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Conventional and organic cropping systems at Suitia
III: Microbial activity in soils
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Abstract. From 1983 to 1988 the microbial activity of soil was measured by determining
its nitrification potential, dehydrogenaseactivity, cellulolytic activity and respiration. The samples
were Suitia silty clay soils under various types of conventional and organic cropping systems.

The soil microbial activity was the highest in both organic cattle farm plots in the ley phase
and conventional cattle farm plots in the ley phase. The difference between these two ley soils
was not clear, partly because of the considerable statistical variance, but the microbial activity
oforganic cattle farm plots in clover leys tended to be higher than in conventionally cultivated
grass leys. This favourable effect on dehydrogenaseactivity was not detected after poor over-
wintering in organic cattle farm plots in annual clover in 1984 and Persian clover in 1985,
but some effect on nitrification was found in 1984. In many cases, soil microbial activity was
still increased two to three years after the leys. The soil nitrification activities were often higher
in organic plant production plots than in conventional plant production plots, but the de-
hydrogenase activities and cellulose decompositions of organic plant production plots were
similar to those in conventional diverse plant production or barley monoculture plots.

Index words: dehydrogenase, nitrification, cellulolysis, soil respiration, conventional, organic agriculture

Introduction

As FitzPatrick (1986) stated, soils can be
considered our major natural resource, be-
cause most of our food and clothing are der-
ived from them directly or indirectly. Thus it
is extremely important that we cultivate our
soils in the original meaning of the Latin
word, so that the fertility of soils is as high
and stable as possible. The influence of soil
microorganisms on the fertility of soil has

recognized and widely reviewed in many text-
books. Microorganisms are responsible for
nutritional cycles and for the decomposi-
tion of natural and synthetic compounds, in-
cluding pesticides. Microbes form humus and
stir the soil, forming stable aggregates impor-
tant both in preventing erosion and for soil
water and gas economy.

The microbial activity of soil has been
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studied in many fertilisation studies, some of
them very long-lasting (Pokörna-Kozova &

NovAk, 1975; Eiland 1980; Gulyas et al.
1984; Muller, 1984). In above studies, inor-

ganic and organic fertilisers, up to normal or
double doses, have been found to increase
both crop yields and many microbial activi-
ties as well as in a Finnish study (Mettälä et
al. 1982). In long-term experiments, Eiland
(1980), Muller (1984) and Scherbakov
(1984) found that organic manure increased
the dehydrogenase activity and some other
microbial parameters more than the equiva-
lent amounts of inorganic fertilisers. In
Eiland’s (1981) experiment, farmyard ma-
nure increased the soil microbial activity more
than did slurry manure of the same dry
weight.

There are, however, only a few critical
studies of the soil microbial activity affected
by organic contra conventional cropping.
Schröder (1980), using filter paper as the
substrate, found that the dehydrogenase ac-
tivity and cellulolysis were higher in two or-
ganically cultivated soils than in two conven-
tionally cultivated soils, but when straw was
used as the substrate, no difference was seen.
In Bavaria, Beck (1986) compared the effects
of conventional and organic agriculture, and
found that microbial parameters such as the
catalase and protease activities, ammonifica-
tion and biomass were higher in organic
agriculture, but the difference was statistical-
ly significant only for biomass. In the same
Bavarian study, Diez and Weigelt (1986)
found only slight differences in soil chemical
properties; the phosphorus content was higher
in conventional agriculture, and the magne-
sium content was higher in organic agricul-
ture. Borchert (1986) found no clear differ-
ences in soil physical properties during the
same experiment. Thus it is not clearly known
whether the microbial activity is different be-
tween conventional and organic agriculture,
or how soon this possible difference in
microbial activity occurs after the change
from conventional to organic agriculture. In
spite of this lack of knowledge a transfer

phase of two to three years is usually re-
commended or required before agricultural
products may be sold as biological or as some
other special products. The present study was
done to answer these questions in one soil
type. The soil in this study is very difficult for
farming, as it has a fine structure and a high
capacity to tighten thus reducing the gas and
water exchange with the plant roots damaged
by the anaerobic environment. Agricultural
methods involving a fairly stable structure
preventing tightening would therefore be use-
ful in such types of heavy soil.

Materials and methods

The agricultural cropping system variants
in Suitia silty clay soil were:

conventional cropping, with pesticides if
needed

Al; barley monoculture, NPK fertilisation
A2: cereal production, NPK fertilisation
A3: diverse plant rotation, NPK fertilisation
B: cattle farm, slurry and NPK

organic cropping

Cl: plant production, plant material
composted

C2: plant production, plant material
not composted

Dl: cattle farm, slurry composted
D2: cattle farm, slurry

The rotations were begun a) either in the ley
phase or b) in the cereal phase, both of vari-
ants B and D. All experiments were done as
three parallel plots. The agricultural opera-
tions withplant rotations, fertilisationand the
possible pesticide applications (in A and B var-
iants), as well as the chemical and physical
properties of the soil plots, are described in
more detailed by Hannukkala et al. (1990).

The microbial activities of all soil plots were
measured between 1983 and 1988. The de-
hydrogenase activity and nitrification were
measured three times during the growing sea-
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sons, first in spring or early summer, at the
turn of May and June, second in summer, at
the turn of June and July, and third in late
summer or autumn, at the turn of August and
September. The decomposition of cellulose
was measured only once. The soil respiration
was measured only for some plots in 1987and
1988.

The soil samples for analysis of the de-
hydrogenase activity and the nitrification
potential were taken from the depth of o—30—3
cm, from ten different sites in each plot and
then mixed together. The determination for
the dehydrogenase activity was started with-
in 30 h after sampling. The TTC-method of
Thalmann (1968), with the modification of
Mettälä et ai. (1982), was used. Nitrification
potential, as brutto nitrification, was mea-
sured from air-dried soil following the oxida-
tion of ammonium to nitrate (Heinonen-
Tanski et al. 1985).

Cellulolytic activity was measured using the
polyester bag (approx. 20 cm x 5 cm, net size
1.3 mm) method. The bag contained 5.0 g of
substrate, buried at a depth of 3 cm. First,
wheat straw was used as the substrate during
the period beginning in autumn 1983 to the
following autumn. Thereafter, filter paper
(Schleicher & Schiill 604) was used as the sub-
strate in summer, with an incubation time of
two to three months. In both cases, the sub-
strate remaining after incubation was washed
carefully, dried at room temperature and
weighed. Cellulolysis was calculated on the
basis of the weight loss.

Respiration was measured according to
Witcamp’s (1966) field method.

Tukey’s test and the LSD one-way test were
used for the dehydrogenase and nitrification
activities and /-tests for the cellulolysis activity
results. The correlation coefficients between
the dehydrogenase activity and nitrification
potential and the cellulolysis results, were cal-
culated.

Rcsults

All soil microbial activities were very simi-

lar in organic plant production (Cl and C2)
and organic cattle farm plot (D 1 and D2)
cropping systems. Thus the difference in treat-
ment according to whether the plant residues
were composted or not-composted was not
important; therefore only the means of
Cl +C2 and Dl + D 2 have been presented in
Figures 1 and 2. The results of conventional
barley monocultures Al and cereal production
plots A 2 were also so similar that their means
are presented in the same figures.

The dehydrogenase activities were highly
dependent on the plant cultivated in soil and
on the year (Figs, la and lb). Thus the highest
or lowest activities were in the same or almost
the same plot in the same year in spite of the
month when sampled. The most clear statisti-
cally significant differences (one-way test)
were found for the plots with conventional
farming in grass ley phases (B) and for organic
clover cattle farming in well-growing clover ley
phases (D 1 and D2), which usually gave much
higher dehydrogenase activities than all the
otherplots. This phenomenon was easily seen
in the results for 1983, 1986 and 1987 in all
the samplings. The dehydrogenase activities
of both organic cattle farms that had grown
annual clover ley in 1984, and Persian clover
in 1985(D 1 and D2) were, however, very low
after a very poor overwintering (Korva &

Varis 1990), and they were the lowest of all
the variants in the springs 1984 and 1985. At
the same time the dehydrogenase activities of
conventional cattle farm plots in the ley phase
(B) were still the highest of all the variants,
though the values were low when compared
to the other years. The dehydrogenase activi-
ties of these plots were again high after ley,
in the cereal phase in the springs of 1986 and
1987. The difference in soil dehydrogenase ac-
tivity for barley monoculture (Al) and the
other cereals either in conventional (A2) or in
organic plant production plots in the cereal
phase (Cl and C2) was not statistically signifi-
cant, although the plots with the other cereals
sometimes gave lower dehydrogenase activi-
ties than barley monoculture. The dehydro-
genase activity of diverse rotation plots (A3)

323



324

Fig. I. a) The soil dehydrogenaseactivities in rotations beginning with ley 1983—1988. Mean of A 1 = conventional
barley monoculture and A 2 = conventional diverse cereals, A 3 = conventional plant production, B =conventional cattle
farm including grass ley, C 1 and C 2 = organic plant production (composted or not composted), D 1 and D 2 = organic
cattle farm plots including clover ley (composted or not composted). Sp =spring, Es =early summer, Su =summer,
Ls =late summer and Au =autumn.

Fig. I. b) The soil dehydrogenase activities in rotations beginning with cereals in 1983—1988. For the rest of the
legend, see Fig. la.



Table 1. Summary of the plants cultivated in plots with the highest soil dehydrogenase activities (in order) differing
statistically significantly from the others. Ley phase in 1983, 1984 and 1985 in a) and in 1986, 1987 and 1988 in b).
For rotations, see Hannukkala et al. (1990).

and organic plant production plots (Cl and
C2) cultivated with potato were the lowest
obtained in those years. Generally, the de-
hydrogenase activities were lowest in 1984 and
1985, owing to the poor overwintering.

Soil nitrifications were also high in all kinds
of ley plots (B and D plots), more clearly since
the second year’s leys, and a favourable after-
effect was found (Figs. 2a and 2b). The ef-
fect of unsuccessful overwintering could be
seen only in 1985. The statistical significance
(with both one-way tests) between convention-
al cattle farm grass ley (B) and organic cattle
farm clover leys (D’s) was not clear because
in some measurements the soil nitrifications
were higher in organic clover leys than in con-
ventional grass leys, and sometimes it was vice
versa, but more often it was higher in organ-
ic cattle farm plots in the ley phase, especial-
ly in 1988 when hairy vetch was grown.

Quite often the organic plant production
plots (Cl and C2) showed high nitrification
activities, which were statistically (one-way
Tukey’s or LSD test) significantly as high as
the ley (B or D plots) and higher than the con-
ventional plant production plots. Barley +

clover in 1983, potato in 1984 but not in 1987,
barley + clover and green fallow in 1985,
oats + faba bean in 1987 and barley +clover
and green fallow in 1988 were cultivated in
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such cases. The same phenomenon was found
in conventional plant production plots only in
June 1987 in barley monoculture(Al) and in
conventional cereal plots (A2), but the gener-
al nitrification activities that summer were low
after long-lasting rains (see Hannukkala et
al., 1990). Indeed, the mean nitrification of
conventional plant production cropping (A3)
under potato in 1987 was negative.

The parallel 11, closest to the river and with
ineffective drainage (see Hannukkala et al.
1990), gave some negative nitrification results
in conventional plots (also ley B), indicating
a high denitrification.

The correlation coefficient between the de-
hydrogenase and nitrification activities was
-0.141 (p =0.001).

The cellulolysis activity with straw as the
substrate in 1983—1984 was low (approx.
s—lo5—10 % of weight loss) in all the plots, and
the variationbetween parallel plots was high.
Straw decomposition was highest in organic
cattle farming at the ley phase, fertilised with
non-composted plant residues (D2); the differ-
ence was statistically significant in the f-test
(p<0.05) when compared to the barley
monoculture in two of three parallels.

The decomposition percentage of filter pa-
per in two to three months was typically
20—40 %. In 1985, only a few bags could be

Plant
a) Rotation beginning with ley b) Rotation beginning with cereals

1983 organic cattle farm leys Dl and D 2 conventional cereals A 2 or no differences
conventional cattle farm ley B

1984 conventional cattle farm ley B no differences
1985 conventional cattle farm ley B conventional cattle farm in cereal phase B

conventional cereal A 2
1986 conventional cattle farm wheat after ley B conventional cattle farm ley B, organic cattle farm

leys Dl and D 2
1987 conventional cattle farm oats after ley B, —»

organic cattle farm oats+ faba bean after
leys Dl and D 2

1988 organic cattle farm barley + ley seed D2, conventional cattle farm ley B, organic hairy vetch ley
conventional cattle farm barley + ley seed B D 2
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weighed; according to these results, no regu-
lar statistically significant differences in cel-
lulose decomposition could be found. The
results of one parallel were totally lacking in

1986. None of the results regularly showed
statistically significantly different results when
compared to the barley monoculture,

In 1987 the cellulolysis was very high (up

Fig. 2. a) The soil nitrifications in rotations beginning with ley in 1983—1988. For the rest of the legend, see Fig. la.

Fig. 2. b) The soil nitrifications in rotations beginning with cereals in 1983—1988. For the rest of the legend, see
Fig. la.



to 60 %) when compared to the other years.
The cellulolysis in conventional grass ley-
cereals in the ley phase (B) and of organic
cattle farm plots in the ley phase (D 1 and D2)
was higher than in barley monoculture, the
statistical significance of the p-value being
from 0.000 to 0.08. The difference between
conventional and organic cattle farms in the
ley phase was not clear. The soil cellulolytic
activity of organic plant production plots (Cl
and C2) where potato was grown in 1987, was
very low, but not statistically significantly
different from that for the barley monocul-
ture (Al).

In 1988 (Fig. 3), the conventional cattle
farm (B) in the ley phase and organic cattle
farms (D 1 and D2) in the ley phase growing
hairy vetch showed the highest cellulolytic ac-
tivities, and were statistically significantly
different from those for barley monoculture
(p-values from 0.000 to 0.03). The cellulolysis
was higher in organic cattle farms with hairy
vetch than in conventional cattle farm with
grass leys, but not statistically significantly.

The cellulolytic activity of organic cattle

farming (D 1 and D2) in the cereal phase (bar-
ley + ley seed in 1988) was, however, lower
than in barley monoculture, the statistical sig-
nificance of p being from 0.000 to 0.07. The
cellulolytic activity had also decreased when
compared to the barley monoculture both in
the conventional diverse rotation (A3) and in
the organic plant production plots (Cl and
C2) growing barley + ley seed. The p-values
ranged from 0.001 to 0.09. The conventional
cattle farm plots (B) in the cereal phase grow-
ing, also barley + ley seed in 1988 on the con-
trary had an increasing (statistically significant
only in one of three parallels) effect compared
to barley monoculture. Thus the soil cellulo-
lytic activity of conventional cattle farms (B)
was statistically (p<0.01—0.001) significantly
higher than that of organic cattle farms (D’s)
both in the cereal phase.

The correlation coefficientbetween the de-
hydrogenase and cellulolytic activities (years
1983—84, 1987 and 1988) was 0.55, with p-
value of 0.001. The correlation coefficient be-
tween nitrification and cellulolysis was -0.12,
and it was not statistically significant.

Fig. 3. The decomposition of cellulose in different rotation plots in 1988. The legend for rotation systems see Fig.
la. a) in cereal phase, b) in ley phase.
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Respiration in soil in conventional barley
monoculture (Al) and conventional cereal
plots (A2) varied from 8 to 40 pmol/hcm 2

C02 formed. The respirations were highest in
spring and decreased to autumn. There were
no statistically significant differences between
the soil respirations in barley monoculture and
those for barley in cereal rotation. The soil
respirations were much lower in 1988, when
they were measured in barley and barley -I- ley
seed plots. The respiration results varied from
0.7 to 1.1 pmol/hcm 2 C02 formed. No sta-
tistically significant differences existed.

Discussion

The favourable effect of both conventional
and organic cattle farms in grass ley or legu-
minous leys, including also the after-effect on
the soil microbial activities, was very clear.
The after-effect of ley was higher in conven-
tional grass leys than on organic cattle farms,
perhaps because of better growth.

The radical reduction of dehydrogenase ac-
tivities in all plots, and especially in plots cul-
tivated with clover or Persian clover in
1984—1985 on organic cattle farm plots, can

be explaned by the fact that in the winter and
spring ice cover almost totally killed the over-
wintering clover ley (Korva & Varis 1990).
This shows very well the importance of plants,
especially plants with large, long-growing
roots, on soil microbial activity. The in-
creasing effect of ley with large roots on the
soil dehydrogenase activity was also reported
by Eiland (1981). In some cases, ley seed
production under barley may also have stimu-
lated the microbial activity.

Often, but not always, the soil microbial ac-
tivity of organic clover ley was higher than
that of conventional grass ley, but this differ-
ence was significant only in very few cases.

The soil nitrification activity was often
higher in organic cattle production plots than
in conventional cattle production plots, both
in the cereal phase. This result was obtained
every year since 1983, when tested for the first
timeand thefield trial was carried the second

year. This may have led to a more economic
use of nitrogen as nitrate in soils, when nitro-
gen was a limiting factor. The ley phases of
the organic cattle farms also showed a tend-
ency to have a higher nitrification activity than
the conventional cattle farms with grass leys,
especially in 1988, when both nitrate in or-
ganic plots and water because of dry, hot sum-
mer (Hannukkala et al. 1990) were limiting
in all plots. In this situation, nitrate is more
easily diluted and transported, and it may be
more useful for plants.

The long rains, which may have caused the
very low nitrifications in 1987 in conventional
and organic plant production plots growing
potato, may also have caused the reduced
number of earthworms reported by Nuutinen
and Haukka (1990)

The soil dehydrogenase activity and cel-
lulose decomposition of organic plant produc-
tion plots (Cl and C2) was usually low, and
in some cases less than in barley monoculture.
The soil dehydrogenase activity on organic
cattle farms (D 1 and D2) in the cereal phase
was approximately the same as in conven-
tional cereal cultivation. In 1988, this can be
explained by the unsuccessful overwintering
of the clover ley phase. It seems that good
plant growth is necessary for good soil
microbial activity, but good microbial activi-
ty of the soil does not yet guarantee good plant
yields, as can be seen from the results of the
present study and from the winter wheat yield
results reported by Korva and Varis (1990),
for instance, in 1986 of the A and B plots.

A slightly increased cellulolytic activity in
organic plots as compared to more conven-
tional plots was found in the experiments of
Schröder (1980), El-Titi and Landes (1988)
and by the present study in 1988. The high
moisture content of soil in the summer of
1987, with heavy rains, may explain the gen-

eral high cellulolytic activity found in all plots,
as pointed out by Witcamp (1966). The same
moisture difference may also explain the
difference in respiration results between 1987
and 1988.

The dehydrogenase results were so similar
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in the same plots in the same summer under
the same plant, that instead of three measur-
ing times only one or two measuring times
were needed, but the nitrification results were
more diverse in the same plot even in the same
growing season.

Moore and Russell (1972) very critically
suggested that the dehydrogenase activity is
unlikely to be a general index of soil fertility,
but that it is a qualitative indication. In the
present study, the dehydrogenase activities,
however, proved to be sensitive to the effect
of grass ley and clover ley perhaps more
sensitive than the other microbial parameters
tested. Also the correlation coefficient of 0.55
between the cellulolytic and dehydrogenase ac-
tivities with the very high statistical sig-
nificance (p = 0.001), shows that both these
parameters measure biological activity which
is not the same, but they either belong loose-
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SELOSTUS

Suitian viljelyjärjestelmä
III: Maan mikrobiologinen aktiivisuus eri
viljelykiertojärjestelmissä

Helvi Heinonen-Tanski
Teknisen ympäristöhygienian laitos,
Kuopion yliopisto, Pi 6
702 H Kuopio

Maan mikrobiologista aktiivisuutta on tutkittu tavan-
mukaisissa ja luonnonmukaisissa kierrossa mittaamalla
maan dehydrogenaasi, nitrifikaatio, selluloosan hajoami-
nen ja respiraatio.

Dehydrogenaasiaktiivisuuden ja selluloosan hajoami-
sen ero luonnonmukainen tavanmukainen ei ollut mer-
kittävä Suitian hiesusavimailla viljelykierroissa, joissa ei
ollut nurmea. Sitä vastoin luonnonmukaisten nurmetto-
mien kiertojen maan nitrifikaatiot olivat usein korkeampia
kuin nurmettomilla tavanmukaisilla maaruuduilla.

Sekä tavanmukainen heinänurmi että luonnonmukai-
nen apilanurmi kohottivat erittäin selvästi maan mikro-
biologista aktiivisuutta. Monissa tapauksissa luonnonmu-
kaiset puna-apila- tai muita palkokasveja kasvaneet nur-
met kohottivat mikrobiologista aktiivisuutta jonkin ver-
ran enemmän kuin tavanmukaiset heinänurmet, mutta ero
ei ollut yleensä tilastollisesti merkittävä. Selvin ero oli nit-
rifikaatiossa, joka useimmiten oli korkeampi luonnon-

ventionell” bewirtschafteten Boden. Landwirtsch.
Forsch. Sonderh. 37: 169—175.

Thalmann, A. 1968. Zur Methodik der Bestimmung der
Dehydrogenaseaktivität im Boden mittels Triphenyl-
tetrazoliumchlorid (TTC). Landvv. Forsch. 21: 249—
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tion to environment, micro flora and microbial respi-
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mukaisilla nurmilla kuin tavanmukaisilla. Korkea nitri-
fikaatiokyky merkitsee maassa typen tehokkaampaa käyt-
töä, jos typpi on kasvua voimakkaasti rajoittava tekijä.
Jos sitä vastoin maassa on runsaasti typpeä, korkea nit-
rifikaation seurauksena osa typestä voi huuhtoutua pois

varsinkin sateisina vuosina.
Nurmilla oli vielä erittäin selvä jälkivaikutus, joka nä-

kyi vielä kaksi kolme vuotta nurmen jälkeenkin. Mik-
robiologista aktiivisuutta kohottanut jälkivaikutus oli
myös parempi tavanmukaisten nurmien kuin luonnonmu-
kaisten ja tässä tutkimuksessa huonosti talvehtinei-
den nurmien jälkeen. Maan dehydrogenaasiaktiivisuus
kärsi erittäin selvästi vuosina 1984 ja 1985 luonnonmu-
kaisilla apilaruuduilla epäonnistuneen talvehtumisen seu-
raksena. Maan mikrobiologista aktiivisuulta ja satoa
(Korva ja Varis 1990) ajatellen luonnonmukaisten nur-
mien talvenkestävyyden olisi oltava hyvä.
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