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Distinguishing Features and Influential Factors of Soil Iron Oxide in a
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Abstract: [ Objective] Understanding the characteristics and differentiation of soil iron oxide in subtropical karst basins is
crucial for comprehending the occurrence, development, and type evolution of soil in this unique regional complex. [ Method] This

study focused on 53 typical soil profiles in the Houzhai River Basin, Puding County, Guizhou Province. The research involved
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measuring the content of various forms of iron oxides in diagnostic surface and subsurface horizons, calculating their weathering
indexes, and analyzing the characteristics and differentiation of soil iron oxides. Additionally, the study explored the impacts of
soil-forming environments and soil attributes on the characteristic differentiation of iron oxides. [ Result ] The results revealed an
increasing trend in the content of total iron and free iron from diagnostic surface to subsurface horizons, with average increments
of 25.54% and 39.63%, respectively. Iron oxides exhibited enrichment in diagnostic subsurface horizons. The activation degree of
iron in the diagnostic surface layer surpassed that in subsurface horizons, while free iron and the iron crystal gel rate showed an
opposite trend. Most tested diagnostic tables' subsoil had over 30 g-kg™' of free iron, over 50% iron dissociation degree, and less
than 30% iron activation degree, indicating that the soil was in the aluminization stage during the middle phase of desilication.
Factors such as parent rock, land use, watershed position, organic matter, pH, clay CEC;, and texture types significantly
influenced the iron oxide content and weathering index of various soil forms. Geographical detector analysis highlighted the
significant explanatory power of parent rock and organic matter on iron oxide index differences (excluding free iron degree), with
the highest Q value observed in their interaction (total iron 41.9%, free iron 39.8%, amorphous iron 40.1%, iron activity 41%,
iron crystal gel ratio 52.5%). [ Conclusion ] Apparently, parent rock and organic matter are the primary factors influencing the
differentiation of soil iron oxide characteristics in subtropical karst watersheds.

Key words: Iron oxide; Influential factors; Subtropical karst watershed; Guizhou Province
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Table 1 Information of tested soil profiles

ElRes PR 2 591 %73 + 3R H e
Profile Location Longitude Latitude Altitude/m Land use Parent rocks
1 BR R 105.783 0°E 26.268 3°N 1334 Lesii) e
2 ZMil 105.790 3°E 26.258 1°N 1373 THE AR AR Hh e
3 LAl 105.792 9°F 26.256 8°N 1334 K H e
4 IR IE 105.793 1°E 26.260 8°N 1364 it e
5 [EATIRNY 2 105.796 5°F 26.253 4°N 1410 i e
6 B 105.787 6°E 26.244 4°N 1322 LN} AR
7 FH 3RS 105.786 1°E 26.252 2°N 1389 THE AR AR Hl AR
8 Ik 105.765 6°E 26.223 1°N 1339 THE A AR b IR
9 P 105.786 9°E 26.238 5°N 1353 i IR
10 Ko 105.768 6°E 26.242 1°N 1353 TEARIE IR
11 LT 105.771 1°E 26.248 0°N 1298 Lesii) IR
12 LT 105.778 2°E 26.244 4°N 1410 b IR
13 o % /NI 105.746 7°E 26.278 3°N 1319 THE A AR b M=%
14 PRI LR 105.746 5°E 26.267 6°N 1244 7K H ARE
15 PRI LR Y 105.757 3°E 26.272 8°N 1302 TEA AR ARE

16 KB 105.747 7°E 26.273 4°N 1296 Lesii) S g+
17 A 105.733 5°E 26.278 9°N 1233 7K H ARE
18 HIA 105.716 9°E 26.274 6°N 1246 AR ARE
19 Tl 105.722 9°E 26.253 2°N 1281 LX) Hzd
20 Keg 105.721 5°E 26.259 8°N 1259 i Hzd
21 KEs v 105.715 4°E 26.247 5°N 1250 T, Had
22 PR 105.738 7°E 26.249 4°N 1255 HEAR MR fRE
23 Tuk 105.740 7°E 26.238 0°N 1269 b fRE
24 i LA 105.738 7°E 26.229 7°N 1270 HEAR MR A RE
25 FRLTERT 105.727 2°E 26.218 3°N 1292 THE AR R Hl AR
26 e A 105.732 4°F 26.219 0°N 1285 K H AR
27 AN 105.712 1°E 26.225 5°N 1278 THE AR AR Hb AR
28 KFERT 105.721 4°F 26.220 6°N 1250 i AR
29 HE 105.717 3°E 26.209 1°N 1255 i AR
30 (/41 105.739 6°F 26.220 8°N 1285 b, AR
31 KT 105.731 2°E 26.226 1°N 1252 7K H IR
32 PR 105.757 2°E 26.236 8°N 1270 7K H IR
33 ES R 105.745 8°E 26.246 3°N 1264 7K H IR
34 HEN 105.737 1°E 26.243 4°N 1268 i AU AR AR T
35 N3} 105.706 7°E 26.278 1°N 1237 THE AR AR b Mzt
36 NYLi3)) 105.694 8°E 26.277 3°N 1200 7K H Py
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S
EliRes PR 5y i 573 + A B
Profile Location Longitude Latitude Altitude/m Land use Parent rocks

37 PR 105.777 4°E 26.262 6°N 1351 i ey =y

38 FH ¥k % 105.755 2°E 26.258 3°N 1296 T AR

39 HH 35 105.751 6°E 26.259 8°N 1289 7K H AR

40 mTE 105.764 5°E 26.252 8°N 1403 THE AR AR b AR

41 mT% 105.773 4°E 26.258 1°N 1395 THE A AR b IR

42 mT% 105.774 2°E 26.253 8°N 1405 it IR

43 PRI R 105.766 6°E 26.258 3°N 1315 THE A AR b ey =y

44 P 105.791 3°E 26.238 1°N 1357 ity IR

45 FLYE 105.766 2°E 26.229 7°N 1311 7K H A RE

46 FYE 105.779 4°E 26.230 2°N 1341 b, ey =y

47 B 105.731 1°E 26.231 6°N 1286 i L EREAR R

48 B 105.739 1°E 26.225 4°N 1302 Fith ARE

49 N 105.702 7°E 26.240 5°N 1252 A S g+

50 H A 105.730 8°E 26.262 2°N 1267 HEAR I g EREARE

51 1 = 105.690 7°E 26.264 5°N 1248 HEAR MR A RE

52 1 = 105.691 4°F 26.260 5°N 1230 7K H fRE

53 1 = 105.704 0°E 26.263 4°N 1242 LX) Hzd

1.3 MEFERTEEESR

T3l M o R SRR R A e AR 2 R AR HE ik
MEPY, pH, B (KEHR 2.5 1), 4R
R (4.5~5.5), AR (5.5~6.5), ¥t (6.5~7.5)
MErE (=7.5) PUAELEY HHLUT (SOM), 7
[ vario MACRO cube ¥ &ITERHAE, s
FeAk (<6 gkg' ). K (6~10 gkg'), H (10~
20 grkg ). E(20~30 gkg ). mi(30~40 gkg ')
I (>40 gkg ') 6 ZUKFBY, Wokigk,
Tk, ot it F DY ZR#-EDTA
LALLM E 8 CEC, J5, BHRIEAITE R
RIBHES Fac#e (CEC, g ), HAZMBPETIERS
IR S B R Ay AR (<16 cmol kg™ ), H1 (16~
24 cmol'kg™'). & (>24 cmolkg!') =B 44k
(Fet). Rk (Fed) FIAESFER (Feo) SR HLPIE
VAN AR N7 e

R AR XA FE bR B

BRUIFBS = Fed/Fetx100%, 4ki%1k = Feo/Fedx
100%, %k #% = ( Fed—Feo) /Feo, (1)

L, Fed MilFEIRL, Fet 224k, Feo HNAEMHE.
1.4 HEFIUHS5HH

AH B ) T35 F Microsoft Excel 2019
SEM., 12 IBM Statistics SPSS #4754 1 1E A M
frir, FEAREAR L B RN R IES S,
B EAT T ESR, M E TR R G R R Ty
2557 M5 R Ml BRI 25 o PR R0 N A8 BAE AR
DS - 398 S A0 R AR AR 52 1) R~ P i R T HEA T HE Y o
iz i ArcMap JE 79T XAV B FTR R D 22 1
fifi 1 Origin #4777 25 il ¥l .

2 45 R

21 TEHRAEESEUKSER KU ESER
LWiRZ AR A Sk L2 W=, e
A JZH AB JZ. ZWIER NREMYIFEME . T8,
et = ARVE ], R LIERRZ P RA KR
XL, AR LR B R E RPY L1
R R MW RIZA R IRRIZ 24 1 B RIZ 74>
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B2 124 k)2 144 KBFRALER IR Z 114 K
RIEEERZ 6 4~ MFE 2 1A, A L)JZA 8k
T MR R E R R E S . B RZ 150
Fet /T 16.23~102.48 gkg', ¥I{H N 66.49 gkg';
Fed /T 10.5~59.28 g'kg ', ¥ N 30.1 gkg'; 4k
WEB N T 20.9%~74.42%, HMEHK 46.99%; Feo
T 1.64~10.08 g-kg ', ¥IEIUH 6.65 g-kg ' BhiG
FLEEA T 8.09%~62.74%, YIME K 24.42%; S
AT 0.59~11.34, ¥ K 3.96. LWiE T2 135,
Fet /T 38.06~123.15 gkg', ¥{H N 83.47 gkg';

Fed /T 26.19~67.68 gkg ™', MK 42.03 gkg™';
BRI B AT 28.43%~69.14%, HIMEH A 50.96%:;
Feo /T 2.97~14.01, HEH K 6.69 gkg'; ik
EENT 4.66%~32.81%, ¥EHN 17.19%; &bk
RAT 2.04~20.43, ¥EHH 637, H Fet, Fed
M Feo HiZWiRJZMIZWI T RIZEWMES, Fet
Ml Fed Mg, W0 50 2554%F
39.63%; 2 R)Z HIENREE R T2 R T)Z,
HANRACERE b5 Z M . A TEAR 078 5 R 50
FE0.1~1 Z 8], J&FhaEis s

LIt o

R2 TRESEMKRRILEERERSE T

Table 2 Descriptive statistical results of iron oxides and weathering indices of various forms

+)2 ALk e /ME K AEH FHME bR 5 REL S-w
Soil layer Characteristics of iron oxide Min. Max. Mean Standard deviation (6)% (P)
BWi£Z (A/AB) %/ (gkg!) 16.23 102.48 66.49 16.58 0.25 0.07
B (gkg) 10.5 59.28 30.1 9.08 0.3 0.41
B (gkg!) 1.64 10.08 6.65 1.86 0.28 0.51
RS BE /% 20.9 74.42 46.99 12.79 0.27 0.49
RIS AL EE % 8.09 62.74 24.42 11.13 0.46 0.96
BRI =R 0.59 11.34 3.96 2.27 0.57 0.58
ZWiER FJZE (B/BC) 2 (gkg') 38.06 123.15 83.47 20.01 0.24 0.35
e/ (gkg') 26.19 67.68 42.03 10.13 0.24 0.55
e/ (gkg') 2.97 14.01 6.69 2.62 0.39 0.3
B BE /% 28.43 69.14 50.96 9.15 0.18 0.15
RIS AL EE % 4.66 32.81 17.19 7.89 0.46 0.13
T IES 2.04 20.43 6.37 4 0.63 0.23

. FhEILEHANI N gkg'. Note: The iron oxide units in the table are g-kg .

22 EFARREERFHLIESRUGKBESR
ANFIREA & F 30 A Ak o B R AL B
PR 225 (P<0.05), WA 2 fis. UL e
BT RH TIA T2 Fed R MIRRY BEm T
PRIREL R B I 8 WRIRE A A & B TSI
T2 Feo BE R THaAMENLAOHHEEN
+HE; AREKRE W T2 Feo MBI ILIE
BERBTHZ SRS NLL R+ 5T 5,
WE 3 fr, A AORor 3 A fb ke
HE = AR LR (P<0.05), LIS )2 3R Bk
TR R TR, BWR T2 L, KHEE
Feo W& T 2H . VEAMMLANE M ; 7K FH A2k

A Sk 2 T S M R R ) R b 0 v T K
ME 4 a1, XFigkiR)E 5, s gt
8 Feo W2 T NI LI, BRMIKENSZH R
(P<0.05). X T1ZWiFk 2148, Tif -3 Fed &
B B R B T PR i 3 (P<0.05), T
48 Fet BEm T LUFHIE, mekyE 105 W) L iF
T R (P<0.05).
23 ETFAELTEREUNENSEBFESR
ANFEA HLBKE B Y 3R A 1 S XL
FEFRARAAAE B 25 (P<0.05) ([ 5). X2l
ZEHEm S, AHUERTREKE (10~20 gkg') +
SR Fed FBRAMIEH W& & THAMK 0y 3%, A
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Fig. 3 Characteristics of iron oxides in soils under different land use types
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Fig. 5 Characteristics of iron oxides in soils under various levels of organic matter
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