T ]| F &

Acta Pedologica Sinica

DOI: 10.11766/trxb202305040171
TR, BEERE, THRE, A0ERIE. S SR RS R AR IE Y R R R R ()] A4, 2024
XU Zuliang, LU Xiaohui, ZENG Hailian, ZOU Yufeng. Distinguishing Features and Influential Factors of Soil Iron Oxide in a Representative Karst

Watershed in Guizhou Province[J]. Acta Pedologica Sinica, 2024

%’}‘H Eﬂiﬂﬂg,ﬁﬁ i g —l.ﬂ./.%gifﬁﬂ-f A NH
=AUES

ma% 12, R 12T, i 12, ARERIE 12

LB HITYE R 2 PR S AR 2 4B, 5B 5500255 2.5 M1 44 W IR L1 A A5 PR (5] K B RSB0 = 1 B kb, B
550025)
1 B RO R RRHE S5 e, XA VR AR R SR & b 3B R AR R B B R A6
HAEERZ . DBNE e LG IRigA 53 A 85 L HEATF R &, e 2R E RS WR FEAFEASR
W B I R BE R AR, 0 hT T3 BRRHIE S L 2 S 00, R 0 PRS0 4 a8 M e A BRI 43 e I 5
Wi, ZEREH: HEWREZSHRTE, S8k IRk EHinkas, P Ao 25.54%F 39.63%, PAMIH
BLELWIR T2 &R PR ESILE S TSR T2, Mg Rk GIRE S 2 MR Kreki 72
T B 30 gk LLL, BRI =50%, BRIHILE<30%, AT E A B BEA . TR, R
BRI AU pH. FRLPH 25758 6 5 R Hb S5 06 A 7] 72 25 L e AU Ak 3 i B R B F b 23 S 38 S 5
(P<0.05); HUFEPRMIBRANTRY, BEESEHUTN S EMBEHE (BREIEEED R ER, —EXHAERT
B g HER (48 41.9%- U7 254k 39.8%. AEMJFAEE 40.1% BRIGILEE 41%. BRMmEE 52.5%), RLREFIH YT NIE
S SRR - S SR A 23 S 4 R
X Bk mER, WA BTG SN
HESES: S151.973 SCERFRSAD: A

Distinguishing Features and Influential Factors of Soil Iron Oxide in a Representative
Karst Watershed in Guizhou Province

XU Zuliang!?, LU Xiaohui'* T, ZENG Hailian!-?, ZOU Yufeng!-?

(1.College of Geography and Environmental Science, Guizhou Normal University, Guiyang 550025, China, 2. Cultivation Base
of State Key Laboratory of Ecological Environment in Karst Mountainous Area of Guizhou Province, Guiyang 550025, China)
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 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%
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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 CECs, 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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Fig. I The location of the study area(a)and environmental factors
(b. parent rock, c. hydrology and geomorphology, d. land use )
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Table 1 Information of tested soil profiles
HIT S PRI 2R 4 R TR BEE
Profile Location Longitude Latitude Altitude/m Land use Parent rocks
1 B AT 105.7830E 26.2683 N 1334 it RKE
2 ZAl 105.7903E 26.2581N 1373 FEA R VeV
3 Al 105.7929°F 26.2568N 1334 JKH TKE
4 TN % 105.7931E 26.2608N 1364 i VKA
5 17z 105.7965F 26.2534N 1410 i VKA
6 [FIEES7¢ 105.7876 E 26.2444N 1322 it VEp o=
7 U 105.7861E 26.2522°N 1389 FEA R VEp 2o
8 i 105.7656 26.2231N 1339 HEAPR I VEp o=
9 LIES 105.7869°E 26.2385N 1353 i HIRE
10 K 105.7686 E 26.2421N 1353 HEA PRI VEp o=
11 fINEsy 105.7711°E 26.2480N 1298 it VEp o=
12 INES 105.7782°E 26.2444N 1410 i VEp 2o
13 e N 105.7467E 26.2783N 1319 HEA A Hzas
14 R RA 105.7465E 26.2676N 1244 JKH VEp 2o
15 PR LRAT 105.7573°E 26.2728N 1302 HEA A VEp o=
16 KB 105.7477E 26.2734N 1296 i L ERFARCR st
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17 Eikzqn| 105.7335E 26.2789N 1233 7K H ARG
18 Hilk 105.7169°E 26.2746N 1246 FEAR A ARE
19 il 105.7229F 26.2532N 1281 i Has
20 Keg 105.7215E 26.2598N 1259 Hidh Shay s
21 Keg 105.7154E 26.2475N 1250 i S
22 TR 105.7387E 26.2494N 1255 HEA A VEy &=
23 Sk 105.7407°E 26.2380N 1269 it ARE
24 iRara 105.7387E 26.2297N 1270 HEAR A VEy &=
25 KIGFEN 105.7272°E 26.2183N 1292 FEAR A FRE
26 Bz ik 105.7324°E 26.2190N 1285 7K H ARG
27 NEF 105.7121°E 26.2255N 1278 FEAR A ARE
28 KIGFEN 105.7214°E 26.2206N 1250 it FRE
29 HEH 105.7173E 26.2091N 1255 i ARG
30 ool 105.7396 E 26.2208N 1285 Hit FRE
31 RZERT 105.7312F 26.2261N 1252 K H VEy &=
32 R 105.7572°E 26.2368N 1270 JKH ARE
33 ESiM 105.7458°E 26.2463N 1264 7K H ARG
34 TR 105.7371E 26.2434N 1268 i E AP AR
35 AN 105.7067E 26.2781°N 1237 FEAR A A%
36 Nl 105.6948 E 26.2773N 1200 JKH Hz=%
37 AR 105.7774E 26.2626N 1351 i WA
38 k2 105.7552F 26.2583N 1296 i VEY 2=
39 FHIZE 105.7516 E 26.2598°N 1289 JKH ARE
40 T 105.7645F 26.2528N 1403 FEAR A ARE
41 ET 105.7734°E 26.2581N 1395 HEA A VEY 2=
42 BT 105.7742°E 26.2538°N 1405 it FRE
43 [ AT 105.7666 E 26.2583N 1315 HEA A VKA
44 JHIR 105.7913E 26.2381N 1357 i ARE
45 T 105.7662E 26.2297N 1311 7KH ARE
46 T 105.7794E 26.2302°N 1341 i VA
47 2=y 105.7311°E 26.2316NN 1286 it ELEGrARE- =
48 g5 105.7391E 26.2254N 1302 i ARE
49 2=y 105.7027°E 26.2405N 1252 it ELEGrAR:R- =
50 A 105.7308°E 26.2622°N 1267 HEA A Fhugar gt
51 THE 105.6907E 26.2645N 1248 FEAR A ARE
52 bfs| 105.6914E 26.2605N 1230 JKH ARE
53 I 105.7040°E 26.2634N 1242 i A=A
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BRI B8 = Fed/Fetx100%, i LJE= Feo/Fedx100%, %k /K% =(Fed-Feo)/Feo. (D
A, Fed M8k, Fet N4k, Feo NAE&FIHk.
L4 BSOS 9

AHREHE ) Si 11 53T Microsoft Excel 2019 H158 . 1z F IBM Statistics SPSS #4744k I 1IEZASE
farlsr, HAARHHRE BRI G 2RSS0, fFE ST ER, e TR G R R R Ty
ZE03 M R FH ORI 2% Hh R - PRI A AE B AT PRI, 358 S A R R AR 20 DR (R RS 1 AT HET
iz ArcMap @47 FEIX A B AR - B 25 A Origin #4777 ZH111&].

2 4 R

2.1 TIERARERSENKSERNLEIRIR
LRI TR EEEHE, B3 A EM AB 2. £W#E T ELBIFNE. 5.
JERECI E A, A LIEREZ TREAEHBE XN LE, BFEEAESH B EME ER, {1+
BRZE B ZMRBEERIRERE 24 N BERE 740 RERE LA JOKBERE 14 2R TESR
HEEE 124 FLE 144 JKBFEAGE R E 11 A RARTEHEE B 6 4. B3R 2 T, AR 2R
Bt AR AR RN 2 57 . SR 2 L Fet /T 16.23~102.48 gkg!, ¥MEN 66.49 g-kg
!5 Fed /T 10.5~59.28 g-kg!, ME N 30.1 gkg's BRIFEENT 20.9%~74.42%, 3N 46.99%; Feo
T 1.64~10.08 g-kg!, HMELCH 6.65 gkg!s BRIGEWEN T 8.09%~62.74%, MEHH 24.42%; Bk
EAT 0.59~11.34, ¥IMEH 3.96. Wik FELIEH, Fet /i T 38.06~123.15g'kg!, ¥IMH K 83.47 g'kg
5 Fed /T 26.19~67.68 gkg!, ME N 42.03 gkg's BRFEEANT 28.43%~69.14%, AN 50.96%;
Feo /T 2.97~14.01, ¥HEIUN 6.69 g-kg's BIEMENT 4.66%~32.81%, IMEN 17.19%; Ehik%H
AT 2.04~20.43, HMEN 6.37. Hr Fet. Fed Al Feo HZMiE 2 ML N EE SIS, Fet Al Fed
BhnEaARE ., EESS AN 25.54%F1 39.63%; ZWiRE LIEREIEILE ST 2R T, HaRib
i S 2. TR ST REOITE 0.1~1 28], JBTHELR.
%2 FEMASELSR R E iR G T

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

T2 AR HR/AME RKE FHIE FrdEZE R ERH S-W (P)
Soil layer Characteristics of iron oxide Min. Max. Mean Standard deviation CV
iR (NAB) S8 gke) 1623 102.48 66.49 1658 0.25 0.07
W/ (gke) 105 59.28 301 9.08 03 0.41
JES TR gke™) 1.64 10.08 6.65 1.86 0.28 0.51
BRI 1% 209 74.42 46.99 12.79 0.27 0.49
BRIGALEE 1% 8.09 62.74 24.42 11.13 0.46 0.96
el 059 11.34 3.96 2.27 057 0.58
2 T/2(B/BC) S8 gke) 38.06 123.15 83.47 2001 0.24 0.35
TR gke ) 26.19 67.68 42,03 10.13 0.24 0.55
FEFR (g ke 2.97 14.01 6.69 2.62 0.39 03
Bl EE % 28.43 69.14 50.96 9.15 0.18 0.15
BRIEALRE 1% 4.66 3281 17.19 7.89 0.46 0.13
PR 2.04 2043 6.37 4 0.63 0.23

W T EALEAT Y g kgt. Note: The iron oxide units in the table are g kg™,
22 ETFAEEMEREFIHIRSE L ESRIFIES =
AFEEE KB LR RIS B LR B 22 7 (P<0.05), WKl 2 Pos. SN
R LR E LA LR Fed KB MIREL RE & TRV E KB BREMARERKE L

http://pedologica.issas.ac.cn



s

T+ | ¥ Ik

Acta Pedologica Sinica

BIZWIRIZN Feo & T AR EMENLA O KB N IE, HICEKE LREHRTZH Feo
FERFEE RE R T A A AR UL G B R AL,

Fet/ (g« kg™

301

80

Fed/Fet/%

[N}
=1

90

60F |

XX

%

KX
XXX

X%

z5
%!

X
<>

>

ST
Yol 0%

v‘v
ele!

+

Fed/ (g * kg")

60

(TS
Feo/ (g « kg™")

[ #Marl

DX = #Dolomi te

[ IR Limestone

g a3 tQuaternary red clay

a

=2
=1

s
(=1

L% T

J

XXX X
KRR

v’v
KL

55
K

X

%0
S

X0

P

J=B/BC

Bim b g
Feo/Fed/%

o
=1

'S
=1

w
S

(]
=3

S

LR ZA/AB

LW T EB/BC

201

(Fed-Feo) /Feo

w

w

—
o

a

b

LWiRIZA/AB

ZWRT

EB/BC

BWiERIZA/AB {%mii%T}EB/Bc

i

ZWRIEA/AB L% F2B/BC

VE: EHRAFR/NG P RERIR R — PR 1 AR FRBY 2 [0 2 53 .34 (P < 0.05), R [A]. Note: Different lowercase letters indicate significant differences

between different subtypes under the same impact factor (P <0.05).
B2 REEEE R E LIRS PRE

Fig. 2 Characteristics of iron oxides in soils derived from different parent rocks
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Fig. 3 Characteristics of iron oxides in soils under different land use types
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MRE R v T4, R AR U R B 25 v K
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Ji AR KT 3R Feo MBRIEAL L BEAR TR (40 kg™ 3. SR TR, Al
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J 82 e T ARARACT (Y 3

6 73 Hr 1 DR SRR 2 R, IR AR R H I 1 235 70 57 (P<0.05) - T L3 2 M =,
ML I581F) Fet. Fed JkimAe 035 T i R AgaI: 1458, Feo FIERIELRE S R TEBUAH I

TN 13 CECr sk LHEEMC B ERIE RIS A R 2R (P<0.05), Wil 7 fir. SRR+
b, UK (<16 cmol- kg!) CECy g Fet 3 =T =7KF (324 cmol'kg!) CECy s, BRIGHES
Z M KT CECr s (16~24 cmol-kg™?) [f) Fed ‘i3 i T HAh/KF CECy sl 138, MK T
CEC7 snMER A IRZ LAIKFH Feo LT HAM/KF CECy sn) L3, 2R N =L, mKF
CEC7 suff] Fet W3 IK T HARAKY CECr s L3, MiH&E/KF CECy suff] Feo MMIL/KF- CECy anff1Ek
A IR 2 1 T HAh K CECy s 1235
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BRI FOONE R (25.1%) FIRES (14.1%); 7 ANEFHAEE 2 5200 Feo 11557 HLAREE 17 g 8
KRR : BEE (23.7%) >pH (16.8%) > CECrgx (15.4%) >HHUR (14.4%) > JiiHh (10.9%) >
LRI (9.8%) SURIHFAL (5.7%): XPERIEAE 73 7™ AR 2 50 1Y) DR - ELARERE 70 g A FR R BN
FoN: BHUR (24.4%) >BEE (18%) >pH (13.7%) > CECran (13.6%); i3 54maik e R0 F 1A
TR IfERE ST q ERNHEF RN BEE (29.4%) >AHUR (29.3%) >pH (27.3%) > CEC7 a4 (25.3%) >
WAL (11.3%)

AR F 0] 2 P2 HAE SRR R, R g (EHFE RS TR 7 A, Fet AREAENHL
Ji (41.9%), Fed NEEANEHLR (39.8%) ,Feo NEEANEHLT (40.1%) BIGLEAREE NAHUR
(41%), BRmFERNTEENEIUR (52.5%). SHETFAH, & T3 ASARIE 52 m R 77548 TAE
FA R IARRE 13 B s TR R HORRRE 7, R 22 BLAE FOGT 3B SRR 20 S R e 1 5
5o FeH, BEA 5 MU PR R 28 T A 6 Bkl 25 25 A1 R HAth S AR AR A F B AR A2 S IR D HE e 6
fEERE 13T 39%.

3% it

3.1 BEERE RS U IS TIRLE

4% Fed &8 MBS B m kT DS e 3 il b R s 0 34, EA IR RN, L3 Fed (1)
SRS IEKEREAR, LR EREME, L3t Fed 8%, Feo #k/DBS-36, Sl 2552 mT LA
WL R E S RS, BB RORS, TIRE SRR ET . PaE L E RN TR N RIE LR E
AT SR ARCs, JEgit, SOMNARREITRRARIE IR Fed T 5.3~71.5 gkg!, BMEN 2622 gkg's £k
WS EN T 15.4%~70%, $MEN 32.33% 5 BRIEHEEN T 3.67%~51.23%, ¥MEA 26.01% B3, Ji4
WF5CH Fed /T 13.24~67.69 g-kg', HM{EN 34.38 g-kg!s BRIFEENT 21%~78%, YIMH N 48.04%;
BRISLEEN T 4.67%~54.74%, $5MEN 21.71%. HHULATA, WEHTRRAE 38 Fed. R0FS MK THE
W TR, TR AR TR Rnidek, SO me B s SRt 4l P 1338 (%) O B R FEAMIR T s kit
WA, Hvg ke LI rh SR E P R . S AR RIS L, PRI IR R OR B
AR, BAAFEAEME S AR EAE R R 55 00 5 K AN B b 78 AR gk ok 1) B KB, 44
HE SRR T, (HIX SRR B A R T, 7RG SRR R 3 BT — K
Ak,

HiZW R Z 2 W R Z Fet Al Fed 3GINEHAHE, HWEEHMMM A AAEEHETEST
CWIERIZIIRE. SGurt oI, Ko T38RI I ERE WS WiR LZ iz lik N R shiEfim
R S2% LR HI T Wi R T 2 52 MR 2 R0 E>1), 1 3% b (S b B LA Rtk 24 in v, £
A7 TRk, H Fed A AR 3) 18 G 14041, K EIX AT B8 /& il 2 Wik T 2 SR RRAE =
TZWREMER 2 —. izl T2 1id, G 16.28%M T3 M Fed &&=/ T 20~30g-kg!,
23 . 26% Ik B /N T 50%, 6.98% IR TG AL BE AT 30%~50%; 83.72% (1 -1 FE i b Fed & B 7E 30g-kg
YLk, 76.74% 88K R T 50%, 93.02%MIERIELEE /N T 30%; HERIFERRZENT 1.5~2. 28204t
R IFHITIE 75%. thoh, A 18.87% A LI L2k, T BEKE, LR ERERE. &
T ERAFEEABRRHE I 45 & LI R & B B ARSI B AR B al A s R o I i T
AR E AL B, IR R R R
32 REFMERTIEEMX TIRS W EFHES R

R I R s 5, 1 3O - B AR Rl i R s B =), Rk R
X AR A AR = A T ELR R o RS RS PRR DR AR 5T RS S N RIR SR A 2R CRAKCE
H B A KR FBRIREL A4 B X CGEIa i) Pk, HEMEY, Tittieh
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KIZERCWIER T Z LT, BRBREA A 6T K E 1IN Fet. Fed. SIREIYm TR 4 6]
BREW L, X2 ORI R, BRlR £h 5 4t XS e AL S o B, SR AN itk
K, BB R, BRI LI 2R EGRRRYE, TSR T WIS, A TR ik
AT A, Fes Al Z/KEGWSEPIFIXT RIS, BARRIR 2h A SRS E XL it fE - ALOs Al
Fe 03 tHA B B AW, (HAEM IR IX, BRIRER S RBES KA T B AN i B, TR Rt
WD, SRR RN, I RIS, BEKEE, BRI E AR £ 5 E
R AR TR, R EBRIR 2h A &k B I Fet. Fed BUBRIR 2h A 41 A AL T ) B3, T h
IRAWITIEE, 552K AR M ER, R TARA K E LIEFORTE: Oaa R
KE, DRAEVEFES), T3R5I R T E, UL L ZH; R A R 5e 2
X HEA PV ARFIEAL, R FEA TR NI R, R A KA KB TIBS R N 2R Feo SERTHALEE
BEGTHANENLAER LRE 15, RRFRNRE, BEEXT Feo A8k f 2 1R/
B, A 23.7%1 29.4%.

THEEAHI (SOMD fed: Feo 5EIM I, BRATER di% L K Wik ft it &S A AR R, HA kS
B LIRS I REE G, S S TR 2 il a0, i H I Feo SN, M E L
TR, TR INEE 5 RIRE .. AT, AR SOM KFT, sk &8 &
HIGEEFRPRAE R E 25 (P<0.05). SAHKA TR (B 9), HIEEILE S SOM 2R E M IE
AR (r=0.505%*, P<0.01), ZkimikFE SOM £ W EMEMAHR (r=-0.469**, P<0.01). A] )L, SOM
T SEA R 1 45 B ELRS n A (R T BCITT s M A6 SE A R S AL 5284 . IR IRIR 68 K B L3R
SOM FLZ . (SOM Z Atk EI/KF, BMEN 40.18 g'kg™), AR THMBR AT TIHKER #5540 6K
5 R B LI SOM 2 MK, KT, WM N 2033 gkg!, BHHTEMENEZN, Wi e R E
IR R R B E R TR A O R TR B IE, 1 Feo & & MBIGLEE NI S . HRF R
R, SOM XHERIE I RS I K (24.4%) » SR SRR R INRRE 18 29.3%, SR T BEE (29.4%).

pH BEANRE ELEE o IR A BRI & &, (B sl R LA s b, AR T RN AT Fedt
)R]V FeX i di, wIVAYE Fe B /K. FAk. UIE G RASSE NS (Fec) 1640, fii Fec 1F Fed
b ES, 1 Feo BUIK, PIUCAERRME LIRS ULERINEEERUR, SRR G . FEANT T & Sy
fiEd, pH 5 SOM Bl BEA A HAF I g (E3OK, 1 BH IR RS 22 St R ek 9 S8 AL R AIE 20
FEFEAE T B R . HERAE I RO AR R AN AL E Y, (RS EN R S R Hh R A AN B R I T
S3BCET, NI TR AR R AR P AR 5 . J7 2200 M B, RIS RIFAL (RN g b s A ks
TEAEAE2E 7 o AHIFV S SEAE T, T3 IR, KRR G N2, LI BFERERES,
fifi+35Er Fed M8k R BAR, BambERm. TR AR, 263 rp S IE = A 4
SR80 AR AT R 1 A R 2 2 S B AR AR T BRI /K S R ) R AL R SR AR IR AR
by BKHE MBS & T FHh, 2 BRI S TR H . X2 KB R K TR BUR B i 72
R R R, BOKSEME Fee SR/ Feo & EIGINGY, Stk HAELEERR, BRRE
k. 1% CEC a5 SOM Ml pH ¥ 2HLE Z M IEAIE (rsom=0.54%%, rpy=0.423%*, P<0.01), HILA]
H1, 1438 CECy swlAl 0 I8 iR SRR 20 S P AR s . L 338t S5 R0 B B A AE — 3 OB,
Fhit. R L R R A BRI, T A R AR AR TR 2, b Fed NBEE KL
=8, R AT BER RO RS S AT AEN3),  ELYE Fed FOMBERERIAS Fh M55 SOM &I 5EEA 1)
T ERF 53518 30.5%81 23.4%, i B 5 M il 2 It P ISR BRARRAE 2 S A — s BRI

LSRR BT S TR A A S R AR BSS1, - R S0 R IR Ui R, T
ZHRTHIEIER .. AT PRI R BN, RS ESS, 280 & LI Ay
R A 25 500 o T DAL P A8 ELAE AR B = AL R ARRE ) g (B3R TR N IR ) g 18, Ui
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