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Measuring methods for soil microbial activity and biomass 1
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Abstract. The determining for the numbers of different soil microbial groups has some
technical difficulties because of biological reasons. Therefore the measuring of cell compo-
nents or metabolic activity of soil micro-organisms is often preferred.

The different measuring methods for determining the numbers of micro-organisms or
microbial cell components or microbial enzymatic activities will be shortly reviewed.

Introduction

Living soil micro-organisms e.g. bacteria,
microscopic fungi, protozoa and viruses are
understood to form the microbial biomass of
soil. Living organisms are usually considered
to those which potentially can still metabolize
or produce daughter cells. In practice it is
very difficult to say which of the micro-orga-
nisms can still grow and metabolize because
most of the cells in soil are not in active stage.

The methods for measuring soil microbial
activity fall into three different categories:
methods for determining the number of
micro-organisms, methods for determining
the content of cell compounds and methods
for determining metabolic activity of soil
micro-organisms.

We have studied the fitness of different
methods for soil microbiology in order to

find the most suitable methods for microbio-
logical studies dealing with the effects of fer-
tilization, cultivation or the use of pesticides.

Determination of microbial numbers

The classical method for measuring the
number of soil micro-organisms is the deter-
mining of the »total number» of micro-or-
ganisms by plate counting or by MPN. Un-
fortunately, using these methods the soil
micro-organism numbers obtained, are too
low because the growth requirements for dif-
ferent micro-organisms are very different, as
well as their pH, redox-potential and temper-
ature requirements. However, we use MPN
and plate count method for determining the

1 Presented in an Estonian-Finnish minisymposium for
microbiology, 26th October, 1983 in Tallinn.
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»total number» of micro-organisms. We use
a very poor soil extract medium of Taylor

(1951). The incubation temperature is 15 °C
for four weeks.

We also have determined by cultivation
methods the numbers for actinomycete, ba-
cilli, cellulolytic and ureolytic micro-orga-
nisms (Heinonen-Tanski et al., 1984 and Sil-
vo, 1983).

The number of micro-organisms can also
be determined by microscopic or electron
microscopic methods. Stained cells, dead or
living, can all be seen by light microscopy, so
this method usually gives too high numbers.
This problem can be avoided by using vital
stains and fluorescence microscopy. A so-
phisticated method is the combination of
fluorescence microscopy and autoradiogra-
phy. This method is usual in water microbio-
logy, but it should be useful in soil microbio-
logy, too. Because this is a new method it
will be described in more detail. The original
method was developed by Meyer-Reil

(1978) and Fuhrman and Azam (1982) and
modified by Riemann (1982).

i) 3 H-labelled thymidine or glucose is
added to a diluted soil sample, incubated and
fixed with formalin.

ii) The sample is stained with a vital stain
such as acridine orange.

iii) The sample is filtered through a filter.
iv) An extra-pure glass slide is dipped into

gelatine. After drying, the gelatine is wiped
off the back side and the filter along with the
sample is fixed on the gelatine coated side.

v) The radioactivities are detected by
microautoradiography.

The cells which are metabolically active
specifically incorporate radioactivity into
their cells, and only these cells can be seen
during an ordinary light microscopic exami-
nation. All the living cells could be seen in an
epifluorescence illumination. If the same fil-
ter is examined by both these illuminations,
it is possible to count which cells are living
and metabolically active.

We have incubated a soil sample dilution
(1 : 103) 2.5 h with 3 H-thymidine. We filtered
the thymidine-treated and stained sample
(1 : 100) through a 0.2 nm polycarbonate fil-
ter with d 25 mm. The filter was examined
after the autoradiography with an epifluo-
rescence microscope. This method seemed to
be very promising.

Determination of cell components

Microbial activity of soil micro-organisms
has been assayed by measuring the DNA of
the soil. This method has been presented in
detail by Torsvik and Goksoyr (1978).

ATP content (adenosine triphosphate con-
tent) of soil micro-organisms is measured
luminometrically in our department with the
luciferin-luciferase system (ANON. 1979).
The ATP of the soil sample is first diluted to
tris-EDTA buffer (pH 7.75). The ATP is
then extracted with a commercial extraction
solution in a measuring cuvette which is set
in the measuring head of the luminometer.
The luciferin-lusiferase is injected into the
cuvette and the relative light units are read
after some seconds. Standardization is made
internally.

An improvement of the last mentioned
method is the measuring of AEC (adenylate
energy charge). It is determined by

AEC =

ATP + 0.5 ADP
ATP + ADP + AMP

We have made some attempts to determine
the AEC according to the method described
by Brookes et al. (1983). Theoretically the
AEC should well describe the activity of
cells. If the AEC is high (0.7—1.0), the cells
are metabolically active and if the AEC is
low (under 0.4) the cells are metabolically
passive.

A more usual method for determining the
soil biomass is for example by chloroform
fumigation (Jenkinson and Powlson, 1976).
The microbial cells are killed by chloroform
and the fumigated soil is inoculated with a
very small amount of fresh soil. The cell
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matter of the chloroform-killed micro-orga-
nisms is now degraded by the micro-orga-
nisms of fresh soil to C02. According to the
literature, 40—50 % of cell matter degrades
during this test to C02 (Anderson et al.,
1981; Jenkinson and Powlson, 1976; 1980).

Determination of metabolic activity
of microbial cells

CO, production by soil micro-organisms
measures the general activity of soil. This
test can be carried out in the field or in the
laboratory. In both cases, a known amount
of NaOH is left for some hours to trap C02

from a known surface area of soil or from a
known weight unit. The remaining, unbound
NaOH is titrated with HCI. C02 can be also
measured gas-chromatographically with a
thermal conductivity detector.

Carbon dioxide formation from different
carbon-rich matter in soil can also be used as
a measure of microbial activity. We have
used such substrates as filter paper, straw or
cellulose. We put the substrate into a poly-
ester bag. The bag is buried in the ploughing
layer for some months, usually for the whole
growing season. After incubation, the weight
losses are measured. Typically, the weight
losses have been between 20 and 50 % dur-
ing one summer (Mettälä et ai., 1982 and
Silvo, 1983).

General soil metabolic activity can also be
measured by enzyme assays. We have mea-
sured the dehydrogenase activities and nitri-
fication potentials, which are more sensitive
for pesticides than the measuring of the
numbers of different microbial groups
(Heinonen-Tanski et al., 1984).

Dehydrogenases are very common in many
biochemical cycles. We use TTC, 2,3,5-tri-
phenyltetrazolium chloride, as an electron
acceptor. The incubation was 24 h at 26
27 °C. Dehydrogenases transform triphenyl-
tetrazolium chloride to TPF, triphenylfor-
mazan, which can be measured spectropho-
tometrically after the extraction. According

to the literature, the red triphenylformazan
is usually extracted by methanol, chloroform
or carbon tetrachloride (Thalmann, 1968),
but we have used ethanol successfully for
this purpose. It is much safer for laboratory
workers than any other solvent mentioned
above and it is not so volatile as methanol or
chloroform. Furthermore, the price of meth-
anol is 170 °7o, carbon tetrachloride 280 %

and chloroform 400 % of the price of etha-
nol (prices in Sept. 1984). According to our
experience the extraction of TPF by ethanol
is quantitative from sandy as well as from
clay soils tested. Our standard curves are ac-
curate, the parallel results are close to each
others and the results from the blanks are
low.

We have measured the nitrification poten-
tial by adding ammonium sulfate or water to
air-dried soil. The nitrate concentration of
soil has been measured at the beginning and
at the end of 15 days’ incubation. The nitrifi-
cation potential has been counted by sub-
tracting the original nitrate concentration
from the nitrate concentration formed in the
soil incubated with ammonium sulfate and
also by subtracting the nitrate formed by
mineralization in soil incubated with water.
This method has been earlier used by Mul-
ler et al., (1981).

Conclusion

Some correlations between the results
using different methods can be seen in Table
1 which originally has been published by
Mettälä et ai., (1982).

All the methods have their advantages and
disadvantages. They measure different
things. It would be useful to use different
methods simultaneously in the same soil if
we want to know the effects of rotation, irri-
gation, fertilization or pesticide treatment
ect. on soil biological activity, because prob-
ably not all microbial activities are affected
by a special treatment, but possible only some
of them.
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Table 1. Correlation between microbiological tests (Mettäiä et ai. 1982).

CO, DH Straw Cellulose
n = 24 n = 24 decomposition decomposition

n = 24 n = 8

ATP 0.837*** 0.186 —0.058 0.586
CO, —0.408 0.221 0.369
DH —0.279 0.667
Straw
decomposition —0.037

DH = dehydrogenase activity, ***
= correlation significant at p = 0.001.
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SELOSTUS

Maan mikrobiologisen aktiivisuuden ja
biomassan määrittäminen

Helvi Heinonen-Tanski, Aila Mettälä ja Riit-
ta Silvo
Mikrobiologian laitos, Helsingin yliopisto,
00710 Helsinki 71

Perinteisesti maan mikrobiaktiivisuutta on tutkittu
määrittämällä eri mikrobiryhmien pitoisuuksia viljely-
menetelmin, Näissä määrityksissä on kuitenkin biologi-
sista syistä johtuvia vaikeuksia.

bien solumassan määrä tai eri entsyymien aktiivisuuk-
sia.

Tässä katsauksessa tarkastellaan eri menetelmien
käyttömahdollisuuksia maamikrobiologiassa.

Tästä syystä nykyään usein määritetään maan mikro-
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