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Characteristics of Soil Water Geochemistry and Its Response to
Soil Environmental Factors in Karst Peak-cluster Area

QIN Xingming'®> HE Binghui' WU Huaying’
(1. School of Resources and Environment, Southwest University, Chongqing 400716, China
2. Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract; The objective was to clarify the characteristics of soil water geochemistry and the relationships
between soil water and soil environmental factors in karst peak-cluster area. Soil water samples and soil
samples were collected from the depths of 0 ~20 cm and 20 ~ 40 c¢m in each sampling site. And all
samples were tested to meet groundwater testing standards and soil testing standards respectively. The
methods of grey relational analysis (GRA) and canonical correspondence analysis (CCA) were employed
to reveal the characteristics of soil water geochemistry and the relationships between soil water and soil
environmental factors. The results revealed that geochemical properties of soil water and its corresponding
geochemical indicators of soil were with different levels of spatial heterogeneity. And the variable
coefficient of pH value was the smallest among the indicators, just ranging from 2.48% to 10.44% .
Except Mg’" and Cl~, the variation coefficients of soil water geochemistry were decreased with the
increase of depth. The properties of soil water geochemistry in the depth of 20 ~40 cm were more stable
than that of 0 ~20 cm. HCO, , Ca®* and SO}~ were the main factors affecting the soil water geochemical
characteristics, with HCO; as a leading role. Furthermore, the CCA results showed that the correlations
between geochemical properties of soil water and soil environmental factors were different. Among the

main soil environment factors influencing soil water geochemistry, the total potassium ( TK ),
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exchangeable magnesium (EMg) , available zinc (AZn) and soil particles of 0.2 ~2 mm and 0. 002 ~

0.02 mm diameters influenced the Mg’ , HCO, and pH value of soil water; the available copper

(ACu), humic acid (HA) and humin ( HM) mainly impacted Na® and K* of soil water; rapidly

available potassium ( AK), soil water content and soil composed of particles of diameter less than

0.002 mm, and influenced soil water geochemistry by Na*, K*, Cl1~, SO}~ and so on.

Key words: karst peak-cluster area; soil water; geochemistry; soil environmental factors; grey

correlation; canonical correspondence analysis
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Fig.1 Schematic environmental geology map of monitoring point in research area
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Tab.1 Descriptive statistical analysis of soil geochemical indicators in karst peak-cluster area

FIEEE 0 ~20 cm

AN AP AK ERN O EMP  EKK  AHRK
Fiwo FE o e FREH/ REE/ O FER FRER/
/% % BE/% (mgkg') (mgkg') (mgkgT') (gkgTh)

e
b

FiCe HBn A¥Fe  AHMMa HHB SR R Mg
B/ B RER O RER/ RER/ CkE/ KE/

(mg'kgfl) (mg~kgil) (mg~kgil) (mg'kgil) (mg'kg’l) ((‘mol~kg71)(cmol'kgil)

BME 030 0.04 078 11200  3.00 40.00 3760 615  11.80 0.42 5.28 12.78 0.06 4.56 0.63
oN 0.82 026 215  S67.00 3700 110,00 9471 836 43.48 2177 S.44  56.19 0.33 20.78 3.40
¥ 0.5 011 149 24500  9.00 68.43 5551 728 27.00 5.48 19.17 .72 0.14 11.02 1.86
A 0.24  0.08 0.5 15262 1248  23.73 2100 0.76  14.75 8.18 18.29 14.56 0.09 7.01 1.10
BRANR/% 46.40 7129 37.07 6229 138.63 3468 3784  10.44 5463 149.23  95.4] 5.5 6236 6358 59.00
R 20 ~40 em

" &N 2P £K  EHN AP EHK AL H¥Cuo  HRIn  HHRFe  HYMn  HHEB Tt i Mg
FE R ORE BEW/ B/ FEL/ R/ Bt/ R/ BN/ BURl/ R/ CadklE/ W/

BT B% % (mgkgTh) (mgekgT') (mgrkg') (gkgT) (mg-kg™") (mgekg™') (mgekg™) (mg-kg™') (mgekg™') (emolkg™") (emol-kg™")
B 0.08 0.03 0.7 70.00 2.00 1700 1891 .02 6.97 0.30 3.58 5.84 0.06 3.48 0.08
oN 0.68 0.23 226  406.00  40.00  94.00 6441 8.40  38.68 7.92 1359 23.02 0.18 19.30 2.47
i 0.35 010 145 18500  9.43 409 3400 7.2 2.4 212 7.71 10.28 0.08 11.10 1.52
Fife 0.19  0.07 054 12462 1373 2419 1541 0.45  13.69 3.00 4.08 6.03 0.0 6.83 1.20
BRAM/% 5337 68.81 3756 6736 145.66  SL16 4533 6.03  6L54 14158 5292 58.63 6221 6153 78.91
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Tab.2 Descriptive statistical analysis of soil water geochemical indicators in karst peak-cluster area
+ HOKEE 0 ~20 cm
- K" i Na* Jfi &t Ca’* it Mg® " i it Cl™ Rk SO3™ it HCO; Jitk
pH {H 354 W/ W/ W/ WRE/ 13174 e/
(mg'L™)  (mgL™)  (mgl))  (mgL')  (mgL) (mgl) (mglh)
I KAH 7.84 7.40 6.90 110. 90 27. 15 12.93 86. 30 327.84
I /ME 6.54 0.01 0.12 5.38 0.65 1.05 3.30 172.52
W 7.39 0.58 1.28 48. 05 7.67 3.57 23.39 134. 88
F o 2= 0.32 1.26 1.37 22.67 8. 44 3.20 19. 66 94. 96
AR S R % 4.30 215.57 106. 72 47.17 110. 07 89.70 84. 06 70. 40
KR 20 ~40 cm
¥ K" i Na * it & B sy Mg®* it it Cl~ Jis SO;™ Jik: HCO; Jiit
pH {H R/ R/ W/ W/ W/ W/ W/
(mg-L71) (mg-L°") (mg-L~") (mg-L™") (mg-L7") (mg-L™") (mg-L™")
I RAH 7.78 3.10 5. 00 98.79 35.89 34.93 66. 34 359.30
fie/ME 6.99 0.01 0.12 8. 40 0.54 0.91 4.88 27.56
H{H 7.46 0. 44 1.09 48.94 8.28 5. 60 23.26 142. 06
b 22 0.19 0.63 1. 00 21.00 9. 88 7.37 17.35 89. 43
s S 2B % 2.48 143. 48 92.03 42.90 119.29 131.79 74.58 62.95
*3 ABRENMIRTEAMRUEBENREXKRY
Tab.3 Grey correlation coefficient analysis of soil water geochemical indicators in karst peak-cluster area
B/ em pH fH K* Na* Ca’* Mg * cl- S03 - HCO;
0.34 0.33 0.33 0. 46 0.33 0.33 0.39 1. 00
0.36 0.33 0.34 0.59 0.34 0.35 0.54 0.91
0.36 0.33 0.34 0.93 0.34 0.36 0.71 0.54
0~20 0.35 0.33 0.34 0. 46 0.34 0.34 0.39 1. 00
0.34 0.33 0.33 0. 40 0.35 0.34 0.35 1. 00
0.37 0.33 0.34 0.51 0.38 0.35 0.38 0.90
0.34 0.33 0.33 0.38 0.35 0.33 0.34 1. 00
SE 4 {E 0.35 0.33 0.34 0.53 0.35 0.34 0. 44 0.91
0.35 0.33 0.33 0. 45 0.33 0.34 0.38 1. 00
0.35 0.33 0.34 0.61 0.34 0.36 0.44 0.91
0.35 0.33 0.34 0. 69 0.34 0.36 0.61 0. 81
20 ~40 0.35 0.33 0.34 0. 45 0.34 0.35 0. 40 1. 00
0.34 0.33 0.33 0. 40 0.35 0.35 0.35 1. 00
0.36 0.33 0.33 0.39 0.35 0.34 0.36 1. 00
0.34 0.33 0.33 0.38 0.35 0.33 0.34 1. 00
S (H 0.35 0.33 0.33 0.48 0.34 0.35 0. 41 0.96
U Mg** Na™ [C1™ ¥ Hﬁﬁﬁlﬂo J5) 12|iﬂﬁp., i B (AK) A LT & i (OM) (pH (i F - 38 ) 5
W AL X 3K ) HCO, (Ca®" (SO~ & ik X + 4 B b BB BORR % B (HA) i BLR & it (FA) (R

K HLERAL 2

IR

L B R R R ROK, H At A AR 1 R
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EER AR AT
HCO; \Ca’" &%+ KBk 1b 2218 hr 5 £ 2 5

W AE % U1 A %, e K 85 i 36

MY RE R e ol i RS R R A LIRS
HEERIEZZ T,
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EXBESHT
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o (HM) SE48RAE 0 23 6 PR A 4 HE 30 358 o 19 4
bro AR 4 (K BE QI o0 A 45 A Al i AL X
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Tab.4 Grey correlation coefficient of soil geochemical indicators in karst peak-cluster area

BE TR S/ em TN TP TK AN AP AK oM pH {H HA FA HM
0.91 0.35 0.34 .00 0.34  0.41 0.58  0.33 0.33 0.33 0.33
0.42  0.42  0.49  0.37 0.35 1.00  0.40  0.51 0.70  0.36  0.45
0.43 .00 0.49  0.35 0.86  0.59 0.41 0.41 0.57  0.52  0.45
0~20 0.69  0.42  0.34  0.46  0.35 0.50  0.55  0.76 .00 0.80  0.56
0.44  0.51 0.87 0.39  0.37 0.50  0.41 0.53 0.62  0.44  0.45
0.43 0.37 0.6l 0.42  0.34  0.40  0.43  0.42 0.5l 0.52  0.48
.00 0.35 0.79  0.42  0.34 0.6l .00 0.97  0.53 1. 00 1. 00
M 0.62  0.49  0.56  0.49  0.42  0.57 0.54  0.56  0.61 0.57  0.53
0. 41 0.33 0.33 0.35 0.34  0.33 0.37  0.56  0.33 0.33 0.33
0.45 0.44  0.52  0.35 0.39  0.74  0.36  0.56  0.36  0.40 0.4l
0.40  0.76  0.51 0.38 .00 0.44  0.35  0.45 0.42  0.42  0.40
20 ~40 0.74  0.42  0.34  0.49  0.35 0.47 0.56  0.58  0.93 0.54  0.59
0.33 0. 48 1.00  0.33 0.35 0.41 0.33  0.58  0.38  0.38  0.38
0.43 0.36 0.6l 0.37 0.33 0.38 0.37  0.46  0.37  0.50  0.42
0.51 0.35 0.53 0.61 0.34  0.39 0.43 100 0.46  0.56  0.47
FHME 0.47  0.45 0.55 0.41 0.44  0.45 0.39  0.60  0.47  0.45 0.43
2.4 LHUKMIRLSSEN T RREEFWAR TR K

FE 09 8130 X R 43 A

2.4.1 PR B B S AT SE MR O A

S Canoco 5.0 B A X 75 16 DA 1 X 4 3
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T4, Ul B e AR LY 2 PEAR T B GE 5 T e b
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W CCA HEFF 43 B 18 1 198 B 458 e AiE 0+ 43¢
JK MR A 27 R AE 2Z 18] Y O 28, L B G R W 58 45 2R
WS o, B xh 1 23 A HE e 4l 26—l A2l —
FRRFAE A 28 A1 1 43 591 4 0.361 ~ 0.381,0. 092 ~
0. 100, =38 7Kk M BR A 7 48 b5 5 1 38 R85 X1 HE 7 B
ARG R B R T a3 T 0.940, lI 524 R L&
(Monte Carlo permutation test) X} H: 3¢ 2 19 & & 1k 3t
AR [ 45 AL L 0. 002 ~ 0. 008, HL45 — Fl 5
R RS A S A 3K A 2 P ST A R 43 R T
SFF51.50% F113.129% , % £ 3 5 + 30K BR 1L 2
PERTZ B C R W B E 40 R R KT 62.3% , 4
— RN G AR OCOC &R i S i T ERY 0020,
0. 013 F1 0. 040 iy F& HL ty Wi b L3 T 36 B 19 6 R,
DA B J3 B 25 R U0 W S0 07 3 BT B 7T HE S e - 3
7K B Hb ER Ak 27 6 A R B 3 K Ak 2y PR TR Y AR
e F, vl AT 2 AR AR 4E HE DR 23 A
B 5K M BR AL 25 R AE X A 588 58 D7 14 o 3

®5 LRAMREZMURS TIRFEEFH CCA 5

Tab.5 CCA results of soil water geochemical indicators and soil environmental factors

BE 200 Hery b FEAE AHR R AL He v dhoxd + K i/ % B 4 LR %
N o5 —4h 0.381 0. 987 54.35 62.3
LRI o5 0. 100 0.974 14.27 78.6
N B o — 0.361 0.955 51.50 68.5
tRFUATRER ot 0. 094 0.942 13.41 86. 3
ol 0.379 0.977 54.07 64.3
LRI R R o5 0.092 0. 940 13.12 79.9
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AR T Fie K, 4 RIS i B/ o F B Sk BT AR /Y
GRRATA, R HESR I BR BT N - 5 b K L BR AR o
AE PR 55— HE P Bl 1 AR 5 19 i R E /N HE AR 24
Hi pH R E R AP SR SR A R X
R AH e R0 ) 0.45.0.42 .0.31.,0.30,0. 185
SRR SR 9 Hhy 20 /N HE PP AR O A B0 5
RS R el LU R IR B T
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Fig.2 Two-dimensional sorting diagram of CCA for

soil water geochemical indicators and soil nutrients

environmental factors
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HEoK M Bk L 2 FRAE (9 CCA HEJF 4 # 25 2R vl J0
(P& 3) , 48 5 4 1 B8 5 e 0 1 38 K M BR Ak 27 4
I 1) 52 W) Jie K, A 0k e B R Y R e Al R S
55+ Bk HER Ak 2 55 AF 19 25 — HE Y 4l A 56 56 R
KB NHERE R Il EMg  AZn (ACu ECa AFe AB
AMn, XF IV (9 AH ¢ R £ 530 o 0. 83 .0. 54, - 0.29,
0.12.0.06,-0.04,-0.01, T3 ETCEL
B S5 5 T H P p A O R BUR IR L
S —HEF N K BENHEF KR ACu AFe
AZn EMg . AMn AB ECa, H o1 4 25 0 F1 52 4 1 45
R iOR- A TN N CE b B i i IS e
OGRS R B A RURE A AU B B
K L ER 1k 2 FRAE 1 R A K

AZn Mg’

%5 HEF
B 3 KBRS AR S R R TR T
CCA —4EHEF

Fig.3 Two-dimensional sorting diagram of CCA for

soil water geochemical indicators and soil medium and

microelements environmental factors

PE— 2 73 Mt - HE K AL 2 45 bR x5S e v B A
BOBE A AU Y IS VLB T, Mg” T (HCO, \pH



286 & A Bl B ¥ i

2017 4

ff .Ca®" (SO;” Na K" [ Cl™ X5tk 4 & 2 1) 3
JO7 A AR VR ARG, B e 07 A G 5& Z8 AR U/ 5 XA AL
B R I R N 06 AR H K E N HE R RO Mg
HCO, .pH f.Ca’" K" Na' SO; .Cl ;x| +
A RO PR 0 R R0 R N R B HE e 3R B
K* Na® SO; ,Cl”  pH {f, A Ca’"  Mg’" HCO, .
(i) Ef 2 - 38 7K by 35K A 27 8 B 108 23 A 67 & 43 A e XF
- b R DT A RS S 4 AR Y 38 N AT
H, - HEK P Mg® ' (HCO, pH {8 438 B T 7 &
B B A M R B A AU SR B A SRR
AR A RO B VR T R TR KT
Na " X6 5 1t 55 e 18 A R0 000 R 5 S IR A 22 46
BE A % B S R B 00 B M B0 Cat L S05T
C1 X 5 1 55 oo 19 A 200k R 2 B AR 1Y) 58 4 Pk B
AR S PR N PR . AT R,
e PEEE AT RCEE 5 1 K b BR AR 22 45 AR
Hrig Mg (HCO, & A pH {H, 1M 4 38 A7 % B )
F X KPR KT Na™ &8 5,
2.4.4 1SR BRAL S R AR X T BB I A
2H B PR 14 ) g 3 A

BT S A B B A R A T R B kLSS
FATE B0 R A e 45 50) , ) - R (R S5 A A7 — & 1 52,
AT IR 48 3 5T 1 3 b S 2 B o 5 A SR AL
RN IESARFEHEE —BIe el S LK
BRAGZEPER AR OGO R . M a RE/R (K 4), -
AL RN 58 0T 2 B K b R A 2R REAE 5 — FE
J A 9 A5G O6 28 1 R BN/MR Iy T35 7K 46,0, 2 ~
2.0 mm K £, /N F 0.002 mm i 5. 0.002 ~
0.020 mm#}i4% \FA .0.02 ~0.20 mm 4% . HM HA,
X L B AH 6 28 K043 51 A - 0.799 ,0.705, - 0. 568
0.441.0.419.0.364 .0.244  -0. 107, + 5 K%Y
S —HEP Rl AH OGO R R, B B A U O XA G
A K 3K AR 27 A B (R B - 3 K AR g R
IR % B 52 5 - 8 ML AR RN T B 5 4 A 5 1 1K b
BRAL 22 FEAE 25 —HE 7 il A AR G OC &R R BI/IMER IR Ry
HA _HM 0. 002 ~0. 020 mm ¥.4% /N T 0. 002 mm Hi
#.0.02 ~0.20 mm e FA +3EHFKF 0.2~
2.0 mmbi A2, BHBRR 5 55 —HE P il A 3 IR AR O K
RLMKERBN 0.736, KRR /NEGHE D
2ENAN K AEE K/INHE Y 08 IS 48 A 20 2 6 S8
[, O U ] - S5 LB RN S B 5T 2H K Y 45 S A X
T K MR AL S AR R AR B LR B H A £
S P PRI SR S UK 60,2 ~ 2.0 mm f
1% .HA _HM .0. 002 ~0. 020 mm $i42 ./NF 0. 002 mm
HitE 6 ASF6 bR 5 1 49K o Bk 4k 2% M T AT 38 R (E
38T .

HM 0.002~0.020 mm}if&

0.02~0.20 mm#$ {2
FA Mg+
HCO,

pHIE ¢,

P
1]
&®

2~2.0 mm#Ai 2

/NT0.002 mm i fR
Cl
0
s —HEn

B4 L HOK M ERAG ~= FR AL -5 e S A8 R B AR

AL T 1 CCA 4 HiE )5 K
Fig.4 Two-dimensional sorting diagram of CCA for
soil water geochemical indicators and soil humus and

mechanical composition factors

IV AE G BT 45 AR SR WY, S KRR 4 K
HuER AL 27 P T 48 bR 952 e R BRI KT
Na® . Cl~ .SO.” .Ca’* .pH { .HCO; Mg’*;0.2 ~
2.0 mm RLAE 95 WA B K BN Mg®® (HCO; |
pH {f .Ca®* . SO;” K" Na™ ,Cl™ ; HA By 5 W 1 K
BN L BARIK K K™ Na™ Mg™" [ pH {  HCO; |
SO;™ .Ca’" [C1™ s HM {5 W fiy K E /N S 4K K
Mg®" HCO, .K* Na® pH {fi.Ca’" SO; .Cl ;
0.002 ~0. 020 mm K742 i 5% i /g K 5 /N HE P 0
Mg’* HCO, .pH{f K" Na® Ca’* SO  .Cl™ ;/h
F0.002 mm A A2 [ 52 0 B K B /N BT AR IR R
Cl~ SO}  _Na® K" Ca’"  pH {i.HCO, Mg ",
pH {f \HCO;  Mg"" %3 i F0. 2 ~ 2. 0 mm A 18 |
HM 0. 002 ~0. 020 mm k7 £% & & 5 K A+ 3 & K
Z HA /NF0.002 mm Ki A2 & &AL/ A 5
Hi,Na® (KB IE R T 3 & K% /hTF 0.002 mm
Bife CHA & 5 & ny AL S 0 5 R A B
Cl™ .Ca®* SO~ M %f /N T 0.002 mm i 72 %5 i 8
KRt 48 IR BT Y 8 N M iR, B E,0.2 ~
2.0 mm %72 HM 0. 002 ~ 0. 020 mm 7 £ %t 1 5
K ER L2 46 A b ) Mg® " (HCO, ¥ J8 Rl pH (B R
R OIS A o g N
0. 002 mm 7 8 % 4 HE K b ERfb 2= 8 AR g Na ™ |
K* Cl™ .SO;™ My#e B HA % K5 m  HA F1 HM Xt
IR R AL 2 R bR P B Na ™ (KT ik BE H A AR

S
3 it

VA W AL IX 8 — b S K 3t 3R AL S P SO AR
2 )28 SRR AE L3 5 A NI IR — 5 R



5 113 FRE S5 AU X RIEK BRI A R AR S B LIRS G R 287

SCIE A BT B 25 SR HCO, 76 - 3K Ml Bk 1k 2 4%
EFEAR AL T 3 S HB AL, 16 2 0 3 1 R S i — 7K —
TR B h R AR, R
FeOr R TE 2 HUMECS R B SR 3 Kk g
PREER T, 38 2 50 X0 B 43 B BF T b S K M BR £k 2
P 5 X - SEEREE T B R, RE RS T RS
SEK BV R bR 2 18] B 6 6 2R 3 R IR AT 1 3
U] = 38 7K b Bk P 2 AR AIE 1 3 98 PR TR X
)5 4G bR BI04 T F 5 R U0 i 5
Sy HT AT A 3y 3t 7 T 7E 39 K Bk A 25 v I 5 R
B T A 56 6 RIS

CCA 407 i 45 5 7% L 3K h Ca® 5 0 1
HEK M BR AL 2 5 AE 9 3 B HEBRHE TR 2 1)
o7 A 55, 3 T RE A5 R A 0 U b T R B S
AT A AR S HUgE A R B X K S
PR35 P T 3R AT L 6 L A3 BT, SR 20 43 R Hb Y 3
Bl ) | P 4 A% T e (] A 7 T — A Y
W5t .

4 it

(1) & i g DA 1y IX 4 HE K Ml Bk Ak =7 4 i 5+
PR BT bp 1947 A5 A A B2 R 25 ) S5 B A,
KR A b pH R AR 5 R K /)N, RE B4 it R
R T M Bk AL 22 75 5 25 PR T ob e A 55 8 ) 7R L A%
5 - HE K M 2R A~ A S B A 5 AR 0 A2 AR 8

A NN I B 45 R 1 R e e B RS TR A 5
M RRAE T ELRR TR B TR T, K A
L ER AL FHR AR B AL S R RN 0 ~20 em KT
20 ~40 cm, i B 3% )2 £ HEOK M BR 1k 2= 1 T 5 3%
IBE S5 1 5 )

(2) JKPE SRR Ay A 25 SRR B, & 4 B SR Lk
RO R ELR A R R pHL (BN A 4 I B R
AR5 M 8 A, L 5 - 39 R 32 1y 34 o, - 9 A 5% o
] 32 3 BR Ak 27 48 bR B 5 G 5 R T v g
MK 4 E K ) HCO, (Ca® (SO;™ & Xt 4 K
b 3R AR 22 R AR 09 5 ) R BE AR, R L TP T A
K5 RIZEVE S0 1 RGN K S W) TR RE S
i A 25 DDA G

(3)CCA WFoE 45 s, el sl i e 52
e P8 A RCEE A SO B O B R DL R R
K# 0.2 ~2.0 mm B2 F/NTF 0,002 mm kAR +
SEALBR ZH B 52 W)+ 3K S BR AL 2F AR Y 2 B 4 0
HEEAF, £ HEK PR Mg®™ (HCO, ¢ 51 pH (A
XFEIER N A AR H R A K 0.2 ~
2.0 mm /2 F1 0. 002 ~0.020 mm i f% By + 5 5 ks
5 DR P o o R R K, A KO B ORI R Y
B K Na ™ KT VR BE 9 5% e K T K
PE R TIEEKE JNT 0002 mm R AR ALK KL
W 32 B S ad Na™ (K™ (C17 (SO;™ ¢ BE 52 i) 4 367k
(18 3t B3R AL ~F AL

& % x Wt

B, T O, B SE 21 AL TG R A T R AL AR R R BGE m R R [T]. T E A ,2016,35(5) 1461 - 468.

JIANG Zhongcheng, LUO Weiqun, TONG Liqgiang, et al. Evolution features of rocky desertification and influence factors in karst
areas of southwest China in the 21St century[ J]. Carsologica Sinica, 2016, 35(5) :461 —468. (in Chinese)

JIANG Zhongcheng, LIAN Yanqing, QIN Xiaoqun. Rocky desertification in southwest China:impacts, causes, and restoration
[J]. Earth-Science Reviews, 2014, 132(3):1 - 12.

TR, 5Obk 5 , 55 T BT BT 43T 114 168 ST 45 04 DA b, - 38— PR35 OC /9 [ T ). PR35 14,2008 ,29(5) 11400 - 1405.

YUE Yuemin, WANG Kelin, ZHANG Wei, et al. Relationships between soil and environment in peak-cluster depression areas of
karst region based on canonical correspondence analysis[ J]. Environmental Science, 2008, 29(5) : 1400 — 1405. (in Chinese)
WME o, kRN, PR AR At £ T A P R 58 BLAR 0 T [ J/OL]. Ak HLBE 2% 4] ,2015,46 (2) :126 - 131. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20150219&flag =1. DOI:10. 6041/j. issn. 1000-1298.2015.02.019.
YANG Qiyong, ZHANG Fawang. Cokriging analysis on soil bulk density in karst basin of southwest China[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46(2) . 126 —131. (in Chinese)

BXE A HE R, E VUM EEX L2 R & &2 04255807 [J/0L]. Rl HLIK 5 4% ,2014,45(9) : 150 - 154.
http: // www. j-csam. org/jesam/ch/reader/view _abstract. aspx? file_no =20140925&flag = 1. DOI; 10. 6041/j. issn. 1000-1298.
2014.09.025.

LI Wenjun, YANG Qiyong, PENG Baofa, et al. Spatial variability of total soil nitrogen content in karst area of southwest China[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(9) . 150 — 154. (in Chinese)

XA WK SIUIR , 55 R T e T 2 0 X R 3 SR 4 B pH (B 28 [A) 57 B P4 BT [T ] o A ¥ ,2014,33(3) 2319 - 325.

LIU Yuejiao, ZHANG Yang, NI Jiupai, et al. Spatial heterogeneity of soil nutrients and pH in tobacco area based on geostatistics :
a case study in a karst area of Youyang county, Chongqing[ J]. Carsologica Sinica,2014, 33(3): 319 —=325. (in Chinese)
S, RIS , A2 AR, A I R X B R B b A WL s I e B e Hg i IR [T ] AR A4k ,2016,36(6) -
1619 - 1627.

WU Min, LIU Shujuan, YE Yingying, et al. Spatial variability of surface soil organic carbon and its influencing factors in
cultivated slopes and abandoned lands in a karst peak-cluster depression area[ J]. Acta Ecologica Sinica, 2016, 36(6): 1619 -
1627. (in Chinese)



288 | 1 R A= 20174

10

11

12

13

14

15

16

17
18
19
20

21

22

23

24

25

26

27

28

TREDS R [ , 2 B, 46 e S0 A i A b I b S [ - b ) O U 3K A i B 28 A8 SRR AR [T ] AR A5 % 4R, 2014,
34(18):5311 -5319.
XU Huifang, SONG Tongqing, HUANG Guoqin, et al. Spatiotemporal variation of soil moisture under different land use types in a
typical karst hill region[ J]. Acta Ecologica Sinica, 2014,34(18) : 5311 -5319. (in Chinese)
RN PRt an, TRAR S v R T R R S K VA T AN AN T K A 23 (AR S R AE [T ] N AR AR 4, 2014,25(6)
1585 - 1591.
ZHANG Chuan, CHEN Hongsong, ZHANG Wei, et al. Spatial variation characteristics of surface soil water content, bulk density and
saturated hydraulic conductivity on karst slopes [J]. Chinese Journal of Applied Ecology, 2014, 25(6) : 1585 —1591. (in Chinese)
XK, AR A, A T RS A T O AL SRR BIUK— A O BB R e 5 ) [ T]. P A ,2016,35(5) 1476 - 485.
DENG Yan, CAO Jianhua, JIANG Zhongcheng, et al. Advancement in key technologies for comprehensive treatment of water,
soil and vegetation resources in karst rocky desertification areas[ J]. Carsologica Sinica, 2016, 35(5) : 476 —485. (in Chinese)
o M, O RE R S A I A K LR R K BIR B [T ] . MR #2014 ,35(5) 1535 - 542.
JIANG Zhongcheng, LUO Weiqun, DENG Yan, et al. The leakage of water and soil in the karst peak cluster depression and its
prevention and treatment[ J]. Acta Geoscientica Sinica, 2014, 35(5) : 535 —542. (in Chinese)
RS, DA R, S A i 0 AT I IR Or SRS R AE TS [T ] E K R4, 2012(3) 126 - 30.
QIN Xingming, JIANG Zhongcheng, MA Zulu, et al. Research on the slope soil nutrient and water chemical characteristics of
karst peak-cluster[ J]. Soil and Water Conservation in China, 2012(3) : 26 —30. (in Chinese)
S T R B 9 SR 5. FE R 2 R PR TR £ R K B S OB 1. Al LR AL F S, 2009,30(6) 1761 ~ 765,
WU Huaying, QIN Xingming, JIANG Zhongcheng, et al. Effect of karstification on concentration of Zn>* in lime soil water at
Huixian Guilin[ J]. Research of Agricultural Modernization, 2009, 30(6) :761 —=765. (in Chinese)
EGRGRTT 25 AT, 55 DO W R A RV S PR R I S T (D] BRI R ,2015,36(3) + 922 - 927.
WANG Yufei, ZHAO Xiulan,HE Binghui, et al. Canonical correspondence analysis of summer phytoplankton community and its
environmental factors in Hanfeng Lake[ J]. Environmental Science, 2015, 36(3) : 922 -927. (in Chinese)
skaz, Xy, R B, S B T LR S R 43 BT Y 23 Al s I A B S R M S R[] A W, 2016,
35(1) .11 - 18.
ZHANG Ying, LIU Chang, SONG Ang, et al. Relationship between soil physicochemical properties and soil enzyme activities in
Huixian karst wetland system based on canonical correspondence analysis[ J]. Carsologica Sinica, 2016, 35(1): 11 —=18. (in Chinese)
55 SCRE ARIGE L, XA, 5. T PSR AL R o] i IX 9 2 v K R e B HOK SRR AE L T ] i 57,2008 ,27 (2) 122 - 128.
LAO Wenke, QI Xiaofan, LIU Huimin, et al. Characters of epikarst water system and water resources in Longhe, Guohua,
Guangxi[ J]. Carsologica Sinica, 2008,27(2) :122 - 128. (in Chinese)
B+ B IR AT I M]3 AR b o E RO R 2000 263 - 282.
B, e T ML Jb st v B RO RS H A, 1999.
Hh ] BT R 2 e o U b BT RIE Y T 9 U L SR W e A < R, 201120118981[ P]. 2011 — 04 —21.
BRAAK T, CAJO J F. Canonical correspondence analysis: a new eigenvector technique for multivariate direct gradient analysis
[J]. Ecology, 1986, 67(5) :1167 —1179.
KA. Bt AR M. et Bl kL 2004 1157 - 164.
SR XU L A2 AR A SRR IR b 9 R 40 A )R S s R ER [T ] ARl TR 4R ,2013,29(1) 193 ~ 101.
ZHANG Wei, LIU Shujuan, YE Yingying, et al. Spatial variability of soil nutrients and its influencing factors in typical karst
virgin forest [ J]. Transactions of the CSAE, 2013, 29(1) :93 —=101. (in Chinese)
B R TRAR DS AN, A5 B S AR L XN RIAE B N L% C NP S m A =S i) S Bk (). A= 5 %4, 2009,29(8) -
4187 —4195.
HU Zhongliang, PAN Genxing, LI Lianqging, et al. Changes in pools and heterogeneity of soil organic carbon, nitrogen and
phosphorus under different vegetation types in karst mountainous area of central Guizhou Province, China[J]. Acta Ecologica
Sinica, 2009, 29(8) :4187 —4195. (in Chinese)
RIS RN A B3 W TR A b L 3R R e T I R R R AR RRAE [T ). BT A 252441, 2017,28(7) 22197 ~2206.
ZHU Xiaofeng, CHEN Hongsong, FU Zhiyong, et al. Runoff and nitrogen loss characteristics in soil-epikarst system on a karst
shrub hillslope[ J]. Chinese Journal of Applied Ecology, 2017, 28(7) : 2197 —2206. (in Chinese)
B . R E A T B AR BT AU A BB BT ] P S ,2015,34(2) 198 - 100.
YUAN Daoxian. Scientific innovation in karst resources and environment research field of China[ J]. Carsologica Sinica, 2015,
34(2):98 -100. (in Chinese)
HIBE, BRE.CAENIF SRR SB[ T]. Bk ,2008,29(3) :355 - 365.
YUAN Daoxian, ZHANG Cheng. Karst dynamics theory in China and its practice[ J]. Acta Geoscientica Sinica, 2008, 29(3) :
355 -365. (in Chinese)
A AN R AR AE S RGP R LT ] M BRRR AR R ,2003,18 (1) :37 - 44.
CAO Jianhua, YUAN Daoxian, PAN Genxing. Some soil features in karst ecosystem [ J]. Advance in Earth Sciences, 2003,
18(1): 37 —44. (in Chinese)
B BIE, B S AR R A [ AR LIRS TR A ] e AT [T ] K AR R E R ,2016,36(3) 162 — 68.
LI Zhongyun, WEI Xinghu, LI Baosheng, et al. Spatial distribution of soil calcium on natural slope of karst peak-cluster in
northern Guangdong Province[ J]. Bulletin of Soil and Water Conservation, 2016, 36(3) : 62 —68. (in Chinese)



