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Soil enzyme activity under organic versus conventional
vegetable production systems

YE Jun, WANG Xiao-Li, Gonzalez Perez Pablo, LIU Xiao-Song, HUANG Dan-Feng
(School of Agriculture and Biology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract There has been a growing trend in using soil enzymes as indicators for changes in soil quality under different manage-
ment practices. Although literature on this subject has tremendously grown in the last 10 years, most of the studies have focused
on cultivated fields. However, research on cultivated vegetable soils also has significant implications. Experiments were con-
ducted at two close-by fields (one under organic farming and the other under conventional farming) in Shanghai to investigate the
influence of different horticultural farm management practices on soil enzyme activities. Four combinations of field type and
management system — organic management in greenhouse (GO), conventional management in greenhouse (GC), organic manage-
ment in open-field (LO) and conventional management in open-field (LC) conditions — were evaluated. Soil sampled at the 0~20 cm
depth were analyzed using the traditional soil analysis method. Furthermore, proteinase, urease, dehydrogenase, pf-glucosidase and
nitrate reductase activities were determined. The results presented here fostered an in-depth understanding of the impacts of man-
agement practices on soil enzyme activities. Soil electrical conductivity (EC) under organic managements was less than that under
conventional management by averages of 12% and 16% in greenhouse and open-field conditions, respectively. The levels of micro-
bial biomass C and N under organic managements were higher than those under conventional managements. Significant differences
were noted in proteinase and prease activities among the different management practices. Proteinase, urease, dehydrogenase and
B-glucosidase activities were comparatively high under organic management, while nitrate reductase activity was low. Management
practices significantly affected proteinase and urease activities with P values of 0.006 8 and 0.012 4 respectively. Environmental
conditions of cultivation significantly influenced proteinase, urease, 3-glucosidase and nitrate reductase activities. Enzyme activities

were higher in organic managements under greenhouse conditions than in other treatments. Analysis showed that proteinase, urease,
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dehydrogenase and B-glucosidase activities were closely correlated (at significant levels) with total dissolved nitrogen, microbial
biomass C and microbial biomass N. In summary, organic systems significantly improved soil microbial characteristics and increased
soil organic C, which in turn enhanced soil enzyme activities. Moreover, proteinase, urease, dehydrogenase and p-glucosidase activi-
ties were suitable indicators for soil fertility. Further studies that focus on determining the relationship between soil microbial diver-
sity and specific enzyme activities under different management systems using the DGGE (denaturing gradient gel electrophoresis)
technique were therefore recommended.

Key words Vegetable field soil, Organic farming, Conventional farming, Greenhouse, Open-filed, Soil enzyme activity
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Table 1 Basic characteristics of soil sampling fields of different treatments in the experiment

Proceeding Fertilization

Treatment crop Vegetable type Type of fertilizer rate (kg-hm ) Manage mode Cultivation year Condition
GO 10 500 5
Herba coriandri Brassica rapa chinensis Organic fertilizer Organic cultivation 5 years Greenhouse
GC Complex 750 10
Capsicum annuum B. rapa chinensis fertilizer (N P Conventional cultiva- 10 years Greenhouse
K=14 16 15) tion
Urea 225
LO 10 500 5
Allium fistulosum  B. oleracea L.var.capitata Organic fertilizer Organic cultivation 5 years Open field
LC Complex 750 10
A. fistulosum B. chinensis fertilizer (N P Conventional cultiva- 10 years Open field
K=4 16 15) tion
Urea 225
GO: Organic management in greenhouse; GC: Conventional management in greenhouse; LO: Organic man-

agement in open field; LC: Conventional management in open field. The same below.
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Table 2 Physical and chemical properties and microbial biomass C, N of soil under different vegetable cultivation management systems
pH EC Moisture  Organic matter  Total C ~ TotalN  C/N  AvailableN  MBC" MBN? CN
Treatment WSem) %) (@kg)  (gke)  (gkeh) (mgke!)  (mgkg’)  (mgkg’) MMM
GO 7.3+0.1ab 845.0£54.9b  20.1£3.3a  17.1£1.7a  29.2+0.la 33+0.la 8.8+02a 78.9+172a 125.9+18.8a 44.8+11.3a  2.90+0.70b
GC 7.0+03b 965.0+421.2a  202+2.1a  8.9+19¢ 24.6+0.32 2.8£02ab 8.7+03a 34.1+104c  44.3£9.5b  89+1.6b  5.13+1.55b
LO 7440.1a 552.8£186.0c 20.4+l.1a  13.8%1.4b 163+0.3b 2.0+0.6c 82+0.6a 71.6+182ab 99.4+17.5a 11.6£1.3b  8.63+1.59a
LC 7.0£0.5b 660.7+45.0c  19.3+0.8a  10.2+0.7¢ 19.140.3b 2.4+0.3bc 8.0+04a 61.6£13.7b  534£104b 63+12b  8.77+2.70a

0.05

Different small letters indicate significant difference among treatments at 0.05 level.

1) MBC: Microbial biomass C; 2) MBN: Microbial biomass N. The same below.
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Fig. 1 Activities of proteinase (A), urease (B), dehydrogenase (C), B-glucosidase (D) and nitrate reductase (E) under different
vegetable cultivation management systems
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Table 3 Two-way ANOVA of effects of organic versus conventional management and green house versus open field on
soil enzymes activities

Factor Proteinase Urease Dehydrogenase B- B-glucosidase Nitrate reductase
A 0.006 8™ 0.012 4" 0.093 0.060 5 0.1273
B 0.048 5" 0.0103" 0.325 0.0119" 0.042 6"
A><B 0.101 5 0.1155 0.109 0.1720 0.7270
* k% (P<0.05) (P<0.01) s * and ** indicate significant difference at 0.05 and 0.01 levels, respec-
tively. The same below. A: ; B: A: Organic versus conventional management; B: Green house versus
open field.

R4 TIREGEMS TIRBUAMREMEXRY

Table 4 Correlation coefficients between soil enzyme activities and soil physical and chemical properties

H EC CN
Soil enzyme P Available N MBC MBN MBC/MBN Organic matter
Proteinase 0.792 8 0.6412 0.752'5 0.977 8" 0.901 3 0.975 6" 0.5811
Urease 0.487 8 09161 0.4170 0.776 9 0.946 5 0.791 6 0.8874
Dehydrogenase 0.506 0 0.543 5 0.807 9 0.883 7 0.949 8 0.9239 0.588 7
B- B-glucosidase 0.886 6 -0.033 6 0.9451" 0.864 8 0.474 0 0.843 5 0.103 7
Nitrate reductase ~ —0.905 4 0.127 3 —0.886 4 —-0.797 0 -0.344 0 -0.762 7 -0.2213
b b
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