a3k Hs
2024 4F 10 A

#
CARSOLOGICA SINICA

i

5 B Vol. 43 No.5

Oct. 2024

TFRK, 32 41, 75 i, 25, Wimg LA A VA 13 CEC, ML S0 W28 BU pma g 1], o A, 2024, 43(5): 1076-1087.

DOI: 10.11932/karst2024y037

A SR T 8 CEC WA RN S 7 1 2 B R i ke

TREK ", &

a FAE L B K R s X

(1. HHRLERFHRFR, Hd K 410128; 2. P EMAAF IR 25 WA TP B RFRIE,
B ENNFELEERE, ) Ak 541004 )

B E:NBERAERTHECECEH T, MIMA NS YRR R, 76 B 2 AL 7 X o B
SMJREE L IZHR . RS R A KA ML B R R E B 32 A R, = N T 146 A AE 1 1 e
TR, WAE AT R e M 5 A S BB, SRR (DB H R AR+
B CEC & T 6.99~36.03 cmol-kg ', A5 AU A8 1 oo 45 f o s - HEMLAR 20 AR LA RE . 26 R £, Fdtb
FE,EEMEE. QOWRKAERHENEET RN IR EGE . FRIAREGE . &g AR,
RIS EIRAR IRER, WA Y2 e O R M, R R W S B - HE Y pH, B E 22 RN,

{HA BT 35 22 5 0K TR Y S b B e

ek JoOTR 28 SR 5 e g, o Uy SRR R

b CEC 5 ECEC e R Al AR AR AP RL, SRR AR £ &k, (3) 13 CEC
kb B E AR, SRS BN F IEMEER (P<0.01), 5806 & i A FFAK
SRR A R B N T B R S IR P S . 3 ECEC S kL. BhRIIY TC B AR G, R
588 pH, AP DR SR et Ca™ . A it Mgt H 2 B 3 IE A 6 (P <0.01), 3 CEC 5874
KR TR S, 1 ECEC 58 4 28 B 5 4%t 35 57 A 56 (P <0.01), ST 250 KR [F] & 7 12 % 9 - 4 v
VA3 3 18 5 B RS R A i 1Y B 0Ok i - M, 3 - R .

SR W1 T ACH s L HERURLALI 73 K 7 B

BT A s DUTE A o 8 PH 8 7 S 4 B LR DR AL A A, 398 B B 7 5 4 ik S5 LA A A DA I A - AT
53553 05 WASE ST, AR SO 5 5 W) 2R RIBE R 45 &, I X OB RS AL

th B 4% S P642.25; S153 X EkARIRAD: A
XEHS:1001—4810 (2024) 05—1076—12

0 35l

i3

- S A BH 5 - A2 4P e 32 BAL A A R B B
N ACHRERR . BB 1 ac et | A AL B - SSHe i|
AP B S TN B RN B SR AR . IR
A2 # i (Cation Exchange Capacity , CEC) 23877 1 H,
o7 118 b S JR AT o L | g i A 46 R 1Y) 4 B 5

TR R (B IR AR %5) #7848 (OSID ):

T R, AT T A R EE R 2L (emol kg ')
AL A 8L BH B F 28 6 it (Effective Cation
Exchange Capacity, ECEC) fi & 5 B SE B 9 1 B far 475
O, IRR PRI IR S 1 2c e i .+ CEC & TIEY)
A2 BT 2R SRR, 2 St BECR I 8 T LA K
ZZPEE I M EESE AR — . k148 CEC % Wik
S R B R T A AR

HAWH, HREIRE. | V9 AR 5 T 5 S 2 TR 4 (KDL& Guangxi 202010) ; B & E 4 1 SUBF & 1181 (2022YFD1700103-306) ; 1 F5 44

BT HE S H (23A0185)

H—VEE A TR K (2001 — ), %, Wi-LAF5EA:, BF5E 77 10 o 508 il F2 5 A0 ) a2 . E-mail: 13130166741@163.com,
WE1EHE: = (1982—), 2, FIHEZ, WE5E 7 [ T 58245 . E-mail: brandyuan@163.com.

ks A #1: 2024—05—27


mailto:13130166741@163.com
mailto:brandyuan@163.com
https://doi.org/10.11932/karst2024y037

Fa3E HsH

TFRIRAE : WP S50 + 48 CEC. MRS S5 0 2 7 iy i ) 1077

AR, X 4 B BH 5 - 32 e it 5 At 3 Ak
J ] 56 2R B 9% 45 32 it . R3PS 128 i X £
5% ] LI i BT A ML i - R
JE . PHES T2 i L B WL BOR FIWT™ . A X+
HeFR oy sz S5 BEA L g I | AR AR
TG B 5 2R R T R e, ELAG e v 10 2 ) AR Sk
X 7k RV B 5T 3 B, TEHE AR R A HE BH B sc e i
7o R A A K SR LB, pHL HE B R e, JLT
A2 B A SRR A A I L, DR A 0k 2 5 - X R 4 )
FEA G ER . YT A PR MR, H 6
Er RN, BENS AR R AR L B T i, MR S FH
B IAc e, IEIE B ECEC, 33X XA 3 35 43 Fil + 3 e
FIRYBE I 5 B, mife b b e K 2 F,
IF HALBE A K AR s X g, 1 4R
fr L AR ) SR

- R FR AR K/ INAS ] 11 36 AR 007 ) 1A B A
ZALA TR R 2% SRR, L HEUR . S A R
BRI A H B RN HES IR B0 B R w4 A
BiidorAi e LR ENYHMN R —, v L
U SR Y D - A e IR LR
PIBK R, RERS B e - e G % 7 IR )0 i ol 451
XPYL VY 4 e AL PR BT A I 5k B S R 35
CEC [ 5k Kk, +4% pH 5 13 CEC SRR B ¥
TG . TREIBAE Yo g JERE 1) b T A - R AAF 5T
M+ HE CEC 5 + A MLAR & 2 2 0 2 3 15 A0 G
WA A o A R UEA TR T, R L 3 v AR X A
K, BEA RO M4 m B T, HIRA KRB %
BFa, DRk SRR P N, ECEC &%
A4, F. Caravaca 25" #F 58 A 61 & BiL + 4
CEC 5 H WA A O, #HE 3Edh CEC & i FiZh
A Yk B3 I D o Ak, SRR SR MR A
AR 2R+ BEA LR & i, 38 pH (. LA S
13 CEC AR SN, Sy T Hi +1E CEC Ay AhZk
PERRIRL 10 BH S [7) 28 0 %) 4 398 B0k o 1] ) A O
AT —E A

3 4 A B ARG, TR 20 4
o kA 5T B AT I Y B AR T DA
B2 0 AT E, R R L
AHE ] A S g, 338 vh R 5 4 BILIST 22 8] 7 AH BLAE
FH, UL By 2 700 1) 68 i S5 Y A e 4 o
25 E PEHE 2 000 A~ HHERE S 95307, 49 R HEEK &
CEC 5 ek & it . 0 2R AR 0 Wi X 5

AT IR 2 ] LA AR O . ROk A
TR YRS B, X T R ER e A
B A K A BT B 5 A B g P — ok,
B0 0 S 5 I R X A A 1 R G,
FE RS T, R 0 N DL e
FP BRIbZ AN, HIEEURCR AR R TR A
PR . B A 9% Bow, BERARI/DN, 255
YA BB T B —, WSS A 2 0 1 B 1 s 1 AR
ARCEEL R A 4 2 R 4 3 % B Ak s SO TR, B
Tk RAFAE 2 5, CEC S ek 4k g2 k.

BT, PR AR B E RN R 1 4
CEC 5 JUki gl plt 2 (8] 1 5 2, ASHIF 938 3 P Al ik |
RAEE SR E e, FE R ARMES LR E
FEJE, SRBCE SR SR o, TR A 43 #7 4 CEC 5+
SRR AP Y 56 Z, T B G 1R R R A
St R R R s R ) A, S
Vs - S B BRI FH B4 2 A

1 RS

1.1 HREXER

07 N2 VA o SR I Rl N =817 1 D e D 1 B 1 R
TLVG . AR TP, AR DG, BN L IR AR AR, Hu
AL FR 108°47'~114°15'E, 24°38'~30°08'N, J& TV #4
R, PUZRa3 W, EIRGE R, B SR, AEF 8
S 16~18 °C, 4B YRk & 1 200~1 800 mm, 3t
A A 21,18 J7 km® , BRI AL 351.2 77 hm?
b7 A48 T MR T FRAY 16.58% ., TE#FHLT, R IX
LUK 98 DX T AR 0 1) o 44 B b TR AR Y 40.5%
36.3% 1 23.2%. RS XA G S 81 AN B (T
[X), A A 543.62 77 hm® , 5 44 4 R ALY
25.7%, FEHSRIERIA] 53 RS H, 4350 h 1 X -
WA SHE, WS IRX, T IX S SEE.
AL L D, T Rl — i S 4. RS R IX,
IV IX Frlge SR — i 28 S . ERFIRIX, V3
FE X, VIR B2 JE (A 1) o DAL 2 W], B
AR EEAEPE T X IXAIVIX,

12 HmRE

Z: M8 (P L3 ) b b A0 B SR IR A 32,
Tl 5 ) P 2 L LAY R S T e B b S
Mo, [R5 SR M M A AR AR DL | R



1078 AR

2024 4E

0 50 100km

I Frle-IS 4 S5V . W ILFEIX
I - S . RinlpIX
I Pl S, RIS mRIX
IV Bl S-SR E S ERFRIX
V HECA A X
VI I 151 - i X

B 1 HEiasatnRsxXE

Fig.1 Map of karst landform zoning in Hunan Province
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Fig. 2 Schematic diagram of the study area
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Table 1 Overview of sampling points
Hlm= HIX 54/m 1 FHBAR +2K W2y
771301 TR RN B 124 TEAHHD, BRIR R4 £ FERIR &
71102 [l &5 viIr=Y 284 TEA MM B R A REPIR A7
71303 TR A ACGE X 510 TEAHHD, BREAFNN 1 FEFRIR A
XX01 P A 2 811 HEAR B {5 W ARk PRI IR AT
XX04 iy ATIE=Y 1236 FRARPCREHb fAl B R IR FEFRIR A
XX05 PG SR B 365 T [ b BRI IR AR A
XX09 WL 606 JKH BREAFNN 1 FERIR &
XX12 [y ATIE=Y 550 7K H RPN L REPIR A7
CZ03 PO BT 313 BT bR, BRIF R4 £ T
CZ04 LiigA N = 404 TEA MM B E A AR AT
CZ05 g SE 255 TEAHHD, B s gkt T
Ccz11 FRAHAEBH £ 205 7K H R B KB 1 REPIR A7
YZ03 A3 B 201 BT bR, B s gkt T
YZ05 AT AR R 228 T b BRI ikt T IR A A
YZ06 AN T 290 BT bR FIRE = gkt AR A
YZ08 KT B 380 T b Fhib i = gkt [ LRl
YZ10 TN A BAEL 117 JKH AT EKBAN 1 FERIR &
YZ11 AN B 131 7K H WHEAKPAN L A A IR AT
HHI11 DTk B 134 JKH AT EKBAN 1 FERIR &
SY02 BEBHE X B 326 T b BRI ikt TRA#
SY04 FRPHIBE v 2 VA & 462 TEAHHD, DRI N N HFLATR AT
SY07 BIBHARFHEL 343 HEAR B i B I Bk U TR A A
SY09 FRBHAR A B 320 BT bR DRI N N T Y
SY11 ABFHER AR B 254 7K H (R=F/\ < NS REPIR A7
SY12 BRBHE X 397 JKH AT EKBEAN 1 FERIR &
SY13 BEBHARFE B 259 7K H (R=F/\ < NS REPIR A7
LDO1 2 IR B 174 BT bR YDA N T Y
LD02 EIRH LR 440 £t RE M 5 I R T A REm
LDO03 IR 224 B FR ORI ARTE £ FEFRIR A
LDO5 BIRERE 146 7K H (R=F/\ < NS REPIR A7
HY02 s pE T B 92 BT bR b w ekt T
7705 RN 2 Bz B 263 TEAR B AR & 2t RS AR

* TR LR R R TR

*: The classification name of a soil system.

R X AR . AR 2k

B RL R RS R RO F o AR S AR IE RE

i

SRR SR 1,10 £ 0,63, 0.49 £ 0.30, 14.20 +
5.48, THEFR 3 Bt b T SRR, AR S RS
S BIREE R K, EEAIR PSR
19.65 + 15.74 g-kg ', +IFAE S48

14 CEC (I F¥IME A 16.70 £ 5.62 cmol-kg ', k£
ARFE Z ] 22 S 80K + 48 ECEC “F¥{H Hy 8.86 +
3.75 cmol-kg ', LA T+ 4 CEC M &t 1 Bk 4l

B:29(F2 4) W, 24 CEC < 10.5 cmol kg ', {7 fig

§9; 24 CEC 7F 10.5~15.4 cmol'kg ', f L fig J7 45, 4
CEC f£ 15.4~20.0 cmol-kg ', 14 It g J1 4% 3 , 4
CEC>20.0 cmol-kg ', fRILAEF7 3% . AF5TIX - PH
T4 o R T 10.5 cmol kg ' OREAS AR AR %L
1) 89.04%, +IFELRLHE 1 2 4k Figcuk . haEKF, £
B R B, AR, BB o F . PR IX £
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Table 2 Statistical characteristics of soil physical and chemical parameters in the study area

izt FHIE 5PN E /IMA E 5 R AL
pH 5.46+1.41 7.97 3.46 5.57 0.26
A H/gem’ 1.30+0.22 1.75 0.86 133 0.17
HHLUF /g kg 19.65+15.74 100.92 1.93 14.99 0.8
CEC/cmol kg’ 16.7+5.62 36.03 6.99 15.96 0.34
ECEC/cmol kg 8.86+3.75 20.88 2.91 8.48 0.42
{2 A 118+101.64 555 0 87 0.87
MR AR hoag A 441£174.54 790 103 468 0.4
RvkL 44 1£193.92 879 123 369 0.44
2%/g kg 1.10£0.63 3.67 0.18 0.92 0.57
/g kg 0.49+0.30 1.74 0.09 0.44 0.60
2i/gke ! 14.20+5.48 31.14 2.87 13.74 0.39
LR /cmol kg ! 1.74+2.63 9.79 0.00 0.11 1.50
S Ak B i emol kg 7.12+4.75 20.88 0.32 6.55 0.67
%3 ARTWHERHEEAT RIS
Table 3 Basic soil physical and chemical parameters for soils of different mineral types
Ei=gan FEE RKME R/ME e S R AL
R 1.32+0.21 1.74 0.86 1.34 0.16
FEFRIR A pH 6.86+0.75 7.97 4.54 6.96 0.11
AL 24.54+17.29 100.92 1.93 21.15 0.70
RE 1.24+0.13 1.42 0.91 1.27 0.11
BRI RS pH 6.37+1.06 7.90 5.24 5.86 0.17
AL 21.28+19.85 77.25 4.88 11.24 0.93
RE 1.28+0.21 1.75 0.93 1.29 0.16
T A pH 5.44+0.64 6.74 438 5.28 0.12
AL 12.58+8.63 36.76 5.00 8.77 0.69
ey 1.37+0.10 1.55 1.20 1.36 0.08
AR AR pH 5.86+0.53 6.85 5.07 5.82 0.09
HHLBT 14.64+9.92 39.07 473 10.35 0.68
R 1.36+0.08 1.45 1.22 1.38 0.06
RAEM pH 5.88+1.27 7.65 4.75 5.34 0.22
AL 11.04+6.96 20.10 5.16 7.98 0.63

®4 TEREENDRTTE

Table 4 Classification method for soil fertility retention capacity

iﬁﬁr‘fﬁ?ﬁ AR FEAM
[20.0, ©0) i 39
[15.4,20.0) L3 43
[10.5, 15.4) HhaE 48
[6.2,10.5) 59 16
[0, 6.2) R55 0

€ AI'/CEC., Ca”/CEC. Mg /CEC. K'/CEC. Na'/
CEC & 43 % & 0.098 cmol-kg ', 0.365 cmol-kg .
0.057 cmol'kg ™", 0.010 cmol'kg™". 0.003 cmol-kg ', %
HPERR | ACHMESS 5 A B P B i e, A - SR A
CIR AR i) | NTTTE: 1 o o S il i o e
T -1 BH B T RE T o

WF5T X B A+ HER) 5 R Py 257 (3R 3) 4
S sEFUR G A ARG T, S s
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AT/ ARG RERRR, BRABN
0.70 J& 548 55, PR & A + 50 AL T {8 B
i, 7 11.04 = 6.96 g-kg ', MMk iR A B+ A AL
T3 K, N 24.54+£17.29 gkg '
22 TEABFIHREVHARSEEYT PR
AT XS X 146 4> IR T AT R B (K 3),
AN 42 4 A MU ZE A S B R > Wk > b
WL, mie B R R e, RRA IR
PN SR 210 VA s A S 18 1 BT i BB
ML ML Bt Pt R b
JF %k DL R D T 2k 40 Ak o FhIS Y i R B+
() - SR A5 Fe R OK, GK 31.50%; ok A HHE L | R
B+, 5 9 30.14% F 27.40%; BHHE+ 5 1
H6.16%; HE+- | AbYEL | bR MR RE L B
W0 S 09 5 E KT 2.0%. HAIAIRA R+
HE CEC &t e K, 4 21.76 cmol-L ™', HA DU Fh &™)
FKAILHE CEC 2R AR, SR L, 146 1 FE A1
BB LA L v Ry O, M AR

PN =NI=}

[=PEENE

FHEAE

WE 4 iR, BA R R & a i m, iR
BT RS A, A A IR i
CEC 5 ECEC &&= ARG HIENTRZ, 1E
TRA T - gerh & i
23 MHBFRHREMEMET

% 5 "] 1, +3¢ CEC. ECEC 5k & BA7AE
TuAH S, (AR S AR W3 +3E CEC 58k
R IE A SRR S B 1Y 58 R AT I, ECEC
ki, Bk 8 o AH M (P<0.01); 13 CEC
5 25 5 U B 3 SR DG G &R, I ECEC 5 -4
AE AN (P<0.01); 14 CEC 511 pH, HHL
JF S A oA e, T ECEC )5 — 3% i B %
IEMEXFR(P<0.01), +3E CEC, ECEC 5+ 4
A W B, S ibE K ca’ Mg®, Na bl K s
etk ER 3L M P UG, Hoh 5 2| 58tk Ca™|
Mg™", Eh 3L B B S B s SRR | S etk

b

H FIAZ#E A5 CEC 2 IEAHE, 1 5 ECEC £ 1
MX(P<0.01)., T 1 CEC 55 ¥R I AH Kbk,

BORL — WYk o B

T, 25 ) 100 35
- ' .
£ 20- = 80 30
o s 25
0 = &
& 15 - B 30+ ‘NJF 20
X M s
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& & R 10 {
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/ 5
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'H 0- 0 ; ; i ; ; 0 7 4 A A ez V77 ez oz
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Fig. 3 Relationship between soil CEC, mechanical compositions and mineral types
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180 12 3 600 123 700 ; 123
w1600 05 sl 05 6w ‘ 10 5
= 1404 HWo B E 500 7 | =
=120 8 & 22400 8 & 5 8 &
= 100 | g 5= a0 ; 5
ﬁg 80 | 6 W & 300 ‘ 6 £ 30 } 6 %
2 x 100 | 2 2 100 E 2 B
0 j& 0 ‘ 0 j& 0 &
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REDT PRI @l e £
ROADRAA f8 1A

R7E

RERT BRI e eI R AR
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E7E Y

B4 TIEFWHARS ECEC MR TIEFRARKIXR

0
RETT PHRIAT @l iR Y

RERRAR A8 RAA
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Fig. 4 Relationship between soil mineral compositions, ECEC and soil particle compositions
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Table 5 Correlation analysis of soil exchangeable cations

with other factors

CEC ECEC
i -0.106 -0.008
b g A —0.420" 0.048
Bk 0.434" -0.039
Fagis -0.282" -0.138
pHOKEE) -0.112 0.307"
AL 0.094 0.2437
2RN) 0.142 0.132
25 (P) 0.225" 0.368"
LK) 0.207 0.183"
AR 0.290" -0.085
AR 0.187 -0.101
AT 0.287" ~0.080
ACHPEK 0.263" 0.175"
LAtk Ca™ 0.272" 0.8017
Mg 0.285" 0.499"
&4 Na' 0.121 0.004
AR B 0.315%* 0.836%*
LR 7=y 0.058 —0.217%*

¥ "P<0.05; "P<0.01,
Note: *P<0.05; **P <0.01.

1M ECEC 54 ¥28 B B 4 i & A0 (P<<0.01) .
3 it i

EA W5 W, £ CEC 55k 2 3% A
5K, SRDRLAE B E AR SE, AR SCHESEAE R, B9
X EHELUR RN T, T ERRL . BT RORAR RN, 5
TEAR YL 1 A HP BB ORI %, AR 2 FE AR AR AR 2R
PR g PR AL 2 R 43 T RRAE (1 25 Ak
S R AL B A A AOCRF TR R
SRR AN, A4 DRI AE Ty o, {H 52 J0RL &
(2, 32 IR S ARZE I IRA ™, Aoy
RtoRL S iy, T R R S AR, SR A TR AL
PRAE, (LB MR 2 2 A U s e ™,
R P e O AR S e 1 M B KPR Bk
TR, BEERROK . BRICRE I . SR A 0T
144> AL A5 A B, 4 S o b 2 A S
F18) = B S DR SR R RO AL (AR X 5 ) AR Al . 3
ORERLAR 73 A 5 A 1 38 d SR AS A ) B o,

B T 3R B ZE A AR SR A K e N AR
HIIE WA & EE AR . AR IR ) H R ER B2
() Il [ 4F, IR BESRAT AT 0 R R . ARk 14
JoT Ml 32 e T R RE B A, AR X AR E
EUBRAE 2 A0 5 b AT 4R T 3 s A L bt A 2533 ol ke
8T . WREKIAE A 2.00~0.05 mm, PURLATHL, 3
T FEURE XF A /0, 2 56 P9 4 Pl B A4 - AR X A 2, Xt
N CEC By & B8R, bk Z i Ag e s (IR, T 4%
TRAEAE 5, £ SCHE R 1 % 2 4 w5 Rkt X 3 4
/NGRS 133 CEC W52 47 534, & 81+ 4% CEC
SRR 5 UM SR B TR R A G
LAl N B T B SR VR o
PO AN RSNl ok ST R 0 W) Wl = s YA LU A
it R CEC AW 3G, Bl W 1% 13
fn, £33 CEC & & W& 3 hn; Mk % & 5 CEC 1Y
AR IR AEA B 3, (A R R B PR b . T4
ikt +3 CEC S 2ok A FAR S i H %
HLA AR, ok R M R TR R
5+ HEFRLAR S 0.050~0.002 mm BB 4 WURL, Hok:
R TRORL, BEOS I — 2 5 i BH 5, {H I fff g
B, SR Sk o A WF5T 3 B - 5 ok
i, £ HE CEC & 35 34 i P, {H085 4 & i X +
CEC WY BTERAR /N, EE B A B & BB, L4
R HE RS /N T 0.002 mm &S0 W) 0ok, T
HRLARAR /N LR TR, W B e o o ek 1
FORLE SR o0 1Y LA 37, R I A 3 b i 5 i kL
B2, A 4 e b s 5 il & BB, R -
SR KPR NE RE g i, (HR IE 2 PR Ry i S P 75
T E B AR S . BH B A R A
A PHE T 10 BRI, Zh kL B R & 4 R RE )
i, LR B ) B S R 22

AN TR) g A B J5 [ 1 0k 2 B RN ™ ) 28 A A
25, R H TN B T ac it fe & & A4 B AR
ko AT A REES Jha X A3 Y RS EER AN
KA, R Y SR 2 A
BHEAEH LR, 77 b X R £k 7 X b ol 72 o =
A SR T, T R S ) ) T S A T g T A
HE S o AHIFGE 2R 46 1) R 0 W R 4 SR s X A
WCARETUR & W I, J@ W 2= KU B2,
TP RS B R BB BTk
BRI MA EE R, HHEP R0 Y287 550
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Response relationships among CEC, mechanical compositions and
mineral types in typical karst soil

XING Yuxin', YUAN Hong'?, JI Xiangtong', DUAN Chenglong', JIANG Jun', LIU Shanpeng', LIU Peng'

(1. College of Resources, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. Institute of Karst Geology, CAGS/
Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004 )

Abstract In this study, a total of 146 profile samples were collected from 32 soil profile sampling sites in nine towns
and cities in typical karst areas of Hunan Province. The physical and chemical properties of soil were analyzed through
field investigation, excavation, and collection and description of soil profiles of limestone weathering parent materials.
The relationships among soil CEC contents, mechanical compositions, and soil mineral types were also explored. The
research findings laid a foundation for modification, fertilization and ecological restoration of karst soil.

According to the Technical Specifications for Soil Analysis, the determination of soil physicochemical properties
was conducted as follows: the soil pH values were measured by potentiometry. Both soil organic matters and total
nitrogen contents in soil were determined by potassium dichromate heating method. Soil bulk density was measured by
cutting ring method, while total phosphorus was assessed through the digestion-Mo-Sb anti-spectrophotometric
method. Total potassium was analyzed via flame atomic absorption spectrophotometry. Exchangeable calcium and
magnesium were quantified by EDTA titration method, and exchangeable sodium and potassium were also measued by
flame atomic absorption spectrophotometry. The composition of soil particles was determined by pipette method, and
the particle fraction was classified based on the system of United States (2.00-0.05 mm for sand, 0.050-0.002 mm for
silt, and <0.002 mm for clay). Types of clay minerals were determined by X-Ray diffraction. The cation exchange

capacity (CEC) was determined by ammonium acetate centrifugal exchange method. The effective cation exchange
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capacity (ECEC) was calculated in the following formula: [cmol-kg ']= H'+AI’ (A" + total extractability base.

The results shows as follows. (1) The CEC contents of typical karst soil in Hunan ranged between 2.71-13.9
cmol-kg ', with an average value of 16.70+5.62 cmol-kg '. The sample values exhibited considerable variability. The
average soil ECEC was 8.86+3.75 cmol-kg ', sigificantly lower than soil CEC. The particulate composition of soil was
mainly silt and clay, resulting in a heavy texture and poor permeability in the study area. Based on the American
grading method for soil fertilizer retention capacity combined with the measurement data, it was observed that the soil
fertilizer retention capacity in the study area predominantly fell within the medium to strong levels, but the soil
fertilizer capacity was inadequate. (2) The particulate compositions of soil followed a trend of clay>silt>sand,
encompassing nine texture types. The soil samples with clay texture constituted the largest proportion of 31.50%. This
was followed by silty loam and silty clay loam, which accounted for 30.14% and 27.40%, respectively. The soil
samples from the study area included five distinct mineral types: siliceous hybrid, illite hybrid, kaolinite, kaolinite
hybrid and hybrid. The hybrid soil exhibited the highest sand content, while the siliceous hybrid had the highest
content of powder silt, and the kaolinite hybrid contained the most clay. The CEC and ECEC contents were the highest
in illite hybrid and lowest in hybrid soil. In general, the soil texture of the 146 samples was primarily clay, silty loam
and silty clay loam, resulting in heavy and compact soil that adversely affected the air permeability and drainage of
soil. (3) CEC exhibited a highly significant correlation with both silt and clay content, while showing no significant
correlation with sand. Soil ECEC was not significantly correlated with any of the soil particles; however, it
demonstrated a highly significant positive correlation with soil pH, organic matter content and total phosphorus content
(P<0.01). Additionally, there was a significant positive correlation between ECEC and total potassium content,
indicating a relationship between ECEC and the primary physicochemical properties of soil. This suggests that ECEC
may influence the soil characteristics more effectively than CEC and could have a greater impact on soil fertility.
(4) The primary exchangeable ions were Ca’” and Mg’’, with soil CEC showing an extremely significant positive
correlation with K*, Ca”’, and Mg”" (P<0.01). Furthermore, soil ECEC was significantly positively correlated with K,
and extremely significantly positively correlated with Ca* and Mg”" (P<0.01). Soil CEC was not correlated with
mineral type, while ECEC was highly significantly negatively correlated with mineral type. The contents of Ca’’, Mg*
and K" in soil exchangeable salt-based ions also had an effect on the contents of CEC and ECEC in soils of different
mineral types.

In this study, soil CEC was found to be extremely significantly negatively correlated with silt contents.
Conversely, there was a highly significant positive correlation with clay contents. This indicates that in karst soil, finer
soil particles contribute to a more compact structure, which enhances soil cation exchange and improves soil fertilizer
retention quality. However, the fertilizer environment can limit the nutrient cycle between soil and crops. By adjusting
the proportions of silt and clay in soil, it is possible to increase the CEC value and enhance soil fertility. Although no
significant correlation was observed between ECEC and soil particle compositions, ECEC was found to be
significantly positively correlated with soil pH, soil organic matter contents, exchangeable Ca’* and exchangeable
Mg”". Additionally, it exhibited a highly significant negative correlation with soil mineral types, which better reflects

the synergistic effects of soil fertility conservation and nutrient supply.

Key words cation exchange capacity, soil particle composition, limestone parent material
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