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Abstract: [Objective] Soil enzymes are involved in all soil biochemical processes and are closely related to

soil physicochemical properties. In this paper, three typical woodlands in karst faulted basins were studied,
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and the relationships between soil enzyme activities and physicochemical properties of forest lands were
explored, which provided a reference for vegetation ecological restoration in this area. [Method] In this
study, the Pinus yunnanensis, Eucalyptus maideni and natural secondary forest in the karst faulted basin
were used as research objects. The relationship between soil enzyme activities and physicochemical
properties was studied using the methods of redundancy analysis. [Result] (1) The soil pH values of the
three forest lands ranged from 5.47 to 6.03, and the soil bulk densities of the 10—20 ¢cm and 20—30 cm soil
layers in the Pinus yunnanensis forest were significantly higher than those of the Eucalyptus maideni forest
and the secondary forest (P < 0.05). The contents of total nitrogen (TN) in 0—10 cm and 10—20 cm layers of
Eucalyptus maideni forest were significantly higher than those in Pinus yunnanensis forest and secondary
forest (P < 0.05). The available phosphorus (AP) content in 0—10 cm soil layer of secondary forest was
significantly higher than that in Pinus yunnanensis forest and Eucalyptus maideni forest (P < 0.05). The
contents of soil orgenic carbon (SOC) and ammonium nitrogen (AN) showed the law of secondary forest >
Pinus yunnanensis forest > Eucalyptus maideni forest. (2) The activity of acid phosphatase and urease in the
0—10 cm soil layer of three woodlands was in the order of secondary forest > Eucalyptus maideni forest >
Pinus yunnanensis forest, while the 10—20 cm soil layer showed the opposite law. The highest activities of
amylase, cellulase and invertase in 0—10 cm and 10—20 cm soil layers were obtained from secondary forest,
followed by Pinus yunnanensis forest and the lowest in Fucalyptus maideni forest. In addition, the soil
enzyme activities in the soil layers of the forests were significantly different (P < 0.05), and the soil enzyme
activities showed a trend of decreasing with the increase of soil depth. (3) Through the redundancy analysis
of soil physicochemical properties and enzyme activities in the three forest lands, the results showed that
SOC, AN, AP and pH all had a significant positive correlation with invertase activity. However, TN was
significantly negatively correlated with invertase activity. Soil bulk density was negatively correlated with
urease and acid phosphatase activities. (4) the Monte Carlo test showed that the order of importance of soil
physicochemical properties on soil enzyme activities was: SOC (41.4%) > AN (32.9%) > AP (24.3%) > soil
bulk density (12.6%) > TN (7.9%) > pH (5.5%). [Conclusion] Comprehensive analysis showed that SOC
and AN were the main indicators affecting the changes of soil enzyme activity in the study area. The
secondary forest is the best in the restoration of soil fertility and enzyme activity in karst faulted basins,
while the advantage of Pinus yunnanensis forest is higher than that of Eucalyptus maideni forest.
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Tab. 1 Basic profile of forest lands

HHAR bR )3 WA . WSS RS/ hm D fon ]
Mt . K ; . .
Geographical Slope Slope . Vegetation Plant density/ Crown diameter/
Forest land . o Altitude/m -

coordinates degree/(°) aspect coverage/% (treeha™ ) (m x m)
PR /N 102°46'41"E, Pl fi pe
Pinus yunnanensis forest 23°40'30"N 15 West by south 1560 80 3838 3.32x3.26
FERI AR 102°57'11"E, Je 2R
Eucalyptus maideni forest — 23°42'34"N 1 North by east 151 65 2619 225x233
AR 102°55'03"E, [ (TE
Secondary forest 23°44'06"N 10 West by north 1416 7 6756 1.84x1.79
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1.2.1  E3EAF S0 R 4R RO B2 w2

R BEAK 432 25 A) AR 7 o6k i T 4 SR R, 7
3 FASEARHL A B BEE 3 AN 30 m x 30 m HIFETT,
ANREDT B LR AR AR 3L IR L R A, SRR S
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Tab. 2 Physicochemical properties of different soil depths in three forest lands

- AR - UV
o i g AL A AR A
MRl TERE . . . Ammonium . Available
. Soil bulk density/ pH Organic carbon/ . Total nitrogen/
Forestland ~ Soil depth/cm (g-om ) (eke ) nitrogen/ (eke ) phosphorus/
(mg'kg ") (mg-kg™")
AR 0~10 1.07 £ 0.05Aa 5.99+0.09Aa 32.50+5.41Aa 5.74 £ 1.72Aa 5.02+0.07Aa 1.01+0.17Aa
Pinus 10~20 1.25+0.02Ab 598 +0.07Aa  25.05+ 1.84Aab 3.32+0.05Aa 491 +0.16Aa 1.00 £ 0.30Aa
yunnanensis
forest 20 ~30 1.28 £ 0.05Ab 5.99+0.05Aa 15.22 + 1.32Ab 2.66 + 0.34Aa 3.93 +0.08Aa 0.67 +0.25Aa
FeRbk 0~10 1.02+0.02Aa  5.47+0.16Ba  42.07 +4.34Ba 444+125Aa  17.15+021Ba 1.13+0.05Aa
i’;c_;iynfl’_’“s 10~20 1.14+0.06Bb  5.83+0.08Aa 21.86+2.05Ab 3.57+035Aa  10.93+030Bb  0.97+0.10Aa
1
forest 20 ~30 1.18 £ 0.04Bb 5.64+026Ba 10.94+ 1.91Ab 2.62+0.26Aa 4.58 £ 0.05Ac 1.63 = 0.90Ba
VO 0~10 1.09 + 0.09Aa 5.95+0.09Aa 46.33 +7.55Ba 24.35 +3.96Ba 6.44 £ 0.12Aa 2.33+0.18Ba
Secondary 10~20 1.13£0.07Ba 5.88+0.13Aa 35.04 £3.63Ba 14.69 + 1.88Bb 425+ 0.09Aa 1.88 £0.50Aa
forest
20 ~30 1.18 £ 0.09Ba 6.03 £0.04Aa 17.05+3.16Ab 10.85 + 1.83Bb 5.30 £ 0.04Aa 1.76 £ 0.31Ba

T B AE = AR, n =3, RIFIE— MO R/NG FRER R ) 22 53 B35 (P < 0.05), RIFIFE— L EAR KRG FRER R ) 22 5 3%
(P <0.05), N[A. Notes: the data in the table are mean + standard deviation, n = 3.Difference between the mean values of the same tree species in
different lowercase letters indicates a significant difference (P < 0.05), and the difference between the mean values in the same soil layer in the same

column indicates a significant difference (P < 0.05). The same below.
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RIS . BRYEREREEETE 3 FibkH 20 ~ 30 cm T2
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Fig. 1 Changes of soil enzyme activities in different soil depths of three forest lands
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Tab. 3 Eigenvalues and cumulative variances of RDA ordination of soil enzyme activities and physicochemical properties

HEF 50 Sorting axis

ERRi B 11 Bk IV
Axis [ AxisII Axis Il Axis IV

IS R IE AR R R Soil enzyme activity eigenvalues

0.657 0.153 0.032 0.008

S AR S FE AL % A 9% Soil enzyme activity and physicochemical properties correlations 0.961 0.855 0.711 0.841

R MR AE 2R TH R B Cumulative variances of soil enzyme activity/%

65.7 81.0 84.2 85.0
b SR VR R 5 Ok &R R RE R Cumulative variances of correlations/% 773 952 99.0 99.9
HLYEHFAE{H Sum of all canonical eigenvalues 0.851

JBAFMEH Sum of all eigenvalues

1.000
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% . N Al o Suc, sucrase; Cel, cellulase; Ure, urease; Acp, acid
phosphatase; Amy, amylase; BD, soil bulk density; SOC, soil organic
carbon; AN, ammonium nitrogen; TN, total nitrogen; AP, available
phosphorus. The same below.
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Fig.2 Redundancy analysis of soil enzyme activities and

physicochemical properties
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Fig. 3 The t-value for single factor influencing characteristics of soil enzyme activities
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