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THE ROLE OF EARTHWORMS (LUMBRICIDAE) 
IN TRANSFORMATIONS OF ORGANIC MATTER AND 
IN THE NUTRIENT CYCLING IN THE SOILS OF LEY 

MEADOWS AND PERMANENT MEADOWS 

ABSTRACf: Analysis concerned the 
carbon content, main fractions of soil humus, 
total nitrogen content and contents of selected 
exchangeable elements (P-PO4, K, Ca, Mg 
and Mn) in the casts produced by eart
hwonns, and in the upper layers of the soil, 
on several leys and permanent meadows. The 
percentage contents of C, fulvic acids and hu
mic acids are always higher in casts than in 
the soil and rise along the sequence from yo
unger to older meadows. The content of total 
nitrogen is also clearly greater in earthwonn 

casts than in the soil and the C/N ratio rises 
along the sequence to older meadows. Ex
changeable elements other than manganese 
show similar trends. It is shown that these 
trends probably result from changes in the 
proportions of two dominant species of Lum
bricidae with alternate feeding specializa
tions, namely the geophagous Aporrectodea 
caliginosa (Sav.) and the detritivorous Lum
bricz,s rubellz,s Hoffin. 

KEY WORDs: casts, Lumbricidae, me
adows, humus, exchangeable elements 

1. INTRODUCTION 

The amounts of casts excreted by 

Lumbricidae can be assessed directly or 

on the basis of laboratory data to amount 

to between several and tens tonnes per ha 

in the course of a season. These charac

teristic soil formations have a rich and ac

tive microflora, are rich in exchangeable 

elements, have a low C/N ratio and con-

tain a large amount of organic matter at 

various stages of decomposition, mixed 

with the mineral soil fraction. 
To date little is known of the qualita-

tive composition of organic matter in 

earthwor111 casts. Given most often is the 

elemental composition, particularly the 

total carbon content (L u n t and J a co b -

[825] 
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s o n 1944, G r a ff 1 971, C z e r w i n s l< i 
et al. 1974). 

The aim of this study was therefore 
to trace the changes occurring in the hu-

mus fractions and in the composition of 
elements in the soil and in casts, against 
the background of successional changes 
in the meadow biocoenosis. 

2. STUDY AREA AND METHODS 

In north-eastern Poland, meadows 
constitute a normal element of rotation. 
They are established by ploughing and by 
subsequent sowing with a single species 
of grass (Dactylis glon1erata or Phleum 
pratense), or else with a mixture of 
grasses and clover. After 8-10 years of 
use they are ploughed again and con
verted into cultivated fields. However, in 
areas that are too steep, stony or wet, per
manent meadows of the Anthylli-Trifolie
tum type occur (Jankowski 1997). 

Selected for research were 6 sites lo
cated within Suwalki 

Site 

Age (years after tillage) 

Utilization 

Number of plant species in 
sward* 

Soil** 

depth (cm) 
of horizon A 1 

% C in horizon A I 

pHH20 

Enzymatic activity*** 

cellulase 
(µg glucose g- 1 24h- 1) 

protease 
(mg glicine g- 1 24h-1

) 

Landscape Park 

(north-eastern Poland). Three of these 
were located on an outwash plain and the 
remainder in the edge zone of a river val
ley. A detailed characterization of the soil 
and vegetation cover has been given by 
K u s i n s k a and L a k o m i e c ( 1997), 
as well as by Jankowski (1997). 
Some basic features of the these mead
ows are given in Table 1. 

The meadows studied created three 
successional sequences identified as series 
II and series III ( see Ka j a k 1997). Suc
cessive age stages were defined by the 
symbols LB2 and LB3 - 3-5-year-old 

Table 1. Site characteristics 

Series II Series III 

LB2 LC2 P2 LB3 LC3 P3 

4 12 not tilled 6 8 not tilled 

mown- mown- mown-
mown grazed grazed 

grazed grazed grazed 

10 < 30 > 30 6 20 30 

Brown soils from loamy sand 

40 52 38 40 43 50 

1.2 1.6 2.4 1.0 1.2 1.8 

7.3 5.5 5.4 7.0 5.9 5.8 

74.4 87.7 161.9 73.4 85.3 84.9 

0.65 0.92 1.36 0.84 0.91 0.63 

• J an k o w s k i ( 1997), * * K u s i n s k a and L a k o m i e c ( 1997), • • • S t e fa n i a k et al. ( 1997); 
LB2, LC2 - ley meadows and P2 - permanent meadow on successional sequence II, LB3, LC3 - ley 
meadows and P3 - permanent meadow on successional sequence III. 



827 Role of earthworms in transformations of organic matter 

meadows, LC2 and LC3 - 6-8-year-old 
meadows and P2 and P3 for per111anent 
meadows. Ley meadows (LB and LC) 
were managed by cutting and autumn 
grazing of cattle or horses, while perma
nent meadows were either wastelands or 
permanent pastures (P3). 

Samples were taken at the end of 
September 1987. Populations were as
sessed using the formalin method, which 
involves the extraction of earthwo11ns us
ing a c. 0.3% solution of formaldehyde 
(Raw 1959). 10 samples with a surface 
area of 0.3 x 0.3 m were taken at each 
site. Earthworrn casts were collected at 
the same time. Casts were collected from 
demarcated areas cleared of vegetation, 
with the quantities removed being suffi
cient to al low for chemical analysis. Con
trol samples of soil were taken from the 

same places at the two levels 0-5 cm and 
5- 10 cm. 

Humic substances from soils and 
casts were divided with the aid of a mix-
ture of sodium pyrophosphate (NaiP2O1 · 
1 0H2O) and soda lye. The prepared solu
tion had a pH of about 13. The method is 
known widely as that of Kononova and 
Bielczikowa (Konon ow a 1968). Total 
nitrogen was deter1nined by the Kjeldahl 
method. 

Exchangeable elements were ex
tracted with a mixture of 0.5 n CH3COOH 
and 0.5 n CH3COON~, at a pH of 4.65 
(La k an en 1962). The cations K, Ca, 
Mg and Mn were dete1111ined by the 
flame photometery method on a Varian 
1200 machine, while P-PO4 was deter
mined colorimetrically at a wavelength of 
690 nm. 

3. RESULTS 

3.1. CARBON AND NITROGEN CONTENTS IN CASTS AND IN SOIL 

The content of total carbon in earth
wo11n casts always exceeded the level 
noted in soil. This was true of both series 
II and series III. The average proportion 
of carbon in earthwor111 casts was twice 
as high as the content in the 0-5 cm layer 
of soil and three times higher than in the 
5-10 cm layer (Table 2). 

These relations have a certain regu
larity, in that the ratio of the C content in 
casts to that in the soil at a depth of 5- 10 
cm shows a tendency to rise along the se
ries from the youngest to the oldest 
meadows. Thus it would seem that, as the 
meadow biocoenosis develops, there is an 
increase in the significance of Lumbrici
dae in the shaping of organic matter re
sources in the surface layer of the soil. 
This was true of both successional se
quences. 

Such a regularity was not recorded in 
the case of the upper (0-5 cm) layer. This 
is probably largely the result of the sig
nificantly greater differentiations in con
centrations of this element as the result of 
the diversity of the vegetation cover, the 
degree of sodding and the amount of litter 
and roots. These made it impossible for 
the methods used to detect a similar regu
larity. 

In general, the content of organic 
matter in earthwor111 casts is greater on 
older meadows. This is noted at the stage 
moving from several-year-old to many
year-old meadows (series Ill), or only 
when these meadows are compared to 
per111anent meadows (series II). 

The meadow ecosystems of the two 
successional sequences are clearly differ
ent from the point of view of the richness 
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Table 2. Content of organic 1natter (¾C) and nitrogen (%) in casts of Lumbricidae and in the soil 

Site and source % C 

casts 4.8 

soil: 0-5 cm 2.2 

5-10 CJTI 1.6 

casts 4.7 

soil: 0-5 cm 2.4 

5-10 cm 1.5 

casts 7.2 

soil: 0-5 cm 3.3 

5-10 cm 2.3 

casts 3.0 

soil: 0-5 cm 1. 5 

5-10 cm 1.3 

casts 3.9 

soil: 0-5 cm 1.6 

5-10 cm 1.3 

casts 2.9 

soil: 0-5 cm 1. 7 

5-10 cm 0.9 

For sites characteristics see Table 1. 

of the upper layers of the soil in carbon. 
Higher concentrations were recorded on 
the meadows of series II. When this se
ries is compared with series III , the per
centage content of carbon on 
similarly-aged meadows is always higher. 
The most marked differences are between 
permanent meadows, probably as a result 
of the different mmanagement, with 
meadow P3 being a permanent pasture 
and meadow P2 a wasteland area grazed 
only sporadically. 

As with carbon, the total nitrogen 
content in casts is clearly higher than in 
soils. However, the relative degree of 
richness is lower. At the same time, along 

ccasts : csoil % N Ncasts : N soil C : N 

0.39 12.3 

2.2 0.20 1.9 11.0 

3.0 0.14 2.8 11.4 

0.37 12.7 

2.0 0.23 1.6 I 0.4 

3.1 0.17 2.2 8.8 

0.49 14.7 

2.2 0.28 1.7 11.8 , 
3.2 0.21 2.3 10.9 

0.23 13.0 

2.0 0.16 1.4 9.4 

2.3 0.10 2.3 13.0 

0.27 14.4 

2.4 0.17 1.6 9.4 

3.0 0.14 1.9 9.3 

0.17 17.0 

I. 7 0.16 1.0 10.6 

3.2 0. I 3 1.3 6.9 

the sequence between younger and older 
meadows there is a gradual decline in the 
ratio of nitrogen in casts to nitrogen in 
soi I, especially in the 5-10 cm layer (Ta
ble 2). The predominant proportion of the 
organic nitrogen taken in by earthwo1111s 
with food undergoes metabolic changes 
and is excreted through the integument as 
urea and ammonia. Casts therefore con
tain non-available or mineral fot 111s of ni
trogen. 

The changes in the C : N ratio are in
teresting. In both successional series, the 
ratio is higher in casts than in soils, and is 
greater on older meadows. At the same 
time, in series III - which is clearly 
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poorer in both carbon and nitrogen - the feeding conditions for the cast microflora 
index is higher tl1an on meadow series II in a direction favouring the processes of 
(Table 2). '""fhis points to the significant humification of organic matter. 
role of Lumbricidae i11 the shaping of the 

3.2. FRACTIONAL COMPOSITION OF THE HUMUS OF CASTS AND SOIL 

Like those of total carbon, the prevalence of site P2 in relation to both of 
amounts of humic acids, fulvic acids and the younger meadows in the sequence. 
humins are higher in casts than in soil The percentage shares of the frac-
(Table 3). The differe11ces are of a similar tions vary. In general, casts are poorer 
order and point to similar regularities, i.e. 

than soils in both fulvic and humic acids 
an increase in amounts on many-year-old 

(Table 3), while the humin fraction shows meadows (LC) in relation to several-year
o ld meadows on series III, and a clear the reverse trend, with casts having 

Table 3. Humus fractions in earthwonn casts and in the soil 

mg . 1 00g- 1 of soil % in total C 
Chumic Site and source 

humic fulvic humic fulvic : Cfulvic humins humins 
acids acids acids acids 

LB2 casts 778 946 3046 0.82 16 20 64 

soil : 0- 5 cm 282 422 1546 0.67 12 19 69 

5-10 cm 241 389 1020 0.62 15 24 62 

LC2 casts 708 1127 2844 0.63 15 24 61 

soil: 0-5 cm 471 697 1232 0.67 20 29 51 

5-10 cm 331 486 744 0.68 21 31 48 

casts 1228 1812 4290 0.62 16 25 59 

soil: 0-5 cm 534 819 1947 0.65 16 25 59 

5- 10 cm 426 649 1205 0.65 19 28 53 

LB3 casts 423 513 2094 0.82 14 17 69 

soil: 0-5 cm 222 297 981 0.75 15 20 65 

5-10 cm 159 202 939 0.79 12 16 72 

LC3 casts 626 966 2308 0.65 16 25 59 

soil: 0-5 cm 352 565 732 0.62 21 34 45 

5- 10 cm 252 360 648 0.70 20 29 51 

casts 523 858 1529 0.61 18 30 52 

soil: 0-5 cm 308 582 791 0.53 18 35 47 

5-10 cm 159 323 388 0.49 18 37 45 

For sites characteristics see Table 1 
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higher concentrations, particularly in the 
earlier stages of meadow succession. 

The proportions of both basic con
stituents of humus (humic and fulvic ac
ids) are greater on older meadows, but the 
trend is clearer for the latter. At the same 
time, the disproportions in both types of 
acid increase with the development and 
transformation of the meadow bio-

• coenos1s. 
The changes in the mutual relations 

of carbon in humic to carbon in fulvic ac
ids in casts and soil are interesting. In 

both successional series, the CHA : CFA 

ratio in casts on similarly-aged meadows 
is very similar and shows a downward 
trend between the several-year-old and 
per1nanent meadows. This is to a great 
extent due to the aforementioned dispro
portion in changes in the contents of the 
two humus constituents along the succes
sional sequence. Thus the casts of earth
wor111s on progressively older meadows 
have greater proportions of fulvic acids -
the youngest and least pern1anent humus 
fraction. 

3.3. CONTENTS OF EXCHANGEABLE ELEMENTS IN CASTS 
AND IN THE SOIL 

The contents of exchangeable phos
phorus in casts and in soil show similar 
directions of change to those described 
previously for total carbon, but the trends 
are much more distinct (Table 4). In both 
successional series of ley meadows, the 
relative richness of casts in exchangeable 
phosphorus is clearly greater on older 
meadows. This is clear for the upper 
layer and even more marked in the case 
of the deeper ( 5-10 cm) layer of the pro
file. On pe1111anent meadows (P), the ra
tios described do not reach such high 
values but still maintain the same trend. 
On average, casts are 3-16 times richer in 
exchangeable phosphorus than soils of 
the 5-10 cm layer. This points to the sig
nificant role of earthworms in providing 
easily-available phosphorus compounds 
for plants and microflora. 

The analyzed exchangeable cations 
in general repeat the regularities de
scribed earlier. This is very clear in the 
case of potassium, calcium and magne
sium (Table 5). On many-year-old mead
ows (LC), the relative increase in the 
contents in casts is always greater than on 
younger (several-year-old) meadows 
(LB). Per1nanent meadows rarely consti
tute a continuation of the sequence, but 

Table 4. Concentrations of exchangeable pho
sphorus (ppm P-P04) in earthwonn casts and in 

the soils of leys and pennanent meadows 

p casts Site and source 
: p soil 

casts 24.2 

soil: 0-5 cm 6.3 3.8 

5- 10 cm 4.2 5.8 

casts 32.6 

soil: 0-5 cm 4.2 7.8 

5-10 cm 2.0 16.3 

casts 19.2 

soil: 0-5 cm 7.0 2.7 

5-10 cm 4.3 4.5 

casts 23.4 

soil: 0-5 cm 14.2 1.6 

5-10 cm 6.9 3.4 

casts 17.8 

soil: 0-5 cm 5.0 3.6 

5-10 cm 2.1 8.5 

casts 12.2 

soil: 0-5 cm 3.6 3.4 

5-10 cm 1.6 7.6 

For sites characteristics see Table I 
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tl1e relative rise in the contents of ele ows studied, the greatest increase in the 
ments is always greater than on the content of this element in casts is ob
youngest, 3-5-year-old meadows (LB). served at the youngest sites along the suc

Manganese behaves variably. This 
cessional sequence (Table 5). This would 

microelement occurs in trace quantities in 
suggest tl1at the Lumbricidae occurring plant material and passes to the alime11-

tary tract of earthworms together with the there take large amounts of the mineral 

1nineral fraction of the soil. On the mead- fraction as well as organic matter. 

Table 5. Concentrations of exchangeable cations (ppm) in earthwonn casts and in soil 

Kcasts Mgcasts Cacasts Mncasts Site and source K Mg Ca Mn 
: Ksoil : MgsoiJ : Casoil : Mnsoil 

LB2 casts 304 345 3500 85 

soil: 0-5 cm 139 2.2 225 1.5 3000 1.2 69 1.2 

5- 10 cm 79 3.8 255 1.3 3200 1. 1 53 1.6 

LC2 casts 494 360 4400 83 

soil: 0- 5 cm 144 3.4 120 3.0 1450 3.0 84 1.0 

5- 10 cm 64 7.7 45 8.0 1250 3.5 77 1 . 1 

casts 509 400 4800 86 

soil: 0-5 cm 159 3.2 170 2.3 2200 2.2 80 1.1 

5-10 cm 64 7.9 110 3.6 1600 3.0 75 1 . I 

LB3 casts 189 450 4300 77 

soil: 0- 5 cm 99 1.9 300 1.5 3800 1 . I 67 1.1 

5- 10 cm 51 3.7 350 1.3 4250 1.0 42 1.8 

LC3 casts 219 190 2300 85 

soil: 0-5 cm 118 1. 8 75 2.5 1100 2.1 77 1. I 

5-10 cm 64 3.4 40 4.7 1050 2.2 75 1 . I 

casts 246 175 2150 84 

soil: 0-5 cm 114 2.2 110 1.6 1050 2.0 80 1.0 

5- 10 cm 62 4.0 90 1.9 1000 2.1 72 1 . 1 

For sites characteristics see Table 1. 

3.4. THE INFLUENCE OF CHANGES IN THE SPECIES COMPOSITION, 
ABUNDANCE AND BIOMASS OF LUMBRICIDAE ON THE PROPERTIES 

OF CASTS 

The chemical composition and or - mainly through the feeding require

ganic matter content of casts is influenced ments typical for species, and even deve

not only by the soil in which earthworms lopmental stages, and the physiology of 

live but above all also by tl1ey themselves digestion. 
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Table 6. Nutnber and biomass of species of Lumbricidae 

Site Species 

LB2 A. caligi,iosa 

L. rubellus 

0. lacteu,11 

others 

Lumbricidae - total 

LC2 A. caliginosa 

L. rubelli~s 

0. lacteu,n 

others 

Lumbricidae - total 

P2 A. caligi11osa 

L. rubellus 

0 . lacteum 

others 

Lumbricidae - total 

LB3 A. caligi,iosa 

L. rubellus 

0 . lacteum 

others 

Lumbricidae - total 

LC3 A. caliginosa 

L. rubellus 

0 . lacteum 

others 

Lumbricidae - total 

P3 A. caliginosa 

L. rubellus 

0. lacteum 

others 

Lumbricidae - total 

For sites characteristics see Table 1. 

Number 
-2 i ndi v. · m % 

58.3 66 

11 . 1 12 

9.7 1 1 

9.8 I I 

88.9 100 

45.8 15 

202.8 68 

20.8 7 

27.8 9 

297.2 100 

111 .1 49 

83.3 37 

23.3 10 

7.8 3 

225.5 100 

195.8 85 

20.8 9 

5.5 2 

8.4 4 

230.5 100 

22.2 12 

116.6 61 

12.5 6 

40.3 21 

191 .6 100 

77.7 31 

115.3 46 

59.7 23 

0.0 0 

252.8 100 

Biomass 
-2 g . m % 

15.7 44 

8.0 23 

4.0 I I 

7.5 21 

35.2 100 

14.3 14 

76.7 74 

7.7 7 

4.7 5 

103.4 100 

34.2 32 

57.3 55 

12.8 12 

0.7 l 

105.0 100 

68.4 76 

15.7 18 

4.3 5 

I . 1 I 

89.5 100 

8.4 9 

74.7 77 

5.4 6 

8.0 8 

96.6 100 

30.9 24 

56.1 44 

42.0 32 

0.0 0 

129.0 100 



833 Role of earthworms in transformations of organic matter 

The sites on the meadows studied 
have 2-6 species of Lumbricidae 
(M a k u I e c 1997). Earlier successional 
stages are dominated by Aporrectodea 
caliginosa (Sav.), while advanced stages 
are characterized by a prevalence of Lum
bricus rubellus Hoffm. Tl1is situation was 
also confirmed on the 1neadows studied in 
the period of collection of casts in Sep
tember 1987 (Table 6). 

On several-year-old meadows (LB), 
A. caliginosa accounts for 65- 85% of the 
density, and 45-68% of the biomass, of 
the whole community of earthworms. At 
the same time, L. rubellus represents only 
9-12% of the total by density and 17-22% 
by biomass. Older meadows (LC) have 
the reverse situation: with A. caliginosa 
occurring at low abundance and acounting 
for 12-15% of density and 8- 14% of 

biomass, and L. rubellus respectively for 
60-68o/o and 74-77%. The proportions of 
the two species on per111anent meadows 
are more even, but with a prevalence of L. 
rubellus (Table 6). These sites are also 
abundantly inhabited by Octolasion lac
teum (Oerley)- a species similar in its ecol
ogy to A. caliginosa. This species accounted 
for almost 24% of density and 32% of 
biomass in the third series of meadows and 
respectively for I O and l 2o/o in series II. 

The two species differ greatly in their 
food requirements, places of existence, 
level of consumption of organic matter 
and rate of digestion. As a result, the casts 
they produce also differ, and the relative 
proportions resulting from their different 
shares in the lumbricid community will 
define the physico-chemical properties of 
the material analyzed. 

4. DISCUSSION 

The impact of Lu1nbricidae on the 
biotic and physico-cl,em ical properties of 
the soil environment is multi-directional 
and relatively wel I-known. The material 
presented illustrates the role of these ani
mals in the transformations of carbon, ni
trogen, phosphorus and other micro- and 
macroelements important in the economy 
of the ecosystem. 

In ger1eral, casts were always richer 
in carbon compou11ds (i11cludi11g the basic 
humus fractions) tl1an tl1e upper layers of 
the soil. This regularity l1as now been re
corded many times in differe11t types of 
natural and cultivated ecosystem. The 
authors give values that are similar or a 
little lower.Graff (1971) noted a 120% 
rise in total C in casts i11 relation to a 
meadow soil. For the soils of mountain 
pastures, Czerwinski et al. (1974) 
gave figures for the increase at different 

sites of 77% and 84%. Zrazevskij 

(1957) compared the total carbon con
tents of the casts of several species of 
earthwor111 cultured in different types of 
leafy litter. It emerged that the proportion 
of carbon in casts was dependent both on 
diet and the lumbricid species concerned. 
That said, it was the casts of L. rubellus 
that were always richer in organic matter 
than those of A. caliginosa (an increase of 
44-72o/o as compared with 17-49%), with 
the same food. In the face of this, the size 
of differences in the content of organic 
matter in casts collected from the field 
will be determined above all by the spe
cies composition of the lumbricid com
munity and the specific diet of the 
dominant species. 

The most abundant species of earth
wor111 in the soils of the studied meadows 
- A. caliginosa and L. rubellus - are 
members of different ecological groups. 
On the basis of analysis of the contents of 



834 Grzegorz Makulec, Alina Kusinska 

guts and casts, Pie arc e ( 1978) classed 
the forrner as a geophage and the latter as 
a detritophage. A. caliginosa occurs only 
in mineral soils, i11 the arable layer of the 
profile. Guts were found to contain small 
amounts of amorphous organic sub
stances, mainly of root origin, as well as a 
prevailing mass of 1nineral co11stitue11ts. 
L. rubellus is a surface species which oc
curs to depths of 10-20 cm a11d consumes 
slightly-decayed litter a11d soil detritus. 
The share of the mineral fraction i11 gut 
contents is not great (P i e a r c e 1978). 

The highly different tropl1ic statuses 
and different degrees of do1ninance of the 
two species will have a11 important influ
ence on the quality of casts collected in 
the field. Thus the aforementioned in
crease in the carbon conte11t of earthworm 
casts (particularly compared with the 5-
10 cm soil layer) on progressively older 
meadows is probably li11ked with tl1e in
crease in the poportio11al representation 
of the epigeic species L. rubellus. Its casts 
are rich in organic 1natter at varying 
stages of decomposition and colo11ized by 
a rich bacterial flora reproducing i11 the 
posterior section of the gut and shortly af-
ter excretion (Par I e 1963, 
Chm i e I e w ski and Mak u I e c 
1993). The action of this may lead to the 
emergence of complex l1u1nus substances 
of the fulvic acid type (Edward s and 
L o ft y 1977). Large amou11ts of these 
compounds are also f ou11d in macerated 
plant material consumed by earthwor111s. 
The steady increase in co11centrations of 
fulvic acids - and the decrease in the CHA 
: CF A ratio - along tl1e successional se
quence of meadows, is a result of the 
greater proportion of tl1e casts of this spe
cies in the material collected for analysis. 
Clear directional changes along the suc
cessional sequence of meadows are not 
only shown by total carbo11 and l1umus 
compounds but also by total 11itrogen and 

some exchangeable cations, The increase 
in the carbon content, and the simultane
ous fall in the concentration of nitrogen, 
resu It in the increase of the C : N ratio for 
casts as one moves along the sequence of 
successively older meadows. This fa
vours the microbiological processes of 
the humification of organic matter, as at
tested to by the increase in humic and 
ful\'ic acids already discussed. 

Exceptionally high concentrations 
are recorded in the case of exchangeable 
phosphorus (Table 4 ). In relation to the 
upper (0-5 cm) layer of the soil, the val
ues in casts range from 65% to 670%, 
while in relation to the deeper (5-10 cm) 
layer there is between 240 and 1530% 
more of this element, and at that in a for111 
more easily available to plants. Lunt 
and Jacobson (1944) recorded con
centrations of phosphorus in casts that 
were 7 times higher than in soils, while 
Graff (1971) obtained a figure of 6 and 
C z e r w i n s k i et al. ( 197 4) values of 
between 4 and 11 times. This phenome
non may be of exceptionally great signifi
cance, not only for plants but also for the 
development of the microflora - particu
larly in the light of the thesis on the limit
ing role of shortages of phosphorus in 
advanced stages of succession (S c h e u 
1990). 

Exchangeable cations show basically 
similar trends to the aforementioned ele
ments (Table 5). Some of them are also 
removed with metanephridial fluids 
through the integument and do not enter 
casts (K a I i n o w s k a and M a k u 1 e c 
1978). Calcium is particularly worthy of 
note. On many-year-old meadows, its 
concentration in casts was 2-3 times 
greater than in the upper layer of the soil. 
Similar results were obtained by the al
ready cited Lunt and Jacobson 
(1944) and by Czerwinski et al. 
(1974). The increase in the concentration 
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of calcium, and also of other cations, 
along the successional sequence of mead
ows is alo a result of the increase in the 
level of representation of L. rubellus in 
the lumbricid community. This species 
consumes substrates rich i11 calcium and 
at the same time excretes excess amounts 
via well-developed calciferot1s glands. In 
contrast, A. caliginosa l1as poorly-devel
oped and inactive glands, and its diet con
tains only small amounts of calcium 
(Pie arc e 1972). 

Magnanese provides further confir
mation of the thesis concerning the joint 
role of the two species in the shaping of 
contents of humus and exchangeable cat
ions in the upper layer of tl1e soi I (Table 
5). This microelement is associated 
mainly with the mineral fraction of the 
soil, occurring in trace amounts in or
ganic matter. The higl1est concentrations 
were recorded in casts from the youngest 
meadows, on which the geophagous A. 
caliginosa is dominant. Many-year-old 
and per111anent meadows l1ave I i1nited in
creases not exceeding l Oo/o. 

The described changes in the con
tents of carbon, nitrogen a11d cations are 
most visible proceeding along the succes
sional sequence from several-year-old 
meadows (LB) to ma11y-year-old mead
ows (LC). The further progression to per
manent meadows (P) is not always 

accompanied by continuations of these 
trends - in the case of either total carbon 
or contents of the other elements. This 
situation is probably dete1111ined by the 
appearance of one more geophagic spe
cies - 0. lacteum (Table 6). Together 
with A. caliginosa, the two species often 
account for more than 50% of the density 
and biomass of earthworrns in the soils of 
per111anent meadows. At the same time, 
these sites occupy a position inter111ediate 
between meadows with a high degree of 
dominance of A. caliginosa and those on 
which L. rubellus is more abundant. 

The material presented combines 
with the results of an earlier work 
(M a k u 1 e c 1997) to show the very im
portant role played by earthworrns in the 
renewal of the humus resources of soils 
and the shaping of feeding conditions for 
plants and microtlora in the surface lay
ers of meadow soils, In the course of a 
season, several to tens kg dry wt m-2 of 
humus-, nitrogen-, phosphorus- and ex
changeable cation-rich casts are excreted 
into the surface or upper parts of the soil 
profile (M a k u l e c 1997). The renewal 
of soil humus resources occurring with 
succession from cultivated to many-year
old meadows is to a great extent the result 
of the activities of earthwor1ns, especially 
epigeic and detritivorous species. 

5. CONCLUSIONS: 

1. Total contents of carbon, fulvic 

and_humic acids and hu111i11s in earth

wo1111 casts are 2- 3 times greater than 

those in the upper layer of the soil. 

2. The ratio of hu1nic to fulvic acids 

in casts is lower on older meadows, while 

the relative proportion of fulvic acids (the 

youngest humus fraction) is greater. 

3. The nitrogen contents of earth
worm casts are twice as high as those in 
the upper layer of the soil, but are lower 
on older meadows. Values for the C : N 
ratios of casts are greater on older mead
ows. 

4. The contents of main exchange
able cations in casts are 2-3 times greater 
than those in the surface layer of the soil. 
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Phosphorus undergoes a particularly high 
degree of concentration. 

5. The regularities noted may result 
from changes in the proportions of two 
lumbricid species along the successional 

sequence of meadows studied. Young 
meadows are dominated by the geophagic 
A. caliginosa, while many-year-old and 
permanent meadows are dominated by 
the detritophagous L. rubellus. 

6. SUMMARY 

Research involved two successional se
quences of meadows (series II and III) within 
Suwalki Landscape Park (north-eastern Poland). 
Each series included several-year-old meadows 
(LB2 or LBJ), many-year-old meadows (LC2 or 
LC3) and pennanent meadows (P2 or P3). Se
lected features of the sites are set out in Table 1. 

The abundance, biomass and species com
position of Lumbricidae at the sites were as
sessed in September 1987. Wonn casts were 
collected at the same time, fro1n the same 
places, along with soil samples from the 0-5 
and 5--10 cm layers. Analysis concerned the to
tal contents of carbon and nitrogen, the frac
tional composition of humus and the 
exchangeable elements P-PO4, K, Mg, Ca and 
Mn) in earthworm casts and in the soil. 

Compared to surface soil layers, lumbricid 
casts are 2- 3 times richer in total carbon, fulvic 
and humic acids (CFA and CHA) and humins 
(Tables 2 and 3). Values of the CHA : CFA ratio 
for casts were lower on older meadows, while 
the relative proportion of fulvic acids - the 
youngest humus fraction - was greater. This 
points to the significant role of these animals in 
the renewal of soil humus resources as succes
sion proceeds on ley meadows. 

The analyzed exchangeable elements also 
showed higher contents in casts than in the soil. 
Particularly significant here was phosphorus, 
whose share was 4-8 times greater (Table 4). 
Amounts of exchangeable K, Mg and Ca in 
casts are also higher than in soils, and are 
greater on older meadows (Table 5). 

The regularities noted may be the result of 
changes in the proportions of two lumbricid spe
cies as succession proceeds from several-year
old to permanent meadows (Table 6). Earlier 
stages (LB2 and L83) are dominated by Apor
rectodea caliginosa, a geophagic species typical 
of cultivated fields, which consumes small 
amounts of amorphous organic matter mixed in 
with the mineral fraction of soils. In contrast, 
the species prevalent on many-year-old and per
manent meadows (LC2, LC3 and P2, P3) is Lum
bricus rubellus, an epigeic species living on 
somewhat-decomposed litter and soil detritus 
with a limited admixture from the mineral frac
tion. The very different trophic statuses and dif
ferent degrees of dominance of these species 
will defme the quality of casts collected in the 
field. 

7. POLISH SUMMARY 

Badania prowadzono w dw6ch cicigach 
sukcesyjnych lajc (seria II i seria Ill) na terenie 
Suwalskiego Parku Krajobrazowego (p6lnocno
wschodnia Polska). W sk!ad kazdego szeregu 
wchodzila l~a kilkuletnia (LB2 lub LB3), lajca 
wieloletnia (LC2 lub LC3) oraz l<l,ka trwala (P2 
lub P3 ). Wy brane cechy stanowisk zawiera tab 1. 

We wrzesniu 1987 oceniano liczebnosc, 
biomas~ oraz sldad gatunkowy Lu1nbricidae. 
Rownoczesnie zebrano z tych samych miejsc 
koprolity oraz pobrano kontrolne pr6bki gleby z 
dw6ch poziom6w: 0-5cm i 5- 10 c1n. Analizo
wano og6ln<t z.awartosc w\'.gla i azotu, sldad 

frakcyjny pr6chnicy oraz pierwiastki wymienne 
(P-PO4, K, Mg, Ca, Mn) w odchodach 
dzdzownic i w glebie. 

Koprolity Lumbricidae sa 2-3 razy zasob-
niejsze w w~giel og6lny, kwasy fulwowe (CFA) 
i huminowe (CHA) oraz w huminy w 
por6wnaniu do wierzchnich warstw gleby 
(tab.2, tab.3). Stosunek CHA: CFA w odchcxlach 
dt.dzownic maleje, a wzgl~ny udzial kwas6w 
fulwowych - najmlodszej frakcji humusu rosnie 
wraz z wiekiem lclk. Wskamje to na macn\.~ 
rol~ tych zwierzctt w odnawianiu zasob6w hu-
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musu glebowego w toku sukcesj i lctk przemien
nych. 

Rowniez analizowane pierwiastki 
wymienne wykazujq wyzszct zawartosc w ko
prolitach w por6wnaniu do gleby. Szczeg61ne 
miejsce zajmuje fosf6r, kt6rego udzial wzrasta 
4-8-krotnie (tab.4). Takze ilosc wy1niennego K, 
Mg i Ca w odchodach jest wyzsza w 
por6wnaniu do gleby i wzrasta w miar~ sta
rzenia si~ laj( (tab.5). 

Stwierdzone prawidlowosci mogct bye 
wynikiem zr11ian udzial6w dw6ch gatunk6w 
Lumbricidae w toku sukcesj i od lajc kilkuletnich 

do trwalych (tab.6). Na wczesnych stadiach 
(LB2, LB3) dominuje Aporrectodea caliginosa, 
gatunek geofagiczny, typowy dla . p61 
uprawnych, konsumujcl_Cy niewielkie ilosci 
amorficznej materii organicznej wymieszanej z 
frakcjq mineralnq gleby. Na laj(ach wieloletnich 
(LC2, LC3) i trwalych (P2, P3) przewaia Lum
bricus rubellus, gatunek epigeiczny, odfywia
jcl_Cy si~ slabo rozlozon<l sci61k<t i det1ytuse111 
glebowym z niewielk<t domieszk<t c~sci mine
ralnych. Krancowo odmienna trofia oraz r6iny 
stopien dominacji tych gatunk6w ~cl okreslac 
jakosc zbieranych w terenie koprolit6w. 
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