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Study on the relationships between soil enzyme activities and soil fertility
in Zhifanggou Watershed
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Abstract The relationships between soil enzyme activities and soil fertility under the different land uses forest shrub
grass and farmland in the Zhifanggou watershed were studied through field investigation and laboratory analysis. The cor-
relation between soil enzyme activities and soil fertility were evaluated by the methods of correlation analysis and path
analysis. The results there are significant positive correlations between soil organic matter total N available N available
K wurease invertase alkaline-phosphatase and catalase. Soil organic matter total N and available N are important fac-
tors of affecting activities of urease invertase alkaline-phosphatase and catalase and their direct path coefficients to the
four enzymes are 0.148 0.415 0.345 -0.018 0.241 0.202 0.190 0.318 and 0.394 0.375 0.507 0.277
respectively. The direct impacts of pH values upon four enzymes are largely minimized by the indirect effects of other fac-
tors. The results derived from correlation analysis and path analysis indicate that the four enzyme activities can be used to
evaluate soil fertility in the loess hilly region.
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Table 2 Correlation matrix r-values between soil enzyme activities and soil fertility
Ttem X, X; X4 Xs Xs X7 Xs Xy Xio
X -0.624"" -0.528"" -0.567"" 0.106 -0.332"  -0.288"" -0.515"" -0.481"" -0.345""
Xy 0.752" " 0.740™ * 0.032 0.373* " 0.560" ~ 0.820" ~ 0.795"* 0.454" "
X 0.864" " 0.180" 0.289" " 0.657"" 0.826"" 0.836"" 0.560" *
X4 0.178" 0.329" " 0.6714"" 0.844" " 0.871"" 0.558" "
Xs 0.465° " 0.329°"  0.215°"  0.206" "  0.102
Xs 0.388" " 0.395" " 0.353" " 0.233" "
X7 0.756 " 0.713"*  0.513""
Xs 0.907° " 0.563" "
X 0.548" "~
Note n=174 » % 0.01 * 0.05 X; ~ X0 pH

Sample number n =174

% % Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level.

X; —Xjo mean pH organic matter total N available N available P available K urease invertase alkaline phosphatase and catalase respectively.

2.4
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X ~Xs
pH
U; = 0.187X; + 0.148X, + 0.241X5 + 0.394X, +
0.127X5 + 0.136X; 1 0.672 0.423 0.409 0.813
U, = 0.072X; + 0.415X, + 0.202X; + 0.375X, + 2.4.1 3
0.067Xs + 0.052Xq 2
U; = 0.124X, + 0.345X, + 0.190X5 + 0.507X, +
0.047X5 + 0.022X, 3
Us= - 0.003X, -0.018X, + 0.318X5 + 0.277X, —
0.038X;s + 0.073X4 4
Ui ~Us 0.559°*  pH
3
Table 3 Path coefficients between soil fertility and soil enzyme activities
Item X; X, X3 X4 Xs X r
X 0.187 -0.092 -0.127 -0.223 0.013 -0.045 -0.288""
Urease X, -0.117 0.148 0.181 0.292 0.004 0.051 0.559" *
activity X; -0.099 0.111 0.241 0.340 0.023 0.039 0.656 *
Xy -0.106 0.110 0.208 0.394 0.023 0.045 0.673* "
Xs 0.020 0.005 0.043 0.070 0.127 0.063 0.328" "
Xs -0.062 0.055 0.070 0.130 0.059 0.136 0.387" "
X 0.072 -0.259 -0.107 -0.213 0.007 -0.017  -0.516""
X, ~0.045 0.415 0.152 0.278 0.002 0.019 0.821" "
Invertase X3 -0.038 0.312 0.202 0.324 0.012 0.015 0.827" "
actvity Xy -0.041 0.307 0.175 0.375 0.012 0.017 0.845" "
X5 0.008 0.013 0.036 0.067 0.067 0.024 0.215" "
Xg -0.024 0.155 0.058 0.123 0.031 0.052 0.396" *
X, 0.124 ~0.215 -0.100 -0.287 0.005 -0.007  -0.481" "
X, -0.077 0.345 0.143 0.375 0.002 0.008 0.795" *
Alkaline X3 - 0.065 0.259 0.190 0.438 0.008 0.006 0.837""
phosphatase X, -0.070 0.255 0.164 0.507 0.008 0.007  0.872" "
tivit
acvily Xs 0.013 0.011 0.034 0.090 0.047 0.010 0.206"
Xg -0.041 0.129 0.055 0.167 0.022 0.022 0.353" *
X -0.003 0.011 -0.168 -0.157 -0.004 -0.024  -0.345""
X, 0.002 -0.018 0.239 0.205 -0.001 0.027 0.454"
Catalase X3 0.002 -0.014 0.318 0.239 -0.007 0.021 0.560" *
activity X, 0.002 -0.013 0.275 0.277 -0.007 0.024 0.557° "
Xs 0.001 -0.001 0.057 0.049 -0.038 0.034 0.102
Xe 0.001 -0.007 0.092 0.091 -0.018 0.073 0.233" "
Note X; —~ Xq pH

X;—Xjo mean pH organic matter total N available N available P and available K respectively The underlined data are direct path coefficients other

data are indirect path coefficients.



1105

pH
2.4.2
pH
2.4.3
0.507
0.438
0.190
0.837° "
2.4.4

pH

Abdul K'S Katayama A Kimura M. Activities of some soil enzymes
in different land use system after deforestation in hilly areas of west
Lampung  South Sumatra Indonesia J . Soil Sci 2000 80 91-97.
Badiane N Y Chotte J L Pate E et al. Use of soil enzyme activities
to monitor soil quality in natural and improved fallows in semi-arid
tropical regions J . Appl. Soil Ecol. 2001 18 3  229-238.

J. 2004
40 2 152-159.
Yang W Q Wang K Y. Advances in forest soil enzymology J . For.
Sci. 2004 40 2 152-159.
Dick R P A . Review long-term effects of agricultural systems on soil
biochemical and microbial parameters J . Agric Ecosyst. Environ.

1992 40 25-36.

J. 2004 10 3 277-280.

QuLP LiuJ Wang Y Q et al. Research on relationship between
soil enzyme activities and soil fertility J . Plant Nutr. Fert. Seci.
2004 10 3 277-280.

J. 2000 14 2 60-65.
Shen H Jiang F Q Du X ] et al. Study on soil fertility of water and
soil conservation forest and its evaluation indexes J . J. Soil Water

Conserv. 2000 14 2 60-65.

I 1997 5 3 195 -
199.
Zhang C E  Chen X L. Characteristics of soil enzymatic activity and
nutrient of pasture from abandoned field in different years on the loess

hilly areas J . Acta Agre. Sin. 1997 5 3 195-199.

J. 2005 11 5 704-709.

AnSS HuangYM LiBC LiuMY. The relation between soil en-
zyme activities and soil properties of different land use way in Loess
Hilly region by canonical correlation analysis J . Plant Nutr. Fert.

Sci. 2005 11 5 704-709.

] 2008 14 2 316-321.
Zheng Y GaoY S Zhang L M et al. Effects of long-term fertilization
on soil microorganisms and enzyme activities in an upland red soil J .

Plant Nutr. Fert. Sci. 2008 14 2 316-321.



1106

15

11

12

2003 9 4 406-410.

Sun R L Zhao BQ Zhu L S et al. Effects of long-term fertilization
on soil enzyme activities and its role in adjusting-controlling soil fertil-
ity J . Plant Nutr. Fert. Sci. 2003 9 4 406-410.

II. I 2003
92 146-150.

Fan J Hao M D. Study on long-term experiment of crop rotation and
fertilization in the Loess plateau [l . Relationship between soil enzyme
activities and soil fertility J . Plant Nutr. Fert. Sci. 2003 9 2
146 -150.

2004 10 1
Zhang CB Jin ZX Ke S X. Study on the relationship among en-

51-56.

zymes activities microorganism respiration rate and physico-chemi-

cal properties of soil under different forests of Tiantai mountain J .

13

15

Plant Nutr. Fert. Sci. 2004 10 1 51-56.

J. 1981 18 3 244-252.
Qiu F Q Zhou L K Chen E F. Relationship between organic matter
and enzymatic activities and blackland fertility in northeast of China

J . Acta Pedol. Sin 1981 18 3  244-252.

1985 21 6  281-285.
Zhang Z M Cao CM Zhou L K. Study on enzymatic activities of
farming brown soils J . Acta Pedol. Sin 1985 21 6 281-285.
M .

1986. 274-323.
Guan S Y. Soil enzyme and research methods M . Beijing Agri-
cultural Press 1986 274-323.

M . 2000. 25
-109.
Bao S D. Soil chemical analysis M . Beijing China Agricultural
Press 2002. 25-109.





