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Response of soil physical-chemical properties to rocky desertification succession in

South China Karst

SHENG Maoyin"?, LIU Yang', XIONG Kangning'* "
1 Institute of South China Karst, Guizhou Normal University, Guiyang 550001, China
2 State Key Laboratory Incubation Base for Karst Mountain Ecology Environment of Guizhou Province, Guiyang 550001, China

Abstract; Karst rocky desertification has been an important ecological issue hindering the economy and society development
of South China Karst region, and the control of rocky desertification has been clearly listed in the national projects of
economy and society development. But there are short of soil researches in karst rocky desertification ecosystem, and the
succession of soil physical-chemical properties is still unclear in the process of rocky desertification, which hardly hinders
the control of rocky desertification well work.

Based on these problems, in this study, firstly, three typical rocky desertification regions, that is, Yachi,
Hongfenghu, and Huajiang of Guizhou Province, representing three different typical karst landforms of plateau mountain,
plateau basin, and plateau gorge, respectively, were selected as experiment areas, and 45 sample plots with area of 20 m X
20 m, respectively, were set up for the 5 typical degrees of rocky desertification, that is, no, potential, low, middle, and
high, in these three experimental areas. Then, the soil physical-chemical properties were surveyed and analyzed by the
methods of chemical determination and mathematical statistics. Results show that 1) there are obvious differences of soil

physical-chemical properties between different degrees of rocky desertification, specifically, bulk density, capillary
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porosity, total porosity, field moisture capacity, capillary moisture capacity, pH, organic matter content, hydrolysis
nitrogen content, available phosphorus content, and total potassium content. But, not as expected, the soil degeneration do
not always raise with the increased degree of rocky desertification. In fact, with the increased degree of rocky
desertification , the soil degenerate firstly and then improve; 2) Organic matter content, nitrogen content, capillary moisture
capacity, bulk density, and porosity all are remarkable correlation with other factors of soil physical-chemical properties,
and they are the key factors of soil physical-chemical properties, which have important functions in advancing the soil
nutrient cycle and improving the soil physical-chemical properties; 3) Principal component analysis also show that organic
matter content, nitrogen content, potassium content, bulk density, moisture capacity, and porosity are the key factors in
evaluating the degrees of rocky desertification. Based on these results, the theory, that is, bare rocks have a collected action
for soil nutrients in karst rocky desertification ecosystem, was raised, and the response and its mechanism of soil physical-
chemical properties to rocky desertification succession was presented. Results have important values in the protection of karst

forest ecosystem and the control of rocky desertification.

Key Words: Karst; rocky desertification; soil physical-chemical properties; response; mechanism
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Fig.1 Location and basic information of experiment sites in this study
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AEEG A AL R PE A S R (R 4) , B3R b2 R AL M A R S L 4 K2 B F
EUA T WA AH DG . AL SR KRR ERT R ALBRE | B AR SOKE B RKE  H ERKE | 12503 3 R 0
MK, 548 TEBERREEIEMHE, 5 -7 i 8% e, %5 pH . AP &8 KM HE  BFLER
B BRI | R R 208 R U i TR OG 5 2 A 3 R O, 5 A O R IE ARG . KRR S AL
B A A FLBE BEROKE WK E M LESE RN B IEAHE, 5 pH (H B TR B SR AR IEAE,
545U B DG, AHOCHE ATt R I M T B RK AR ML S 4 R 208 T B W B
M, BT I, AEAIRSE AL E R BERK 2T LB R AR T Y A PR T, 7E O A T A
e 35 A3 G Ay T A 2 SRR
2.3 AEALIRET R I 2 g

MEARRIEFEN (T A8 A ) SRR i AL T ¢ K530 0T (2 5) B, 18 A R R fb B de A Ay 7 M8 hs A 7E
(M) B2 A 11 M B2k, TR E A E | ST S MEBEFK RS 3 MR ZET /£
ERFEER BEQA)MERAEREFN/DTELAEN ), MEENHEOFLEREMEERKREBENRKTLE; BEILK
BEFN A3 B AR EOK AEARE B AAER B E N ES  EEZNEEILBRER B ERTAE MEEN AR SKEREE N
&7, T IEALSAVE TR B 240U RO AR R BN T B2, 20+ S8R S B3N T4 7,
2.4 T ORI TE R A AL 3 R

BT 3 18 A FAL VR TR AR 9 A BAE LA A TR (3R 6), ERIAY 1 M TTHER R 40.83% , E S 2 (BT RN
30. 13% , W5 3 B TTHRE N 25.25% , B TTERRE L 96.21% , AT UL, BT 3 ASEMARE T 18 A~ HEs b E 48 B 7o A
BALFRIE I 28 R 5 B, PRI B 3 A4S TR VE i A ik 8 A ik . 2000 1 b LT R KAl 280
TSR | IR W AR BRSO B KR NAGE RGBT, Bn B 1 BERMT HHEAHE AR R,
AEMECIRILRAE A BEAREE . B84 2 o, BEALEE AEBEILEE  BALBRE FREANS SR pH (H W AE REER
K, WA FERS 2 FERWT L3 pH H FLBEMBEERIEARANGER, T3 f, LI SR AE B E R
O, R Ay 3 F BRI T A+ HERT I R R RGBT B
3 Tt 54iR
3.1 AT T A A R v A 1 7 R AL

WR TR, AR SR A B IR BT 3 2 A ST S b R oI 825 57, R A WAL IR BT + 32 TR +h A 124 5 T
B, H SRR A T BRI TR AR R IR , 3T B 25 Wl R A 00 A7 AR AN W & AR AR AR ARG
Xt e ] VG W ST b X AR A X 38 S AN SR Ak TR B B G - SRR AR SR Y R, A B IR R S R
AR B LA W S A MG, fE— s R RE L AR R A I 1A RS 2 - R 0 R IR 3 W B B R T s sk e, T A A TV
F14 395 1] 3 5 e SRR AR i AR

W RENE 55 42 A R G AR AL = LIS ZU M AT P AR sh 1 LARE gk 2 A R | DL A A 7= R Ak AR DL BB
BN FR R E A L RIS, ATT—TIA Ry B A AL RR 3, - 3R A B RS2 B =2 8, 58 3 A A 3R B
(- HER AL i 2 AR, S SCEI AR A BT 4G SR R, W R A TR B B N S ) B A A 2 R A
AR NS B A A AL A R R i — LR AL TR — A SER AR G AR . SRR XN IS A TRAL A AR R A A R AR
JOH 5 o 3 ol SR A0 07 A 0 2 R R ) S K R AT IR 1) 35 0 B L v 7 T 3 30 L ) e (B12) i 3 A A T R
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Table 5 Comparison of soil physical-chemical properties of rocky desertification environment between seasons of summer and winter

HEBA) ZF(1A)
N Summer ( August) Winter ( January)
A o e l
Soil physical-chemical properties RTEER ARELR
P prop FEARME N FI9(E Mean  Std. Error HEARME N FI(H Mean  Std. Error
Mean Mean
P 3
HH/ (g/em’) 37 1.1578 0.0280 37 1.2421 0.0224 -2.355"
Bulk density
| A 3 /0]
? E" LB/ /b 38 39.704 1.2278 37 33.880 0.7200 4.092 "
Capillary porosity
T A 1R/
Nk EfL%JX % . 38 17.268 1.3780 37 19.519 0.8843 -1.375
Non-capillary porosity
MFLBRE
- %L%E/% 38 57.235 0.9754 37 53.303 0.8205 3.085"
Total porosity
7}%/\\ =N
AATK %E/% . 37 23.478 1.4077 37 28.479 1.2284 -2.676""
Natural moisture capacity
A Ak /o
EE]H E']j.(i/% . 38 31.861 1.1287 37 29.365 1.0582 1.613
Field moisture capacity
Al A ﬂ/
t Ij' " 7k£. % . 38 40.127 1.1949 37 35.951 1.4081 2.261"
Capillary moisture capacity
IR E R i
LREEE (mn/mim) 38 10.851 1.5728 38 10.750 13364 0.049
Upper strata saturated permeability
e .
FREEE/ (mm/min) 38 6.8144 1.3948 38 6.7160 1.3026 0.052
Lower strata saturated permeability
H
pH {1 39 6.9923 0.1527 39 6.9907 0.1579 0.007
pH value
APLB (me/ke) 39 43.079 3.2504 39 46.212 3.1167 -0.696
Organic matter content
A/ (g/k
%ﬂ/(,b/ &) 39 2.5223 0.2028 39 2.6310 0.2004 -0.381
Total nitrogen content
i/ (g/ke) 39 0.7354 0.0512 39 0.7182 0.0440 0.255
Total phosphorus content
i k
EH/ (/ke) 39 1.6982 0.1651 39 2.5084 0.2717 ~2.549*
Total potassium content
7 A -
7kf%£l‘/,( m?/g) 39 174.39 15.9940 39 167.33 13.6736 0.335
Hydrolysis nitrogen content
S/ /k
AR (e k) 39 3.942 0.5162 39 5.7723 0.6947 ~0.075*
Available phosphorus content
! o/k
AU (e ke) 39 95.407 3.7478 39 107.45 5.3436 -1.845

Available potassium content

®o6 ETHEBUERHNAERLERT SN

Table 6 Principal component analysis of rocky desertification based on plant diversity and soil physical-chemical properties

- B AP 4> Principal components

Soil physical-chemical properties 1 2 3
%5 Bulk density -0.876 0.032 -0.481
BEFLEE Capillary porosity 0.003 -0.919 0.386
B FLBRE Non-capillary porosity 0.000 0.988 -0.130
HEALBRJE Total porosity 0.008 0.814 0.579
H [i] 47K 5t Field moisture capacity 0.834 -0.329 -0.401
158 [ 4R 7K & Natural moisture capacity 0.785 0.507 -0.229
FEAFFF/K I Capillary moisture capacity 0.747 -0.458 0.417
JZ2B1E % Upper strata saturated permeability 0.403 0.442 0.776
FIEB B Z Lower strata saturated permeability -0.399 0.896 0.173
pH -0.083 -0.813 0.555
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- S b R FE 843 Principal components

Soil physical-chemical properties 1 2 3
AP Organic matter content 0.996 0.036 -0.066
4% Total nitrogen content 0.974 -0.032 0.152
7K fif & Hydrolysis nitrogen content 0.814 0.188 0.450
A %W Available phosphorus content 0.506 0.088 -0.855
4f Total phosphorus content -0.028 0.632 0.661
224 Total potassium content 0.911 -0.160 -0.381
HALHR Available potassium content 0.802 0.446 -0.349
T Soil respiration -0.228 0.185 -0.907
FRIE{H Eigenvalue 7.349 5.422 4.546
Ik Percent/ % 40.829 30.125 25.253
ZFTTHRA Cumulative percent /% 40.829 70.953 96.206

0, B T AN TR, E S AL TR P SR IR AR K
R T 02K 08 S P , B3R A 1+ 5 43 Ay
FRPERRIR S, ARTFIESE Hl R, A AL IR b B o
Frh PR A AT AR B  R HOCH H T, ki &
S S VI 92 4308 51 77 T 25 SCHEAE A

g5 I, A U T e e - AR 5 9 I % % AL
FIRTIEAN N T AL FRES i T R MR IR, 55 4 B %K
AR FIT S, 02 R 7 A LR B A | 5 B+ 4
B AL, B AL S ORI, B 2 T A0 72 W )
RIS U W T HE R A B2 ARERERESANLRSINREERTEE
A (7 e o 2 6 T4 o e JHTT o 1 - 18 ek S b, sy Fig.2 The action of soil nutrients collected by exposed rocks in
KSR LS | M AP e B AR E B A B gy OCKY desertification ecosystem
o RV 0K b 300 2 P TR, 3808 7 4L TR 1 9 9 43 A

PERBAE) T B A (1 3)

3.2 FILALEREE T MR S AR LA S RGO A T

R T S R £ & R L U N | -

B TR 0T 9 0 TR M 1 S s,

20 AT % W R AT A 5 R L e warmn | laken

N R e X . =2 | EEE

PR B R R R R~ 5 -

AR, BRI B A A P O A T A S A Y P

WEACERBE VARV AT AL TR MR PR I T fe 22 1, 3 i § R | R

R AR T A A R X M 7 11K R 5 gty | %[RRI o, R

B REE I e R R, PEE g | B
FIE 3k — P 45 5 T W ST 0 2 5 R SR O LUUS S

AR, R SRR N P R N T

KK ALy e SR TR S T B T RS |

T 7125 /N FRAG B> 7 1 2008 4ELIK, 1AL = l |

YABHC 2R A S 20 R D T B AT e |

NS TR BEAGIA > ), SR, 3 B3 R T wEE |\ | @

o Horp— AT R R A AR IR LB 2 X A A PR 4
MIERABZE > 22 PEMSCH AR A ALK B 20, B3 AEAEITE b+ R R R R AL

MEERR  F AR . BN, e AL IR BRI KW Aok, A Fig.3  Response and its mechanism of soil physical-chemical
ﬂ]_ﬁmjg( e ) o B A AL B ik RE T e EE LT properties to rocky desertification succession

AR, N R 2 AT BE L 1Y, 8 2 R AE — SE i 7 A AL IR

PRAUER At R ORE BAEHY  SRITT AR 45 SRS g SRR — W, (B ) 8 3 AR BE AR AR E W 1 -5 18 A Ak
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B2z i BAR T AE -2 B A AL PR IR 458, 58 @ i St A\ i AR it 18 &2 A Ak WEME— L X A AL jA F S
EiéﬁﬁlE% S TE ST AETT A TR Ak 16 B 90 DX () 8 B A Vb IR 5+ 88 1 b REAT: B A% ( Zenia insignis,—ﬁ‘%jtﬁ*) L,
AR VB AE -1 B A A IR BT + AR B0 | )30l SRIBON T A R S A e 1 Tt A A S BB AR ), 3 — T8 T TR A AR 22 2 St ) A 75
TS BRFTIESE

ABAIRHE TG 2R e T A KR 24 A SR KE@U%Hﬂ?E?ﬁ%’AIﬂ&*
it e = X6+ R B Eﬁﬁﬁi% %ﬂﬂ: 285 W BT, FECRRIHLIX Klﬂ@ﬁﬁi ANRIE R AL T 5 B2 MR
FARFE > 20 A SR AR TR S P A7 A R AT AL , B SR L T 58 27 & B, B0, 35 \?%X‘T(’f&)?ﬁﬁ;ﬁﬁé%
IREE P 84T 5 ( Pennisetum hydridum) \4:4R 4% ( Lonicera Japonica) S RIK KIEYI M — BHFE A, U (M) 388 A AL IR B
T HOR ] fE X SR A AR, X BRI (B ) SR B IR A K AR I X — IRt S F TR e 45, xhh
PURT W& TR E S O AN A S R SR B — 5 B 3 SO S BT S 1E
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