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Abstract: The karst region is one of the fragile ecological regions in the world. Under the background of global climate
change, the karst region in Southwest China is highly sensitive and vulnerable to changes in climate, has become a hotspot
of vegetation restoration. Improving soil quality is the key to enhancing the ability of ecosystems to cope with climate change.
In order to explore the effects of different vegetation restoration methods on soil quality in karst areas under the background
of climate change, this study was based on comprehensive analysis of physical, chemical and biological properties of soil in
84 quadrat transect zones with climatic gradient in Qian-Gui karst area. Cropland and the secondary forest were taken as the
control of degradation and top restoration, respectively. The effects of natural restoration ( shrubland) and artificial

restoration ( plantation forest) on soil quality improvement and their responses to climate change were discussed. The results
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showed that; (1) vegetation restoration not only significantly increased the abundance of soil bacteria, fungi, actinomyces
and other microbial abundance, as well as the contents of organic carbon, total nitrogen, available nitrogen and other
nutrients, but also improved the soil texture. (2) Both natural and managed restoration improved soil quality. There was no
significant difference in soil quality index between the two restoration methods, but there was still a gap between them and
the secondary forest. The soil quality of shrubland and plantation forest was only about 62—66% of that of the secondary
forest. (3) The soil quality of cropland decreased with the increase of mean annual temperature and mean annual
precipitation, and the soil quality of secondary forest increased with the increase of mean annual temperature and mean
annual precipitation. The improvement rate of soil quality of vegetation restoration was positively correlated with mean annual
temperature and mean annual precipitation. In general, vegetation restoration can improve soil quality index, and the
increase of average annual moderate annual rainfall can also improve soil quality improvement rate. This study illustrates that
vegetation restoration in a certain range of climate change can significantly improve the climatic toughness of soil in karst
areas, and reveals that the improvement of soil quality by vegetation restoration in karst areas is mainly due to the increase
of soil carbon and nitrogen content and the improvement of soil microbial structure. This provides a theoretical basis for

ecological restoration and management of karst degraded land under the background of global climate change.

Key Words: karst area; climate change; evaluation of soil quality; principal component analysis; soil microbial community
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Table 1 Sample site specific information table

PR FERZEA! L/ (°E) g/ (°N)  HEAEZEA 3Rl PRI AR IR
Sampling sites Vegetation type Longitude Latitude Bedrock type Soil type Recovery period
TRl L Bl 104.83 26.37 UdivEieey 5 0 K KRN E K
JHE A 104.83 26.38 WL 5 AR 2y 15 4F
PNER 104.82 26.35 UdivEieey 5 A K 1 2y 15 4
WA 104.82 26.38 VdivEre e B AR =0 60 4F
SEVH Bl 106.25 27.39 UdivEneey 55K KRN E K
E AR 106.92 27.52 WA AR 2y 15 4F
PNER 106.25 27.38 UdivEneey 55K 2y 15 4
AR 106.08 27.52 TRIR LR B AR =0 60 4F
AT Bt 107.23 26.07 VdivEiEe B 5K IR E K
HEABR 107.25 26.08 VdivEie = B 2515 4
PN 107.43 26.28 UdivEr e 55K 2y 15 4F
WA 107.22 26.10 VdivEie = IR =0 60 4F
TR B 107.95 24.93 UdivEree B AT R 1 IR E K
HEARRR 108.06 25.15 VdivEre = A K+ 2515 4
ATk 108.05 25.08 divEree B AT R 1 2y 15 4F
WA 108.04 25.15 VdivEre 5K =0 60 4F
Hdz B Bl 108.07 23.98 LA B IAT R 1 KA K
AR 108.19 23.92 WAL A A K+ 2y 15 4F
AT 107.95 24.30 TRIR LR B IR 2y 15 4F
WA 107.98 24.28 LA A K+ =0 60 4
il Bl 108.34 23.68 VdivEie= B K IS EE SRS
AR 108.37 23.61 [VdivEiee A K+ 2515 4
PNER 108.32 23.64 VdivEi = B AR 2515 4
A 108.33 23.66 TRER AR A K+ /060 4
Je B HiHh 106.81 22.62 VdivEi= AR+ IR oK
AR 106.87 22.62 TRER AR A K+ 2515 4
PNER 106.82 22.47 WAL A AR 2515 4
WA 106.91 22.48 TRIR AR B A R 060 4
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K2 HERIBERINSSTHERREL2BFHRENSA

Table 2 Results of principal component analysis of the soil indicators after spin and their Norm and groups

+ 3R bR F 4> Principal components Norm 1 INHATF % axil
Soil indicators 1 2 3 4 Norm value Communalities Group
FIEATE Soil bulk density/(g/cm?) -0.82 0.00 -0.13 -0.08 2.22 0.70 1
Rk & i Clay content/% -0.41 0.03 0.89 -0.05 1.52 0.96 3
PRI & Silt content/ % 0.17 0.18 0.81 -0.21 1.12 0.76 3
TP Ri 5 B Sand content/ % 0.64 -0.19 -0.44 0.24 1.82 0.69 1
44 pH Soil pH 0.12 0.74 0.37 0.30 1.17 0.79 2
AP Soil organic carbon/ ( g/kg) 0.94 0.08 0.05 -0.00 2.53 0.90 1
2% Total nitrogen content/ ( g/kg) 0.93 0.14 0.12 0.09 2.52 0.92 1
4T Total phosphorus content/ (g/kg) 0.24 0.17 0.15 0.75 1.12 0.67 4
HA Available nitrogen/ ( mg/kg) 0.60 0.42 0.01 0.18 1.71 0.57 1
HRUWE Available phosphorus/ ( mg/kg) -0.15 -0.09 -0.30 0.74 1.01 0.66 4
LHNEFG BT Ca®*/ (cmol/kg) 0.71 0.32 0.08 0.22 1.96 0.65 1
BCHAPERE B F Mg/ (emol/kg) 0.30 0.79 0.07 -0.11 1.31 0.72 2
+HELN T Bacteria/ ( cmol/kg) 0.85 0.44 0.03 -0.11 2.35 0.93 1
+HEEH Fungal/ (emol/kg) 0.83 0.41 0.00 -0.20 2.31 0.90 1
F AT ACT/ (emol/kg) 0.78 0.52 0.04 -0.01 2.21 0.88 1
LMY Eigen values 7.20 1.73 1.43 1.33

f# R Explanation 48.03 11.53 9.56 8.84

HPUHREIE Explained variation 48.03 59.56 69.12 77.95

®3 REAFENTSRER TIEEFNENITE

Table 3 The evaluation standard of standardized equation and the calculation of soil index weight

£zt - E Friff A= &
Soil indicators Average Normalization equation Weights
kL& B Clay content/% 25.16 S=1/((1+x/25.16)" 2.5) 0.29
F LR Soil organic carbon/( g/kg) 33.64 S=1/( (1+x/33.64)~(-2.5)) 0.28
4T Total phosphorus content/ ( g/kg) 0.53 $=1/((1+x/0.53)*(=2.5)) 0.21
LHNBEE T Mg®* content/ ( cmol/kg) 6.76 S=1/((1+x/6.76)*(-2.5) ) 0.22

K S NFRUEAL IR B TC I DA, » TR FREI(E

2.3 FHBWKE G IR AR R e wm e

TR ST A P o R0 4% 48 A A5 43 22 4k 43 3] —e— AM —e— WAk
(FAME2), WNF4TTLIEH PR B ERCT
1A (P<0.05) , WEHE I T R MUK A H
RUR SCHR MRS EE B T A i, DA R R AN TR | LB ik
R (P<0.05) . M 2 ATLIFE 1, BF 45+ EHE 5
HHANTR | R AR B S AR MO e 2 R R R, K
L FGR R AE AR 20% ; F U2 58 A Pl A4 A
i, 2RO LR R4 S 1Y 60%—80% 5 HY L
T AL SRS B S SR A MR T 2
SRR A ARG 40%—80% . KI5, BEARSRFA
AR 25 T 46 bR 345 2] T 8 T, AT S R AE MR AR
X5,
2.4 RS X 1 HE R SR H2 FEEHRDESR T LEERES

HOR RS (SOT) 25 ] BEHL SOT LG, 1 Fig.2 Soil index scores under different vegetation restoration methods
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AARHFN TR SQI & T 25 R 25 AR SQI 183 8 Tk ( P<0.05) (&1 3) . MR E 77 Rk
E, AR EZTATEAM SQI 5 N Tk SQI JC i 35 22 57, (Bl 45 R e ViR , R A AR SQIT 8 38 i FIE AP HLBH i
XAF AN TAHAR(P<0.05) (B 3) , 385 it 1 ARG SR B, BF hl - 308 it (N O R AR AR T i 1Y) 48% , fEiHEA T
N RSN H SRR 030, -5 T Tt iR 8 T R A MR B 19 62%—66% , AKEK 5 R A b i) £ 38
i EFER(ES).

F4 TREHRBEFXT LEERLINE R

Table 4 Physicochemical and biological properties of soil under different vegetation restoration methods

T3 dEbR b HEAM AT KM

Soil indicators Cropland Shrubland Plantation forest Secondary forest
34 Soil bulk density/(g/cm?) 1.21(0.04) ab 1.15(0.03)b 1.28(0.03)a 0.99(0.04) ¢
Kk & &t Clay content/% 30.93(5.86) 22.66(4.34) 26.48(4.93) 20.85(4.15)
ki i Silt content/ % 48.02(4.17) 46.48(3.10) 48.95(2.67) 48.11(2.84)
ki it Sand content/% 20.97(4.34) 30.78(4.06) 24.50(2.98) 30.97(4.02)
433 pH Soil pH 6.51(0.20) 6.42(0.15) 6.63(0.16) 6.47(0.17)

A BB Soil organic carbon/(g/kg) 20.12(1.72) ¢ 32.85(2.64)b 29.85(2.76) be 50.96(4.60)a
4% Total nitrogen content/ ( g/kg) 2.14(0.19)b 3.05(0.25)b 2.85(0.22)b 4.65(0.39)a
4T Total phosphorus content/ (g/kg) 0.61(0.05) 0.45(0.04) 0.55(0.08) 0.53(0.09)
LA Available nitrogen/ ( mg/kg) 14.21(1.29)b 17.33(1.94) ab 15.64(2.55)b 24.19(1.57)a
U Available phosphorus/ ( mg/kg) 19.84(2.68)a 3.98(0.65)b 6.14(1.13)b 6.22(1.01)b
MRS BT Ca®*/ (emol/kg) 19.96(2.84)b 23.28(2.58)b 26.46(2.57) ab 35.65(3.05)a
TN F Mg/ (emol/kg) 4.48(0.73)b 6.34(1.19)ab 6.74(1.26) ab 9.39(1.78)a
+ AN Bacteria/ (nmol/g) 25.44(1.83)¢ 55.39(5.26) b 48.71(4.54)b 85.08(7.99)a
+ B Fungal/ (nmol/g) 3.58(0.27)¢ 7.61(0.46)b 7.08(0.54) b 10.88(0.97)a
HIFERLTE ACT/ (nmol/g) 7.03(0.54) b 13.47(1.69)b 12.89(1.52)b 23.75(3.05)a

BUE AR, 455 AN AR IR 22 AN R) RS R RIS B B =2 18] SR B 22 53 . 3% (P<0.05)

x5 ITEREERESREMGERL

Table 5 Soil quality area at different restoration stages and area ratio to secondary forest

SUCERRHIA L N SR G N TTE A
TR HIBE L SRR
Compared with the area . . Compared with the area
Vegetation restoration stages

TR [ B

Vegetation restoration stages

of secondary forest of secondary forest

#Ht Cropland 0.48 N THK Plantation forest 0.66
HEARM Shrubland 0.62 WA Secondary forest 1

2.5 UMD TNT A R HR B R

B 1 598 T A2 R RN /K (R 5 B35 (P <0.05) |, il R E R /K (0 T i 2 R 30 i R st A (18] 4)
YR AR 38 5 A2 AP A R R R 1 S R (P<0.05) |, BEAE-SP- 24 A FR 2 A T i BT (L 4)

JA0 T R K B RZ ) 3T AR TR ARSI ORI A AR 48 i R T R R o
(P<0.05) (&l 5) , 434 RN LI &5 i ok AR bR - 33 B i T3 (P<0.05) (&1 5) , N T AR AR A A i)
95 B T R A AR RN AT R e ) T R R B BT (L S)

3 i

3.1 AR NS e BRI T FE R

W S0 DX AR AR S 0 LSRR W B A AU PR AR A 1 3T, HL R 2 1 R Y A R
AT (K48 2) . WA LR R R O TR AR S R GO REFNR T LR TR S Ty
T 28 O HE B, ELA AR A2 8w o R T SRR S5, DR b b S A W TV D A R A A 2 R e R R A2 A
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PR ARI R A ST LB IR BCE B2 0al 0 TR L l
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