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Occurrence, spatial-temporal dynamics and regulation strategies of karst rocky

desertification in southwest China
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Abstract; The karst landscape in China are mainly located in the southwest of China around Guizhou province and cover an
area of 550 000 km’. Southwest China is most famous in the world for the continuous distribution of karst landscape, for
holding the largest area of bare carbonate rocks and for experiencing the strongest karst development in the world. The karst
area in southwest China is characterized by unique geological background, high landscape heterogeneity, low ecological
capacity. In the meanwhile, this region is populous and in turn the exploitation of natural resources has been very high. For
example, most natural vegetation has been converted to croplands. As a consequence, the region has experienced serious
soil erosion or rocky desertification over the past decades due to the fragile nature of the ecosystems here, which posed great
threat on the sustainable development of this region. In addition, since southwest China is located in the headwaters region
of the Pearl River and Yangtze River, the ecological degradation in this region directly impacts the ecological safety the in
the middle or lower reaches of the two rivers’ watersheds. Therefore, a comprehensive control of the karst rocky
desertification and an effective restoration of the degraded areas are necessary for ensuring the ecological security of the
Yangtze and Pearl rivers’ watersheds. In this paper, we systematically synthesized the information regarding rock

desertification in the karst area in southwest China obtained largely from but not limited to Huanjiang Observation and
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Research Station of Karst Ecosystem, Chinese Academy of Sciences. We proposed a new definition of rocky desertification

and its classification criteria. Based on remote sensing data, we discussed the spatial distribution and dynamics of rock

desertification in the karst area in southwest China. At different stages of rocky desertification, the ecosystems were related

to different characteristics embodied by a combination of vegetation, soil physics, chemistry, and microorganism. The

occurrence of karst rocky desertification was explained from natural factors (e.g., geological factors) and human activities,

especially agricultural activities. We proposed several regulation strategies according to the degree of rocky desertification to

boost the harmonious and sustainable development of ecology, economy and society in the karst areas of southwest China.

Key Words: karst area; rocky desertification; spatial-temporal dynamics; occurrence; regulation strategies
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Table 1 Graduation of rock desertification

P HARR R B s FHE S R

Degree Rock percentage/ % Coverage/ % Characteristics and utilization
I <10 >70 TriE R | LR HELE , A
II 10—30 >60 TETBARDE 2B H L FARAR
m 30—50 30—60 TrREHIER WS, AR
I\ 50—70 10—30 B+ | L ELC, A SRR
A >70 <10 Bi R F R MR

I . JofH %4k No rock desertification; II ; % 7E £1 Ak Latent rock desertification ; Il . §% 5 #7154k Slight rock desertification; IV : 1 £1 754k Medium

rock desertification; V ; H ¥ A 4L Severe rock desertification
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10. 50% , /5 [ + T AL 7. 08% ;2005 4F A7 TR Ak B
TR K M 2.69 x 10° km?, 7 ¥ 1k & A= 48 K Ky
11.95% , i [ 4 T AL 8. 029% ; A 1990 4E31 2005 4
(4 15 A1) AR VO A Ak BRIk T 323. 49 km*, -1
FAEY K 0.91% ", B 6 BAL A s H % A
TR, TEAEFNER B A A A A TR B A
AR/ TR BE LA b A VAR LU AG S 358 R R R ) S R
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Table 2 Area dynamics of different grade rocky desertification in karst region

FR 1990 T AL/ km? 2005 MRV km>  AFETEAR /km? AT/ % AR/ %
Degree Area Area Changes of area Variation Annual variation
TCATEAL No rock desertification 20204.33 19880.84 -323.49 -1.60 -0.11

T AE A AL Latent rock desertification 519.59 537.46 17.87 3.44 0.23

12 FF 4K Slight rock desertification 883.08 914.53 31.45 3.56 0.24

P EE A L Medium rock desertification 616.31 737.86 121.55 19.72 1.31
A AL Severe rock desertification 351.93 504.45 152.52 43.34 2.89
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Table 3 Characteristics of plant community in different rocky desertification ecosystems

I I I v \Y
AT Index LA YA A FAE A HRB A
Primary forest Secondary forest Shrub Sparse shrub & grass Sparse grass
1 Height/m 15.56 4.74 1.86 3.56 0.2
% & Density/ (#/m”) 9.31 15.4 53.2 17.8 0.09
BB Coverage 0.80 0.80 0.45 0.25 0.01
YyFh=F & B Abundance 46 34 27 39 —
T A< 8% Shannon index 4.13 3.82 3.34 3.84 —
LB F5 %L Dominance index 0.67 0.8 0.76 0.81 —
5] FEFE ST Pielou evenness 0.23 0.16 0.11 0.1 —
)4 Biomass/ (1/hm?) 131.42 68.76 27.18 17.46 1.28

1 . A EAL No rock desertification ; II I TE A AL Latent rock desertification ; Il R AL Slight rock desertification; IV ; H1 R A AL Medium

rock desertification; V ; H B £ 4k Severe rock desertification

R4 TRARKEBENIEYERYE

Table 4 Soil physical properties in different rocky desertification ecosystems

TR KL Sand Bk Silt piy e Clay K E 251 Bulk density/  fLEREE Porosity/
Degree 2—0.25mm 0.25—0.05mm 0.05-0.002mm <0.002mm Water content/ % (g/em®) %
I 0.44 6.51 43.14 46.98 26.92 1.17 55.85
I 0.46 10.75 40.75 44.87 24.55 1.28 51.70
il| 0.71 11.86 45.39 34.94 29.10 1.26 52.45
Y 2.30 5.26 39.24 42.69 26.05 1.39 47.55
\Y 0.93 2.73 8.86 16.60 21.75 1.46 4491
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Table 5 Distribution of soil water-stable aggregates in different rocky desertification ecosystems/ %
FEPE Degree > 2mm 1—2mm 0.5—1mm 0.25—0.5mm 0.053—0.25mm <0.053mm
1 68.42 9.63 6.62 4.84 2.46 8.03
| 69.27 8.93 7.99 7.18 4.27 2.37
I 73.14 9.42 7.57 4.99 1.82 3.05
v 54.97 12.61 10.85 10.24 7.09 4.25
A% 21.29 13.67 16.75 22.21 14.09 11.99

5.3 ARABEARRE R A APR

AR AR B WA K+ — s SRS, pH
B, (AP R g ke = iR 2 0, R A s 8K
W AR R E R R 55 R A R VE L R
ik v 2 K, BV 2 BRI W TR A 48 X
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L A: 223.03—432. 45 mg/kg, ¥ B, 27. 18—
118. 72 mg/kg, & HE 3.31—8.31 mg/kg, FHE T3¢
Hitt.161.13—403.20 mmol/kg, H. Fifi £7 AL 72 B Y
FEAR B A a3, Jo ik B3 A AL %
SR FIBH S Fac e i e (£ 6) 0
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Table 6 The conditions of soil nutrient in different rocky desertification ecosystems

AL R Ex0 el A AR AR FHE T2 i
TR Organic Total Total Total Available Available Aailable Cation exchange
Degree pH matter/ nitrogen/ phosphorus/  potassium/ nitrogen/ phosphorus/  potassium/ capacity/
(g'kg) (g/'kg) (g/kg ) (g/'kg) (mg/kg) (mg/kg)  (mgrkg) (mmol/kg)
1 7.75 98.12 4.83 1.86 4.90 432.45 118.72 8.31 403.20
I 7.70 78.11 4.01 1.19 4.12 392.76 84.75 3.42 379.09
I 7.28 76.04 2.76 1.13 4.70 267.05 91.89 3.75 365.67
v 7.73 77.83 3.04 1.17 4.05 254.47 83.43 4.91 335.45
v 7.83 57.47 1.94 0.89 0.79 223.03 27.18 3.31 161.13
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JK A1 Si0, Fr it Bl A V5 A0 AR B B 8 g 3 , = B
A EAL T HE Si0, & B A 72.68% 3 A1,0, Fe, 0, 17
H 0N 12.38%—20.45% . 4.31%—10.99% , H:
TETE R R A AL 414 ALO, Fe, 0,1 7% 12
B, BAR T Fe Al B & 55 121 CaO F1 MgO %
90 0.25%—4.59% Fil 0.86%—2.42% , ¥ bt 41

AR TR BE A3 T B 58 B2 A1 MnO 1) 35 s ARG, LA
PERBR(F 7)1,
5.5 A EALEREE ) £ 3R P RRE

I R R R 2 2 R0 R R R, B8
AR b 2 WA [y AL R B 1A 25 R G 1 2 i A
b, J2 398 T A AR I U SR AR . VE R W 20T
IX IR PR B R (3R 8) , T A W A B
K A AR b 40 B Y B8R 3.54%—59.88% , L4k A
K 27.97%—96.44% , FLIE I LLFIAR /N, N2 1%, Fifi
F AR AL RN A AL RR BE 3G 0, - SR W R R
Bt B T RS (A S HE A e S
IS MR LT[R, AN 58 4 5 A A [R] 2 32
BRI L R AR R, X B A R AR

http ; //www.ecologica.cn



5334 VST

34 4

(R 2R AT BE 1] 3 b o0 1 R A ) A R )
TR A A B ) T, 68 A 2 00 2% 218 B8 AR i)t i
LR TR R R BN, Bl A AR E R R 4 g
TR S R S 2 T T R el /D, G i PR i

T AT B AT P45 S5 0 9
I W, -+ 484 75 R 4 IR Rt 6 9 0 )
WA

R7T ARARUEETEYVREE

Table 7 The soil mineral components in different rocky desertification ecosystems

TR Degree Si0,/% Al,0,/% Fe,05/% Ca0 /% MgO /% MnO/%
I 41.67 12.38 5.88 4.59 2.42 0.19
I 40.08 16.15 6.74 2.01 1.57 0.30
iif 44.88 17.07 7.06 3.03 1.96 0.30
\Y 43.49 20.45 10.99 0.81 2.02 0.28
\ 72.68 13.55 431 0.25 0.86 0.11

S A W AR W B (MBC) L& (MBN) |
(MBP) RURAF5T 134 BT R ABEAG 35 S H 3%
feid R R B b, 1M ELJE 25 A PR ¢ 1 R i R
FURBL A H6 A5 22— B o - e R
MBC 4 BEI A 1 37 B A T - 400 Bt
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] TR S7 A9 TA A = b R FH 5 3 0 20 498 - S 63
A4 BMN (19 52 i 40 X e /N5 SR AR 810 MBP (1 75

A AL AR A LA AR, A A
e S5 18k Wi A (MBC/MBN) 19 HU AR & A48 2, A )
(27 2 HOWL S AR 6], Anderson 281 34 2 MBC/MBN
SERIE N 6.7, B [ AN 4R 57170 A Ok 41 3 + 4
MBC/MBN “F¥{E K 6.2 , VG B W5 40 45 5 1 A Ak Y
1319 MBC/MBN R, 1Ky 2.86 , HoAth A [A) #5 B2 A7
Ak +HERY MBC/MBN &35 10.69—17.98, 7] UL, 1
TR AR ok 55 B 2l AR T A R A W R VR A5 4
B TR Y A YRR A R Y

£8 TRARKREBELERENTHHYE

Table 8 The main microbial population in different rocky desertification ecosystems

g é’EﬂEﬁl“. E% .ﬁl(éi‘é%l“ ER e il LL ] ELTH L] TR TA L]
Dearee Bacteria/ Fungi/ Actinomycetes/ Sum/ Percentage of Percentage of Percentage of
° (x10%cfu/g) (x10* cfu/g) (x10° cfu/g) (x10° cfu/g) Bacteria/ % fungi/ % actinomycetes/ %
I 16.83 3.37 252.42 269.28 6.25 0.01 93.74
I 9.06 7.00 247.12 256.25 3.54 0.03 96.44
il| 6.18 2.95 4.98 11.19 55.25 0.26 44.49
v 1.07 2.80 4.22 5.32 20.19 0.53 79.29
\Y 2.67 3.81 1.75 4.47 59.88 0.85 39.27
x99 ARAENLEELTEMENEYE
Table 9 Soil microbial biomass in different rocky desertification ecosystems
FEEE Degree % MBC/(mg/kg) % MBN/(mg/kg) % MBP/(mg/kg) MBC/MBN
I 559.78 33.21 10.58 16.86
I 776.16 44.52 22.87 17.43
i} 506.55 32.70 56.97 15.49
v 131.72 46.13 7.92 2.86
\Y 268.28 25.10 7.39 10.69
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