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Enzymes in soil are biologically significant as they par-
ticipate in the cycling of elements and can influence the
availability of nutrients to plants. Microorganisms, active
roots and dead cells are the principal sources of soil
enzymes. A major proportion ol the extracellular enzymes
found in soil is adsorbed on to clay and humic colloids. The
enzyme fraction that remains in the soil solution is labile and
exposed to degradative processes and therefore, only o very
small fraction of the total soil enzyme content is found in
solution (Burns, 1982). Dchydropenases, urcase and phos-
phatases are recognized as very important soils enzyies.
Mecasurement-of dehydrogenase activity provides an index
ol the catabolic activity ol w soil. Urcise and phosphatase
are involved in transformations of N oand P As micro-
organisms are an important source ol soil enzymes, the
activity of these enzymes correlates with microbial activity,
and therefore, measurements ol the activities of these en-
zymes have olten been used as an index ol microbial
activity.

1t is diflicult to isolate any component of soil and study
its ellect on the activity ol soil enzymes, as removal of one
component concomitantly alfects other components, and

thus the result obtuined does not pertain to the eflect of

removial ol the desired component, but also includes its
indirect effects on the other components. Probably because
ol this no attempt” has been made to study the relative
importance of various soil components such as soil organic
matter, soil microorganisms and soil solutes on enzyme
activities, although the literature clearly indicates that these
components largely determine the rate of activity of soil
enzymes. We have attempted 1o exclude certain components
fram the soil through various treatments and have measured
the activities of cnzymes. Our objective was to understand
the relative importanee of soil organisms, organic matter
and soil solutes on enzyme uctivity,

Cheesecloth pouches containing 200 g [reshly-collected
soil (moisture 19.0 26.7%) were leached in running tap-
water for 24 h. The soils were sterilized by autoclaving
(120 €, 60 min) or by CHCI, fumigation (Jenkinson and
Powlson, 1976). Soils were ignited in a mullle furnace at
450 C for 2 h. In another treatment, leached soils were also
ignited. Thus, the leached soil was deyoid of soil solutes
including enzymes that had been present in the soil solution.
We assumed that any loss of microbes and any changes in
their mctabolism and growth during leaching would be
nepligible. ‘The ignited soils were devoid ol organic matter,
nucrobes and enzymes. When leached soils were ignited, in
addinon 1o the above, these soils were also deprived of
soluble mimerals. The autoclaved soil did not contain mi-
crobes and enzymes, although the character of the organic
matter has been changed. The fumigated soils were devoid
of microbes, but ubiotic enzymes (Skujins, 1976) and
organic malter were not aflected.

To determine whether such treatment effects vary with
soil type, a broad spectrum of soil types was scelected,
namely an orchard soil, a forest soil, a garden soil and a
grassland soil. The vegetational and physicochemical char-
acteristics ol the soils are given in Table |. Surface soils
(0 20 ¢m) were collected from 15 random sites for cach soil
type and made into three bulk samples each composed of
five subsamples. These soil samples were analyzed scepa-
rately. Soil pH was determined on a 1:5 soil-water sus-
pension using an electric digital pH meter. The moisture
content ol soil was estimated on a w/w basis by oven drying
soil at 105 C for 24 h. :

Dcehydrogenase activity  was  assayed by the 2-3-5
triphenyl tetrazolium chlaride (TTC) reduction technique
(Casida, 1977) and urcase activity by the method of McGar-
ity und Myers (1967). Ammonia released as o result of
urcase activity was determined by the Indophenol blue

Table 1. Dominant plant species und physicochemibenl churacteristivs of varlous solls

< Sail
Soil 4 Dominant Soil texture (% moisture  Soil Organic Available Available Total
type plant species Sand Silt Clay (") pH C (%) P (%) K (%) N (%)
Orchard Pyrus communis 271 515 209 244 6.4 1.9 0.010 00145 0.60
soil 30-yr old
plantation
Forest Pinus kesiva 50.9 27.6 214 19.0 6.0 2.7 0.009 0.0120 0.76
soil 50-yr old
plantation
Gurden Botanical garden 40.9 24.6 344 253 6.0 1.7 0.009 0.009 0.50
soil lower bed
. Grassland Puspalum 35.1 46.3 18.5 6.7 6.2 1.8 0.015 0.0150 0.50
soil dilatatum and
Trifolium repens N
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630 nm. Phos-
phatase was assayed (Fabatabar and Bremner, 1909) using
p-mtrophenyl phosphate as the substrate, and mitrophenol
produced as a result of phospliatase activity was assayed
colorimetnically. For chemical analysis, soils were air-dried
and sicved (> 2 mm). Organic Cwas determined by Walkley
and Black's (1934) titration method. A colorimetric molyb-
denum blue method using Bray's extraction solution was
followed Tor P estimations; Kowas deteriined by o thone
photometer method using ammontum acetate as the extric-
tion solution (Jackson, 1971). Each value reported s the
mean of nine replicate analysces.

The activities of all of the enzymes investigated were
lower in the treated soils than in the controls. The net elect
of treatments dilfered with sol type but all ol the trends
were similar in cach of the soils (Figs 1 3).

The lowermg ol enzyme activities in the leached soil could
be attnbuted to the semoval of soluble
orpanie substances and hiee enzymes
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Fig, 1. Dchydrogenase activity in soilst control -
leached = L, gnited =1, leached + ignited = L1, funn-

pated = F, autoclaved = A.
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Fig. 2. Urcase activity in soils. Symbols as in Fig. 1.

the soil solution and the major part is cither present
intracellularly or in the immobilized state (Burns, 1982). As
expected, the ignmition ol soil reduced enzyme activities o
very low levels as a resuft of the combustion of all the
organic substances ancluding  enzymes. Similarly, auto-
claving also resulted in o loss of enzyme activities because
all microorganisms were Kidled and enzymes were denatured
by heat. The activities recorded in fumigated soils could be
assipned to those ol abiontic enzymes because most ol these
are to be tound e the mumobihzed state (Skujins, 1976
Buins, 1982) This was most pronounced in the case of
phosphatase, mdicating that probably they were present
predominantly in the abiotic state. Ramirez-Martinez and
Mularen (1966) also considered that soils are enriched in
phosphatase enzyme proteins as most soils exhibit greater
activity than can be expluned by numbers of micro-
orgamsms. The appreciable decrease of urease activity in
Tumigated soils supgests that urcase activity is derived from
lving cells and hule wiease accumulates (bigo 2). However,
Buins e al. (19720, b) and Pettit er al. (1976) proposed that
urcase accumulbites i orpano mineral complexes. Thus,
Living and organo mineral complexes are considered to be
the loct of urease activity, and the reliative contnbutions of
the two loar may vary dependimg on the clay content, humus
content and catton exchange capacity of soil.

Urca hydrolysiy was recorded in the ignmited soils even
though urcase activity was not expected (Fig. 2). Repeated
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Fig. 3. Phosphatase activity in soils. Symbols as in Fig. 1.

observations with similar results with a variety of soils types
suggests the possibility that inorganic catalytic agents are
formed in the ignited soils and 1tis these that are responsible
for the hydrolysis of urea. The degree of hydrolysis of urea
varied in the difterent soils and this could be attributed to
ditlerences in the quality or quantity of the catalytic agents
present.

The results demonstrate that there are at least three
ditterentlocr ol enzyane activiey i soil nside viable cells, on
the surtaces ol clay honne collords and i the sonl solution
OF these three, viable cells account tor most of the dehy-
drogenase and urcase acuvities while extracellular cn7)m'cs
adsorbed on clay humie colloids are responsible for a magor
part ob the phosphatase activity The enzymes present in the
soil solution account for only i very small fraction of total

cnzyme achivity
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