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1 INTRODUCTION

Soil disturbance is sssociated with many of mans’ activities:
regular small disturbances in agricultural cultivations, and much larger
long term soil movement and storage in the construction and mining
industries. At restoration it is important to reinstate the lend in
good heart, able to support the growth of food crops or amenity grass-
land. Much work has already been undertasken on the condition of mineral
soil, drainage, and fertiliser requirements for productivity; but soil
organisms are often considered to be unimportant and left to undertake
their own re~establishment.

As an initial step towards an understanding of complex processes
which lead to the restoration of the full compl%?ent of soil organisms,
it is necessary to observe changes associated with disturbance, and
the functional role of organisms in relation to other species, and in
the context of their environment. The investigation of ecosystems has
often been facilitated by study during disturbance,

The site chosen for the present study was 2n open cest coal
mining site at Quebec, Durham, with-a variety of soils disturbed and then
allowed to settle for various periods of time.

The object of the work was to study tke changes in earthworm
and fungal activity associated with soil disturbance. This study was
chosen because earthworms play a msjor role in the fragmentation and
incorporation of litter int» soils, and fungi are imvortant decomposers,
tﬂus completing the natural pathway in the cycling of plant nutrients.
Soil disturbance is likely to break this decomposer cycle, and therefore

lead to reinstated soil with a lower intrinsic fertility than its former

natural status.
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2 LITERATURE REVIEW

2 1 The Interaction of Fungi and Earthworms

Fungi anpear unaffected by passage through the earthworm gut:
Baweja (1939) observed that earthworms disperse spores of harmful fungi,
e.gs Pythium. XKhambats and Bhatt (1947) found that Fusarium spores
were spresd by earthworms. Dwarf bunt spores, Tilletia controversa,
were viable after passing through earthworms in tests reported by Hoffman
and Purdy (1964). Hutchinson and Kamel (1956) also support the theory
that the rate of spread of fungi through the soil is greater vhen earth~
worme are present. They isolated seventeen species of viable fungi

from the guts of ten specimens of Lumbricusg terrestris; many of these

species had thin walled spores, which suggested thet many more would
have been digested, and therefore more species of fungi would have been
found from a lafger sample of earthworms. Some species of fungi were
isolated consistently from worms taken from different areas, and at
different times of year. Fewer fungi were isolated in midwinter than
in late autumn; this.corresponds with the seasonal fluctuations in
microbial populations in the soil.

The levels of micro-orgenisms in soil and in earthworm casts
have been studied by seversl workers: Koslovskaya snd Zhdennikova (1961),
zhdennikova {1961), and Ghilarov (1963). Generally there are more micro-
orgaﬁisms in casts than in the soil and decomponsition of orgenic matter
occurs faster in the casts. This is probebly due to the higher levels
of nmutrients present, including vitamins. Parle (1963a) did not find
any micro-organisms which were symbiotic with earthworms, though symbiotic
micro-organisms do occur in the gut of some arihropods. Parle (1963b)
obgerved that yeasts and fungi which occured in soil as spores germinated
immediately in worm casts, and the greatest density of hyphae w&af found
in casts 15 days old. This is in contrast to oxygen consumption in the

cast which falls consistently from the time »f excretion. On adding 2J2c03Non

glucose or cellulose, oxygen uptake increased, but older casts continued




to resvire at a lower rate than those recently produced.. Therefore
this effect is not due to the exhaustion of energy supplies, but to the
formation of resting spores.

Anstett (1951) used grape husk cultures with and without eerth-
worms to study the effect of earthworms on microbial decompnsition.
After 5 months the microbial population was four to five times greater
in pots with earthworms. The decomposition of the husks was measured
by loss on ignition; those with earthworms lost 75% in weight compared
to an 86% loss in the controls. This additional 11% dscomposition leading
to a lower orgenic content in the residue ignited appeared to result
mainly from consumption of substrate by the increased population of
micro-organisms, since losses on ignition were the =ame from pots which
contained earthworms throughout the experiment and from pots from which
they were removed after 6 weeks. Barley and Jennings (1959) carried
out similar trials using soil enriched with grass and c¢lover litter,
and dung. Allolobophora caliginoga were added to some of the cultures.
The oxygen consumption, and nitrate plué ammonium-nitrogen accumulation
was significently higher in the cultures with earthworms. In the field
earthworms would probably modify the microbial environment to a greater
extent bacause temﬁerature, moisture and aeratiom were optimum in the
laboratory for microbisl activity. Comparable fieldwork has been carried
out by Edwards end Heath (1963), who used litter bags of mesh sizes
7 mm to 0.003 mm in an exclusion exveriment. The rate of breskdown in
0.5 mm mesh bags is three times slower than in 7 mm bags, and that in
0.003 mm bags is even slower; micro-organisms have little effect in the
ebsence of soil fauna. These expsriments show that the comminuting

effect of soil fauna, especially earthworms, appears necessary to facilitate

invasion by the microflora.
In additinon to fragmentatinn and incorporation of organic

natter inte soils underteken by earthworms, they excrete simple forms

of nitrogen, and increase the levels of vitamin By in soil up to seven




fold, (Atlavinyte and Daciulyte, 1969). These putrients are required
for growth by some fungi unable to synthesise their own, (Domsch and
Genms, 1977).

Van der Bruel (1964) has shown that earthworms can stop the growth
of some fungi in cultures; growth began when the earthworms died. This
fungistatic activity may prevent fungsl attack of earthworms, and
orobably serves to keep burrows clear. Waid (1960) refers to the fungi-

.static effect of soil, which prevents the germination of spores when
conditions are 1ikely to be unfavourable.

Microbial activity has been found by Satchell and Lowe (1967)
to increase palatdbility of ozk litter during the weathering of fresh
litter. This increases the utilisation of the litter by earthworms,
and therefore the rate of removal, fragmentation and décay. Brocks,
Brown and Handley (1963) studied the chemistry of microbial decomposition,
and found that white rot fungi produce enzymes capable of oxidising
phenols. Penicillium species and Asvergillus niger can decompose un-
palatable compounds, e.g. (+)-catechin, which is repellent to L. terrestris.
This indicates the need for microbial wezsthering. Thus the combined
eftects ol the mixing and fragmenting activities of earthwerms, with

their low assimilation efficiency, (Mason, 1977), and the degradation
effects of micro-organisms using a battery of enzymes, are mutually bene=

ficial, and a synergistic decomposition is the result.

2 i1 Seil Disturbance

Soil disturbance by cultivation removes the surface insulating
leyer, and according to Hopp (136 ) reduces numbers cf earthworms in
North Americasn soils. This would probably not occur to the same extent
in Britain, which doss not have such cold winters. Evans and Guild (1948)
discount the effect of mechanical damage.by ploughing because there was
no change in the size of the earthworm population in grassland ploughed

once. However after 5 years of ploughing, the population had decreased




by 70%. This observation was supported by Graff (1953). Zicsi (1958)
compared cultivations at differsnt times of the year; those after harvest
were most drastic. Zicsi (1969), and Edwards and Lofty (1971) agree

that cultivations which loosens the soil can favour earthworms. These
reports indicate that stripping and heaping topscil with associated com-
paction and reduced seration is likely to raduce the earthworm population.

An indirect effect of cultiwation observed by Barley (1961),
is loss of organic matter, esvecially in modern sgricultural systems
when organic manure is not used. This reduces earthworm food, and pop-
ulations decline. This redustion in organic matter can be more important
than the effect of the actual cultivations.

An early estimate ol colonisation rate of 10 m per year was
made by Hemblyn and Dingwall (1945) studying A. caliginose from i noculation
points in recently limed grassland. The main method of dispersal is
by cocoons carried on implements, by animsls and water.

Dunger (1969) studied the development and succession of decomposer

vods were important in the early colonisation, i.e. after 3 years, when
moder hunus had developed, but after 7 - 10 years esarthworms were dominant,
and the transition from moder to mull-type soil had begun. This colonis-
ation by earthworms seems slow, but was brobably not limited by their

rate of advance, but by the rate of change of the environment into one

providing the minimum requirements for earthworms.

Rhee (1969) gives 6 m per year for the advance of A, caliginosgs
and 4 m per year for Allolobophora chlorotica, which are similar to
Hemblyn's figure. Rhee worked on a new polder in the Netherlands, and
also studied the vopulation increase; rate of spread could be affected
by availability of food.

Waid (1960) states that soil disturbance and addition of organic

matter reduce the fungistatic effect of the soil. Thus a large number

of- spores germinate after these changes; cultivations are likely to




increase the rate of decomposition of limited supplies »f organic matter.

2 iii The Effect of Farthworms and Fungi on Soil Structure

Evans (1948) estimated that 1.25 to 8.7% of topsoil to a denth
of 10 cm passed through earthworms each year. This could account for an
improved soil structure, but cast stability was less than one month, and
sc he assumed the effect to be small. Swsby (1950) frund that pasture
soil incubated with a susvensinn »f fresh casts became stabilised with
fungal hyphae. Xubiens (1953) states thet practically 21l soil aggregates
are casts or residues of casts, and Guild (1955) found thet worm worked
soils were more water stable than those without worms. The stability of
casts depends on the availability of nutritive plant remains. This is
vhy the crumb sEgucture is better in solls under pasture, than those
bearing straw crops, (Hoeksema, Jongerius and Meer, 1956). These reports
indicate that earthworms are desirable, and improve soil structure,

Parle (1963a) found that the stebility of casts reached a peak
at 15 deys, which corresponds clqégly to the development of fungal hyphse. ﬂj
He found that after 16 days the proportion of large aggregates declined
end smell aggregates increased, which could be due to the binding effect
of hyphae being taken over by the cementing effect of bacterial gums.

Satchell (1967) estimated the effect of earthworms on soil
aeration. Up to £ of the alr capacity of some soils can be as burrows.
Fowever, those species which cast below ground open up the soil at one
point, but consolidate it elsewhere. The total pore space of =oils in
Western Europe is 40 - 59%. 1In comparison, casts on the surface can be
0.5 - 6.0% of the top 10 cm of soil; this is only a small proportion,
and therefofg earthworms can only improve aeration to a limited extent.

In contrast, earthwnrms have a marked effect on drainage,
(Slater and Hopp, 1947). In a laboratory experiment, Guild (1955) found
that water paesed through sandy soil containing earthworms in 2 days,

compared to & days for a similar soil with no earthworms. [taw (1949
m} Y



calculated the area of natural drainage channels crested by L. terrestris
as 44 mm' m~2. This will improve run-off of surface water. Earthworm
channels have also been found t5 facilitate ronot growth in direct drilled
crops, {Edwards and Lofty, 1976). Raw (1962) mentions the striking differ-
ence in the soil profiles of two orchards, one with earthworms, and one
without due tc poisoning by copper sulphate. The former had a mull
profile, but the lattsr had a clearly defined surface mat of undecomposed

crganic matter.




3 METHODS

31 Estimation of Fungal Activity

Garrett (1955) makes the important point that it is essential
to differentiate between vegetatively active fungi which are contributing
to the economy of the ecosystem, and those which are passive dormant
propagules. With this aim several workers have developed direct methods
of study using soil sections. Their work is reviewed by Yarcup (1967).
The soil must be fixed to prevent crumbling, and then cut and polished
to give a thin slice. These techniques ere complex and lengthy.

A slide bufrial technique wes developed by Kossi (1928), and
:Cﬁolodﬁy'(l930). Brovn {1958) used a layer of nitrocellulose thinned
.wiﬁh amyi acetate to cement mycelium and soil particles in contact with

the slide to the glass. warcup ¢riticises the bur;'ying operation which
disturbs the natural relationship between the mycelia and soil particles.
Waid and Woodman (1957) bur’ied nylon mesh through which mycelium could
grow. The main disadvantage of these methods is thst the majority of
myéelia are éterile. This is also true for immersion tubes designed by
Gﬁesters (1940), and fa screened immersion plates developed by Mueller
and Durell (1957), and MacWithey (1957). Active mycelia are selected

by these methods; non-sporing species, e.g. Papulaspora species have
been trapped.

Indirect techniques have been develoned for the study »f soil

fungi: Warcup {1960) used a soil dilution plate. He criticises this method

because it favours svore forming organisms, e=.g. species of Egg;ggiggug,
Rhizopus, ﬁggg;, Cladosporium, Fusarium, and Acremonium. Warcup (1950 and
1960) assesses his soil plate method, which uses soil.particles rather
than soll water, and therefore does not discard fragments of mycelia
adhering to the larger soil particles, (Warcup, 1955). Yarcup (1967)
concludes that the snil dilutinn plate and the so5il plate bath give a

similar picture af the snil fungl, but the =oil plale favours the faster



growing species which are present in lower numbers. Griffiths and
Siddiqui (1961) do not dismiss the soil dilution plate method: a simgle
quentitative estimate is of little value, but a series at regular intervals
would show changes in populations of spores, (nqt necessarily in fungsal
activity).

Contamination of fungal cultures by bacteria has been experienced
by several workers. Initially bacteria were supressed by using acids:
Wakeman (1922), and Jensen (1931) adjusted the acidity of the medium
to pH 4 with sulphuric acid. Later rose bengal wes used in a concentration
of 1:15 000 by Smith and Dawson (1944). Recently antibiotics have been
used: Martin (1950) recommended 30 ug a3 streptomycin or 2 ug en3
aureomycin. A disadvantage of these bacterial sup:; ressants is that they
can affect the fungi too. Warcup (1960) recorded a reduction in fungsl
colony size due to rose bengal, and in bright light this dye supresses
fungi, {Pady, Kramer, and Pathak, 1960). Streptomycin has been found

to inhibit some snecies of fungi, e.g. Phytophthora, (Echert and Tsao,

-

1962), and Pythium, (Schmittenner and Hine, 1962).

=

ii EBarthworm Population Study

AWA ]

Non-chemical methods of sampling, e.g. vibration, (Reynolds, 1973),
and electrical methods, (Edwards and Lofty, 1975), have the disadvantage
that the ares from which the worms are taken cannot be measured accurately.
Handsorting and wet sieving as described by Svendsen (1955), and Ladell
(1936), can be used on a known volume of soil, and a greater proportion
of the earthworms oresent are extracted than by other methods, (Raw, 1959;
Bouché, 1549), but bsth these metheds are time consuming., Svendsen found
that hand sorting was most suited t> crumbly soils, and Satchell (1967)
agrees that no one method is apolicable to all species and habitats, e.g.

sample size of L. terresiris will be low when handsorting because this

specizgs retreats down its burrow to depths of over 1 m when disturbed.

Nelson and Satchell (1972) noint out that specimens less than 2 cm,




0.2 g live weight, are likely %» be nverlooked by handsorting. Vet
sieving also recovers coconons, and Raw (1960) found flotation in magnesium
sulphate useful for small species in wet matted hill grassland. Alter-
natively small surface dwellers in matted turf can be expelled by heat
extraction described by Edwards and Lofty (1977). '

Evans énd Guild (1947) used potassium permanganate for earth-
worm samoling, but Raw (1959) found that it was toxic, and could reduce
numbers emerging by killing them in their burrows, (Edwards and Lofty,
1677). The most widely used method of earthworm samﬁling is formelin
extraction. This chemical acts as e skin irritant and is less toxic
than potagsium permanganate. Fdwards and Lofty (1977) compared several
methods of extraction and found that the main disadvantage of chemical
methods is that they recover species with wide burrows more efficiently,
compared to non-burrowing speciea. Also aestivating worms do not respond
to chemicals. The rates of application of formalin vary widely, as

shown in table 1.

Table 1 Rates of Bpplication of Formalin

Author Rate of Application
Raw, 1959 25 o’ of 0% formalin in 4.56 1 water, i.e.

on 0.36 m? soil
Satchell, 1969 0.165 to 0.55% formalin: 3 x 9 1 of solution on

on 0.5 m? soil

Raw {1959) compared 0.14% formalin with 0.55% and found that the weaker
solution extracted less than 50% of the earthworms which the stronger
solution brought t> the surface. Satchell (1969) used three strengths:
1.165%, 0.275%, and 0.55%, and found them all equally effective. However

he did use large quantities, (3 x 9 1 on 0.5 m?).

10
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Sample area used depends on the method of sampling. Zicsi
(1962) compared aress of 0.06, 0.25, 0.5, and 1.0 m? for handsorting
snd found 16 x 0.06 m> to a depth of 20 cm adequate for medium sized
species. ZEdwards and Lofty (1977) recommended 0.25 or 0.5 m for formalin
extraction,

Earthworms show seasonsl activity. Immature A, chlorotica,

A. caliginosa, and Allolobopnhors rosea studied by Evans and Guild (1947)
became guiescent when the soil was too dry or too cold. They alse sbserved
that production of surface casts showed marked mexima in Spring and

Autumn, and could cesse comnletely at other times of the year. This
seasonal act1v1ty affects the results of sampling carried sut at different
seasons. MNelson and Satchell (1962) give the »ptimum s5il temverature

at 10 cm depth for formaldehyde expellsnt as 10.530.

When samoling for earthworms, Gerard (1964) recommends 10%
formalin as a preservative, and Satchell (1969) used 5 to 10%9. Earth-
worms lose moisture on preservation; Raw (1962) estimated a loss of
15% when he calculated fresh biomass {rom formalin preserved specimsns.
Also when estimating biomass, weight of gut contents should be taken
into consideration: Satchell (1969) states that they can be up to 20%
of the total live weight. FHe also gives a conversion fector: 1 g dry
weight = 5.5 g live weight. Satchell (1970) calculated a correction
factor to adjust earthwoarm numbers appearing in samples to numbers occur-

ing in ideal conditinns of soil moisture and temperature; it nn*y applies

to L. terrestris.

3 111 Field Sampling Technigue

Ten samnles were taken at random from each of the five sites
from 7th to 29th July, teking one sample per site on each visit during
this time. This ensured that each replicate was taken under similar
environmental conditions. The time interval taken for the sampling

was kept as short as possible t» reduce the effects of the seasonal

activity of earthvorms described by Evans and Guild (12947), Gerard (13967),




and Edwards and Lofty (1977). Each sample involved several proceedures:

~

3 1ii (2) Earthworm Sempling using Formalin

A 0.5 m~ plot was vegged out, and the disgonals measured with
a tape to check that it wes a rectangle. i quadrat was not carried
because the site was on a gradient and uneven, and water had tn be carried
too. Standing vegetation, and any surface mat of litter was removed
from the plot so that emerging earthworms could be seen easily, and so
that the formalin was not sosked up and pertly reteined above the soil.
8 1 of 0425% formalin, (25 cm3 of 40% formalin in 8 1 of water), was
vwetered evenly onto the plot in three equal doses using a2 watering can
with a rose, allowing 10 mins between anplications. As earthworms
appeared they were collected and preserved in 10% formalin, and later
taken to the laboratory. No attempt was mede to remove pertially emerged
worms; they withdraw into their burrows. The bases of herbage stems
were searched carefully for individuals emerging at these points. Collection
+

wae stopped !

-

0 mins after the last apnlication of formalin.

3 iii (b) Soil Temnerature

A slit was made in the soil to a depth of 10 em ueing e trowel,
and a thermometer inserted. The surface soil was pressed around the
stem of the thermometer so that the effect of atmospheric temperature on
the s0il temperature at s depth of 10 cm was minimised. The itemperature

was taken after 30 mins.

3 iii (e) Soil Sampling

Two 8»il eores 5 cm in diameter and to 10 cm Adepth were teken
adjacent to each 0.5 m? plot, and placed in a labelled polythene bag.
This sample was used for the snil analyses snd fungal cultures carried

sub in the laboratory.

12



3 iii (d) Laboratory Pre-treatment of Soil

On return to the laboratory, each soil sample was spread on a
tray until air dry, (2 to 5 days). It was then folded in a newspaper,
squashed with a brick, and nut through a zocarse mesh sieve, (2.5 mm

approx. ), to provide a fine earth sample, ready for the soil analysis.

2 iv Choice of site

Biggin South Site is anproximately 7 miles W.N.W. of Durham,
Grid Reference: NZ 175 445. It has been npencast mined for coal by the
National Coal Board, and provides five top soil treatments on the one
site, giving a minimum of environmental variation, for sampling was
all carried out on the North facing slope of Weather Hill, in the centre

of the site. The five top soils are:

3 iv (a) Undisturbed Soil (UD)

' ' This has been undisturbed pasture for at least 100 years, and
has had small low unconsolidated heaps of top soil depnsited on some
parts of it for a few years during the recent opencast scheme. Sanipling
wag confined to areas =zlongside undisturbed hedges to avoid top soil
which would have been compacted beneath heaps, azccording to Tandy (1973).
This area was re-geedad with a permanent pasture seeds mixture 3 years
age. This site was used as the control treztment in this study as it

had experienced the least disturbance.

3 iv (b) Top Soil Reinstated in 1958 (1958)

This small area was permanent pasture before opencast mining;
the top soil was put back 11 years ago. It is unevan, and badly drained
despite being on a hillside. The vegetation is self seeded rough grasses,

(Appendix 1).

3 iv (e¢) Heaped Top Soil (H)
The two remaining soil banks from the same slope as the other

ES

treatments are of top soil removed 3 years ago in 1976. These heaps

13



contain decomposing turf, because the land the soil came from was rough
permanent pasture. The heaps were covered with couch, Agropyron repens L.

Sampling was carrisd out on the top of the soil heaps.

3 iv (d) Top Soil Reinstated in 1977 (2 YO)

This top soil was put back 2 years ago and was reseeded with
a perennial ryegrass and white clover ley. This area was cut last summer
for hay, but the hay on half the area had not been gathered. Samples

were teken alternately from these two sub-treatments.

3 iv (e) Top Scil Reinstated in 1978 (1 YO)

This top s5il was put back 1 year ago and had not besn re-
seeded. Annual weeds, (Appendix 1), were colonising the bare soil,
and there was some gulley erosion down the slope. The site was badly
drained before opencast mining and the soil was heavy; so the N.C.B.
during reinstatement, mixed a proportion of a sandy sub-soil with the

original top soil, to open the texture and improve drainage.

The difference in avnpearance of the five ireatments was
striking, (photographs 1 - 6). The species of flowering plants occuring
on each soil treatment were dissimilar, (Appendix 1), and clearly indicated

their different management.

3 v Estimstion of Fungal fetivit

y _using Cultures

3 v (&) Preparation of Culture Medium

A natural, non-purified potato/sucrose agar wss used, to exclude
as few species ss oossible. The ingredients for 1 litre of agar were:
150.0 g potato, washed, veeled snd chopped.
2.0 g sucrose,
0.2 g streptomycin sulphate.
20,0 g agar.

The potato was boiled for 20 mins in 0.5 1 water. The sucrose and agar

were mixed with a little water in a 2 1 flask, and the water from the



















boiled potatoes added. The volume was made up to 950 em3. The flask

was stoppered with cotton wool and autoclaved for 15 mins at 15 1b pressure.
Tee streptomycin sulphate was dissolved in 50 cm cool distilled water
which had been autoclaved in s stoppered flask, and added to the cooling
liguid agar just before pouring. This minimised the destruction of the
antibiotic by heat. 30 to 40 plates per litre of agar were ooured, at

50 to 60°C, using sterile plastic petri dishes. They were left to cool

at room tempersture, and then inverted and stored in vlastic bags at

N 2 » o ‘-
0 to §C in a refrigerator until used.

3 v (b) Soil Crumb Culture Technigue

m——

20 so0il crumbs as smsll as possible were picked out »f a few ¢
grams of esach soil sample, which was spread on a plece of clean paper.
The crumbs were arranged on an agar plate using fine forceps, which
had been sterilised in & bunsen flame and allowed to cool. The petri

dish was replaced and labelled. The cultures were incubated =2t room

temperature, in daylight,

; mut eway from sironmg suniight, o encourage

the development of pigment in some species, e.g. Trichoderma species.

The plates were not inverted; condensation was not a problem unless the

plates were returned to the fridge after a period at room temperature.

3 v (¢) Foil Spread Culture Technique

A small quantity of soil, (about ).1 g), was taken from each
snil sample in turn on a cooled, heat sterilised spatula, and rubbed
over g sterilised aluminium foil disc, of diameter 0.5 cm less than the
petri dish base. The spatula blade was used to grind the soil into the
foil before inverting the disc to remove excess free particles. The
inverted foil disc was pressed onto the surface of the sgar, peeled off,
and discarded. The plate, with 1id replaced, was incubated as described
above,

The plates wefe incubates for two days, and then inspectzd deily

for up to approximately 5 days, identifying fungal colonies as they
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produced spores., Specimens gifficult to identify, end slow growing
specimens in dang=r of becoming over-grown by faster growing types such
as some Mucoracég§ species were isolated on to new plates, taking care
to record their soil sample of origin. Identification was carried out
to the level of genus according to Domsch and Gams (1972), and was aided
by oreparing a reference collection of genera isolated, (photographs

9 - 23). The number of colonies of each genus grown from each soil

sample by both techniques was recorded, (Appendix 2: Original Raw Data).

3 v (d) Identification Methods for Fungi

A ‘atson HMicrosystem 70 microscove was used for examination
of the cultures, with x 7 eye pieces in the binmncular head, and x 4 and
x 10 objectives. In most cases light penetration through the agar was
sufficient, and colonies were examined in sitw, placing the petri dish
bazse on the microscove stage, after first removing the slide holding
attachment. The vetri dieh was tilted for colonies at the sdge of the

dish; th

1.

s was an ideal site for spore formation of slow growing speci-
mené, which were prompted ton spore by the reduction in nutrient concen-—
tration and a check to growth, The higher powered objectives were removed
from the rotating head because they were long barrelled, and would make
contact with the ager, or the side of the petri dish.
For specimens requiring a more detailed examination, the sticky
side of a piece of se?%tape was touched onto the mycelium ana then stuck Kj
onto a slide. Many hyphae and spores are not clear at x40, so a drop of
lactophenol). and cotton blue stain was added.
To obtain a side view of the growing mycelium, a wedge shaped
section was cut from the agar through the colony, and placed on its side
on a slide. After preliminary examination, a drop of stain_and a cover

slip were added; this improved clarity of fungal structures, but some

of the natural growth habit was lost by flattening with the cover sliv.




























3 vi Earthworm Identification and Recording

a Preserved earthworms were identified down to species zccordin

6]

to Gerard (1964); particular use was made of his Key t> the ten common
species found in good pasture land!'. The tabular key produced by Edwards
and Lofty (1977) was also used.

The formalin wes rinsed off the earthworms from cach sample
plot in turn; adults were identified first, and then immatures grouped
with the adults, snd placed in specimen tubes nf fresh 10% formalin
according to sampie site, and species. Aifter this initial grouping,
identification wag checked when the mature and immeture individuvals of
each soecies 2t each site were counted and weighed separately. Adhering
water was removed with abgorbant tissue before weighing. To ottain dry
weights, 5 adult esrthworms of each species were teken at random, weighed,

and dried to constant weight.

+ was thought necessary to conform to other

3
b ]
A

~
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[

work, and use a recognised standard method; the soil particle distribution
analysis as described by the British Standards Institution wes used.
This enalysis takes one week to complete, and one bulked sa@ple from
each of the soil treatments was analysed. Each bulked sample was composed
of five sub-samples taken at random from the sites to a deoth of 10 cm,
using & 5 cm diameter soil corer.

" The pre~treatment with hydrogen veroxide is designed to oxidise
the humus coating the soil psrticles, and thus separate the individual

mineral grains from the soil crumbs. However the soils from Biggin

South Site contained high levels of undecomposed organic matter, esvecially

in the heaped treatment, and in that reinstated two years ago with mown
dead grass lying on the soil surface. Therefore a further aliguot of
hydrogen peroxide was added to each flask to dissolve more of the dead
vegetation; otherwise this material would be weighed in the coarse sand

fraction., Despite this modification fibrous fragments of dead vegetation
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dic¢ zppear in the cozrse sand fraction; they were removed and weighed
genarately, and the weight of pre-treated soil adjusted accordingly.

Calculations were then carried out as indicated by the method given.

3 viii Nitrogen and Carbon Analyses

fgain it was thought necessary 1o use standard methods of
analysis; results will then he easily comparable with other work. Als
there are restrictinns on the apparatus available. The methods used

were those of the Gengraphy Department, Durhem University (1978). The

nitrogen analysis was based on the Xieldahl (1883) digestion and distil-

lation, and the organic carbon was based on *the method of Wallklley and

Black (1934).

3 ix Snil pH

The method described in the Gengraphy Departmenit; Durham Univer
Lahoratory Handbook (1978) was followed, using a pH meter made by Elect-

ronic Instruments Litd., No. 7020, a glass electrode, {Pye unican probe),

and standards of pH 4 and pH 7. Distilled water was used to make the

soil suspension. The determination was carried out on each of the fifty

air dried soil samples, and was repeated after the suspension had stood

for 24 hrs, to allow for carbon dinxide equilibriation with the atmos-
phere. The average of the two readings on esch sample was used in the

analysis.

3 x Soil Moisiure
This determinztion was carried cut on 211 50 samples of soil
immediately on return to the laboratnry. In each case, 50 to 100 g

fresh soil was weighed accurately and left until air-dry, (2 to 5 days

501l callculated.

e}

).

t was then re-weighed, and the percentage moisture content of the fresh
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4 RESULTS & DISCUSSION

4 1 Age Since Disturbance of Top Soil

The time intervsl since last disturbance of the top soil does

significantly affect the distribution of four species of earthworms,

(Lumbricus castaneus, Lumbricus rubellus, Allolobophora longa, and

A. chlorotica), total number, and weight of all earthworms, and number
of species of earthworms. Total Mucor and Absidia colonies are also
affected by age since disturbance, (Table 2).

L. castaneus was absent on 1 and 2 year old sites; its biomass
reached a maximum on the 3 year 0ld heaped =o0il, and declined with inc-
reasing age since disturbance up to 100 years. HNumbers and biomass of
L. rubellus show s similar pattern. The pezk on the 3 year old site of
heeped soil is prchably due to the heaping process collecting surface
dwelling species in the top soil bank, which tﬁen migrate to the surface
of the mound, which is able to support larger numbers because of the
dead vegetation incorporated in the mound; this was the standing croo

vlus surface litter hefore removal of topsail, and would he substantial

He
fu}
b4

ermanent pasture.

The complete abseﬁce of earthworms on the 1 year old site
shows that the double disturbance of removal and re—spreadiné the top
soil, together with reduced aeration produced by compaction during heaping,
and depth of heap, has killed ell earthworms. 2 yearc after redistribution,
L.castaneus and L. rubellus have not re-colonised these soils; A. longs

and A. chlorotica are present in low numbers. ,

The 100 year old undisturbed site probably r;presented a stable
equilibrium situation prior to storage of top soil on it, and subsequent
re-seeding. - This recent treatment could account for the lower numbers
nn this site, comnared fo the 11 year old site.

In all cases, exceot numbers of A. chlorotica, numbers of

earthworms sre lower in the 11 year old site, compared to the hesaved

3 year ol1d soil. This could be a result of colonisation rate; when
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Taole 2 Summary of Analvses of Varisnce %o show Variables Significantly
Affected by Ape since Disturbance of Top Soil
Tre~tment (Age) Means per 0.5 md
Variable F Ratin Level of
Signif- 1 year 2 years 32 vears 11 yvears 100 years
icance
L. castaneus 9.505 P<2.001 0] 0 0.5280 0.3630 0,217
Total wt. +).02967 +0.0972 +0.0973
L. rubellus 2.857 P<(.01 0 O 2.3000 O 0
Total No. +0.1528
L. rubellus 15,507 P<0.001 0 0 0.5060 0.3470 0.0120
Toval wt. 20.0835 +0.1057 +0.0120
A. longsa 3.550 P=0,05 0 0,1000 4.,1000 2.3000 3.0000
Total No. 20.1000 +1,6496 =#0.6675 +1.1926
A. longa 4.213 P<«0,01 0 0.2060 1. 7070 3.1380 2.1320
Total wt. 3.2060 0.5740 #0.9642 +0.3861
A. chlorotics 4.631 P<9.01 0 1.9000 5,4000 6.2000 5.3000
Total No. +1,0796 21.3670 +1.4742 +1.5850
Barthuorms 18.256 P <£D.001 o) 2.0000 42.6000 15.8C00 10.9000
Total No. 21,0750 +7.9235 42,7960 +2.8962
Earthworms 13.135 P<0.001 0 0.8960 11,7050 7.5650  3.6260
Total wt. +0.4276  *2,2084 +1.6780 +1.0782
Barthworms 44.117 P <0.001 0 0.5000 4.2000  4.0000 » 3000
Wa2. Species +0.2236 #0.1333 +#0.5164 +0.3000
Total Mucor 4.011 F<0.01 2.8000  3.4000 1. 4000 1.6000 4.2000
Colonies 20,5735 #0.7180 #0.3712 +0.5416 +0,6960
Total 3.605 P<0.05 2.5000 2.0000 2.0000 7. 3000 2.1000
Absidia *0.8199 +0.7888 40,7746 +2.0712 +1.1101
Colonies




sl

op s0il henos are re~dirtributed, only those parts where the surface

»f the heaped s131 is placed will heve hizh numbere of earthworms, and

iy

ather areas of the site i1l have to he re-cnlonised. 4. chlorotica

total numbers are highest on the 11 year »1d cite, +hich is badly drained
and covered in cnarse vegetation.
Numbers oI propagules of lucor are highest on the 2 and 100

year old sites; Absidia density peaks on the 11 year 21d site. HMucor

substrates include chitin, pectin, urea, fatty acids, and hemicellulose,
(Domsch and Gams, 1972), and Absidia substrates are gelatin and pectin.
This is consistent with the probability that the 2 and 100 year o0ld sites
are at =2 late stage in decomvosition, as compared to the 11 year old site,

because more fibrous organic matter is being degraded.

4 ii Physical Fectors Influencing the Distribution of Earthworms (Table 3)

(a) Soil Texture

fo
(SN
e

Medium sand is negatively correlated with total number of
earthwormse, and fine sand is negatively correleted with total weight
of L. rubellus, probably because burrows are less stable in sandy soil.

\. chlorotica, however, is vnasitively correlated with sand; this species

is a surface dweller, and is not affected by the siability of a permanent
burrow system. A. longa is the only deep burrower positively correlated
with fine sand.
The pumber of species of earthworms is negatively correlated
with coarse silt, which is not as effective as clay in maintaining burrows.
Multiple regression analysis shows that‘total numbers of earth-
worms is related positively to the clay content of the soil, but individual

soecies: L. rubellus, A. longa, and A. chlorotica show s negative assoc-

iations the clav ecnntent of the soil also affects the drasinage,which
may be the factor affecting earthworms, (and the N.C.B. have adjusted

the soil texture sn the 1 and 2 year old sites).
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Takle 3 Signilicant Pvhsical Environmental Factors in the Multiple

Regression Faquation for Numbers and Biomass of Earthworms per 0.5 me

Mo, Tot. Tot. L.c. L.r. A1, A.c,
Factor Spp. No. vt Tyt. Tyt Tot. Tot. Tot. Tot. Tot.
WOYms worms wormes Wi, Ho. Wi, Naa wWte No. wi.
Medium F 6.35 10.06
Sand b -1.70 0.58
SE .68 Q.13
Fine P 16.99 3.55
Sand b —J.24 2.99
SE 0.01 0.34 ©
Coarse F 5.65
Silt b ~0.11
8E 0.05
Clay F 34.67 12.12 23.7 53,65 24.02
-b 2.11 —001 '—‘l:‘n28 "0093 —O=15
SE 0.36 0,21 N.04 0,13 0.03
nH F 8.18
b —0098
SE 0.34
Moisture ¥ 4.98 3.04
b 0.37 ~0.80
SE 0.02 0.0
Tenmp~— F 5.50 4e17
erature b 0. 34, 0.26
SE 0.01 0.01
Carbon F 10.84 2.10 15.49  5.5%
b 5598 -0.80 _2n66 _0036
SE 1.82 D.55 0.68  J1.15
Mitrogen F 11.61
b -111--60
SE .28
0+ N F 3.21 5,81
Ratio o] -0.36 =0.24
SE 0.02 0,10
% S0il F 17.19 2.30
Organic -b 0.35 0.48
Matter SE 0.08 0.03
B2 for '
Sig. N0.22 0,058 0,02 0.05 92.04 0.16 9.03 0.09 0.22 0,21
Variables
Tatal H2 9.94 N.9 0.97 0.73 0.89 0.76 0.8 0.83 0.87 0.72




4 i1 (b) Acidity

There azre more species of earthworms present on acid sites;
this may be more of a function of age *than pH. Also, wi*hin the range
of pE found on the five sites, 4.60 to 6.15, earthworms sre tolerent

nf acid conditions, (Laverack, 1961 ).

4 ii (c) Moisture and Temperature ¥

There are more svecices of earthwnrms in the wetter soils.

Moisture content of +he [ive soil treatments iz determined by two fectors
in the field: cultivation and age since disturbance, and vegetatin
cover, The 1 and 2 year old sites were very dry because they were relate~
ively bare, and the 1 year old site was elso cultivated several times
during the summer, thus increasing water loss. Older sites had a sub-
stantial standing crop of vegetation, and a surface mat of dead vlant
litter, which would shade the soil and reduce evaporaiion; these s0ils
were also cooler, and therefore earthworms would be active nearer to

the surface. Dead litter, standing crov, and dominant species in the
vegetation are therefore indicated ss additional important variables

in earthworm distribution.

4 ii (d) Carbon and Nitrogen
Multiple regression analysis shows that carbon levels had a

significant positive correlation with total number of earthworms, and

nitrogen levels had a negative relationship with total weight of earth-

worms. wumbers of L. rubellus and biomass of L. chlorotica were cor-
related negatively with € : N ratios, indicating an increase in these

species as cdecomposition of dead vegetation oroceeded.

4 iii Physical Pactors influencing Fungal fetivity (Table 4)

4 iii (a) Soil Texture
Total eolonies of tbsidia showed a cigmificant correlation

with medium sand. jucaor wns nepatively correlated with clay. Fungal
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Tsble 4 Significant Physical Environmental Factors in the Multiole

Regression Equetion for Numbers of Fungal Colonies of Each Geners

Factor Huecor Lbsidia Cladosporium Verticillium
Sand b -0.50
SE 0.27
Fine F 5.91
Sand b 0.49
SE 0.20
Coarse F 6.16 3.32
8ilt b 0.36 0.84
SE 0.1 0.46
Clay F 13.15
b -0.19
SE N.05
Moisture F 10.10 .
b 0.21 ~
3k 0.07
R? for
Sig. 0.1 0.17 0.13 0.06
Variables :
Total B2 0.58 .80 Q.58 0.41

Other physical variables included in the regression equation, but not
significant were: coarse sand, medium silt, fine silt, pH, temperature,

carbon, nitrogen, C : N ratio, percentage orgsnic matter.

For list of all fungal genera cultured and identified from Biggin South

Site see Appendix 3.




propagules tend not to he associzted so frequently with the largest and

smallest soil mineral particles. TYowever, Cladosporium with fine s=nd,

S s

and Abgidia and Verticilium +ith cnarse sili, all showed & significant

positive relationship, indicating that oprovasgules of members of these
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genera are mare often associated with the mi

o

sizes., This accounts for the loss of somr vroregules in soil dilution
plates; the vropapules are associated with particles which, (apart from

the finest ones), settle out from the suspending liouid. The ative

oy

relationship between pucor and clay could be due to the lack of ohysical

crevices on this small mineral particle, which are large enough

accommodate & spore.

I

Multiple regression analysis showed a positive relationship

ecizs was the commonest mucoracerus

~J

between Absidia and moizture. This s

fungus in this study and its growth in culfuare wes more susceptible

to drying out than other snecies which formed c2loser cushinns of mycelium,

It did not form exudation droplets to the same extent as other species
and might therefore he more.dependent on external moisture to provide

surface molsture on the hyphae.

4 iv Tielationships between Barthworms and Fungi

The number of species of earthworns and the totsl weight of

garthwarms per ploi are correlated negatively with fotal Mucor colonies,
(Table 5). Mucor nrobably relies on other agenis, e.g. soil water for

~

Jignersal. Total Absidia colonies are preitively correlated with mwmber

of species of earthworms, suggesting that earthworm activiiy may enhance
the activity of this type of fungus; fragmentation of litter may well
malkce anre nf{ the suhstrate accessible to the funpus, though it seems

reasonable tn suppose that such fragmentation would promote decomposition

ol veretable debris by any tunrmus hoaving apnropriaste enszyme resources.

(o

[#2]



Table 5 Significans Correlations between Earthworms and Fungi

Correlation TSnefTicients

“ugor Lhsidia
¥a. Species ~.). 387 2.315
Barthworms P .ot P&I.25
Total Wt ~0.358
Farthusrms P02 -

wer Plot

Table 6 Siznificsnt Correlations between Numbers of Farthworms

L. castaneug fotal »t.

Correlation Coefficients

L. rubellus D461
Total No. L ¢,N01
L. rubellus 0.486

Toatal Wt. P<0.0M

A, chlorotica 0.497
Tatal No. PLO.0O0L

-3
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ignificant Correlations hetween Genera of Fungi

Correlatinn Coefficients

sucor Absidis
Abgidia ~0.455 -
r<0.001
Penicillium ~.392 Q.674
P «d.01 P 2.001




The nature »7 the association is therefore no* clear, and it may be s
case ol both organisms responding to some other characterisiic of the
soil not measured in this study, but nevertheless may renay further

study,

L v Associations hetween Svecles of Tarthworms

There were highly significant vositive correlations between
the biomass of L. castaneus and both number snd biomsss of L. rubellus,

(

A, chlorotica. L. castaneus and L. rubellus are litier dwellers, (Gerard,

o)

able 6), and also between biomass of L. castansus and number of

1964), so this indicates that surface conditions are suitable for both

species. 4. chlorotica nccupies shallow burrows and surface litter,

which again supports the idea of guitability of so0il conditinns near
g e Yy

the surface, (Phillivson, 1967).

4 vi Assocliations betwsen Genere of Fungl

Both Mucor and Abgidia, and Mucor and Penicillium are negatively

correlated, (Tsble 7), indicating different substrates. Absidia can
break down gelatin and pectin, (Domsch and Gams, 1972), and Penicillium
can attack a wide ranpge of substances, (pectin, starch, tannin, celluloée,
xylan, and many by-products); it can thus utilise more complex substances
than those which Absidia can digest. Mucor substrates include some inter-
mediate in complexdity: chitin, pectin, urea, fatty acids, and hemicel«
Iuloses. FHowever there is a hipghly significant correlsztion between
ﬁbsidia (simplest éubstrates), and Fepicillium (most complex substrates);
:it could bhe that Absidia is active in the same substrate material as
'jPeniéillium, by using a fraction of the breakdown products nroduced by
the Peniciilium. There is also the possibility of other factors, e.g.

Penicillium species may be nroducing antibiotics, inhibiting Mucor, but

which are inlerated by ibsidia.




Table 8 Significant Correlations between the Twoy Methods »f Culturing Fungi

Fungus Sorrelation Coef
Absidia 04 436
P £0.01
Cladosporium 0.440
P£0.01
Verticillium 0.360
PL0.0?
Trichoderma 0,391
P<0.01
Penicillium 0,718
P<,001

Table @ Sigmificant Correlations between Bismass and Numvers of
Farthworms ver 0,5 w~ Plot

Correlation Ooefliclents
A. longa A, chlorotica
Biomass Riomass

A, _longa 0. 768

Number P <0.001

A. chlorotica D.843
Number P <0.001




4 vii Comparison of the Two Fungal Culture Methods

Both methods used previously poured plates, and avolded the
need for warm liguid agar at each plating out, as is required for the
Warcup soil nlates. It was thought that the crumb techniocue woull favour
growth from fragments of active mycelium adhering wo the soil crumbs,
and thst the foil method would favour fungi forming large numbers of
spores. Therefore in the analysis, the numbers -f colonies >f each
enus from the two methods were added together, and this *otal colony
figure used in calculations; this reduced bias from either »f the two
methods. To see how different the rezults from the two methods actually

were, correlztinns between the two techniques for each genus were examined:

they were significant for Absidis, Cladosporium, Verticillium, Trichodesrma

and Penicillium. Only the correlation between the two methods for Mucor
was insignificant, (Table 8). Thus in future work, only one methnd

need be used. The crumh method takes longer to plate out, but colonies
are easier to identify, tecause if the soil crumbs are small enough, only

one colon rows from each crumb, and slow owing colonies are less
. g ’

likely to be over-grown.

4 viii Relationships between Biomass and Numbers of Earthworms

The results for four species of earthworms were uged in the
ealculations: other species were considered too infrequent. The bio-
mass per vlot was correlated with numbers ver plot for each of these

our species. The correlation between biomass and number was significant

=h

Tar A, longa and A, chlorotica, but not for L., castaneus and L. rubellus,

(Table 9). This indicates tnat in the case of the two Allolobovhora
species, one measurement would be sufficient. Counting is quicker than
weighing, and from this the binmass could be found from an initial sample
which were alsy weighed and used to construct a correlation; In the
regression analyses, biomass proved significant more often then numbers
af earthworms; this appears 1o be the measurement which indicates

ecological activity most closely.



APPENDIX 1 SPECIES LISTS

OF FLOWERING PLANTS

131 Toosoil Heinstated in 1978 {1 vear 51d site)

Fanunculus acris (L)

Sinapig arvensis (L)

Raohanus raphanistrum (L)

Thaspi orvense (L)

Capsella bursa-pastoris {L)

Viola arvensis (Murr)

Stellaria holostea (L)

Stellaris medis (L)

Spergule arvensis (L)

Atriplex vatula (L)

Ulex europazeus (L)

Trifolium ovratense (L)

Trifolium repens (L)

Trifolium dubium (Sibth)

\

Polyponium sviculare (L}

Rumex acetosgella age (Meisn)

Rumex obtusifolius (L)

Myosotis arvensis (L)

Geleopsis speciosa (Mill)
Plantago lanceolata (L)

Senecio vulgaris (L)

Tusgilago farfara (L)

Bellis perennis (L)

Matricaria inodora (L)

Achillea millefolium (T.)

Cirsium arvense (L)

Cirsium vulgare (Savi)

Hieracium nilosella (L)

Lolium verenne (L)

Meadow Buttercup
Charlock

%1ld Haddish

Penny Oress

Sheg%rds Purse M
Field Pansy

Greater Stitchwort
Common Shickwesd

Corn Spurry

Common orache

Gorse

Fed Clover

Khite Clover

Lesser Yellow Trefoil
Krot Grass

Sheeos sorrel

Broad leaved dock
Common forget-me-not
Larce flowered hemp nettle
Eibwort plantain
Groundgel

Coltsfoot

Daisy

Scentless mayweed
Yarrow

Creeping thistle
Spear +thistle
Hawkweed ?

Perenrial rye grass



1 1 Topeoil Feinstated in 19078 (1 year old site) contd.

Poa trivialis (L) Fough stalked mendnw grass
Poa annua (L) innmual meadow grass
Cynosurus cristatus (L) Crested dog's tail

Bromus arvensis (L} Field brome

Agroovron revens (L) Couch

anthoxanthum sdorastum (L) Sweet vernal gress

a ) {—\ -

Avena Tatua (L) Uats

1 ii Undisturbed Site (100 verrs old)

Ranunculus repens (L) Creeping buttereun
Ceragtium vulgatum (L) Mouse ear chickweed
Trifolium pratense (L) el ¢clover
Trifolium arvense (L) Haresfaot trefoil
Trifolium renens (1) White clover
¥yosotis arvensis (L) Commén forget~me-not,
Plantago lanceolata (L) Ribwort plantain

Taxacarum officinale agg (Dahlst) Dandelion

Senecic jacobaea (L) Pagwort

Bellis verennis (L) Daisy

Dactylis glomerata (L) GCocksfoot
Cymosurug cristatus (L) Crested dogs tail
Poa oratensis (L) Meadow grass
Lolium perenne (L) Perennial rye grass
Bromus mollis agg (L) Soft brome grass
Alovecurus geniculatus (1) Marsh fox tail

Phleum oratense (L) Timothy




1 iii Tovsoil Reinstated in 1958 (11 vear old site)

Lanunculus repens (L)

Ceragtium vulgatum (L)

Ulex euronaeus (L)

Vicia cracca (L)

Vicia sepum (L)

Lathyrus oratensis (L)

Lotugs corniculatus (L)

Trifolium revens (L)

Lathyrus montanus (L)

Veronice chamsedrys (L)

Rumex acetosella agg (Meisn)

Plantago lanceolata (L)

Cirsium arvense (1)

Luzule campnestris (L)

Agronyron repens (L)

inthoxanthum odoratum (L)

Cymosurus cristetus (L)

Holcus lanatus (L)

Dactylis glomerata (L)

Lolium perenne (L)

Poa trivialis (L)

Pestuca ovina agg (L)

Deschampsis caespitosa (L)

Festuca rubra (L)

White clover

Ritter velch
Germander speedwell
Sheeps sorrel
Fibwort plantain

Creening thistle

Field wnhod rush

Couch

Sweelt vernal grass

Crested dogs tail
Yorkshire fog

Cocksfoot

Perennial rye grass

Fough stalked meadow gress
Sheeps fescue

Tufted hair grass

Creeping fescue
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APPENDIX 2 ORIGINAL DATA

"
4

So0il Texture Analysis

% Total Mineral Particles in Zach Fraction

Soil Coarse
Treatment Sand
{Age since 2. 4=
Disturbance) 0.6
years mn
1 5
- =]
~ L)
3 6
11 6
300 3
2 i1 Soil Temperature

Medi

um

Sand
0.6-

0.2

1

mm

10
)
n
6

10

3 C

Date
Collected
(July 79)

~]

A
Age

Fine

Sand

0.21 -

0,075
min

Coarse
5ilt
.06 -

0.02
mim

25

19

N2
Jd

N
RS

3

Medium

3ilt

)
0
D

02 -
- \06
mm

~O

]
)

1

o

So0il Treatment
Gince Disturbance {years)

-
A

(=]
w
o




2 iii 9 Moisture of Soil Samples

Date G211 Treatment
GCnllected Age 3ince Disturbance (years)
(July 7) 1 2 3 11 120
7 15.07 37.76 7.7 46,78 16, 50
12 19.80 22,37 28,40 23,81 22.82
14 12.30 20.62 33.68 27,60 27.17
12 14,80 17.97 17.05 34 18.18
20 547 13.41 17.80 3116 18.93
21 11.61 13.96 13.45 22.78 15.23
26 12.83 17.72 20,28 30.01 24.78
27 13.73 16. 37 27.72 36,25 23.63
28 .88 23.77 22,07 29,82 15.52
29 14.28 18.62 18.97 12.58 16. 44
2 iv Soil pH {(mean of 2 resdinea)
Date Soil Treatment
Collected Lge Since Disturbance (years)
(July 79) 1 2 3 11 100
7 5.70 5.95 5.05 6.15 5,30
12 £.00 5¢55 5.05 5.55 5.25
14 5.55 5.82 5.10 5.60 5.60
12 5.75 6.15 5.00 5.20 5,50
20 5.25 5.60 490 5.60 5.35
21 5.45 5.95 5.20 5.75 5.70
26 5.65 5.85 4.80 5.25 5.75
27 5.55 5.55 5.05 5.70 5.35
28 5.30 6.00 5.15 5.80 5.55
29 5.30

5¢75 4o 65 5.25 Be45




2 v % Carbon

Date
Collected
(July 79)

27
23

29

Average

2 vi % Witrogen

Date
Collected
(July 79)

Average

2 viiCarbon :

Are

Age

0.154
0.126

D210
4

1
(LY W AN P}

0.163

Nitrogen Ratio

Date
Collecteqd
(July m9)

Average

1‘-3 ° 869

12.048

13.040

Since
2

3

l‘\)
N
~d

1 Treatmant
turbance {vears)

11

W
.

AWV
U

w
.

-~
oN

(WS
L]

o
N

701l Treatment
Since Disturbance (years)

2

0,156

3

D.230

0,126

]
i - )
\n
~

0.187

11

527il Treatment
Since Disturbance (years)

2

12,7180
10.229

11.932

11.449

3

13.071
12,063

10.649

11.928

11

4. 06D
14.076

10.330

12.822

100

12.603
11.214

12.468

12.095
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2 viii% S»il Qrganic atter

29

hverage

2 ix

3.500

3.017

44362

2,626

5211 Treatment
Jisturh
2 3

2.793 6,310 )
3.086 2,621
4034 2.828
3.304 3.920 5

4 Hoisture Content Hf Eerthworms

Snecies of Sample
Rarthworms Size
Q. _cyaneum 5
L. terrestris 3

fi. longs 5
L. castaneus 5

L. rubellus 5

()

A, chlorotica

af Dry Wt. of

Preserved harthworms
Earthworms {(e)
(g)
.59 .57
3.10 )
7.31 1.57
0.84 0.12
2.76 0.64
0.96 .57

11

ance (years)

6 6.2G3

Wte ¢
Yater Moisture

(e) Content
1¢ 32 E’/ﬂ -/v
6.50 80.25
5. 74 78.52
0.66 73.57
2.12 76.81
0.39 40,63
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2 x  Barthworms

Collected by Farmalin Samwling from the Undisturbed'Site

Date
Collected
(July 79)

7
12

14

e
(82

No.
whe

No.

W,

No.

[ o)
¥ G

No.
AL

Ve

No.

i Ve

Y
NQo.

dt.

L.c. L.T,. &L J.c. Ave, Totel
WOTrms

6 10 5 21
0.91 8.00 0.56 Q.47

=\
~J
]
]

',_J
~3
N
N)
=
L
[}
b
N~
e
N

2 9 2 15 23
e 50 5.. 88 :‘La _BL'L 1- 5'_ 9. 2(1‘

2\
W
e o6

[a8]
ot
(s AWV

o

o~
~
~
O
N
N
s

2 7 10
0.22 0.65 J3.92 1.79

L.castaneus, L.r, = L. rubellus, 4,1, = A. longa,

') .

cyaneum, A.c. = A. chlorotica.

w

P

Q

Q

)

2

(¥%)

I~

he]

N
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2 xi Earthworms Collected by Formalin Sampling from the 1958 Site

(Numbers ~nd weights per 0.5 m?)

Date L.Co Lox, L.t AL, d.c. Acce Tot. No,
Collected varms Species
(July 79)

7 Na. 4 2 3 4 1 9 23 6

st 0.67  1.02  5.06 5.3+ 2.25 2.1 16.28

12 M. L 5 1 8 18 4
Wt 1.00 6.39 0,83 2.15 10.91

1 No. 7 6 3 1 1 i1 29 6
dt. 0.51 .41 2.11 L4500 0.55  1.87 13.90

19 No. 2 2 A 2
Wt. 2,97 0.25 3.22

20 No. 2 6 3 11 3
Wi, 0.81 .19 0.58 10.5%

21 No. 4 4 1
W, "\-,31 0-3_1.

2b No, 7 1 i3 2 15 26 5
Wt. 2.96 0.71 .42  2.31 2.36 7.7

27 No. 3 7 1 3 6 20 5
:.'Jto 0036 3924 1097 0.77 0.65 6.99

28 Yo, 6 1 1 6 VA 4
Wt.  0.61  0.69 0.32 0.67 2.29

29 No. 3 1 3 2 9 4
Vit. 0.41 0.59 2.11 0.29 3,40

Key: L.c. = L. castaneus, L.r. = L. rubellus, L.t. = L. terrestris,

L.1. = &, longa, O.c. = 0. cyaneum, i.c. = A. chlorotica.

{9}



2 xii Zarthworms Collected by Formalin Sampling from the Heaped Soil Site

(Numbers and weights per 0.5 )

liate L.c. Tnr. L. %. L I D.m. A.c, Tota No.
Collected worms Species

{(July 79)

7 No.. 14 62 3
1.9

LAY
]

N

I~

12 No. 9 29 7 3 LE 4
) bl

14 No. 5 34 18 : 56 4
it. .17 5022 5.67 1.35 12.31

19 No. 3 12 2 2 2 4
Wt D.11 2.91 J.35 0,23 2.60

20 No. 11 11 3 4 29 4
Wt 1.14 5.21 D4l D.29 7.7

21 No. 6 3 1 a3 12 A
it 0.76 1.63  1.43 .02 3.8¢9

26 No. 11 15 3 2 11 L2 5
Wt, L.47 6.33 1.26 0.2 0.77  9.95

27 No. 6 12 1 1 20 VA
Wt,  0.75 5.62 0.86 0,17 7.41

28 Vo, 5 25 1 2 1 34 5
B, 0.5 10.58  6.89 3.13 n.05% 21.12

29 No. 13 41 2 7 63 4
i, 1.85 12,24 0.21 D.73 15.03

L. castaneus, L.r. = L. rubellus, L.t. = L. terrestris,

Key: L.c.

A.l. = A, longa, D,m., = D, mammalis, A.c. = A.chlorotica.



2 xiii Earthuorms Collected by Formalin Sampling from the 2 Year 014 Site

(Mumbers and weights per 0.5 m2)

Date A1 h.c. Tot. No.
Collected woTrms Soecles
(July 79)

7 No. 1 1 2 2
Wt. 2.06 0.12 2.18

14 Na. 6 6 1
wt. 229 2.29

28 %o. 10 10 1
'.'l'tg 3: 73 3- 73

2C Ho, 2 2 1
W 0.76 0.76

bt
Py

. There were no earthworms collected from the 1 year old site.

[9]
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2 xiv Tungsal Colonies Cultured by Soil Jrumb

Method from Samp

es Collected

on Undist

Pungal Genera

(Y]
Ut
W

e}

Mucox

Rhizonus 1l

F

Absidia A

g |

Mortierella 1

Zygorynchus
Thamnidium

Sunninghamells

Papulasnora 1

Scronvulariopsis

Aureobasidium 1

A\
[8)
i.—l
(@]

N
1=
~I

Cladosporium

Botrytis
Acrenonium

Verticillium

Trichoderma 1 4 3

H
—
]
4
—
-

nk Ster
Mycelium
Anther!'Ffungus

he)
—~
—

Grey/Black
Cterile Mycelium

21

)

}=

Date Collected (July 1979)

nJ
N

A\ ]

[4®)

~d

0

Y
o

w2

=~

4

=
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2 xv Fungal Colonies Cultured by Foil Snread Method from Snil Samnles_

Collected on Undisturbed Site (100 vears old)

Fungsl Genera Date Collected (July 1979)

7 12 14 12 20 21 26 27 25

e
N
0O

™
i8]
l_—'
N

LCoY H 2

Khizonus 4

=
@]
[6)]
i_l
[& N
b-_h
fus)
fmd
(o))
rJ
-3

(9]
=
f+
o
g
o
| amnd
=
[

Zygorynchus

Thamnidium

Cunninghsmella

Papulaspora

-

Scropularionsis

W
o

furesobasidium

=
o)
4
(%)
a2

Cladosnorium & 5 30 g 9 3

=

Botrytis 1 1

=1

Acremonium

Verticilliun 2 2 2 2

Trichoderma L 1

Paecilomyces

Penicillium 12 31 20

R
,—J
o
H
~1
l—J

Fusarium

Dendryphion

Pink Sterile 1 2 1
Mycelium
'Anther! Fungus

N
jo

Grey/Black 2

Sterile Mycelium

N2
ju]
—



2 xvi Funpal Colonies Cultured by Soil Crumb Method from Soil Samples

Collected

Fungal Geners

1

Sit

12

11 years old)

Date Collected (July 1979)

pVA 19

20 21

26 27 28

156

29

Mucor

Rhizopus
Absidia
Mortieralla

Zygorynchus
Thamnidium

Cuhninghamella

Papulaspora

Scropulariopgig

Aureobasidium

Cladosporium
Botrytis

Acremonium

Verticillium

Trichoderma

Paecildgxceg

Penicillium
Fusarium

Dendrynhion

Pink Sterile
Mycelium

'Anther' Fungus

Grey/Black

Sterile Mycelium

11

ot M T -+ R T e ST et Y A i WL e Y

~
N




2 »wii [IFungal Colonies Cultured by Foil Spread Method from Soil Samples

Collected on 1958 Site (11 vears old)

Fungal Genera Date Collected (July 1979)
7 12 14 19 20 21 25 27 28
Mucor 1 1 2

Rhizopus

o
et
[5)
¢
o

i

Absidia

=

Mortierella
Zygorynchus
Thamnidiunm 1 1

Cunninghamella

Papulaspora
Scropulariopsis

fureobasidium

AWY]
[»]
O
L]
[
\»

Cladosoorium 3

Botrytis 1

Acremonium

[
W
N

Verticillium

o
he]
)
—
|
N

Trichoderms

Paecilomvces i

e
A¥N]
(@]

60 2 18

L
e

Penicilliium A9
Fusarium
Dendryphion
FPink Sterile 1 1
Mycelium
'Anther! Tungus 1

Grey/Black
Sterile Mycelium

N

e



2 xviii Fungal Colonies Gultured

by Soil Crumb Method from Soil Samples

Collected on Hesped E0il

Sita (3 years old)

Fungal Genera

~1
|—l
N
}—-‘
|2

Hond
—

Mucor

Ehizopus

\¥S)

Absidia 2

(£

Mortierella

-t

Zygorynchus

Thamnidium

cunninghamella

Papulaspora

Scropularionsis

Aureobasidiun

[

Verticillium
Trichodermsa 5

Paecilomyces

Penicillium 3 11
Fugarium

Dendryphion

Pink Sterile 1

Mycelium
tAnther' Funpus

Grey/Black
Sterile Myceliun

Date Onllected (July 1979)

19 20 21

1 1
1 1
i 1 1
1
1
1
1 .
2 1
7 2 5
3 1

26

I~

27

=

I

r__‘

N

28

N

0

29

(¢
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2 xix Fungal Colonies Cultured by Foili Spread Method from Soil Semples

Collected on Heaved Scil Site {3 years old)

Date Collected (July 1979)

7 12 14 19 20 21 26 27 28

N
N
-4
—
=

(=]

Mucor

Rhizopus 1 2

-1
i

Absidia 1 2
Mortierella 1
Zygorynchus

Themnidium

Cunninghamells

Papulaspora

S ————— e —

Scropulerionsis

-
e
Vot

Aureobasidium

G
)

Gladogporium 2 4 2
Botrytis
Acremonium

Verticillium 1 1 1 7

P
—
—

Trichoderma 2 1

Paecilomyces 1

—

~1
~7
ol
(N}
[on)
O
i
[
-
N

Penicillium 1

Fugarium 1

Dendryphion 2

Pink Sterile 1 1 1
¥ycelium
"Anther' Fungus

Grey/Black
Sterile Mycelium

Lo
—
N
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2 xx TFungal Colonies Cultured by Soil Crumb Method from Soil Samples

tollected nn Site with Tonsoil ieinstated 1277 (2 vears old)

Fungal Genera

Mucor
ithizopus
Absidia
Mortierella
Zygorynchus
Thamnidiun

Cunninghamells

Panulasnora

Sceropulariopsis

tureobasidium

ladosporium

Botrytis
Leremonium

Verticillium

Trichoderma

Paecilomyces

Penicillium
Fusarium
Dendryohion
Pink Sterile
Mycelium

tAnthar! Fungus

Grey/Plack

Sterile Mycelium
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W

17
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N

A% ]

-

Collected (July 1979)

21 26

N
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\n
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=
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2 xri Funeal Colonies Cultured by Foil Spread Method from Sail Samples

Collected on Site with Tovsoil Eeipstated 1977 (2 yesrs old

Date Collected (July 1979)
Fungal Genera
7 1R 14 12 20 21 26 27 28

Mucor 3 2 2 1

Hhizoous 1

(V3]
b
—

Ahsidia ) &
Mortierella . 2

Zygorynchus

Thamnidium

[

Cunninghamella
Paguldsﬁora -

Sereopularionsis

[
N
pt

Aureobasidium

l—J
i~
2
o
~J
Y
~

Cladosporium

Botrytis 3
Aeremonium 3

Verticillium 1 2 20 1 2

Trichoderma 2 1 1

Paecilomyces

Dendrvphion

Pink Sterile
Mycelium !
Vinther' Mungus : 2

N
=

Grey/Black
Sterile Mycelium

~

~

—




2 xxii PFuneal Colonies Cultured by Soil Crumb Method from Soil Samples

Collected on Site with Tonseil Reinstated 1972 (lyear old)

Date Collected (July 1979)
Fungal Geners

(4]
8.5

7 12 14 19 20 21 26 27 29

)
N
N
\n
'—J
>~

Mucor 3

|

Rhizopus

(8 ]
[
N

Absgiding 1

N

Hortierelia
Zygorynchus
Thamnidium

Cunninghamella

Papulasnora

Scropulariopsis

Aureobasidiun

w
o~

Cladosporium 1 1

Botrytis 1

Acremonium
Verticillium 1l A 2 s 1 1
Trichoderma 1 1 3 4 _ 1

Paecilomyces

x
~
pa
0
n
U
]
w
o~

Penicillium 12 A

Fussrium
Dendryphion
Pink Sterile 2 1 5

Mycelium
'Anther! Fungus

—
—

Grev/Bleck
Zterile Mycelium
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2 xxiii Fungal Colonies Cultured by ¥Foil Spread Method from Soil Samples

Collected on Site with Topsoil Reinstated 1978 (1 vear ocld)

Dete Collected (July 1979)
Fungal Genera
7 12 iVA 19 20 21 25

)
-3

28 29

| e
—
)
N
=t

Mucor : 2 1

Rhizopus 1 1

o]
AV
A |
o~
'_‘
D

Absidia
Zygorynchus 2
Thamnidium

Cunninghamella

Papulaspora

Scropularionsis

Aureobasgidium 1

ot
[W\]
0
—
)

Cladosporium

Botrytis 1 2

Acremonium

=

Verticillium 1 49 1 30

Trichoderma A 7 L 2

Paecilomyces

Penicillium 6 15 18 53 2 8 1 1 20

fusariuvm

Dendriphion

Pink Sterile 3
Mycelium
'Anther! Fungus 1

Grey/Black 1 p
Sterile Mycelium
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APPENDIX 3

" R

List of Pungal Genera Identified, with juthorities

Absidia (van Tisghen)
Lhizoous {“hrenberg)

s _ Y

Mucor (richeli)
Zygorhynchus (Vuillemin)
Thamnidium (Link)

Mortierella (Coemang)

Cunninghamella (Matruchot)
Papulasnora (Preuss)

Seronulariopeis (Rainier)
Aureobasidium (Viala et Boyer)

Cladosporium (Link)

Botrytis (Micheli)

Acremonium (TLink)

Verticiliium (Nees)

Paecilomyces (Szilvinyi)
Penicillium (Link)

Fusarium (Link)

Dendryphion (Yiallroth)




SUMMARY

Introduction

Soil disturbance is sssociatved with many of man's activities, hut little
is known of its effect on s>il organisms aAand their re-establishment;
they are essential for the natural cycling of plant nutrients. The ahisct

of this piece of work was Yo study the changes in earthworm and fun

activity sssociated with soil disturbance.

Literature Review

1. Frevious ctudies have found that fungi 2re not affected by passage
through the earthworm gut, snd there is more microbisl activity in casts
than in soil.

2. The comminuting effect of snil f2una, especially earthworms, facilitates
microbial decay, and 2rovides nutrients necessary for the prowth of some
fungi,

3. Microbial activity increases palatability of litter for earthwornms.
Therefore earthworms and micro-organisms are mutually beneficial.

L. Soil disturbance increases drying out and temperature fluctuations

in the soil. Decrease in soil organic matter, associated with harvesting
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crops, and the use o -ganic fertilisers, reduces esrthworm food.

{

es of earthworms in re-colonisatisn studies are slow,
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and this reterds the rate of =0il imoprovement.
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. So0il Adisturbance, n of organic matter reduces the
fungistatic effect of the soil, and increases fungal sctivity.

7. Esrthvorms oromote crumb formation, and imsrove the soil structure,
especially in pasture soils. Fungal hynhae and bacterial gums act as
binding agents between the s2il particles,

&. Earthworms imnrove aeration of the soil to a limited extent, and

facilitate drainage, root growth, ard incorporatinn of surface litter

ints the mineral horizong of the s0il.



1. The aim was to study active fungi; seversl direct and indirect tech-
nigies are comnared.
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The control of bacterizal contaminatio

Tor esrthworms are sesessed, and the seasanal

4. A method of vreserving easrthworms, and sdjiusiments for gut content

A
°
—3
jm
@
]
jede
[{]
-
(o N
[0]
oy
3
6}
—
s
=
m
ofF
D
«Q
T
£y
[ors
L2
j
o
™
o
&)
~
O]
&
+
fr
£
Q
|
=]
n
O]
o]
o
—
o
©
=
vy
]
b
n
ot
£
<D
1
]
=)
-
=

cores, and the pre-treatment of soil are desecrit
6. The N.C.B. opencast mining site a* Biggin South is described, giving
details of the previous manapgement o the five experimentsl ereas used

o ?

which vary in 2ge from 1 to 100 years since disturbance.
1

O]

ity of the five sites 1s estimated using two soil culture
techninues: soil crumbs and a foil spread, Ths medium used throughout

is notato/sucrose agar. Methods employed to identify fungal genera are

iescrihed. The number »f colonies of each genera ver plate were counted.
#. The earthworms from each sample were identified; counted, snd weighed.

@, S0il analyses included texture, nitrogen, carbon, pH, and moisture.

Eesults and Discussion

1. The distribution of 4 species of earthworms, and 2 genera of fungi was
affected by the time interval since disturbance.

. Phydical fectors influencing distribution >f earthworms include soil
texture, acidity, moisture and temperature, and carbon & nitrogen levels.
3. Phy=zieal factors influencing funral activity include soil texture and
moisture.

4. A megative correlation was found between both number of species of

7~
(@}

earthworms and t#sl weight of esrthworms with number of Mucor colonies,
but number of Absidia colonies and number of earthworm species showed e

2asitive nssociztion,
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5. Two litter dwelling species of earthworms were closely correlated;

also a shallow burrowing species and a litter dweller were associated,

ol

This may indicate favoursble surface condi

Aifferent suhstrate nreference. One nositive asrocistion indicates the

iotics produced,

=}
i
I_'-
v
I.J

use of by-products by one genus, or tolerence of a
7. Bias from either of the Tungal culture methods was reduced by summing
results from the two methods. Correlstions between the results from the
twe methods were zignificant, therelfore one method only would be sufficient.

8. In the case of the two most common species of Allolobonhora found,

one measurement, either hiomass or number per sample would be sufficient,

as these two parameters were closely correlated.
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