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ABSTRACT: In 1987-1989 a lysimetric ex-
periment was designed to determine the effect of
species composition of grass cultures (mono- and
polyculture cultures) on Collembola communities,
and to examine correlations between the abundance
of Collembola and other soil organisms. Also the
dependence of Collembola abundance on plant bio-
mass was examined. Two plant communities were
under study: simplified (Dactylis glomerata — mo-
noculture) and comprising several species (a mixtu-
re of six grass species — polyculture). Plastic 0.16 m?
lysimeters were used, filled with alluvial soil made
up of coarse sand. The soil was watered and fertili-
zed with earthworm casts.

The simplification of the plant community had
an unequivocal effect on the density and species di-
versity of collembolans. Watering and fertilization
accounted for an increase in the density of collem-
bolans only in the upper soil layer of the several-
species plant community. Fertilization had a short-
term effect, noticeable within 30 days after the in-
troduction of casts.

Cryptopygus bipunctatus, a pioneer species,
was the dominant, accounting for over 50% of the
community in the upper soil layer and for 30% in
the lower layer.
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1. INTRODUCTION

As a consequence of increasing simplifi-
cation of biocoenoses, species diversity has

recently been one of the most common sub-
jects of ecological studies. A small number of
plant and animal species 1s typical of human
managed ecosystems, mostly agrocoenoses
(Heisler 1990, Paolett1 et al. 1991,
Keiser and Heisler 1994). Impoverishment
of the vegetation 1s also observed 1n grass-
lands. Swards rich in species not so long ago
are being converted into grassy communities
clearly predominated by one species (Kos-
tuch 1987, Kornas 1990, Kornas$ and Du-
biel 1990, Bardgett et al. 1993, Kajak and
Wasilewska 1997). Although this 1s a com-
mon process, little 1s known about its effects
on basic processes occurring in ecosystems,
such as production, matter decomposition,
and nutrient cycling. Especially, the conse-
quences of changes in diversity for soil biol-
ogy are poorly known (Freckman 1994).

The present paper concerns apterous in-
sects such as Collembola — one of the groups
of heterotrophic organisms in soil meso-
fauna. These insects inhabit spaces among
soil particles, litter, mosses, lichens, and tree
bark. They live on dead organic matter, fungi,
algae, and bacteria (Bedvarsson 1970,
Butcher et al. 1971, Striganova 1987,
Saur and Ponge 1988, Gunn and Cherrett
1993, Zwart et al. 1994). By modifying the
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species composition and abundance of soil

microorganisms, they have an indirect effect

on mineralization and humification of or-
ganic matter (Cernova efal. 1971, Hanlon
and Anderson 1979, 1980, Lusssenhop
1981, Ineson et al. 1982, Seastedt 1984,
Anderson ef al. 1985, Huhta er al. 1988,
Czarneck: 1989, Vitousek et al. 1989,
Striganova 1992).

The objectives of the study were: a) to
determine the response of collembolan com-
munities (numbers, biomass, and species
composition) to experimental changes in the

habitat, such as the diversity and biomass of

plant communities, watering, and fertilizing
and b) to analyse correlations between col-
lembolans and other soil organisms: bacteria,
fungi and Acarina (Kajak et al. 1989) and
Enchytracidae (Makulec and Pilipiuk
2000) and c) also between collembolans and
plant biomass (Kajak et a/. 1989) in simpli-
fied and rich plant communities.

2. STUDY AREA
AND DESCRIPTION
OF THE EXPERIMENT

Lysimeters were used in experiments de-
signed to analyse differences in the function-
ing of grass mono- and polyculture. Two
communities were compared; a single-
species community represented by a mo-
noculture of the rougle cock’s-foot Dactylis
glomerata and a polyculture made up of a

mixture of grasses commonly used 1n agricul-
ture (Table 1). Only grasses were used to en-
sure similarity in the complexion and
requirements of plants in different variants of
the experiment. In addition to two plant com-
munities, other sources of variation com-
prised fertilization with earthworm casts and
watering. It was assumed that the control
variant, with one grass species neither fertil-
1zed nor watered, was the most simplified,
whereas the variant with grass mixture fertil-
1zed with earthworm casts and watered was
the most diverse.

2.1. EXPERIMENTAL DESIGN

The experiment was initiated in June of
1986 at the lysimetric station of the Warsaw
Agriculture University in Warsaw-Ursynow,
on two parallel plots: control — not watered
(plot I) and watered (plot II) (Fig. 1). Both
these plots were watered for several months
preceding the experiment to enable the
growth of new-sown plants. From 1987, only
one plot was watered for three consecutive
years.

On each plot, 80 plastic lysimeters 0.16 m’
in area and 0.5 m deep were placed in three
rows. Each lysimeter was surrounded by
0.9 m* protective microplots, and the distance
between lysimeters was 0.2 m. The lysime-
ters and the two protective microplots were
filled with alluvial coarse sandy soil taken
from nearby experimental fields of the War-
saw Agriculture University sown with Dac-
tylis glomerata. The soil profile comprised

Table 1. Changes of plant composition (% of yield)” in lysimeters with grass mono- and polyculture

_ Monoculture Polyculture
Sown grass species
1986 1987 1988 1989 1986 1987 1988 1989
Dactylis glomerata L. 100 78 95 82 15 5 28 26
Festuca pratensis Huds. - - - - 20 27 6 6
Festuca rubra L. i - - - 15 8 27 31
Lolium perenne L. = -~ - ~ 10 2! 12 6
Phleum pratense L. - - - - 20 22 17 8
Poa pratensis L. - - - — 20 2 3 10

Dafter Kajak er al. (1989)
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Watered lysimeters (II)

Fertilized
Not fertilized

Ole

Fig 1. Scheme of lysimetric experiment

a humus horizon (A1) 0.1 m deep and the un-
derlying horizon (C) 0.4 m deep. The reaction
of the soil profile was weakly acid, with pH
between 6 and 6.5.

Lysimeters sown In the same way
formed groups of 20. Every second lysime-
ter was fertilized with earthworm casts. The
experiment comprised eight variants:

Monoculture (M):

Control (M)
Watered (W)

Polyculture (P):

Control (P)
Watered (W)

Fertilized (F) Fertilized (F)
Fertilized + watered Fertilized + watered
(FW) (FW)

The study was conducted 1n three suc-
cessive years from April through October of
1987-1989 (the vegetation was examined
from April through September), thus 1t was
started one year after the onset of the experi-
ment.

2.2. VEGETATION

The composition of plant communities
in the cultures of both types was subject to
changes from year to year. In the monocul-
ture, however, D. glomerata always contrib-
uted more than 70% of the total yield. In the
several-species community, the proportion of
different grass species varied in successive
years but always two-three species predomi-
nated, accounting for 20-40% of the total
yield. In addition to the sown species, also
other grasses emerged, but their proportions

did not exceed 1%. The vegetation was mown
twice a year: in mid-June and late in Septem-
ber. The yield was removed from the plots.

2.3. WATERING

The water content of plot I, which was
not watered, was dependent on atmospheric
precipitation, thus it was insufficient from
time to time. The functioning of this system
1s described by Pawtat (1982). The total in-
put of water from April to September aver-
aged about 165 mm each year. In the periods
of high water deficiency, the two plots were
supplied with 15 mm of water at a time to
prevent the drying of plants (Kajak
et al.1989).

2.4. FERTILIZATION

Fertilization with earthworm casts was
applied on the soil surface once a year at the
beginning of June. Earthworm casts were col-
lected from urban lawns. A dose of 300 gd.w.
per lysimeter was used. The content of nutri-
ents supplied in this way in kg ha™' was: car-
bon — 106, nitrogen — 41, phosphorus — 8,
potassium — 10, sodium — 0.5, magnesium —
13, and calcium — 117. These amounts of ni-
trogen, phosphorus, and potassium corre-

sponded to low doses used in meadow
(Kajak efal. 1989).
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3. METHODS

Soil samples were taken 1n 1987-1989 at
depths of 0—5 cm and 5-10 cm, three times per
season: in June, August, and October. A soil
sampler 10 cm” in surface area was used. On
each occasion samples were taken from six ly-
simeters of each variant of the experiment (see
schema of the experiment above — 2.1. Experi-
mental design), that 1s, from 48 lysimeters
(from 24 lysimeters with monoculture and
from 24 lysimeters with polyculture). Each
year they were taken from a different group of
lysimeters. Soil samples were taken from cen-
tral parts of lysimeters to avoid the edge effect.
In total, 864 samples were taken, from which
16156 1individual insects were extracted. Col-
lembolan biomass was calculated from the
length of individuals by using the Dunger’s
(1968) table. About half of the individuals se-
lected at random were measured (a total of
7000). The mean biomass of different species
was calculated from their mean length and
abundance in the samples.

The significance of differences in the
density and biomass of Collembola was ana-
lysed by using nonparametric tests (Siegel
1956, Blalock 1974) because the frequency
distributions were not normal even after loga-
rithmic transformation.

Correlations of collembolan numbers
with root biomass and crop and with Acarina
(Kajak et a/.1989) and Enchytracidac (M a-
kulec and Pilipiuk 2000) were tested by
using the coefficients of multiple correlation
(Enlandt 1964). To evaluate the correlation
between collembolan numbers and bacteria
or fungi numbers (Kajak ef a/.1989) a sim-
ple, nonparametric Kendall correlation was
used (Si1egel 1956).

Species similarity of collembolan com-
munities in different variants and lysimeters

was calculated from Marczewski1 and Ste-
inhaus (1959) formula:

a+ b—-w

where a — 1s the number of individuals of a
given species in the community A, b —1s the
number of individuals of a given species in
the community B, and w — 1s the number of
individuals of common species for the com-
munities A and B.

Author’s own scale was used to describe

similarity:

below 25% no similarity
from 25% to less than 50%  weak similarity
from 50% to less than 75%  high similanty
from 75% very high similarity

The species diversity of collembolan

communities was calculated from the
Shannon-Wiener (1963) formula:

S

- Z p, np
i=]|

where S — 1s the number of species, p,=n/n, n,—
1s the numerical abundance of different spe-
cies, and n —1s the total number of individuals.

Statistical significant of differences
among the values of A’ was estimated by us-
ing the Hutcheson (1970) test.

Moreover, author’s own scale was used
to describe the dominance structure:

H =

more than 30% dominant
from 10% to 30% subdominant
from 5% to less than 30% recedent
less than 5% accessory

The collected material was divided into
ecological groups, that 1s, groups of species
were distinguished with respect to moisture
preferences (hygrophilous, mesophilous, and
xerophilous, after Stach 1960); distribution
and preferred habitat type (eurytopic, open
areas, forests, and others, after Stach 1964,
Christian and Thibaud 1988, Sterzynska
1989a, b); preference for soil layer: litter (af-
ter Christiansen 1964), epigeic species —
occurring on the surface of soil and plants,
that can move rapidly (Christiansen 1964,
Stebaeva 1970), hemiedaphic species —
dwelling the litter, top soil layer under the lit-
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ter, mosses and lichens, and occurring on wa-
ter surface, euedaphic species — inhabiting
the soil, nests of insects, and caves.

4. RESULTS

4.1. DENSITY OF COLLEMBOLA

The effect of the simplification of plant
species composition on collembolan densi-
ties was relatively low. Only in the watered
variant, the density of insects in the upper soil
layer (0—5 cm) was significantly higher in the
several-species community as compared with
the simplified community (Table 2). At the
same time, in the control lysimeters, the den-
sity of springtails in the lower layer (5-10
cm) was lower in the several-species commu-
nity than in the monoculture (Table 2).

Watering had a positive effect on spring-
tail density only in the upper soil layer with
the mixture of grasses (Table 2). No signifi-
cant differences in insect densities were
found between the other variants in relation
to watering (Table 2).

Based on the whole materal, the analy-
s1s of numbers of collembolans did not show

an effect of fertilization on their densities
(Table 3). Only one month after this treat-
ment, collembolan densities in the upper soil
layer of the variant with the several-species

community were significantly different in
both cultures (Table 3).

4.2. BIOMASS OF COLLEMBOLA

Springtail biomass varied depending on
the variant. In the control (M and P), a higher
biomass was noted for the monoculture than
for the polyculture (Fig. 2, P< 0.05). Spring-
tail biomass was lower in the deeper soil layer
as compared with the upper layer, but the dif-
ference was significant only in two cases — in
the control variant with the monoculture, and
in the fertilized and watered variants with
both types of grass communities (Fig. 2,
P < 0.05).

4.3. SPECIES COMPOSITION AND
SIMILARITY OF COLLEMBOLA
COMMUNITIES

Over the study period, 16 collembolan
species were noted in the lysimeters (Table
4). Among them, 10 occurred in all variants
of the experiment (Table 4). Their communi-
ties showed a very high or a high similarity of

Table 2. Density of collembolan communities (in 10° ind. m™2) of different experimental variants in the grass
mono- and polyculture. Mean + SD for all data 1986-89 is given.

Soil layer 0-5 cm

Statistical significance

— Monoculture Polyculture between M and P
Control 27.6 £ 304 20.8 £ 12.0 n.s.
Fertilized (F) 2.5 + 14. 20.0 + 13.5® n.s.
Watered (W) 17.6 + 8.1 289 + 149 +
Fertilized + watered (FW) 19.5 = 109 30.2 + 23.7 n.s.
Soil layer 5-10 cm
Control 21.0 + 223 12.1 + 12.6% | 4
Fertilized (F) 17.3 = 19.0 13.7 £ 139 n.s.
Watered (W) 13.7 + 144 17.2 2 171.3 n.s.
Fertilized + watered (FW) 130 = 174 11.4 + 10.7 n.s.

(a
(b
(c

++ P < 001,+P <0.05, ns. P> 0.05.

— statistical significance (+) between variants control-watered in polyculture,
— statistical significance (+) between variants fertilized - fertilized + watered,
— statistical significance (+) between upper and lower soil layer in control of polyculture
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Table 3. The effect of fertilization with earthworm casts on collembolan density (in 10? ind. m™?) after days

fertilization (means SD for all data 1987-89, N = 9)

Monoculture
Not fertilized Fertilized Statistical significance
Soil layer 0-5 cm
Control (M) 11.7 £ 9.3 18.3 + 184 n.s.
Watered 244 + 199 23.7 £ 199 n.s.
Soil layer 5-10 cm
Control (M) 12.0 £ 19.2 174 £ 9.7 n.s.
Watered 7.1 % 1.3 11.0 £ 21.1 n.s.
Polyculture
Not fertilized Fertilized Statistical significance
Soil layer 0-5 cm
Control (P) 20.1 £ 22.6 38.2 = 27.4 et
Watered 179 = 16.6 37.0 = 16.6 +
Soil layer 5-10 cm
Control (P) 69 + 8.3 129 + 154 n.s.
Watered 114 £ 214 149 + 229 n.s.
Statistical significance: ++ P < 0.01, + P < 0.05, n.s. — no significance
monoculture polyculture
soil layer 0-5 cm soil layer 0-5 cm
mg fresh weight m™ mg fresh weight m™
1m 1 1400 .
1200 1200 -
1000 - 1000 -
800 800 -
400 - 400 -
200 + 200 -
0 - 0 -
M F W P F W FW
expenmental vanants experimental variants
monoculture polyculture
soil layer 5-10 cm soil laver 5-10 cm
mg fresh weight m™ mg fresh weight m™
1400 1 1400 -
1200 '%, 1200 -
1000 ‘{ 1000 -
800 -
600 -
400 -
m -4
0 i

M F W FW
expenmental vanants

Fig. 2. Mean (of all data 1987-98) biomass (mg fresh weight m~2) of collembolan communities of different
experimental variants (M or P — control, F — fertilized, W — watered, FW - fertilized+watered)
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Table 4. Composition and number of species (from all data 1987-89) among Collembola of different
experimental variants (M or P - control, F — fertilized, W — watered, FW - fertilized+watered)

_ Monoculture Polyculture
Species
M F W FW P F \\ FW
1. Cryptopygus bipunctatus (Axels.) + + + + - 5 + +
2. Crypopygus thermophilus (Axels.) +
3. Proisotoma minuta (Tullb.) + + + + +
4. Isotoma notabilis (Schaff.) + + + + - + + +
5. Isotoma viridis Bourl. + + + + + +
6. Isotomodes productus (Axels.) + + “ + + +
7. Folsomia fimetaria (L.) + - v + %
8. Folsomia quadrioculata (Tullb.) + + + - 4 + + +
9. Folsomides parvulus Stach. o

0. Mesaphorura spp. + + + + “ + + +
1. Metaphorura affinis (Born.) + + + + + + + +
2. Brachystomella parvula (Schaff.) + + - + + 4 + +
13. Schoetella ununguiculata (Tullb.) + + + + + + + +
|4 Lepidocyrtus lanuginosus (Gmel.) + + + + + + + +

15. Pseudosinella alba (Pack.) + +
16. Sminthurinus aureus (Lubb.) + + + + + + + +
Number of species 13 13 13 12 12 12 14 13

the species composition in different variants.
In the monoculture, the similarity ranged
from almost 92 to 100% in the upper soil
layer and from a little more than 57 to almost
77% in the lower layer. In the poluculture, the
similarity of the species composition in the
upper soil layer of different variants was
lower, and it ranged from almost 65 to 85%,
whereas 1n the deeper soil layer from 50 to al-
most 82%. It can thus be concluded that the
species composition of Collembola in differ-
ent lysimeters was more similar for the mo-
noculture than for the mixture of grasses.

When comparing the two grass commu-
nities, the highest similarity in Collembola

was noted between lysimeters with the mo-
noculture and mixture of grasses (Table 5).
A little lower similarity was found between
watered and not watered variants, and be-

tween fertilized and unfertilized variants (Ta-
ble 5).

4.4. DIVERSITY OF COLLEMBOLA
COMMUNITIES

The effect of simplification of grass cul-
tures on collembolan communities was am-
biguous.

In the upper soil layer the collembolan
species diversity was higher in grass polycul-
ture than 1n monoculture but only in control

Table 5. The influence of type of grass culture, watering and fertilizing on species similarity(% values of
Marczewski and Steinhaus index (1959) for all data 1986-89) of Collembola of different experimental variants

Similarity between:

Soil layer 0-5 cm

Soil layer 5-10 cm

Variants with monoculture and polyculture
Variants: watered and not watered
Variants: fertilized and not fertilized

84 73
71 71
79 71
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and fertilized variations. In the lower soil
layer, however the collembolan species di-
versity was higher in grass monoculture than
in polyculture (Table 6).

The species diversity of Collembola was
usually higher in the upper soil layer than in
the lower soil layer in both grass cultures.

——— ==

nearly 38% (in the lower soil layer of the
several-species community) (Table 7).

In the lower soil layer, the group of
dominants also comprised species of the ge-
nus Mesaphoura (Table 7).

Among other species, the following had
a high contribution: Isofoma notabilis and

Table 6. Diversity of collembolan communities by reference to value for Shannon-Weaver H' index of

different experimental variants (all data 1987-89)

Mariat Monoculture Polyculture Statistical significance
(M) (P) between M and P
Soil layer 0-5 cm
Control 1.34%¢ 1.55@4 PO
Fertilized (F) 1.38% 1.48¢ &
Watered (W) 1.47® 1.4704 n.s.
Fertilized+watered (FW) 1.52 1.374 e
Soil layer 5-10 cm
Control 1.29¢ 1.29 n.s.
Fertilized (F) 1.28 o K, +
Watered (W) 1.46 1.31® S
Fertilized+watered (FW) 1.41 1.49 4+

(a

Pbolyculture, in upper and lower soil layer P < 0.05

— statistical significance between variants: control and fertilized: in monoculture, in upper and lower layer P < 0.01; in

— statistical significance between variants: watered and fertilized+watered: in monoculture in upper and lower soil layer
P < 0.001; in polyculture, in upper soil layer P < 0.0l and in lower soil layer P < 0.001

(c
(d

— statistical significance between upper and lower soil layers in monoculture P < 0.01
— statistical significance between upper and lower soil layer in polyculture P < 0.001

statistical significance: +++ P < 0.001, ++ P < 0.001, + P < 0.05

4.5. DOMINANCE STRUCTURE OF
COLLEMBOLA COMMUNITIES

Springtail communities were highly pre-
dominated by Cryptopygus bipunctatus. It
contributed to 53—62% of the community in
the upper soil layer, and to 34-55% 1n the
lower layer (Table 7). Typically its propor-
tion in the community was lower in the
several-species community as compared with
the monoculture (Table 7).

The second dominant was Isofomodes
productus and its proportion was the highest
in the fertilized and watered variant in lower
soil layer, and depending on the layer and
plant community it ranged from 18% (in the
upper soil layer of the two communities) to

Brachystomella parvula in the upper soil
layer, and Metaphorura affinis in the lower
layer (Table 7). The proportion of /. notabilis
was higher in the watered variant, where 1t
was one of the dominants (Table 7). M. affinis
was more abundant in the mixed culture,
where it was in the groups of subdominants or
dominants (Table 7).

4.6. PROPORTIONS OF ECOLOGICAL
GROUPS OF COLLEMBOLA

Based on the whole material collected, it
has been found that mesophilous species and
species characteristic of open habitats pre-
dominated in all variants of the experiment
(Fig. 3). In the upper soil layer, the species of
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Table 7. Dominance structure (% of all individuals 1987-89) among Collembola of different experimental

variants (M or P - control, F - fertilized, W — watered, FW - fertilized+watered)

: Monoculture Polyculture
Species
M F W FW P F w FW
Soil layer 0-5 cm
Cryptopygus bipunctatus 62 59 58 53 55 56 57 57
Isitimina thermophila - - - - - e < 1 <"1
Proisotoma minuta - > - - - - < ] -
Isotoma notabilis 7 R 13 11 9 5 13 12
Isotoma viridis 3 2 + 2 3 2 1 2
Isotomodes productus 14 19 11 18 13 18 11 19
Folsomia fimetaria < - <1 ] - = < ] < ]
Folsomia quadrioculata 2 2 2 2 = I 1 B
Mesaphorura spp. 5 7 5 + 5 4 5 3
Metaphorura affinis I 2 I 2 I 2 4 1
Brachystomella parvula 6 4 3 6 8 8 6 4
Schoetella ununguiculata 5.3 % 1 ] I ] < ] < |
Lepidocyrtus lanuginosus X 3 I <1 <9 < e < 1 < 1
Pseudosinella alba - - - - - <] iy B
Sminthurinus aureus <1 <l I ] < 1 1 2 < ]
Soil layer 5-10 cm

Cryptopygus bipunctatus 51 51 50 43 55 55 54 34
Isotoma thermophila - < 1 - - —~ - - -
Proisotoma minuta <3 - < 1 - < ] - '} «. ]
Isotoma notabilis 2 I 3 4 3 4 | 5
Isotoma viridis I < 1 '] < 1 <] ") e ]
Isotomodes productus 2 24 2] 29 21 27 20 37
Folsomia fimetaria - - < 3 I - - - « ]
Folsomia quadrioculata < ) < <] <1 - <] - < ]
Folsomides parvulus - 0.4 - - ~ ~ - -
Mesaphorura spp. 17 18 13 19 11.8 9 10 13
Metaphorura affinis 2 + 9 3 7 6 12 9
Brachystomella parvula <3 < ] I l ] 1 I 1
Schoetella ununguiculata - - 1 < i =] - 4 -
Lepidocyrtus lanuginosus %] - ~ ] - <] <3 ~
Pseudosinella alba - — - - - - - -
Sminthurinus aureus < 1 « 1 1 — B < 3 I < ]

hemiedaphon were dominants. In the lower
layer, they were only a little more abundant
than the species of euedaphon (Fig. 3). The
highest proportion of euedaphon was found
in the lower soil layer of the watered and fer-

tilized variant (Fig. 3).

4.7. INFLUENCE OF SOME SOIL

ORGANISMS AND THE BIOMASS OF
YIELD ON COLLEMBOLA
ABUNDANCE

Using a multiple correlation between

densities of Collembola, Acarina, and Enchy-
traecidae over the whole study period, it was
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environmental preferences (H — hemiedaphic, E - euedaphic, Hy — hygrophilous species, Me — mesophilous

species, X — xerophilous species, Eu — eurytopic species, O -

species of open areas, Fo — forest species) of

collembolan communities of different experimental variants (M or P — control, F - fertilized, W — watered, FW

— fertilized+watered)

found that Collembola were positively corre-
lated with Acarina in the two soil layers,
and 1n the lower soil layer, they were also
positively correlated with Enchytraeidae
(Table 8).

No significant relationships were found
between numbers of springtails and bacteria
or fungi neither in the whole material nor in
separate analyses of the two types of culture
(Table 8).

It should be noted, however, that the cor-
relation between springtails and fungi tended
to be negative, whereas the correlation be-
tween springtails and bacteria tended to be
positive (the simplified community was an
exception).

For the analysis of multiple correlation,
the crop biomass at two harvests was used

and springtail numbers estimated at the same
time, that 1s, 1n June and October of each
study year. Based on 3-year matenals, a
negative correlation was found between
springtail numbers and crop biomass.

To analyse relationships between spring-
taill numbers and root biomass, the data from
the last two study years were used. Data on
root biomass were from October, as this
analysis could be made only after the termi-
nation of soil sampling. No correlation was
found between springtail numbers and root
biomass 1n the two soil layers (Table 8).

5. DISCUSSION

Collembola abundantly occur mainly in
solls of forest ecosystems (Petersen 1982).
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Table 8. Correlations (by using multiple correlation index — r and simple correlation — 1) of collembolan and

Cryptopygus bipunctatus numbers with numbers of Acarina", Enchytraeidae

and with root biomass and yieldl)

%) numbers of bacteria and fungi”

Multiple correlation index (r)

Correlation of Collembola numbers and:
Acarina numbers
Enchytraeidae numbers

Yield biomass of grass culture (mg fresh weight m
Correlation of Cryptopygus bipunctatus numbers and:
Yield biomass of grass culture (mg fresh weight m'z)

Root biomass (mg fresh weight m’z)

Soil layer Statistical Soil layer Statistical
0-5 cm significance 5-10 cm significance
0.34 P < 0.001 0.48 P < 0.001
-0.06 n.s. 0.44 P < 0.001
2y TSRS e DY R0 S P e (00
-0.49 P < 0.001 -0.36 P < 0.001
-0.02 n.s. -0.06 n.s.

Simple correlation (1)

Correlation of Collembola numbers and:
Bacteria (10’ g_I dry weight of soil)
Fungi (10° g~' dry weight of soil)

Soil layer 0-10 cm Statistical significance
0.06 n.s.
-0.13 n.s.

I)
2)

after Kajak et al.(1989)
after Makulec and Pilipiuk (2000)

However, they are also relatively abundant in
meadow soils. Mean collembolan densities in
meadows vary from one thousand to 100 10’
ind. m~, and fresh mass from 250 to 650
mg m~ (Petersen and Luxton 1982).
Persson and Lohm (1977) found mean
densities of these insects in meadows of the
order of 110 10° ind. m ™ and biomass of the
order of 400 mg m ™. Densities of springtails
in managed peat meadows ranged from 7.7 to
17.2 10° ind. m ™, depending on soil moisture
and time after drainage, whereas biomass
from 170 to 728.9 mgm ™ (Kajak et al. 1985,
Kajak et al. 1991, Kaczmarek 1991).
In meadows of the order Arrenatheretalia
located 1n north-eastern Poland (Su-
walszczyzna), that differed in age and species
richness, Collembola densities varied from
16.4 to 68.8 10° ind. m ™ and their densities
from 97 to 595 mg fresh wt m™
(Kaczmarek and Kajak 1997). According
to Sterzynska (1990), collembolan densi-
ties 1 Arrhenatheretum medioeuropeum
meadows were lower, of the order of 8.33 10°
ind. m™?, in pastures 6.57 10’ ind. m™, and in
arable land from 1.53 to 6.88 10° ind. m™.

Curry and Momen (1988) found on aver-
age over 73 10° ind. m ™ in a two-year- old
meadow. Bardgett ez al. (1993) noted densi-
ties from 23.0 t0 49.0 10° ind. m™* in a pasture
grazed by sheep. For comparison, mean
springtail densities in urban lawns were much
lower than in meadows, and they varied from
1.37 to 7.64 10° ind. m” (Sterzynska
1990). All these data refer to the soil layer
0-10 cm deep. They show that densities and
biomass of springtails in meadow soils can
largely differ, even within very similar soil

types.

In the lysimetric experiment, springtail
densities in the same soil layer varied from
32.9 to 48.6 10° ind. m* and biomass from
403.2 to 856.2 mg fresh wt m . These densi-
ties were within the range known for mead-
ows, and they were close to maximum values.
Biomass was a little higher than known from
the literature cited above. These data show
that the experimental conditions did not re-
duce live potentiality of Collembola.

In this experiment, simplification of the
plant community had little effect on the den-
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sity and biomass of Collembola, although
Kaczmarek and Kajak (1997) have found
that in new-established meadows, with small
plant species richness (two species), spring-
tail numbers and biomass were significantly
lower than 1n a multi-year meadow, with a
relatively high species richness of the sward
(30 species). The total collembolan biomass
in the youngest meadow comprised mostly
small species (less than 0.5 mm), so that dif-
ferences in biomass between meadows were
even higher than differences in densities of
collembolans (Kaczmarek and Kajak
1997).

Vegetation has an indirect effect on col-
lembolan densities — through humus forma-
tion, and soil moisture or insolation (Dunger
1963, Christiansen 1964, Ponge 1993),
thus the type of vegetation and soil cover are
important to the population size of these in-
sects (Czarnecki 1989, Diekriiger and
Roske 1995). According to Czarnecki
(1989), springtail densities in mineral soils
are dependent on the content of organic mat-
ter and on plant production.

In the present experiment, a negative
correlation was found between the yield and
collembolan numbers. This was probably due
to the fact that crop removal impaired trophic
conditions of the soil. Organic matter re-
moved with the crop was not replenished and,
consequently, the soil was gradually impov-
erished. The impoverishment of the soil pro-
ceeded at a higher rate in the several-species
culture (grass mixture). This 1s evidenced, for
example, by a reduced content of some nutri-
ents (N, P, K, Mg, Ca) in dry plant mass in the
mixture of grasses and in the soil (Kajak et
al. 1989). Collembolan abundance depends
on soil fertility, as stated by Hagvar (1982),
who analysed large materials from forests of
different trophy. Fertilization by the applica-
tion of earthworm casts was likely compen-
sate for this effect to some extent. Thus, the
eftect of fertilization on Collembola densities
was short-lasting, noticeable only for one
month after the application of earthworm
casts.

Watering had a positive eftect on col-
lembolan density in some variants of the ex-
periment. Many authors indicated that soil
moisture was important to the development
and activity of these insects, thus it influ-
enced their numbers (Christiansen 1964,
Butcher et al. 1971, Kaczmarek 1975;
Sterzynska 1989a)

Many authors found significant correla-
tions between microflora and Collembola
abundance (Christiansen 1964, Usher
et al. 1982, Barret et al. 1993). In the pres-
ent experiment no significant correlation was
found between numbers of bacteria or fungi
and springtail abundance.

In this experiment, a positive correlation
was found between numbers of Collembola,
Acarina and Enchytraeidae. It seems that
Collembola as a pioneers stimulated to
growth these so1l organisms.

The number of springtail species largely
varies in meadows. It depends on the type of
soil, age of the meadow, surrounding habi-
tats, etc. Kaczmarek (1973) recorded 47
species from meadows in the Kampinoski
National Park. In mown meadows of the or-
der Arrhenatheretalia near Warsaw, 16-36
species were found (Sterzynska 1989a,
1990), and in the Suwalszczyzna region
20-29 species (Kaczmarek and Kajak
1997). Persson and Lohm (1977) noted 24
springtail species in a management meadow.

In the present lysimetric experiment, 16
springtail species were recorded. A similar
number of 17 species was found in another
lysimetric experiment dealing with the func-
tioning of plant communities (Byzova et al.
1989). Thus, the number of species in the
present experiment was close to the lowest
values known from natural meadows, and
was also similar to that observed in analogi-
cal experiments. The soil used in the experi-
ment was poor, and this could account for a
small number of species. As found by
Hagvar (1982), using coniferous forests as
an example, species richness of Collembola
increases with soil fertility.
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Anderson (1978) and Sagrdelis and
Margaris (1993) have found that habitat di-
versity determines not only the density of
Collembola but also the species diversity of
these insects. In the present experiment, the
simplification of the grass community influ-
enced the species diversity of these insects
(typically, a higher diversity was noted in the
mixture of grasses than in the Dactylis glom-
erata monoculture), and this was the case de-

spite the fact that the plant diversity increased
with time.

The dominant species of Collembola
such as Cryptopygus bipunctatus occurs near
human setlments (Stach 1947) and is abun-
dance in areas with excessive nutrient content
(liquid manure) (Melicis 1987) This species
and Isotomodes productus, other dominant,
belong to pioneer species (Dunger 1968,
1991), appearing in the initial stages of suc-
cession, and rapidly colonizing the area.

Pioneer species are usually eurytopic,
most rapidly colonising the area after stress,
r-strategists (Odum 1985). Presumably, the
presence of this species may be indicative of
a small sensitivity of Collembola to experi-
mental conditions.

To sum up:

1. The simplification of plant communi-
ties has little effect on numbers and biomass
of Collembola. This is a consequence of pre-
dominance of pioneer species in insect com-
munities, little sensitive to environmental
variation. The watering and fertilization
slightly modified the effect of simplification
on Collembola numbers.

2. Decreasing soil fertility over the ex-
periment had a large effect on the results ob-
tained. The impoverishment of soil
proceeded at a higher rate in the several-
species culture. The reason was that the crop
was higher 1n this culture, thus more organic
matter was removed. Because of that a nega-
tive correlation was found between the crop
and springtail numbers.

3. The other soil mesofauna groups
(Acarina and Enchytraeidae) responded like
Collembola.

4. The simplification of plant commu-
nity affected the species diversity of Collem-
bola communities. Typically, it was lower in
the simplified community as compared with
the several-species community.

6. SUMMARY

In 1987-1989, an experiment was designed at
the lysimetric station of the Warsaw Agriculture Aca-
demy to determine the effect of simplification of grass
culture on Collembola communities. The experiment
was set up in plastic lysimeters 0.16 m’ in surface
area, filled with alluvial soil made up of coarse sand.
Half of the lysimeters were sown with Dactylis glome-
rata and the other half with a mixture of grasses typi-
cally used in meadow management (Table 1). To
differentiate habitat conditions, some lysimeters were
watered, or fertilized, or watered and fertilized
(Fig. 1). Earthworm casts were used as fertilizer in a
dose of 300 g dry wt per lysimeter. Watering was
automatically applicated. Thus, four variants of the
experiment were run: control, watered, fertilized, and
watered plus fertilized. Habitat conditions in lysime-
ters varied with time as the number of plant species
was increasing and soil fertility was altering during
the experiment.

To estimate densities and species composition of
springtails, soil samples were taken with a soil corer
10 cm? in area at depths of 0-5 cm and 5-10 cm.
A total of 864 soil samples contained 16 156 insects.
Almost 7 000 individuals were measured to estimate
the biomass of the community.

The effect of the simplification of grass culture
on springtail densities was not obvious (Table 2). Wa-
tering and fertilization enhanced the densities of in-
sects only in the upper soil layer of the several-species
culture (Tables 2 and 3). The effect of fertilization
was noticeable only for one month after the treatment
(Table 3). Nor vegetation simplification clearly influ-
enced the biomass of collembolans (Fig. 2).

There were noted 16 species of springtails in the
lysimeters and among them, 10 occurred in all va-
riants of experiment (Table 4).

Similarity of Collembola of all experimental va-
riants was high (Table 5).

Species diversity of springtails was dependent
on the variant of the experiment, and typically it was
reduced in the lower as compared with the upper soil
layer (Table 6).

Cryptopygus bipunctatus was the absolute domi-
nant in all the variants. It accounted for over 50% of
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the springtail community in the upper soil layer (0-5
cm) and for almost 30% in the lower layer (5-10 cm).
This species belongs to the group of r-strategists and
is characteristic of early stages of succession. Another
dominant species in the springtail community was /so-
tomodes productus, also a pioneer species (Table 7).

There has been found that mesophilous species
characteristic of open habitats predominated in all ex-
perimental variants (Fig. 3).

Relationships between numbers of Collembola
and other soil organisms were analysed in the experi-
ment as well. It has been shown that the response of
Acarina was similar to that of Collembola (Table 8).

A negative correlation was found between the
plant crop/production and Collembola numbers, as the
removal of the crop had a negative effect on soil ferti-
lity. The removed organic matter was not replenished.

[t is suggested that the low responsiveness of
springtail communities to the experimental treatments
(diversity of plant communities, soil moisture, fertili-
zation with earthworm casts) and to the progressive
impoverishment of the soil with time arose from the
fact that they were predominated by early-successio-
nal species.
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