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INTRODUCTION

Earthworm activity has been reported to be an important
cause of spatial and temporal heterogeneity of soil
properties in agro-ecosystems. Structures known as
earthworm middens are formed at the soil surface by the
feeding and casting activities of earthworms which
contribute significantly to this heterogeneity. Earthworms
play a major role in soil nutrient dynamics by altering the
soil physical, chemical and biological properties. Their
casts, burrows and associated middens constitute a very
favourable microenvironment for microbial activity (Hale
et al., 2005; Hale and Host, 2005)

By burrowing and leaving their casts, earthworms exert a
great influence on the water infiltration and gas exchange
in soils. The air porosity for the water-conducting pores
made by earthworms in the silty loam subsoil has been
reported as 0.328 and 0.168% at a depth of 0.24-0.34m
and 0.34-0.44 m, respectively (Lipiec et al., 1998). Water
infiltration in soils with earthworms is, commonly, several
times faster than in soils lacking in earthworms ( Lee and
Foster, 1991;Piekarz and Lipiec, 1996). The quantity of
earthworm middens left on the soil surface is between 2
and 50t yr' depending on the type of soil and land use,
whereas the total amount of earthworm middens on the
surface, and below it, can exceed 1000 t yr' (Lee and
Foster, 1991). Tomlin et al., (1995), in reviewing the
subject, indicated that the stability of earthworm middens
compared with bulk soil aggregates can be greater or similar

The impact of earthworm (Lennogaster pusillus,Stephenson) middens on microbial (bacterial)
population and biomass has been studied in laboratory. A trend of increase in bacterial population
density, its wet weight and biomass was recorded up to 21 days and thereafter a declining pattern
was noticed. The initial bacterial population (number /g soil), wet weight and dry weight (mg/g soil)
were found to be 21.9 + 1.096 x 10% 32.85 +1.645 x 10*and 6.57 +0.329 x10* respectively
while the peak values for the same population attributes were 27.7 +1.250 x 10% 41.55+1.875
x10* and 8.31+0.375 x10* respectively on 21 day of observation. The change of quality of
earthworm midden after aging has been discussed in the light of growth of bacterial population

depending on whether they are fresh or old. Thus the aging
of earthworm midden is an important aspect which
changes its properties not only the physico-chemical but
also the biological. Assessment of microbiological
(bacterial) population as its density, dynamics and biomass
constitutes important aspects of biological properties
which get affected by the process of aging. The stability
of the casts is enhanced by bacteria in the soil increasing
their secretion production of gums (McKenzie and Dexter,
1987; Haynesand Fraser, 1998) in passing through the gut
or by the cementing effect of calcium (Lee and Foster,
1991). The increased stability of the midden and soil
aggregates is the single most important soil property
affecting soil erodibility (Horn et al., 1998; Reichert and
Norton, 1994) through the influence of particle detachment
due to water-drop impact, surface sealing and water
infiltration. Earthworm middens are reported as the hot-
spots of microbial activity and nutrient dynamics and
represent a suitable model for studying earthworm-
mediated influences on soil microbial communities by
alteration of the patch structure of the microbial
environment (Aira et al., 2009)

The microbial populations in earthworm midden have been
studied (Piekarz and Lipiec, 2001; Groffman et al., 2004;
Hortensia and Davis, 2009; Aira et al., 2009) but the
literature pertaining to the impact of aging of midden on
microbial population is very scanty. The present
communication deals with the impact of aging (0 to 42
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days) of earthworm midden on density, dynamics and
biomass of bacterial population in experimental condition.

MATERIALS AND METHODS

The study was carried out in laboratory by culturing the
earthworms ( Linnogaster pusillus, Stephenson) in plastic
trays. The middens were collected from the plastic trays
with sterilized aluminum foil and used for further
experiments. For studying the impact of aging the
earthworm middens were kept in sterilized petri dishes
covered by aluminum foil under normal room condition.
The soil properties are presented in Table 1.

Dilution plate method (Waksman, 1922) was used for
estimating the bacterial population in middens. The
primary suspension of soil was prepared from 1 g soil and
was diluted. For enumeration of bacterial population 1

Table 1: Characteristics of soil taken for earthworm culture
for collection of middens

Characteristics VelueM +SD; n=3)
pH 5.81 + 0.07
Organic carbon (mg C g’ soil) 6.52 + 0.11
Nitrogen(mg N g soil) 0.78 + 0.01
Phosphorous(Kg P hec.” soil) 279 + 0.62
Potassium(Kg K hec.™ soil) 148.0 + 0.49

mL inoculum was taken from aliquots of1:10”and 1:108
dilutions of the primary suspension and Czapek Dox agar
media was used for culturing the bacteria.

Petri dishes were inoculated in incubator at temperature
(28 + 2°C) for growth of bacterial colonies. After 24 hr,
bacterial colonies were counted. For each experiment, three
replicates of Petri dishes were incubated.

Bacterial population was calculated from the average
number of bacterial colony determined by dilution plate
method. This was based on the assumption that the
number of bacterial colony per unit soil represents the
number of bacterial cells. The mean fresh weight of a
bacterium cell was taken as 1.5 x 10'%g (Toth and Hammer,
1977). This value, when multiplied with the number of
bacterial colony gave the fresh weight of bacteria. Assuming
80% of bacterial cell to be water (Clark and Paul, 1970)

dry weight of bacterial biomass was calculated (Satpathy
et al., 1982). Student’s t test was done to determine the
significance of change in population and biomass.

RESULTS AND DISCUSSION

The bacterial population in midden in the beginning was
21.9+ 1.09 x 108 which gradually increased to 23.0+0.458
x10% and 25.5=0.450x108 reaching at its maxima as
27.7+0.650 x 108 on 7t 14" and 21* day respectively.
There after a sharp decline in bacterial population was
observed. The change in population was found to be
significant (p <0.001). The parentage increase in bacterial
population over initial population was recorded as 1.1%,
16.43% and 26.48% on 7", 14" and 21% day while the
decrease was more pronounced as 30.59%, 52.51% and
76.25% over the initial population on 28" 35" and 42
day respectively (Table 2).

The wet weight (mg/g soil) of bacterial population
increased by 5.02% (32.85+1.645 x10* to
34.5+0.687x10%) on 7" day (Table 2). On 14" and 21¢
day the increase was in order of 16.43 and 55.70%. After
21%day a sharp decline was recorded by 30.59%, 52.51%
and 76.25% on 28", 35" and 42" day. A similar trend of
rise and fall in biomass (mg/g soil) was observed. The
biomass increased by 5.02% (on 7" day) 16.43% (on 14"
day) 26.48% (on 21 day) and there after decreased by
11.59% (on 28" day) 52.51% (on 35™" day) and 76.25%
(on 42 day).

The maximum biomass was recorded on 21% day as
8.31+0.375x10* mg/g soil which decreased to
1.56 +0.75x10* mg/g soil on last day of observation.

Some physical properties and microbial activity of the casts
of the earthworm Aporrectodea caliginosa have been
investigated by Piekarz and Lipiec (2001) and compared
with the properties of aggregates from the bulk soil of
silty loam texture. The water stability of 20-day-old 8-9
mm aggregates from casts, as determined by the drop
impact method, was significantly increased compared with
those of 3-day-old casts and natural aggregates. The rate
of wetting of the natural aggregates was substantially greater
than that for the cast aggregates. The values of the crushing

Table 2: Bacterial population (number per g midden), wet. wt. and dry weight (biomass) as mg/g soil in different age of

earthworm midden

Day of Obs.  Bacterial population in Wet wt. of bacterial population Biomass of bacterial population
earthworm midden (M+SD) in earthworm midden (M +SD) in Earthworm midden (M +SD)

0 21.9+1.096 x 108 32.85+1.645 x10* 6.57+0.329 x10*

7 23.0+0.458 x 108 *(+1.10) 34.50+0.687 x10#*(+5.02) 6.904+0.137 x10%*(+5.02)

14 25.5+0.450 x 10%*(+16.43) 38.25+0.676 x104*(+ 16.43) 7.65+0.135 x10**(+16.43)

21 27.7+1.250 x 108*(+26.48) 41.554+1.875 x10**(+55.70) 8.31+0.375 x10%*(+26.48)

28 15.2+0.808 x 108*(-30.59) 22.80+1.212 x10%*(-30.59) 4.56+0.242 x10%*(-11.59)

35 10.4+0.556 x 108*(-52.51) 15.60+0.835 x10%*(-52.51) 3.12+0.167 x10%*(-52.51)

42 5.204+0.251 x 108*(-76.25) 07.80+0.377 x10#*(-76.25) 1.56+0.075 x10%*(-76.25)

Values in parenthesis are percentage increase (+) or decrease(-) over initial value; * = Changes produced are significant at 1% level; n = 3
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strength of aggregates from casts and natural aggregates
were not significantly different. The populations of
bacteria, streptomyces and fungi in earthworm casts
increased with the ageing of the casts. The increased water
stability of cast deposits can be an important factor in
reducing the high susceptibility to erosion.An increase in
microbial population (bacterial) and biomass has been
recorded with aging of the earthworm middens up to 21
days which is in agreement with the above finding.

The net effect of earthworms on the size of the soil
microbial biomass has been a topic of some controversy
in the literature. Several studies have shown that
earthworms reduce microbial biomass, primarily by
consumption, as soil passes through the earthworm gut
(Wolters and Joergenson, 1992; Bohlen and Edwards,
1995; Devliegher and Verstraete, 1995; Zhang and
Hendrix, 1995; Gorres and others 1997; Callaham and
Hendrix 1998; Saetre 1998; Zhang and others 2000;
Lachnicht and Hendrix, 2001). In contrast, other studies
have found earthworm induced increases in microbial
biomass (Parle, 1963; Shaw and Pawluk, 1986; Daniel
and Anderson, 1992; Scholle and others, 1992; Tiwari
and Mishra, 1993; Burtelow and others, 1998; Bohlen
and others, 1999). Devliegher and Verstraete (1995) suggest
that the net effect of earthworm on microbial biomass is
a product of reductions in biomass during gut passage
and stimulation due to mixing of organic matter into the
soil profile. Brown and others (2000) emphasize the
importance of temporal and spatial scale when evaluating
the effects of earthworms on the soil profile, suggesting
that fresh earthworm casts behave differently than aged
casts and that earthworm effects are often restricted to
specific areas in soil ( the drilosphere).

The changed behaviour of fresh and old earthworm
midden may primarily be due to variation in bacrerial
population as the stability of midden increases with age
atlest for three weeks due to product of secretion by bactrial
population.
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