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Abstract; Soil samples were collected from the depressions between karst hills by grid sampling
method (5 m X 5 m), soil pH, soil organic carbon (SOC) , total nitrogen (TN) , total phosphorus
(TP), total potassium (TK) , available nitrogen ( AN) , available phosphorus ( AP) , and available
potassium ( AK) in surface layer (0-20 cm) under different land use patterns ( burning, cutting,
cutting plus root removal, enclosure, maize plantation, and pasture plantation) were measured, the
main factors of influencing the soil fertility was identified by principal component analysis (PCA) ,
and the relationships between soil nutrients and microorganisms were demonstrated by canonical cor-
relation analysis (CCA). The results showed that the soil was slightly alkaline (pH 7.83-7.98) ,
and the soil fertility differed under the different land use patterns, with 76. 78 -116.05 g « kg™ of
SOC, 4.29-6.23 g « kg™ of TN, 1.15-1.47 g - kg™ of TP, 3.59-6.05 g + kg™ of TK,
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331.49-505.49 mg * kg™ of AN), 3.92-10.91 mg * kg™' of AP, and 136.28-198.10 mg - kg™’
of AK. These soil indexes except pH showed moderate or strong variation. Different land use pat-
terns had various impacts on soil fertility ; Soil nutrients such as SOC, TN, TP, and AN were most
significantly influenced by land use patterns in the depressions between karst hills; Followed by soil
microorganisms, especially soil actinomycetes, and the effect decreased with the increasing gradient
of human disturbance from enclosure, burning, cutting, cutting plus root removal, pasture planta-
tion, and maize plantation. CCA elucidated that considerable interactions existed in soil TP with
MBP ( microbial biomass phosphorus) , TK with MBC ( microbial biomass carbon) , TN with actino-
mycetes in the burned area, while TN and MBC in the cutting treatment, AP and MBN ( microbial
biomass nitrogen) in the treatment of cutting plus root removal, pH with MBC and fungus in the en-
closure treatment, TN and TK with MBP in the maize plantation, pH with fungi and actinomycetes
in the pasture plantation. Land use patterns changed the soil fertility in the depressions between
karst hills; therefore, in the ecological restoration and reconstruction of karst region with fragmented
landforms and shallow soil, rational land use patterns should be adopted to improve the soil quality

of degraded ecosystems.

Key words: soil fertility; principal component; land use pattern; karst.
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Table 1 General status of the studied slope under different land use patterns

FHIr 97 FIBEE AbBETT T BB
Land use pattern Slope Mean slope Treatment Soil disturbance
shape angle (°)

P S 33.7 BRAE— H koBE—Ik Burning in each January N

Burning Slight

Rl S 34.5 BHAE— AR R , A LERFEPIAR R Cutting scrub /h

Cutting and grass, and moving out of plot in each January Slight

R EBEAR S 33.5 BFE—H AR R, LR YR R Cutting scrub x

Cutting plus with root removal and grass, and removing root in each January Heavy

HE S 33.0 TR B8 AR A B, 7E I % BB Control plot with original J
Enclosure vegetation No

FivkE £ oK M 26.4 Wb R A BRIF IR, FEMR, B RIAE TR Plant- x

Maize plantation ing maize on mid-below slope after removal of vegeta- Heavy

tion and root
P PR M 24.4 FBRIFIAFE S AR, I AR (44K 1 ) Planting x
Pasture plantation pasture of Pennisetum purpureum cv. Guimu-1 after re- Heavy

moval of vegetation and root

S. HIE Straight; M %M Micro-concave.
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Table 2 Descriptive statistics of soil fertility under different land use patterns

fibr eyl e/ ME RRME HfH 5 S R i £ Ui
Index Type Min. Max. Mean CV (%) Skewness Kurtosis
pH I 7.55 8.04 7.89bec 1.4 -1.17 1.64
I 7.46 8.24 7.93ab 1.6 -0.45 2.63
I 7.80 8.13 7.98a 0.8 -0.20 -0.13
v 7.47 8.10 7.89bec 1.6 -1.14 1.81
A% 6.68 8.26 7.87be 3.8 -2.18 5.41
Vi 7.34 8.11 7.83c¢ 2.1 -0.58 -0.07
A HLAK | 73.25 143.81 115.78a 12.9 -0.37 0.26
Soil organic carbon | 81.63 158.62 115.56a 16.4 0.45 -0.44
(soc, g-kg) I 79.55 129.79 98.29b 11.8 0.58 -0.06
v 82.44 149.97 116.05a 12.6 0.18 -0.04
A% 55.74 109.02 76.78c 14.1 0.70 1.21
Vi 62.29 127.72 95.05b 14.5 -0.01 0.10
o I 4.35 8.05 6.23b 13.8 0.07 -0.39
Total nitrogen | 3.83 8.53 5.99b 18.2 0.48 -0.46
(TN, g - kg™") I 4.00 6.93 5.40¢ 11.9 0.56 0.13
v 4.90 9.59 6.95a 13.0 0.72 0.81
\Y 3.22 6.03 4.29d 13.1 0.37 0.48
VI 3.50 6.74 5.24c 12.8 0.02 0.05
X0 I 0.89 1.85 1.36b 16.7 0.19 -0.76
Total phosphorus I 0.80 1.56 1.24c 14.9 -0.04 -0.70
(TP, g - kg™) I 0.85 2.09 1.38b 20.2 0.61 0.11
v 1.06 2.18 1.47a 20.6 0.77 -0.21
\Y 0.76 1.58 1.15¢ce 14.2 0.23 0.20
Vi 0.88 1.68 1.23cd 16.7 0.48 -0.81
Kl I 1.51 8.81 4.75b 33.2 0.56 0.21
Total potassium I 1.54 5.73 3.59¢ 25.0 0.09 0.08
(TK, g+ kg™") I 2.95 7.18 4.94b 15.6 0.30 0.62
v 1.50 7.83 5.01b 30.7 -0.13 -0.57
A% 3.34 9.31 6.05a 29.1 0.10 -1.28
VI 2.11 9.39 5.11b 31.7 0.54 0.01
Bl it I 333.70 656. 88 505.49a 13.2 0.46 0.09
Available nitrogen I 271.64 501.10 365.87d 14.0 0.95 0.48
(AN, mg - kg™) I 285.19 527.19 401.88c 13.8 0.20 -0.22
v 377.67 669.46 480. 65b 14.2 0.68 -0.10
A% 226.57 499.29 331.49¢ 16.3 0.26 0.52
VI 305. 89 506.08 383.79¢cd 9.9 1.11 2.07
K I 4.60 12.71 8.04b 22.3 0.42 0.08
Available phosphorus I 2.32 6.03 3.92d 21.6 0.31 -0.46
(AP, mg - kg™") ] 3.02 11.70 7.03¢ 34.7 0.39 -1.15
v 4.56 13.95 7.79bc 25.3 0.89 0.56
\Y 4.49 20.23 10.91a 33.2 0.52 0.29
VI 1.72 16.02 6.96¢ 50.7 0.56 -0.09
AL I 128.80 224.06 182.97b 12.5 -0.18 -0.76
Available potassium | 105.44 236.43 148.90cd 18.1 0.68 0.81
(AK, mg - kg™") I 94.04 178.00 136.28d 13.6 -0.19 -0.47
v 88.24 383.82 198. 10a 24.2 0.56 3.89
\Y 88.70 197.07 136.83d 15.6 0.52 0.52
Vi 91.37 328.65 159.20c¢ 36.2 1.68 1.83

I . k%% Buming; I XI#] Cutting; 1. XIFEIBRHL Cutting plus root removal; IV ; 5 Enclosure; V . Ffi#EF K Maize plantation; VI. FfE 4 &
Pasture plantation. | [R] The same below. [R5 5 A INE FAE Ay 5 R 25 5 3K B 1 K- (P<0.05) Different lowercase letters within the
same column indicated significant difference at 0.05 level.
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Table 3 Principal component analysis of soil fertility under different land use patterns

i A RRE ER WA AR EAR AW AW AED AED ETh AW AR WGE  pEIR B
Index SOC N AN TP AP TK AR AERR AWER EYER  Bactera Fungi  Actinomy-  Variance Accumulative
MBC MBN MBP cetes contri-  contribution
bution
[ Pl -0.36  0.885  0.847 0.905 0.5 0.776 -0.002 0.053 0.142 -0.068 0.419  0.18  0.117  0.069  3.609 0.258
PC2 0.845 -0.106 -0.081 -0.134 -0.419 -0.096 -0.933 0.162 -0.742  0.110 -0.256 -0.004  0.226 ~ 0.120  2.525 0.438
PC3 0.229 0.051 0.121 -0.059  0.107 0.016 -0.072 -0.091  0.090  0.100 -0.012  0.070  0.072  0.969  1.065 0.514
PC4 -0.024  0.131 -0.043 -0.063  0.341  0.111 0.111  0.062  0.045 -0.972 0.080 -0.010  0.023 -0.095 1.130 0.595
I pcl -0.335 0.912  0.889 0.944 0.574 0.704 -0.013 0.28  0.192  0.161 -0.030  0.336  0.33 0.102  3.828 0.273
PC2 -0.250 0.113  0.090  0.161  0.150  0.331 0.227 0.423  0.868 0.896 0.030 0.171  0.148  0.030  2.080 0.422
PC3 0.308 -0.122  0.020 -0.048 -0.114 -0.254 -0.007 -0.244 -0.060 -0.001 0.067 -0.294 -0.244 -0.905 .22 0.509
PC4 -0.085 -0.059 -0.002 -0.002 0.042 0.069  0.109 0.290 0.064 -0.023 0.983 -0.003 -0.017 -0.078 1.090 0.587
I Pl -0.949 0.762  0.38  0.094 0.124 -0.073 0.327  0.069 -0.055 -0.039 0.004 -0.034 0.162 0.064  1.808 0.129
PC2 -0.009 -0.237  0.090 -0.002 0.375 0.722  0.263 -0.109  0.849 0.749  0.417  0.072  0.049 0.036  2.273 0.292
PC3 0.079 -0.185 -0.023  0.007 -0.059  0.022 -0.161 0.028 -0.103 0.044 -0.032  0.004 -0.976  0.049  1.040 0. 366
PC4 0.007 -0.093 -0.096 -0.106 -0.212  0.099 -0.175 0.071  0.062 -0.411 -0.061 -0.059  0.050 -0.937 1.179 0.450
IV pcl -0.724 0.761  0.849 0.797 0.099  0.731 0.011  0.001  0.196  0.026 0.181  0.034  0.221 -0.109  3.137 0.224
PC2 0.230 0.058 -0.027 0.225 -0.010 -0.476  0.131 -0.086 -0.120  0.135 -0.102  0.850  0.073  0.185 1.164 0.307
PC3 0.174 0.094  0.295 0.036 -0.035 0.012  0.063 0.012 -0.195 0.065 0.941 -0.117 -0.074 -0.011 1.080 0.384
PC4 -0.326  0.032 -0.099 -0.036  0.024  0.085 0.948 0.103  0.164 -0.088 0.063 0.161  0.106 -0.044  1.113 0.464
VPl -0.179  0.965 0.938  0.714 0.84  0.175 0.400 0.154  0.108 0.163 -0.088  0.036 -0.041 -0.192  3.364 0.240
PC2 0.272 -0.019  0.121  0.267  0.035 0.2  0.150 0.918  0.231 0.051 -0.356  0.010  0.031  0.045 1.276 0.331
PC3 -0.180 -0.009 -0.094  0.061  0.164  0.180 -0.233  0.003  0.883 0.345 0.770 -0.031 -0.171  0.098 1.691 0.452
PC4 0.191 -0.007 -0.101  0.112 -0.252  0.033 -0.014 0.048 -0.006 -0.048 0.138  0.053  0.235 0.912  1.037 0.526
VI pcl -0.195 0.821 0.875 0.712 0.073  0.623 -0.049 0.004 -0.014  0.152 -0.072  0.237  0.193 0.012  2.503 0.179
PC2 0.792 -0.174 -0.100 -0.115 -0.930  0.199 -0.146 -0.082 -0.078 -0.217 0.078 -0.048  0.214 -0.291 1.805 0.308
PC3 -0.048 0.164 -0.099  0.099  0.052  0.191 0.076 -0.021  0.153 0.234 -0.942  0.050  0.059 -0.048 1.067 0.384
PC4 -0.117 0.048 -0.005 -0.485 0.015 0.519  0.919 0.110  0.094  0.018 -0.085 -0.068 -0.010 -0.084  1.405 0.484
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R R T RS I Y
ZIAIAIEA G 56 3 A AR e T+ RS
IR T = (] ARG

R RFIBEAR B E FIE EOK PR S
AN T =T RS A IR E WA 1 X
HIRAF 56 250043 9 4 0. 739 0. 743 0. 753 ,0. 731 ,
0.722, ¥R 3| T4k i 2 AKF-. MXIENY 1 20 $ Ay Ap
HRPOTUE H, HHE T i e R 8 ik, 4%
TR T R W R R R R AT e R, Y
AHE SZM R, HAR TEAH G X FIFRAR FE 2 e 1+
e S R YA Y R R IE A OG ; B
A ELE T 5 pH 5 HIEMAEY AR Y Rk
PR Z A B BRI O PR oK R e T HIE 2R 4
B 5 A A R W 2 R BORE OG5 AR AR
FE T A4 pH 5 B Z ] R R OC B 5
A2 [ ) TE A .
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Table 4 Canonical correlation analysis of soil nutrients and microorganisms under different land use patterns

HH S i IS Z AL FHIE(E A FI 37K FBTTHCR
Type Typical Canonical correlation Eigenvalue Chi-square df Significant Accumulative
vector coefficient value level percentage (% )
I 1 0.889 5.146 139.333 48 0.0001 36.7
2 0.653 2.445 65.024 35 0.0015 54.2
3 0.584 1.345 38.614 24 0.0300 63.8
4 0.446 0.977 18.836 15 0.2213 70.8
| 1 0.739 5.697 71.895 48 0.0143 40.7
2 0.581 1.908 35.203 35 0.4586 54.3
3 0.458 1.295 16.031 24 0. 8869 63.6
4 0.266 1.019 5.096 15 0.9913 70.8
I 1 0.743 4.917 78.416 48 0.0036 35.1
2 0.591 2.473 44.287 35 0.1351 52.8
3 0.489 1.231 26.002 24 0.3530 61.6
4 0.387 1.080 14.415 15 0.4943 69.3
v 1 0.753 3.642 89.265 48 0.0003 26.0
2 0.652 1.937 49.574 35 0.0523 39.8
3 0.456 1.524 23.235 24 0.5059 50.7
4 0.362 1.272 12.193 15 0. 6644 59.8
A% 1 0.731 4.057 80.724 48 0.0022 29.0
2 0. 609 2.385 44.432 35 0.1319 46.0
3 0.444 2.047 22.467 24 0.5514 60.6
4 0.368 1.277 12.033 15 0.6765 69.8
Al 1 0.722 3.349 73.014 48 0.0115 23.9
2 0.629 2.219 38.023 35 0.3334 39.8
3 0.386 1.691 14.134 24 0.9436 51.8
4 0.278 1.184 6.471 15 0.9707 60.3
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x5 ARTHMAAXNTEFRS SMEMBBTENN
Table 5 Canonical variables composition of soil nutrients
and microorganisms under different land use patterns

FAR WAV AN
Type  Composition of canonical variables
1 U,=0.258X, +0. 301X; —0. 440X, - 0. 823X — 0. 033X, —
0.262X, - 0.011X,
U, =-0.001X, - 0.335X, +0. 164X, +0. 422X, -0. 539X, -
0.502X4+0.896X,-0.225X,
Uy=0. 853X, —0. 057X, + 1. 359X; - 0. 772X, + 0. 500X —
0. 389X, +0.315X,-0. 810X,
V,=-0.479Y, +0. 217Y, - 0. 581Y5 +0. 052Y, +0. 063Y; +

0. 027Y,
V,=0. 758Y, +0. 316Y, 0. 750Y; +0. 106Y, — 0. 371Y; -

0.298Y,
Vy=-0.078Y, 0. 160Y, —0. 204Y, +0. 451Y, —0. 605Y; +

0. 818,
it U, =-0. 387X, —0. 475X, +0. 693X, - 0. 170X, +0. 323X, +

0. 165X +0. 195X, +0. 463X,
V, =0. 653X, +0. 022X, +0. 273X, +0. 244X, + 0. 255X, +
0. 116X,
m U, =0. 118X, +0. 029X, - 0. 106X; - 0. 155X, +0. 363X, +
0. 803X, +0.083X,-0. 131X,
V,=0.427Y, +0. 563Y, +0. 213Y; - 0. 031Y, + 0. 040Y; -
0.013Y,
v U, =1.163X, -0. 164X, +0. 052X; +0. 116X, +0. 025X, +
0. 583X, +0.060X,-0. 005X,
V,=-0.636Y, +0. 001Y, +0. 087Y; +0. 001Y, —0. 659Y5 +
0. 137Y,
v U, =0. 481X, —0. 814X, + 1. 197X; 0. 411X, —0. 247X; —
0. 048X +1.095X,-0. 103X,
V,=-0.349Y, +0. 518Y, -0. 715Y; - 0. 432Y, - 0. 297Y; +
0.020Y,
| U, =0.930X, -0. 849X, - 0. 004X; - 0. 084X, +0. 114X, +
0.418X¢-0.274X,-0.076X,
V,=0.282Y, -0. 112Y, - 0. 010Y; - 0. 267Y, - 0. 790Y5 +
0.749Y,
X, : pH; X, . HHLIK Soil organic carbon; X5 : 224 Total nitrogen; X, :
40 Total phosphorus; X : 451 Total potassium; Xg : Wi A, Availa-
ble nitrogen; X, : S Available phosphorus; Xj : AR Available
potassium; Y : + B ) A= W BB Microbial biomass carbon Y,: &
R W) A= Wi 2 Microbial biomass nitrogen ; Yi: TR Y A Y
T Microbial biomass phosphorus; Y, : HIA Fungi; Y5 M B Bacteria;
Yy : FRZE Actinomycetes.

3 8

e 3T DA 3 b 32 L RE R 4B IR R A 1Y CaO
1 MgO #5205 B LR ER T ) b FE AR B &
AR, 5 A WAL 3 A AR A A PR (R S e Ug
DA b Ja8 AT 2 AU, TR R AR AL A A
TAYERT A AW A YRR +4r5m Y, [REE
TR T A BRI o XA 0 - S8 T8 R T R AR, 5
)4 b X 2T 380 b, 3R o S AR i 0. &2
TRBRIREL AR ZL s, A A R B A K+
M)+ CaO, MgO & & = ik 118.0 F1 67.4
g - kg T RIKEA K ARFTNA KL £
S SR, pH 35 7. 83 ~ 7. 98, ik T A KA Kk
BIA KL (7.0 Z247) . WSS XA 3RO A o

L AP R AW | B S O 1
R e T [ XA I R A K A
F18 5 R e T I DX ) £ A T ) XA
WA BB AR A0 R[] R 20T 4
Feor AN ) A e A i B A A
PB4 A8 Ul 2 10 4 K BT 39 Fof A e R R A4
PR 3t R D5 3 TRk A BB A B R
SRl B RV T TR AME , HA HLR 4
S ARk S5 SRR, T 5 K ) 2 B A
R FAERCR I B . P IR IR R AR
pH 555728 5 Ah, HAb g 52 v 2 25 A8 S5 | L R
AR P AL SR

TSR S WY PO AR, e T
SR 53 I S ) SR, i L SRENE ) ok
SRR Sl A PR 3L R AR A P A A R v 2
RUFIAE R R BARDL , HE 0 HE R 1) A= Wy i SR AR R 9%
P3R40 3k i ik e AN T b 4 - SN g R A Ak
AU S R e A b SOV S MR R AR S RS
KRG NN T AR Z AR A S RGN A 1
R TR, W T I HlL 6 S [) - b A P O 2 - 45
I (8 ) (HIERUEY (6 ) Feit 14 DNEFR Y E
W BT RS R T ~ 8 A F o5 R R AR TR R %
IS BIEF 80% , 4% T3 1 TTRR A AR L B,
REAERCR 22, LA I D7 =00k RIS T B2 )iz
AN = 3R D5 3O - SR AE 3 R i 4 PR AN TR B
RS IE SRR A MR | A R R R S
FIROr, R PR A MB R R e TR
FIAL g T R R A B8S SR o, B s R R
FHACE I T 13 ARG A AT L3
PR AR AR R N T R
AR TR R . AR S AT W, JChE - A
M7 AT 235705 SR E RT3 ) i AR AT
KRB o S TR Y A Y R
5 A W A R i | 4 RS T T AT LR TR
R R RIFIBRAR 25 M Bk A HORE S
M A D7 TR 5 IR A 1 X
SRS AR R, Ko R e /S R ERUE
Yoy ak , A S R A R A
pH 5 HHERUAE Y YR BN, 2R S R
PAE A YR W, pH 5 HA AR A 8] B A R
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