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For the present investigation, two forest stands of Pinus ke@q‘! —Bordon) at
different altitudes of Meghalaya were selected. The study sites chosen were Upper Shillong at a

higher altitude situated at 1825m above sea level and the other site at Mawlai at a lower -
/"’_--".‘§ N

altitude situated at 1400m above sea level.

I

The soil and the earthworm casts collected from the two pine forest stands were
analysed for various physico-chemical properties and fungal population. Generally soils at low
altitude showed higher temperature than soils at high altitude. During winter months (October to
January) temperature decreased and started to increase again after February at both the study
gites. There was not much variation in the moisture content of the soil at both the study sités.
Low soil moisture content was recorded during the winter months which increased with the
onset of rains. When pomparison was made between the moisture content of the earthworm casts
with that of the surrcunding soil, it was observed that the earthworm casts generally harboured
higher moisture content except in few instances at both the study sites. The soil was found to be
more acidic at high altitude than at low altitude. The casts had high pH values as compared to
the surrounding soil. Generally, soil at high altitude showed higher organic carbon, nitrogen and
phosphorus contents than soil at low altitude. The earthworm casts contained higher organic

carbon, nitrogen and phosphorus contents than the surrounding seil at both the study sites.

Isolation of fingi from soﬂ and casts ‘was done following Warcup’s (1950) method
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using rose bengal agar (Martin, 1950) medium. Fungal population of soils exhibited a more or
sl dhed

less similar trend of monthly variation at both the study sites. Higher fungal population was
recorded in the month of May in the soil at high altitude, whereas, at low altitude the fungal

population was higher in the month of June. It was observed that the earthworm casts genera]lyg"

harboured maximum population as compared to that of the surrounding soil. A positiv
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correlation was observed between the fungal population of soil and soil temperature at high
altitude (P< 0.05). A significant positive correlation was also observed between soil organic
carbon and fingal population at low altitude (P< 0.10). The pine forest soil at high altitude

exhibited highest number of fungal isolates as compared to that at low altitude. Qualitatively,

there was not 7171/1ﬂuch<diﬁ‘erence in the composition of microflora of ﬁle two pine forest soils.
Most of the filngal species which were obtained from the soil at high altitude were also isolated
from the soil at low altitude except for Aspergillus terreus, Botrytis sp., Mucor plumbeus, M.
racemosus, Trichoderma harzianum and black sterile mycelia which were isolated frorﬁ the
goil at high altitude only, while Absidia glauca, A versicolor, Cladosporium herbarum,
Fusarium merismoides and F. sporotrichioides and Oidodendron sp. which were restricted to
the soil at low altitude only.

The casts collected from the pine forest stand at low altltude exhibited a highest number
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of fungal isolates as compared to that collected from the pine forest stand at high altitude.

Qualitatively, there was not much difference in the composition of the microflora of the casts
collected from both the study sites except for Alterrnaria tenuis, Mucor racemosus and M.
circinelloides which were isolated from the casts at high altitude only and Aspergilius
candidus, Cunninghamella elegans, Fusarium oxysporum, Mortierella parvispora and
Penicillium janthinellum which were isolated from the casts at low altitude only.

The earthworm specles found at hxgh altxtude were 1dentxﬁed as Eutyphoeus sp.,

Amynthas corticis (Kmberg), Eutyphoeus fesavus Gates, Drawida papillifer papillifer
Steph, Lennaoscolex strigosus Gates and Kanchuria sumerianus Julka while those found at
low altitude were identified as Drawida papzllzfer papillifer Stephensen, Amynthas corticas

(Kinberg) and M etaplure arwmala (Mlchaelsen) However Dramda papillifer papt[hfer
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Steph. and Amynthas corticis (Kinberg) were found to be common at both the study sites.



Drawida papillifer papillifer was chosen for studying the fungal population from the gut of the
earthworm. The fungal ngg!a;ion in the gut of earthworm Drawida papillifer papillifer at both
the study sites was done following Warcup’s (1950) method using rose bengal agar (Martin,
1950) medium. Results showed that the population was generally higher in the fore-gut as

compared to that of the rmd-glftand Vhilrl;d-gllt» regions. Qualitatively, there was not much
difference in the composition of the fingal flora in the gut contents of the earthworm at both the
study sites except for Cladosporium macrocarpum, Fusarium moniliforme and Penicillium
digitatum which could be isolated from the gut regions of the earthworm collected from high
altitude only and Aspergillus japonicus, A versicolor, Alternaria alternata, Cunninghamella
elegans and Verticillium alboatrum which could be isolated from the gut regions of earthworm
collected from low altitude only.

A comparative study of the fungal flora present in the soil, gut contents of the earthworm
and the casts collected from the pine forest stand, at both the altitudes showed that altogether a
total of 28 fungal species coﬁld be isolated from the soil, 32 from the gut contents of the
earthworm and 19 from the casts at high altitude. Of the 32 fungal species occurring in the
different gut regions, 26 species could be isolated from the foregut, 23 from the midgut, and 25
from the hindgut regions. A total of 28 fimgal species could be isolated from the soil, 32 from
the gut contents and 21 from the casts at low altitude. Of the 32 fingal species occurring in the
different gut regions, 29 species could be isolated from the foregut, 27 from the midgut and 26
from the hindgut regions. The earthworm gut contained higher number of fungal species as
compared to that of the surrounding soil.

Moisture content and pH of both the undecomposed and the partially decomposed pine

litter was also analysed. Moisture content of undecomposed and partially decomposed pine

litter at high altitude was generally higher than that at low altitude . The moisture content of the



partially decomposed pine litter was more than that of the undecomposed litter at both the study
gites. There was not much difference in the pH of the litter collected from the two study sites.
However, pH of the partially decomposed litter at high altitide was more acidic as compared to
that at low altitude. When ;:omparion was made between the pH of the two types of litter it was
found that pH of the undecomposed pine litter was more acidic as compared to that of the
partially decomposed pine litter.

Similarly, the fingal population from the undecomposed as well as the partially
decomposed pine litter was done following Warcup’s (1950) method using rose bengal agar
(Martin, 1950) medium. There was not much variation in the fimgal population of the
undecomposed litter at both the altitudes. However, the fimgal population of the partially
decomposed pine litter was found to be more at low altitude. There was not much variation in
the fungal population between the two types of pine litter also at both the study sites. A positive
significant correlation was observed between fungal population and moisture content of the
litter at high altitude (P < 0.5). Undecomposed litter at high altitude exhibited highest number of
fungal isolates as compared to the litter at low altitude.. Qualitatively, there was not much
difference in the fingal flora of the litter except for Mucor racemosus, Aspergillus carneus and
A. flavus which were isolated from the litter at high altitude only, and Mucor circinelloides and
Alternaria alternata which could be isolated from the litter at low altitude only. The partially
decomposed pine litter at high altitude exhibited more or less similar number of fungal isolates
at both the study sites. Qualitatively, there was not much difference in the composition of the
fingal flora of the litter except for Mucor racemosus, Absidia cylindrospora, Aspergillus
terreus, A. carneus, A candidus, A flavus and Acremonium sp. which could be isolated from

the litter at high altitude only and Aspergillus wentii, Penicillium brevicompactum, P. rubrum,



Monilia sp. and yellow sterile mycelia which were associated with the litter at low altitude
only.

There was not much difference in the composition of the fungal species associated with
the undecomposed and partially decomposed pine litters at both the study sites. When
comparison was made between the fungal species present in the undecomposed and partially
decomposed litters, slight difference in the fingal species composition was observed in which
Alternaria alternata, A tenuls, Aspergillus niger and Mucor circinelloides were found to be
present in undecomposed litter only, whereas Absidia cylindrospora, Ambylosporium sp.,
Aspergillus wentii, Fusarium merismoides, Monilia sp., Penicillium rubrum and P.
waksmanii were found to be present in partially decomposed litter only.

Dehydrogenase activity of soil and the casts was determined by 2, 3, 5- triphenyl
tetrazolium chloride (TTC) reduction technique modified by Casida et. al. (1977). The
dehydrogenase activity was higher in the soil at high altitude as compared to that at low altitude
except in the months of September, February, March, April and November where a lower
activity was recorded. It was observed that the earthworm casts generally showed highex:
dehydrogenase activity as compared to that of the surounding soil at both the study sites.
Dehydrogenase activity of soil was found to vary significantly between the sampling periods at
5% level of significance.

Urease activity was measured by the modified McGarity and Myers” (1967) method.
Higher urease activity was recorded in the soil at high altitude except in the months of October,
April and May where lower activity was recorded. Urease activity of earthworm casts was
also recorded to be higher than that of the surrounding soil at both the study sites. Statistically, a
significant correlation was observed between urease activity of soil and fungal population at

high altitude (P< 0.10). A significant correlation was observed between urease activity and



moisture content at both the study sites (P<0.05 at high altitude and P< 0.001 at low altitude). A
significant variation was observed for urease activity of the soil between the study sites as well

as between the sampling periods at 5% and 1% level of significance.

Wilcke’s (1955) method of handsorting was adopted for the estimation of earthworm
populatign from the two study sites. The earthworm population was more at high altitude as
compared to that at low altitude. Population was highest in June at high altitude and in July at
low altitude. Minimum population was recorded in February at both the study sites. It was
found that earthworm population was positively correlated with soil temperature (P< 0.05) and
organic carbon (P< 0.2) at high altitude.
condition the method adopted by Haimi and Huhta (1990) was followed. Since‘__’_IF)rqwifIq
papillifer papillifer appeared to })e glwewdggi_r}gp};sggc_ie.s, ﬂlgrgforg, thns ?f{ticulw species has
been selected for the study. Two sets were maintained for this study with one set without
earthworms being treated as a control, while another set treated with earthworms. Weight loss
of pine litter was slightly more in the treated sets as compared to that of the control. Percentage
weight remaining after 120 days was 83.4% in the control and 82.1% in the treated sets. The
various components like cellulose, hemicellulose, lignin, total amino acids and sugars of the
decomposing pine litter in the controls as well as in the sets treated with earthworms were
maximum in the initial stages of decomposition which was observed to decrease in the latter
stages as decomposition proceeded. pH from the leachates was found to be more acidic in the
treated sets as compared to that of the control sets.Total Nitrogen and PO4 3 - P from the
leachates also were observed to be more in the treated sets as compared to the controls. The
organic carbon content of the mineral soil in the second and third samplings was higher in the

sets treated with earthworms, while in the first and fourth samplings the organic carbon content



was higher in the control sets. Total nitrogen content and available phosphorus of the mineral‘
goil and humus was found to be more in the treated sets as compared to that of the control sets.
However, when comparison was made between the mineral soil, humus and earthworm casts ,
it was found that the casts had higher organic carbon , nitrogen and available phosphorus as
compared to that of miheral soil and humus in both the sets. CO, evolution was higher in the sets
treated with earthworms than in the control sets.

To study the role of earthworms in fingal dispersal, screening of fungi was done from
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goil collected from earthworm firrows and the soil adjacent to the furrows. Moisture content,
pH and fungal population were determined from the two study sites (earthworm firrows and the
adjacent soil). The fingi were isolated from the soil samples by soil plate method (Warcup,
1950) using rose bengal agar medium (Martin, 1950). pH of the aﬂjacent soil was found to be
more acidic as compared to that of the surrounding soil. The moisture content of the soil
collected from earthworm firrows was slightly higher than that of the adjacent soil. The fungal
population was algo recofded to be more in the soil from earthworm furrows as compared to
that of adjacent soil. Moisture content was found to be positively correlated with fungal
population in adjacent soil (P < 0.5) as well as in soil from earthworm firrows (P < 0.5).There
was not much variation in the fungal species collected from the two sites. However, Humicola
sp. could be isolated from the soil from furrows only whereas, Pericillium .waksmami could be
isolated from adjacent soil only. It was observed that the bercentage relative abundance of the
fingal species P. intermedium wm in the soil from earthworm furrows as compared to that
in the adjacent soil.

Feeding habit of the earthworm species Drawida papillifer papillifer Steph. in relation

to certain fingi was studied in conical flasks (250 ml) containing 150g of sterilized soil and 1g

of sterilised partially decomposed pine litter. The test fungi used for this experiment were



Penicillium chrysogenum, Pythium intermedium, Mucor hiemalis and T'richoderma koningii.
Results showed that there was an increase in the earthworm biomass at the initial stage ,thereby,
indicating that D. papillifer papillifer can utilise fingi as their source of food. There was a gain
in the earthworm biomass initially with the different fingal species except for P. intermedium
where the biomass showed a decreasing trend. It was also observed that the earthwormsdid not
survive till the end of the experiment. The length of the earthworm fed with the mixed
culture, T. koningii and P. intermedium showed a decreasing trend at the latter stages.The
length of the earthworm fed with P. chrysogenum increased initially and thereafter decreased. It
was also observed that the length of the earthworm remained unaffected for 35 days fed with A/
hiemalis.

Litter bag technique (Bocock er. al., 1960) was applied to study the rate of pine litter
decomposition in the field. The percentage weight remaining of the litter placed in the field after
360 days was 53.9% . For the isolation of fingi from the decomposing litter bags was done
following dilution plate technique ( Waksman, 1922). The fungal population was observed to be
more in the later stages of decomposition as compared to that in the initial stages. A positive
correlation was observed between fimgal population and pH of the decomposing litter (P <
0.5).

Four dominant fungi (Penicillium chrysogenum, Pythium intermedium, Mucor hiemalis

~. SR

and Trichoderma koningii) were selected to assess their efficacy in litter decomposition in the

B

laboratory condition. In terms of different fungal inoculum, Mucor hiemalis pr(.):(eh‘ to be more
efficient in the initial stage of decomposition of the pine litter followed by Penicillium
chrysogerum, Trichoderma korzirzéii and Pythium intermedium. In the control (without fungi)
the decomposition was recorded to be the least. A mixture of all the test fingi, however, was

observed to be still more efficient as compared to the individual species. During the later stage



of decomposition Pythium intermedium proved to be more efficient as compared to the other
fungal species.

Comparing the decomposition rates of the pine litters placed under field and laboratory
conditions, it was observed that the rate of pine litter decomposition was more faster under
field condition, which was observed to be approximately 80% as compared to that under
laboratory condition which was observed to be approximately 90% in 105 days.

Cellulose, hemicellulose, lignin, total sugars and amino acids of the decon;%sing pine
litters were estimated by methods described by Peach and Tracey (1955). The various organic
components viz cellulose, hemicellulose, lignin, total amino acids and sugars were observed to
be maximum in the initial stages of decomposition both under field and laboratory conditions.
The rate of decomposition of these various constituents was similar to that of weight loss of the
decomposing litters at various sampling periods. Similar trend in the rate of decomposition was
observed in the case of cellulose and lignin. The rate of degradation of the various constituents
was m;)re rapid in the field condition as compared to that in the laboratory condition. Total
sugars, amino acids and hemicellulose decomposed faster than cellulose and lignin. The rate of
decomposition of cellulose, hemicellulose, lignin and sugars under laboratory condition were
recorded to be the highest in the mixed culture of all the test fungi and minimum in the control
sets without the fingi. However, M. hiemalis was observed to be more efficient in the
degradation of amino acids.
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INTRODUCTION

The decomposition of dead plant material is an important process responsible for the
release of nutrients from the litter. It plays a major role in the structure and dynamics of
ecosystems. It also helps in the transfer of elements and energy and in control mechanisms and
feedback processes. It is a key process in all terrestrial ecosystems because it controls nutrient
availability and hence primary production. A large amount of plant litter is added annually to
the soil through leaf fall and death of plants. Meentemeyer et. al. (1982) showed that above
ground litter production is the dominant pathway joining the living biological component to the
non-living soil of the ecosystem through organic matter decomposition. It acts as an input-output
system on the soil surfaces and determines several other functions of the ecosystem. It forms an
important nutrient pool and plays a significant role in regulating structure and function of forest
ecosystem in a variety of ways.

In forest ecosystems, litter decomposition is considered as an indispensable factor
influencing the growth and development of forest stand. This is relevant especially in nutrient
deficient coniferous forests where decomposition is slow and availability of nutrients to plants
is low (Das, 1980 ; Staaf and Berg, 19{2). The slow rate of decomposition can result. in the
accumulation of amount of locked up nutrients on the soil surface thus limiting the nutrient
supply for primary producers (Florence, 1965 ; Lamb, 1971).

The rate of litter decomposition is influenced by a number of factors, including moisture,
temperature (Donelly ef. al., 1990 ; Berg et. al., 1993), substrate quality, particularly the
chemical composition of the decomposing material (Waksman and Tenney, 1927 ; Singh and
Gupta, 1977). The process is also influenced by lignin content (Meentemeyer , 1978 ;

Melillo et. al., 1982), nutrient status of the soil (Verhoeven and Toth, 1995) and the nature of



the microorganisms and soil fauna active in the decomposition process (Singh and Gupta,
1977).

The role of microorganisms in the decomposition of plant materials is of immense
importance. As the plant materials fall on the ground, they are attacked immediately by various
groups of soil microorganisms and soon after, the process of decomposition is initiated. The
microbes are primarily responsible for the release of various nutrients locked up in the plant
tissug which in turn are used by other organisms. Fungi, being heterotrophic in their mode of
nutrition along with bacteria are responsible for the decay process and thereby in the release of
locked up nutrients from the dead materials of plants and animals. In the process of
decomposition, fungi by the peculiarities of their physical organizations are especially effective
in attacking hard and woody parts. The majority of the litter consists of structural components of
plants such as cellulose, hemicellulose and lignin, all of which are broken down relatively
slowly. Cellulose, a widely distributed polysaccharide is the vast replenishable resource and is
recycled by the microbes. Cellulosic portion of the biomass can be converted to glucose by
enzymatic hydrolysis. Hemicellulose occurs in small amounts than cel.lulose, making up, for
instance, 12% of pine needles and 10-30% of wood. Besides these, lignin decomposition ‘is
difficult due to their heterogemeity. Lignin remains closely associated with cellulose and
hemicellulose (Lundquist et. al., 1980). Sometimes the lignin degradation products particularly
oxidized phenolics react with nitrogeneous compounds and limit the availability of nitrogen to |
decomposers.

Estimates of enzyme activity are often used as indices of microbial activity and soil
fertility. Dehydrogenase and urease are commonly used for this purpose. Dehydrogenase béing a
respiratory enzyme provides a measure of catabolic activity. It is believed to be linked

intracellularly with microbial respiratory process. Dehydrogenase activities are thought to



reflect the total range of oxidative activities of the S(;il microflora. Urease is another important
soil enzyme and is unique in that it greatly affects the fate and performance of an important
fertilizer (urea). It is responsible for the breakdown of urea into carbon dioxide and ammonia.
- Owing to this property it has an applied importance in the N-economy of soil.

Earthworms also have a major role in the breakdown of organic matter and release and

recycling of nutrients. They are the most obvious fauna in soils, comprising of more than fifty

percent of the biomass. They are known to ephance decomposition by mechanical breakdown

—

and stimulation of microbial activity. Their faecal material is in the form of casts which tends to
be microbially active and contains more nutrients than the surrounding soil.

Earthworms remove partially decomposed plant litter and crop residues from the
soil surface, ingest and ﬁagthent it and then transport it to the subsurface layers. The mixing and
fragmentation of forest litter by earthworms have been identified as being of fundamental
importance to renewal of spruce forest ecosystems in the French Alps (Bernier and Bonge,
1994). Earthworm species such as Lumbricus terrestris is responsible for a large proportion of
the overall fragmentation and incorporation of litter in many woodlands of the temperate zone,
and is primarily responsible for the formation of mulls, which are forest soils in which the
surface litter and the organic layers are mixed thoroughly with the mineral soil (Muller, 1878
and Scheu and Wolters, 1991a).

The rate of breakdown of litter by earthworms depends upon the type of litter.
Earthworms consume very large amount of litter and the amount they ingest seems to depend
more on the total quantity of suitable organic matter than on any other factors. Some workers
have calculated the amount of leaf litter of different plant species eaten by earthworms
(Needham, 1957 ; Haimi and Huhta, 1990). It has also been reported that earthworms increase

overall microbial respiration in soil thereby enhancing microbial degradation of organic matter

[



(Barley and Jennings, 1959 ; Haimi and Huhta, 1990).

Interaction between microflora and fauna also seems to play an important role in the
decomposition process (Visser, 1985). Symbiotic interactions between earthworms and
microorganisms help in breakdown and fragmentation of organic matter progressively, and
finally incorporating it into waterstable aggregates. Earthworms depend upon microorganisﬁls
as their major source of nutrients. The best experimental evidence for the importance of
microorganisms to the diet of earthworms comes from the studies of Eisenia foetida, a species
common in decaying organic matter, however, it can also live in soils with a large amount of
organic matter (Miles, 1963a). Feeding-preference studies have also shown that earthworms
prefer to feed on materials inoculated with particular groups of microorganisms (Cooke and
Luxton, 1980 ; Edwards and Fletcher, 1988). They can enhance dispersal of microorganisms by
ingesting them or by transporting the microbes that adhere to their body surface. Most of the
microorganisms transported by the earthworms are those involved in the decomposition of
organic material, but they can also consume and transport beneficial as well as harmful
microbial groups.

Since earthworms are widely distributed throughout the world, the importance of their
accurate estimation is, therefore, necessary. A number of workers have followed Wilcke’s
(1955) method in selecting a sample unit area of 50x50 sq. cm. and a depth of 40 or 50 cm.
Reports show that handsorting was much more efficient than using potassium permanganate
(Svendsen, 1955) or formalin (Bouche, 1969).

For better understanding of the effect of earthworm activity on the soil fertility and
microbe-mediated processes of soil ecosystem, knowledge on the microbial population and
their activity in the earthworm casts is a prerequisite. Considering the importance of

earthworms in the breakdown of litter and recycling of nutrients, it was thought desirable to



study their role in litter decomposition and fungal dispersal in pine forest soils at two altitudes
of Meghalaya. To achieve the objectives set in, the following aspects were undeﬁaken:
1. Estimation of physico-chemical properties of soil and the casts.
2. Estimation of fungal population of soil, casts, earthworm gut and litter (undecomposed and
partially decomposed)
3. Enzymatic assay of soil and earthworm casts.
4. Estimation of earthworm population and identification of earthwormns.
5. Role of earthworms in litter decomposition.
6 (2). Role of earthworms in fiungal dispersal.
(b). Feeding habit of earthworms in relation to certain fungi.
7 (1). Efficacy of soil fungi in litter decomposition.
(a) Field condition.
(b) Laboratory condition.

(ii). Chemical analysis of the decomposing pine litters.



REVIEW OF LITERATURE

Physico-chemical properties of soil and earthworm casts

Physico-chemical properties viz. temperature, moisture, pH and nutrient contents of soil
regulate the population and activity of microorganisms. Soil organic matter is a major pool of
carbon and nutrients, and regulates to a large extent the physical, chemical and biological
properties of the soil. Soil organic matter dynamics and the inferaction between plants,
microbes and physico-chemicai processes influence nutrient and water availability to the plants.
Nitrogen is the most limiting nufrient in many plant communities (Vitousek ef. al., 1982;
Vitousek and Howarth, 1991). Phosphorus is another essential element of all living organisms.
Wormcasts are known to have more favourable physico-chemical properties for crop growth
than the parent soil (Lal and Akinremi, 1983; Mulongoy and Bedoret, 1989).

Mishra and Singh (1973) studied the leaching of applied nitrogen in the soils. They
reported that the ammonium ions from N-fertilizers are retained in 0-4 cm depth, whereas only
very little ammonium ions were able to move down to the bottom of the soil.

| Yadav and Badolka (1973) found that soils of deodar forests of Uttar Pradesh have a
high water holding capacity and cation exchange capacity. They also noted that the soils were
deficient in phosphorus.

Aldag and Graff (1975) kept the earthworma Lumbricus terrestris in pots and reported
that the content of available nitrogen in their casts was 40% greater than in the surrounding soil.

Sharpley and Syers (1976) observed that the rate of release of inorganic and organic
phosphorus in the earthworm casts was about four times faster than that in the surface soil
during 3 days of sequential extraction.

Fardean (1981) showed that exchangeable and water extractable inorganic P in casts of



Pontoscolex corethrurus was more abundant than in non-ingested control soils.

Waring and Schlesinger (1985) suggested that soil inorganic N is a small but dynamic
pool that plays a central role in the control of production in N-limited forest ecosystems.

Lee (1985) reported that casts had higher quantities of carbon, phosphorus (5-10 times
more) than the surrounding soil.

Shaw and Pawluk (1986a,b) reported a greater amount of clay- associated carbon in
earthworm casts than in the surrounding soil.

Mulongoy and Bedoret (1989) noted higher pH values, organic carbon and total nitrogen
in the casts as compared to the surrounding soil. They observed significant correlations between
properties of the casts and of the corresponding soil for various chemical and biological
parameters.

Tiwari ef. al. (1989) observed a seasonal variation in the concentration of inorganic
phosphorus in earthworm casts with highest levels relative to the surrounding soil occurring in
the middle of July- August.

Rastin ef. al. (1990) investigated a number of biblogical and biochemical factors in
different horizons from the upper and lower slopes of a spruce forest. They reported that NH,-
and NO3- N concentrations in the soil solution showed significant correlations with most of the
biological and biochemical soil factors investigated.

Scheu (1991) reported that secretion of mucus in casts and from the body wall
accounted for 63% of total carbon losses from a geophagus earthworm, Octolasion lacteum.

Lavelle et. al. (1992) observed that levels of inorganic N were often quite high in fresh
casts.

Lopez-Hermandez et. al. (1993) reported that the contents of water soluble and

exchangeable phosphorus were much greater in earthworm casts than in the surrounding tropical



soil.

Godde et. al. (1996) reported that sieving had increased the production of dissolved
organic carbon from organic material collected under red spruce stands. .

Schrader and Zhang (1997) reported that the organic carbon content of the earthworm
casts was higher than the parent soil. They also reported that the organic C content in tﬁe casts
of Lumbricus terrestris was more than that of Aporrectodea caliginosa.

Smith ef. al. (1998) reported that the release of inorganic and organic forms of N and P
were gimilar for forest floor and mineral soil samples collected from 3 disturbed black spruce
forests. They also suggested that dissolved organic N and P is an important part of N and P
cycling in boreal systems.

Fungal population of seil, casts, earthworm gut and litter

The microbial population and their activities may be regulated by the soil physico-
chemical characters (Mishra, 1966; Tiwari ef. al., 1987). Due to their inseparable
relationships, these parameters were widely investigated by various workers (Waksman, 1927,
Thakur and Morris, 1928; Warcup, 1950).

Soil and casts

Waksman (1927) considered organic matter, soil pH, moisture, temperature aeration and
nature of the crop grown to be responsible for the distribution and abundance of microbes in
soil.

Saksena (1955) suggested that high moisture content of soil was favourable for the
growth of fungi as long as there was no water logging.

Schultz and Felber (1956) reported increase in microbial population in earthworm casts

compared with the surrounding soil.
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Ghilarov (1963) reported that increase in the number of microorganisms in the
earthworm gut and casts was twice than that observed in the surrounding soil.

Went (1963) reported little or no difference between microfloral population of
earthworm casts and soil.

Mishra (1966) suggested that factors like organic matter, pH, moisture content, aeration,
temperature, season and the state of litter decomposition governed the distribution of microbes
in the soil.

Mishra and Kananjia (1972) analysed the ecological aspects of soil fungi in relation to
climatic condition, vegetation and soil physico-chemical characteristics and they found that
organic matter, pH, soil depth and season played a critical role in the distribution of mycoflora.

Dash et. al. (1979) reported that earthworm casts contained higher number of micro-
organisms than the surrounding soil.

Dkhar and Mishra (1987 &1992) observed that the microbial population was higher in
the soils of permanent agriculture as compared to that of ‘slash and burn’ type of shifting
agriculture. They further reported that the soil of the valley land harboured maximum microbial
populations followed by the terrace land agriculture and minimum in‘the soil of jhum land
agriculture. |

Tiwari et. al. (1987, 1989 & 1991) reported that soil moisture significantly alters the
microbial population, its activity and relationships between parameters. They reported that
earthworm casts contained higher microbial population as compared to the soil of pineapple
plantations and also observed positive correlation between microfungal population and organic
C', available P and exchangeable K in pineapple orchard soil.

Mulongoy and Bedoret (1989) reported higher microbial counts in the casts than in the

surrounding soil.
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Behera et. al. (1991) while conducting an ecological investigation of some microfungi
in a tropical forest soil of Orissa could isolate 36 fungal species and one sterile mycelia from
the soil. They observed seasonal variations of fungal population to be more pronounced in
upper soil layers. They also observed positive correlation between fungal population, soil
moisture and organic matter content.

Altemuller and Joschko (1992) by using flourescent staining technique for thin
microscopy observed that earthworm casts had higher microbial population as compared to the
surrounding soil.

Tiwari and Mishra (1993) sampled earthworm casts and adjacent soil at 30 different
gites in India and observed that the casts usually contained larger fungal population and a
greater number of fingal species than the surrounding soil.

Shukla and Mishra (1996 &1997) reported that the fungal and bacterial populations
dropped significantly following application of fungicides in potato field soil. They further
reported that application of herbicides generally inhibited fungal populations.

Schmidt et. al. (1997) reported higher numbers of Pseudomonas corrugata in fresh
casts of the earthworm species Aporrectodea caliginosa, A longa, Lumbricus rubellus and L.
terrestris.

Berg et. al. (1998) investigated the abundance and micro stratification of bacteria and
ﬁngi inhabiting the organic layers of a Scots pine forest. They suggested that the abundance of
bacteria was influenced by water and that of fungi by water and temperature.

Tiwari and Sharma (1998) reported that the fungal and bacterial populations in highland
goils increased with increase in altitude upto 1100 m, but thereafter, the populations declined
sharply. They also observed positive correlation between fungal and bacterial populations with

organic matter content of the soil.
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Gut contents

Bassalik (1913) isolated more than 50 species of bacteria from the alimentary caﬁal of
Lumbricus terrestris and found none that differed from those in the soil from which the worms
had been taken.

Stockli (1928) reported that there was an increase in the total number of bacteria and
actinomycetes occurring in the earthworm gut as compared with those in the surrounding soil.

Dawson (1947) reported that the number of speéie of bacteria in soil that had passed
through the gut of an earthworm decreased whereas those of fingi remained unaﬁ‘ected

Parle (1959 &1963a) showed that number of microorganisms increased exponentially
from the anterior to the posterior portions of the earthworm gut.

Dash et. al. (1979) isolated 19 species of microfungi from the soil, 16 species from the
anterior portion of the earthworm’s gut and 8 species from the posterior portion of the gut.

Tiwari ef. al. (1990) could isolate a total of 17 species of microfiungi from the gut and
casts, out of which 16 occurred in the anterior region, 12 in the middle region and 10 in the
posterior region of the gut. They suggested that there existed a gradient with regard to the
digestive capability of different regions of the gut of earthworms for utilization of microfungi as
food.

Dkhar and Mishra (1991) observed that the fungal population was maximum in the
foregut and minimum towards the hindgut of the earthworm Amynthas diffringens.

Kristufek et. al. (1992) reported that the number of fungi increased during passage
through the gut of Zumbricus rubellus.

Moody et. al. (1996) studied the fate of fungal spores associated with the wheat.straw
decomposition on passage through the guts of two earthworms L. terrestris and Aporrectodea

longa. They found that the effect of passage through the earthworm gut on the viability of spores
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of saprophytic fungi was found to vary depending upon the fungal and earthworm species. They
also found that Fusarium lateritium, Agrocybe temulenta, Trichoderma sp., Mucor hiemalis
and Chaetomium globosum failed to germinate. They further reported that germination of
Trichoderma sp. and Mucor hiemalis was significantly reduced in the case of L. ferrestris
whereas the reverse was observed in the case of A lornga in which there was a significant
increase in the spore germination after gut transit.

Ranee and Dkhar (1998) observed that the ﬁmgal population in the gut of the earthworm
was of the order : hindgut > foregut > midgut. They also observed that there was a gradual
decrease in the number of fimgal species from soil to hindgut.

Litter

Sharma and Dwivedi (1972) examined the fingal succession on decaying grass and
observed differences in the total number of fimgi at different time intervals on the different plant
parts like the stem, sheath and the blade. They attributed this variation to the various factors like
the moisture content of the substrate, temperature, humidity and the competition between the
colonizers. |

Eicker (1973) studied the microflora of Eucalyptus maculata and observed a total of 45
species representing 22 genera from various litter horizons.

Black and Dix (1977) studied the pattern of colonization of soil fingi on the Scots pine.
They observed a difference in the colonizing ability from species to species. Furthermore, they
reported that Trichoderma sp., Penicillium sp. and members of mucorales were the surface
colonizers and that their colonizing ability was dependent on the internal tissues of the litter.

Das (1980) studied the fungal succession and microbial population of litter Pinus kesiya
of different plantations and found that Trichoderma viride and Penicillium chrysogenum were

the dominant mycoflora during decomposition.
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Mishra and Dickinson (1981) jobtained a marked seasonal variation in the mycoflora
from the litter of Ilex aquijolia.

Kuter (1986) isolated different fungal species from both the green and senescent
decomposing maple leaves and also observed a quantitative variation in the fungal population.

Mittal and Wang (1987) isolated 13 fungal species from seeds and cone scales of Pinus
sylvestris and 17 species ﬁ'om Picea glauca.

Tiwari (1988) studied the fungal and bacterial populations of pineapple litter of
different plantations. He recorded a low bacterial and fingal count in the beginning that
increased as decomposition continued but later declined towards the final stage. He isolated a
total of 19 fungal species from decomposing leaf and root litters.

Kshattriya (1990) reported minimum microbial population in the litter during winter
months.

Shukla et. al. (1990) found highest microbial population in the leaf litter of potato
followed by stem and the root litters.

Soil Enzymes

Studies of enzyme activities in soil are important as they indicate the potential of the soil
to support biochemical processes which are essential for the maintainance of soil fertility
(Dkhar and Mishra, 1983). Enzyme activities in soil catalyze various reactions necessary for
decomposition of organic matter, cycling of nutrients, formation of organic matter and soil
structure (Dick, 1994). |
Dehydrogenase

Determination of dehydrogenase activity in soils is based on the use of soluble
tetrazolium salts as artificial electron acceptors, which are reduced to red coloured formazans,

extracted and then determined colorimetrically (Trevors, 1984; Von Mersi and Schinner, 1991).
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Lenhard (1956) was the first to apply the method for the estimation of dehydrogenase
activity in the soils, using anaerobic conditions and triphenyltetrazolium chloride (TTC).

Ross (1971) considered dehydrogenases to play an essential role in the initial stages of
the oxidation of soil organic matter by transferring hydrogen and electrons from substrates to
acceptors.

Skujing (1976) studied the seasonal variation in enzyme activity. He recorded that once
the enzyme is stabilized in the soil, it develops resistance to humidity, temperature and other
environmental changes;

Das and Mishra (1986) estimated dehydrogenase activity and CO, evolution from pine
forest soil. They did not find any correlation between dehydrogenase activity and microbial
population and suggested that these two parameters are governed by different environmental
factors.

Dkhar and Mishra (1986) observed that the dehydrogenase activity of soil was
positively correlated with moisture content and the bacterial population.

Tiwari et. al. (1987ab) studied the influence of moisture regime on dehydrogenase
activity and reported that moisture plays a significant role in soils. They further reported
maximum dehydrogenase activity in the summer season and also suggested that soil temperature,
moisture and organic carbon were the most important factors regulating the dehydrogenase
activity.

Von Mersi and Schinner (1991) found that dehydrogenase activity closely coxrelaies
with respiratory activity in soils.

Jha et. al. (1992) observed positive correlation between dehydrogenase activity and

fungal population in forest stands at two altitudes.



activity and also pointed out that they should be interpreted with care.

Shukla and Mishra (1997&1998) reported that dehydrogenase activity tend to decrease
after application with the herbicides thiobencarb and fluchloralin. However, they observed no
marked variation in the dehydrogenase activity in the sets treated with 24-
dichlorophenoxyacetic acid. They further reported a sharp decline in the dehydrogenase activity
in the soil applied with P and K after 4 weeks of incubation.

Brzezinska et. al. (1998) suggested that soil water content and temperature influence the
dehydrogenase activity indirectly by affecting the soil-reduction status. They also observed that
soil dehydrogenase activity was highly correlated with redox potential and with oxygen
diffusion.

Tiwari and Sharma (1998) showed that the organic matter content of the soil is an
important factor that regulates enzyme and microbial activities in the Eastern Himalayan
highland soils.

Camina et. al. (1998) while studying the dehydrogenase activity in acid soils rich in
organic matter showed that Iodonitrotetrazolium formazan (INTF) was adsorbed by the soils
with an intensity that closely relates with soil carbon content. They also suggested that a mixture
of 1:1 Dimethyl-fonnamide-ethanbl (DMF- ethanol) was more effective than methanol in
extracting INTF, thereby improving estimates of dehydrogenase activity.

Urease

The presence of urea in large amounts in the soil allows its use as a nitrogen fertilizer
worlwide. A few studies regarding relationships between urease activity and other soil
properties have indicated that urease activity t.ends to increase with increase in organic matter

content and that sandy or calcareous soils tend to have a lower urease activity than heavy-
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textured or non-calcareous soils (McGarity and Myers, 1967, Skujins, 1967, Skujins and
McLaren, 1967, Myers and McGarity, 1968). Urease hydrolyses urea, yielding ammonia and
carbonate (Andrews ez. al., 1989).

McGarity and Myers (1967) found that urease activity in 100 Australian surface soils
was highly correlated with organic carbon and weakly correlated with pH.

Myexs - and l\JIe(:«v‘dg(l%S) also observed a highly significant relationship between
urease activity and organic carbon in profile samples of five great soil groups, but did not
detect a significant correlation between urease activity and pH.

Gould et. al. (1973) observed a significant relationship between urease activity and
organic carbon in soil samples of an Alberta soil, but Pancholy and Rice (1973) foﬁnd no such
relationship in nine Oklahama soils. They concluded that the level of urease activity in these
goils was determined by the type of vegetation.

Zantua et. al. (1977) reported that urease activity was significantly correlated with
organic carbon, total nitrogen and cation-exchange capacity but was not correlated with pH, silt
and CaCO; equivalent.

Dash et. al. (1981) observed that total N and organic carbon was positively correlated
with urease activity. Furthermore, they reported that high temperature also affects the activity in
tropical soils.

Nor (1982) studied the urease activity in several Malaysian soils and indicated that the
soils have varying capacity to hydrolyse urea. He also 'observed positive correlation between
urease activity and soil pH, but did not observed any significant relationship with neither
organic carbon nor cation exchange capacity. |

O’Toole et. al. (1985) suggested that urease activity was affected by temperature, soil

factors, such as moisture content, pH, organic matter and number of microorganisms.
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Tiwari et. al. (1987b) noted higﬁer urease activity during April in the surface soil which
was atfributable to higher organic carbon, bacterial population, temperature and favourable
moisture content.

Douglas and Hendrickson (1989) reported that because of the greater stability and
resistance to degradation, thiophosphoric triamide provides longer sustained activity against
goil urease.

Joshi et. al. (1991) reported that soil with higher microbial population harboured higher
urease activity.

Pagliai and?lslobili (1993) showed that urease activity was positively correlated with
soil porosity.

Rao et. al. (1995) observed higher urease activity during rainy season than in winter in
subtropical pine forest soils collected from different age group stands.

Shukla and Mishra (1997 & 1998) reported that urease does not mediate the degradation
pathway of herbicides but rather remained unaffected by the herbicides. They further did not
observed any significant difference in the urease activity of fertilizer-treated potato field soils
and the control.

Earthworm population

Many efforts have been made in recent decades to find an optimal method to determine
earthworm population in soils. The use of an electrical method for the determination of
earthworm population from the soil was suggested by various workers (Doeksen, 1950;
Satchell, 1955d; Edwards and Lofty, 1975; Rushton and Luff, 1984). Generally handsorting and
formalin extraction seem to be the most suitable methods for the determination of earthworm
populations ip the field (Nordstrom and Rundgren, 1972; Walther and Snider, 1984; Lee, 1985,

Mukherji and Singh, 1986; Dunger and Fied er, 1989). Handsorting and subsequent washing and
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geiving can also improve the efficiency of separating earthworms from soil (Lavelle,
1978;Walther and Snider,1984; Judas, 1988). Chloroacetophenone and mustard solutions have
also been suggested for the estimation of Lumbricus terrestris and other earthworms as well
(Daniel et. al. ,1992; Guan, 1992).

Evans and Guild (1947¢) suggested that earthworm activity was mostly affected by
temperature and moisture.

Gates (1961) observed that earthworm activity in the tropics waé limited to certain
geasons only.

Gerard (1967) reported that in pasture soil in England, Aporrectodea chlorotica, A
caliginosa and A rosea usually occurred within 10 cm of the soil surface. However, when the
soil temperature fell below 5°C or when the .soil became dry, individuals of these species move
to deeper soil.

Edwards and Lofty (1977) suggested that earthworm population dynamics are relatively
complex and that they depend principally on the availability of soil moisture and temperature
for development and activity.

Lee (1985) suggested that the availability of organic matter was probably the most
important ﬁctor determining the size of earthworm populations.

Reddy (1987) observed that earthworms were found in the upper (0-10cm) layer of the
soil during the rainy season but penetrated downwards into the deeper soil as winter
approached.

Mishra and Ramakrishnan (1988) reported a monthly fluctuation in the population of
earthworms and attributed this fluctuation to be related to soil temperature, moisture and

litterfall pattern.
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Bhadauria and Ramakrishnan (1989) reported that earthworm population declined
significantly after slashing and burming. They also suggested that population gize was
significantly correlated with soil moisture, temperature and organic matter.

Clare et. al. (1992) while determining the effect of liming in earthworm éopulations of
two European forests found that liming increased the earthworm density. They further concluded
that earthworms have a beneficial effect in limed coniferous soils by increasing nutrient
turnover.

Baker et. al. (1993a,b) found that the populations of Aporrectodea caliginosa and
Octolasion cyaneum in pasture soil increased from May to July and decreased from July to
October. They further determined the abundance of Aporrectodea rosea, A trapezoides,
Mfc'roscolex dubius and M. phosphoreus in lucerne and cereal fields in Australia and recorded
highest numbers of earthworms occurring during winter and spring,

Reddy and Pasha (1993) reported that earthworms migrated to deeper layers during
winter énd summer. They suggested that their seasonal population structure was significantly
influenced by the seasonal patterns in rainfall, soil temperature, pH electical conductivity,
phosphorus, organic carbon, nitrogen and potassium. They further suggested that the physical
factors of the soil were collectively more effective in causing the seasonal variation in their
population size than the chemical facfors.

Kanshal and Bisht (1994) while studying the population of the earthworms in Kumaon
Himalayan pasture soil found that of the total 13310 individuals collected 99% were those of
Amynthas alexandri. The other species found were Amynthas diffringens and Eisenia
Joetida. They also found that the maximum density and bioinass were recorded during the wet

8eason.



20

Cothrel et. al. (1997) reported that insitu recycling of leaf litter can increase earthworm
populations in urban soil.
Decomposition by earthworms

Earthworms have a major role in the breakdown of organic matter and the release and
recycling of nutrients. They remove the partially decomposed plant litter and crop residues from
the soil surface, ingest it, fragment it and transport it to the subsurface layer.

Edwards and Heath (1963) who placed disks, cut from freshly fallen oak and beech
leaves in nylon bags of four different mesh sizes observed that after one year 92% of the total
oak leaf material and 70% of the beech litter had been removed by earthworms. They observed
that earthworms ate not only the softer parts of the leaves but also the veins and the ribs.

Madge (1966) reported that in tropical forests of Nigeria the litterfall was three to four
times greater than in the temperate forests and earthworms were the most important animals
causing its fragmentation and incorporation.

Vimmerstedt and Finney (1973) reported large increases in deciduous litter
disappearance on mine spoils following the introduction of L. terrestris.

Brattsfen (1979) showed that Quercus ilex litter was unpalatable for L. terrestris and
attributed this unpalatability to the relative toxicity of aromatic polyphenols in this litter.

Anderson ef. al. (1983) measured nitrogen mineralization in forest soil incubated with
osk litter and with or without the earthworm Lumbricus rubellus. They observed that L.
rubellus increased the mobilization of nitrate nitrogen by 10 times and that of ammonium
nitrogen by 80 times relative to soil without earthworms.

Ferriere and Bouche (1985) reported that the entire carbon content of the earthworm
could ﬁxmover in 40 days and also suggested that a considerable portion of this tunover was

due to mucus secretion.
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MacKay and Kladivko (1985) reported that after 36 days, pots with no earthworms had
retained 60% of the soybean residues and 85% of the maize residues, whereas, pots with
earthworms had only 34% of the original soybean residues and 52% of the original maize
residues.

Cortez et. al. (1989) reported relatively large increase in decomposition of plant litter
on the soil by addition of earthworms.

Haimi and Huhta (1990) showed that L. rubellus increased the mass loss of coniferous
forest humus by a factor of 1.4 in a 48 week laboratory incubation. They also observed that
earthworm respiration accounted for 21-32% of the increase in CO; evolution. They further
reported that the earthworm species L. rubellus and Dendrobaena octaedra significantly raised
the pH of the leaching waters and humus and observed that both- the worms increased N-
mineralization but influenced the level of PO4>- P only slightly.

Haimi and Boucelham (1991) in a laboratory study reported that L. rubellus had a
positive effect on CO, evolution during the period when the worms were present .

Robinson et. al. (1992) reported that Aporrectodea caligirosa were shown to increase
nitrogen in leachates from field lysimeters in limed peat soil. They estimated a total of 60 kg
nitrogen/ ha/ yr was collected from leachates with earthworms whereas, only 36 kg nitrogen/
ha/ yr was collected from leaclgates without earthworms.

Ruz-Jerez et. al. (1992) reported that mineral nitrogen concentrations were about 50%
greater in soils with earthworms than in soils without earthworms. They also observed that
earthworms increased CO; evolution after the addition of clover and grass by 1.35 and 1.25
fold respectively.

Haimi and Einbork (1992) reported that the earthworm Aporrectodea caligirzos&

tuberculata had mixed the organic matter into the mineral layer of the soil. They also observed


http://evolution.Th.ey

22

that pH values and N concentrations in the leaching water showed no consistent differences
between soil with and without earthworms. They further reported that the worm increased the
CO; production of the soil.

Scheu (1993a,b) reported that earthworms increased the mineralization of '*C- labelled
lignin in limestone soils. He reported that during 253 days of laboratory incubations,
Octolasion lacteum increased the mineralization of labelled lignin for the first 10 weeks, but
decreased later.

Bohlen and Edwards (1995) reported that earthworms increased soil respiration rates
during the first 15 days of incubation by 1.24 to 2.42 fold.

Wessells ef. al. (1997) reported that earthworms had significant effects on soil
respiration but their effects varied seasonally and were influenced by environmental conditions.

Cortez and Bouché (1998) reported that anecic earthworms make litters more palatable
by a particular type of behaviour. They reported that during the first stage of decomposition the
litters were ploughed in by eartthorm casts involving both an increase of microbial activity
and preliminary microbial litter decomposition.

Role of earthworms in dispersal

Earthworms can enhance the dispersal of microorganisms by ingesting them at one
location from a particular food source and egesting them elsewhere or by transporting microbes
that adhere to their body surface.

Baweja (1939) suggested that earthworms dispersed the pathogenic fungus Pythium.

Khambata and Bhatt (1957) suggested that earthworms dispersed spores of harmful

fungus Fusarium.
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Hutchinson and Kamel (1956) inoculated sterilized soil with several species of fungi
and reported that the rate of spread of the fungi through the soil was much greater when worms
were present than when they were absent.

Hoffinan and Purdy (1964) reported that teleospores produced by Telletia controversa,
a pathogen causing dwarf bunt could pass through the earthworm gut without harm.

Rao (1979) reported that the earthworm Megascolex insignis fed on decaying roots of
Carica papaya and spread viable spores.

Madsen and Alexander (1982) reported that L. rubellus enhanced the translocation of
rhizobium bacterium Bradyrhizobium japonicum to greater soil depths.

Huss (1989) fed L. terrestris with separate suspension of spores and myxamoebae of
Dictyostelium mucoroides and found that the spores survived passage through the gut. He,
therefore, concluded that earthworms may play an important role in the short- range dispersal of
slime mould propagules.

Gange (1993) reported that earthworms had a significant impact on the distribution of
VAM propagules in early (1 and 3 year) and later (5,8 and 11 year) successional plant
communities.

Doube et. al. (1994c) showed that earthworms A trapezoides and A rosea, common
gpecies found in cereal soils of southern Australia could disperse Pseudomonas corrugata
strain 2140R which was used as a biocontrol agent for the take all disease of wheat.

Stephens et. al. (1994a,b) reported that A. trapezoides enhanced the rates of dispersal of
Rhizoctonia meliloti as well as the levels of root nodulation in infected alfalfa plants. They
further showed that the earthworm A {rapazoides dispersed the bacteriun Pseudomonas
corrugata 2140R strain through the soil thereby resulting in bacterial colonization of the roots

of wheat seedlings.
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Toyota and Kimura (1994) found that the earthworm Pheretima sp. dispersed the soil
borne plant pathogen Fusarium oxysporum in the top soil but decreased the total propagules of
this pathogen.

Brown (1995) suggested that by feeding, burrowing and casting activity earthworms
influenced the dispersal of microorganisms throughout the soil.

Feeding habit of earthworms |

Microorganisms constitute an important component of earthworm diet. Reports suggest
that fungal tissues are digested as the principle source of nourishment (Morgan, 1988).
Suggestions that preferential consumption of fingal species by earthworms in field studies have
also been. made by several authors (Dash et al., 1986; Striganova et. al., 1989) after
examinations of the contents of the alimentary tracts of earthworms and comparison with the
surrounding soil.

Miles (1963a) introduced Eisinia fetida into soils inoculated with fungi and bacteria
and showed that the worms were unable to reach sexual maturity unless protozoans were added
to the cultures.

Wright (1972) reported that when Lumbricus terrestris was allowed to feed on disks of
apple leaves inoculated with Pseudomonas aeruginosa, they consumed about 35% more than
when offered with uninoculated leaf disk.

Atlavinyte and Pociene (1973) found that earthworms grew best in soil with green and
blue green algae, while Piearce (1978) found that fungi and algae were a significant component
of the food of 6 lumbricid species.

Neuhauser et. al. (1980) reported that E. fetida increased in weight in presence of

bacteria, protozoa and fungi.
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Cooke and Luxton (1980) and Cooke (1983) showed that L. terrestris preferred to feed
on paper disks that were inoculated with patticular species of fungi such as Fusarium
oxysporum, Alternaria solani and Trichoderma viride and rejected the disks inoculated with
other species such as Cladosporium cladosporioides, Poronia piliformis and Chaetomia
globosum.

Flack and Hartenstein (1984) showed that earthworms grew well with many species of
protozoa and bacteria, although growth rates were 20% greater in the presence of bacteria
alone.

Hand and Hays (1988) provided 18 individual species of bacteria and 22 different
species of fungi to E. fetida and observed that earthworm growth was improved in the presence
of some but remained unaffected by others.

Edwards and Fletcher (1988) suggested that bacteria were of minor importance in the
diet, algae of moderate importance while protozoa and fimgi were the major source of nutrients.

Moody et. al. (1995 & 1996) suggested that selective grazing by earthworms on some
fungal species may reduce their competitive ability and allow slow growing fungal species to
gain competitive advantage. They further studied the feeding preference of three species of
earthworms (L. terrestris, Aporrectodea longa and Allolobophara chlorotica) on a choice of
mixtures of soil and small wheat straw fragments inoculated with 6 fingal species and found
that all the earthworm species showed preferences between the six fingal species offerred .
Microbial decomposition of litter

Decomposition of plant material is an important factor in forest ecosystems because of
its critical role in the cycling of essential plant materials particularly N (Hendersen et. al.,
1978 ; Van Cleve and Oliver, 1982). Rates of decomposition and nutrient cycling are

determined by the rates of input of dead plant tissues, resource quality, abiotic factors and the
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soil microorganisms (Singh and Gupta, 1977 ; Swift et. al., 1979). Decomposition results in the
release of substrate for the growth of other organisms and in the establishment of food webs.

Mikola (1955) and Minderman (1968) suggested that chemical composition of the
decomposing materials has been considered a critical factor in determining the extent and rate
of decay.

Cromack and Monk (1975) have shown that lignin concentration of the substrate is an
excellent index to use to predict the rate of disappearance and weight loss by forest litter
samples.

Antheunisse (1979) has made an investigation on the decomposition of coco fibres in
goil. He used the unaffected and partly decayed fibres for his investigation. He found that
around the partly decayed fibres nearly always fungi developed.

Nagy and Macanley (1982) described a method to determine the effect of relative
humidity and substrate moisture content on the rates of decomposition lof Eucalyptus leaf
litter. Their results suggested that dry weight loss of the litter can occur at relative humidity and
moisture content values of approximately 32% and 5% respectively.

Herlitzius (1983) used weight loss as a variable to monitor the decomposition of hazel
leaves in different temperate forest, aliuvial, beéch and spruce. He concluded that the duration
of exposure was important in the decomposition of hazel litter in both alluvial and beech
forests. For the weight loss in the spruce forest, he concluded that the date of incubation was
important than the duration of exposure.

. DeCantazaro and Kimmins (1985) while studying the changes in weight and nutrient
composition of litter fall in three forest ecosystém types found that confined broadleaf foliage
decomposed faster at about the same rates on all sites, but unconfined samples decomposed

significantly faster on the lower hygric sites, probably as a result of greater fragmentation
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losses. They further reported that twig weight loss of conifers was extremely variable ranging
from 10% to 28% after 12 months.

Bockheim and Leide (1986) studied the breakdown of dry matter from a 34 year old
Pinus resinosa plantation using leaf-litter bags. They observed that after 1 year of
decomposition, 77% of the original dry matter in the leaf-litter bags remained.

Edmonds (1987) reported that conifer twigs decomposed faster than cones and
branches.

Fyles and McGill (1987) while studying the decomposition of boreal forest litters from
jack pine, white spruce, balsam fir, green alder, feather mosses and lichen observed that
relative differences in decomposition rates among litter types appeared to be reflected in forest
floor properties suggesting that plant species play different roles in the control of
decomposition-related ecosystem processes.

Jordan et.al. (1989) studied the decomposition of Typha litter in mesh bags placed in
the plots containing litter. They found that in plots with increased litter placed on the top of the
litter layer decomposed faster than litter placed on the sediment surface. They algo reported that
nutrient additions did not affect the rate of litter decomposition.

Shukla et. al. (1990) studied the decomposition of potato litter in relation to microbial
population and plant nutrients under field conditions. They found that the rate of decomposition
was dependent on the chemical composition of litter and associated microbial population. Their
study also demonstrated that the turnover of nutrients will take less than one year.

Bowen (1990) studied the decomposition of wheat straw by cultures of Fusarium
culmorum, Trichoderma viride, Chaetomium globosum, lignin degrading basidiomycetes and

Typhula sp. isolated from arable soils. He reported that the rate of straw decay may be affected



28

by the species of the cellulose and lignin decomposers and by the relative timing of their
inoculation on to the straw.

Berg and Ekbohm (1991) showed that the decomposition process in the later stages of
decay of needle and leaf litter is closely related to lignin turnover.

Alban and Pastor (1993) while studying the decomposition of aspen, spruce and pine
boles of two sites at Minnesota observed that decomposition constant (K) decreased in the
order aspen > spruce > red pine > jack pine. Although the decomposition rate was strongly
species dependent, it did not differ between the two sites. Nutrient concentration also increased
during decomposition , particularly for nitrogen and phosphorus.

Virzo De Santo .et. al. (1993) while studying the decomposition dynamics of needle
litter of Pinus pirea, P. laricio, P. sylvestris and Abies alba suggested the importance of litter
moisture as a rate regulating factor in the early stages of decomposition.

Martin et. al. (1994) while studying the leaf litter decomposition of Quercus pyrenaica
from Spain and Q. lanuginosa from France for over three years reported that leaf mass loss
amounted to 32-38%, 42-53% and 53-65% respectively after one, two or three years of
decomposition. They also showed that decomposition progressed faster at the French site as a
consequence of climatic fgctors. They also concluded that environmental factors, especially the
moisture level in Mediterranean areas play an important role in leaf decomposition. They
aftributed this direct effect on the microbial and mesofannal activity in the soil.

SantrRegina and Gallardo (1995) while studying the litter decomposition of three forest
ecosystems of oak, sweet-chestnut copice and scots pine found that higher decomposition rates
were in the chestnut leaves than in the oak leaves. Under almost identical climatic condition,
chestnut leaves decomposed faster than oak and scots pine. Litter accumulation also was

recorded to be the highest in the pine forest followed by the oak and chestnut forests.
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Berg et. al. (1996) analysed various available data from temperate and boreal
coniferous forests and observed that high N concentrations had a very significant and strong
suppressive effect on the later stages of decomposition but by contrast, high concentrations of
Mn enhanced decomposition at this stage.

Hasegawa and Takeda (1996) suggested that decomposition rates of pine needles
decreased with the field exposed time and were significantly higher in the first year than in the
rest of the experimental period.

Gunadi ef al. (1998) while studying the decomposition of coniferous litter at two layers
(L and F layers) in a pine forest plantation in two plots at two altitudes observed that after one
year the weight loss in the upper plot was 32% in the L layer and 53% in the F layer. The
weight loss in the lower plot, however, was 60% in the L layer and 42% in the F layer. They
also suggested that temperature and moisture were not responsible for these differences in
weight loss but the chemical composition of the litter seemed to be more important in
determining the decay rate of the L layer.

Couteaux ef. al. (1998) while studying the chemical changes in the decomposing scots
pine needles exposed for 22 months in litter bags reported that the concentrations of N, P,
cellulose, lignin, lignin-C and lignin-Ncontent were related to accumulated mass loss.

Chemical analysis of decomposing litters

The plant litters differ in their chemical composition depending upon the species. The
chemical composition of lifter changes as the process of decomposition proceeds. The soluble
organic and inorganic components leach out of the material within a very short span of time
which may range from a week to few months depending upon the physical structure of the
material. Macromolecules such as lignin, cellulose, hemicellulose, sugar, amino acid etc. have

been generally considered as a measure of degree of decomposition.
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Sokolov and Karpova (1965) observed that during decomposition of starch,
hemicellulose and amino acids in organic residues decomposed at a faster rate while lignin was
the last to decompose.

Suberkropp et. al. (1976) observed increments in the percentage of nitrogen and lignin.
They also found that the change in percentage of hemicellulose and cellulose concentration was
quite high and generally remained near original values.

Antheunisse (1979) reported that coco fibres had no homogeneous composition relative
to lignin and sugar percentage.

Mishra (1979) reported maximum cellulose, hemicellulose, lignin, soluble sugars and
amino acids in the roots of Pennisetum typhoides than in the roots of Triticum aestivum,
Hordeum vulgare, Paspalam scrobiculatum and Echinochloa crusgalll.

Mishra and Tiwari (1984) reported that sugars and amino acid concentration declined
very fast during the initial periods of decomposition and became stabilized in the later periods.

Agrosin et. al. (1985) reported that the water soluble phenolic compounds are produced
in large concentrations by basidiomycetes during straw decay.

Berg. - (1986) suggested that decomposition of litter may be divided into at least
two phases. In the first phase soluble substances and non-lignified carbohydrates (cellulose and
hemicelluloge) are decomposed by saprophytic fungi. In the late decomposition phase, on the
other hand, primarily lignin and lignified cellulose remained.

Summerbell and Burgess (1989) reported that the percentage of hot water- goluble
components, hemicellulose and cellulose decreased, while the proportion of lignin increased as
the wheat straw decomposed.

Bowen (1990) suggested that the rate of straw decay was affected by the species of the

cellulose and lignin decomposition and by their relative timing of inoculation onto the straw.
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Dkhar and Mishra (1992) reported that the amount of cellulose, hemicellulose and lignin
contents of the decomposing maize litters varied with different litter types. They observed
maximum amount of lignin in the root followed by the stem and minimuin. in the leaf. They also
observed significant positive correlation between percentage weight remaining and various
chemical compounds associated with different types of litter.

Entry and Backman (1995) observed that the concentration of C and N (together) in the
goil correlated with cellulose and lignin degradation. They concluded that cellulose:lignin:N
ratio may be a more accurate predictor of organic matter decomposition rates than C : N or
lignin : N ratios.

Berg et. al. (1996) reported relatively low lignin concentrations in sugar maples as
compared to scots pine needles, white pine, white oak and aspen leaves.

Cortez et. al. (1996) studied the decomposition of four Mediterranean species leaf litter
of Quercus petraea L., Q. ilex, Castanea sativa and Fagus sylvatica. They observed that all
the litters showed a reduction of lipid, hydrosoluble, hemicelluldse and cellulose content and a
relative increase of lignin content.

Couteaux ef. al. (1998) reported that at 50% mass loss of scots pine needles, 70% of the
absolute amount of cellulose decomposed where after it was observed to have approached an
asymptotic value of about 18% afterwhich it decomposed at the same rate as lignin. They also
reported that during the active initial phase of decomposition the concentration of lignin

increased firom about 24%% to about 35%.



Plate No. 1 Study site at high altitude.

Plate No. 2 Study site at low altitude.



Plate No. 1

Plate No. 2
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STUDY AREA, CLIMATE AND VEGETATION

Meghalaya also known as the “abode of clonds™ ig situated in the north eastern part of
our country. It is the 21st state of the Indian Union that was declared a full fledged state on
January 21st, 1972. Meghalaya lies between 25°1' N and 26°5' N latitude and 89°49' E and
92°52' E longitude. Its capital, Shi/long is situated at an altitude of 1496m above sea level.

The hills of Meghalaya are geologically of an older formation and are more stable than
the Himalayas. The rock formations of Meghalaya are of the earlier pre-Cambrian era -
composed of archean gneiss. The higher ridges of the state lie in the coniferous belt, gradually
sloping down to sub-tropical and tropical zones. The wet hill mixed coniferous forest stands of
Meghalaya are dominated by pine. Pinus kesiya (Royle ex-Gordon) commonly known as Khasi
pine is distributed in the sub tropics between an altitude of 800m to 2000m of North East India
It is an important conifer in the higher altitude of North East India that dominates the forest
plants of Meghalaya consisting of about 30% of the total forest cover. It has a high potential
value as producer of resin, wood and wood products.

For the present investigation, two forest stands of Pinus kesiya (Royle ex-Gordon) at
different altitudes of Meghalaya were selected. The study sites chosen were Upper Shillong at a
higher altitude and Mawlai at a lower altitude. The site at a higher altitude was situated at
1825m above sea level and lies at 25°34' N latitude and 91°56' E longitude. The other site at a
lower altitude was situated at 1400m above sea level and lies at 25°36' N latitude and 91°53' E
longitude. Both the study sites were 20 km apart from each other.

Meghalaya is directly influenced by south-west monsoon and the north east winter

winds. There is fairly evenly distributed precipitation for over six months in the year and two



Fig. 1 (a&b). Monthly variation in rainfall (histogram) and amblent temperature of twe
pine forest stands (0—0) =Max. temperature, (+—¢) =Min. temperature.
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Fig. 2 (a&b). Monthly variation in percentage relative humidity of two pine forest
stands. (0—o ) =Morning, (¢—¢) = Evening.
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places in the state, that is, Cherrapunjee and Mawsynram have been vying with each other for
the distinction of being the rainiest place on earth.

Based on the meteorological conditions the year may be broadly classified into four
seasons: spring, summer, autumn and winter. Spring season includes March and April. Spring is
characterized by high velocity of wind, less bumidity and moderate temperature. Summer or
rainy season includes May to September and maximum rainfall occurs during June to July.
Autumn season includes October and November and is the shortest season of the year. Winter
season includes December to February. This period is characterized by low temperature and
less rainfall.

The annual rainfall at high altitude ranged from 0 mm to 676 mm from March 1994 to
February 1996 (fig.1a). The annual rainfall at low altitude ranged from 1.2mm to 635.8mm
during March. 1994 to February 1996 (fig. 1b). The average maximum and minimum temperature
at high altitude“varied from 14.9°C to 23.9°C and 0.67°C to 16.9°C (fig 1a), while the average
maximum and minimum temperature at low altitude varied from 14.1°C to 24.9°C and 5.3°C to
18°C respectively during March 1994 to February 1996 (Fig. b). The percentage relative
humidity at high altitude in the morning ranged between 44.39% and 94.68%, while that in the
evening ranged between 59.9% and 91.13% (fig 2a). The percentage relative humidity at low
altitude in the morning ranged between 49% and 87%, while that in the evening ranged between
64% and 91% (fig. 2b).

Soil

The soils of the study areas have originated from the hard rocks representing gneises,

schists and granite. The texture of the soil at high altitude is sandy while that at low altitude is

sandy loam.



Vegetation

Both the forest stands are dominated by Pinus kesiya (Royle ex-Gordon). The other
species inhabiting the study site at high altitude includes Alnus nepalensis, Myrica esculenta,
Rubus ellipticus, Lantana camara, Osbekia crinata, Eupatorium adenophorum, Oxalls
corniculata, Centella asiatica, Hypocharis radicata, Plantago major, Paspalum dilatatum,
Poa annua etc. The other species inhabiting the study gite at low altitude includes E.

adenophorum, C. asiatica, L. camara, O. corniculata, H. radicata, P. major etc.
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MATERIALS AND METHODS

Collection of the samples:

Freshly fallen undecomposed, partially decomposed pine litter, surface soil (0-10 cm),
earthworms and earthworm casts were collected in sterilized polythene bags at monthly
intervals for a period of two years. The following investigations were carried out:-

1. Estimation of the physico-chemical properties of soil and the earthworm casts:
Soil temperature :

Temperature of the soil (0-10cm) was measured with the help of thermometer.
pH and moisture content :

Sg of the sample (soil and casts) separately was diluted in 25 ml distilled water and
stirred for 15 minutes with a magnetic stirrer. The pH was read in an electric digital pH meter.
For determination of moisture content, 10g of the sample (soil and casts) taken separately was
dried in a hot air oven at 105°C for 24 hours and the weight was taken. The percentage moisture

content was calculated as follows;-

% Moisture content — loss in weight (g) x 100
initial weight (g)

Three replicates were maintained for each sample.

Organic Carbon :

Walkley and Black’s (1934) rapid titration method was followed for the determination
of organic carbon of the soil and the casts. To 0.5g of sieved soil (through 0.2mm sieve) and
0.25g of sieved casts (through 0.2mm sieve) taken separately in a 500 ml conical flask, 10 ml
of K5Cr;07 (IN) and 20 ml of conc. H,SO4were added and left for 30 minutes. The mixture was
then diluted with 200 ml of distilled water and then 10 ml of Orthophosphoric acid (85%) was

added. Finally, it was titrated with ammonium ferrous sulphate (1N) using diphenyl amine as an
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indicator. The percentage organic carbon was calculated according to the formula given

below:-

% Organic carbon ~ V1-V2 y 9,003 x 100
where,v‘vll = yvolume of blank titrated.
V2 = volume of ammonium ferrous sulphate in the
sample titrated.
W = weight of the sample (g).

Total Nitrogen :

Total Nitrogen in the soil and the casts were estimated by micro-kjeldahl method (Allen,
1974). 1 g of finely ground sample (sieved through 0.2mm) was taken in a micro-kjeldahl flask
with one kjeltab. To it 6 ml of conc. H,SO4 was added slowly down the neck while the flask
was rotated. The digestion flask was heated on a digestion rack. The digestion was stopped
after the colour turned green. After digestion the flask was allowed to cool. The digested
material was diluted with distilled water and the volume was made upto 50 ml in a volumetric
flask and then filtered through whatman No. 1 filter paper. The blank digestion was also
prepared only with the mixture (without the sample). Through digestion all the organic nitrogen
converts into ammonia that was determined by distillation method.

Distillation was done in a kjeldahl distillation set with 10 ml of the sample solution and
10 ml of 40% of NaOH. The distillate was collected in a beaker containing 5 ml of boric acid
indicator{ 100g boric acid in 10 litres of distilled water + 100 ml bromocresol green (100mg in
100 ml methanol) + 70 ml of methyl red (100mg in 100 ml methanol)]. The distillation was
stopped when the pink colour of the boric acid indicator turned greenish. The distillate

collected in the beaker was titrated against N/140 N HCI. The titration was stopped when the

colour turned to pink. The nitrogen was calculated by using the following formula:-



Total N (%) = T- blank x solution volume (ml)
10 x aliquot (ml) x sample weight (g)

Available phosphorus :

For the determination of available phosphorus Anderson and Ingram’s method (1993)
was followed. 2 g each of air dried soil and the casts (through 0.2 mm sieve) were taken
geparately in 20 ml of sodium bicarbonate (0.5 M). The mixture was shaken in a mechanical
shaker and filtered through whatman No. 44 filter paper. In cases where muddy precipitation
appeared after filtering, a éinch of activated charcoal was added and then filtered again through
whatman No. 1 filter paper. Then 5 ml of the aliquot was taken in a 50 ml volumetric flask and
to it 10 ml of doubled distilled water was added. About 2 ml of ammonium molybdate solution
and 1 mi of stannous chioride were added subsequently. The volume was finally made upto 50
ml with doubled distilled water and the optical density was read at 700 nm within 30 minutes A
calibration curve from the standards was used to determine phosphorus in the aliquot.

Percentage available phosphorus was calculated as follows:

Available Phosphorus (%) = C (mg) x solution volume (ml)
10 x Aliquot (ml) x sample weight (g)

Preparation of ammonium molybdate solution:

25g of (NH4)s MO;04 4H,O was dissolved in 200 ml double distilled water in a
beaker. The mixture was warmed slightly and 280 ml of conc. H;SO,; was added slowly to
about 400 ml of double distilled water in a1 litre volumetric flask. The mixture was then mixed
thoroughly and allowed to cool.
Preparation of stannous chloride:

Stock solution: 10g of stannous chloride was added to 25 ml of conc. HCL. 1 mi of the stock

solution was taken and 330 ml of double distilled water was added to it.
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2. Isolation of fungi from seil , casts, earthworm gut and litter
Isolation of fingi from soil, casts, earthworm gut and litter (undecomposed and partially
decomposed) was done following Warcup’s (1950) method using rose bengal agar (Martin,
1950) medium. A small amount (0.01g) of soil and the casts was taken separately from both the
composite samples with the help of sterile nichrome spatula having a flattened tip and then
inoculated into plates containing approximately 10 -15 ml of rose bengal agar medium . For the
isolation of fungi from the earthworm gut, the earthworm species Drawida papillifer papillifer
Steph. which appeared to be dominant was chosen for this study. The earthworms were brought
to the laboratory and washed thoroughly with sterilized distilled water and 70% alcohol and
each worm was cut into three parts— anterior, middle and posterior using sterilized blade. The
gut content of the different regions was inoculated in sterilized Petri-dishes containing the
medium. For the isolation of fungi from the pine litter (undecomposed and partially
decomposed), the litter was first cut into 10mm wide strips using sterilized blades and then
| inoculated into plates containing the same medium. Three replicates were maintained in each
case. The plates were then incubated upside down at a temperature of 25+1°C for 5-6 days in a
BOD incubator. The number of fungal colonies was counted. The isolation was carried out in a
Laminar Flow Chamber. The pure cultures of some dominant fungi were maintained in culture
tubes containing agar slants of Czapek-Dox agar medium (Raper and Thom, 1949) and
preserved in the freeze at 4°C. The identification of fungi was done with the help of manuals of
Gilman (1965), Subramaniard (1971) Barnett and Hunter (1972), Domsch (1980) and with the
help of the International MZlogical Institute, Surrey, UK.
Composition of Media used for the isolation of Fungi:
(a) Peptone-Dextrose Rose Bengal Agar Medium (Martin, 1950)

Agar : 20.0g
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KH;PO4 : 1.0g
MgS04 : 0.5g
Peptone : 5.0g
Dextrose : 10.0g
Rose Bengal (%) :33ml
Distilled water : 1000.0 ml
Streptomycin : 30 mg

(b) Czapek-Dox Agar Medium (Raper and Thom, 1949)

Agar : 15.0g
NaNO; : 3.0g
K;HPO4 : 1.0g
MgSO4 TH;O -1 05g
KCl : 0.5g
FeSO,4 :10.0 mg
Sucrose 1 30.0g
Distilled water : 1000.0 ml

Determination of percentage relative abundance:
The percentage relative abundance of a particular species of fungi was calculated by

means of the following formula:

% Relative Abundance-Total number of colonies of the particular species y 100
Total number of colonies of all the species

pH and moisture content of pine litter :
5g of litter (undecomposed and partially decomposed) taken separately was diluted in
25 ml distilled water and stirred for 15 minutes with a magnetic stirrer. The pH was read in an

electric digital pH meter. For determination of moisture content, 10g of the litter was dried in a
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hot air oven at 60°C for 24 hours and the weight was taken. The percentage moisture content

was calculated as follows:-

% Moisture content — Loss in dry weight (g) x 100
Initial sample weight

Three replicates were maintained for each sample.
3. Estimation of Enzyme activity :
Dehydrogenase activity

Dehydrogenase activity of soil and the casts was determined by 2, 3, 5- triphenyl

RO

o R

tetrazolium chloride ‘('I"‘I*"C)‘fé-(—fﬁ(éfi“aﬁ" féé}h;ique modlﬁed i))' E;;ida L. a?(1977). To 10g of
soil and the casts taken separately in sterile stoppered test tube, 0.1g of CaCO; and 1 ml of 1.5
%\ (w/v) 2, 3, 5- triphenyl tetrazolium chloride were added. To each of these tubes, 3 ml of
distilled water was added. Three replicates were maintained in each case. The quantity of
liquid was found to be enough to saturate the sample and to form a liquid layer on the sample.
This ensures adequate anaerobiosis for TTC reduction. The content of each tube was mixed
thoroughly and then incubated at 37°C for 24h. The extraction of triphenyl tetrazolium formazan
produced was carried out with methanol. The sample from each tube was transferred to
whatman No. 1 by shaking with methanol. Similarly, a blank (without sample) was also
prepared. The optical density, the orange colour of the filtrate was determined at 485nm in a
spectrophotometer. Concentrations of the formazan in the extract were calculated by comparing
with a standard curve of triphenyl formazan (TPF) in methanol and expressed as mg Formazan
g! dry sample.
Urease Activity

Urease activity was measured by the modified McGarity and Myers’ (1967) method. To

10g each of soil and the casts, 1 ml of toluene was added and left for 15 minutes for penetration
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of toluene into the sample. 10 mi of buffer solution (pH 7.0) and 5 mi of urea (10%) were added
and incubated at 37°C for 3h. Then the volume was made upto 50 ml with distilled water,
shaken and filtered through whatman No. 1. The filtrate varied from colourless to brown
depending on the amount of organic matter present in the sample.

Ammonia released as a result of urease activity was determined by indophenol blue
method. 1 ml of the filtrate was placed in a 50 ml volumetric flask and made upto 10 ml with
distilled water. 5 ml of freshly prepared phenolate solution and 3 ml of sodium hypochlorite
solution were added. The mixture was thoroughly mixed and after 20 minutes the volume was
made upto 50 ml by adding distilled water. Optical density was fead at 630nm in a
spectrophotometer. Three replicates were maintained in each case. The amount of ammonia-N
formed was calculated by reference to a calibration curve and expressed as mg per NH4-N g’
dry sample.

Preparation of phenolate solution :

20 mi of phenol solution + 20 ml of caustic soda solution were diluted to 100 ml with
distilled water.
Phenol solution :

62.5g of phenol was dissolved in minimum volume of methanol denatured alcohol, 18.5
ml of acetone was added and this mixture was made upto 100 ml with ethyl alcohol.

Caustic soda solution

27g of sodium hydroxide was dissolved in 100 ml of distilled water. Both the solutions
were kept in a freeze.

4. Estimation of earthworm population and identification of earthworms
Wilcke’s (1955) method of handsorting was adopted for the estimation of earthworm

population from the two study sites for a period of one year. A quadrat of 50x50 sq. cm. and
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a depth of 30 cm was taken and the number of earthworms present was counted and noted
down. Five replicates were maintained in each case.For the identification of the earthworms
in both the study sites, the earthworms were collected in the every sampling period from the
beginning of the present investigation and were then sent to Dr. JM. Julka in Solan,
Himachal Pradesh for identification.

S. Role of earthworms in litter decomposition :

For determining the role of earthworms in litter decomposition under laboratory
condition the method adopted by Haimi and Huhta (1990) was followed. The experiment was
conducted in sixteen plastic containers for four months and the environment similar to the
coniferous forest floor was created in these containers by including mineral soil, humus and
litter horizons. Since Drawida papillifer papillifer appeared to be the dominant species,
therefore, this particular species has been selected for this study.

2 kg of air dried, sieyed and sterilized mineral soil (about 3 cm layer) was spread on
the bottom of each container (29 cm x 23 c¢m diameter) covered with a nylon net (3mm mesh )
and watered with 450 ml of distilled water. Then 300g of humus (sieved and sterilized) was
added and covered with a similar net. Finally 10g of freshly fallen pine litter (oven dried) was
spread on the upper net. Ten adult specimens of Drawida papillifer papillifer were introduced
into eight of the containers. The vessels were then incubated and sampling was done after every
30 days interval. The vessels were irrigated with 450 ml after every 30 days interval and the
water that leached oth through the soil profile was used for determining pH and nutrient contents
(total nitrogen and PO4 >~ P). Total nitrogen from the leachates was estimated by Sulphuric
acid- hydrogen peroxide procedure (Allen, 1974).The water sample was first reduced to small
volume (20 ml) after which 0.9 ml of the digestion mixture was added. It was then boiled to

white fumes with care being taken to avoid diyness. The entire digest was retained for
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distillation (details given on page 36). The nitrogen was calculated by using the following

formula:-

Total N (mg 1) - T- blank (ml) x 10
aliquot (ml)

PO, >- P from the leachates was determined by Molybdenum Blue Method (Anderson
and Ingram, 1993). 5 ml of leachate sample was taken directly without extracting in 0.5 M
sodium bicarbonate solution ‘The rest of the procedure was as given on page 37. Phosphate-

phosphorus was calculated as follows:

PO4>-P (mg1") - C (mg) x 10°
aliquot (ml)

The amount of casts obtained from each sampling period was also collected. The mineral
soil, and humus were collected from the treated (with earthworms) and the untreated (without
earthworms) containers. The mineral soil, humus and the casts were then used for determining
the organic carbon (Walkley and Black,1934), total nitrogen (Allen, 1974) and available
phosphorus (Anderson and Ingram, 1993).

The pine litter was collected at every 30 days interval, washed thoroughly with distilled
water to remove soil particles and dried in a hot air oven at 60°C for 48 hours. The final dry
weight of the lifter was taken and the percentage weight was calculated on the basis of oven dry
weight of the sample.The decay constant (K) was calculated using Olson’s (1963) decay model
(details given on page 46). For the analysis of total cellulose, hemicellulose, lignin, amino acid
and sugar of the litter, the methods described by Peach and Tracey (1955) was followed
(details given on page 47).

Carbon dioxide evolution was determined by rapid titration method (Macfadyen, 1970)
to assess the role of earthworms in decomposition activity. 1 kg of soil from each sampling

period was taken in a rectangular jar (12.5 cm x 10.3 cm x 20.8 cm) and 100 ml glass beaker



contaiﬁing 20 ml of 0.1 (N) KOH solution was placed inside the Jar Then the jar was covered
with a glass lid sealed nicely with grease and thus making air tight to prevent O, exchange with
the atmosphere. Control set containing sterilized sand instead of soil was also maintained. After
24 hours of incubation the amount of CO, fixed by the KOH solution was measured by back
titration with 0.1 (N) HCI solution using phenolphthalein as an indicator.

Evolution of carbpn dioxide was calculated on mg per kg fresh soil per 24 hour basis.

CO; (mg)=(B-V)NxE

where, B= volume of acid used to titrate for blank
V= volume of acid used to titrate the alkali in soil filled jar
N=Normality of acid
E=Equivalent of CO;
6 (a) Study on the role of earthworms in fungal dispersal :

Screening of fungi was done from earthworm firrows and the soil adjacent to the
firrows. Soil from the earthworm furrows and adjacent to firrows were collected from the pine
forest stand in separate sterilized polythene bags with sterile spatula and brought to the
laboratory for isolation of fingi. Moisture content and pH were determined by the methods
described earlier. The fungi were isolated from the soil samples by soil plate method (Warcup,
1950) using rose bgngal agar medium (Martin, 1950). The identification of fingi was done with

the help of manuals of Gilman (1965), Subramanium (1971), Bamett and Hunter (1972) and

Domsch (1980).
6 (b) Feeding habit of earthworm in relation to certain fungi:

~ Feeding habit of the earthworm species Drawida papillifer papillifer Steph. in relation
to certain fingi was studied in conical flasks (250 ml) containing 150g of sterilized soil and 1g

of sterilized partially decomposed pine litter. The test fimgi used for this experiment were
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Penicillium chrysogenum, Pythium intermedium, Mucor hiemalis and Trichoderma koningii.
The pure cultures of the test fungi were maintained on Czapek-dox agar medium (Raper and
Thom, 1949).

16 blocks of Smm diameter were cut out with the help of sterilized cork borer from the
periphery of 7 day old cultures of the test fingi and were transferred to the flasks containing
sterilized soil and litter. In case of mixed inoculum, 4 blocks of each fungal species were
introduced into the flasks. A control set was also maintained where no test fungi were added.
Three replicates were maintained for each set. One adult species of Drawida papillifer
papillifer was added to each flask. The harvesting was done at 7 days interval for 56 days.
After every 7 days interval, the weight of the earthworm and its length were recorded.

7 (DEfficacy of soil fungi in litter decomposition:
(a) Field condition:

Litter bag technique (Bocock et. al., 1960) was applied to study the rate of pine litter
decomposition in the field. Freshly fallen pine needles were collected from the pine forest
stands, cleaned thoroughly and oven dried at 60°C till the constant weight was recorded. Nylon
bags were prepared into 20 cm size having a mesh size of 1.0 mm. Each bag was filled with 10g
of oven dried litter and was closed by folding over the open and stitched. The bags containing
the pine litter were placed randomly in the field. The litter in the bags was then allowed to
decompose. The sampling was done at 30 days interval for 360 days (one year). On each
sampling date five bags were collected aseptically in sterilized polythene bags and were
brought to the laboratory. Of the five litter bags, one was used for the estimation of fungi and
two each for pH and moisture content (details given on page 40). The loss in weight of the litter
was measured by drying in a hot air oven at 60°C until a constant weight was recorded. The

decomposed litters were kept for analysis of cellulose, hemicellulose, lignin, amino acid and
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sugar contents. The decay constant (K) was calculated using Olson’s (1963) decay model, using

the following formula:
X: = e - kt, where, X, = Initial weight
X X, = weight after time t’
K = the annual exponential (base ¢) decay
coefficient.

For the isolation of fingi from the decomposing litter bags dilution plate technique
(Waksman, 1922) was followed. 1g litter was cut into 1 cm. small pieces using sterilized
scissors and transferred into a 250 m! conical flask containing 100 ml of sterilized distilled
water. Litter suspension of 1 : 100 dilution was prepared. The flask was thoroughly shaken for
fifteen minutes to homogenize the suspension. 10 ml of the suspension was then transferred
aseptically by means of a sterilized 10 ml pipette to another 250 ml sterilized conical flask
containing 90 ml of sterilized distilled water to get a suspension of 1:1000 dilution.
Enumeration of fingal population was done using rose bengal agar medium (Martin, 1950).

0.5 ml of the litter suspension was transferred aseptically from 1:1000 dilution into each
of the sterilized petridishes containing 15 ml of the cooled solidified rose bengal agar medium.
The petridishes were rotated gently with hand so that the inoculum was dispersed uniformly
over the surface of the agar medium. Three replicates were maintained in each case. The plates
were then incubated at a temperature of 25+1°C for 5-6-days in a BOD incubater. The number
of fungal colonies was counted. The isolation was carried out in a Laminar Flow Chamber. The
identification of fingi was done with the help of manuals of Gilman (1965), Subramaniam
(1971) Barnett and Hunter (1972), Domsch (1980) and with the help of the International

Mycological Institute, Surrey, UK.
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(b) Laboratory condition:

Four dominant fungi (Penicillium chrysogenum, Pythium intermedium, Mucor hiemalis
and Trichoderma koningii) were selected to assess their efficacy in litter decomposition. 1g of
oven dried undecomposed pine litter was introduced into 250 ml! conical flask plugged
properly with cotton. The litter was moistened with 15 ml distilled water and sterilized by
autoclaving at 15lbs and 121°C for 15 minutes. Sixteen blocks of Smm diameter were cut out
with the help of sterilized cork borer from the periphery of 7 day old cultures of the test fungi
and were transferred to the flasks containing sterilized pine litter. In case of mixed inoculum, 4
blocks of each fungus were introduced into the flasks. In the control sets same numbers of agar
blocks (without fimgi) were given. The flasks were then incubated at 25+1°C. Three replicates
were maintained for each set of fungi and the harvesting was done at 15 days time interval for
105 days. Whenever necessary, required amount of sterilized water was poured to maintain the
moisture level. After harvesting, the litter was taken out from the flask and the fungal mycelium
was removed by brushing and rubbing the litter gently. The litter was then dried in a hot air
oven at 60°C until a constant weight was recorded. The percentage weight loss of litter was
calculated on the basis of oven dry weight of the samples. The decomposed litters were kept for
analysis of cellulose, hemicellulose, lignin, amino acid and sugar contents.

7 (ii). Chemical analysis of the decomposing pine litters :

Cellulose, hemicellulose, lignin, amino acid and sugar content of pine litter were
estimated by methods described by Peach and Tracey (1955). Decomposing pine litter collected
on different sampling periods were washed with distilled water to remove soil particles and
dried in a hot air oven at 60°C for 48 hours. The samples were cooled to room temperature
over anhydrous calcium chloride in a dessicator and were ground to fine powder by electric

grinder and processed for cellulose, hemicelluloge and lignin.
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0.25g of the powder was treated with 10 ml of 25% aqueous KOH (w/v). In each case,
the mixture was centrifuged at 3000 rpm. The decant obtained in each case was used for the
detection of hemicellulose. The residue left at the end of the digestion was washed several
times in distilled water till the trace of KOH was removed. It was dried in a hot air oven at
105°C for 24 hours, cooled to room temperature in a dessicator and weighed. The amount thus
obtained was designated as total cellulose.

The decant obtained was neutralized with equal amount of glacial acetic acid and
ethanol. The precipitate Waé filtered, washed, dried and weighed as above for determination of
total hemicellulose.

For the estimation of lignin, 0.25g of oven dried litter powder was taken in a test tube
with 10 ml of 72% H,SO4 and kept in deep freeze for 24 hours. It was then centrifuged and the
residue was calculated and washed thoroughly to remove the traces of H,SO4 present. It was
then oven dried and weighed. The amount so obtained gave the total lignin content in the litter.

Three replicates were maintained in each case.The cellulose, hemicellulose and lignin
content were estimated on initial dry weight of the litters.

For the estimation of total sugars and amino acids of the decomposing pine litter 100mg
of the powdered sample was taken in a test tube and treated with 80% ethanol. Occasionally,
when any colour develop, it was treated with activated charcoal and centrifuged at 6060rpm.
Ths solution was filtered through whatman No.1 filter paper. The clear filtrate was boiled in a
hot water bath to remove traces of alcohol. To it, distilled water was added to make the volume
to 5 ml.

To 3 ml of the above solution 6 ml of anthrone reagent (0.4% in H,SO4 ) was added
slowly by the side of the test tube and shaken gently. The solution was then kept for 3 minutes in

the boiling water bath and cooled at room temperature. The optical density was read in a
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spectrophotometer at 610nm. The standard curve from transmittance of varying concentration of
glucose solution were treated exactly as the samples. From the standard curve the values of the
total sugars were expressed as mg/ g dry weight of the sample.

To the rest of the 2 ml , 2.5 ml of ninhydrin citrate buffer solution (pH 5.0) was added.
The mixture was kept on the boiling water bath for 30 minutes and then cooled at room
temperature. A light purple colour developed in the solution . The optical density was read at
540 om in the spech'ophotonietér. The total amino acid was calculated from the standard curve
obtained from transmittance of different concentration of leucine solution treated as the

samples.It was expressed as mg /g dry weight of the samples.
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RESULTS:

1. Physico-chemical properties of soll and earthworm casts

Soil Temperature |

Generally soil at low altitude showed higher temperature than soil at high altitude (Fig.
3). During winter months (October to January) temperature decreased and started to increase
again after February at both the study sites.

Moisture content
Moisture content of the soil at high altitude varied from 18% to 43.33% while that of the
soil at low altitude varied from 13.3% to 40% (Fig. 4a & b). There was not much variation in
' the moisture content of the soil at both the study sites. Low soil moisture content was recorded
| during the winter months which increased with the onset of rains. However, when comparison
was made between the moisture content of the. earthworm casts with that of the surrounding soil,
it was observed that the earthworm casts generally harboured higher moisture content except in
few instances at both the study sites ( Figs. 4a & b ). Moisture content of the casts at high
altitude varied between 6.67% to 56.67% while that at low altitude varied between 6.67% to
43.33%.
pH:

The soil was found to be more acidic at high altitude than at low altitude. pH of soil at
high altitude varied from 4.74 to 5.90, while that at low altitude varied from 4.78 tol 6.28 (Figs.
5a & b). However, when comparison was made between pH of casts and that of the swrounding
soil at both the study sites, it was found that the casts had high pH values as compared to that of

the surrounding soil ( Figs. 5a & b).



Fig. 3 Monthly variation in soil temperature of two pine forest stands. HA (High
Altitude), LA (Low Altitude).
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Fig. 4 (a&b) Monthly variation in moisture content of soil and earthworm casts of two
pine forest stands.



S0

Moisture content (%)

Low Altitude

i1 1.1
FMAMUJ

1985
Sampling period In months

i |
J




Fig. 5 (a&b) Monthly variation in pH of soll and earthworm casts of two pine forest
stands.
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Fig. 6 (a&b) Monthly variation in organic carbon of soll and earthworm casts of two
pine forest stands.
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Fig. 7(a&b) Monthly variation in total nitrogen content of soil and earthworm casts of

two pine forest stands.
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Fig. 8 (a&b) Monthly variation in available phesphorus of soil and earthworm casts of

two pine forest stands.
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Organic Carbon :

Generally, soil at high altitude showed higher organic carbon content than soil at low
altitude (Figs. 6a & b). Organic carbon content of soil at high altitude ranged between 3.20% to
6.78%, while that at low altitude ranged between 1.96% to 4.44%. Figs. 6a & b depict the
organic carbon content of earthworm casts and the swrrounding soil at both the study sites. From
both the figures, it cah be predicted that earthworm casts contained higher organic carbon than
the surrounding soil. Organic carbon content of earthworm casts at high altitude ranged between
6.24% to 13.76% while that of casts at low altitude ranged between 4.04% to 6.32%.

Nitrogen :

Generally, soil at hiéh altitude showed higher nitrogen content as compared to soil at
low altitude (Figs. 7a & b). Nitrogen content of soil at high altitude ranged from 0.211% to
0.315%, while that of soil at low altitude ranged between 0.146% to 0.230%. It was also
recorded that earthworm casts had higher contents of nitrogen conlxpmd to the swrrounding soil
(Figs. 7a & b). Nitrogen content of earihworm casts at high altitude varied between 0.343% and
0.552%, while that of casts at low altitude varied between 0.190% and 0.272%. The nitrogen
content of the earthworm casts at both the study sites was observed to be more during the winter
months.
Available Phosphorus :

Available phosphorus of the soil was generally higher at high altitude than that of the

.soil at low altitude (Figs. 8a & b). A fluctuation in the monthly variation of available

phosphorus was observed in the soil at high altitude as well‘as low altitude. However, when
comparison was made between available phosphorus of earthworm casts with that of the
surrounding soil at both the study sites it was found that the earthworm casts ‘showed higher

contents of available phosphorus (Figs. 8a & b).



Fig. 9 (a&b) Monthly variation in fungal population of soil and earthworm casts of two

pine forest stands.
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2. Fungal population of seil, casts, gut contents of the earthworm and pine litter
(undecomposed and decomposed)

Fungal population of soils exhibited a more or less similar trend of monthly vériation at
both the study sites. Higher fingal population was recorded in the month of May in the soil at
high altitade, whereas, at low altitude the fungal population was higher in the month of June
(Figs. 9a & b). However, when comparison was made between the fingal population of the soil
and the casts, it was observed that the eartbworm casts generally harboured maximum
population as compared to that of the surrounding soil (Figs. 9a & b).

Table 7 shows the correlation between fungal population with different soil parameters
at both the study sites. A positive correlation was observed between the fungal population of
soil and soil temperature at high altitude ( r = 0.491, P< 0.05). Statistically, a positive
correlation was observed between soil moisture and fungal population of soil at both the study
sites but was not significant. A significant positive correlation was also observed between soil
organic carbon and fingal population at low altitude ( r=0.353, P<0.1).

Surface soil (0-10 cm) of the pine forest stand at high altitude harboured a total of 26
fingal species during the first year (tablel.1) . The species were Absidia cylindrospora,
Aspergillus candidus, Aspergillus flavus A terreus, A niger, A japonicus, Botrytis sp.,
Cladosporium cladosporioides, Fusarium oxysporum, Fusarium solani, Humicola sp.,
Mortierella parvispora, Mucor hiemalis, M. racemosus, M. plumbeus, Penicillium
brevicompactum, P. chrysogenum, P. frequentans,P. javanicum, P. rubrum, P. waksmanii,
Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum, , and white
gterile mycelia. During the second year of study the same soil harboured a total of 21 fingal
species (table 1.2). The species isolated were A cylindrospora, Aspergillus flavus, A
Japonicus, C. cladosporioides, Cunninghamella elegans, F. solani, Humicola sp., Mortierella

parvispora, M. hiemalis, M. plumbeus, M. racemosus, P. brevicompactum, P. chrysogenum,



Table 1.1 Fungal population (x 10” g dry sofl) of sofl at high altitude of pine forest stand during the different sampling periods
from March 1994 to Februaxy 199S. The values in the parentheses are percentage relative sbundance.

Fungl Mar Apr May Jm Ju Aug Sept Oct Nov Dec Jam Feb
1. Absidkia gplindrospora - - - - - - - 0040 - 0.1% - -
: 14) Q745)
2. Amergiius candidus - - - - - Opes - - - - -
1392
3. Afavas - - - 0174 - - - 0040 - _ - 032¢
333 ale) as3s)
4. A joporcicus - - - 0348 - - - - - - - -
. Q647)
5.A wiger - - - - 0047 - - - - - - -
(1564)
6.A torrans - - 0048 - - - - - - - - -
147
7. Botrytis sp. - - - - - 0095 - - - - - -
G35)
8.Cladomporium cladosporioides - - - - 0047 - - - 0152 - - -
as4) «.76)
9. Ruaruom oxpsporion _ - 0419 - - - _ _ - - - -
1912)
10.F. solami - - - - 0567 - - - - - - 0.734
@295) G442)
11. Heamicola sp. _ - - - _ - _ - - - 0125 -
18.7s)
12. Mortierella parvipora - - - - - 0048 - - - - - -
192)
13. Mucor lismalis _ - 0.190 - _ 0333 _ _ - 0130 - -
S58) 1346) 1745)
14. M. plimbeus - - - - - - - _ 0210 - - -
a9ss)
15. M. racemoncs - - - - - - - 0497 - - - -
@s.7)
16. Pesicillicam revicompactim - - - 0087 - - - - - - 0042 -
. 6 £7) $25)
12. P. chaysogernmm 0A76¢ 1208 ON48 0347 1666 ON4S - - 0420 - - 0257
030) (0.73) (A7) (2667) (5738) (19 o) «“o3s)
18. P. frequentans 0.190 - - 0333 0142 - - 0157 - - -
1212 ai48 o677 1429)
19. P. javarmicum - - - - _ _ - _ 01587 - - -
. (1429)
20. P. rubrion _ - 0093 - _ - - - - - - 0163
Q) 49
21. P. wakomarsli - - 0429 - - _ _ _ _ - - 0541
a3z4) as)
22. Bytiviem intormadicom 0905 - 0190 0260 0095 .1467 - - - - - -
4158) G38) @000) @27 €131)
3 Rivzopus stol oecifor - 1125 0238 - 0047 _ 0.13¢ - - 0348 - -
032y @39 164) (1500) “795)
24 Trichoderma harsiaruen - - 1381 - - - - - - - - -
4245)
25.T. komingvi - - - - - 0346 _ 0105 0130 0417 -
Q7907 (60.00) 052) (745) (6250)
26.White sterils mycelia Y 0087 0095 0227  _ _ _ o003  _
“59) ©6567) (1259)

035 @sm)




Table 12 hplpop.hﬂn(xlﬂ’g’l dry sofl) of sofl at high aititude of pine forest stand during the different ssmpling
periods frem March 1995 to February 1996. The values in the parentheses are percentuge relative abundance.

Fungl Mar Apr May Jm Jul Aug BSept Oct Nov Dee Jam Feb
1, Absidia cylindrospora - - - - - - - 0143 - oz2l1 - -
as00) 0.0)
2. Awergilius flavus - - - 0048 0049 - - 0048 - - - -
ase) 20 @33)
3. A yapowicus - - - 0.190 - - - - - - - -
656)
ACladosporiam cladosporioides  _ - - - - - - - - - a3 _
©57)
5. Ceovtinghamella slegurs - - - - - 0042 - - - - - -
8 714)
6. Paarion solawi - - - — oA - - - - - - -
“738)
7. Huamicola sp. - - - - - - - - - - 03N 2449
@0.00) (160.00)
8. Mortierella parvapora - - - - - 0041 - - - - - -
7.14)
9.Mucor hismals 0227 - 0059 - - - - - o238 0.108 - _
Gl123) “.00) Q273) (1000)
10, M plionbecs - - - - - - - - 0095 - - -
0 r9)
11. M racemones - - - - - - - 0381 - - - -
: A 66 57)
12 Parcicdlian, brevicompactien - - - - - - - - - - 009s
Q333
13.P. chrysogemom - 0244 - 0048 - - - - 0095 - - -
12590) 54) 009)
14. P, freguentors - 0439 - - - - - - - - - -
' @259)
15.P. javomicion - - - - - - - - 0286 - - _
a2
16, P. waksmanii - - 0470 - - - - - - - - -
(2.00)
17. Pythison intermedion 0227 - 0941 2519 ON49 0500 - - - - - -
. 9129 G400) (P016) (326) @S71)
18 Rivzopus stolonor - - - - - - 0250 - - 0432 _ -
923 (60.00)
19. Trichoderma kovingyt 0273 1025 - - 0049 _ 0500 - 0333 0108 - -
G750) (5250) 626) ©923) Gl132) (0.80)
20. White stesils mycelia - 024  _ _ _ _ ol _ _ _ _ _
a2s0) ais4)

1. Black stesils mycelia - - - - 0349

@649)

- - - - - -—




Table13 Fungal pepwistien (x 10° g’ dry sofl) of sefl at low altitude of pine forest stand dwring diffcrent sampling perieds from
March 1994 to February 1995, The values in the parentheses are percentage relative abundance.

Fangl Mar Apr Moy Jum Jul Aug Sept Oct Nov Dec Jm Feb
1. Ampergilus carmeus - - - 0167 - - - - ‘ - - - -
G
2.A fowa - - - 0083 - - - - - - - -
36)
3. A niger - 0044 - 0042 - - - - - - - -
“ae) 43
4 Cladosporiem cladosporioides - - _ - _ _ - - - - 008 092
@ @
5. Crovvinghamells slegons - - - - - _ _ 0514 _ 087 - _
Qs.00) 6432)
6. Puarimm oxysporum - - - 0333 - - - - - - - -
a143)
1.F. solami - 0578 0204 - 0174 _ - - - - - 03s
G417) (1582 @®.16) @es7)
8. ¥, sporotricivoides - - - - - - 0045 - - - - -
789)
9. Heanicola sp. - - - - - - - - - - 0311 -
0 43)
10. Miccor ksomalts - - - - 0087 - - 1053 0a42 - - _
“08) “2386) (339
11.0idodendron sp. 0097 - - - - - - - - - - -
@00)
12. Perticillkan brevicompaction - - - 0128 - _ - 0.78% - - 0044 -
“29) G214) “39)
13. Pesicilkan clirysogenan 0487 0444 0041 1708 1217 0348 0091 - 0593 0472 - 0.706
“ono) @187) Q@21) (3337) (5714) Q051) (I539) (G3183) @549) ©0.00)
14. P, frequentars - - - - - 0304 0045 - 0127 - - -
Qres) @a9) a134)
15. P. javascicum. 0049 - - - _ - - - - - - -
“@00)
16. P. rubreom - - - - 0087 0130 - - - - - -
“o8) (55
17. P. waksmarii 0146 - - - - - - - - - - -
(2.00)
18, Prthien intermedion 0097 - 0367 0208 0391 032¢ - - - - - _
@.00) Q813 (@A) a83n «s712)
19.Riuzopus stolorfer - _t 0490 0167 013 0318 - 008 - - N3
@G750) G71) @12 ©385) (59) Qn
20. Trickoderma koringss - - - 0082 0083 0043 0087 0091 - .16 - [ Xy, | _
©25) Q@36 Q@84 (13) (153 as3s) (652)
21 White stesils mycelia 0341 - 0122 - _ _ - _ - - - 0039
28.00) o3m) Q%




Tablel4 Fangal population (x 10° g dry sofl) of sofl at low altitude of pine forest stund during different ssmpling perieds from
March 1998 te February 1996. The values in the parentheses are percentage relative abundance.

Fungl Mar Apr May Jum  Ju  Aug Bept Oct Nov Dec Jmm  Fed
1. Absidin cylindrospora - - - - - - - - - 0091 -
@222)
2.A gaca o - - - 0049 - - - - - - -
®@33)
3. Aper gillus japoricus - 0054 _ _ _ - - - - - - -
G83)
4. Apergilus versicolor 0043 - - - - - - - - D - - -
@33)
5. Qladosporien herbarian - - - - - - 0050 - - - - -
’ a.70)
6 C. dadosporivides - - - - - - - - - 0843 - -
| | @17
7. Coovvinghamelic ol egarns - - - - - - 0.150 - - o091 - -
(1111) @33) :
& Mauarian oxpsporien - - - - - - - - - 0364 - -
G633
9. F. solans 0043 0918 - - - _ - - - - - -
@33) @s38)
10. F. merismordes - - - - - 0046 - - - - - -
» @833)
11. Hsomicola sp. - - - - _ _ - - - - 0227 -
5 (55.56)
12. ¥ucor circinellondes - - - - - - - - - - - 1402
_ 00.00)
13. M. kismalis 0130 0054 - _ _ - 0050 04554 0311 0400 0043 -
Q@so0) (@25) G70) Q698 373 (750) (Ql1))
14 Pemicillam brevicompactimm _ - 0056 - - - - 04554 - 0045 - -
¢20) Q69%) “17)
15.P. chwpsogerson - 0108 0056 0244 0058 _ 0050 038 _ sl _ _ _
(749) (G26) @s71) Q68N @70 (2.70) é3x3) A
16.P. frequentans _ - - _ - _ - _ 0044 - _ _
©23)
17. Pythvion intermediicon 0043 - 08688 0195 0.195 0464 0050 - - - - -
833) @421) @857) (333) @33 @70)
18. Riizopus stol ongfer 0130 - - - - - 0.150 - - - - -
(2500) Qi
19. Trichoderma kovwingsi 0043 0084 0056 0244 0244 _ 0849 - 0356 om4S _
®33) @85 0©26) @571) @18D ©296) (000) «17)
20.White sterile mycelia oN86 0216 - 0046 0033 0045

aesn Q33m) ®33) Qass) aidn




Table2.1 hmplpopnhdon(xlo’ . dry soll) of earthworm casts collected from the pine furest stand at high altitude during the
different sampling periods from March 1994 to February 1995, The values in the parentheses are percentage relative

abundance.
Fungl Mar Apr May Jmm Jul Aug Sept Oct Nev Dec Jam Feb
1. Cladosporion cladomporicides _ _ - _ - - _ _ _ _ on74 -
. G1%)
2. Rusarium solamt _ - - 0974 - _ _ - - - -
a923)
3 Humcicola sp. 0117 - - - - - - - - - - -
: @143)
4. Mucor liemalls _ - - - 0200 0059 _ _ _ - - -
@33 00)
5. M. circinelloides - - 0190 - - - - - - - - -
1600)
6. M racemosus - - _ - _ 0528 0233 - _ - -
7. Pardicdlican brevicompactum - - - - 0050 _ _ - 0050 - - -
@08) “39)
8.P. cwpsogenm 0078 0228 - 1494 0150 0353 _ - 0300 0291 0.8 1442
(429) Q@s1) @49) @25 Q2m) Q608) (3889) (1471) @A)
9. P, frequantars - - - _ 0150 - - _ - - o -
©25) as4)
10, P. javasciciom _ - - _ _ _ - _ 0751 _ 0037 -
s22) Q%)
11. Prtivicon itermedicon 0352 0091 0142 18642 1357 2179 - - o 0167 0259 0249
€429) (1429) (1200) 3205) (7708) (7400) Q222) 2059) (1943)
12. Rhizopus stolongir - - - - _ 0059 0420 _ 0050 - - -
Q00) (2739) “3) .
13. Trichoderma kovangti _ 0213 0819 0974 _ _ 0578 _ _ 0292 0667
(4286) ©200) (1923) (37193) (89) (52%4)
14. White sterile mycelia - 0048 0238 - - 0177 _ _ - - - -
14 (2000) (6.00)
15. Black sterils mycelia - _ - - - - - - - - - 9500
aex9)
16. Yellow stesile mycelin _ - - - _ olis - 0040 - - - -
“.90) “s3)




lelez.?.!'hnplpoplhﬂon(xlo’g"drynﬂ) of the earthworm casts collected from the pine forest stand at high altitude during
the different sampling periods from March 1995 to February 1996. The values in the parentheses are percentage

relative abundance.
Fungl Msr Apr Msy Jm Jul Ang Sept Oct Nev  Dec Jan Feb
1. Acremonicom sp. - - - - - - - 0043 - - - -
Qrs)
2. Aternaria tenuis : - - 2925 - - - - - - - - -
62.78)
3 Cladowporkm cladomporioides  0.045 - - - - - - - - - - -
' 6n)
4. Haawicola sp. - - - - - - - - - - - 2069
0454)
5. Muucor lriomalis - - - 0809 - 0030 - - - - - -
¢152) ©36)
6. Mucor circinelloides - - 0115 - - - - - - - - -
08)
7. M racemons - - - - - - 0210 1544 - - - -
“000) (444)
& Penicillion chrysogenon - 153 0308 - - 0950 - - - 0nss - 0078
“162) G36) 36) @27) esn)
9. P. frequentans _ 0077 - 0047 - 0030 - - - - - -
@38) G03) 630
10. P. javanicum - - _ - - - - _ 0041 - _ 053
(800) am)
11, P. wakemaroti - - 1455 - - - - - - - - -
2956)
12. Pytivion tntarmadicon " 0363 - 0539 0714 0558 0530 - - - 205 0792 -
@2580) 0.72) @345 @W00) (1222) @409) (100.80)
13. Ricizopus stolonffor - - - - _ - 0150 - - - - -
. (20.00)
14 Trichoderma koringli 0999 145 - - 0433 - 0210 _ 0667 0278 - -
7097) 4324) (60.00) 40.00) @000) (1136)
15. White stesils mycelin - 0154 - - - - - 00dS 0128 e0ss - _
' «.76) Q@m @s00) @11
16. Yellow sterile mycelia 0100

any




Table 2.3. Fungal populstion (x 10° € ! dry sofl) of the earthworm casts collected from the pine forest stand st low altitnde during
the different sampling perlods from March 1994 to February 1995. The values in the parentheses are percentage

relative abundance,
Pangd Mar Apr May Jun Jul  Aug Sept Oct Nov Dec Jan Feb
1. Acramoniiom sp. _ - - - - - - 0305 - - - -
Q4.00)
2 Cladosporum cladosporioidss - - - - - 0Nss _ _ _ _ 0038 0218
1.64) ($526) Q4.00)
3. Raarion oxpsporum 0.166 - - - - - - - - - - -
1538)
4 F. solani - - - 3849 - - - - - - - -
®7.12)
5. Humicola sp. 0416 - _ - - _ 0525 _ - - - -
. (3846) 857)
6. Mucor hismalis 0375 - 0208 _ 0507 095 - 0509 0338 0923 ~ _
(3451) (333) (G333) (144) 4000) (043) (67.74)
7. Powicilicom - - - - - - - 0303 - - - -
brevicompactum (24 00)
& P. chrysogernan _ 0l _ _ 0092 0889 _ _ 0193 0175 0038 0109
Q3208) @06) Q623) (1739) (1290) (526) (1200)
9, P. frequerdans - - - - - 0167 - 0.101 _ _ 0038 _
“92) @.00) (5.26)
10. P. javarmicum - - - - - 0058 - - — - - -
(1 84)
11, P. waksmarai - - _ _ 0923 - - - - - - -
(6051)
12. Pytiizom intermedico - - - 0349 _ - 0483 _ _ 0263 - 0255
75y 37.14) (193%) 28.00)
13. Trichoderma kowingu 0125 0326 0416 0218 _ 0111 04530 _ 0289 _ 0577 _
(1134) (B134) (66567) (499) G28) (429 Q6.09) (7893)
14. White stetile mycelia - 0081 - _ _ 2000 - 0050 0241 0038 -
(1538) G01) “00) Q1.74) $26)
15. Black sterile nrycelia - - - - _ 0055 - - - - - 0036
1 54) 4.00)
16. Yellow sterile nrycelia - " - - - _ - _ 0048 - 0291
“34) 3200)



file:///Acrtmonium

leleu.wpthﬂon(xlo’g"iyuﬁ) of esxthworm casts collected from the pine forest siand at low altiinde during
different sampling periods from March 1995 to February 1996. The values in the parentheses are percentage relative

abundance.
Fungl Mar Apr May Jmm Jul Ang Sept Oct Nov  Dec Jam Feb
1. Acremorcison sp. _ - - - - - - 0182 - - - -
@333)
2. Aspergillus candidus 333 - - - - - - - - - - -
» as0s)
3 Cionvinghamella sleguns - - - 0056 _ - - - - - - -
’ 714)
4. Rlsarion oxysporiex - - - 0505 0388 - - - - - - -
€428) 119
5. Hioicola sp. - - - - - - 0150 - - - 0158 1179
1034) 000) @432
6 Mortisrella parvispora _ - - - - - 0450 - - - - -
G103)
7. Mucor iemalis _ - - _ 0278 - _ 0182 0416 0177 0368 2154
a»4l) @333) @571) @33) (7000) (6310)
& Paicillion brevicompactum - - - _ _ - - . 0an 0353 0041
osm) assn ais)
9, P. chwysogemon 0033 2061 0083 0112 - - _ _ 0204 - -
052) @1487) (G26) (4D9) Q3an)
10. P fraquentans - - - - - - - - - 0177 - _ _
®33)
11. P jantivinellum - 1237 - - - - _ - - - - -
@300)
12. P. waksmanii - - - - 0278 - - - - - - -
. 941)
13. Pytivkon btermedicon 0250 0589 1378 - - 0300 - - 0177 - -
Q857) (1150) @es4) 20.49) @33)
14 Ruizopus stolonyer - - - - _ - - - - 0177 - -
. - ®33)
13. Trichoderma koningii 0875 0353 0112 _ 1867 0550 0750 0765 -
G8.10) (714) a429) 10000) @793) @429) Q¢l11)
16. Whits sterile mycelia 0042 0707 0042 _ - - - 0138 - - - -
@76 Q429) QA3) QQ7465)
17. Black sterils mycelia - - 0083 _ - - - - - - - -
(296)
18. Yellow stesile mycelia - - - - - 0541

aay)
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P.frequentans, P. javanicum, P. waksmanii, P. intermedium, R. stolonifer, T. koningii, white
sterile mycelia and black sterile mycelia.

Surface soil (0-10 cm) of the pine forest stand at low altitude harboured a total of 21
fingal species during the first year (table 1.3). The fimgal species isolated were Aspergillus
carneus, A flavus, A niger, Cladosportum cladosporioides, Cunninghamella elegans,
Fusarium oxysporum, F. solani, F. sporotrichioides, Humicola sp., Mucor hiemalis,
Oidodendron sp., Penicillium brevicompactum, P. chrysogenum, P. frequentans, P.
Jjavanicum, P. rubrum, P. waksmanti, Pythium intermedium, Rhizopus stolonifer,
Trichoderma koningii and white sterile mycelia. During the second year of study the same soil
harboured a total of 20 fiungal species (table 1.4). The fingal species isolated were A
cylindrospora, A glauca, Aspergillus japonicus, A versicolor, C. cladosporioides, C.
herbarum, Cunninghamella elegans, F. oxysporum, F. merismoides, F. solani, Humicola sp.,
M. hiemalls, M. circinelloides, Penicillium brevicompactum, P. chrysogenum, P.
Jrequentans, Pythium intermedium, R. stolonifer, T. koningii and white sterile mycelia.

From tables 1.1 to 1.4, it is clear that the pine forest soil at high altitude exhibited
highest number of fingal isolates as compared to that at low altitude. Qualitatively,there was not
much difference in the composition of microflora of the two pine forest soils. Most of the fimgal
species which were obtained from the soil at high altitude were also isolated from the soil at
low altitude except for Aspergillus terreus, Botrytis sp., Mucor plumbeus, M. racemosus,
Trichoderma harzianum and black sterile mycelia which were isolated from the soil at high
altitude only, while Absidla glauca, A versicolor, Cladosporium herbarum, Fusarium
merismoides and F. sporotrichioides and Oidodendron sp. which were restricted to the soil at
low altitude only.

List of fungal species isolated from the earthworm casts collected from the two pine

forest stands are given in tables 2.1 to 2.4. Casts collected from the pine forest stand at high
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altitude harboured a total of 16 fingal species during the first year (Table 2.1). The species
isolated were Cladosporium cladosporioldes, Fusarium solani, Humicola sp., Mucor
hiemalis, M. racemosus, M. circinelloides, Penicillium brevicompactum, P. chrysogenum, P.
frequentans, P. javanicum, Pythium intermedium, Rhizopus stlonifer, Trichoderma koningii,
white sterile mycelia, black sterile mycelia and yellow sterile mycelia. During the second year
of study the same soil harboured a total of 16 fungal species (table 2.2). The species isolated
were Acremonium sp., Alternaria tenuis, C. cladosporioides, Humicola sp., M. hiemalis, M.
racemosus, M. circinelloides, P. chrysogenum, P. frequentans, P. javanicum, P. Msmarzli,
P. intermedium, R. stolonifer, T. koningii, white sterile mycelia and yellow sterile mycelia
Earthworm casts collected from the pine forest stand at low altitude harboured a total of
16 fungal species during the first year (Table 2.3). The species isolated were Acremonium sp.,
Cladosporium cladosporioldes, Fusarium oxysporum, F. solani, Humicola sp.Mucor
hiemalis, Penicillium brevicompactum, P. chrysogenum, P frequentans, P. javanicum, P.
waksmanii, Pythium intermedium, Trichoderma koningii, white sterile mycelia, black sterile
mycelia and yellow sterile mycelia. During the second year of study the same soil harboured a
total of 18 fimgal species (Table 2.4). The species isolated were Acremonium sp. Aspergillus
carneus, Cunninghamella elegans, F. oxysporum, Humicola sp., Mortierella parvispora,
Mucor hiemalis, P. brevicompactum, P. chrysagenum, P. frequentans, P. janthinellum, P.
waksmanii, Pythium intermedium, R. stolonifer, Trichoderma koningii, white sterile mycelia,

black sterile mycelia and yellow sterile mycelia.

Tables 2.1 and 2.4 showed that the casts collected from the pine forest stand at low
altitude exhibited a highest number of fingal isolates as compared to that collected from the
pine forest stand at high altitude. Qualitatively, there was not much difference in the composition

of the microflora of the casts collected from both the study sites except for Alternaria tenuis,



Fig. 10 (a&b) Monthly variation in fungal population of foregut, midgut and hindgut of

the earthworm collected from two pine forest stands.
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Mucor racemosus and M. circinelloides which were isolated from the casts at high altitude
only and Aspergillus candidus, Cunninghamella elegans, Fusarium oxysporixm, Mortierella
parvispora and Penicilllum janthinellum which were isolated from the casts at low altitude

only.

Figs. 10 a & b depict the monthly variation of fiingal population in the gut of earthworm
Drawida papillifer papillifer Steph. at both the study sites. The fingal population was
generally higher in the fore-gut as compared to that of the mid-gut and hind-gut regions. In other
words, the fingal population exhibited a decreasing trend down the canal of the earthworm.
Fungal population in the different gut regions was recorded to be more during the first year at

both the study sites.

Altogether a total of 22, 19 and 21 fingal species were isolated from the fore-, mid- and
hind- gut regions respectively during the first year and a total of 22, 19, 18 fimgal species were
isolated from the same regions during the second year at high altitude (Tables 3.1 - 3.6). The
fingal species isolated from the fore-gut at high altitude during the study period were
Aspergillus carneus, A flavus, A terreus, A wentil, Cladosporium cladosporioides, C.
herbarum, C. macrocarpum, Fusarium moniliforme, F. oxysporum, F. solani, F.

 sporotrichioldes, Humicola sp, Mortierella parvispora, Mucor hiemalis, M. racemosus,
Penicillium brevicompactum, P. chrysogenum, P. daleae, P. digitatum, P. frequentans, P.
Javanicum, Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum,
and white sterile mycelia. The fimgal species isolated from the mid-gut region were Aspergillus
carneus, A flavus, A. wentii, Cladosporium cladosporioides, Fusarium oxysporum, F. solani,
Humicola sp., Mortierella parvispora, Mucor hiemalis, M. racemosus, Penicillium

brevicompactum, P. chrysogenum, P. daleae, P. digitatum, P. frequentans, P. janthinellum,



Table 3.1 Fungal population (x 10? g' sofl) In the fore-gut of the earthworm Drawida papd%rpapa&fv Steph. collectsd from
the pine forest stand at high aititade during different sampling periods from Maxch 1994 to Fobrunry 1995, The values
in the parentheses are percantage relstive abundance.

Fungl Mar Apr May Jum Jul Ang Sept Oct Nov Dec Jmm Fed
1. Awpergilus carneus - - 47 133 - - - - - - -
G848) @7138)
2 Afovi - - 047 _ 133 200 _ _ _ - [ R <} [ <
(<2 ) ¢o6) (639) aie @)
3. A wentii - - - - 057 - - - - - - -
4. A tervas - - - 1087 _ - - - - - - -
(1850) .
5. Cladomporiom cladosporioides - - 033 087 167 - - 200 067 - - -
a%) Qqle ¢33 a@an ¢
6. Raarion monmd jorme - - - - - 033 - - - - - -
A 06)
7. F. solami - 333 250 033 - - - 033 - _ - - -
0680) (1154) (@37 “s3)
8. F. sporotrichicides _ - - - - 933 - - 233 - - -
.19) (1944)
9. Hhomicola sp. _ - - - _ _ 533 - - - - -
(60.74)
10 Mortierdla parvispora _ - - - - - - - - 733 - -
(106.90)
11. Mescor iiemalls 033 - - - _ - - 1467 o087 - - 750
839) @273) 036 (60.00)
12. M racemons - - - - - - - - 100 - - -
@33) v
13 Persicilizon brevicompaction _ - - 1800 247 247 - - - _ - 247
G121 @e13 @s1) @)
14 P. chrysogerm 287 - 0487 2433 1200 1633 333 133 633 - 147 087
@6s57) @386) @566) @557) (5213) (573) (181%) (S2.79) as1y ém
15. P. frequentans - - - 067 100 _ - 033 - - - -
ale) @no) “53)
16. P. javaricum - - - - - - - - - - - 057
e
17, P. digitation. - - - - - - - 166 - - - -
a273)
18. Pytivison intormediion. - - - _ - - - - _ - 247 033
. G114 @8
19. Rivizopus stolonyfer - - 033 100 - 033 033 - - - - -
. Q%) Q74 aose) Q@sn
20. Trichoderma harzicouo. - 657 - - _ - _ - - - -
G848)
2L T. kowingii 700 - - - - - - - 047 - - -
(70.00) ¢36)
22. White stezils mycelia _ 633 - _ _ 033 _ - 033 - -
34 Q@ 06) Q)
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Tnblc&il'hﬂpopnhﬁn(xlﬁ'g" sofl) in the fore-gut of the mﬁwom&andapqu&ﬁrpapi&ﬁrlteph collected
from the pine forest stand st high altitude during different sampling periods from March 1995 to Febrwary
. 1996. The values in the parentheses are percentage relative abundance.

Fongl Mar Apr May Jmm Jul Aug Sept Oct Nev Dec Jm Feb
1. Aper gilus carnsus - - - 0333 - 1333 - - - - - -
aes7) ass7)
2 Afans 0333 _  e33  _ - - - - - - -
(2s0) en) @8.18)
3 Cladowporion cladosporivides - 133 _ " - - - - - 0333
: 1291) 09)
4. C. harbarum 033 - - - - - - - - - - -
(@230)
5 C.macrocarpum - - 0567 - - - - - - - - -
©45)
6. Fluarium oxysporien. - - 4000 - - 0467 - - - - - -
872 (14.29)
7.F. solani - - - 0667 0333 0467 - - _ - - -
(333) G09) (1429)
8. F. orotrickioides - - - - - 0333 - - - - - -
e
9. Humicola sp. - - - - - - - - - - 0333 7000
®09) (100.00)
10. Mortierella parvispora - - - - 1333 - - - _ 15867 - -
0630) 0s12)
11. Mucor kismalls 100 - 0467 _ - 0333 - - 0667 - - -
3750) (645) 014) (2590)
12. M. racemosus - - _ - - 0333 - - 04687 - - -
014 @asn0)
13Paticllusmbrevicompachsm.  _ 0333  _ 0338 _ _ _ _ 1000 6313 33  _
©47) 657) G750) (714) ONM)
14 P. dwysogemon 0333 1000 04567 - - - - - . = - - -
(12350) (2080) (645)
15. P. requentans - - 0333 - 0333 - - - - - - -
63) ©09)
16. P. javoticiom 0333 - 1000 - - . - _ 0333 - -
) (1250) 08 ' 12s0)
17. P. daleas 8333 06867 1333 . - - - - - . - - -
A250) (1333) A29))
18. P. digitatim - - - - - - - 7000 - - - -
- (52.50)
19. Prtiiam intermacion _ _ _ _ 1800 0333  _ _ _ _ 2467
| @m @19 72.73)
20. Rivizopus stolonfer _ 0300 - - - - - - - - - -
(6090)
21. Trichoderma kowingit - - - 0667 - 0867 8333 - - -
@333) (1429) ‘@929)
22. White sterils mycelia - - - - - - 1000 6333 2567

(10.71) (4730) ¢1149)
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Table 3.3 Fungal population (x 10? g* sofl) in the mid-gut of the earthworm Drawida papillifer papillifer Steph. collected from the
pine forest stand at high altitude during different sampling periods from March 1994 to February 1995. The values in
the parentheses are percentage relative abundance.

Fungl Mar Apr May Jum Jul Ang. Sept Oct Nov Deec .hn Feb

1, Apergithia carnes - 033 - - 033 100 - - - - - -
(G4A0) a3n @3N
2. Aflana - - 100 - 487 _ - - - - - -
©£7) s.1s)
3. A wentii - - - - 233 - - - - - - -
’ o39)
{4, Cladosporion cladosporioidss 100 - 033 _ 100 - - - - - - -
“A1) Q2290) “11)
5. Rusaruom solami - - 300 133 - _ - - - - - -
000) @48)
6. Homicola sp. - - - _ - - 067 033 - - - -
: 1033) ©0M)
7. Mortisrelia parvispora _ - - - - - - - - 133 - -
¢114)
8. Mucor kismalis 233 - - 047 - - - 233 - - 367 1467
1029) “428) @344) (7857) (100.00)
9. M. racemonis - - - - - - - - 233 - - -
(19000)
10 Paricillion brevicompaction - - 047 - - 1233 - - - - - -
“47 “137n
11. P. chrysogean 933 590 300 1233 600 1333 547 - _ _ - -
“117) (130) QON0) (7848) (446) U454) @PAT)
12. P. frequentars - - - 0457 333 - - - - - - -
“28) (13.70)
13. P. javaracum - - - - - 100 - - - - - -
: 837
14. P. waksmarci - - - - 033 - - - - - - -
a3
15. Pytivicon intermedicon 633 _ - _ - 200 _ - - _ 100 -
, Q754) €.74) Q143)
16. Rixixopus stolonfer - 033 - 047 _ - - - - - - -
G40) “m
17. Trichoderma karsiamnem - - 5467 - _ - - - - - - -
8730)
18. T. komingti 367 - - _ 633 _ _ 100 - - - -
a617) * (2603) @127) :
19. White sterils mycelia 400 133 100

“140) @56) 4256)




Table 3.4 Fungal populstion (x 10’ g soll) in the mid-gut of the eaxthworm Drawida papillifer papillifer Steph. collected from
the pine forest stand at high altitude during different sampling periods from March 1998 te February 1996, The
values in the parentheses are percentage relative abundance.

Fungl Mar Apr May Jun Ju Aug Sept Oct Nov Dec Jam = Feb
1. Apergilus flavus 0567 - - _ 0333 - _ 0333 _ _ - -
2000) Q429) Q20)
2. Cladosporum cladosporicides - - - - 0333 - - - - - - -
04.9)
3. Ruarcen oxysporin - - - - - 1000 - - - - - -
. 2143
4 F. solani - 1667 0467 1000 - - - - - - - -
G000) 222) (19000)
3 Htemicola sp. - - - - - - 0467 - - - - 6467
B59) 10050)
4. Mortisrella parvispora - - - - - - - - - 4467 - -
0333)
7. Mucor hiswmalis 0333 - - _ 1667 - - - - - - -
(1050) (0142)
8. M. racemonis - - - _ - _ 0333 - 2000 - - -
“335) 500)
9. Pewicilluon brevicompaction - 0333 1313 - - - _ - 0333 - -
(1000) (4444) a230)
1Q P. chrpsogonum - - - - - 0567 - - - - - -
(1429)
11. P, frequantans - - 0333 - - - - 0333 - - - -
a132) Qne)
12. P. javarticeon - - 0667 - - - - 0467 - - - -
Q222 e
13. P. jantivinallum 04567 - - - - - - - - - - -
(2000)
14. P. dalecs - 0333 - - - - - - - - - -
1000)
15 P. digitatum - - - - - - - - 0333 - - -
1250)
16, Prticiion intermedian 1467 - - _ _ 0467 - 133 - - 3333 -
©000) (1429) (6226) 190.00)
17. Rxizopus stolonger - 1000 - - - - - - - - - -
(30.00)
18. Trichoderma korcingii - - - _ - 2333 6467 - - - - -
. (G000) @696)
19. White steils arycelia - _ - - - - _ 3000 - 0333 - -
asam «a7)




Table 3.5 Fungal population (x 10 g sofl ) in the hind-gut of the earthworm Drawida papillifer paptilifer Steph. collected fron
pine forest stand at high altitude during different sampling periods from March 1994 to February 1995. The values &
parentheses are percentage relative abundance.

-, Fungl Mar Apr May Jum Jul ” Ang Sept Oct Neov Dec  Jan Feb
1. Apergilus condidus - - 047 247 - - - - - - - -
G30) Q152)
2. A fone - - 0467 33 347 - - - o - - -
G30) @703 (844) .
3. A niger - - - - 033 - - - - - - -
a59)
4. A wentii . - - 100 - 033 - - - - - - -
(7190) a )
3.Cladosporium cladosporicides 200 - - - 233 033 - - 033 033 - -
" (5000) 1136) GAd) 1429) (429)
6. Ruarkon mond Jorme - - - - - 287 - - - - - -
Q159)
7. F. solari - - 400 - - - - 033 - - - -
G130) (1429)
8. Huomicola sp. _ _ - - - - 33 - - - - -
: (58382)
9. Mucor lnsmalis 033 - _ - - 057 _ 100 _ - 187 300
@30) (690) 4235) O571) (3000)
10 M. circinalloides - 033 - - - - - - - - - -
@30
11. M racemona - - - - - - - - 133 - - -
6114
12, Pawicilison brevicompactum - - - 300 - 333 - - 067 - - -
@432) G448) @857)
13. P. chrysogenmuom 133 133 100 1467 733 247 167 - - 087 - -
Q340) (340) (90) (Q331) (129) @Q759) (@A) ass7)
14, P. frequerduns - - - 067 133 - - - - - - -
G4l) 6.79)
13. P. javarcicien, - - - 047 - - - - - - - 267
G4l) “sad)
16, P. waksmanii - - - - 147 _ 047 - - - - -
@47 1147 ‘
17. Pytivicon intermaciton - - 057 - - - - - - 047 300 033
©390) Q857) (6429) ©36)
18. Risizopus stolonjfer 033 033 - 033 200 - - 033 - - - -
@30) @30) Q@70) Qo17) a429)
19. Trickoderma harsicoue - e 333 - - - - - - - - -
@630)
20.T. komingti _ _ e8&1 _ o8  _ - osY _ 03  _ _
(30) G39) @837 aém)
21. White stesile mycelia 200 0487 033




Table 3.6 Fungal population (x 10? g* sofl) In the hind-gut of the earthworm Drawida papillifer papillifer Steph. collected from
the pine forest stand at high altitude during different sampling periods from March 1995 to Februmy 1996. The
values in the parentheses are percentage relative abundance.

Fangi Mar Apr May Jm Ju Aug Sept Oct Nov Dec Jam Feb
1. Apergillus niger - - - - - 333 - - - - - -
®@33)
- 2. Qladosporien cladosporicides - 0333 0333 - - - 0333 - - - - -
aeso) (e9) 1429)
3. Raariam oxysporum ' - - - - 1000 - - - - - - -
A (750)
4 F solomi - - - 1000 1000 0333 - - - - - -
@127y 37150) @8323)
5 Humicola sp. - - - - - - - - - - - 457
(190.90)
6. Mortisrella parvimpora _ _ - - - - - - - 2567 - -
657.14)
7. Mucor iiemalis - - _ - - 0333 - 0333 - 1000 - -
333) 843) Q143)
8. M racemonn _ " _ - - - _ 0333 1000 - - -
G45) @730)
9, Porciciliiom brevicompaction _ 2000 - 1333 - - _ - 1667 - _ -
(60.00) (36.3¢) (6230)
1Q P. chrysogeron - 0333 2667 - - 0667 - - - - - -
1000) (61354) (1657)
11, P. frequentoos _ - - _ - - - 2000 - - - -
20.89)
12, P. javarciciom - - - - - - - 0333 - - 0333 -
343) : QaLay)
13. P.daleas - 0333 0s67 - - - - - - - - -
aon0) (s38)
14. P. digitation - - - - - - - 6487 - - -
@896)
15 P.wakamanti - - _ - - - 1333 - - - - -
G714)
16, Pyticiam intermadim 1567  _ _ 0333 o867 1000  _ _ _ _ 2867 _
(100.00) 00%) (@500) (2500) @3:9)
17. Trichodarma kowingti - 0333 - 0333 - 1333 - - - - - -
10.00) o) @333
18. White stesile mycelin 04667 0467 0467 1000

. (1538) (18.18) @a8sn) Q143




Table 3.7 Fungal population (x 10° g sofl) in the fore-gut of the earthworm Drawida papillifer papillifer Steph. collected from
the pine forest stand at low altitude during different sampling periods from March 1994 to February 1995, The values
in the parentheses sre percentuge relstive sbundance.

Fungl Mar Apr May Jm Ju Aug Sept Ocet Nev Dee Jam Feb
1. Aternaria alternata - - - - - - - - - - 1000 200
@08) Q714)
2. Ampergilus carneus — - - 0330 - - - - - - - -
6.00)
3. A. candidus - - 033 033 - - - - - - - -
' a2’ @©n)
4 A flavs ‘ ' - - _ - 1330 _ 1000 _ - _ - -
“ss) - ©48)
3 A japomicus _ 0067 - - - - - - - - - -
©.67)
6. A versicolor - - - - - 1000 - - - - - -
(6.00)
7. Cladosporium cladosporioides - - - 200 - - - - - - - 0330
ain) , @)
8. Rusariom sporotyicidoldes .o - 4000 _ - _ - - 0460 - - -
2250) 333)
9. Mucor hiemalts 0133 _ _ o030 _ _ _ 0870 _ 2008 _ 533
a2s0_ ©90) Qs50) @s09) “s.72)
10 M. circinalloides - 0067 - - - - - - - - - -
©a7)
11. M. racemons - - _ - - - 7320 - - - - -
(7057
12. Peonicilion brevicompactum. ~ _ _ _ _ 16700 10030  _ _ _ _ 0860 0860
(844) (6200) @ono) (1)
13. P. cluysogeum 0067 7500 _ 1150 9470 2000 1330 25000 3330 33 2339 2560
613) (000) ©481) (372) (1200) (1290) (I740) (6687) (4347) (S334) (1286)
24, P. javervicum - - - 0330 - - - - - - - 0460
6.00) an)
13, P. frequentans - - - 0330 - 2330 - - - - - -
(6.00) (14.00)
16 Prtickam intarmadiim - _ 13% 1330  _ _ - - - - - -
¢00) (A1)
17. Riizopus stolonffer - - - - 0570 1000 - - - - - -
@33) (600)
18. Trichoderma harzicmox - - 1900 - - - - - - - - -
T @128) .
19.7. konngui 732 1660  _ _ 030  _ _ _ 0860 2000  _ _
@097 (1647) @.l1e) (1333) @60%)
20 Verticdliom alboatrum - _ - - - - - - 8330 - - -
©57)
21. Whits stesils mycelia 1330 0470 033

41) (649 : @19




Table 3.8 Fungal population (x 10? g? sofl) in the fore-gut of the earthworm Drawida papillifer pquuzﬁrm collected from
the pine furest stand at low altitude during different sampling periods from March 1995 te February 1996. The values
in the parentheses are percentage relative abundance.

Fangl Mar  Apr Moy Jumn Jul Aug Sept Oct Nov Dec Jm Feb
1, Apergilus flavus - - - 0333 0333 - - - - - - -
000) (@250)
2. Aterress 0567 - - - - - - - - - - -
(s39)
3. Ceommghamalla degous - - - - 04460 - - - - - - -
. Q500)
4. Cladosporim cladosporioides - - 1460 - 0660 - 0033 - - - - -
@632) @s00) Q6s7)
5. Ruarimm sporotrichiotdss - - - - - - - - 03% - - -
0333)
6 F. soloxi - - 0460 1000 0460 - - - - - - -
d632) (©000) (2500)
7. Hiexicola sp. - - - - - - _ - - - 2660 38000
©6134) (100.00)
8. Mortisrellaparvispora - _ _ _ " 1660 _ _ - - 1460 -
@333) (38.40)
9. Mucor yismalis 0333 Sg867 - - - 300 _ 1000 - 2670 - -
(89) @la0) (60.00) G333) (100.00)
10 M. circinalloides - 0467 - - - - - - - - - -
. “an
11. M. racemosus - - - _ - - 1660 - - - - -
®@33)
12, Panicillicon brevicompactim 0333 - 15860 - _ - - 2000 - - - -
(69) @632) ’ (6857
13. P. cloysogenien 0467 1333 - - 0333 - - - - - - -
asss) g@.7e (12.50)
14 P, janticirallcom 0333 - - - - - - - - - - -
0 8)
15, P.dalece 0333 - - - - - - - - - - -
(7 59)
26, P. wakemanti - 1333 1560 - - - - - - - - -
0.76) (2632)
17, Pytivkom tntermadicon _ - 0560 - _ - - - - - -
@0s2)
18. Rwzopus stol onffle - 40867 - - - - - - - - - -
G419)
19. Trichoderma koningti - - - - - 0330 - - 0460 - - -
©57) (66.67)
20, White stesile mycelis 1667 - - 8333 - -

G846) @000)




Table 3.9 Fungal population (x 10* g* sofl) in the mid-gut of the earthworm Drawida papillifer WM collected from
the pine forest stand at low altitude during different sampling periods from March 1994 to Februsry 1995. The
values in the parentheses are percentage relative asbundance.

Fongl Mar Apr May Jmm Jul Aung Sept Oct Nov Dec Jmm Feb
1. Aspergilus condides - - - - 0570 - - - - - - 0330
“s0) asn
2. A cameuws 0330 - - - - - - - - - - -
©57)
3 A flans - 0330 - 5000 0570 - - - - - - -
' 009) Q143) (@85
4 A terveus - - - 0570 - - - - - - - -
Qi)
5 A wentti - - 0330 - 1000 - - - - - - -
603) ©69%)
& Ciovtinghamalla degou _ - _ - 1330 - - - - - - -
®30)
7. Cladosporiim cladosporioldes _ - 0330 - _ - 0933 _ - 0066 - _ -
6 43) ai
8. C. herbarion 0330 - _ - _ _ - _ 0033 - 033
©57) Gss) asn
9. Ruarion oxysporum - - - - - _ - - - 033 - -
“ss)
10. F. sporotriciioides - - 0330 - - - - - - - - -
Gos)
11. Mortigrellaparvispora - - - - - - - 3000 - - - -
8.12)
12, Mucor hiemalis _  033®  _ - 1330 0033  _ _ _ 1860 133 733
00M) 03) @83 22.72) (4000) (7838)
13. Povichism beavicompacnm. 0330 1661 . Spo0 _ _ _ _ 0660 03%
657) U548) (34388) . @000) @57)
14.P. clwysogemum 0330 - 0330 1233 23% _ 1300 2330 2330 3000 1000 03%
©467) 303) (5286) (1628) (@125) 188) G889) @WO0S1) (000) (357)
15, P. fraquentons - - - - _ - - _ 2330 - _ -
Con9)
16. P. javasicem - - - 2330 1000 5570 _ - - _ - 0560
(1000) (698) (44.74) 14
17. P. foniinsllum. 2000 - _ - 0330 43 ‘ - - - - - -
(40.00) Q33) @421
18. P. waksmarii - - - - - 1330 - - - - 033%
. (1053) (10.00)
19, Pytitiom otormadicm 1000 1000 2330 0330 _ _ _ _ - - - -
2000) @727) Q121) (142)
20. Trichoderma komingii - 0330 1330 1000 0570 3000 2000 - - - -
0N) Q212) “28) @89 (18.75) (18.75)
21, T. harzicouo - - 487 0470 _ — - - - - - -
“243) (@a0)
22. Rhazopus stolongjer _ - _ - _ 0067 _ 33% - - - -
(326) Gl125)
23, Farticlilkom alboatrum - - - - - - - - 0033 - - -
625
24 White stesile mycelia 0560 - 1330 1000 _ _ _ _ _ 233 _ -
(333) (212) 428) ¢20)




Table 4.0 Fungal pepulation (per g soil x 10‘) in the mid-gut of the earthworm collected from the pine forest stand at lower
altitude during different ssmpling periods from March 1995 to February 1996, The values in the parentheses sre

percentags relative sbundance.
Fungl Mar Apr May Jmm Jul Aug Sept Oct Novr Dec Jan Feb
1. Aspergilus carmeus 0330 - - - - - - - - - - -
«s7)
4 Afavus - 0330 - - - - - - - . - -
Qm
3. Qladosporien sladosporioides - - - - - - - - - - 0330 -
(7189)
4. C. herbarum 0330 - - - - - - - - - - -
" ©57)
3. Ciavuinghamalla slegan - _ - - 0330 - - - - - - -
Q230
0. Puasarium solam - - 1660 04660 0330 - - - - - - -
@333) (3000) (1230)
7. F. sporotrichioides - - - - _ - - - 1460 - - -
7143
8. Howicola sp. - - - - - - - - - - 0330 4560
(189 (10060)
9. Mortisrdlla parvispora - - - - - 0330 - 0330 - 133 333% -
aie) (1000) G114) (7692)
10 Mucor Wiamalis - 2330 - 0660 1000 1560 - 1000 - 1000 - -
_ @v44) (5000) (3730) @3.7D) (0.00) “236)
11. M. circinelloides - 0660 _ _ ~ 2000 - - - - - -
536) 4236)
12. M., racemoss - - - - - - 1670 - - - - -
(100.00)
13, Panicillian brevicompactum 0330 0560 0066 - - - - 1330 0560 - - -
G47) (56) (333) (4000) (Z837)
14. P, chuysogonum 0330 0560 1330 - 0330 - - - - - - -
©67) (356) (2647) @1250)
15. P. javarticuom - . - 1330 _ - - - . - - - -
QesT)
10. P. jantiinsllsom 2000 - - - - - - - - - - -
“0.00)
17. Pytiicom intormadicon 1000 0330 - - - - - 0560 - - - -
Qono) QI7) Qo00)
18, Trichoderma koringii - - - - 0660 0660 - - - - - -
(2500) (1429) :
19. White sterile mycelia 0460 . 7000 0330

333) ¢833) : a89)




Table 4.1 Fungal populstion (x 10? g* sofl) in the hind-gut of the earthworm Drawida papillifer papiliifer Steph. collected from
the pine forest stand at low sititnde during different sampling periods from March 1994 to February 1995. The values
In the parentheses are percentage relative abundance.

Fungd Mar Apr May Jm Ju Aug Sept Oct Nov Dec Jam Feb
1. Aspeorgidlus favus - - 1000 9000 - - - - - - - -
(1000) (2230)
2.A. niger - - - - - - - - - - - 03%
: @33
3. A.terres - - - 35670 - - - - - - - -
. 017
4. Ciowtinghamaella dlegoru. - - - 3000 - - - - - - - -
(750)
S Qladosporiem cladowporicides  _ - 8330 0570 - - 0330 - 3460 - - -
833 as Qs3) ¢789)
6. C. harbarum _ - - - - - - - - 3660 - -
1)
7. Raarium oxysporsen. - - 1470 - - - - - - - - -
(1647)
8. F. solai - 0330 _ - - - - - - - - -
€25)
9. Humicola sp. - - - - - - - - - - - 1330
0334)
10 Mortierellaparvispora _ - - - - - - 04570 - - - -
2500)
11. M. kismalis 500 - - - 0330 033 - - - - - -
4118) @94) Q6s7)
12. M. circinalloides - 0330 - - - - - - - - - -
@©2s)
13, Pawiciliion brevicompactum - - - - 2000 - - - - - 1660 -
@745 (846)
14, P. chrysogmum 400 3000 1000 2200 G000 0670 6330 0470 1000 1000 O30 1460
“140) (5625) (1000) (300) (5294) (333) (S000) 2500) (15.79) (15.79) (149) WUL1%6)
13 P. frequentans - - 033 - 0470 - - - - - - -
633) GB3)
16 P. javardcum - - 0470 - 2000 - - - .- - - -
@57 Q1745
17. P. jantiinellion 0330 - - _ - - - - - - - 0560
G40) 647)
18. P. waksmoreii - - - - - 0330 - _ - oo 14660 -
. aes7) 0846)
19, Pythion intermedicon 0330 - - - - - - - - - - -
G40)
20 Rrizopus stol omjer - 0870 - 0033 033 0670 3660 - 0560 0460 - _
a250) ©O1) @94) (333) (289) (1053) (es3)
21, Trickoderma harxianm - - 43 1330 - - - - - - - -
4334) (33
22. T, kowingts - 1000 033 - - _ - 04670 0660 0660 - -
@rs) @33 @sn0) (1053) (1e53)
23, Farticidltium alboatrion - - - - - - - - 0330 - - -
©26)
24. Whits sterile mycelia - - 0330 _ - _ 2336 0570 - 0330 0860 -

833 (1842) (@500) @26) 539)
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Table 4.2 Fungal population (x 10° g* sofl) in the hind-gut of the earthworm Drawids papillifer papillifer Steph. collected fram
the pine forest stand at low altitude during different sampling periods from March 1995 to February 1996. The values
in the parentheses are percentage relative abundance.

Fungl Masr ‘, Apr Msy Jmn Jul Aung Sept (;ct Nov Dec Jan Feb
1. Apergidlus fama 0336 03% - - - - - - - - - -
©s7) (08
2. Ciovvinghamella dlegars - - - 0570 - - - - - - - -
(000)
3. Cladosporium cladosporicides 0330 - - - - - - - - - - -
A ©47)
4 C. harbarum - 0330 - - - - - - - - - -
a8
5. Ruarium solami - - - - - - - - 2000 - - -
G435)
6 Humncola sp. - - - - - - - - - - - 3000
4 (100.00)
7. Mortisrella parvipora - - - - - 0330 - 0470 - - 1000 -
(7 59) (20.00) (10000)
8. Micor iiemalis 0460 - - 0336 1000 2560 - 2000 - 1000 - -
a3y @500) (A0000) (6134) ©0.00) ‘(7500)
9. M. circinsllaides - - - - - 0330 - - - - - -
749)
10. M. racemona . - - - - - - 0470 - - - - -
4000)
11. Paniclicom bravicompactum - - _ - - 0330 - = 0670 - - -
749) (18.18)
12. P. chrysoperum - 13% - _ — _ 0330 - - - - -
G0.17) 2000)
13, P, frequntans - 0330 - - - - - - - - - -
(769)
14, P.javamiccon - - 0330 - - - - - - - - -
o0,”)
15, P. jantiislliox 1460 - - - - - - - - - - -
. (3333)
16 P. dalaas - 1330 - _ - - - - - - - -
0.77)
17, Pytivicon intarmediim 0330 - - - - - - 0570 - - - -
©47) (2000)
18. Trichoderma kowingyi - - 3000 0330 - 0570 04570 - 1000 _ - -
' . @132) (@300) A538) (4000) aan
19. White stesile mycelia 1660 04560 0330 3000

@333) 338 0OM) @s00)
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P. javanicum, P. waksmanii, Pythium intermedium, Rhizopus stolonifer, Trichoderma
koningii, T. harzianum and white sterile mycelia. The fungal species isolated from the hind-gut
region were Aspergillus cmdlﬁus, A flavus, A niger, A wentll, Cladosporium
cladosporioides, Fusarium moniliforme, F. oxysporum, F. solani, Humicola sp., Mortierella
parvispora, Mucor hiemalis, M. circinelloides, M. racemosus, Penicillium brevicompactum,
P. chrysogenum, P. daleae, P. digitatum, P. frequentans, P. javanicum, P.waksmanii,
Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum, and white
sterile mycelia.

Altogether a total of 21, 25 and 24 fimgal species were isolated from the fore-, mid- and
hind- gut regions during the first year and a total of 20, 19 and 19 fingal species were isolated
from the same regions during the second year of study at low altitude (Tables 3.7- 4.2).The
fingal species isolated from the fore-gut region during the study period were Alternaria
alternata, Aspergillus candidus, A. carneus, A flavus, A japonicus, A terreus, A versicolor,
Cladosporium  cladosporioides, Cunninghamella elegans, Fusarium solani, F.
sporotrichioides, Humicola sp., Mortierella parvispora, Mucor hiemalis, M. circinelloides,
M. racemosus, Penicillium brevicompactum, P. chrysogenum, P. daleae, P. frequentans, P.
janthinellum, P. javanicum, P. waksmanii, Pythium intermedium, Rhizopus stolonifer,
Trichoderma koningii, T. harzianum, Verticillium alboatrum and white sterile mycelia. The
fingal species isolated from the mid-gut region were Aspergillus candidus, A carneus, A
Sflavus, A terreus, A wentii, C. cladosporioides, C. herbarum, Cunninghamella elegans,
Fusarium oxysporum, F. solani, Humicola sp., Mortierella parvispora, Mucor hiemalis, M.
circinelloides, M. racemosus, P. brevicompactum, P. chrysogenum, P. frequentans, P.
janthinellum, P. javanicum, Pythium intermedium, Rhizopus stolonifer, T. koningii, T.

harzianum, Verticillium alboatrum and white sterile mycelia. The fungal species isolated from
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Table 4.3 List of gl isolated from sofl, gut contents of esrthworm Drawida papillifer papillifer Steph. snd earthworm
casts collected from the pine forest stands at high altitude and at low altitude during the study period.

High Altitude Low Altitude
Fungi Sedd Cui cantente Casts  Sel Ont comionts Casts

Foregut Midgut Hindgut Forogut Midgut Hindgut

1. Absidia cylindrospora + - - - - . + - - - -
2A gauca - - - -
3. Acremontiion sp. - - - -
4. Aternatn alternata

3. A temcs

6. Asper gidlus candidus

71.A carmeus

8. A flana

9. A japonicus

10. A miger

11.A terreccs

12. A wentri

13. A versicolor

14. Botrytis sp.

15. Cladosporion herbarion
16. C. macrocarpum

17.C. cladosporicides

18. Ceavvinghamella el egarns
19. Raarion mond jorme
20. F. oxysporian

21.F. solams

22. F. merismordes

23. F. orotricikioides

24. Heamicola sp.

25. Mortisrella parvispora.
26. Mucor circinellcides

27. M. kiemalis

B. M. plumbecs

5. M. racemosus

30. Oidodendron sp.

31. Pagcition breviconpuactum
32. P. chrysogarcon

33.P. daleas

34.. P, digitation

35. P. frequientans

36. P. jorctiunellion

37. P. javaricum

38. P. ndbriom

3. P. wakomant

40. Pridcicon octermedicon

41. Rivizopus stolomfer

€. Trichoderma kowingsi
4. T. harziamon

44 Verticilion alboatrion
45 White sterile mycelia

46, Black sterile mycelia

47 Yellow sterile mycelia
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the hind-gut region were Aspergillus flavus, A niger, A terreus, Cladosporium
cladosporioides, C. herbarum, Cunninghamella elegans, Fusarium oxysporum, F. solani, F.
sporotrichioides, Mortierella parvispora, Mucor hiemalis, M. circinelloides, M. racemosus,
Penicillium brevicompactum, P. chrysogenum, P. frequentans, P. janthinellum, P.
Jjavanicum, P. daleae, P. waksmanii, Pythium intermedium, Rhizopus stolonifer, Trichoderma
koningii, T. harzianum, Verticillium alboatrum and white -sterile mycelia. Tables 3.1- 4.2
indicate that qualitatively, there was not much difference in the composition of the fungal flora
in the gut contents of the earthworm at both the study sites except for Cladosporium
macrocarpum, Fusarium moniliforme and Penicillium digitatum which could be isolated from
the gut regions of the earthworm collected from high altitude only and Aspergillus japonicus, A
versicolor, Alternaria alternata, Cunninghamella elegans and Verticillium alboatrum which
could be isolated from the gut regions of earthworm collected from low altitude only.

Table 4.3 shows a comparative study of the fungal flora present in the soil, gut contents
of the earthworm and the casts collected from the pine forest stands at both the altitudes.
Altogether a total of 28 fungal species could be isolated from the soil, 32 from the gut contents
of the earthworm and 19 from the casts at high altitude. Of the 32 fungal species occurring in the
different gut regions, 26 species could be isolated from the foregut, 23 from the mdgut, and 25
from the hindgut regions. A total of 28 fungal species could be isolated from the soil, 32 from
the gut contents and 21 from the casts at low altitude. Of the 32 fingal species occurring in the
different gut regions, 29 species could be isolated from the foregut, 27 from the midgut and 26
from the hindgut regions. From the table, it is evident that the earthworm gut contained higher
number of fungal species as compared to that of the surrounding soil. The fungal species found
to be common in the soil, earthworm gut and the casts at high altitude include Cladosporium

cladosporioides, Fusarium solani, Humicola sp., Mucor hiemalis, M. racemosus, Penicillium
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brevicompactum, P. chrysogenum, P. frequentans, P. javanicum, Pythium intermedium,
Rhizopus stolonifer, T richoderma koningii and white sterile mycelia. Aspergillus carneus, A
wentii, Cladosporium herbarum, C. macrocarpum, Fusarium sporotrichioides, F.
moniliforme, Penicillium daleae, P. digitatum and P. janthinellum were found to be present in
the gut only, while, Absidia cylindrospora, Aspergillus japonicus, Botrytis sp. and Mucor
plumbeus were restricted to the soil only. The species found throughout the digestive tract were
Aspergillus flavus, A wentii, Cladosporium cladosporioldes, Fusarium oxysporum, F. solani,
Humicola sp., Mortierella parvispora, Mucor hiemalls, M. racemosus, Penicillium
brevicompactum, P. chrysogenum, P. daleae, P. digitatum, P. javanicum, Pythium
intermedium, Rhizopus stolonifer, Trichoderma koningii and white sterile mycelia
Comparison in the different gut regions of the earthworm showed that Aspergillus carneus was
found to be present in the foregut and midgut regions. Aspergillus terreus, Cladosporium
herbarum, C. macrocarpum and Fusarium sporotrichioides were found to be present in the
foregut only, Penicillium janthinellum was restricted to the midgut region only while
Aspergillus niger, A niger and Mucor circinelloides were found to be present in the hindgut
region only. P. waksmanii was found to be present in the midgut and hindgut only while
Acremontum sp., Alternaria tenuis and yellow sterile mycelia could be isolated from the casts
only.

The fingal species found to be common in the soil, earthworm gut and the casts at low
altitude include Cladosparium cladosporioides, Cunninghamella elegans, Fusarium solani,
Humicola sp., Mortierella parvispora, Mucor hiemalis, Penicillium brevicompactum, P.
chrysogenum, P. frequentans, P. javanicum, P. waksmanii, Pythium intermedium, Rhizopus
stolonifer, Trichoderma koningii and white sterile mycelia Aspergillus terreus, A wentii,

Mucor racemosus, Penicillium daleae, Trichoderma harzianum and Verticillium alboatrum



lﬁg 11 (a&b) Monthly variation in the moisture content of undecomposed (UL) and
partially decomposed (UL) pine litters of two pine forest stands.
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Fig. 12 (a&b) Monthly variation in pH of undecomposed (UL) and partially decomposed
(PD) pine litters of two pine forest stands.
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Fig. 13 (a&b) Monthly variation in fungal population of undecomposed (UL) and
partially decomposed (PD) pine litters of two pine forest stands.
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were found to be present in the gut only while Absidia cylindrospora, A glauca, Fusarium
poae, F. merismoldes, Oidodendron sp. Penicillium rubrum were found to be present in the
soil only. The fungal species found throughout the digestive tract were Aspergillus flavus, A
terreus, Cladosporium cladosporioides, Cunninghamella elegans, Fusarium solani, F.
sporotrichloides, Humicola sp., Mucor hiemalls, M. circinelloides, Penicillium
5revicompacmm, P. chrysogenum, P. frequentans, P. javanicum, P. waksmanii, Pythium
intermedium, Rhizopus stolonifer, Trichoderma koningti, I. harztanum, Verticillium
alboatrum and white sterile mycelia. Comparison in the different gut regions of the earthworm
showed that Aspergillus carneus and A candidus were found to be present in the foriegut and
the midgut only while Cladosporium herbarum, Fusarium oxysporum were found in the midgut
and the hindgut only. Alternaria alternata, Aspergillus japonicus, A versicolor and Fusarium
sporotrichioides were found to be present in the foregut , Aspérgillus wentii in the midgut and
Aspergillus niger was found to be present in the hindgut only. Acremonium sp., black sterile
mycelia and yellow sterile mycelia were found to be present in the casts only.
Molisture content and pH of undecomposed litter and partially decomposed Hiter
Percentage moisture content of undecomposed and partially decomposed pine litters of
both the study sites are depicted in figs.11a & b. Moisture content of undecomposed and
partially decomposed pine litter at high altitude was generally higher than that at low altitude .
When comparison was made between the moisture content of both the litter types, it was found
that the moisture content of the partially decomposed pine litter was more than that of the
undecomposed litter at both the study sites. pH of the undecomposed litter was more acidic at
both the study sites ( figs. 12 a & b). There was not much difference in the pH of the litter
collected from the two study sites. However, pH of the partially decomposed litter at high

altitude was more acidic as compared to that at low altitude (figs.12a & b ). When comparison



Table 5.1, Fungal population (10° x g 1 dry litter) associated with the undecomposed pine litter collected from the pine forest
stand at high altitude during different sampling periods from March 1994 to February 1995. The nhnhdu
parentheses are percentage relative abundance,

Fangl Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb
1. Acremonizon sp. - - - 0266 - - - - - - - -
(140)
2. Atervaria tevais - - - - - - - - - - 0.716
0276)
3. Aspergillus carmes - - - 0088 - - - - - - - -
: as3)
4 A flows - - - - - - - - - - 0z _
2031)
S A terres - - - 6088 - - - - - - - -
' Q33)
6 Cladosporium cladoworioides _  _ - - - - - - 0l110 0035 -
©12) Q36
7. Raarion oxpsporum - - 1255 0088 0257 - - 0078 - - - -
62.79) @53) @.76) (1053)
8. F.solami - - 0093 - _ - - - - 0541 - -
445) 823
9. F.poas - - - - 1.796 - - - - - - -
(333)
10. F. sporotrichioides - - - - - - - 0390 - - - -
(5243)
11, Heowicola sp. - - - - - _ - - - - 0105
89)
12. Mucor kismalis - 0378 - - - - - 0315 004) - -
®@30) @857 G)
13. M, racemosus - - - - - - 0093 - - - - -
@539)
14. Pericillium bravicompacaon 0166 - - - - - 0046 0078 - - - 0150
(212) 8) Qo3 ' €90)
15. P. cleysogenon 0291 3125 _ 2222 2180 _ _  073S 0209 035 0876
Q121) (70.75) 6329) (4048) @082) (16.12) @344) @49)
16. P. fraquenians - - - - - 0167 - - - 0084 - -
(741) ©45)
17. P. javaricim - - - - - - - - 0183 0041 - -
1020) ©G29)
18, Pytivian intermechison 0791 - - 0358 - 1583 - - 0257 o334 - 1018
* 1013 037 (0429) (8451) “s33)
19, Rivizopus stol onfer - 0916 0511 0088 1153 - 0046 0196 - - - 0037
@0.75) @558) @33) Q143) 8) @e31) a72)
20 Trichoderma harziaron - - 0046 - - - - - - - - -
Q33)
21. T. komingii 0125 - - 0311 - 0083 0046 - - 0041 0385 0076
009) 8.386) G.70) (169 G23) @821) ©49)
22 White stosile mycelia _ _ 0093  _ _ 0417 0372  _ _ _ _ _
44£5) (832) (©€134)
L. Yellow sterils mycelia - - - - _ - 0210

asss)




Fungal population (10° x ¢’ dry Miter) associated with the undecomposed pine ltter collected from the pine forest
mkmmrmﬂu:u;;w-:mmpma from March 1995 to February 1996. The values in the
perentheses are percentage relative abundance.

Fongf Mar Apr May Jun Jul Aug Sept Oct Nov Dee Jan Feb
1. Acvemorcion s 0204 - - 0046 - - - - - - - -
“81) 4.16)
2. Aternaria teucs 1308 - - - - - - - L - - - -
eon | 0040
k2 lus carnesis - - - - - - - - - - -
Awpergi ' 039
4 A flanis - - - 0046 - - - - - - 0040 -
“4.16) 833)
3. Cladosporium cladosporioidss - 0538 - - - _ _ 0162 0095 0567 0204 0342
0953) (1469) (TA1) (000) (1647) Q6AT)
0. Pusariox oxpsporum - - 0182 - _ _ _ - - _ - -
aian
7. F.aolami - - 0060 _ - _ - - - - - -
009)
8. K. morotrickioides - - - - - _ - 0918 - - - -
“339)
9. Hiowicola sp. - - - _ _ _ - - - _ 0BS7 09550
‘ (7000) (7353)
10 Mucor hismalis 0408 0967 _ _ - _ 0418 0432 0476 0500 - -
@s1) (3571) @91) Qosl) (O784) (5M)
12, Pericilicam brevicompactum - - _ I _ _ 018 0162 - _ - -
@as.i18) (759)
12. P. chrypsogerwom 0494 0387 - _ - _ " - - 0Nss o082 -
1635 429 Qs (a7
13. P, froquentans 0204  _ _ _ _ 01se  _ _ _ _ _ _
“31) 690)
14, P.javaricum - - - - - - _ 0270 0238 - - -
1234) (1831)
1.5 Prtivion intermadion 0204  _ - 1823 1636 2000  _ _ _ 1833 _ -
“31) G147) (10000) (B956) 500)
16. Riizopus stol orifer - 0064 0242 - _ - 0418 - - 0500 -
Q3s) @636) «osn) (15.00)
17, Trichoderma koringti 1184 _ 0182 - - _ 0279 - - 011 - -
Q73%8) Q127) aramn 638
18. White sterile mycelia 0040 0451 - - - - 0093 0162 0476 - - -
©96) Qes7) 00) (85) @104)
19. Yellow stegile mycelia - - - - - 0077

- - ~ - - -

GAd)




Table 5.3 Fungal population (10° x g* dry litter) associated with the undecomposed pine litter collected from the pine forest
stand at low altttude during different sampling periods from March 1994 to February 1995. The values in the
parentheses are percentage relative abundamce.

Jan

Fongl Msr Apr May Jm Jul Ang Sept Oct Nov Dec Feb
1. Aternaria alternots 0.111 - - _ - - - - - - -
1429)
2. A tencs - 0453 - - - - - - - - -
a230)
3. Apergillus candickas _ - - - - 0047 - - - - -
: G22)
4 A, niger - - - - - - - - - 0040 - -
Q43)
3 A terress - - 0041 - - - - - - - - -
as)
6. Qadosporuam cladosporioides - _ - - - - - - - - - 0974
“20)
7. Ruarion oxysporum - - - 0041 0173 - - - - - - -
AT2)  (6A7)
3. F. solami 0333 _ _ _ 0309 _ - - - - - 1837
“2386) ¢111) S60)
9. F.poas - - - 0084 0462 - - - - - - -
G345 a7,m)
10 F. sovotrickinides - - - _ - 0191 - - - - - -
(1250)
11. Huaicola sp. _ - - - - - - - - - 0397 -
| (30.00)
12,. Mucor kismalis - - - - - - 0078 0422 (982 6357 - -
Q335 Q139 QL) (526)
13, Pemicilliem brevicompachon - - - - - _ - 0.158 - - - -
a03¢4)
14. P. chrysogemmm ' 0055 1019 0200 1125 1039 0286 2703 _ 0176 0412 0315 0418
; (J14) @QB13) (754) @635 (4000) (1935) (8235) A232) PAT) Q647) (2600)
15 P. frequentans 0111 - - _ _ _ _ _ 0210 - 0140 -
429) as38) Qarze)
16 P. javarmicum - - _ - - - - - - 040 - -
Q43)
17. Pythsizon intormacion _ _ 1041 1084 _ 0761 _ 0547 _ _ - -
(3968) (4433) G151) 6207
18. Rivkopus stolonyfer - 0150 03584 0041 0116 _ 0463 _ - - - 02%
“17) @22) Q72) @Ad) 1412) Q409)
19. Trichoderma harziaren 0055 - 0378 - _ - - - - - - -
14) (1429)
20. T . komingit . - 0201 0041 _ 0191 - - - _ 0140 -
. aun an) 1250) 11.76)
21. White stesile mycelia 0&) 2001 0084 - - - 0038 - - - - -
Qa asa1n) 617 Qa.1g)




Table 54 Fungal population (10° x g* dry litter) associated with the undecomposed pine Mtter collected from the pine forest
stand at low altitade during different sampling periods from March 1995 to February 1996. The values in the
parentheses are percentage relative abundance.

Fangl Mar Apr May Jmm Jul Aug Sept Oct Nov Dec Jam Fedb
1. Acremorvian sp. 0974 - - - - - - - - - - -
(136)
2. Aternaria tewmas 0185 0146 - - - - - - - - - -
aNn) 038
3. Apergillus terress - - 0070 - - - - - - - - -
Q1.7¢6)
4. Cladosporian cladosporioides _ - - - - - - - - 2147 0979 1428
W) G333) @€230)
3. Ruarionpoae - - - 1614 - - - - - - - -
arsm)
6 P solami 38089 - - - - - - - - - - -
(60.54)
7. F. sporotrichioides - - - - _ 0087 - - - - - -
®.00)
8. Humicola sp. - - - - - - - - - - 644 -
Qi)
9. Mucor kiemalts 0319 0732 - - 1022 0311 0353 0089 0549 0163 -
1054) “638) 10000) (@384) Q6A7) “420) (00) @BM)
10 M. circindlloides - - - - - - - - - - - 0378
1432)
11. Pericilion brevicompactum _ 0048 _ _ _ . - 023s _ _ - -
Gl13) a745)
12, Pemicdlisan chuysogeran. 0037 0098 0211 0210  _ _ _ _ 1289 0Jes Op82  _
©.78) (@625) @329) (1017) @1.70) @N0) (“A4)
13. Pemicdlion fraquiontons 0937 - - - - - - - - - 0041 -
©.78) Q22)
14, Pytivicon intormedion - - 0105 0246 - 0825 - 0.745 - - - -
@a745) (1136) (76.00) G528)
13, Rivizopus stolongfer - - 0970 - - - 0089 - - 0998 - -
Q176 (18.18) Q)
16, Trichoderma koringyii - - 0970 - - 0174 0044 - - 2440 0122 -
avr.ze) (600) (09) (800) (657)
17. White sterile mycelia - 0488 09070 - - - 0044 ol - - 8583
6125 (1.76) o) G404) a239)
18. Yellow sterile mycelia 0049

61
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was made between the pH of the two types of litter it was found that pH of the undecomposed
pine litter was more acidic as compared to that of the partially decomposed pine litter at both
the study sites.

Figs. 13 a & b depict the monthly variation in the fingal population of pine litter
(undecomposed & partially decomposed) at both the study sites. There was not much variation
in the fingal population of the undecomposed litter at both the altitudes. However, the fingal
population of the partially decomposed pine litter was found to be more at low altitude. When a
comparison was made between the fungal population associated with the type of litters, it was
found that there was not much variation in the fungal population between the two types of pine
litter at both the study sites. There was a positive significant correlation between pH and fingal
papulation of undecomposed litter at high altitude only (r = 0.504, P < 0.02). A positive
correlation exist between pH and fingal fmpulation of the partially decomposed litter at both the
study sites. However, it was observed to be significant at low altitude only (r= 0.347, P< 0.1).
A positive signiﬁcant' correlation was also observed between fimgal population and moisture
content of the litter at high altitude (r=0.265, P <0.5).

Undecomposed litter at high altitude harboured a total of 23 ﬁmgal species during the
first year of study (Table:. 5.1). The species isolated were Acremonium sp., Alternaria tenuis,
Aspergillus carneus, A jflavus, A terreus, Cladosporium cladosporioides, Fusarium
bxy.spomm, F. solani, F. poae, F. sporotrichioides, Humicola sp., Mucor hiemalls, M.
racemasus, Penicillium breiicampactum, P. chrysogenum, P. frequentans, P. javanicum,
Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum, white sterile
mycelia and yellow sterile mycelia. During the second year of study the same litter harboured a
total of 19 fingal species (Table 5.2). The fingal species isolated were Acremonium sp.
Alternaria tenuis, Aspergillus carneus, A flavus, Cladosporium cladosporioides, Fusarium

oxysporum, F. solani, F. sporotrichioldes, Humicola sp., Mucor hiemalis, Penicillium



Table 6.1 Fungal population (10° x g* dry litter) associated with the partially decomposed pine litter collected from the pine
’ buctfhndstﬂd(\alﬂndodmhgmm-mphgpoﬂodlhmmwuFohuylm.'nunhuh
the parentheses are perceutage relative sbundance.

Fungt Mar Apr May Jun Jul Ang Sept Oct Nov Dec Jam Feb
1. Acremonton sp. | . - - - - - - - 0230 - - -
(€157)
2. Awpergdius candidus 0047 0098 - - - - - - - - - -
_ - 0 @29
3. A canews - - - 0324 _ - - - - - - -
. )
4 A. tarreus - - - 0432 - - - - - - - -
asy
3 Qladomportom cladosportoides  _ - - - 0178 - - - - - - -
741
8. Prasarium oxpsporum - 0098 0136 075 0044 - - - - - - -
Q25) (@89) (1386) (18%)
7.F. solant - . 0546 0162 0400  _ _ , 0392 0478 _
Glss) @97 (a6sn (5625) @231)
8. F. sporotrichioides - - _ - - - _ 0050 - - - -
@33)
9. Miucor hismalis - 0732 009 - 0133 0158 - 0150 - - 0111 0473
(68s) (s20) ¢36) @33) @s.00) 058 “1NM)
10 M. racemosnss - - - - - - - onse - - - -
@33)
11, Pocicillim clwysogaum 0567 2435 0091 3350 0800 0211 - 0100 0044 - oan -
“242) @047) (526) (6139) (333) QLiD) (1657) (625 (193s)
12, P. freguentans 0190 _ - _ - - - - - - - _
1213)
13.P. Javooviciem - - - 0324 _ - - _ 0087 0043 - -
694) (250) ©@19)
14, Pythuicom intermadicon 0567 - 0091 0108 0533 0995 - - - 0438 - 0454
“242) G26) (98 222) WT2) (3846) 58.06)
15, Rivopus stolonjfer - - Op4s  _ o3 _ - _ _ _ - _
Q43) i296)
16, Trichoderma hargiaraem - - 04SS - - - - - - - - -
. (2632 .
17.T. kowingty - 0781 0273 - - - 3925 - - 0174 0218
azres) asy9) (100.00) @as3s) (es7)
18. White stesile mycelia - - - - 0432 _ 0174

— -

. G333) © (25.00)




6.2 Fungal lmhﬂA 10° x g dry Hiter) associated with the partielly decomposed pine ltter collected from the pine
Table mnﬁuum.ﬁufuﬁmmu;pmpmam-mmsunmm.mmh
the parentheses are percentage relative abundance.

Fangl Mar Apr May Jm Jul Aug Sept Oct Nov Dec Jam Feb
1. Aowidia cplindrospora - - - 0167 - - - - - - - -
a154)
2. Acremoniam sp. 0046 - - 0333 - - - 0400 - - - -
Gn) Q308) (4300)
3. Asper glivis faves - - - - - - - - - 0103 - -
_ ©06)
4. Cladosporkm cladosporioides  _ - - - - - - - 0099 - - 0883
49 ¢36)
5. Ruarion oxpsporum _ _ 0043 - _ _ _ _ _ - - 1167
' GAd) am
6 F, solani 0046 - 0391 0444 _ - - - 0.700 - - -
@03) G103) (0.7 (3585) .
7. F. sporotrichivides - - _ _ _ 0a67 0133 _ - ean  _
@33 1000) o)
8. Humicola sp. - - - _ - - - - - 0.7¢» 0300 -
“3435) “242)
9. Mucor hiemalis _ 1533 0130  _ _ _ 0231 0266 0410  _ _
06.77) (1034) 10.71) (@2000) Q44)
10 M. racemons - - - _ - _ - 0200 _ - _ _
(1500)
11. Pawiclis churysogenon 0093 0051 0043 - - - - 0067 - - - -
606) G23) (M) (00)
12. P. frequentuns 0093 - - - - - - - - - - 0083
6.06) 556)
13, P, javamicien - - - - _ - - - 0300 - - 0125
,1 @308) @33)
14. P. wakemarai - - - - - - - - - - - a2
: am
15, Pyt intormadion 0383 _ 0217 0500 2251 1833  _ - _ - _ _
¢738) A724) (3442) (10000) @1567)
16. Trichoderma kowingiy 0372 - 0A3S - - - 1928 - 0410 0918 -
Qa24) (3448) ©@9.29) Qa24) BAD)
17. White stezile mycelia _ _ _ _ _ _ _ 0067 0200  _ _ _
GNo) (1s39)




Table 6.3 Fungal population (10’ xg dq litter) associated with the partiaily decomposed pine litter collected from the pine
- forest stand st low altitade during different sampling periods from March 1994 to Fem 1998, The valueas In
the parentheses are percentage relative abundance.

Fangl Mar Apr May Jumm Jul Aug Sept Oct Noev Dec Jam Feb
1. Ambylosporien sp. 2725 - - - - - - _ . - - - -
4033)
2. Asperglls wentii - - 0227 - - - _ - - - - -
®833)
3. Cladosporiom cladosporioides  _ - _ 0N44 _ - _ - - - 0200 0382
: Q@.79) al1se) ©2s5)
4. Rlaarios oxpsporum - 0383 0227 0400 0039 - - - - 0117 0.7¢3
G214) @B33) (607) @B86) @ao.n) (4256)
3 F. solou - 0170 - - 0.734 - _ _ - - - -
14.29) (429)
6 R poas - - - - 0232 - - - - - - -
a71¢)
7. Miwor kismalis 0049 0255 - 0044 - 0105 0189 0673 0774 0AG7 - -
a00) Q143 qa.79) (7469) (@636) (41954) (46.15) @236)
8. Pemicidlicom brevicompactum _ - - - - - _ 0569 0117 - -
: Q348 aoml)
9. P. chrysogoum 2822 - 0N4S 0488 0116 - _ - - 0155 0540 0400
“234) As7) (Q9464) @37 (1429) (810) 2249)
10 P. fraquentaru - - - - - - - - - - 0080 -
@.76)
11. P. rubrum 0049 _ - - - - _ - - - - _
Q.00)
12. P. wakmari - - - - - - - - - - - 0036
, ase)
13. Pythion intermedicon 6535 0128 0364 0266 - 0.737 0362 - - - -
@93) @o71) (1333 (@0.71) 238)
1 4. Bvizopus stolowgfer - 0255 1416 0088 O.l16 _ - - - - -
Q143) GlAT) @337) @37)
15, Trichoderma harziarmon 0486 - 0409 1158 0116 - - - - - -
730) (A500) @643) @37)
16, Trichoderma kowingri - - _ _ - 0527 0320 0193 0233 0290 _
(3846) (6383) a134) @143) (1657)
17. Whits stesile mycelia - _ 0045 _ _ _ _ 0.709 - 0480 -
@57 “231) Q@as7)




Table 6.4 Fungsl population (10° x g dry Btter) associated with the partially decomposed pine Hiter collected from the pine
forest stand at low altitade Mgwmmpeﬂohhnmmsu Februsry 1996. The valunes in
the parentheses are percentage relative abundance.

Fungl er Apr May Jum Jul Amg Sept Oct. Nev Dec Jmm Feb
1. Ampergilus wentii _ - 0266 - _ _ - _ - - - -
18.19)
2.Cladosporion cladosporicides 0369 - - - - _ - - - - - 0128
(1892 ©a1)
3. Ruarion oxysporum - - 0066 - 0111 - - - - 0103 _ -
' “53) @33) (606)
4. R solar 0053 - - 1566 0278 _ - - - - - -
Q70) (5294) 083)
3. F. morismoides - - _ 1392 - - - - - - - -
4706)
0. F.poas - - - - - - 0190 - - - - -
(18.18)
7. thewicola mp. - - - - - - - - - - - 2000
“35)
8. Morahia sp. 0263 - - - - - - - - - - -
Q353)
9. Mucor hismalis 0631 1149 _ _ " _ 0324 03571 0952 0467 0426 14%
(3243) (62.16) G0N0) G236) O243) (939) (714Y) @344)
1Q Peicillum brevicompagstion - - _ - - _ - 0571 0371 0134 - -
G256) O159) OM)
11. P. chrysogomon 0211 0450 0200 - - 0059 - - - 0256 -
(1081) (3.14) (1384) “an Qas1s)
12. P. freguantaru 0105 - - - - - - - 0093 - - -
(54A1) (542) '
13. P. javawicum _ - _ _ - - _ _ 0047 o0mS1  _ _
Qs3) @83
14, Prticion intermachiion 0316 0050 0200 - 0944 0470 0143 08512 - - - _
a622 @70) (13s4) (7083) (333) (13464) (3438)
15 Rivizopua stolowifor - - 0533 _ - - 0048 - - - - _
- (3636) “435)
16. Trichodarma kowingyi _ I X ¥ < B _ 0882 0143  _ _ 046l 0178  _
; 00m) ©230) (1364) aian @ssn
17. White sterils aiycelin 0066 0142

“35) a29)
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brevicompactum, P. chrysogenum, P. frequentans, P. javanicum, Pythium intermedium,
Rhizopus stolonifer, Trichoderma koningii, white sterile mycelia and yellow sterile mycelia.

Undecomposed pine litter at low altitude harboured a total of 21 fingal species during
the first year of study (Table 5.3). The species isolated were Alternaria alternata, A. tenuls,
Aspergillus candidus, A niger, A terreus, Cladosporium cladosporioides, Fusarium
oxysporum, F. solani, F. poae, F. sporotrichioides, Humicola sp., Mucor hiemalis,
Penicillium bmvtcar@actum, P. chrysogenum, P. frequentans, P Javanicum, Pythium
intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum and white sterile
mycelia. During the second year of study the same litter harboured a total of 18 fungal species
(Table 5.4). The fingal species isolated were Acremonium sp., Alternaria tenuts, Aspergillus
terreus,i Cladosporium cladosporioides, Fusarium solani, F.poae, F. sporotrichioides,
Humicola sp., Mucor hiemalis, M. circinelloides, Penicilllum brevicompactum, P.
chrysogenum, P. frequentans, Pythium intermedium, Rhizopus stolonifer, Trichoderma
koningii, white sterile mycelia and yellow sterile mycelia.

Tables 5.1- 5-4 show that undecomposed litter at high altitude exhibited highest number
of fingal isolates as compared to the litter at low altitude. Qualitatively, there was not much
difference in the fungal flora of the litter except for Mucor racemosus, Aspergillus carneus and
A flavus which were isolated from the litter at high altitude only, and Alternaria alternata and
Mucor circinelloides which could be isolated from the litter at low altitude only.

Partially decomposed litter at high altitude harboured a total of 18 fimgal species during -
the first year and 17 during the second year of study (Tables 6.1 & 6.2). The species isolated
during the first year of study were Acremonium sp., Aspergillus candidus, A carneus, A
terreus, Cladosporium cladosporioldes, Fusartum oxysporum, F. solani, F. sporotrichioides,
Mucor hiemalis, M. racemosus, Penicillium chrysogenum, P. frequentans, P. javanicum,

Pythium intermedium, Rhizopus stolonifer, Trichoderma koningli, T. harzianum and white



Table 6.5 List 'ormngi isoluted from the undecomposed and partially decomposed pine litter collected from
the pine forest stands at high sltitude and st low altitude during the study period.

High Altitude Low Altitude
Fungi Undecomposed Partially Undecomposed - Partially
decomposed decomposed

1. Aosidia cylindrospora
2. Acremorvicon sp.

3 Avernata dlternaia
4. A temucis

5. Ambylosporiam sp.

6. Awper gilus candidus
1. A carneus

8.Aflana

9. A niger

10.A terrecs

11. A wents

12. C. dadosporiocides
13. F. oxpmporion

14.F. solani

15. F. morismoides

16. F. poas

17. B, gporotrichioides
18. Heamicola sp.

19. Macor circinelloides
20. M. kiomalis

21. M. racemons

22. Morilia sp.

23. Periicdlion brevicompaction
24, P. chuysogewmon

25. P, frequentowns

26. P. javariceon

27. P. nibmiom

2. P. walksmarii

2. Prticiom irtwrmedizon.
30. Rivizopes stolorfer
31. Trichoderma komingis
32. 7. harziamm

33. White stesile mycelia
34. Yellow stetile mycelia

AR IR K O SRR A

A R R R T NI
A T I e e R R R 2 O SR SRR

O N S U SRR S S S A R JUEE I S S
A R I T T T R A I R I R

Present =+ Absent =-
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sterile mycelia The species isolated during the second year of study were Abﬁdia
cylindrospora, Acremonium sp., A flavus, Cladosportum cladosporioides, Fusdrium
oxysporum, F. solani, F. sporotrichioides, Humicola sp.,Mucor hiemalis, M. racemosus,
Penicillium chrysogenum, P. frequentans, P. javanicum, P. waksmanii, Pythium intermedium,
Trichoderma koningii and white sterile mycelia. |

Partially decomposed litter at low altitude harboured a total of 17 fingal species during
the first year and 18 during the second year of study (Tables6.3 & 6.4). The species isolated
during the first year were Ambylosporium sp., Aspergillus wentli, Cladosporium
cladosporioides, Fusarium oxysporum, F. solani, F. poae, Mucor hiemalis, Penicillium
brevicompactum, P. chrysogenum, P. frequentans, P. rubrum, P. waksmanii, Pythium
intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum and white sterile
mycelia The species isolated during the second year were Aspergillus wentii, Cladosporium
cladosporioides, Fu._varium oxysporum, F. solani, F. poae, F. merismoides, Humicola
sp.,Monilia sp, Mucor hiemalis, Penicillium brevicompactum, P. chrysogenum, P.
Jrequentans, P. javanicum, Pythium intermedium, Rhizopus stolonifer, Trichoderma koningil,
white sterilé mycelia and yellow sterile mycelia

Tables 6.1- 6.4 show that the partially decomposed pine litter exhibited a more or less
gimilar number of fingal isolates at both the study sites. Qualitatively, there was not much
difference in the composition of the fungal flora of the litter except for Mucor racemosus,
Absidia cylindrospora, Aspergillus terreus, A carneus, A candidus, A flavus and
Acremonium sp. which could be isolated from the litter at high altitude only and
Ambylosporium sp., Aspergillus wentii, Penicillium brevicompactum, P. rubrum, Monilia sp.

and yellow sterile mycelia which were associated with the litter at low altitude only.



Fig. 14 (a&b) Monthly variation in the dehydrogenase activity of soil and earthworm
casts of two pine forest stands.
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Fig. 15 (a&b) Monthly variation in the urease activity of soll and earthworm casts of
two pine forest stands.
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Table 7. Correlation coefficient values () for various soil parameters in two pine forest stand.

High Altitude Low Altitude
Sources of D.F Fungpl Dehydrogenase Urease Fungal Dehydrogenase Urease
Variation population activity activity population activity activity
Soil 22 0.49144 NS NS NS NS NS
Temperature
%Mohture‘ 22 NS NS 0.468%4 NS NS 0.655% 24
content
Soil pH 22 NS NS NS NS -0.317% NS
% Organic 22 NS NS 0.325* 0.353+ NS NS
carbon
Total 22 NS D.490% NS NS NS NS
nitrogen
Available 22 NS NS NS NS NS NS
phosphorus
Fungpl 22 N8 0.354+ NS NS
population

4, 4a auu P<0.1,0.05 and 0.001 respectively.
NS = Not significant



Table 8. Analysis of variance of snxyme activities (dehydrogenase and urease) of the soils collected from the

two ph forest stands.
Source of variation D.JF. S.8. M.S.S. Variance rstio Table F Valus Remark
calculated
F
5% 1%
Dehydrogenass :
Between the sites 1 22E-05 2.2E-05 0.737 4,279 7.881 Not Significant
Between sampling 23 00019 S8.0SE-05 2.697 2.014 27119 Significant at 5 %
periods level of probability
Error 47 0.0026 2.98 E- 05
Total 41 0.0026
Urease :
Between the sites 1 0.0035 0.0035 12.574 . 42719 7.881 Significant &t 5%
' and 1 % level of
‘ probability
Betweensampling 23 0.0406  0.0018 8.367 2.014 2719  Significant ot 5%
periods and 1 % level of
probability
Error 47 0.0064 0.0003

Total 47 0.0504
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Table 6.5 shows a comparative study of the fungal flora associated with the
undecomposed and partially decomposed pine litters. It was also observed that there was not
much difference in the composition of the fungal species associated with the undecomposed and
partially decomposed pine litters at both the study sites. When comparison was made between
the fingal species present in the undecomposed and partially decomposed litters, slight
difference in the fingal species composition was observed in which Alternaria alternata, A
tenuis, Aspergillus niger and Mucor circinelloides were found to be present in undecomposed
litter only, whereas Absidia cylindrospora, Ambylosporium sp., Aspergillus wentii, Fusarium
merismoides,Monilia sp., Penicillium rubrum and P. waksmanii were found to be present in
partially decomposed litter only.

3. Estimation of enzyme activities from the soil and the earthworm casts
Dehydrogenase activity

Monthly variation in dehydrogenase activity of soils as well as earthworm casts at bétb
the study sites is depicted in Figs. 14a & b. The activity was generally higher in the soil at high
altitude as compared to that at low altitude except in the months of September, February, March,
April and November where a lower activity was recorded. It was observed that the earthworm
casts generally showed higher dehydrogenase activity as compared to that of the surrounding
soil at both the study sites. No significant correlation could be observed between soil
temperature and dehydrogenase activity at both the study sites. A significant negative
correlation was observed between dehydrogenase activity of soil and soil pH at low altitude
[(r=-0.317, P< 0.1) Table 7]. Dehydrogenase was negatively correlated with nitrogen content
of the soil at both the study sites but was significant only at high altitude (r = 0.490, P< 0.05).
Dehydrogenase activity of soil was found to vary significantly between the sampling periods at

5% level of significance (Table 8).



Fig. 16 Monthly variation in earthworm population of two pine forest stands. HA (High
Altitude), LA (Low Altitude).
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Table 9. Correlation coeflicient ( r) for various soil parameters with earthworm populstion in

two pine stands.
Sources of variation DF Earthworm Earthworm
populistion ‘ population
Sofl temperature 10 Y70 | NS
% molsture content 10 NS NS
soll pH 10 DA 0.50844
% Organic carbon 10 0A451* NS
Total nitrogen 10 NS NS
Available phosphorus 10 NS NS

& 80 gnd str  P<0.2,0.1 me.OS respectively.
NS = Not dwillunt



Urease activity :

Figs. 15a & b depict the monthly variation of urease activity in the soils and casts of the
two study sites. Generally, higher urease activity was recorded in the soil at high altitude except
in the months of October, April and May where lower activity was recorded. Urease activity of
earthworm casts was also recorded to be higher than that of the surrounding soil at both the
study sites. Statistically, a significant correlation was observed between urease activity of soil
and fingal population at high altitude ( r = 0.354, P< 0.10). A significant correlation was
observed between urease activ_ity and moisture content at both the study sites ( r = 0.468,
P<0.05 at high altitude and r = 0.655, P< 0.001 at low altitude). A significant variation was
observed for urease activity of soil between the study sites as well as between the sampling
periods at 5% and 1% level of significance (Table 8).

4. Earthworm population and identification of earthworms :

Soil at the pine forest stand at high altitude was sandy while that at low altitude was
sandy loam. Soil temperature, soil moisture and pH of both the study sites are depicted in figs.
3,4 (a & b) and 5 (a & b) respectively. Soil temperature at high altitude varied from 14°C to
23°C while that of the soil at low altitude varied from 15.5°C to 25°C during the study period.
Moisture content of the soil at high altitude varied from 26.67% to 43.33% while that of ﬂxé soil
at low altitude varied from 13.3% to 40%. The soil was found to be more acidic at high altitude
than at low altitude. pH of the soil at high altitude varied from 4.74 to 5.90 while at low altitude
varied from 4.78 to 6.25.

The earthworm species found at high altitude were identified as Ewtyphoeus sp.,
Anynthas corticis (Kinberg), Eutyphoeus festivus Gates, Drawida papillifer papillifer
Steph., Lennoscolex strigosus Gates and Kanchuria sumerianus Julka while those found at

low altitude were identified as Drawida papillifer papillifer Stephensen, Amynthas corticis



Fig. 17 Percentage of weight remaining of pine litter afier different time intervals (0-o0)
= control (without earthworms), (¢e—e) = treated (with earthworms).
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Table 10. Decay constant (K), Half life and 95% life (percentage weight remaining versus
time in year) values for pine litter decomposition under laboratory condition.

" Trestment K Half lifo 95% life
(per year) (Yenr) (year)
Control (without earthworms) 0.638 1.09 470

Treated (with earthworms) 0.730 0.949 4.11




Fig. 18 (a,b,c&d) Variation of cellulose, hemicellulose, lignin, total sugars and amino
acids in the control (without earthworms) and treated (with
earthworms) at different time intervals.
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Fig. 19 (a,b&c) pH, amounts of nitrogen and phosphorus in leaching waters. (0—0) =
control (without earthworms), (s—¢) = treated (with earthworms).
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Fig. 20 (a,b&c) Organic carbon, total nitrogen and available phosphorus of mineral sofl,
humus and casts.
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(Kinberg) and Metaphire anomala (Michaelsen). However, Drawida papillifer papillifer

Steph. and Amynthas corticis (Kinberg) were found to be common at both the study sites.

Fig. 16 depicts the monthly variation of the earthworm population at the two study sites.
It was observed that the earthworm population was more at high altitude as compared to that at
low altitude. Population was highest in June at high altitude and in July at low altitude.
Minimum population was recorded in February at both the study sites. Table 9 sh;)ws the
correlation co-efficients calculated between earthworm population with various soil physico-
chemical properties at both the study sites. It was found that earthworm population was
positively correlated with soil temperature ( r = 0.627, P< 0.05) and organic carl.>on (r=0451,
P< 0.2) at high altitude. However, a significant negative correlation was observed between

earthworm population and pH at both the study sites (r =-0.444, P< 0.2 and r=-0.508, P< 0.1).

5. Role of earthworms in litter decompesition :

Fig 17 depicts the percentage weight remaining of litter in the control sets (without
earthworms) and the treated sets (with earthworms). From the figure, it was observed that
weight loss was slightly more in the treated sets as compared to that of the control. Percentage
weight remaining after 120 days was 83.4% in the control and 82.1% in the treated sets. It was
observed that the rate of decay of pine litter was more faster in the sets treated with earthworms
than in the controls as calculated from the decay rate constant (Table 10).

The various components like cellulose, hemicellulose, lignin, total amind acids and
| sugars of the decompm;ing pine litter in the controls as well as in the sets treated with
earthworms were maximum in the initial stages of decomposition which was observed to
decrease in tﬁe latter stages as decomposition proceeded (fig. 18a,b,c&d). The Weight loss of

cellulose, hemicellulose, lignin and amino acids was observed to be more in the sets treated



66

with earthworms whereas amount of sugars was more in the controls as compared to the sets
treated with earthworms. Positive significant correlation was observed between weight loss of
litter with the different components in both the treatments. In the control set, Weight loss of litter
was positively correlated at different levels with the different components [cellulose (r = 0.836,
P <0.10), hemicellulose (r = 0.962, P <0.01), lignin (r = 0.985, P < 0.005), total amino acids (r
=(0.978, P < 0.005), sugars (r = 0.932, P < 0.05]. Similarly, in the sets treated with earthworms,
weight loss was positively correlated at different levels of significance [cellulose (r = 6.853, P
< 0.10), hemicellulose (r = 0.955, P < 0.02), lignin (r = 0.844, P < 0.10), total amino acids (r ='
0.811, P < 0.10) and total sugars (r = 0.962, P <0.01)].

Figs.v 19 a, b & ¢ depict the pH, nitrogen content and POf:P content from the leachates.
pH from the leachates was found to be more acidic in the treated sets as compared to that of the
control sets (fig. 19a).Total Nitrogen and PO}- P from the leachates also were observed to be
more in the treated sets as compared to the controls ( figs. 19 b & c). A positive significant
correlation existed for PO, -P of the leachates between the two treatments [PO.;3 P (r=0.492,
P< 0.5), whereas, a negative correlation exists for total nitrogen of the leachate between the
treatments (r = -0.577, P < 0.5). The organic carbon content of mineral soil in the second and
third samplingswas higher in the sets treated with earthworms, while in the first and fourth
samplingsthe organic carbon content was higher in the control sets. The organic carbon content
of the mineral soil was negatively correlated between the treatments (r = -0.610 P < 0.5). Total
nitrogen content and available phosphorus of the mineral soil and humus was found to be more
in the treated sets as compared to that of the control(figs. 20ab&c). However, when
comparison was made between the mineral soil, humus and earthworm casts , it was found that
the casts had higher organic carbon , nitrogen and available phosphorus as compared to that of
mineral soil and humus in both the sets. The nitrogen content of mineral soil and humus was

positively correlated between the treatments for nitrogen (r = 0.526 & r = 0.529, P < 0.5).



Fig. 21 CO; evolution at different time intervals. (0—0) = control (without earthworms),
(o—+) = treated (with earthworms).
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Phosphorus content of the mineral soil between the treatments was positively correlated (r =
0.760, P < 0.2) while that of humus was negatively correlated (r=-0.775,P <0.2) .

Fig. 21 depicts the CO; evolution in the control and the treated sets. From the figure, it
was observed that the CO, evolution was higher in the sets treated with earthworms than in the
control sets. When the number of earthworms were counted after every destructive sampling, it
was found that the number of earthworms decreased from 10, 9, 7, 4 to 2 at the end of the
experiment (Initial to the fourth sampling period).

6 (a) Role of earthworms in fungal dispersal :

Fig. 22 (a, b & c) shows the comparison between the pH, moisture content and fingal
population in the soil from earthworm firrows and adjacent soil to study the role of earthworms
in fungal dispersal. pH of the adjacent soil was found to be more acidic as compared to that of
the swrounding soil. Similarly, the moisture content of the soil collected from earthworm
furrows was slightly higher than that of the adjacent soil. The fimgal population was also
recorded to be more in the soil collected from earthworm furrows as compared to that of
'adjacent soil. Moisture content was found to be positively correlated with fimgal population in
adjacent soil (r = 0.608, P < 0.5) as well as in soil from earthworm firrows (r = 0.627, P <
0.5).

‘A total of 8 fimgal species could be isolated from both the adjacent soil and soil from
earthworm fiwrows (Table 11). Fusarium poae, Mucor hiemalis, Penicillium chrysogenum, P.
Jrequentans, Pythtum intermedium and Trichoderma koningit could be isolated from adjacent
soil as well as from the soil from firrows. There was not . much variation in the fingal
species collected from the two sites. However, Humicola sp. could be isolated from the soil
from firrows only whereas, Penicillium waksmanit could be isolated from adjacent soil only.

From the table , it was also observed that the percentage relative abundance of the fingal



Fig. 22 (a,b&c) pH, moisture content and fungal population of soil from earthworm

fmrows and adjacent soil at different time intervals.
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Table 11. Fmpllpopuhdon (10° x g! dry sofl ) in the sofl collected from earthworm fnrows and sofl adjacent to furrows duhg
the different sampling days. The values in the parentheses are percentiage relative sbundance.

Sampling period (days)
0 7 14 21 28
Fungl Sofl Soll Sofl Sofl Sofl Sofl Sofl Sofl Soﬂ Sofl
" (furrow) (adjacent) (furow) (adjacent) (hurow) (adjacent) (Rurow) (adjacent) (hurow) (adjmacent)
1. Rusartanpoas _ _ _ _ 0519 1280 N 0252 _ _
@939) (@4383) Gs2)
2. Humicola sp. - _ - _ _ o 0438 - - -
@824)
3. Mucor luemalts 0.734 0424 0427 1.000 0.714 0137 _ _ _ 0382
G657) (571) (2826) (5238) (S45) (M) @r27)
4. Paicidliom chrysogerum - 0084 - 009% - _ _ 0126 0863 033
' @19 4.76) Q745) (Gosl) Q42U)
5. P. frequentans - - - _ 0142 0045 - - _ _
®09) 69
0. P. waksmani _ _ _ 00458 - i _ _ _ -
a3sm
7. Pyticom intermedicon 0518 0382 1543 0773 - _ - - 0AT4 0382
“000) (3214) (G9ST) (40498) @333 @2

8. Trichoderma kovingti 0043 0297 0048 0095 0045 0088 0336 0086 0297
: @33 @00 Q@i ©Go8) (303) (AL76) (4706) (606) Q122
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species P. intermedium was high in the soil from earthworm furrows as compared to that in the

adjacent soil.

6 (h). Feeding habit of the earthworm species Drawida papillifer papillifer in relation to
certain fungi :

Fig. 23a shows that there was an increase in the earthworm biomass at the initial stage
indicating that D. papillifer papillifer can utilise fungi as their source of food. From the figure,
it was evident that there was a gain in the earthworm biomass initially with the different fingal
species except for P. intermedium where the biomass showed a decreasing trend. It was
observed that there was an increase in the biomass of earthworm when fed with the mixed
culture of all the test fingi for 35 days, 28 days when fed with P. chrysogenum and M. hiemalis
but only 7 days when fed with 7. koningii. It was also observed that the earthwormsdid not
survive tillthe endof ~the experiment.

Fig. 23b shows the length of D. papillifer papillifer fed with the test fingi. It was
observed that the length of the earthworm fed with the mixed culture showed a decreasing trend
at the latter stages.The length of the earthworm fed with P. chrysogenum increased initially and
thereafter decreased. It was also observed that the length of the earthworm remained unaffected
for 35 days when fed with M. hiemalis. However, the length of the worm fed with T. koningii
showed a decreasing trend. Similarly, when it was fed with P. intermedium, its length showed
a decreasing trend at the latter stage.

A negative significant correlation was observed between the earthworm biomass and
the period of sampling in the case of P. chrysogenum, M. hiemalis and P. intermedium
(P < 0.01,0.05 and 0.10) respectively. A negative significant correlation also exists between

the length of the earthworm and period of sampling in all the treatments (P < 0.05). However,



Fig. 23 (a&b) Biomass and length of the earthworm Drawida papillifer papiilifer Steph.
fed with different test fungi at different time intervals.
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when correlation coefficient was calculated between the biomass and length of the earthworm
there exists a negative significant relationship in the case of P. intermedium (P < 0.20).

7 (\Efficacy of certain fungl in decomposition :

(a) Field condition :

Fig. 24 depicts the microbial decomposition of pine litter under field condition
Decomposition was interpreted in terms of percentage weight remaining of the litter at different
sampling periods. From the figure, the percentage weight remaining of the litter after 360 days
was 53.9% . Moisture content of the decomposing litters exhibited fluctuation at diﬁ'ergnt time
intervals (fig. 25a5. The pH of the decomposing litter was acidic (fig. 25b). The fungal
population (fig. 26) was observed to be more in the later stages of decomposition as compared
to that in the initial stages A positive correlation was observed between fungal population and
pH of the decomposing litter ( r=0.229, P < 0.5).

Table 12 showsthe fingal species which were isolated from the decomposing litter
placed under field condition. A total of 16 fingal species could be isolated »from the litter bags
during the different sampling periods. The fungal species isolated were Alternaria alternata,
Aspergillus  japonicus, Cladosporium cladosporioides, C. herbarum, Fusarium
sporotrichloides, Mucor hiemalis, M. racemosus, Penicilllum brevicompactum, P.
chrysogenum, P. frequentans, P. javanicum, Pythium intermedium, Trichademm; koningil,
white sterile mycelia , yellow sterile mycelia and black sterile mycelia.

(b) Laboratory condition : |
Fig. 27 depicts the efficacy of the different fungal species to decompose the
pine litter under laboratory condition. In terms of different fingal inoculum, Mucor
hiemalis proved to be more efficient in the initial stage of decomposition of the pine litter
followed by Penicillium chrysogenum, Trichoderma koningii and Pythium intermedium. In

the control (without fungi) the decomposition was recorded to be the least. A mixture of all the



Fig. 24 Percentage of weight remaining of the decomposing pine litter placed in the field
after different time intervals.
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Fig. 25 (a&b) Moisture content and pH of the decomposing pine litter at different time

intervals.
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Fig. 26 Fungal population of the decomposing pine litter placed under field condition at
different time intervals.
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Table 12. Fungal population (10’ x g dry litter) associated with the decomposing pine litters placed in the fleld at various
sampling periods. The values in the parentheses are percentage relative abundance.

Sampling period in days
PFungl Initlal 30 60 90 120 150 180 210 240 270 30 3 360
1. Aternaria dternata - - - - - _ _ _ 0041 - - - -
©52)
2. Aspergillus japomicus - - - - - 0079 _ - _ - - - -
(11.76)
3.Cladomorimm cladosporiodes  _ _ _ _ 0447 _ _ 03s6  _ _ _ _ _
Gs») ®41)
4. C. harbarum - " - 0150 - _ - 0079 " - - - -
(16.00) asn
3. Ruarium sporotrickioides _ _ - 0935 0112 - " _ _ - - - -
(64.00) @882)
0. Miccor hiomalis 04673 - 0036 - _ 0079 - _ - 0082 - - 0320
4194) 213) Q1.76) A1) ' (1628)
7. M. racemosus - - - - - - - _ - - - - 1142
. 58.14)
8. Paticilium brevicompactum 0569 - _ _ 0037 _ _ - 0163 03571 _ _ _
(3548) 294) @09) (189)
9. P. chrysogemon _ - - o112 _ - _ 0119 0857 o082 _ 0092 0046
1200) @280) (1099) (741) @) @32
10. P. fraquentans _ _ 1490 09075 0223 _ _ - - 0082 016 013 -
®723) @00) (1749) (Al) 286) (1304)
12, P. javaricion _ - - - _ 0079 - - _ 0041 - - -
aze) | @70)
12, Pytivion intermadiion 0362 0925 - - _ _ 0852 1582 1714 - 5045 0831 0487
(22.58) (100.00) 0555) (3738) 2199) @®714) (782¢) (320)
13. Trichoderma komingis - - 0l14s - _ 0.196 _ _ - - _ - "
@s1) 2942)
14. White stesile mycelia - - - . 0447 0238 0039 _ - 0248 0579 _ -
(329) (3330) (439) 2222) (10.00)
15. Black stesile mycelia 2096 4937

- -— - - - -— - - -~ - -

“4959) (6335)
16. Yellow sterile mycelin 0036 0082

- - - - - — — - -— - -

@13 105)




Fig. 27 Percentage of weight remaining of the pine litter after different periods of
decomposition by certain dominant fungi in laboratery condition.
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Fig. 28 (a&b) Variation of cellulose, hemicellulose, lignin, total sugars and amino acids
of the decomposing pine litter at different periods of decomposition in
field condition.
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Fig. 29 (ab,c.d,e&f) Variation of cellulose, hemicellulose and lgnin content of the
decomposed pine litter at different periods of decomposition by
the test fungi in laboratory condition.
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Fig. 30 (a,b,c,d,e&f) Variation of total sugars and amino acid contents of the
decomposed pine litter at different periods of decomposition by

the test fungi in 1aboratory condition.
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Table 13. Decay constant (K), Half life and 95% life (percentags weight remaining versus time in
_yoar) values for pine litter decomposition under fleld and by some test fimgl under

lsboratory condition.
K Half life 95% life

(per year) (year) (yexr)
Fleld 0.271 256 11.07
Laborstory:
Control ' 0. 069 10.04 4348
Mixed culture 0.171 4.05 17.54
Mucor hiemalis 0.103 6.73 29.13
Penicillium chrysogemun 0.103 6.73 29.13
Pythiwn intermedium 0.137 5.06 21.80

“Trichoderma koningis 0.103 6.73 29.13




Table 14. Correlatinn coefflcients () for cellulose, homicellulose, lignin, total sugars and amino acids
with weight loss of pine litter with the different treatments under laboratory condition.

Sourcesof D.JF Control Mixed Penicellium  Miucor ’Ihohodenna Pythium

variation culture chrysogenum hiemalis koningii intermedium
Cellulose 5 0,984%4% (933 *h% 0.925 *¥* 0.885 *#* () 866** 0.329
Hemicellulose 5 0.977%%% (971 %%k* 0.971%%» 0.931 we* (), 017%* 0.359
Lignin _ 5 0.965%** ()982 W+ 0,972 we* 0,929%%% (,970Q &+ 0.241
Total amino 5 0.988""""; 0.947 »= 0.938 Wk 0.955 %k () 920 ik 0.329
acids
Total sugars 5 0743 * 0.818* 0.918 ** 0.939 #4* () Q1Q e 0.310

* #% & wak (P< 0.05, 0.01 & 0.001 respectively).



70

teat fimgi, however, was observed to be still more efficient compared to the individual species.
During the later stage of decomposition Pythium intermedium proved to be more efficient as
compared to the other fungal species.

Comparing the decomposition rates of the pine litters placed under field and laboratory
conditions, it was observed that the rate of pine litter decomposition was more faster under
field conditimg‘wbﬁhi'élsl):»/as approximately 80% as compared to that under laboratory condition
which‘:t:f)proximately 90% in 105 days.

7(i). Determination of cellulose, hemicellulose, lignin, total amino acids and sugars of the
decomposing pine litfer:

The various organic components viz. cellulose, hemicellulose, lignin, to:tal amino acids
and sugars were observed to be maximum in the initial stages of decomposition both under field
and laboratory conditions (figs.28a&b, 29ab.c,de&f & 30ab,c,de&f). The rate of
decomposition of these various constituents was similar to that of weight loss of the
decomposing litters at various sampling periods. Similar trend in the rate of decomposition was
observed in the case of cellulose and lignin. The rate of degradation of the various constituents
was more rapid in the field condition as compared to that in the laboratory condition.

Total sugars, amino acids and hemicellulose decomposed faster than cellulose and
lignin. The rate of decomposition of cellulose, hemicellulose, lignin and sugars under laboratory
condition was recorded to be highest in the mixed culture of all the test fingi and minimum in
 the control sets without the fingi. However, M. hiemalis was observed to be more efficient in
the degradation of amino acids. High significant correlation was observed betv&;een weight loss

of the litters and the various constituents [(P < 0.05, 0.01 and 0.001 respectively) Table 14].
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DISCUSSIONS

1. Physico-chemical properties of soil and earthworm casts
Seil Temperature

Lowering of soil temperature at both the study sites in the winter months corresponds to
the low atmospheric temperature during the period ( fig. 3).
Moisture content
There was not much variation in the mois@xre content of the soil at both the study sites (figs.
4a&b), since variation in rainfall at both the study sites was not much (figs. 1a&b).
pH

The soil was found to be more acidic at high altitude than at low altitude (figs.5a&b) .
The high acidic nature of the soil at high altitude is related to the dominance of pine litter.
Higher pH values in the casts (figs. 5a&b) is in conformity with the reports of earlier workers
(Lee, 1985; Mulongoy and Bedoret, 1989, Dkhar and Mishra, 1992). Higher pH values in the
casts is due to ammonia excretion into the worm intestine and also due to the action of the
calciferous glands in the worm pharynx when the soil is being ingested (Lee, 1985). Prento
(1979) also suggésted that the increase in pH during gut transit is related to mucus production
and to.the activity of the morren glands which secretes large amount of CaCO;
Organic carbon

Soil at high altitude showed higher organic carbon content than the soil at low altitude
(figs. 6a&b). Casts also showed higher organic carbon as compared to that of the surrounding
soil. The high organic carbon content of the soil at high altitude is due to the continuous
deposition of eroded soil rich in organic matter brought about by the surface run off of water

from the adjacent hill areas. Lee (1985) suggested that the enrichment of organic carbon in casts
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as compared to the surrounding soil was due to ingestion of plant and microbial residues and
large quantities of mucopolysaccharides produced by the worm during digestion. The higher
organic carbon content in the casts is ascribed to the tact that earthtworms may select soil
fractions enriched in organic compounds (Blair ef. al., 1994).
Total nltrogen

The increased nitrogen content in the soil at high altitude (figs. 7a&b) is also probably
due to the continuous déposition of the eroded soil rich in organic matter brought about by the
surface run off of water from the adjacent hill areas. The increase in total nitrogen content in
casts as compared to the surrounding soil (figs. 7a&b) is a result of excretion of ammonia into
the soil as it passes through the gut Results of the present study are in conformity with the
results of other workers (Graff, 1971; Lavelle et. al., 1992) who also reported higher nitrogen
content in the casts than that of the surrounding soil. Needham (1957), on the other hand,
reported that very little nitrogen is excreted in the faeces of earthworms.
Available phosphorus

Higher concentration of available phosphorus in the soil at high altitude (figs. 8a & b)
could be related to higher microbial activity (figs. 14ab & 15a,b). Increase in pH in the casts
(figs. 5 a & b) is responsible for the higher phosphorus content in the casts as was suggested by
Barley (1961). Another possible reason could be that the gut passage may have altered the P-
sorption capacities of the soil (Lopez-Hernandez et.al., 1993).

2. Fungal population in the soil, casts . the earthworm gut end Llitter

>

Higher fungal population in the soil recorded in the month of May at high altitude and in
June at low altitude (figs.9a&b}) could be due to climatic conditions and availability of
substrates during these months which appear to favour the growth and development of the soil

microbes (Wright and Bohlen, 1961;). Lower fungal population during winter
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at both the study sites may be ascribed to low moisture content during this period (figs. 4a&b).
l,:‘;;;!mperature during this period may not be conducive for fingal growth and multiplication. Low
fungal population recorded in August at high altitude and June, July and Augusf at low altitude is
due to the adverse effect of excess moisture on fungal population (Kamal and Bhargava, 1973).
Penicillium chrysogenum, Pythium intermedium, Rhizopus stolonifer, Trichoderma koningil
and white sterile mycelia were found to be dominant and with high percentage relative
abundance at both the study sites during the study periods (Tables 1.1 to 1.4). Except for R.
stolonifer the same species appeared to be dominant during the second year of study also
(Tables 1.2 & 1.4). This result is in accor(iance with the findings of Bissettand Parkinson
(1979) who pointed out that for a given community only a few species were dominant which
may strongly affect the growth of other species. The dominance of these fungal species is due to
their fast growing nature which inhibit the growth of slow growing species or also due to
selection of media and method and which probably were not conducive for the isolation of other
fungi which require specific media for their isolation. Another possible reason could be due to
their wide tolerance to different extreme environmental conditions. The dominance of a few
members of Fungi Imperfecti for example 2. chrysogenum and T. koningii in the present study
is in agreement with other workers (Kamal and Bhargava, 1973; Mishra and Kanaujia, 1972). 1t
is believed that due to their wide tolerance and capability to decompose cellulose, Fungi
Imperfecti dominate the soil fungal flora (Singh and Charaya, 1975). Qualitatively, there was
difference in the fingal flora isolated from the soil at both the study sites. Aspergillus terreus,
Botrytis, Mucor plumbeus, M. racemosus, Trichoderma harzianum and black sterile mycelia
could be isolated from the soil at high altitude only, whereas, Absidia glauca, Aspergillus
versicolor, Cladosporium herbarum, Fusarium merismoides, F. sporotrichioides and

Oidodendron sp. could be isolated from the soil at low altitude only. This variation in the
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fungal flora may be due to the conditions which were conducive for the isolation of these fingal
species from the respective study sites.

Statistically, a positive correlation was observed between fimgal population and soil
temperature at high aititude (P <0.05). There was a significant positive correlation -

between soil organic carbon and fingal population at low altitnde_ (P< ‘0.10). These
results are in agreement with the ﬁndings of other workers (Tiwari et. al. , 1987a; Tiwari ef.
al., 1987b; Behera et. al. 1991) who suggested that organic matter, pH, moisture content and
temperature influenced the abundance and distribution of micro-organisms in soil. A number of
studies have also indicated that the vegetational cover had significant influence on the microbial
population (Dwivedi, 1966; Mishra and Kanaujia, 1972). However, Jones and Richard (1972)
did not find any such type of effect of vegetation on the microbial population.

Higher fingal population in the casts (figs.9a&b) is due to the fact that casts are usually
rich in ammonia and partially digested organic matter and act as a good substrate for the growth
of microorganisms. The intestinal mucus secreted during passage through the earthworm gut is
egested with the casts and this seéretion continues to stimulate microbial activity and growth
(Barois and Lavelle, 1986; Scheu, 1991). Many other workers have also reported that
microbial population of the earthworm casts is much larger than that of the surrounding soil
(Dkhar and Mishra, 1986; Tiwari et.a!l., 1989; Tiwari and Mishra, 1993).

Fungal population was observed to be higher in the fore-gut as compared to that of the
mid-gut and hind-gut regions at both the study sites (fig. 10a&b). This result is in agreement
with the results of earlier workers (Domsch and Banse, 1972; Dash er.al., 1979) who reported
destruction and digestion of various species of microfungi during passage through the
earthworm gut. The earthworm gut contained higher number of fingal species as compared to

that of the surrounding soil at both the study sites (Table 4.3). This result is in accordance with
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the findings of Ghilarov (1963) and Atlavinyte et. al. (1971). Increase in the number of fingal
species in the gut may be due to increased organic content of the digested soil due to the
digestive activity of the earthworm. The fingal species found to be common in the soil,
earthbworm gut and the casts at high altitude include Cladosporium cladosporioides, Fusarium
solani, Humicola sp., Mucor hiemalis, M. racemosus, Penicillium brevicompactum, P.
chrysogenum, P. frequentans, P. javanicum, Pythium intermedium, Rhizopus stolonifer,
Trichoderma koningii and white sterile mycelia, while those found to be common in the soil,
earthworm gut and the casts at low altitude include Cladosporium cladosporioides,
Cunninghamella elegans, Fusartum solani, Humicola sp., Mortierella parvispora, Mucor
hiemalis, Penicillium brevicompactum, P. chrysogenum, P. frequentans, P. javanicum, P.
waksmanii, Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii and white
sterile mycelia. These fingal species were found to be common in the soil, earthworm gut and
casts because of the fact that they may be either having thick walled spores, or havmg antibiotic
producing capacity and are not readily killed but are excreted with the casts whereby they
germinate and grow fast due to increased nurient level and act as foci for their dissemination in
soil (Rabatin and Stinner, 1988). Aspergillus carneus, A wentii, Cladosporium herbarum, C.
macraocarpum, Fusarium sporotrichioides, F. moniliforme, Penicillium daleae, P. digitatum
and P. janthinellum were found to be present in the gut of the earthworm collected from high
altitude while, Aspergillus terreus, A wentii, Mucor racemosus, Penicillium daleae,
Trichoderma harzianum and Verticillium alboatrum were found to be present in the gut only
from low altitude. The reason why these fungal species were restricted to the gut only could be
that they may be suppressed in the soil due to the fast growth of other fingal species. The
species found throughout the digestive tract of earthworms collected from high altitude were

Aspergillus flavus, A. wentii, Cladosporium cladosporioides, Fusarium oxysporum, F. solani,
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Humicolq sp.. Mortierella parvispora, Mucor hiemalis, M. racemosus, Penicilllum
brevicompactum, P. chrysogenum, P. daleae,I P. digitatum, P. javanicum, Pythium
intermedium, Rhizopus stolonifer, Trichoderma koningii and white sterile mycelia.
Aspergillus flavus, A terreus, Cladosparium cladosporioides, Cunninghamella elegans,
Fusarium solani, F. sporotrichioides, Humicola sp., Mucor hiemalls, M. circinelloides,
Penicillium brevicompactum, P. chrysogenum, P. frequentans, P. javanicum, P. waksmanil,
Pythium intermedium, Rhizopus stolonifer, Trichoderma koningii, T. harzianum, Verticillium
alboatrum and white sterile mycelia. were found to be prese‘nt throughout the digestive tract of
the earthworms collected from low altitude. Presence of these fungal species throughout the
canal of the earthworm could be due to the fact that various fungal spores have thick walled or
wrinkled coats (Dash ef.al., 1979) or are resistant to breakdown by intestinal enzymes of
earthworm (Striganova et.al., 1989) thus leading to their survival during passage through the
alimentary canal (Reddell and Spain, 1991a and Harinikumar and Bagyaraj, 1994). However,
the presence of Aspergillus terreus, Cladosporium herbarum, C. macrocarpum and Fusarium
sporotrichioides in the foregut region and Aspergillus carneus in the foregut and midgut regions
of the earthworm collected from the stand at high altitude and Alternaria alternata, Aspergillus
Japonicus, A versicolor and Fusarium sporotrichioldes in the foregut and Aspergillus carneus
and A candidus in the fore-gut and mid-gut of the earthworm collected from the forest stand at
low altitude indicated that they might have been digested in the midgut and hmdgut regions of
the earthworm. Although certain fingal species occurred throughout the digestive tract yet there
was still some variation in the fiungal flora of the different regions of the gut Similar
observations were also made in the variation of the mycoflora in different regions of the gut by
various workers (Bhattacharya and Chakrabarty, 1986; Ghosh ef. al., 1989). This variation in

the mycoflora of the different regions of the gut suggests that some fingi which are in the
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dormant stage gets broken down in course of their passage through the gut. The presence of the
fingal species Acremonium sp., Alternaria tenuis and yellow sterile mycelia in the casts at high
altitude and Acremonium sp., black sterile mycelia and yellow sterile mycelia in the casts at
low altitude could be attributed to the nutrient enrichment in the casts which makes it ideal for
the growth of these fingal species.

The inonthly fluctuation in the fungal population of undecomposed and partially
decomposed pine litter at both the study sites (figs. 13a&b) is due to the changes in weather
conditions during the study period (Holm and Jensen, 1972).

The fimgal population of undecomposed litter was recorded to be more at high altitude
as compared to that at low altitude. This is due to high moisture content encountered in the litter
at high altitude (figs. llé&b). The maximum peak in the fingal population during the month of
August is ascribed to high moisture content in this month (figs. 11a&b). The drop in fingal
population during winter is due to low moisture content in the litter as well as low atmospheric
temperature. This result is in accordance with the findings of various workers (Edmonds, 1979
and Rai and Srivastava, 1982) who also attributed low microbial counts to moisture stress and
low temperature.

Although the moisture content of partially decomposed litter was observed to more at
high altitude (ﬁgs. 11a&b), yet the fingal population was recorded to be less as compared to
that at low altitude. Low fungal population may probably be due to excess moisture content in
the litter. This result is in accordance with the findings of earlier workers (Witkamp, 1966 and
Das, 1980) who also suggested that low fingal population during excess of moisture content in
the litters is due to lack of aeration. |

From table 6.5, it was observed that there was slight difference in the composition of

the fungal species associated with the undecomposed and partially decomposed pine litters at
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both the study sites suggesting that most of the fungi are non-selective and that they can utilize a
wide variety of substrates.
3. Enzyme activities in soll and earthworm casts

Dehydrogenase and urease activities were recorded to be higher at high altitude as
compared to that at low altitude (figs. 14a,b & 15a,b). The increase in enzyme activities at high
altitude could be related to higher levels of organic carbon content in the soil (O’Toole ef. a!.,
1985 ; Tiwari et. al., 1987; Tiwari and Sharma, 1998).

Dehydrogenase activity was observed to be low during winter at both the study sites.
This result is in conformity with the results of Ross and Roberts (1970). Lower activity during
winter months may be on account of lower moisture in the soil during these months. In the
preseﬁt study, dehydrogenase activity was recorded to be higher in the earthworm casts as
compared to that of the swrrounding soil. Higher dehydrogenase activity in the casts could be
related to the higher moisture content in the casts-(figs. 4a&b). An increase in moisture content
enhanced the availability of organic carbon to heterotrophs responsible for the increased
microbial activities in the casts. Brzezinska et. al. (1998) also suggested that the activities of /
soil dehydrogenases increased with increase in soil water content. In the present study, n
significant correlation could be observed between dehydrogenase and fungal population an
moisture content of the soil at both the study sites. Lack of correlation between theﬁe paramet
indicated that some other biotic components may also regulate the enzyme activities.
dehydrogenase depends partly on the metabolic activity of the soil microorganisms (Paterson,
1967) it is not surprising that its value does not always reflect the total number of viable
organisms isolated on a particular medium Skujins (1973) also did not find any correlati

between dehydrogenase activity and microbial numbers.



79

4. Earthworm population

Earthworm population was observed to be more at high altitude as compared to that at
low altitude (fig. 16). The reason for this could be due to favourable conditions available in the
soil at high altitude. The soil at high altitude had higher nutrient contents (organic carbon, total
nitrogen and available phosphorus) as compared to that of the soil at low altitude. Higher
nutrient contents in the soil at high altitude favoured the growth of a large number of
earthworms. The seasonal variation in the earthworm population observed at both the study
gites could be attributed to the earthworm species, soil type and altitude (Guild, 1952 and
Murchie, 1958). Maximum earthworm populations were recorded in the month of June at high
altitude and in the month of July at low altitude This result is in accordance with the findings of
Lavelle and Fragoso (1992) who also observed that earthworm activity in the humid tropics
was recorded to be maximum during the hot wet seasons. Gutes (1961) also suggested that
earthworm activity was limited to certain seasons. Maximum populations during the summer
months (June- July) could be attributed to favourable moisture and temperature in the soil as
moisture and temperature are regarded as important factors affecting earthworms (Dash and
Senapati, 1980 and Sahu and Senapati, 1986). Evans and Guild (1947¢) also suggested that the
soil conditions affecting earthworm activity were temperature and moisture besides another
important factor which is the obligatory diapause or the period of quiescence during adverse
conditions. Minimum earthworm population during the winter months is due to migration of
earthworms away from the soil due to unsuitable temperatures (Dowdy, 1944). During the
winter months the soil also was observed to be low in moisture content as a result of which the
earthworms may have constructed cells lined with mucus fairly deep in the soil, and remained
in a coiled position during the dry period (Edwards and Lofty, 1977). The low population could

also be due to low availability of food supply. The positive significant correlation between
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earthworm population, soil temperature (P< 0.05) and organic carbon (P< 0.20) at high altitude
indicated that these two parameters are responsible for the maximum earthworm population at
this site. Tiwari ef. al. (1992) also found significant correlation between earthworm
populations and temperature and moisture in a pineapple field
5. Role of earthworms in itter decomposition

From the present study, the percentage weight remaining of the litter in the sets treated
with the earthworm species Drawida papillifer papilhfer;ﬁghtly less as compared to that
remaining in the control. It appears that this earthworm species consumed less pine litter (17%
after 120 days) as compared to the study made by MacKay ef al. (1983)who observed that 50%
of the wheat baits was consumed by Lumbricus rubellus within 10 days and 45% by
Aporrectodea caliginosa within 12 days. The reason. could be due to high polyphenolic
contents in litter which reduced the palatability for earthworms (Slapokas and dmhﬂl, 1991).

pH from the leachates was found to be more acidic in the sets treated with earthworms
as compared to that in the controls (fig. 19a). This result is in accordance with the findings of
MacKay et al. (1983) who suggested that earthworms remained active even at relatively low
pH. However, the reverse was observed by Haimi and Einbork (1992) who observed that
earthworm species L. rubellus raised the pH of the leaching waters. Total nitrogen and P0:-
phosphorus from the leachates in the sets treated with earthworms was observed to be more
than that of the controls (figs. 19b&c). The difference in the total nitrogen and phosphate-
phosphorus might have been caused indirectly by the stimulation of microbial activity or
directly through mucus secretions. Theenhans and Scheu (1996) 'also reported that leaching of N
and P from the beech leaf litter was significantly increased in treatments with mucus and faecal
material. It was also observed that Total -N and PO,> "~ -P decreased as the incubation period

was increased. Similarly, the number of earthworms which was initially 10 in each container
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was reduced to 2 after 120 days. Since only matured specimens were introduced~ into the
containers, the specimens must have died since they are considered to have a certain lifespan
This reduction in the number of earthworms could also be attributed to the organic status of the
goil in the containers for not being able to maintain the population of the earthworms (Boyer e.
al., 1999). The decreasing trend in Total-N and POLP during different periods of sampling
- could be due to the reduction in the number of earthworms. |

Total nitrogen and available phosphorus in the mineral soil and humus was recorded to
be higher in the sets treated with earthworms than in the controls (figs. 20b&c). This increase
demonstrates that the presence of earthworms can improve and enhance decomposition process
and nutrient release. Ruz-Jerez et. al. (1992) also reported higher NO;-N concentration in the
gets treated with earthworms L. terrestris and Eisenia fetida than in the confrol treatments
(without earthworms). This increase could be due to mucus secretions and also due to the
decaying tissues of the worms themselves. However, the main influence may be due to the
indirect effects of their burrowing and feeding activity.

Higher CO; evolution in the sets treated with earthworms (fig. 21) may be caused by the
direct contribution of earthworm respiration or by the stimulation of microbial activity. Similar
observations were also made by different workers (Ross and Caims, 1982; Haimi and Hubta,
1990 and Ruz-Jerez et. al., 1992). Theenhaus and Scheu (1996) attributed the increase in basal
respiration and microbial biomass to mucus secretion.

6 (a) Role of earthworms in fungal dispersal

Higher pH values in the soil collected from earthworm ﬁnfows (fig. 22a) may Be due to
secretion of mucous compounds on the body surface of the earthworms which tends to increase
the pH value to neutral or even slightly basic reaction (Schrader, 1991). Earthworm burrows

enhance percolation and improve vertical movement of water (Ehlers, 1975; Carter et.al., 1982
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and Roth and Joschko, 1991). This enhancement of percolation and vertical movement of water
may have caused the high moisture content in the soil from firrrows than from the adjacent soil
(fig. 22b).

Higher fingal population in the soil collected from firrows (fig. 22¢) may be due to the
presence of mucous compounds secreted by the earthworms which may stimulate x;licrobial
activity and act as energy substrates for microorganisms (Scheu, 1991 and Fdwards and Bohler.,
1996). From table 11, it is evident that there was slight variation in the the composition of of the
fungal flora corresponding to the variation in the environmental factors like pH and moisture
content (Dkhar and Mishra, 1986 and Ranee and Dkhar, 1998). The higher percentage relative
abundance of Pythium intermedium in the soil from furrows (Table 11) indicates that the
earthworms help in the dispersal of this pathogenic fungus. Similar observations were also
made in the case of pathogenic fungi, Fusarium and Pythium that they can be transmitted
through- soil by earthworms (Baweja, 1939; Khambata and Bhatt, 1957 and Edwards and
Fletcher, 1988). However, Toyota and Kimura (1994) made a reverse observation in which the
earthworm Pheretima sp. disseminate the soil borne plant pathogen Fusarium oxysporum in the
top soil but decreased the total propagules of this pathogen.

6 (b) Feeding habit of earthworms in relation to certain fungal specles

Fig 23 a shows an increase in the earthworm biomass at the initial stage indicating that
D. papillifer papillifer can utilise fungi for its nutritional requirement (Piearce,1978; Flack and
Harstenstein 1984; Dash ef.al., 1986). However, in case of P. intermedium the biomass
showed a decreasing trend. This result is in accordance with the findings of Michon (1954)
who suggested that earthworms gained weight until the disappearance of the clitellum that
indicated the onset of senescence and that during this period the earthworms slowly declined in

weight until their eventual death. There was an increase in the biomass of the earthworm when
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fed with the mixed culture of all the four test fungi for 35 days, 28 days when fed with P.
chrysogenum and M. hiemalis separately but 7 days only when fed with T. koningii. In other
words, we can say that P. chrysogenum and M. hiemalis were taken most frequently as
compared to the other fungal species (T. koningii and P. intermedium). This preference of P.
chrysogenum and M. hiemalis over T. koningii and P. intermedium could possibly be due to
higher nutritional value of the former fiungi than the latter ones. Suggestions regarding
preferential consumption of fungal species by earthworms occurring in the field has also been
made by several workers (Dash et.al,, 1986; Striganova et.al. 1989). The preference in the
mode of feeding of earthworm may also exist because fungi produce a number of volatile
compounds that may be attractive or repellent to the earthworm as was noted for collembolans
(Bengtsson et. al. 1988). It was also observed that the earthwormsdid not survive till the end of
the experiment that could be due to exhaustion of nutrients or that the fingi may have produced
certain toxins that may not be conducive for the growth of earthworms. That earthworms have
certain lifespan cannot be ruled out also.

Fig. 23 b shows the length of D. papillifer papillifer fed with the test fungi. It was
observed that the length of the earthworms fed with the mixed culture showed a decreasing trend
at the latter stages. The length of the earthworms fed with P. chrysogenum increased initially
and thereafter decreased. It was also observed that the length of the earthworms remained
unaffected for 35 days fed with M. hiemalis. However, the length of the worms fed with 7.
koningii showed a decreasing trend. Similarly, when they were fed with P. intermedium, their
lengths showed a decreasing trend at the latter stage. This difference in the length of the
earthworms may be due to the quiescent behaviour of the worms themselves thus enabling them
to exist for a longer period on their own reserves especially when there was limited supply of

nutrients (Gerard, 1967). Since the food supplies in the later periods of incubation have become



exhausted the earthworms may have entered into a diapause resulting in the difference in length.
Doeksen and van Wingerden (1964) considered that this diapause was induced by substances
excreted by the worms themselves. Selective consumption of fungi by earthworms could have
considerable implication for nutrient cycling and organic matter decomposition (Newell,
1984b). With sufficient knowledge of the earthworm-microbial interactions it is also possible
to manipulate soil faunal and microbial communities to enhance soil fertility (Doube et. al.,
1994) and earthworm population could also be managed to provide soils in which disease
gseverity to crops can be reduced as was suggested by Doube et. al. (1994).

7 (i) Efficacy of fungi in litter decomposition

(a) Field condition

The percentage weight remaining of pi;le litter placed under field condition decreasgd
as decomposition proceeded (fig. 24). The rate of decomposition of the ﬁine litter was
comparatively slow with 53.9% weight remaining after 360 days as compared to that observed
by Shukla et. al. (1990) in potato field with 41.4% only remaining after 30 days. This is
perhaps due to a combination of a low base status substrate of the pine litter and containing
resistant substances like waxes, resins and lignin and also due to cold climate (Das, 1980). The
rate of litter decomposition is governed by environmental factors as well (Williams and Gray,
1974).

The pH and moisture content of the decomposing litter showed fluctuation during
different sampling periods (figs. 25a&b). The fingal population also showed fluctuation during
different sampling periods with the minimum population during the initial stage of
decomposition which increased at latter stage (f;g 26). The reduced fungal population during
the initial stages of decomposition may be due to unavailability of soluble nutrients or specific

substrates which are still in complex forms. The progressive rate of decomposition must have
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caused the mobilisation of the nutrients from the litter for microbial growth (Das, 1980). The
gradual increase in the fungal population may also be due to favourable moisture condition,
temperature and intensive activity of fauna which exposed the litter surface for microbial attack
(Das, 1980). Fungi belonging to the class Fungi Imperfecti, Phycomycetes and the sterile forms
belonging to the class Basidiomycetes were observed to be dominant in the decomposing litter.
Among the Fungi Imperfecti, Penicillium chrysogenum and Trichoderma koningii appeared to
be dominant indicating the free spore nature of these species. Similar result was observed by
Bangar et al. (1979) who also reported that T. viride and Penicillium sp. were the most
important cellulose degrading fingi. The presence of Mucor hiemalis, P. chrysogenum, P.
Jrequentans, Pythium intermedium and T. koningii (Table 12) as dominant fiungi may be
explained on the basis of their faster growth in addition to their better intrinsic capacity to
utilise the litter (Garrett, 1950). The frequent occurrence of M hiemalis and Pythium
intermedium may also be because of their greater affinity to utilise simple carbohydrates. The
presence of sterile forms in high frequencies during the decomposition period may be due to
their high saprophytic ability which helps in their survival even under adverse environmental
conditions. These sterile forms may belong to Basidiomycetes which do not produce fruiting
bodies on the agar medium (Mishra and Tiwari, 1984) and are responsible for the
decomposition of lignin in the last stage of decomposition (Garrett, 1963).
(b) Laboratory condition

The differences in the weight loss of pine litter (fig. 27) treated with the different test
fungi (Penicillium chrysogenum, Pythium intermedium, Trichoderma koningii and Mucor
hiemalis) under laboratory condition sugges\ts that these fungal species vary in their
decomposing ability even under identical environmental conditions. In terms of individual

fungal inoculum, M. hiemalis proved to be efficient in the initial stages of decomposition of the
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litter followed by P.chrysagenum, T. koningii and P. intermedium. This result is in conformity
with the results of several workers (Sadasivan, 1939 and Sinha and Dayal, 1983) who reported
that some members of Phycomycetes were involved at the initial stage 6f decomposition.

(ii) Chemical analysis of the decompesing pine litter

The various organic components viz. cellulose, hemicellulose, lignin, total amino acids
and sugars were observed to be maximum at the initial stages of decomposition both under field
and laboratory conditions (figs. 28a&b, 29a,b,c,d,e&f and 30a,b,c,d,e&f). The decrease in these
constituents may be due to their utilization by the microbes (Harper and Lynch, 1981). The rate
of decomposition of these various constituents was similar to that of weight loss of the
decomposing litters at various sampling periods. Similar treﬁd in the rate of decomposition was
observed in the case of cellulose and lignin. The rate of degradation of the various constituents
was more rapid in the field condition as compared to that in the laboratory condition. This is
primarily due to the total ex;:lusion of decomposer famna from the litter due to partial
sterilization and also due to several biotic and abiotic factors, which influence the rate of litter
decomposition under field condition.

Total sugars, amino acids and hemicellulose decomposed faster than cellulose and
lignin. This result is in accordance with the findings of Das (1980). Autolytic process in the
decomposing litters led to the decomposition of sugars very rapidly. The slow decomposition of
cellulose and lignin in the decomposing litters may be due the slow exposure of these
constituents to microbial aftack through removal of the other constituents. The rate of
decomposition of cellulose, hemicellulose, lignin and sugars under laboratory condition were |
recorded to be the highest in the mixed culture of all the test fungi and minimum in the control

sets without the fungi. However, M. hiemalis was observed to be more efficient in the

degradation of amino acids. The efficiency of M. hiemalis in the degradation of amino acids has



also been suggested by Das (1980) since this species is known to have greater affinity towards
amino acids. The high significant correlation observed in table 14 between weight loss of »the
litters and the various constituents (P < 0.05, 0.01 and 0.001 respectively) indicate that these
components or constituents need to be considered in predicting the decomposition rates.

From the present investigation, we can conclude that earthworm casts are important
microsites with high microbial abundance, activity and nutrient availability as compared to the
surrounding soil. However, further research quantifying the production of earthworm casts by
earthworms with different ecological characteristics and by determining the distribution of casts
in the soil profile would help us to assess the overall importance of earthworms on soil
structure and fertility. Further research is still needed for better understanding on the
distribution and abundance of most species of earthworms and their activities in forest
ecosystems of the north-eastern region. The increase in total nitrogen, phosphate phosphorus in
the leachates and in total nitrogen, available phosphorus and CO; evolution in the sets treated
with the earthworm species Drawida papillifer papillz:fer:gre‘érly demonstrates that the
presence of earthworms can improve and enhance decomposition process and nutrient release.
Further, they help in the dispersal of beneficial as well as harmful fingi. Studi_es of different
earthworm species on vermicomposting will be of significant importance in vermitechnology
since the vermicompost so produced will provide a highly needed organic manure, an

alternative replacement for chemical fertilizers.



88

SUMMARY

For the present investigation, two forest stands of Pinus kesiya (Royle ex-Gordon) at
different altitudes of Meghalaya were selected. The study sites chosen were Upper Shillong at a
higher altitude situated at 1825m above sea level and the other site at Mawlai at a lower

altitude situated at 1400m above sea level.

The soil and the ea11~hw—£n1} cagts fpllected from the two pine forest stands were
analysed for various physico-chemical properties and fungal population. Generally soils at low
altitude showed higher temperature than soils at high altitude. During winter months (October to
January) temperature decreased and started to increase again after February at both thé study
sites. There was not much variation in the moisture content of the soil at both the study sites.
Low soil moisture content was recorded during the winter months which increased with the
onset of rains. When comparison was made between the moisture content of the earthworm casts
with that of the surrounding soil, it was observed that the earthworm casts generally harboured
higher moisture content except in few instances at both the study sites. The soil Qas found to be
more acidic at high altitude than at low altitude. The casts had high pH values as compared to
the swrrounding soil. Generally, soil at high altitude showed higher organic carbon, nitrogen and
phosphorus contents than soil at low altitude. The earthworm casts contained higher organic

carbon, nitrogen and phosphorus contents than the surrounding soil at both the study sites.

Isolation of fungi from soil and casts was done following Warcup’s (1950) method
using rose bengal agar (Martin, 1950) medium. Fungal population of soils exhibited a more or
less similar trend of monthly variation at both the study sites. Higher fumgal population was

recorded in the month of May in the soil at high altitude, whereas, at low altitude the fingal
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population was higher in the month of June. It was observed that the earthworm casts generally
harboured maximum population as compared to that of the surrounding soil. A positive
correlation was observed between the fungal population of soil and soil temperature at high
altitude (P< 0.05). A significant positive correlation was also observed between soil organic
carbon and fungal population at low altitude (P< 0.10). The pine forest soil at high altitude
exhibited highest number of fingal isolates as compared to that at low altitude. Qualitatively
there was not much difference in the composition of microflora of the two pine forest soils.
Most of the fingal species which were obtained from the soil at high altitnde were also isolated
from the soil at low altitude except for Aspergillus terreus, Botrytis sp., Mucor plumbeus, M.
racemosus, Trichoderma harzianum and black sterile mycelia which were isolated from the
soil at high altitude only, while Absidia glauca, A versicolor, Cladosporium herbarum,
Fusarium merismoldes and F. sporotrichioides and Oidodendron sp. which were restricted to
the soil at low altitude only.

The casts collected from the pine forest stand at low altitude exhibited a highest number

O -~

of fungal isolates as compared to that collected ﬁ"om the pme forest stand at hngh altnmde
it
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Qualitatively, there was not much difference in the composntlon of the microflora of the casts
collected from both the study sites except for Alternaria tenuis, Mucor racemosus and M.
circinelloides which were isolated from the casts at high altitude only and Aspergillus
candidus, Cunninghamella elegans, Fusarium oxysporum, Mortierella parvispora and
Penicillium janthinellum which were isolated from the casts at low altitude only.

The earthworm species found at high altitude were identified as Eutyphoeus sp., .
Amynthas corticis (Kinberg), Eutyphoeus festivus Gates, Drawida papillifer papillifer
Steph., Lennoscolex strigosus Gates and Kanchuria sumerianus Julka while those found at

low altitude were identified as Drawida papillifer papillifer Stephensen, Amynthas cortics
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(Kinberg) and Metaphire anomala (Michaelsen). However, Drawida papillifer papillifer
Steph. and Amynthas corticis (Kinberg) were found to be common at both the study sites.
Drawida papillifer papillifer was chosen for studying the fingal population from the gu.t of the
earthworm. The fingal population in the gut of earthworm Drawida papillifer papillifer at both
the study sites was done following Warcup’s (1950) method using rose bengal agar (Martin,
1950) medium. Results showed that the population was generally higher in the fore-gut as
compared to that of the mid-gut and hind-gut regions. Qualitatively, there was not much
difference in the composition of the fingal flora in the gut contents of the earthworm at both the
study sites except for Cladosporium macrocarpum, Fusarzum momleorme and Penicillium
digitatum which could be uolated}rom the gut regions of the earthworm collected from high
altitude only and Aspergillus japonicus, A versicolor, Alternaria alternata, Cunninghamella
elegans and Verticillium alboatrum which could be isolated from the gut regions of earthworm
collected from low altitude only.

A comparatwe ;;u;y of the fungal flora present in the soil, gut contents of the earthworm
and the casts collected from the pine forest stands at both the altitudes showed that altogether a
total of 28 fungal specles could be 1solated from the sonl 32 from the gut contents of the
earthworm and 19 from the casts at high altitude. Of the 32 fungal species occurring in the
different gut regions, 26 species could be isolated from the foregut, 23 from the midgut, and 25
from the hindgut regions. A total of 28 fungal species could be isolated from the soil, 32 from
the gut contents and 21 from the casts at low altitude. Of the 32 fungal species occurring in the

different gut regions, 29 species could be isolated from the foregut, 27 from the midgut and 26

from the hindgut reglons The eaﬂhwonn gut contamed hngher number of fungal spec1es as

T

compared to that of the surrounding soil.
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Moisture content and pH of both the undecomposed and the partially decomposed pine
litter was also analysed. Moisture content of undecomposed and partially decomposed pine
litter at high altitude was generally higher than that at low altitude . The moisture content of the
partially decomposed pine litter was more than that of the undecomposed litter at both the study
gites. There was not much difference in the pH of the litter collected from the two study sites.
However, pH cf the partially decomposed litter at high altitude was more acidic as compared to
that at low altitude. When comparison was made between the pH of the two types of litter it was
found that pH of the undecomposed pine litter was more acidic as compared to that of the
partially decomposed pine litter.

Similarly, the fingal population from the undecomposed as well as the partially
decomposed pine litter Was done following Warcup’s (1950) method using rose bengal agaf
(Martin, 1950) medium There was not much variation in the fimgal population of the
undecomposed litter at both the altitudes. However, the fungal population of the partially

decomposed pine litter was found to be more at low altitude. There was not much variation in

the fungal population between the two types of pine litter alét; at both the study sites. A positive
significant correlation was observed between fingal population and moisture content of the
litter at high altitude (P < 0.5). Undecomposed litter at high altitude exhibited highest number of
fungal isolates as compared to the litter at low altitude. Qualitatively, there was not much
difference in the fimgal flora of the litter except for Mucor racemosus, Aspergillus carneus and
A flavus which were isolated from the litter at high altitude only, and Mucor circinelloides and
Alternaria alternata which could be isolated from the litter at low altitude only. The partially
decomposed pine litter at high altitude exhibited more or less similar number of fingal isolates
at both the study sites. Qualitatively, there was not much difference in the composition of the

fungal flora of the litter except for Mucor racemosus, Absidia cylindrospora, Aspergillus
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terreus, A carneus, A candidus, A flavus and Acremonium sp. which could be isolated from
the litter at high altitude only and Aspergillus wentii, Penicillium brevicompactum, P. rubrum,
Monilia sp. and yellow sterile mycelia which were associated with the litter at low altitude
only.

There was not much difference in the composition of the fungal species associated with
the undecomposed and partially decomposed pine litters at both the study sites. When
comparison was made between the fungal species present in the undecomposed and partially
decomposed litters, slight difference in the fungal species composition was observed in which
Alternaria alternata, A. tenuis, Aspergillus niger and Mucor circinelloides were found to be
present in undecomposed litter only, whefeas Absidia cylindrospora, Ambylosporium sp.,
Aspergillus wentii, Fusarium merismoides, Monilia sp., Penicillium rubrum and P.
waksmanii were found to be present in partially decomposed litter only.

Dehydrogenase activity of soil and the casts was determined by 2, 3, 5- triphenyl

TN

tetrazolium chloride (TTC) reduction technique modified by Casida\ﬁ’ét.

dehydrogenase activity was higher in the soil at high altitude as compared to that at low altitude
except in the months of September, February, March, April and November where a lower
activity was recorded. It was observed that the earthworm casts generally showed higher
dehydrogenase activity as compared to that of the surrounding soil at both the study sites.
Dehydrogenase activity of soil was found to vary significantly between the sampling periods at
5% level of significance.

Urease activity was measured by the modified McGarity and Myers’ (1967) method.
Higher urease activity was recorded in the soil at high altitude except in the months of October,
~ April and May where lower activity was recorded. Urease activity of earthworm casts was

also recorded to be higher than that of the surrounding soil at both the study sites. Statistically, a
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significant correlation was observed between urease activity of soil and fungal population at
high altitude (P< 0.10). A significant correlation was observed between urease activity and
moisture content at both the study sites (P<0.05 at high altitude and P< 0.001 at low altitude). A
gignificant variation was observed for urease activity of the soil between the study sites as well

ag between the sampling periods at 5% and 1% level of significance.

Wilcke’s (1955) method of handsorting was adopted for the estimation of earthworm
population from the two study sites. The earthworm population was more at high altitude as
compared to that at low altitude. Population was highest in June at high altitude and in July at
low altitude. Mlmmum population was recorded in February at both the study sites. It was
found that earthworm population was positively correlated with soil temperature (P< 0.05) and
organic carbon (P< 0.2) at high altitude.

For determining the role of earthworms in litter decomposition under laboratory
condition the method adopted by Haimi and Huhta (1990) was followed. Since Drawida
papillifer papillifer appeared to be the dominant species, therefore, this particular species has
been selected for the study. Two sets were maintained for this study with one set without
earthworms being treated as a control, while another set treated with earthworms. Weight loss
of pine litter was slightly more in the treated sets as compared to that of the control. Percentage
weight remaining after 120 days was 83.4% in the control and 82.1% in the treated sets. The
various components like cellulose, hemicellulose, lignin, total amino acids and sugars of the
decomposing pine litter in the controls as well as in the sets treated with earthworms were
maximum in the initial stages of decomposition which was observed to decrease in the latter
stages as decomposition proceeded. pH from the leachates was found to be more acidic in the
treated sets as compared to that of the control sets.Total Nitrogen and PO, > - P from the

leachates also were observed to be more in the treated sets as compared to the controls. The
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organic carbon content of mineral soil in the second and third samplingswas higher in the sets
treated with earthworms, while in the first and fourth samplingsthe organic carbon content was
higher in the control sets. Total nitrogen content and available phosphorus of the mineral soil
and humus was found to be more in the treated sets as compared to that of the control sets.
However, when comparison was made between the mineral soil, humus and earthworm casts , ‘
it was found that the casts had higher organic carbon , nitrogen and available phosphorus as
compared to that of mineral soil and humus in both the sets. CO; evolution was higher in the sets
treated with earthworms than in the control sets.

To study the role of earthworms in fungal dispersal, screening of fungi was done from

Ia I T

soil collected from earthworm furrows and the soil adjacent to the firrows. Moisture content,
pH and ﬁmgal population were determined from the two study sites (earthworm firrows and the
adjacent soil). The fungi were isolated from the soil samples by soil plate method (Warcup,
1950) using rose bengal agar medium (Martin, 1950). pH of the adjacent soil was found to be
more acidic as compared to that of the surrounding soil. The moisture content of the soil
collected from earthworm furrows was slightly higher than that of the adjacent soil. The fingal
population was also recorded to be more in the soil from earthworm furrows as compared to
that of adjacent soil. Moisture content was found to be positively correlated with fungal
population in adjacent soil (P < 0.5) as well as in soil from earthworm firrows (P < 0.5).There
was not - much variation in the fungal species collected from the two sites. However,
Humicola sp. could be isolated from the soil from firrows only whereas, Penicillium
waksmanii could be isolated from adjacent soil only. It was observed that the percentage
relative abundance of the fungal species P. intermedium was high in the soil from earthworm

furrows as compared to that in the adjacent soil.
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Feeding habit of the earthworm species Drawida papillifer papiilifer Steph. in relation
to certain fingi was studied in conical flasks (250 ml) containing 150g of sterilized soil and 1g
of sterilised partially decomposed pine litter. The test fingi used for this experixhent were
Penicilliﬁm chrysagenum, Pythium intermedium, Mucor hiemalis and Trichoderma koningii.
Results showed that there was an increase in the earthworm biomass at the initial stage ,thereby,
indicating that D. papillifer papillifer can utilise fungi as their source of food. There was a gain
in the earthworm biomass initially with the different fungal species except for P. intermedium
where the biomass showed a decreasing trend. It was also observed that the earthwormsdid not
survive till the end of the experiment. The length of the earthworm fed with the mixed
culture, T. koringii and P. intermedium showed a decreasing trend at the latter stages.The
length of the earthworm fed with P. chrysogenum increased initially and thereafter decreased. It
was also observed that the length of the earthworm remained unaffected for 35 days fed with M.
hiemalis.

Litter bag technique (Bocock ef. al., 1960) was applied to study the rate of pine litter
decomposition in the field. The percentage weight remaining of the litter placed in the field after
360 days was 53.9% . For the isolation of fingi from the decomposing litter bags was done

| following dilution plate technique { Waksman, 1922). The fungal population was observed to be

more in the later stages of decomposition as compared to that in the initial stages. A positive
correlation was observed between fingal population and pH of the decomposing litter (P <
0.5).

Four dominant fungi (Pericillium chrysogenum, Pythium intermedium, Mucor hierﬁalis
and Trichoderma koningii) were selected to assess their efficacy in litter decomposition in the
laboratory condition. In terms of different fimgal inoculum, Mucor hiemalis proved to be more

efficient in the initial stage of decomposition of the pine litter followed by Penicillium
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chrysogenum, Trichoderma koningii and Pythium intermedium. In the control (without fingi)
the decomposition was recorded to be the least. A mixture of all the test fungi, however, was
observed to be still more efficient as compared to the individual species. During the later stage:
of decomposition Pythium intermedium proved to be more efficient as compared to the other
fungal species.

Comparing the decompositiop rates of the pine litters placed under field and laboratory
conditions, it was observed that the rate of pine litter decomposition was more faster under

—

field condition, which was observed to be approximately 80% as compared to that under
laboratory condition which was observed to be approximately 90% in 105 days.

Cellulose, hemicellulose, lignin, total sugars and amino acids of the decom?)sing pine
litters were estimated by methods described by Peach and Tracey (1955). The various organic

e~

components viz. cellulosé, hemicellulose, lignin, total amino acids and sugars were observed to
‘be maximum in the initial stages of decomposition both under field and laboratory conditions.
The rate of decomposition of these various constituents was similar to that of weight loss of the
decomposing litters at various sampling periods. Similar trend in the rate of decomposition was
observed in the case of cellulose and lignin. The rate of degradation of the various constituents
was more rapid in the field condition as compared to that in the laboratory condition. Total
sugars, amino acids and hemicellulose decomposed faster thax; cellulose and lignin.The rate of
decomposition of cellulose, hemicellulose, lignin and sugars under laboratory condition were
recorded to be the highest in the mixed éulture of all the test fungi and minimum in the control

sets without the fungi. However, M. hiemalis was observed to be more efficient in the

degradation of amino acids.
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