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APPENDIX. 
The experiments carried out i n t h i s study were 

i n i t i a l i nvestigations i n t o a subject that has h i t h e r t o 
been overlooked by professional mycologists. The 
re s u l t s confirmed that some items i n a 'classical 
succession' of coprophilous fungi could appear on samples 
of macerated grass from gp^.iied f i e l d s on incubation i n 
the laboratory.. 

This i s a stimulating observation and there i s 
great scope f o r more experimental work to be undertaken. 
The purpose of t h i s appendix therefore, i s to outline 
f u r t h e r work that would have been attempted had time 
permitted. Some of the experimental work i s short-term, 
that i s , f o r periods of several weeks, while other 
projects are long-term, f o r periods of a year. 
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( I ) , . Longer Term Investigations Of Fungi Appearing On 
Incubated Samples* 

I n the main study,, samples of dung and grass were 
col l e c t e d from f i e l d s and incubated i n the laboratory at 
only one time of the year. I t would be .interesting to 
know whether there i s any v a r i a t i o n i n the numbers and 
types of fungi (as determined by i d e n t i f i e d f r u i t i n g 
bodies) appearing on samples gathered from the same 
pasture and incubated at. d i f f e r e n t times over the period 
of a year. 

( I . I ) 
C o l l e c t i o n of samples could be carried out once every 

month f o r twelve months, beginning i n early spring, and 
ending the next year i n l a t e winter. 

Samples would have to be gathered with regard to some 
randomised method, i n v o l v i n g the c o l l e c t i o n of pats and 
grass from d i f f e r e n t areas of the pasture. The pasture 
could be divided i n t o separate areas, dependent upon the 
t o t a l area of the pasture. I f the pasture was small 
enough,a sample of the deposited dung could be taken 
from each d i v i s i o n , along with some grass f o r maceration, 
instead of r e l y i n g on subsampling. This should tend to 
give a more accurate representation of the actual 
s i t u a t i o n . A l l samples would be incubated i n the 
laboratory i n the usual way. 

I t might be expected that i f herbivore dung was 
coll e c t e d and incubated at d i f f e r e n t times of the year, 
then the fungal f l o r a appearing would vary with the time 
of year when the samples were taken. However, i t should 



.be r e a l i s e d that the dung i s being incubated under conditions 
judged to be optimum f o r the growth and sporulatidn of f u n g i • 
Thus,, any dung gathered from the same f i e l d , should contain 
roughly the same species of coprophilic fungi represented 
by t h e i r spores. So the types of f u n g i appearing on the 
incubated samples should be s i m i l a r . I n connection with 
t h i s l e t us r e f e r to a. simple model of the dung/gut/field 
system. ^ 

(1.11) 
The model of the dung/gut/field system i s shown very 

simply i n f i g u r e 4. I t i s represented as an input to and 
an output from a ^pool* (Y) of coprophilous fungal spores. 
The pool Y represents the coprophilous fungal spores 
attached to the growing vegetation i n the grazed f i e l d . 
There are three main ways by which viable spores can be 
l o s t from Y; ( i ) loss due to grazing, Z^; ( i i ) loss of 
v i a b i l i t y due to ageing, Ẑ ; ( i i i ) e l u t i o n due to 
environmental f a c t o r s , such as wind and r a i n , d i f f e r s 
from Z2 and Ẑ , i n that the spores may be l o s t f o r only a 
r e l a t i v e short period from the: pool Y when they are held 
w i t h i n the gut of grazing herbivores that have ingested 
vegetation to which spores were attached. The time 
spent i n passage through the herbivore gut may be i n the 
order of only a few hours. However, a f t e r the r e t u r n of 
spore-containing faeces to the pasture there may then be a 
delay associated w i t h the resettlement of spores on the 
surface of pasture vegetation. 

Only a proportion of the spores of coprophilic' fungi 
ingested by the grazing herbivore may be expected to be 
stimulated, to germinate and produce f r u i t i n g bodies on 
the faeces returned to the pasture. The faeces may also 



F I G . 4 . The Dung/Gut/Field System As I t Affects Coprophilous 
Fungi. 

F r u i t i n g 
Bodies, 

Herbivore, 

W= Input of viable coprophilous spores* to Y from another 
pool. 

'?:.=.Input of viable coprophilous spores to Y from f r u i t i n g 
bodies. 

X2=Input to<-!T of dormant viable coprophilous spores 
i n deposited dung. on or 

Y=Pool of viable coprophilous spores on pasture vegetation. 

Z^=Viable coprophilous. spores ingested by grazing herbivores. 

Z2=IiOss of viable coprophilous spores from Y due to enviro-
m^ental f a c t o r s . 

Zy-JjOSB of viable coprophilous spores from Y due to ageing. 

(*coprophilous spores re f e r s to the spores of coprophilous 
fungi,) 



be expected to contain a proportion of ungerminated spores 
which may require some stimulus to which they have not yet 
been exposed, or not exposed to at the correct time, i n 
order to germinate. A f t e r germination, f r u i t i n g bodies 
should then be produced from these spores i n the usual way. 
Some of the dormant spores contained on or w i t h i n the 
faeces may be r e d i s t r i b u t e d over the vegetation of the 
pasture a f t e r the breakupiqf the faecal mass through the 
ac t i o n of environmental factors such as repeated wetting 
and drying. These spores: may then be reingested by 
grazing herbivores. Subsequent r e p e t i t i o n of the^^previous 
process may then induce germination i n these spores, 

( I . I l l ) , Factors A f f e c t i n g The Size Of The Pool Y, 
The grazing rate of herbivores i n the pasture w i l l be 

one of the factors a f f e c t i n g the size of Y, Increasing 
the rate of grazing increases the rate of ingestion of 
spores, thus i n a given time more spores w i l l be removed 
from the pool. I f the re t u r n of spores to the pool i s at 
a lower rate than that of the removal of spores then i t 
follows that Y w i l l be reduced i n size. 

I t must also be remembered that l i v e s t o c k may not be 
the only grazers present i n the pasture. Other animals, 
such as ra b b i t s and voles, may be removing s i g n i f i c a n t 
q u a n t i t i e s of pasture vegetation with attached fungal 
spores. 

In. order to enable i n t e r p r e t a t i o n of the model i t i s 
necessary to r e s t r i c t the liv e s t o c k to grazing solely on 
vegetation growing i n the pasture. Introduction of out
side feed such as hay would introduce errors i n t o the 
analysis. 



So i f i t can be assumed tha t ( i ) , the livestock 
grazes at a f a i r l y constant r a t e , t h i s rate being 
dependent on the number of grazing animals present, and 
the r a t e at which each animal feeds; ( i i ) the l i v e 
stock feeds only on vegetation from the f i e l d , and 
t h a t ; ( i i i ) other grazing: animals are excluded from the 
f i e l d , then i t i s enviromental factors which-will a f f e c t 
the numbers of viable captdphilous fungal spores i n the 
pool Y. 

Enviromental factors w i l l a f f e c t the number and types 
of fungal f r u i t i n g bodies produced on the deposited dung, 
which w i l l i n t u r n a f f e c t the input (x^) of fungal spores. 
They may also a f f e c t the v i a b i l i t y of spores attached to 
the herbage {Z.^) , ' Enviromental factors may be responsible 
f o r removing spores from the surface of vegetation.. Rain 
may wash spores down i n t o the s o i l where they are u n l i k e l y 
to be ingested by grazing herbivores on the surface. 
Spores on the surface of the s o i l might be able to 
germinate i f dung was subsequently deposited on them. 
Spores might then be produced from f r u i t i n g bodies which 
could then enter the pool T. Spores can be carried out 
of the pool Y i n a i r currents or through the movements of 
surface water. 

I f the species of f u n g i appearing at d i f f e r e n t times 
throughout, the year did show v a r i a t i o n when dung was 
incubated i n the laboratory, then t h i s might be due to 
changing proportions of d i f f e r e n t spores i n the pool Y, 
w i t h respect to time. 

These differences would be d i r e c t l y indicated by the 
types of f u n g i appearing on. the incubated samples of 
macerated grass, assuming that most of the fungi grow 



,and sporulate on t h i s substrate and do not require 
passage through the herbivore gut to break dormancy. 
The change i n d i f f e r e n t spore proportions could arise 
through environmental"factors reducing or h a l t i n g the 
rate of succession of fungi on dung deposited i n the 
f i e l d , or by favouring the growth and sporulation of 
one or several types of fungi c o n t r i b u t i n g spores to 
the: pool Y, The proportion of spores of less abundant 
fungal species would s t i l l be decreased v i a Zr, and Z, 
but might not be replenished at an equivalent rate i f 
t h e i r growth and sporulation on substrata was affected 
de t r i m e n t a l l y by environmental f a c t o r s . A greater 
proportion of the spores of a c e r t a i n fungus i n the 
pool w i l l increase the p r o b a b i l i t y of spores of th&.t. 
species germinating and producing f r u i t i n g bodies on 
deposited dung. The various factors bearing upon the 
germination of spores are however, very complex. 

(I.-IV) 
I n a d d i t i o n to incubating samples of dung and 

macerated grass i n the laboratory, samples of both 
types could also be collected as before, and l e f t f o r 
observation outside the laboratory. The purpose of 
t h i s would be to see the e f f e c t of presumably sub-
optimalconditions on the r e s u l t s . Duplicate samples 
f o r study would be collected on a randomised basis from 
the grazed f i e l d previously studied. Preferably these 
experiments would be performed so as to run concurrently 
with the laboratory studies. 

To enable comparison w i t h the previous r e s u l t s , 
samples of macerated grass and of dung would have to be 



.treated in.a s i m i l a r fashion to those studied indoors,, 
t h i s would exclude the e f f e c t s of a number of p o t e n t i a l 
v a r i a b l e s , such as the nature of the containers. I f the 
sajnples were placed on the other side of the window used 
i n the previous experiments then they might be expected 
to have a s i m i l a r aspect. Variations i n temperature 
would then be the f a c t o r d i f f e r i n g most from previous 
experimentation, Howevery t h i s i s s t i l l a long way from 
conditions i n the pasture. 

k closer approximation would be afforded by p u t t i n g 
samples of dung and macerated grass i n s i m i l a r containers; 
as before but t h i s time leaving them exposed to the 
environment by not replacing the tops on the containers. 
These samples would not be kept watered by the experimenter. 
I f the o r i g i n a l samples were taken from a pasture located 
nearby the s i t e of experimentation then the conditions 
p r e v a i l i n g might be expected to be close to those i n the 
f i e l d . 

The r e s u l t s from these experiments would possibly 
demonstrate some of the points raised i n the previous 
section. The samples of dung l e f t exposed would more 
closely mimic dung pats deposited i n the f i e l d as they 
would be subjected to s i m i l a r environmental conditions. 
However, attack from organisms such as mycophagous 
invertebrates would probably be; reduced i n experimental 
samples, 

Mycophagous invertebrates feed usually on fungal 
hyphae, thus reducing the surface area used f o r 
a s s i m i l a t i o n of n u t r i e n t s . Invertebrate ravages may 
thus a f f e c t the rates of fungal succession on substrates. 
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( I I ) . I n v e s t i g a t i n g The Fungi On Samples Of Grass And 
Dung From Fields Where There Are Mixed. Grazing 
Practices. ' 

The experiments i n the main study were carried out 
using dung and grass samples collected from pastures 
where only one type of li v e s t o c k was grazing. While 
t r a v e l l i n g to c o l l e c t samples i t was noticed that many 
farmers ha-d. more than one type of livestock animal on 
the same pasture. I t was possible f o r sheep, cows, 
horses, and other grazing animals to be found grazing the 
same pasture. 

( i l , l ) 
I t would be i n t e r e s t i n g to culture samples of 

macerated" grass taken from these mixed-grazed f i e l d s 
and investigate which fungi appeared on them. Grass 
macerate samples would be collected on a randomised 
basis from the pasture,and the various dung samples 
from the d i f f e r e n t l i v e s t o c k would also be collected and 
incubated i n the usual way f o r purposes of comparison. 
This experimentation could also be carried out on a 
long term, basis by c o l l e c t i n g samples once every month 
f o r a period o f twelve months,. 

D i v e r s i t y of fungal types appearing on the incubated 
samples of macerated grass from a mixed grazed pasture 
might be expected to be higher i n terms of species 
richness than s i m i l a r samples taken from a pasture 
grazed by a single species of li v e s t o c k . This might 
be due to d i f f e r e n t types of dung supporting d i f f e r e n t , 
often c h a r a c t e r i s t i c , fungal species. Some fungi are 
apparently found to be ^ r e s t r i c t e d ' , appearing often on 



only a c e r t a i n type of dung from a single animal species, 
The mycoflora subsequently developed on the macerated 
grass samples might contain many of the specialised 
fungal species found otherwise' only on t h e i r d i f f e r e n t 
c h a r a c t e r i s t i c dung types. 

This might not be so however because of increased 
competition due to the greater number of fungi present. 
Phenomena such as hyphal interfe r e n c e may be more 
prevalent, possibly leading to reduced species richness. 

I n e a r l i e r discussion i t was remarked that the number 
of species of fungi occuring on the separate macerated 
grass samples and on the dung samples ranged between 
only seven smd nine. An experiment of the nature 
proposed, where there i s presumed to be a greater number 
of p o t e n t i a l fungal species present i n the pool, might 
show t h a t samples are capable of supporting a higher 
species richness than that encountered previously. 

( I I I ) . I n v e s t i g a t i n g The Fungi Occuring On Grass 
Samples Where The Livestock Have Been Removed, 

Pastures may be allowed to grow ungrazed a f t e r periods 
of exposure to grazing. Possible changes, i f any, i n 
the mycoflora of incubated samples of macerated grass 
taken a t various i n t e r v a l s a f t e r the removal of grazers 
from the pasture can be investigated. 

I t would .be important with t h i s type of experiment to 
c o l l e c t as many samples as possible and to c o l l e c t these 
samples from a l l over the pasture. This would give 
a be t t e r i n d i c a t i o n of the numbers of d i f f e r e n t types of 
viable spores present i n the pool. The c o l l e c t i o n of 
grass samples once every month f o r twelve months might 
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•prove to be a convenient method f o r analysis. 
The r e s u l t s from t h i s experiment would indicate 

whether the pool size and composition had changed, with 
respect to time a f t e r the removal of grazers, compared 
to a s i m i l a r dung/gut/field system where the grazers 
remain present. 

• ! • I . ; 

( I V ) . The Incubation Of Dung On Samples Of Freshly 
Grown Grass. 

TJncontaminated. turves of grass could be produced by 
sowing a. fungicide pre-treated dressed grass seed mixture 
onto s t e r i l i s e d seedling compost i n clean seed tr a y s . 
These trays would be covered by polythene sheets to exclude 
the a i r spora,and kept i n the laboratory, watering as 
necessary. ^ 

A f t e r germination,when the grass has reached the t i l l e r i n g 
stage, a single pat of f r e s h l y collected herbivore dung 
would then be placed i n the centre of some of the trays. 
The pats of dung should a l l be of s i m i l a r size, presuming 
t h a t s i m i l a r sized, pieces collected from the same 
s i t u a t i o n w i l l y i e l d s i m i l a r numbers of f r u i t i n g bodies 
a f t e r germination. This presumption may be inaccurate. 
Other trays, act as controls and have no.dung added to them. 
A l l trays should have loosely f i t t i n g transparent covers 
placed over them, thes.e should allow a. certain amount of 
a i r flow i n and out of the t r a y s . A l l trays would then 
be incubated and watered at i n t e r v a l s as necessary. 
Fungal f r u i t i n g bodies subsequently appearing on the pats 
would be i d e n t i f i e d by d i r e c t observation, or, i f the fungi 
could not be immediately i d e n t i f i e d , by c u l t u r i n g onto dung 
agar. Incubation would be carried out u n t i l the fungal 
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succession had terminated.. Then the remains of the pats 
would be removed, and the stems and blades of grass from 
each t r a y would be cut using scissors and collected 
separately. Each grass sample would then be i n d i v i d u a l l y 
macerated,, thoroughly cleaning the macerator between 
samples. Maceration would be carried out u n t i l the grass 
resembled fresh horse dung i n texture. These samples of 
macerated grass would then..be incubated i n trays as before. 
Two types of grass samples would be incubated; macerated 
grass from seed trays where dung was present, and macerated 
grass from those trays where dung was absent. Species of 
fungi present, i f any, would be i d e n t i f i e d from t h e i r 
f r u i t i n g bodies. The incubated macerates from the control 
trays would indicate whether any fungi developed on the 
macerates could have arisen from sources other than the 
dung. These f u n g i could then be taken i n t o account when 
considering r e s u l t s from the 'dung-grass' macerates. 

This study would be useful because one would know that 
any f u n g i present on the macerates of grass grown with 
dung present are highly l i k e l y to have come only from the 
dung. Thus,comparisons can be made with macerate samples 
taken from the pasture where spores may have come from 
other sources besides t h a t of the dung. Also, i t i s 
hi g h l y l i k e l y t h a t a l l fungi that f r u i t e d on the dung 
would be represented on the incubated samples of macerated 
grass taJcen from the trays of grass i n which dung was 
present. This i s because the fungal spores are being 
projected onto a small area of grass ,free from a i r 
currents and r a i n . However, i n the pasture from which 
the samples were taken,, the spores produced by fungi 
f r u i t i n g on dung, (representative of a l l the species 
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• f r u i t i n g on the dung), are less l i k e l y to a l l be found 
to have been present subsequently on macerates of grass 
taken from the pasture. Thus i f a difference i n mycoflora 
composition between macerated grass samples, where, i n the 
one, the grass was closely confined with dung, and i n the 
other, the grass was taken from the f i e l d s i t u a t i o n , was 
indicated from the r e s u l t s , t h i s would imply that the 
f i e l d had not been sampldd'adequately enough to give a 
correct re presentation of a l l the species present on the 
dung i n that f i e l d . 

S i m i l a r i t y c o e f f i c i e n t s could be calculated f o r the 
mycoflora composition on the samples of dung and macerated 
grass. The method used to calculate s i m i l a r i t y 
c o e f f i c i e n t s has been outlined previously i n the results 
section of the main study. The c o e f f i c i e n t s calculated 
here w i l l have more meaning than the c o e f f i c i e n t s 
previously calculated f o r d i f f e r e n t situations i n the main, 
study. These e a r l i e r calculations d i r e c t l y compared the 
mycofloras of'dung and macerated grass from grazed f i e l d s . 
C o e f f i c i e n t s from the proposed study using ' v i r g i n ' grass 
i n confinement with dung should be more relevant because 
i t i s more l i k e l y t h a t the spore inoculum from the dung 
should be present on the grass that i s then macerated. 
This assumes tha t a l l the f r u i t i n g bodies produced on the 
dung produce viable spores, and manage to project t h e i r 
spores onto the grass. 
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( Y ) , The E f f e c t Of Temperature On Numbers And 
Types Of Fungal F r u i t i n g Bcdies Produced 
On Incubated Samples Of Macerated Grass 
And Dung, And The Degree Of Decomposition 
Of Samples. 

I n the main study^ samples of macerated grass and of 
dung were incubated at the temperature of the laboratory, 
a temperature prone to f l u c t u a t i o n . Light levels i n the 
laboratory also varied, p r i m a r i l y on a diu r n a l rhythm. 
However, because the samples of macerated grass and of 
dung were both exposed to the same conditions,a com
parison could be made between them concerning the 
mycoflora developed on them. This i n i t i a l experiment
a t i o n took place at what would be called 'room temperature' 
though t h i s has no f i x e d value. Thus i t would be 
i n t e r e s t i n g to know the e f f e c t of a range of known 
temperatures on the r e s u l t s . One suitable method might 
be as shown i n the flow diagram., on page numbers-14 and 15-. 

I n t h i s method samples are also incubated on s o i l . 
This should give some i n d i c a t i o n as to whether the s o i l 
micro-organisms have any e f f e c t on the species of fungi 
appearing on the samples and on the amount of decomposition 
occuring i n those samples. 

The procedures shown i n the flow diagram would be 
ca r r i e d out u n t i l the succession of fungal f r u t i n g bodies 
on the various samples had been completed. This might 
take a d i f f e r e n t length of time at each temperature, and 
using the r e s u l t s the f o l l o w i n g points could be considered; 

( i ) Are there differences between the mycofloras of 
;rated grass samples when they are both on aluminium 

dishes, at the same temperature? This comparison could be 
mace] 
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•FIG. 3. A Flow Diagram I l l u s t r a t i n g The Method 
Used i n Section f 7 

P A S T U R E 

Dung 

collected on a random^-^ 
ised basis. 

Grass 
macerated to horse dung 
consistency. 

Macerated Grass 

1 Divided i n t o large numbers 
of samples of equal fresh 
weight. 

Dung samples Macerated grass 
samples. 

Several samples of macerated grass 
and dung removed, dried, and the 
energy content per gram dry weight 
determined. 

Dung samples 

Half of the samples 
placed i n d i v i d u a l l y 
on aluminium dishes 
of known weight. 
(Weights of dishes 
and samples noted). 

Macerated grass 
samples 

Half of the samples 
placed on a i r dried 
s o i l of known weight 
in,aluminium dishes 
of known weight. 
(Weights of dish and 
s o i l and samples 
noted). 

UJ 
Dung Macerated Grass Dung Macerated Grass 

V ^ 
Equal numbers of a l l four types of dishes would then be 
incubated at one of a series of temperatures i n sm. 
incubator i n a 12/12 l i g h t regime; they would be kept 
adequately watered. Possible suit a b l e temperatures 
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•might be 0°C, 10°C, 20°C and 37°G. (37°C i s near the 
optimal temperature f o r many coprophilous fungi to grow 
a t ) . The samples would be observed p e r i o d i c a l l y and any 
f u n g i present on. them i d e n t i f i e d and noted. At i n t e r v a l s , 
one of each type of sample a t each d i f f e r e n t temperature 
would be removed, d r i e d , and i t s energy content ( i n Jg~^ 
dry weight) determined using the bomb, calorimeter. Using 
the value f o r i n i t i a l energy content per gram dry weight, 
the loss i n energy per gram i n i t i a l dry weight could be 
determined at each stage f o r each type of sample at the 
d i f f e r e n t temperatures. 
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made f o r each, of the temperatures used. 

( i i ) Are there d i f f e r e n c e s between the mycofloras of 

macerated g r a s s samples and dung samples when they are 

both on the s u r f a c e of s o i l i n aluminium d i s h e s a t the 

same temperature? T h i s comparison could be made f o r each 

of the temperatures used. 

( i l l ) As above, but beitween g r a s s on aluminium weighing 

d i s h e s and g r a s s on the s u r f a c e of s o i l . 

( i v ) As above, but between dung on aluminium weighing 

d i s h e s and dung on the s u r f a c e of s o i l . 

( v ) Are th e r e d i f f e r e n c e s between the mycofloras of 

macerated g r a s s samples on aluminium weighing d i s h e s a t 

each of the d i f f e r e n t temperatures used? 

( T 1 ) AS above, but between mycoflora compositions of 

macerated g r a s s samples on the s u r f a c e of s o i l a t the 

d i f f e r e n t temperatures used. 

( v i i ) As above, but between mycoflora compositions of 

dung samples on aluminium weighing d i s h e s a t the d i f f e r e n t 

temperatures used. 

( v i i i ) As above, but between mycoflora compositions of 

dung samples on the s u r f a c e of s o i l a t the d i f f e r e n t 

temperatures used. 

Thus a l l combinations of d i f f e r e n c e s w i t h i n a t r e a t 

ment and between treatments could be determined. 

( i x ) Does temperature a f f e c t the length of time before 

f r u i t i n g bodies are observed? 

(x ) Does temperature a f f e c t the du r a t i o n of the s u c c e s s i o n 

of f u n g a l f r u i t i n g bodies? 

( x i ) I s the t o t a l amount of energy l o s t (mainly as 



17 

r e s p i r a t i o n ) equal f o r each of the d i f f e r e n t samples a t the 

same temperature? 

( x i i ) Does the i n c u b a t i o n of a sample on damp s o i l a f f e c t 

the myco'flora composition? 

( x i i i ) Does i n c u b a t i o n of a sample on damp s o i l a f f e c t 

the energy l o s s ? 

Some previous work has been c a r r i e d out s i m i l a r to t h i s 

type of experiment. wicklow & Moore (1974) incubated f r e s h 

r a b b i t f a e c e s a t d i f f e r e n t temperatures to determine the 

amount of energy l o s t as r e s p i r a t i o n from the f a e c e s . They 

found t h a t r a b b i t f a e c e s l o s t a f a r g r e a t e r percentage of 

weight during the f i r s t month of i n c u b a t i o n at low tem

p e r a t u r e s than d i d decomposing p l a n t m a t e r i a l s incubated 

a t the same temperatures f o r longer p e r i o d s . I t would be 

i n t e r e s t i n g to know whether t h i s i s a l s o true f o r de

composing macerated g r a s s when compared with the f a e c e s of 

h e r b i v o r e s f e e d i n g on the g r a s s . I t would be expected 

t h a t macerated g r a s s should be much more r e a d i l y decomposed 

than i n t a c t p l a n t m a t e r i a l . Maceration e n t a i l s t i s s u e 

damage- which encourages decomposition by micro-organisms. 

Wicklow & Moore showed t h a t f a e c e s incubated at 24°C and 

a t 37.5°C had average d a i l y decomposition r a t e s of 0,61?^ 

and 0,87% r e s p e c t i v e l y during the f i r s t t h i r t y days of 

i n c u b a t i o n . (The f i g u r e s r e f e r to the percentage of t o t a l 

c a l o r i e s i n the sample t h a t had been l i b e r a t e d i n r e s 

p i r a t i o n . ) They a l s o found t h a t f a e c e s incubated on the 

s u r f a c e of damp., s o i l l o s t more weight than those incubated 

on aluminium weighing d i s h e s over the same period of time. 

I t would be i n t e r e s t i n g to know i f t h i s was a l s o true f o r 
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•samples of macerated g r a s s incubated on s o i l compared with. 

samples incubated on bare aluminium d i s h e s a t the same 

temperature. Samples incubated on the s u r f a c e of the 

s o i l might be l o s i n g more energy than those not incubated 

on the s o i l because, 

( a ) Some s o i l micro-organisms could be invading and 

so contributing,to the decomposition of the sample; 

(b) waste m e t a b o l i t e s t h a t would otherwise cause 

s t a l i n g a r i s i n g from fungi growing on the sample might be 

d i f f u s i n g from the sample and i n t o the s o i l , reducing 

p o s s i b l e i n h i b i t i o n of fun g a l growth; 

and, o r , 

( c ) energy r i c h s ubstances, such as s o l u b l e sugars, 

may be l o s t from the samples i n t o the s o i l by d i f f u s i o n 

and/or l e a c h i n g . 

Some i n d i c a t i o n of the l i k e l i h o o d of ( a ) could p o s s i b l y 

be obtained by p l a c i n g s t e r i l i s e d p i e c e s of dung on the 

s u r f a c e of s o i l i n d i s h e s as be f o r e . I f fungal growth 

subsequently occured on the dung,then, assuming t h a t the 

dung was s t e r i l e and t h a t a i r spora e f f e c t s were minimal, 

i t would be shown t h a t i t was a t l e a s t p o s s i b l e f o r fu n g i 

to pass from the s o i l to the sample. 

To t e s t h y p o t h e s i s (b) the s o i l from an aluminium d i s h 

on top of which had p r e v i o u s l y been incubated a sample 

b e a r i n g f u n g i , could be s t e r i l i s e d by heat. T r e a t i n g 

them s e p a r a t e l y a f t e r c o o l i n g , enough d i s t i l l e d water 

would be added to each s o i l sample u n t i l i t was of a 

sludge l i k e c o n s i s t e n c y . The mixtures would be s t i r r e d 

and l e f t f o r a le n g t h of time to allow any substances 

p r e s e n t to e n t e r s o l u t i o n . Then each would be f i l t e r e d 

through m u s l i n and the c l e a r l i q u i d - e x t r a c t collected.. 

Each type of l i q u i d would then be inc o r p o r a t e d i n t o a 



19 

potato-dextrose agar mixture and a dung agar mixture, and. 

these used, to produce p l a t e s i n p e t r i - d i s h e s , as d e s c r i b e d 

i n the main study. P e t r i - d i s h e s c o n t a i n i n g dung agar 

and potato-dextrose agar without any e x t r a c t i n c l u d e d would 

a l s o be s e t up. C u l t u r e s of f u n g i known to have been 

p r e s e n t on samples could then be s t r e a k e d onto each of these 

d i f f e r e n t types: of agar p l a t e s , and these p l a t e s then 

incubated, a t temperatures used previously.. Subsequent 

growth, i f any, of f u n g i on these p l a t e s would then be 

examined. I f there was seen to be evidence of i n h i b i t i o n 

of growth of f u n g i on the agar mixtures c o n t a i n i n g the 

e x t r a c t from the s o i l upon which samples had been incubated, 

when compared w i t h the fungal growth on the agar mixtures 

c o n t a i n i n g e x t r a c t s from s o i l not p r e v i o u s l y incubated with 

samples, then t h i s would i n d i c a t e t h a t an i n h i b i t o r y 

substance had passed from the samples of dung or macerated 

g r a s s i n t o the s o i l . A comparison of the growths of fungi 

on agar p l a t e s without added s o i l e x t r a c t s , and on agar 

p l a t e s where e x t r a c t from s o i l incubated without an added 

sample above i t would i n d i c a t e whether t h i s e f f e c t was 

produced by adding any e x t r a c t of the s o i l . I f there was 

l i t t l e apparent d i f f e r e n c e between them then i t would imply 

t h a t i n h i b i t o r y compounds were not present i n the s o i l . 

A problem with t h i s experiment might be that the i n 

h i b i t o r y substances might not be w a t e r - s o l u b l e . An 

o r g a n i c s o l v e n t , such as a l c o h o l , might be n e c e s s a r y to 

e l u t e them.. A l s o , i f an i n h i b i t o r y substance were present 

w i t h i n the s o i l used, there i s the p o s s i b i l i t y t h a t i t 

might be destroyed or i t s growth i n h i b i t o r y p r o p e r t i e s 

reduced when the s o i l was s t e r i l i s e d . However, t h i s 

s t e r i l i s a t i o n has to be c a r r i e d out, otherwise the micro-
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-organlsims present i n the s o i l might be c u l t u r e d on the 

agar p l a t e s and so obscure the r e s u l t s . S t e r i l i s a t i o n 

by i r r a d i a t i o n might be p r e f e r a b l e to s t e r i l i s a t i o n by 

heat.. ' I t may a l s o be p o s s i b l e t h a t by i n c o r p o r a t i n g . 

t h e s o i l e x t r a c t s w i t h agar,any i n h i b i t o r y substances 

p r e s e n t i n them might be d i l u t e d to a c o n c e n t r a t i o n 

i n e f f e c t i v e i n f u n g a l i n h i b i t i o n . 
• ».• 

( V I T h e E f f e c t Of pH On Eungl Growing On Samples 
Of Macerated G r a s s . 

I t might be expected t h a t c o p r o p h i l i c fungi would grow 
Mtfc sueeesi{uili)-

and r e p r o d u c e ^ i n the pH range encountered on the dung on 

which they are most o f t e n found. However, i t i s most 

l i k e l y t h a t the pH of macerated g r a s s and dung d i f f e r -

dung having passed through the a l i m e n t a r y c a n a l of a g r a z e r . 

I n s i d e the h e r b i v o r e the food i s a f f e c t e d by gut s e c r e t i o n s 

aiid p r o c e s s e s and, when f i n a l l y deposited as dung, i t 

u s u a l l y has a pH of above 6.5 (Hudson;;,; 19-72). I t i s an 

e s t a b l i s h e d f a c t t h a t micro-organisms have favoured pH 

ranges, o u t s i d e of which they may not be able to grow. 

Thus i t would be i n t e r e s t i n g to know what e f f e c t pH 

d i f f e r e n c e has on the composition of the mycoflora 

developed on incubated macerated g r a s s samples at v a r i o u s 

pH v a l u e s compared w i t h t h a t developed on incubated f r e s h 

dung.. 

One s u i t a b l e method of t e s t i n g t h i s might be as f o l l o w s . 

Samples of g r a s s and dung would be c o l l e c t e d on a randomised 

b a s i s from the same grazed p a s t u r e . The pH of the samples, 

of f r e s h dung would then be found u s i n g a conventional pH-

meter. The g r a s s would be macerated as before to the 

c o n s i s t e n c y of f r e s h horse dung and the pH of the substance 
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,found.. I f there was found to be a d i f f e r e n c e i n pH 

between the dung and the macerated g r a s s , the pH of the 

macerated g r a s s would then be made eq u i v a l e n t to t h a t of 

the dung by the a d d i t i o n of n e c e s s a r y b u f f e r s , perhaps 
•5-

u s i n g PO^ b u f f e r . The samples of dung and macerated 

g r a s s p l u s b u f f e r would be incubated as i n the main 

study, a c o n t r o l sample of u n a l t e r e d macerated g r a s s a l s o 

being incubated,- The sabiples would be kept moist and 

the f u n g a l s u c c e s s i o n s on each of the three samples would 

be c a r e f u l l y s t u d i e d and compared. A f t e r the completion 

of each s u c c e s s i o n i t would be i n t e r e s t i n g to know whether 

t h e r e was any d i f f e r e n c e i n the composition of the myco-

f l o r a appearing on the b u f f e r e d macerated g r a s s and t h a t 

appearing on the unbuffered macerated g r a s s , and whether 

or n o t the f u n g a l s u c c e s s i o n on the b u f f e r e d macerated 

g r a s s was c l o s e r to t h a t occuring on the dung. I f t h i s 

was found to be t r u e i t would imply t h a t pH i s an important 

f a c t o r when c o n s i d e r i n g the growth of f u n g i on macerated 

g r a s s samples ,and on dung. A d d i t i o n a l experiments could 

be c a r r i e d out by i n c u b a t i n g b u f f e r e d macerated g r a s s over 

a wide range o f pH v a l u e s , not j u s t t h a t of f r e s h dung. 

T h i s would be expected to show e x a c t l y what e f f e c t 

d i f f e r e n t pH v a l u e s have on f u n g a l s u c c e s s i o n . 

( Y I I ) . . The E f f e c t Of The Length Of P e r i o d Of Maceration 
On The Eungal S u c c e s s i o n On Macerated G r a s s . 

A f a c t o r p o s s i b l y a f f e c t i n g the s u c c e s s i o n of f u n g i , 

and the types of f u n g i found to appear.on incubated 

macerated g r a s s samples-might be the t e x t u r e of those 

sajnples. The c o n s i s t e n c y of the samples i s dependent on 

the e x t e n t of maceration of the g r a s s used to make them,. 
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the samples of g r a s s used i n the main study were macerated 

to the c o n s i s t e n c y of f r e s h horse dung. T h i s took about 

f i f t e e n minutes with the macerator used. P r i o r to 

maceration the culms and blades of g r a s s were c u t to a 

s u i t a b l e s i z e f o r the machine,using s c i s s o r s . I t would 

be i n t e r e s t i n g to i n v e s t i g a t e whether the degree of 

maceration does have an e f f e c t on f u n g a l s u c c e s s i o n . 

One s u i t a b l e way of studying t h i s may be as f o l l o w s . 

Samples of g r a s s would be obtained on a randomised b a s i s 

from a grazed p a s t u r e . These would f i r s t be cut to a 

manageable s i z e u s i n g s c i s s o r s and then macerated i n the 

macerator f o r d i f f e r e n t periods of time, . S u i t a b l e 

p e r i o d s might be; one minute, two minutes, f i v e minutes, 

t e n minutes, and f i f t e e n minutes. The separate macerated 

g r a s s samples would then be incubated i n the l a b o r a t o r y as 

i n the main study. Fungi appearing on the d i f f e r e n t 

samples would be i d e n t i f i e d and the time before the 

f r u i t i n g bodies appeared would be noted. 

I t might be expected t h a t those samples of grass 

which had been macerated f o r the lo n g e s t periods of time 

would be most e a s i l y decomposed by the f u n g i . However, 

what e f f e c t t h i s would have on s p e c i e s r i c h n e s s i s un

c e r t a i n , though the s u c c e s s i o n might be expected to take, 

p l a c e i n a s h o r t e r p e r i o d of time. Maceration may 

i n c r e a s e s p e c i e s r i c h n e s s i n t h a t i t may make a v a i l a b l e 

a g r e a t e r v a r i e t y of s u b s t r a t e s . However, the c o n s i s t e n c y 

( t e x t u r e ) of the samples w i l l a f f e c t the r a t e of d i f f u s i o n 

of gases i n t o and out of them. T h i s might be important 

because most fu n g i are a e r o b i c organisms. Oxygen 

a v a i l a b i l i t y and the r a t e of removal of waste gases may 

a f f e c t the s u c c e s s i o n . Samples of g r a s s macerated f o r 
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l o n g e r p e r i o d s of time w i l l have a s m a l l e r p o r e - s i z e w i t h 

i n them.. T h i s can r e s u l t i n i n c r e a s e d r e t e n t i o n of water 

making gaseous d i f f u s i o n slower. G r i f f i n ( I 9 6 3 ) grew a 

s p e c i e s of C u r v u l a r i a i n a aeries of aluminium oxide g r i t s 

which had d i f f e r e n t moisture r e t a i n i n g c h a r a c t e r i s t i c s 

determined by the p o r e - s i z e between the g r i t p a r t i c l e s . 

He found g r e a t e r f u n g a l growth where the spaces between 

the p a r t i c l e s were predominantly a i r f i l l e d r a t h e r than 

water s a t u r a t e d . Where the spaces between the p a r t i c l e a 

were s m a l l e r , water s a t u r a t i o n was more l i k e l y . G r i f f i n 

t e n t a t i v e l y concluded t h a t the f a c t o r a f f e c t i n g fungal 

growth i n the g r i t s was the degree of r e s t r i c t i o n of 

gaseous exchange. Gaseous exchange was a f f e c t e d by the 

degree of water s a t u r a t i o n of the pores, 

D i c k i n s o n &. Underhay (1977) working on cow dung, which 

has a v e r y s m a l l i n t e r n a l p o r e - s i z e , put forward the 

h y p o t h e s i s t h a t dung moisture was the main f a c t o r 

a f f e c t i n g the spread of hyphae i n t o the centre of dung 

pats,- They s a i d t h a t oxygen r a p i d l y became l i m i t i n g 

towards the c e n t r e of the pat because of the high water 

content i ^ e s t r i c t i n g d i f f u s i o n . Water content i n the dung 

pats a l s o c l o s e l y i n f l u e n c e d the e x t e n t of s p o r u l a t i o n 

o f the fungi.. 

The pores present i n g r a s s macerated f o r longer 

p e r i o d s of time w i l l have s m a l l e r r a d i i than those pores 

p r e s e n t i n g r a s s macerated f o r a s h o r t e r length of time. 

A. d e c r e a s e i n pore r a d i u s w i l l i n c r e a s e the f o r c e s between 

water and s o l i d , the s o - c a l l e d ' m a t r i c - p o t e n t i a l a c c o r d i n g 

to the equation; 
2o- (where; cT = s u r f a c e t e n s i o n 

r = _ • (dynes cm ) , 
' 7* = matric p o t e n t i a l 

(dynes cm ) , 
( A f t e r G a r r e t , ( 1 9 7 2 ) ) . V ='pore r a d i u s ) 
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I f the f i n d i n g s of D i c k i n s o n and Underhay a r e 

a p p l i c a b l e , the f r u i t i n g bodies of a l a r g e r number of 

s p e c i e s of f u n g i w i l l be observed on samples of g r a s s 

t h a t have been macerated to give an optimum, r e l a t i v e l y 

large,, p o r e - s i z e . There should then be seen to be a 

d e c r e a s e i n the d i v e r s i t y and extent of fungal growth 

produced on the samples the longer they have been macerated, 

g i v i n g s m a l l e r pore-sizes'.'' I n c r e a s e d maceration w i l l be 

f o l l o w e d by r e d u c t i o n i n water p o t e n t i a l of samples as 

water d e f i c i t develops. I t i s known t h a t d e c r e a s i n g 

the water p o t e n t i a l i n c r e a s e s the l e n g t h of time of the 

l a t e n t p e r i o d before germination of f u n g a l spores o c c u r s , 

u n t i l , , a t some s p e c i f i c p o t e n t i a l , germination i s i n h i b i t e d 

i n d e f i n i t e l y . . T h i s i s not c l e a r - c u t , however, because i n 

the p r o c e s s of maceration, f u n g a l spore.:walls may be 

r u p t u r e d , a c t i n g as a s t i m u l u s to germination. V/hilst 

i n o p e r a t i o n the macerator tends to get warm, and t h i s 

heat could a l s o a c t as a s t i m u l u s to germination. 

Maceration i s * t h u s s e r v i n g to s t i m u l a t e spores to germinate 

through the section of w a l l rupture and warmth, w h i l e 

s i m u l t a n e o u s l y making c o n d i t i o n s f o r them to then grow 

and produce f r u i t i n g bodies l e s s favourable by reducing 

the pore-size.. However,, w h i l s t p o r e - s i z e may have some 

e f f e c t on f u n g a l growth, whether p o r e - s i z e i s reduced to 

an i n h i b i t o r y s i z e b,y maceration i s u n c e r t a i n . Macerated 

g r a s s samples may s t i l l be v e r y f i b r o u s , with enough 

r e l a t i v e l y l a r g e p o r e - s i z e s , even, a f t e r twenty minutes 

o f maceration.. 
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- ( T i l l ) . . Determination Of The Amount Of Energy Loss 
From Incubated Samples Due To Goprophilous 
Eungl,. 

I t has p r e v i o u s l y been d i s c u s s e d t h a t energy l o s s from 

i n c u b a t e d samples cannot be a t t r i b u t e d s o l e l y to fungal 

r e s p i r a t i o n ; a p r o p o r t i o n of t h i s l o s s may a l s o be due 

to t h e metabolic p r o c e s s e s of other organisms such as 

b a c t e r i a , i n v e r t e b r a t e s , 'and myxomycetes. ' I t would be 

u s e f u l to o b t a i n more a c c u r a t e v a l u e s f o r the amount of 

energy t h a t the coprophilous mycoflora i s r e s p i r i n g from 

the samples of dung and macerated g r a s s . The way to do 

t h i s would be to suppress or remove the other organisms 

p r e s e n t i n the samples which are a l s o causing decomposition. 

The o n l y other organisms c o n t r i b u t i n g to the l o s s of energy 

to any l a r g e extent wo u l d be the b a c t e r i a and i n v e r t e 

b r a t e s . 

Samples of macerated g r a s s and dung could be incubated 

i n the l a b o r a t o r y f o r the determination of energy loss., 

as was o u t l i n e d i n the main d i s c u s s i o n , i n t h i s experiment 

many r e p l i c a t e samples would have to be s e t up. 

One s e t of samples would be incubated i n the normal 

manner, a sample, would be removed every four days f o r 

d e t e r m i n a t i o n of dry weight and energy content. Another 

s e t of samples would be t r e a t e d or sprayed with a s u i t 

a b l e broad range i n s e c t i c i d e . , An a c a r i c i d e could a l s o 

be added to the samples, making sure t h a t i t was w e l l 

d i s t r i b u t e d throughout the samples. These samples would 

then be incubated and t h e i r energy content per gram dry 

weight would be determined every four days, 

A s e t of samples could a l s o be t r e a t e d w i t h a broad 

range b a c t e r i o c i d e such as chloramphenicol; t h i s could 
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be made up to a s u i t a b l e c o n c e n t r a t i o n and then added to 

the samples so th a t i t was w e l l d i s t r i b u t e d throughout 

each sample. These samples would a l s o be incubated and 

t h e i r energy content determined. 

Another s e t of samples could be t r e a t e d with a mixture 

of i n s e c t i c i d e , a c a r i c i d e , and b a c t e r i o c i d e , so t h a t most 

of the b a c t e r i a and i n v e r t e b r a t e s would be e l i m i n a t e d . 
I t . 

These samples would be incubated and t h e i r energy content 

determined as before, . 

The r e s u l t s from these experiments would i n d i c a t e how 

much of the l o s s of energy from the samples,by r e s p i r a t i o n , 

i s caused by i n v e r t e b r a t e s and b a c t e r i a . T h i s , however, 

i s r a t h e r an o v e r s i m p l i f i c a t i o n ; there are many problems 

a s s o c i a t e d w i t h t h i s assumption,. The b a c t e r i o c i d e may 

not a f f e c t a l l of the b a c t e r i a p r e s e n t , and i t s a c t i o n 

may not be c l e a r c u t , i t might a l s o a f f e c t the growth o f 

some of the f u n g i p r e s e n t . I t could a l s o be t h a t some 

of the mycoflora depends upon b a c t e r i a , or the products 

of some of the e l i m i n a t e d b a c t e r i a to grow. The 

i n s e c t i c i d e s may k i l l the mites and f l i e s present but 

they might not a f f e c t eggs of these organisms present i n 

the samples, t h e s e eggs are thus l e f t f r e e to ha t c h a t 

a l a t e r d a t e , p o s s i b l y when the c o n c e n t r a t i o n of 

i n s e c t i c i d e has decreased, to a s u b - l e t h a l l e v e l , A p o s s i b l e 

drawback t o • t h e s e experiments might be t h a t the s u b s t r a t e s 

not used by the other suppressed organisms, could provide 

f o r enhanced r e s p i r a t i o n by f u n g i ; so t h a t the v a l u e s 

f o r energy l o s s from samples w i t h i n h i b i t o r s might exceed 

those f o r saunples without i n h i b i t o r s . 
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( I X ) . The I n o c u l a t i o n Of Pure C u l t u r e s Of Fungi Onto 
Samples Of Macerated G r a s s , 

The i n o c u l a t i o n of pure c u l t u r e s o f fungi onto samples 

of f r e s h and a u t o c l a v e d macerated g r a s s , as performed i n 

the main study, provided sca n t p o s i t i v e evidence t h a t 

d i f f e r e n t c o p r o p h i l i c genera.could grow and f r u c t i f y on 

t h e s e samples a f t e r inocdlfe^tion. These r e s u l t s would 

seem to be a t v a r i a n c e w i t h the r e s u l t s obtained on 

i n c u b a t i o n of f r e s h macerated g r a s s from l i v e s t o c k grazed 

p a s t u r e s ; but, the l a c k of production of fungal, f r u i t i n g 

bodies might have been because of s e v e r a l r e a s o n s : -

, ( i ) The t r a n s f e r e n c e of the c u l t u r e s of fungi could 

have r e s u l t e d i n contamination of the s u b s t r a t e samples, 

and t h i s might have prevented es t a b l i s h m e n t of the f u n g i , 

( i i ) The flamed i n o c u l a t i n g needle could have destroyed 

a s i g n i f i c a n t p o r t i o n of the c u l t u r e being t r a n s f e r r e d ; 

thereby d e c r e a s i n g the amount of inoculum and making 

e s t a b l i s h m e n t . l e s s c e r t a i n . 

( i i i . ) The process of a u t o c l a v i n g , the purpose of which 

i s to d e s t r o y micro-organisms t h a t could cause antagonism, 

may have a f f e c t e d the chemical composition of the macerated 

g r a s s , so t h a t the r e s u l t i n g s u b s t r a t e was unfavourable f o r 

the growth and s p o r u l a t i o n of most of the c o p r o p h i l i c 

genera used i n the study. 

( i v ) Many of the c u l t u r e s used i n the i n o c u l a t i o n 

experiments i n the main study were s u p p l i e d by the 

Commonwealth My c o l o g i c a l I n s t i t u t e i n the f r e e z e - d r i e d 

s t a t e . T h i s method of p r e s e r v a t i o n might have had a 

d e t r i m e n t a l e f f e c t on the a b i l i t y of the fungus to 

e s t a b l i s h i t s e l f and produce f r u i t i n g bodies on macerated 
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•grass.. The r e s u l t s from the i n o c u l a t i o n of c u l t u r e s 

onto macerated g r a s s samples should be compared with the 

s u c c e s s of e s t a b l i s h m e n t of these c u l t u r e s on dung agar 

and other standard c u l t u r e media. Future i n o c u l a t i o n 

experiments should be c a r r i e d out u s i n g c u l t u r e s t h a t 

do not have to be r e v i v e d a f t e r p r e s e r v a t i o n , or which 

a f t e r f r e e z e - d r y i n g , have been.allowed to grow s u c c e s s -

f u l l y on other standard media. 

The method of i n o c u l a t i o n may determine whether the 

fungus can s u c c e s s f u l l y e s t a b l i s h i t s e l f on the s u b s t r a t e s , 

a t t e n t i o n was not paid, to t h i s d e t a i l when the study was 

c a r r i e d out. I n f u r t h e r experiments the inoculum should 

be i n t r o d u c e d onto or i n t o the sample i n s e v e r a l ways:-

( i ) I f inoculum i s s u p p l i e d as spores; i t should be 

w e l l d i l u t e d , w i t h water, and then spread throughout the 

substratum u s i n g s t e r i l i s e d i n o c u l a t i n g apparatus, 

( i i ) The mycelium should be w e l l 'broken-up', and then 

d i s t r i b u t e d throughout the substratum i n the same manner, 

( i i i ) The spores/mycelium should be s t r e a k e d onto the 

s u r f a c e of the substratum. 

( i v ) The spores/mycelium should be stabbed int o the 

substratum - the s t a b b i n g a c t i o n producing raicro-aerophilic 

c o n d i t i o n s . 

( I X , I ) . Experiments Designed To T^llucidate F a c t o r s 
^ ^ n o U r o l l i n g The E s t a b l i s h m e n t And Producfion 

0? F r u i t i n g Bodies Of Fungi i n o c u l a t e d unto 
Macerated GrassT 

Because so few genera of fungi produced f r u i t i n g bodies 

when they were i n o c u l a t e d onto the samples of f r e s h and 
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a u t o c l a v e d macerated g r a s s , f u r t h e r experiments could be • 

c a r r i e d out to e l u c i d a t e the f a c t o r s c o n t r o l l i n g the 

e s t a b l i s h m e n t and production of f r u i t i n g bodies of t h e s e 

f u n g i a f t e r i n o c u l a t i o n on macerated g r a s s . 

For these experiments, f r e s h and autoclaved macerated 

g r a s s would be produced i n the manner d e s c r i b e d i n the 

main study and i n o c u l a t i o n onto samples c a r r i e d out u s i n g 

both s p o r e s , and mycelium f o r each s p e c i e s , i f o b t a i n a b l e . 

The experiments would be performed u s i n g s e v e r a l s t a t e s 

of inoculum, t h a t i s ; ( i ) spores c o l l e c t e d from f r u i t i n g 

bodies and l e f t f o r d i f f e r e n t periods of time before 

i n o c u l a t i o n ; as f r e s h spores may be v i a b l e but i n a s t a t e 

of enforced dormancy, the degree of which could decrease 

with time; ( i i ) f r e s h spores and mycelium; ( i i i ) spores 

which had been abraded!'in some manner, t h i s could be c a r r i e d 

out by shaking and rubbing spores a g a i n s t f i n e sandpaper, 

and; ( i v ) spores t h a t had been heat-shocked - experiments 

have shown t h a t i n Phycomyces, the percentage of germination 

of spores i s i n c r e a s e d by s u b j e c t i n g them to a temperature 

of 50°C f o r f i f t e e n minutes. An i n c r e a s e d percentage of 

spore germination i n other s p e c i e s might a l s o be brought 

about by s u b j e c t i n g t h e i r spores to t h i s treatment. 

( I X , I I ) , The E f f e c t Of The P e r i o d Of Maceration Of 
Samples Of Grass On The Production Of 
F r u i t i n g B c d i e s By Fungi InoeulatecTOnto Them, 

As d i s c u s s e d i n s e c t i o n Y I I of t h i s appendix; the 

t e x t u r e of macerated g r a s s samples might be a f a c t o r 

a f f e c t i n g the types of fungi found to appear a f t e r 

i n c u b a t i o n of these samples. 
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The g r a s s used i n the i n o c u l a t i o n experiments i n the 

main study was c u t to manageable s i z e d p i e c e s , and macerated 

u n t i l i t had t h e c o n s i s t e n c y of f r e s h l y deposited horse 

dung; which took about f i f t e e n minutes. The e f f e c t t h a t 

the p e r i o d of maceration of samples has on whether fungal 

f r u i t i n g bodies would appear a f t e r i n o c u l a t i o n could be 

s t u d i e d . 
• I t.; 

One s u i t a b l e way of studying t h i s may be as f o l l o w s . 

Grass could be c u t to manageable s i z e p i e c e s and then 

macerated i n the macerator f o r d i f f e r e n t periods of time. 

S u i t a b l e periods might be; one minute, two minutes, f i v e 

minutes, ten minutes, and f i f t e e n minutes. The samples of 

g r a s s t h a t had been macerated f o r d i f f e r e n t periods of time 

would then be d i v i d e d i n t o r e p l i c a t e samples, and h a l f o f 

t h e s e , from each maceration p e r i o d , would be autoclaved. 

The f r e s h and a u t o c l a v e d samples would then be i n o c u l a t e d 

u s i n g mycelium and spores of v a r i o u s coprophilous f u n g i , 

and i n o c u l a t i o n would be c a r r i e d out u s i n g each of the 

methods d e s c r i b e d . The samples would then be incubated 

a t room temperature f o r s e v e r a l weeks, watering them a t 

i n t e r v a l s as n e c e s s a r y , and the production ( i f a n y ) , and 

the l e n g t h of time before- the production of fungal f r u i t i n g 

bodies noted* 

The r e s u l t s from t h i s study would i n d i c a t e whether the 

t e x t u r e of the samples of f r e s h or autoclaved macerated 

g r a s s was a f a c t o r determining whether f r u i t i n g bodies 

would be produced by f u n g i i n o c u l a t e d onto them. They 

would a l s o show whether the method of i n o c u l a t i o n ( i n 

c o n j u n c t i o n w i t h the period of maceration) a l s o had an 

e f f e c t . 
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However,, f i r m c o n c l u s i o n s about the importance of 

the s e f a c t o r s cannot be drawn from the r e s u l t s f o r the 

f u n g i i n o c u l a t e d onto samples of f r e s h macerated g r a s s . 

I f f r u i t i n g , bodies of the i n o c u l a t e d f u n g i did not appear 

on these samples a f t e r i n c u b a t i o n , thea,.it may have been 

t h a t t h i s was caused by fu n g a l antagonism due to the other 

f u n g i present i n the sample^. These fungi should not be 

p r e s e n t i n the samples of autoclaved g r a s s because they 

should have been destroyed during the process of auto

c l a v i n g . 
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' ( I X . . I I I ) . Experiments To Determine The Effect, Of 
Temperature On The Production Of F r u i t i n g 
Bodies By Fungi Inoculated On Samples Of 
Autoclaved Macerated Grass. 

I n the main study, samples of macerated grass were 
inoculated w i t h cultures of f u n g i and incubated at the 
temperature of the laboratory. As the number of fungi 
t h a t produced f r u i t i n g bodies was so few, i t would be 
i n t e r e s t i n g to know the a f f e c t of a range of known 
temperatures on the r e s u l t s . A possible method f o r 
determining t h i s might be as follows. 

Replicate samples of autoclaved macerated grass could 
be separately inoculated with cultures or spores of 
coprophilous f u n g i , using a l l the methods of inoculation 
described, and then incubated at d i f f e r e n t temperatures i n 
incubators with a 12/12 l i g h t regime. Possible suitable 
temperatures might be; 0°C, 10°C, 20°C, 37°C, and also 
room temperature, (which i s prone to f l u c t u a t i o n ) , to act 
as a comparispn. The samples would be incubated f o r 
several weeks, and the production, and the period of time 
before the appearance of any f r u i t i n g bodies,.noted. 
Using tne r e s u l t s the f o l l o w i n g points could be considered; 

( i ) Does the incubation temperature have an a f f e c t on 
whether f r u i t i n g bodies are produced on the samples? 

( i i ) Of the temperatures tested, which was the one at 
which the most number of species were found to produce 
f r u i t i n g , bodies ? 

( i i i ) Does the method of in o c u l a t i o n a f f e c t whether 
fungal f r u i t i n g bodies are produced on the substrates at 
the various temperatures? 

( i v ) Does the period of time before the appearance of 
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f r u i t i n g bodies of a species d i f f e r a t each of the tem
peratures? 

I f , , f o r example, a f t e r inoculation with spores of a 
certainfungus, i t was found th a t f r u i t i n g bodies were 
produced on incubation of samples at 37°C, but not at 
the other temperaturesj then t h i s would seem to indicate 
that e i t h e r ; incubation at t h i s temperature i s required 
to break spore dormancy; oir, i t i s a prerequisite f o r 
the production of f r u i t i n g bodies, or that i t i s needed 
f o r both of these processes. I t i s not easy to prove 
or disprove these hypotheses.. 

I f a f t e r incubation f o r some period of timej f r u i t i n g 
bodies had not been produced, then the sample could be 
analysed to determine whether fungal growth was proceeding 

the 
throughout^substrate. This could be done using the method 
devised by Dickinson & Underhay (1977), which has been 
discussed i n the main study. For t h i s experiment a 
macerated grass/agar mixture would have to be made i f a 
macerated grass sample was to be examined. The resul t s 
of t h i s experiment would give a guide as to whether the 
spores had germinated, but, problems are that contamination 
of" the sample may have occured and the mycelium that was 
being observed could have been that of a d i f f e r e n t fungus. 

Microscopic examination could help to answer t h i s 
question.. The mycelium present i n the samples could be 
i s o l a t e d and stained with a suitable dye, such as 
lactophenol cotton blue, which would show -up the 
stru c t u r e of the hyphae. The determination of the structure 
of the hyphae would provide information as to which group 
the fungus belonged. I t would not provide information as 
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to which genus the fungus belonged. The mycelium of the 
Phycomycetes has nonseptate mycelium that i s lacking i n 
cross walls.. A l l other groups of fungi apart from the 
Phycomycetes have d i s t i n c t cross walls oecuring at regular 
i n t e r v a l s along the hyphae. The mycelium of Basidiomycete 
fu n g i w i l l be able to be i d e n t i f i e d by i t s c h a r a c t e r i s t i c 
clamp connections. 

( I X ^ I V ) . Experiments- Concerned With The Production Of 
F r u i t i n g Bodies By Fungi Inoculated On Samples 
Of Autoclaved Macerated Grass With Di f f e r e n t 
pH Values. 

I t might be expected that fungi inoculated onto samples 
of macerated grass might grow and produce f r u i t i n g bodies 
most successfully:.if the pH of the samples was altered, to 
that encountered on the dung on which they are most often 
found. 

As has been previously described, one can a l t e r the pH 
of samples of macerated grass by t r e a t i n g them with phosphate 
b u f f e r . The pH of r e p l i c a t e samples of autoclaved macerated 
grass could therefore be altered so that i t was the same as 
that of fresh herbivore dung. Cultures of fungi could 
then be inoculated onto these samples using a l l the methods 
described. The samples would then be incubated i n the 
laboratory and the production, and the time before appear
ance of f r u i t i n g bodies noted. The resu l t s from t h i s 
experiment could indicate whether the above hypothesis 
was co r r e c t , and a d d i t i o n a l experiments could be carried 
out by incubating buffered macerated grass over a wide range 
of pH values, not j u s t that of fresh dung. 
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(IX.-V). Experiments To Determine F r u i t i n g Body Production 
By Pancreatin Treated Spores Inoculated Onto 
Samples Of Autoclaved Macerated Grass. 

Some of the spores of coprophilous fungi inoculated onto 
autoclaved grass samples, may not have subsequently produced 
f r u i t i n g bodies, even though they were inoculated onto many 
r e p l i c a t e samples. 

I t . 

If-;these f u n g i had previously been observed to be able 
to grow on macerated grass samples then t h i s r e s u l t might 
suggest t h a t the process of autoclaving the sample may be 
a f f e c t i n g i t , so t h a t i t i s unsuitable f o r the germination 
and growth of the fungi tested, or t h a t ; the spores needed 
to be exposed to some pre-treatment before they could 
germinate. This pre-treatment might consist of the 
passage of spores through the gut of a grazing herbivore. 

To simulate passage through the gut to some extent, 
the spores of various coprophilous f u n g i could be pre-
treated with pancreatin f o r f i v e hours at 37°C. To 
determine whether t h i s treatment had broken spore dormancy, 
these pre-treated spores could then be inoculated onto-
r e p l i c a t e samples of autoclaved macerated grass, which 
would be subsequently incubated i n the laboratory. 
Untreated spores would also be inoculated onto samples and 
these would be incubated i n the same manner to act as a 
comparison. 

I f the treated spores then; produced f r u i t i n g bodies a f t e r 
i n o c u l a t i o n onto the samples, while the untreated spores 
di d not, then t h i s would lend weight to the hypothesis 
t h a t the spores heed to t r a v e l through the herbivore gut 
before they can germinate. 
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• ( i r . v i ) . . 
Only, a l i m i t e d number of inoculation experiments 

are presented here, there are many others which could be 
c a r r i e d out.. For instance, the e f f e c t s of various 
combinations of d i f f e r e n t factors on the production of 
f r u i t i n g bodies by f u n g i inoculated onto ssunples could 
also.be studied. For example; t h i s could consist of 
macerating samples of grass f o r d i f f e r e n t periods of time, 
autoclaving these samples, inoculating them with various-
f u n g i , and then incubating the samples at various temper
atures. I t could be that only when the samples had been 
macerated to a c e r t a i n texture and incubated at a c e r t a i n 
temperature, that the inoculated fungi would grow and 
produce f r u i t i n g bodies. 
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(X). !Ehe Inoculation Of Autoclaved Substrates With 
Mixtures Of Fungi To Determine Possible 
I n t e r a c t i o n s Between Species. 

The i n o c u l a t i o n of an autoclaved.substrate with a single 
fungal species reveals solely whether that fungus can grow 
and produce f r u i t i n g bodies on the material. I n nature, 
however,, i t i s very rare that a. fungus should grow i n 
i s o l a t i o n from other species that may be competing f o ^ , 
the same n u t r i e n t s . The purpose of t h i s set of experiments 
therefore, i s to observe the r e s u l t s of inoculating auto
claved samples with pairs of d i f f e r e n t fungal cultures. 

A l i q u o t samples of autoclaved macerated grass and auto
claved dung would be produced; and two d i f f e r e n t cultures 
inoculated onto the same autoclaved sample of dung and of 
grass, using a l l of the methods described.. Many re p l i c a t e 
samples would be inoculated i n t h i s way. A distance of 
about, two centimetres would be l e f t between the two in o c u l 
a t i o n points, and various combinations of fungi inoculated 
onto ssunples. 

The f u n g i would also be inoculated singly onto samples 
of autoclaved macerated grass and autoclaved dung, t h e i r 
performance on these samples could then be compared with 
t h a t of paired inocula. 

Also, two fragments of cultures of fungi, could be removed 
from t h e i r agar culture plates and mixed together i n 5ml of 
s t e r i l e water. This culture mixture would then be 
inoculated onto samples of autoclaved macerated grass and 
autoclaved dung, and incubated i n the laboratory 'with the 
other samples. 

One would then observe which species of fungi produced 
f r u i t i n g bodies, and the amount of f r u i t i n g bodies produced. 
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I f none, or very few, f r u i t i n g bodies of a species were 
produced, then t h i s could have been due to antagonistic 
e f f e c t s caused by the other species. Any i n t e r a c t i o n 
between the fungi a f f e c t i n g the production of f r u i t i n g , 
bodies, should be more apparent i n the l a t t e r method of 
i n o c u l a t i o n , because, using t h i s method, the fungal 
mycelia are already i n close contact, even before the 
i n o c u l a t i o n process. The hyphae do not have to touch 
f o r antagonistic e f f e c t s to be apparent. The fungi 
digest t h e i r food e x t r a c e l l u l a r l y , secreting enzymes and 
absorbing digestion products, so that there w i l l be 
competition f o r n u t r i e n t s . Also, a fungus may produce 
a n t i b i o t i c s t h a t could d i f f u s e throughout the sample. 
There are various possible types of interactions between 
associated f u n g i . Of course, many r e p l i c a t e inoculation 
experiments would have to be carried out, because i t i s 
possible that due to chance a fungus might not have become 
established and i t s absence might not be ascribable to 
e f f e c t s caused by the other fungus. 


