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Relationships Between Soil and Rocky Desertification in Typical Karst Mountain

Area Based on Redundancy Analysis

LONG Jian', LIAO Hong-kai', LI Juan®, CHEN Cai-yun'

(1. Guizhou Provincial Key Laboratory of Mountain Environment, Guizhou Normal University, Guiyang 550001, China; 2. Department
of Geography and Environment Science, Guizhou Normal University, Guiyang 550001, China)

Abstract: Redundancy analysis (RDA) was employed to reveal the relationships between soil and rocky desertification through
vegetation investigation and analysis of soil samples collected in typical karst mountain area of southwest Guizhou Province. The results
showed that except TP, TK and ACa, all other variables including SOC, TN, MBC, ROC, DOC, available nutrients and basal
respiration showed significant downward trends during the rocky desertification process. RDA results showed significant correlations
between different types of desertification and soil variables, described as non-degraded > potential desertification > light desertification
> moderate desertification > severe desertification. Moreover, RDA showed that using SOC, TN, AN, and BD as soil indicators,
74.4% of the variance information on soil and rocky desertification could be explained. Furthermore, the results of correlation analysis
showed that soil variables were significantly affected by surface vegetation. Considering the ecological function of the aboveground
vegetation and the soil quality, Zanthoxylum would be a good choice for restoration of local vegetation in karst mountain area.

Key words: Karst; soil variables; rocky desertification; RDA; Guizhou Province
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Table 1  Basic information of the investigated plots

AL B 5 g e W/m  BEE/%  BE/(°) 0| T e
1 RIRKAEM (F1) 711 83 15 liapiid 55
et 2 RIRKAM (F2) 674 82 23 g 59
i 3 KIRRAEM (F3) 667 87 30 Jesk EE
4 KIRWAEMR (F4) 653 80 25 573 55
5 NLHEARM (S1) 641 65 25 liapiid g
N e 6 NTHEARM (S2) 637 60 23 g B
L 7 ATHEAR (53) 654 70 2 T e
8 NIHEAM (S4) 624 62 15 Jeik LG
9 RIRKAERN (G1) 631 54 5 liapiid 55
BIEAEA 10 KIRRAERIN (G2) 598 57 0 Jedk EE)
11 TR (G3) 583 63 10 B[#73 EE
s 12 RH (F5) 666 40 0 (R iR
e 13 AH (F6) 597 33 0 33 SR
14 M HL (B1) 645 0 5 F EE
oA AL 15 B (B2) 519 0 12 B 55
16 RS (B3) 546 0 18 R 55

1.3 FEHRIRGLAA

(1) RERRAMR(F1 F2 . F3 F4)  — HEHH],
HATN R T, BE 7.0 m LLE,HIFE 20 ~ 70
em. EEAEY ISP N F A (Toona sinensis) KB
( Broussonetia papyrifera) /N5 ( Ficus concinna ) Fll
BBk (Juglans regia) Z5HFl.

(2) NTHEARM(S1 . S2.83.84) A TAEHA,
1992 AEFF I BUBRIAH, 1995 4FTF I UL, & 2000

ELALHEAFT W R 2.5 m 24, B iR
HIETE 4.5 m £ A Bk £ M ( Zaunthoxylum
planispinum) F&, A /0 1 A FE P AE A, a0t R
( Miscanthus
mongolicum) Al N2 ( Cactaceae) 5.

(3) RARWAE B (G1.62.G3)  EZ bkt
B IR BE R I B, MR AE IRTE 15 a 2245, N
TGS D A T BT L2 FO R A

sinensis ) . O ( Taraxacum
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AR R, FEAE Y 4G . 255 B R (Arundinella
hirta) 77 ( Conyza blinii) 5.

(M RHE(F1.F2) Fl1 hER-LZERFH, %
SEHFE 30 a LIL BRAREAT BIFEIS S5 A — 2 1)
RFAEFIRE. F2 J K e bt AR RIZTE S a A2
A BRI TE 2.0 m 2247, Bl 2 BEAIG , —4F— 24 BR
K I 3 (Hylocereus undatus ) 45, M 3¢ 75 35 7 /b &
PR

(5) BRI (B1 (B2 B3)  ZHij A b N7 28k
(it o= (A - ER A ™ B R A E,
FARRERRAE 85% VU b, H R BN LE AT
I E A ZEAR ( Cynodon dactylon) A=K HH,

1.4 EHERESR T

IR N E I H AT 45 (BD) A LK
(S0C) \&A (TN) W fit & (AN) &8 (TP) A %KL
B (AP) 28 (TK) , AL H (AK) | 28 4 P 45
(ACa) SCHMEEE (AMg) | 5 B AL AT HLEKR (ROC) | AT
WA HLBK (DOC) | B/E ) A ) BBk (MBC) FIRE R
FE(CO, ) FEit 14 0+ s bR, e 3R 36
T8 AR S TR A MM 2 ZUR
L (O A B AR A BRI | AR Ve
TR -t R T -0 W5 bb (a0 A 3B R FH Olsen 3¢
(NaHCO, W42 ) | 481 2R FH oy S0 R -0 98U IR TH
it~ DRSO T 0 | R OB R FH O TR B R - T
WSO | 52 e 5 B R FH £ R 4433 $-EDTA
T B AT E

5 5 FEAAT MUARR ()00 22 - FRIZ) 15 ~ 30 mg
Wiy - RE AN A 333 mmol - L' Y 5 %% 2 B0 1 W 25
mL, #E8%% 1 h, k)54 000 rmin ' 2.0 5 min, B |
TH RO 28 Tk 4 1: 250 B B BEVAE 565 nm
P AL HEAT Lo £ AR Sk R P i T AR 5, AT A
55 F AL A LR HE

3T LA 1 A AR 1S g i 2 mm
T A 25 mL K, TEB TR
30 min, %8J5 A4 000 remin "' 5.0 15 min, IR
0.45 wm JEAL JERAN 5 mL 0. 8 mol-L~" FH% R
BFD 5 mL MRBRAR , 75 185°C 55 T ARk 5 min,
FH 0.2 mol - L™ B R WV 4% 5 .

A W A W R A s FREBGE 2 mm
A TR 1 10 g BT e 4R, 76 E2S TR
TS 7S 24 b, FH OB A B s O B 2 A Bk
B, 55 30 mL 0. 5 mol - L~ B BRI 3R % 30 min
Jei , SBCIE VR P A T 5 T DN e 1% . TR A

A B 22 (0 B R US4 2R 2. 64, nTIHAE T +
Y E YRR

- ST P R S T 1 < SR R U Y 2 )
PG FRIES PRI 20 ¢ Brff 39 IR + Sk
2 HAFK S 1Y 60% , FHIE 3 Pk B 4F 1920 Aok + 3
F R TR M 07, AR JE 0. 1 mol - L™ &
AL 10 mL B0 15 330 0 55 %5, T 25°C
fEIREE R 24 b, WE CO, BEMCE, A3 — 25 F Ak
HE A3
1.5 HudlsE s brr ik

PEH] RDA 43 #7524 2 S 5E [, — 4> 2 4 A
(species ) ¥ 4l M, 73 — > 2 B B KW F
(‘environment ) B0 5E B £ 47 434 H 7 R 2 PR R A
HEAT ST AR S Sk, F AR g 5 2K
1ARRRIRR AN 2 AR N THEAM; 3 AR KA
WAL, 4 AREAH ; 5 RS H. B nl 2k
225, L fRERm N 2 AR S5k, i TR A
TEHEAMRAZ T NE AN B 55 R T 3, 7E— e R
FE bkt S BRAR PR B A B PR Ry
AN TR A A AR B ) 5L T L, ok A T4
SR JE— I I AR EE AT 20 A TR B R g
321 R 2 AUREDR, 3 KRR, Bk M
T JE A e SE DB A T 4 A RDA 2387 1 L B
FroE il 34 CANOCO 4.5.1 ( Microcomputer
Power, Ithaca, USA) #E47, Bt¥s 1 5 11 43 Hr 38 1
DPS 6. 55 58, 22 5 18] (9 2 35 PEAG 3R J ANOVA
M (LSD K55, P <0.05) , F Pearson #H ¢ R HT
Y AT PR - [R] B A DG .

2 ZR5iTie

2.1 AL R LA B RISR A AR

M3 2 nTLAE TR A s B SR A
BACAHLE , A B b 3 BB 4 B
iR SR A B | TS B S e PR R ) R R T
83.7% . 77.1% . 66.2% . 41.1% . 40.1%
34. 1% . X EER N O A AL fe v, R AV R
b, A= BEg i)+ 54 i BE AR AL 2 5 K BE T 5
(7 B A B A A | ISR IR AR A BT I, i 1
SRR R o B4 < PR TR #E. b R A AL
Rt Al e S R R 1 5 i SOR TR A AR
Mo, X S AR S B A SRR B T RE
HREAAL (AR T ) AT ) B2 I it A — 5 S A SR
A K. LSS T A R A A B AR AT AN
WA, i 2 B AR T AR A 5 0 AT T A I, B
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Table 2 Soil bulk density and nutrient pools at different stages of rocky desertification

ME T H RAEAL WTEAEAL REAEAL T EE A AL R AEAL F P

SOC/g-kg ™! 52.59 £8.98a 32.51 £5.48b 21.45 £4.09¢ 17.52 +2.86¢cd 8.59 £0.78d 28.76 0. 00
TN/g-kg ! 4.41 £0.37a 2.84 +0.46b 2.10 £0.33¢ 1.59 +0.20cd 1.01 £0.02d 50. 38 0. 00
AN/mg-kg ™! 311.9 £42.8a 244.5 +25.4b 167.8 £15.7¢ 253.3+£33.1b 105.3 +12.6d 27.36 0. 00
TP/g kg ™! 1.26 0. 19bc 1.01 £0.29¢ 1.69 +0.17ab 1.91 £0. 06a 1.16 £0.39¢ 5.84 0.01
AP/mg-kg ! 5.50 £0.50a 4.43 +0.79abc  3.03 £0.25¢ 4.52 +0.93ab 3.24 +1.39bc 5.16 0.01
TK/g-kg ™! 7.83 +1.48b 7.63 +1.68b 9.33 +0.36b 11.83 £0.60a 13.21 £1.62a 10. 15 0.00
AK/mg-kg ™! 273.0 £17.46a  256.1+32.7a 251.0 £35.4a 203.8 £45.2ab  163.5 +33.3b 6.59 0.01
ACa/g-kg ™! 1.23 +0. 18ab 1.08 +0. 10ab 1.00 +0.08b 1.27 £0.18a 1.34£0.19a 3.42 0. 06
AMg/mg-kg ™! 273.9 £48.0a 273.5 +81.2a 126.8 +17.62b  208.5 +40.3ab  180.6 +23.5ab 5.02 0.02
BD/g-cm 3 1.05 £0.07a 1.17 £0.05b 1.24 £0.02bc 1.30 £0.04c 1.52 £0.06d 33.87 0.00

1) [A—F7 AR TR R AR A A By B2 [ B 22 5+ B35 (P <0.05)

2.2 AR PR LR B BRI Y
AL

LI PR R TE — 8 1B 25 S50 T 2 AE
Yy YR ZL B — g R, B 1 e
Bt ATE o AL S Bk, HOBSS
T2 [R]85 X A 0 T A A A A v T M O R 4+
ek R R YA YRR 5 B AR L
B R VA PR A LB 5. - M RT I R SRAIE 138 5T it
NET i A 2R b, R T A S A I
T A SR, JCHIE SR L SR ), S
JOE T SR A A A R - S TR AR
HIIEL 1 AT UL, A Al R op SR WA W Rk L 5
S HLBR | PTI ME A ATL B A E Blt IF % E 3 31) AE
94.6 ~433.7 mg-kg™' . 1.05 ~6.07 g-kg™' . 61.8 ~
178.3 mg-kg ' Fl 13.3 ~32.9 pL-(g-h) ' JE Rl
b, £ A AL BRI AAAE W 3 25 5 (P <0.05) , I3
AR A i e  TTE A AL IRz, T DL B A Ak
AR, H AT DL B 5 8 ST A A A A, AN Y
TR B RER R R B, TR A LR S A
I R 0 22 KA, 33K 2 PR A 35 M L o L il
W S BEE T LT 7K i R -3 3 ) R i
I By , A A — 7 T (A5 BSR4 A 4 S5 ) 42 ol
SR, I — 5 T B A Bl 5 B AT, A= B 2
T8 A PUBCRIED AR T IS Y A YA
£, TIIAH R B T - 298356 M ML &5 o R Ak iop
Wk, 3t S e - 49 DR (AR Ak 5 A AR Y 56 R
o).
2.3 AL T RDA HEF 2 br

TR R T R 2 A - I AR bR A A FE—
S, T - b A 7R T R 8 PR 5 o AR 2 TR A A
HICHR AWESER HTUAR 53T (RDA) J5 ik K F5E
X3 Y 16 Hef AL AL HBAE S W) Fh (species) , Kt
14 Tt + 32 [ 15 A F 355 [ K (environments ) | 5 2
S HEAT RDA 307, RDA ADERRIFSE X 42 (s
PR ) HERP ARG R 7 (i Sk 32 ) R R e — 1
B, AT DLW s BT Z B OC R & Sk T AR )
SRR R FREE R 5 HE e il =z 1] A 1 A DG
KL K ERRE A W F 5RO 55010
FHOCHRBE B K/ i B AR A A5G R % F
FERTGR IR 53 A7 5 R K. 377 Sk =22 (8] 1) e F kAR
5 G R T AH DG PR /I e ff N ) A G PR R
i Sk 5 HE P Al e A ARRAE T IR K 5 HE R A
ARG RN

RDA HEFF I B (&1 2) , R A AL FE 3 T 7R
A AR M A% B A AR S AR S - A Rl
N R IR A ALK 5 P LR S A
PR 52 TEAH G BAHDCHE R NR B R A AL > W
FEABAL > B A B4R, o BE A AL R B A A
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Table 3 RDA results using four soil variables as indicators

SH HeJwth

SPX1 SPX2 SPX3 SPX4
EERiIRT3 0.8355 -0.1163 0.1612  0.007 1
A 0.8201* -0.1753 0.1222 -0.0301
R it 0.8872"  0.1001 -0.0237 -0.0103
A -0.8046™  0.2424 0.1015 -0.0221
FRE(A 0. 692 0.053  0.005 0. 000
R AR AR S 0.901 0.646  0.496 0.156
EVyr = 69.2 74. 4 75.0 75.0

1) = % 3R P<0.01, * FmxN P<0.05, F[HE

L5 B TR W R 4 X A PR TR A LS
AAELA 24 (8 A HLI A AR AR L 29 1 oA
TSRO DT KR T A BLAR 32 2R IR
T AR DRI v TR L X A
PRI PRAPFNAE B RUE AT BOR DL , X T Sy
FrE SR G SR R B A AR BT IR B
FERSIE-3'8

F4 MIOMTEETFHEXRS

Table 4  Correlation coefficients of fourteen soil variables

SOC TN AN TP AP TK AK ACa AMg MBC ROC DOC COo, BD
SOC 1.00
TN 0.96 ™ 1.00
AN 0.87™ 0.86™ 1.00
TP -0.22 -0.20 -0.04 1.00
AP 0.65™ 0.64™ 0.73™ -0.32 1.00
TK -0.78" -0.78" -0.67 " -0.20 -0.28 1. 00
AK 0.46" 0.54" 0.45 -0.04 0.37 -0.57" 1.00
ACa -0.01 -0.03 0.02 0. 05 0.04 0.26 -0.38 1.00
AMg 0.65™ 0.61™ 0.66™ -0.26 0.44 -0.52" 0.24 0.16 1.00
MBC 0.97™ 0.94™ 0.85" -0.34 0.69" -0.77" 0.45 0.00 0.67* 1.00
ROC 0.88™ 0.90™ 0.75™ -0.25 0.60" -0.75™ 0.55" -0.20 0.66™ 0.91™ 1.00
DOC 0.90™ 0.88" 0.82™ -0.38 0.75* -0.66™ 0.39 0.07 0.59™ 0.95™ 0.8 1.00
€O, 0.88™ 0.89" 0.86™ -0.38 0.75* -0.75™ 0.60" -0.21 0.65 0.94™ 0.88™ 0.88™ 1.00
BD -0.84" -0.84™ -0.82™ 0.05 -0.57" 0.75™ -0.57 0.29 -0.41 -0.85" -0.85" -0.80" -0.87" 1.00
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