Assay of Biological Activity in Forest Soils by
Incubation Tests

I. LICETFALUSI-KOVACS
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In 1987 a research project was initiated to monitor the health status
of forest ecosystems by investigating their nutrient and water flow. The
campilation of a methodics by adapting methods for use in investigating the
organic matter in the litter and biclogically active layers of forest soils
was an integral part of this project. Using the results accumilated during
the adaptation work we can campare the ecosystems monitored fram the view-
point of soil hiology. This paper rresents the results obtained fram the
middle of 1987 up to the end of 1988 for invertase and urease activities
determined bty laktoratory incubation tests.

Materials and methods

The six study sites are located in variocus regions of Hungary. Two oak
stands /Matrafiired, Sopron/, a beech stand [Farkasqgyepli/ and three Scotch
pine stands [G8A6118, Ferekegyhiza, Farkasfa/ were chosen for investigation.

The site factors of the stands [soil type, climate and the age of the
stands/ are takulated for the deciduous stands in Table 1 and for the
Scotch pine stands in Takle 2.

The climate categories have been determined in camrliance with the
Hungarian site-type classification system as descriked by KOVACS [1990/.

Sampling began in 1987 when samples were collected in May and in early
November., In 1988 the samples were taken 3 times during the vegetaticn period
in May, in August and in early Novemker. The samrling procedure is described
in this Volume by KOVACS [1990/.

Invertase activity was examined as prescribted by the relevant Hungarian
Standard [MSZ-08-1721/2-86/ kased on the method cf FRANKENBERGER and JOHANSCN
/1983/. Urease activity was measured by GAISTIAN's methed [1965/.

Organic matter in the Agg-layer was measured as igniticn loss. In the
soil layers [both 0-8 am and 8-16 cm/ it was determined by wet cambustion.
For all the incukation tests air-dried samrles, stored uniformly for 90 days
at ambient temperature, were used.
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Results and discussion

Invertase activity

A wide variety of invertase activity was found under the forest stands
investigated. A major characteristic of the data obtained on all the sites
is the considerably high level of invertase activity in the A ~laver
canpared with the top § an and 8-16 am of the soil. This lave? contained
the highest proportion of organic matter. The decrease of invertase activity
with soil deptk was another feature of the enzyme assay data. Cn all the
sites examined there was a sharp fall in the level of invertase activity
telow the A__-laver. The two lower soil layers samplec had almost the same
amount of invertase.

The values cbtained Ly incubation tests for invertase activity indicated
that various patterns of such activities existed in the samrles anc there
were differences between and within the two groups of forest stands.

In the samples fram under the pine stands the level of invertase activ-
ity decreased with the sampling depth sc much that it could not ke measured
in the soil layers by the method applied [Table 2/. Sarples fram these soil
layers contained rather small amounts of croanic matter.

In the soil under the deciducus stands the patterns of invertase activ-
ity were various. Its levels in the A _-layer of the individual cak stands
did nct differ appreciakly fram each ofher. However, despite the similar
crganic matter content of the scil samples fram under these cak stands there
vag a difference Letween the stands in the invertase level. These stands were
of same ace and climate category kut on different types of soil. Tke highest
invertase level was measured in the scil sarples fram the ocak stand on
lessivated brovn forest soil /Matrafiired/. At the same time in the soil
samples of the beech stand there was no measuratle invertase ectivity in
any of the examined soil layers. These soil samples had same organic matter
content but it was significantly lower than that of the soil samples fram
under ttre oak stands. The lowest invertase activity was measured in the AOO
layer of this keech stand. It must Le noted, however, that this stand
differed fram the cak stands net only in ace but also in respect of site
factors /soil type and/or climate cateccry/.

The absence of invertase activity in the presence of organic matter
suggests either a lack of microke porulation to hydrolize carkenhydrates
or the rapid destruction, or perhaps inhibition, of invertase. Although the
soil organic matter is the primary factor influencing soil kiolegical activ-
ities there are same other factors [scil properties: reaction, soil texture,
CEC, gleyinea etc./ which can influence the activity level of the soil
enzymes. These properties may influence the life circumstances of soil
microbes and the stability of the soil enzymes of different origin., It rust
ke taken into consideration that the storage of the samples to be investigat—
eC also has an effect on the invertase activity level.

We chose a relatively long storage period /90 days/ as we had to carry
out a great mumber of examinations.

Urease activity

The values for urease activity going on in the samples fell in a range
narrower than those of invertase activity. This range of activity and its
level varied to a lesser or greater extent ketween and within the groups of
the forest stands examined. Under all the stands the hichest activity level
was measured in the A -layer with hich orcganic matter content. The activity
level of urease decreasSed witl, the sarpling depth in a similar way as in
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case of invertase hut the fall below the A _-layer was not sc sharp. The
relationghir between urease activity and ofganic matter content did not
seem to be so close as in the case of invertase. It agrees with the findings
of MCGARITY and MEYERS /1967, 1968/, while organic matter is chvicuslv a
general factor affecting the overall level of enzymatic activity in the
soil, there may be environmental and nutrition factors which alter the
expression of this rclationship,

Comrarions between groups in the samrles fram under the deciducus
stands showed an urease activity higher than in those fram under the pine
stands. Within each group of forest stands there were differerences depending
on the soil tvpe and/or the tree spocies as well as climste category.

Imong the deciduous stands the samples fror under the cakh stand on
lessivated brown forest soil /MAtrafiired/ exhibited the highest level of
urease activity. This tvre of scil is rich in colloids. The urease activity
measured 1n the prescmce of toluene is largely derived fram the extra-—
cellular enzyne adsorked in the clay cclloids and humified organic matters
in the scil.

Colloids, both organic and inorgenic, apparently act as stabilizinc
agents on urease released into the soil. It epreared that the texturel
rreperties of this soil type and other site factors /climate and veaetaticon/
were favourable for the accumalation and preservation of extracellular
urease.

Fram the pine stands the one on rusty krown forest soil [at G116/
deviates fram the other two Scotch pine stands in the pattern of urease
activity. Despite containing a high ameunt of organic matter samples of the
Aoo—layer under this pine stand showed nc urease activity. At the same time
samples fram the upper soil layer jO-8 cm/ contained measurable amounts of
urease. The pocrness in mineral colloids of this type of soil is partly
balanced by a thick humous laver. It appeared, however, that under the
conditions of this site same other factors occur which may influence the
rapid destruction of urease or the production of inhikitory sukstances. The
aksence of urease activity may suggest a lack of ureclytic micrcorcanisms
as well,

Conclusions

Invertase activity was concentratec in the A _-layer and decreased with
the depth of the soil under the deciducus stands.

On all the sites investigated there was a sharp fall in the level of
invertase activity below the Aoo—laye.r.

The soil layer samples frdm under the pine stands showed no invertase
activity.

In most cases the level of urease activity in the samoles fran under
the deciduous stands exceeded the level measured in their counterparts
fram under the pine stands.

Of the scil of every stand it was the A__-layer which exhibited the
hichest urease activity. «

Under the pine stands of the same age toth invertase and urease
activites varied with the site factors.
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Szennyv{zzel, szemnyviziszappal kezelt mezfgazdasigilag hasznositott terii-
letek talajvizsgélata. Talajbiolégiai aktivitas vizsgélat szaccharaz
enzimaktivitdsi médszerrel. MSZ-08-1721/2-86.
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