIRAHRRE P<0.05; “**+” TR P<0.01; “***” LR P<0.001. FI[F. Note: “*” indicates a correlation

coefficient with P < 0.05; “**” indicates P < 0.01; and “***” indicates P < 0.001.The same below.
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&3 R pHBC SXET YR BMNEAMINEER

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

T2 [ ¥El Kz B WA+ A BRI L
Soil layers Kaolinite Hydromica  Vermiculite and chlorite Model-fitting degree
VRAHLE (n=6)
0.284 0.741%* -0.432 0.471
Uniform red clay layer
Moz L)z (n=8)
0.472 -0.646* 0.890*** 0.890**
Reticulate red clay layer
KA (n=4)
0.145 -0.204 0.625%* 0.522

Weathered sandstone layer
& 4 DR pHBC 5ARIRSHRBENXI S BMEMMAER
Table 4 Linear regression results of red soil regolith pHBC with contents of Fe and Al oxides in different species

PR 5

+Z TR TEMS WES EE SRk BER .
Model-fitting
Soil layers Feo Alo Fed Alds  Feg-cry Ald-cry

degree

YWRAFLZE (n=6)

. 0030 -0.022 0.842% 0452 0822% 0450 (324
Uniform red clay layer

Maa stz (n=8)
Reticulate red clay layer
WA S (n=4)
Weathered sandstone layer
& 5 LML pHBC SEE T MPAE T X pH MBS R

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

0.895%*** -0.863*** (.787** (.870*** (.756** 0.885***  (.898*

0.068 -0.241 -0.075 -0.128 0.103 0.208 0

+E L HeEPHES T Exchangeable cations AL £ 5
H  Model-fittin
Soil layers Ca2t Mo2* K* INES H p g
£ degree
BIRAFLZE (n=6)
-0.340  -0.443* -0.079 0.385 -0.087 -0.655* 0.403

Uniform red clay layer
Mgtz (n=8)
Reticulate red clay layer

WA E R (n=4)
-0.139  -0.060 0.031  0.002 -0.169 0.082 0.287
Weathered sandstone layer

BEHLARMI G R (B 9), B PR HUALR. B4k, SRy, kR
TR 13 R IEEANE R AR IR S v A B FLAR R Y 49.34%. Ho, HIETCE AN, bR
s, TEBEMS. Eamesen & E, UARBAMESE 5 MBI IRE M A R A A
BFE TR, RN 29.04%. MWERIILG S, DR RERIR Sy B AR B L K BEHLAR
AR DL B2 e (P 9dD o TR RPRIAN L3 LT 5 808 H 22 8 L A REA LR 18l 5
FERRAG (& 9a). [RRRLS Rk & & (i BEIR R, B SI AR &, IeAh, TR
TR AR A TR HE mA D, BENUARMR G ROR B, 4R AR .

-0.612*%  -0.732%* -0.699** -0.738** -0.046 -0.672**  (0.582
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Fig. 9 Relative contribution of the related soil properties to pHBC changes with depth in the reticulate red clay layer based on

the random forest fitting

3t it

3.0 HERHENENEI RS EENRAFTEREFSENERES

TIEAYUR . EREERR IR LY. DR S5 35 [ AH 20 70 P 7E R 14 H 338 wp i FE IR T IM 2%
MR IERRALIO), (HIEA TTRR M ANE 2 . TERRAR R, BT R RSN, 13 pH Yu
N A07T~4.64, ¥MEN 449021, JBTRERIEIRE (pH<5.0), 3385 o 28 e it 3h B B A 5
R, AZHNERH T DA #e itk APy E T IR IR SR ph 7S R IR BE R I s, 5 b e A Ak
pn R KB B2 BELMEIEMK. BEEKSEEE (2.82%+1.56%) 1R1K, W& ALk
AR T B A AL BRI B A, R B o R AL, R E AN S B LIRS
MERAFERELHEHCL R, BEANSRRTE T /KEEMWRRT, 8RR T EM
e m LIEMRE AR, Fik, SEEMSEEREANYRAE L EREM A =R 3R
o RS, RETBEAYURS ER S HMRESR, WEANZRE DB SRR A
BRI LA, (i T BHS 1 BHS Wi MGFL AR 2 LI R A S 2L —3,
i BHS &5fLA IR IE LIRS A 2 B 5T BHS &i7Ls, XERELXTRZEHIE, BRAHAL
Yeoh, HHAMERRER. A BHS 5L AR EHEEGHURHE & T BHS &ifls, W+
A AL AT I R TR 25 5T A 22 35 pH (19ARR0), RS AL R AL, LI LR A R
RRZHEREMNFETMMMEBER R, Wik, HESEEASM G PR AT AR5 2
FREM BTN R thoh, EIREERR AR Z 0 P4k 22 XA R R Y FE R 1 1T e b R AR 23241,
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(BT T RN N8, EAHE FEIE I 3 R s L A R0 S ) MR % o 2% 2 v X LAAA L
32 HEAERMEEEREN S ERNYLAN TIEREFSENEIEEER

MOLLRE LR, ATHPER B 7o ag et Sh B S K, T ASCHelk AP (S 4axt i ds, TaEEHl
JRE AR, TR et BRI USRI ER i E B R, LA SR AT RE T 7 KA 55 R
A, 3 pH VSN 3.89 ~4.48, HIME N 4.36+0.20, HIERRGEP T RRERAA BN OB T kAR
AZE B2, IRIEEMEIA LR, A, MEENE. TeRask. Bamaea
TRHESREMAEREZELEIEMCKR, MLEREANBSREMAE R R ZELME MK R,
BEALARARAE Y (40L& 45 R R o e B R R B . IR RIS & BN IR M R B R
HE TR RIANHE AR 2 M (R P R - S IR VA VIR AR 0 e TR A4, IR, e 1 e e TR 4Lk
R RS T KRS R, RN E AN ES M E SRR R EREIEHIRR (=08,
P<0.01), ZHMAE TR SMEN A RE RERMEMMIOCR, ERTRM LT E AR S5 RE
MR E FAHRC R R0 € TR S AR T A F P A BRI TR v R 70120, Rk, A
FEIN N TG TE T BRIV AR FERRAE FE O TR g pp s =2 T BRI, ARYE A WF 772, 14
fr T SEAGERTE pH 4.5 LR AR B FEIR I MR B, 4 pH 4.0 BHAMRE IR N, 1 L3 bk
7E pH 3.0 B K& AW B RIVE R MR S5 12 38 pH RRIE, AT 2 AN R AL R 3
W ARAE F vk IR ER AL . BRI R T I I R T R R AR FH R MR AL, G FUARGE TE Fe-
OH. AI-OH [ Si-OH Z53E A7k 2, Fe-OH J&f £ EHIFR 524k, HRF I RER KT HAh
Fep BE 001, ] HE I G 1 P AN R SRk T B S R R T R R LR AL . R AR A
SRz i 0 R IE A O RAR AT R R T A+ 4 A & B 5 R A Bk TR AR S
B AR BB EARSCRC R, ERERR L2 L0 W XA FEBR 1 FAAE 3 I A TR0 52 (1 R
Zrh SRR LA, 45 BRTIR, T AR T A R VA AR A P LA T B TR A B T Sk 1
PR I R S04 3 2 3R G b i R 0 3 LA
33 KAMZMMIEHEAERNUIE ERENSENERER

TERALRY 2, BEIRFER N, FRZMh AL, Bk F 3BT pH (4.98 = 0.34) Bl RS
IR . ERZE Ph 25 s 5 i (T4 pH FHim, 35 A RR AR — N 007 pH TS AR BR R/, 3%
BUNIRE M B K. MR B, CHMEES (3.79+3.12cmol kg AHMEEE (1.24+0.86
cmol-kg) AHKA (2.02%+1.78%) ErEFEIREEIG N, WHETHE, BHE FA B A il s N 3 Re
MR R E, AR S ZREM A BN FERE. X ERR TSRS pH &4 FHET
A4 I SR IR AR R 7 RV FERE TR TAEXT IS pH 264 T ERER AL IR T AR A
FIXH R FITHRERE 71 TEHENIEA S, BHS &5fLATM pH 24 8.1, pHBC T 1 iR K 3 2L 5 2a i A7
TE 2%HIBRIR S FE 244, BRIR SRAT W VA A S B RR R i R

4 45

A FUIE 7R T R T S SRR 25T B R R T A S D SR T R R R B I T 7]
R RERE R REM B BN RAF 2B LR MRS 2, 2
FERE S AT IR MRS 8 UL LR 2 etk S0 38 1 7 IR AFE R, KR A8 1 DTk
K. MREM A BAELI AR )2 12T B S B LA WU 5 T e FEM SR+
J2 AR T T8 TR AN B B Bk BT T AL R LR T 58 TR AN T S8 A SR R A s FE UL RD
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