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A. INTRODUCTION.  

Jexperimental studies upon fruiting in the Hymenomycetes 

have mostly been concerned with the phyeioloEy of the 

developing or mature sporophore. There has been some work, 

though little compared with that in certain other major eroups 

of fungi, in which the nutritional requirements of veeetative 

mycelia of these organisms have been studied. However, little 

has been done to determine those factors responsible for or 

associated with the commencement of fruiting, or to elucidate 

the metabolic processes connected with the transition from 

vegetative to reproductive growth. 	These aspects of the 

problem of fruiting form the subject of the present investi—

gation. 

Ooprinu2  leeeTeus was chosen for these researches because 

of its readiness to fruit under laboratory conditions, the 

convenient size of its fruit—bodies, and the brevity of its 

life—cycle. 

hleb's (1900) views on reproduction in fungi (Coons, 1916) 

are that it is the external conditions which mainly determine 

whether fruiting takes place; that conditions which favour 

reproduction are always more or less unfavourable for veeetative 

growth; that vegetative growth may take place under a wider 

range of environmental conditions than reproduction; and that 

vegetative growth appears to be mostly a preliminary for the 

initiation of reproduction, in that it creates a suitable 

internal environment for it. 
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How well these principles ap-ely to C.lagopus  will be 

considered in the light of the following investigations. 

The nutritional requirements of this fungus have already 

been studied to some extent by other workers, but in certain 

respects there is a lack of enani'lity in the results obtained. 

Voderberg (1948) found that growth and fruiting of this 

organism in partially chemically defined media was dependent 

upon the presence of cellulose in the form of finely exound 
straw or blotting paper. 	The presence of powdered straw 

appeared to permit some use of simpler carbohydrates which were 

otherwise not usVable. 

Voderberg stated that nitrate-, amleaniu*-, and organic-

nitrogen could be used, although best growth and fruiting took 

place with organic nitrogen sources. 

On the other hand, T4eonian and LIlly (1933) success-

fully cultured the mycelium of C.lagopus  on an agar medium in 

which a simple sugar, glucose, was the carbon source, and a 

mixture of amino acids provided nitrogen. The fungus was des-

cribed by these workers as being unable to use either amaonium 

or nitrate-nitrogen. No fruiting was reported upon any of the 

media used. 

The vitamin requirements of 0.1wpue  ::ere also investi-

gated by Leonian and Lilly (1938) “ho ioand that aneurin alone 

was necessary for growth. 

Other aspects of its physiology which have been described 
include that it grows and fruits best at 25°C., and that the 
initiation of fruiting is virtually independent of light 
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(Voderberg, 1949). This contrasts with Coprinus nyethemerus 

   

in which fruiting does not commence in darkness (Brefeld; 

1889). 	14ight coes, however, play a part in every subsequent 

stage of development of the individual fruit—body of C.lagopus 

(Voderberg, 1950). If light is withheld, the sporophores 

become etiolated, having long and slender stipes bearing 

rudimentary pilei. 	Temeeraturosabove 250C. have the same 

effect as light in this respect, permitting normal development 

(Borris, 1934 b). In its capacity both es a formative and as 

a tropic stimulus, only light of a wavelength longer than 

that of red evokes a response (Borris, 1934 b). 

Concerning the initiation of fruiting in C,lagopus, 

Voderberg (1949) concluded that it was independent of the 

quantity of available food substances, since cultures on differ—
ent quantities of manure gave rise to sporophore primordia 

simultaneously. 	On the other hand, a certain amount of 

mycelium, correspondin; to that formed on at least 1.5 g. of 

manure, was indispsable. 	This result is compatible with 

Buller's view (1931, p. 152 et seq.) that fruiting could take 

place in the larger fungi only when there was sufficient 

vegetative mycelium to support a fruit body of a certain minimal 

size. 
In a number of fungi, exhaustion of the substrate has been 

found to be conducive to the initiation of fruiting. Wakefield 

(1909) found that this was so for two species of Hymenornycetes 

grown in pure culture, viz. Schizophyllum commune and Stereum 

purpureum. In other Hymenomycetes fruiting took place sooner 



with low low concentrations of sugar in the medium than with 

high (Plunkett, 1953; Bile—Hansen, 1953). 

This review of literature has been almost entirely confined 

to pertinent investigations on Hymenomyeetes. Further 

reference will be made in the body of the text to immediately 

relevant work as fungi of other groups. To review comprehen—

sively the problems of fruiting in iluagi in general would 

occupy more space than is here apropriate. 
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B. MATERIALS AND Ge;NERIVJ InTUODC. 

I. Origin and Identity of the Isolate. 

The organism used throughout this work was isolated from 

horse dung which was incubated at laboratory temperatures with 

natural illumination for three weeks by which time its sporo— 

phores had appeared. 	Pure cultures were established each with 

a number of basidiosiores taken from a sterile glass slide upon 

which they had been shed by a mature pileus 

There is a good deal of confusion in the literature concer—

ning the nomenclature of Coprinus lagopus and its allies. The 

difficulty in attaching a name to one of these organisms stems 

from their morphological similarity and nlso from statements 

concerning the substrates upon which these species are to be 

found. 

Briefly, there are two groups of names. The one contains 

a single name, C.lagopus  Fr., which is described in most of 

the literature as being a rootless form not found upon dung 

(Lange, 1915, 1935; Konrad and Naublanc, 1924-37; Wakefield 

and Dennis, 1950). The other group of names consists of 

C.macrorhizus (Pers.) Rea, C.fimetarius  

C.fimetarius Pr. v.macrorhizus Saco., and C.cinereus (Schaeff.) 

Fr., all of which are used as synonyms of a rooted species 

which is usually found on dung. The name C.cinereus is not 

rejected by Pearson and Dennis (1948) as being e v,  lid name of 

yet a third species, although one of these authors subsequently 
mentions the use of this name as a synonym by Konrad and 

Ilaublanc, and presumably inclines to the same view (Wakefield 
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and Dennis, 191)0). It has been suggested (Lange, 1935) that 

this use is oucotionable, since Fries originally used C.cinereus 

for a rootless form, and Buller (1924) is inclined to believe 

that this name has been used for organisms which he would call 

0.1aFopus.  

In the literature on experimental work in the Hymenomycetes, 

the name C.lagopus has been applied to a coprophilous fungus by 

a number of workers (Brefold, 1877; Buller, 1924; Borriss, 

1934 a, b; Voderberg 1948, 1949, 1950), and it appears from the 

illustrations in a number of these works that there is little 

doubt that these organisms were C.lagopus as understood by Lange, 

Konrad and laublanc, and Rea (1922), although only the last 

mentioned worker reports that the fungus he understands by this 

name occurs upon dung. 

Cultured upon horse dung, the isolate used in this work 

produced aporophores of which the following is a brief descrip—

tion:— 

Pileus usually about 1.5 cm. diameter; at first cylindric—

oval, thencnmpanulate with a somewhat peUted apex.; initially 

white, owing to the presence of dense white down, becoming grey 

during expansion. 

Stite usually 10-14 cm. high; tapering gradually upwards 

to a diameter of about 2 mm.; white, hollow, very fragile; 

densely clothed with fibrillae when young, but more sparsely 

when mature. 

Spores 13.5 — 15.5 x 7-8p;  black, smooth. 



This description description closely agrees with that given by Buller 

(1924) for Coprinus lagopus. There is the further agreement in 

respect of the  capacity of this isolate of producing under cer—

tain conditions dwarf fruit—bodies, sometimes little more than 

1 cm. high and slender in proportion (Buller, 1922, 1924). 

The organism used in this work will therefore be referred 

to as Coprinus lagopus Fr. 

II. Cultural Techniques* 

The choice of media for uaintenanoe of culture and for 

experimental work. 

Initially the isolate was maintained on sterilized horse 

dung in Petri dishes. Fresh horse dung was pressed to express 

free liquid, and sufficient was placed in each plate to provide 

a compact layer about 5 mm. deep. The plate w ere then autoclaved' 

for 20 minutes at 15 lb./sq,in. pressure, and each subsequently 

inoculated in the centre with a number of basidiospores. 

Several spores were used because C.lagepus IS heterothallic 

(Mounce, 1922) On this substrate, sporophores began to develop 

in the light on about the 10th. day and matured by about the 

11th. day. 

Because of the inherent variability of this substrate, it 

was found necessary to devise an agar medium which would enable 

the conditions in experiments upon the effects of physical 

factors to be more readily standardized. Preliminary results 

indicated that growth of the organism was deleteriously affected 

by an initial pH less than 6.5, and completely inhibited below 
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pH 4.5. The following medium prepared from yeast extract had 

a favourable pH by virtue of the use of a suitable phosphate, 

and supported dense vegetative growth and good fruiting. It 

was therefore adopted throughout the work as the medium on 

which stock cultures were maintained, 

0. 	Yeastrel 	ar: 

Glucose 1% 
."Yeastrel" 0.35 
K2HP0h 0.25 
1103°47H2° 0.025 
Agar 2 (.1 "Yeastrel" is prepared by the Brewers' Foods Supply 

Company, Ltd., TAinburgh.) 

- x-periments showed that concentrations of "Yeastrel" 

lessthan 0.3.4 led to thinner mycelial growth, while higher 

concentrations gave no appreciable betterment of vegetative 

or reproductive growth. 

An analysis of "Yeastrel" kindly supplied by the manufac—

turers showed that this product contained considerable quantitie 

of amino acids. A number of experiments revealed that dl—oe—

alanine alone could function as the nitrogen source in the 

medium in place of "Yeastrel", provided that an external source 

of aneurin was available. Accordingly, the constitution of the 

medium described above was modified for use in exPerimental 

work, the "Yeastrel" being replaced by 	dl—oc —alanine and 

50 2i per 100 ml. of medium of aneurmn hydrochloride. This 

medium is subsequently referred to as "0.1% Alanine Agar", or 

if the agar is omitted, "0.1 Alanine Liquid Medium". 



Wherever possible, possible, chemicals of analytical reagent quality 

were used, although no differences were detected between 

growth in 0.1 iilanine Liquid Medium prepared from ordinary 

laboratory chemicals, and in that prepared from analytical 

reagents. 

b). Culture vessels.  
l'or experiments in which no manipulation of the colony 

was entailed, 10 oz. ,aedical flats (ap.oroximntely 13 x 6 x 3.5 
cm.) laid upon their sides were used. .41ch contained 20 ml. of 

medium, whether liquid or solidified with agar. The necks of 

the medical flats were plugged with cotton wool. 

In the case of those experiments in which it was necessary 

to manipulate the colony, Petri dish cultures were used, again 

with 20 ml. of medium per dish. 

c) Meth 	of  sterilization.  
ince the medium was deliberately made slightly alkaline 

by the use of an appropriate phosphate salt, the carame ization 

of the glucose which would occur on autoclaving and which miht 

influence the growth of the fungus was obviated or minimized 

throughout this work by sterilizing either by steaming for half 

an hour on three successive days, or by keeping, the glucose and 

phosphate in separate fractions of the medium during autoclaving 

at 15 11)./sq.in. for 20 minutes, and combining the fractions 

aseptically afterwards. Lewis (1930) showed that such methods 

prevented the formation of substances inhibitory to a species 

of bacterium which were otherwise formed when glucose and K2HPO4 
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were autoclaved together. 

C.lagopus can utilize the thiazole and pyrimidine moieties 

of aneurin which are formed when aneurin undergoes alkaline 

hydrolysis (f,eonian and Lilly, 1938), and consequently whether 

aneurin was added to tLe rest of the medium before sterilizing 

or afterwards was immaterial. In the majority of cases it was 

added to the medium prior to sterilization. 

d) Methods of inoculation. 

Apart from preliminary work upon sterilized dung when 

inocula composed of a number of sipores were used, mycelial 

inocula were used throughout this work. Small plugs of agar 

bearing the vegetative mycelium of the fungus were taken at a 

uniform distance of 3 mm. from the margin of a plate culture 

on 0.35 Yeastrel Agar. The plugs were cut out with a glass 

tube of 1 mm. internal diameter. A single plug was placed in 

each culturo vessel. In agar cultures, this was placed 

centrally upon the medium unless stated otherwise in the text. 

The age of the cultures at the time of removing the 1 mm. 

plugs for inoculation was not standerdized, but was usually 

between one and two weeks. 

e) Incubation.  

Except where stated otherwise, cultures were maintained 

at 250C., with continuous illumination at about 8 foot—candles 

provided by an incandescent filament bulb. 

III. i,iethods of Assessini; Growth and fruitinz. 

In most experiments, radial growth of the fungal colonies 
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was recorded at intervals, and where of especial interest, 

the results are presented with the other data. each radius 

was determined from the mean of two diameters intersecting at 

90°  in plate cultures, or along the diagonals in the case of 

rectangular medical flats. 

It was soon found that measurements of radial growth alone 

often gave a misleading index of the vigour of growth upon 

various media or under different conditions. Wherever possible 

therefore additional data on growth and fruiting were obtained 

by determining the yields of mycelium in terms of dry weight. 

In the case of cultures on liquid media, this presented 

little difficulty. The wycelium was removed from the culture 

vessel, rinsed free from nutrients with cold distilled water in 

a Gooch crucible (no significant loss of mycelium resulted from 

this method), and then placed in a tared aluminium foil cup. 

Two days at 70°C. was sufficiently long to dry the quantities 

of mycelium obtained to constant weight. The cups were then 
a weighed on A mechanically weight—loaded precision balance accurate 

to 0.1 mg. 

With colonies grown on agar media it was first necessary 

to free the mycelium from the substrate. Hall (1933) describes 

a method in which she treated the culture with dilute hydro—

chloric acid, and then heated it to melt the agar. The pre—

treatment with acid was omitted in this work. The technique 

adopted was to add an excess of hot eater to the culture and 

then to heat it in a steamer at 100°0 for 20 to 30 minutes. 

It was appreciated that this treatment was liable to result 



in a loss of weight through soluble materials escaping through 

cell walls made permeable by killing, but this loss, and there—

fore the weight obtained was assumed to be proportional to the 

true dry weight of the mycelium. 

The magnitude of the loss in weight of the mycelium by 

this treatment was assessed in the following way. Twelve 

mycelia produced in liquid culture were dried in desiccators to 

constant weight, and then soaked in cold water overnight. They 

were then immersed individually in three changes of boiling 

water for a total time of about e minutes and redried to 

constant weight. The mean loss was 5.5% of the initial dry 
weight. The same mycelia were resoaked and heated for 2 hours 

in water at 10000. After this treatment, the mean loss was 12/4. 

This would be equivalent to a loss of 6-8 mg. in the weights of 

mycelia of the order obtained in most of the experiments, i.e. 

50-70 mg. The loss would probably be more nearly half this 

magnitude with the treatment normally applied. This error shoul 

be Lorne in mind in considering the significance of total 

weighs given in some of the following experiments, where true 

dry weights of sporophores are added to dry weights of heated 

mycelia. 

Yields of sporophores were, as indicated above, recorded 

gravimetrically. This method was found to be the most satis—

factory, since replicates sometimes differed quite considerably 

in number and size of sporophores, yet in terms of total dry 

weight of sporophore tissue agreed closely. In certain cases, 

further data qualifying fruiting are presented. No difficulty 
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was experienced in separating fruit—bodies from the vegetative 

mycelium, even in the case of sporophore primordia. 

The aluminium foil weighing cups which were used had a 

number of advantages, viz, they were not hygroscopic; their 

weight was about the same as the specimens which were weighed, 

and accuracy in weighing was therefore increased; and they 

could be used repeatedly, although it was necessary to reweigh 

them each time. 

In the statistical analysis and presentation of 

data, methods set out by Paterson (1939, p. 31 et seq.) were 

used. 

Further techniques are described in appropriate places 

in the text. 
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•4XPERIMNTAL RNSULTS. 

I. Nutritional Factors. 

ben.  

(1) Sources of carbon. 

The choice of substances to be tested was governed 

partly by a consideration of the sort of materials likely 

to occur in horse dung, the natural substrate of this 

organism, and partly by a desire to compare the responses of 

this isolate with those described by Voderberg (1948) for 

C.lagopues 

The substances chosen were:— 

Lonosaccharides; 	Vructose, Galactose, Glucose. 

Disaccharides: 	Lactose, Maltose. 

Polysaccharides: 	Oellulo e starch. 

Alcohols: 	Glycerol 

Fatty Acids: 	Oleic (as Na—Oleate) 

Amino Acids: 	dl—oc- Alanine 

Organic Acids: 	Tartaric (as iTa.K.—Tartrate, hydrated 

These were added at concentrations of 3..; w/v. to a 

basal medium of 0.1 Alanine Nir, less glucose. 

since a low level of soluble carbohydrate might have 

been necessary to initiate growth upon media containing 

insoluble polysaccharides both starch and cellulose were 

tested with and without the addition of 0.1% glucose. 
In the preparation of the cellulose—containing media, 

the requisite quantity of filter paper was mechanically 
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macerated in distilled water in a blender, and after centri—

fuging and partial drying, was incorporated in the media. 

All treatments were -performed in triplicate. Media 

were sterilized by steal 	on three successive days. 

Since a number of treatments had by the 4th. day of 

incubation produced large crops of sporophores which would 

have deliquesced had they been left longer, fruit bodies from 

these were harvested at that date and the yields of mycelium 

determined after melting the agar. The more slowly developing 

treatments were left until the 20th. day before harvesting. 

The results are presented in Table Ia. 

A treatment with sqerose as the carbon source in the 

main experiment was spoilt by contamination. The usability 

of this carbohydrate was therefore investigated separately, 

and the results given in Table ib. 

Because it was virtually iipossible to free the hyphae 

from fibres of cellulose, the dry weights as determined in 

such cases were valueless and are therefore omitted from 

the data (Table I s.). 
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Table Ia.  

;f3:7,3e'c of Source of Carbon on Growth and FrA.tinc# 

Source o' 
Carbon 

,riod of 
IXncubtion, 

Days. 

Mean Dry Weitit, mg. 'ean Days 
to Fruit. 

Mycelium Sporephores Total Fungus 
t 

No 
Addition 

20 10.8 0 10.8 - 

Glucose 14 46.6 25.6 72.2 9.7 Maltose se 33.6 20.9 54.5 7.3 
fructose It 35.8 18.6 54.4 9.3 
Starch + 
0.1;4 Glu- 
cose. 

tr 36.7 15.9 52.5 7.7 
Starch it 26.7 10,2 36.9 8.0 
dl-oc-
alanine 20 22.7 0 22.7 
0.1% G 	. 
cose. li 20.9 0 20.9 . 
Glycerol If 

18.3 0 18.3 . 
Na.K.Tar-
trate yr 14.2 0 14.2 . 
Galactose it 1.1 0 '1,1 . 
Lactose it 1.1 0 1.1 - 
Na. Meate I!  0 0 0 - 
Cellulose " . 12.0 . 12.0 
Cellulose + 
0.14; Glu- 
(loss 

" - 16,5 12.0 

f Significant differences between means of total fungus weight 
fps, = 0.05, 4.4 mg. 

at P. = 0.01, 6.0 mg. 

T.B. Carbon sources in order of decreasing yield. 
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Table Ito. 

The Effect of Sucrose on Growth and ".ruiting. 

Source of 
Carbon 

Period of 
Incubation 
Doys. porophores  Total -gunauo 

tt 

Mean Dry Weizht mg. Mean Days 
to -2.ruit. 

17.1 
18.6 

16.8 
18.6 

28 
28 

0.5 
0 

No 
Addition 
Sucrose 

1-i- Difference between means of total fungus not significant 

(p. = >0.9 ) 

Assessed visually, growth on cellulose media was good 

both with and without additional glucose. 

It is seen from Tables Ia. and Ib. that the sources of 

carbon tested fall into three main categories, viz. 

(1) those which are readily ustable, leading to good 

vegetative growth and fruiting, and which are all 

carbohydrates of various types. 

(ii) thoce which the fungus is able to use to a very 

limited extent or not at all, none supporting fruiting. 

(iii) those which actually inhibit growth. The presence 

of galactose and lactose in this group is particularly 

interesting. 

The ready utilization of starch and cellulose was 

confirmed by repeating the appropriate parts of the above 

experiment. An iodine test on otarch—containing media on 

which C.lagopus had grown revealed the absence of starch 

beneath and immediately around the colony. 
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An inhibition of radial growth by galactose sielilar to 

that noted above was recorded by Page (1952) for a species of 

filobolus. 	It is not easy to visualize the mechanism of 

such an inhibition by a hexose sugar, and in order to secure 

more data on this point, the effects of galactose and of 

chemically related sugars were studied further. 

These additional sugars were— 

(i) Xylose 	a pentose sugar in which the configuration 

of part of the molecule. is similar to that in galactose. 

OH H H OH 	 OH H OH 
I 	I 	I 	 I 	I 

0110 —C—C—C—C— CH2011 OHO — 	C 	OH 
I 	I 	I 	I 
:I .0H OH Ii 	 H OH H 

	

d—galactose. 	 d—xylose 

(ii) Lactose — D.Glucose-4-0. galactopyranoside, for 

which some data is already forthcoming. 

Raffinose — 6—Gcn. galactopyranosyl—eeD. glueoDY— 

ranosyl 	fructofuranoside. 

Other closely related compounds were not readily available 

commercially. The above, and galactose, were incorporated in 
0.1% Alanine Agar (less glucose) at concentrations of 1%, and 

in a second series glucose at 0.5% was added to each. This 

was in order to determine if any inhibition that might be 

produced could be offset by the presence of a readily utilized 

carbohydrate. 

The four carbohydrates to be tested were sterilized by 

passing through a Seitz filter. The filtrates were then added 



25.1 19.0 44.1 ,0.0 10.2 Nil 10.2 	0 

Additiona. 
Source of 
Carbon. 

Galactose 
Lactose' 
Raffinose 
Xylose 

Without G ucos 

al 

	

.7 	0 

	

1.6 	0 

	

11.2 	0 
20.5 23.7 

sr6! Glzwose 
r 
oroph. 

7.0 

ye 
to 

Fruit 

65.8 	0 (4.) 	65.8 	5.5 
27.5 	0 	27.5 
214. 5 	20.9 	45.4 	6.5 
93./4 0.6 94.0 7,3 
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aseptically to the basal media which had previously been 

steamed on three successive days. 	Treatments were in 

quadruplicate. 

Records were kept of radial growth and appearance. On 

the 15th .day of incubation, the sporophores, where present, 

were dissected away, and their dry weights and also those of 

the mycelia after freeing them from the agar were determine4. 

The data are presented in Table II and Fig. I. 

Table II.  

The ::ffect of Galactose and Allied Sugars on Growth and Frallng. 

t Significant differences between means of total fungus e 

fp.= 0.05, 4.0 mg. at tr.= 0.01, 5.4 mg. 

(+) indicates fruiting commenced, but was negligible. 

It is clear from the table that the inhibitory properties 

of galactose and lactose, were not shared with either reffinoee 

or xylosc. The latter was in fact readily utilized, whilst 

the former neither stimulated nor inhibited growth. The addition 

of glucose surprisingly led to galactose becoming stimulatory, 
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PnmAitmc OtiL,cem 	 04%:txcm 

Plate I. The effects of galactose and allied sugars on growth 

and fruiting of Coprinus lagopus (10 days old). 

Plate II. The growth of Coprinus lagopus on 1 galactose 

- 0.5% glucose medium (15 days old). 
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with the growth of the colony adopting a pronounced zonation 

(see ?late I and 11). This zonation was reflected in the 

rate of radial growth (see VI, 	I). Lactose retained some 

inhibitory properties in the presence of glucose, when the 

growth although dense was very restricted in radial spread. 

Onee again the fungus was unaffected by raffinose, while 

xyiose supported a larger amount of vegetative mycelium. 

It is of interest to note the apparent antagonism between 

vegetative and reproductive growth which was well displayed 

in this experiment when glucose was added to medium containing 

xylose, The addition tremendously increased vegetative growth 

yet,gretly reduced fruiting. However this was not always 

displayed, as was shown by the results for "Nil" and "Uil plus 

O.5 glucose", where both vegetative growth and fruiting 

increased as a result of adding glucose. This will be 

discussed later. 

The zonation on galactose—glucose medium was produced 

by the progressive intensification of the density of myoelial 

growth, culminating in the laying down of primordia just within 

the margin of the colony, followed almost immediately by an 

abrupt change to a very thin, rapidly spreading vegetative 

mycelium. 	Since this change followed so soon after primordia 

were formed, it was thought possible that fruiting might be a 

direct response to conditions in the medium and the subsequent 

decrease in density of Vegetative growth the oon$epence of 

this fruiting. A similar  sequence of changes had been observed 

in colonies grown upon other media (see, for example, the 



-23- 

0.5% glucose" and "0.5% glucose plus raffinose" treatments in 

Plate I). The following experiment was carried out to test 

this hypothesis. Advantage was taken of results from prelim 

inary work which indicated that fruiting could be at least 

retarded by withholding light. 

Twelve cultures were set up on 1 Galactose-0.5% 

Glucose - 0.4; Alanine Agar in medical flats; four were kept 

in continuous light and the remainder in continuous darkness. 

On the 12th. day, four of the latter were brought into the light 

and compared with the controls. The other four were examined 

on the 16th. clay. 

It was found that in all cases the vegetative mycelium 

was prominently zoned, but in only those cultures in contin- 

uous light were there any aporophore primordia. 	The zonation 

of the vegetative mycelium was then independent of primordium 

formation, 

Although these cultures were kept for two months, none 

of the primordia developed into more than minute, very stunted 

sporophores. 

ii) The effects of different glucose concentrations.  

Various initial concentrations of glucose up to 6 were 

added to a basal medium of 0,15 Alanine Liquid Mdturn (less 

glucose). The media were adjusted to pH 8.0 by the addition of 

sodium hydroxide solution and then sterilized by steaming on 

three successive days. 	All treatments were in euadruplicate. 

After 15 days' incubation, the yields of vegetative mycelium 
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and of nporophore tissue were determined. 	The final pH of 

the media were also recorded (Table III). 

Table III.  

The Effects of different Initial Concentrations of Glucose on 
Growth, Fruiting and pH Drift in Liquid Culture. 

Initial Concentration of Glucose (1;) 

0 0.25 0.5 0.75 1.0 2.0 3.0 4.0 5.0 6.0 
- 

Dry wt. (mg.) 
Mycelium 0,6 19.5 29.6 48.9 74.6 81.0 79.2 64.0 52.3 41.,  

"Sporophores 0 5.7 11.1 5.5 2.1 0.2 0 0 0 0 
" 	Total 0.6 2r.2 40.7 54.4 76.7 81.2 .2 64.0 2.8 L. 

Final pH 7.79 7.75 7.47 6.88 7.00 6.87 6.79 6.72 6.76 6.6 

The maximal yield of vegetative mycelium was at an initial 

concentration of 2-3e; glucose, %:hile,  that ofEporophores was at 

only 0.55 glucose. 	Increases in concentration above this Matte 

optimum led to a reduction in the number of replicates which 

actually began to fruit as well as to e diminution of the yield 

of the individual fruiting replicates. 	This reduction was at 

the expense of the development of the individual fruit body as 

well as of the number of fruit bodies developing. The numbers 

of replicates failing to fruit at supra-optimal concentrations 

of glucose were one at 0.75, two at 1, three at 2;: and 3, 

and all four at L6 and higher. 	In the table, these non-

fruiting replicates were included when calculating the mean 

Yields of sporophore tissue. 

The changes in reaction of the media after growth of the 

fungus for 19 hays were not very large, but were clearly 
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greatest in those with highest initial glucose concentration. 

The effects of different inlial glucose concentrations 

were also studied in a basal medium of 0.1 Alanine Agar (less 

glucose. After adjusting the pH to 8.0, so that conditions 

were comparable in this respect with those in the previous 

experiment, the !ricdia were sterilized by steaming on three succ-

essive days. Treatuiento wore in quadruplicate. ?he cultures 

were incubated for 17 days. As well as recording the yields of 

fungus, measurements of radial growth were made and the ages at 

which fruiting began were noted, The results are given in 

Table IV and Pig. II. 

Table IV.  

The affects of different Initial Goncentration3of Glucose on 
Growth and :ruiting upon 0.1 Alanine Agar. 

Initial Concentration of Glucose () 

0 0.25 0,5 0.75 1.0 2.0 3.0 4.0 5.0 6.0 

Dry -:t. 
(mg.) 

Myc. 5.5 14.7 19.3 21.7 34.8 107.6 111./ 75.2 34.412.7 
" ,3poroph. 0 9.3 15.8 22.0 22.8 0.2 0 0 0 0 

" '2otal 5.5 	_24.0 15.1 143.7 /.65 107.8 111.7 75.2 3'4412.7 

Days to 
Fruit. 15-}17 9.3 9.3 9.0 10.3 13.3 1)417 >17 >17 >17 

"15->17" days to fruit means one or more replicates comm-

enced fruitilag on the 15th-day, but some were still sterile on 

concluding the experiment on teo 17th.  day. 	his convention is 

used in later tables also). 
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Fig. II. 	Growth Rates of Coprinus lagprus  

with different concentrations 

of Glucose. 
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The relationships between yields of vegetative mycelium 

and of sporophores and the initial concentration of glucose 

were similar to those which emerged from the previous experi— 

ment. The optimum for fruiting in this case was however a 

little higher than that found in liquid culture. 

The rate of radial growth fell as the initial concentration 

of glucose was increased. 	The growth rate with 0% glucose, 

which was at first the greatest, diminished rapidly after 

about the 10th day. 

The sporophores produced at 0.75 and 1 initial glucose 

concentrationsincluded mature specimens; those at lower concen—

trations were immature and amaller. Above l glucose, none 

had progressed beyond thc primordial stage. 

The irregulatity of fruiting at supra—optilal concentration 

was rather less marked in this experiment than it was in liquid 

cultures. Priniordia were nrecent in all replicates at 0,1 

glucose; at 3(;!; only one replicate fruited, with a negligible 

quantity of sporophore tissue; at 	and above no primordia 

were formed. 

Oince high initial concentrations of glucose delayed the 

appearance of the first primordia, it might be suggested that 

the low yields of sporophore tissue obtained in such cases were 

the result of harvesting the growth at too early a stage of 

development. This possibility will be discussed later (p.102) 

The above shows that high concentrations of glucose delayed 

and reduced fruiting. 	Similar results were obtained for 
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Chaetomium globosum by Basu (1947) who showed that fruiting 

coincided with the depletion of reducing sugar in the medium 

to a low level which was independent of initial concentrations 

of glucose over the range 0.1 to 2.0%. 	However the name 

worker showed that Memnoniella echinata behaved differently; 

fruiting was not delayed by increases in glucose concentration 

from 0.5" up to l.5:, nor was the level of reducing sugar in 

the medium reduced to anything like a uniform level at the 

time of fruiting. 

In view of these results, it was decided to determine 

the quantity of reducing sugars present in the medium at the 

onset of priaiordium production by Cillagonus. 

A series of cultures was set up with initial glucose 

concentrations up to 	in a basal medium of 0.15 Alanine 

Liquid Medium (ices glucose). -.;ach treatment was in quadrupli—

cate. The cultures were incubated until primordiura production 

commenced, when the dry weights of rune= were determined and 

the residual concentration of reducing sugar in the medium 

estilated by the method of Shaffer and 9omogyi (1933). Because 

a single primordium sometimes ape)eared prematurely, for the 

purposes of this experiment, the initiation of fruiting was 

taken as the appearance of ten primordia visible to the naked 

eye. Cultures which failed to fruit were harvested after 55 

days, and the sugar concentration estimated. Thc results are 

presented in Table V. 
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Table  

The Zi'eight of Wycelium and the eoncentration of Reducing 
Sugars in the Medium at Onset of Vruiting. 

Initial Glucose Mean  Days to 
Initiation o 

Fruiting. 

Mean Residual 
Glucose 

mg./100 ml. 

Mean ery 	kei 
mg./Cultlre, 

mg./I00 ml. Approx.;: 

e 0 > ee- 0 2 
245 0.25 8.6 60 25 
475 0.5 8.5 285 24 
715 0.75 7+3 505 25 
975 1 9.0 535 43 
1945 2 11.0 1150 80 
2920 3 17->55 	t 1420 116 
3705 4 17->1/2 	t 2755 120 
4775 5 ...) 17->55 	t 3180 135 

f 2 or 3 replicates failed to 	ition of 
experiment. 

Tha variation between replicates in the residual concen-

trations of reducing sugar and in the dry weights of fungus 

was fairly large because the differences normally experienced 

in liquid culture were exagieerated by the different periods of 

incubatlon. Nevertheless, it WRS perfectly clear that although 

fruiting was delayed by high concentrations of glucose, its 

initiation did not coincide with the attainment of a critical 

level of sugar in the different media. Indeed, in a number 

of °rules primordia appeared at concentrations higher than the 
initial concentrations in other treatments which still needed 

seven or more days to fruit. 

It will be noted that the dry weight of mycelium at the 

time fruiting commenced was also not nearly the same in the 
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different treatments. 

b) Nitrogen.  

(i) Sources of nitrogen. 

The substances tested included representatives of the 

three main classes of nitrogen sources, viz., nitrate-, 

ammonium-, and organic-nitrogen. Of the latter group, sub-

stances of increasingly complex chemical structure were 

tested, including amino acids, an amide and bacteriological 

peptone. These substance; were added to a basal medium of: 

Glucose 	1% 

KeP°4 	0.2% 

MO°4•71-i20 	0.02% 

Aneurin H01. 5017100 ml. medium 

Agars 

The concentrations were such that the amounts of nitrogen 

present in the different treatments were the same and equiva- 

lent to M/30 sodium nitrate. 	In the case of peptone, the 

manufacturer figure of 14.5% nitrogen was used in obtaining 

the appropriate concentration, 

Since the utilization of nitrogen often leads to changes 

of pH of the medium, and preliminary work had indicated that 

acid conditions had an adverse effect upon the growth of 

Coprinus lagopus, each nitrogen source was tested alone and 

with l calcium carbonate. The latter prevented the reaction 

of the medium falling below pH 7.4. 
A11 treatments were in quadruplicate. Media were  
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sterilized by autoclaving; the glucose was treated separately ' 

and added aseptically afterwards. The dry weights of vegetative 

mycelium and sporophores were determined on the 12th. day of 

incubation. Mycelia from media containing calcium carbonate 

were, after being freed from the agar, quickly rinsed in dilute 

approx, 0.5N) hydrochloric acid to remove adherent chalk. The 

results are presented in Table VI with other data on radial 

growth and on age at onset of fruiting. 

Table VI.  

The. Effect of 3ource of ITitrogen on Growth and 2ruiting. 

Source 
of 

.itrogen 

y;ithout 3.,aCO3 With 4.'L CaCO 
nry Weight'Da 
mg.) to 

rNean 
Diam. 
on 9U 
day 

M3 nn 1Dry leight 
(sue) 

Days 
to 

san 
Dia. 
on 9h 
day 

=lean 

ly.. ._,,B, 
t 

Total 
tt 

iruit 
irc. F.D. 

t 
Total 

1-1- 

Fruit 

addition . 0 3.4 -.; 72.1 13.9 0 13.9 73.3 
Sodium 
nitrate 10.8 0 10.8 61.8 11.8 C 11.3 6.0  - ,-...  

Ammonium 
chloride 23.4 0 23.4 70.5 35.2 19.3 54.5 9.5 79.1 

Ammonium 
tartrate 21.5 0 21.5 64.6 35.5 0 35.5 63.4 
Ammonium 
nitrate 25.2 0 25.2 - 74.5 20.1 50.2 70.2 9.083.8 

Glycine 10.4 0 10.4 27.3 9.2 0 9.2 3.6 
Alanine 33.9 0 33.9 10 2 62.8 -2.1 0 32.1 ' 	..a2 62.1 
Asprira- 
gins 16.7 0 16.7 38.8 12.6 0 12.6 38.8 

Peptone'."7.2 25.0 61.2 9.5 68.8 14.6 0 i4.(: - 35.0 

(Continued on next page). 
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Key to Table VI. 

tP.B. = yield of fruit-bodies. 

tt Significant difference between mean total dry leeights 

(P. 

 

0.05, = 7.5 mg. 
p.= 0.01, = 9.8 mg. 

Adopting the total yield of fungus as an indet of uslabil-

ity of the nitrogen source it was evident that the fungus was 

able to make little or no use of nitrate-nitro6en. Good 

growth was made upon media containing ammonium salts although 

there was no fruiting. 	The utilization of each source of 

ammonium-nitrogen was significantly increased by the addition 

of calcium carbonate, and fruiting then became prolific with 

two of the three ammonium salts, The usoability of the three 

salts differed highly significantly (p =<0.01) in the buffered 

media. 	Of the organic sources, alanine and peptone were 

readily used. 	The reduced growth on the addition of calcium 

carbonate to the peptone medium was surprising. 

Although with the criterion here used, the data indicated 

that glycine and asparagine were not useable, it must be mentioned, 

that the growth of C.lagppus with these sources of nitrogen was 

very dense, although restricted in,  diameter (see Table 

This contrasts with the control treatment in which, although 

the yield was much the same, the diameter was approximately 

double, and the mycelium very sparse. 

The negligible fruiting with alanine in this experiment 

at 
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was unexpected, for normally with this fruiting commences on 

or about the 10th.day. 

The experiment was repeated, except for the treatments 

with glycine and peptone, and the above results confirmed. 

The usability of urea was tested separately, both with 

and without the addition of calcium.carbonate, and was found in 

both cases to support a moderately good growth of mycelium, 

but there was no indication of any tendency to bear fruit—bodies 

during the 12 days over which observations were made. 

Since the adverse effect of calcium carbonate on the 

utilization of peptone was unexpected, it was further investi—

gated in the following experiment. 

Peptone media, with and without calciala carbonate, were 

prepared as above and sterilized by autoclaving. 	In a similar 

series the peptone was autoclaved separately and added aseptical 

afterwards. 'ach treatment was in quadruplicate. 	The results 

are given in Table VII. 



Table VII. VII. 
The Effect of Calcium Carbonate and Method of Sterilizing on 

Peptone Utilization. 

dean Dry 
Weight 

Without 
CaCO3 

With 
0a003  

Aggregate 
Total 
Ran 

Peptone I'Lycelium 30.7 32.2 . 
autoclaved Sporophores 21.3 0 . 
separately. Total 52.0 32.2 

Peptone not Mycelium 33.1 36.1 — 
autoclaved Sporophores 23.2 3.6 — 
separately. ( -..tai. 61.3 39.7 50•5 

Aggregate Toted Peen. 56.6 36.0 

Significant difference between Mean Aggregate 

1 

Totalyields at p.= 0.05, 9.8 mg. 

p.= 0.01, 13.0 mg. 

Significant 
difference 
between mean 
aggregate 
Total Ylelds. 

at 
[p=0.0.50 10mg 
Ip=0.01,20.911g 

The interaction of the presence of calcium carbonate and 

the method of sterilizing was not significant. However the mean 

aggregate effect of calcium eerbonate on total yield was 

significant (A= < 0.01), and confirmed the result of the 

previous experiment s  although the effect was relatively lees 

marked than before. 	It was also reflected in the yields of 

sporophore tissue. The mean aggregate effect of autoclaving 

the peptone with the rest of the medium or separately was not 

significant, which suggested that the adverse action of 

calcium carbonate was not caused by its reaction with peptone 

during eutociaving. 
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ii) The effect of different alanine concentrations.  

The initial concentration of (11-04—alanine was varied 

within the limits 0 and 0.5;4 in a basal medium of:— 

Glucose 

R2H-204 	0.2 

MgS94.7920 	0.02 

Aneurin 1101 	50 Y/100 ml. 

— in distilled water. 

The reactions of the medium was adjusted to pH 8.0, and 

the medium then sterilized by steaming on three successive 

days. This adjustment was necessary in view of the slight 

variations in pH resulting from the use of different quantities 

of alanine in the media. 	All treatments were in Quadruplicate. 

After 16 days' incubation, rowth was assessed, and the pH 

and reducing sugar content of the media determined. 	The 

data are presented in Table VIII. 
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Table VIII. 

The bffects of different Initial Concentrations of Alanine 
on Groth, Fruiting, Glucose Consumption and Final pH of the 

Medium. 

Init.lal Concentration oi A.anic,(til, ) 

0 0.01 0.05 0.075 0.1 0.2 0.3 0.4 0.5 

moan 	Myc. 	t 
Dry 
wt. 	Sporoph. 
(mg.) 

Total 

1.0 

0 

1.0 

22.5 

0 

22.5 

77.3 

0.6 

77.9 

99.1 

0.2 

99.3 

73.9 

7.2 

81.1 

84.6 

11.6 

96.2 

86.9 

14.4 

161.3 

65.378.0 

14.014.5 

79.392.5 

Acid Drift 
(pH Units) 

1.19 1.19 1.21 1.311.19 0.86 0.48 0.19 0.09 

DayE; 	to '? uit >16 16->16 12->16 11.7 10.8 9,3 8.3 7.5 9.0 

Glucose 	n 
consumed per 
Culture (Init. 
Gluc. 200 mg.) 

26 121 , 137 158 111.2 64 193 192 188 

t 2ignificant difference between mean Dry weights of Mycelium 

p.= 0.05, = lA --o, Mgo 

at 
15.= 0.01, 	22.9 mg. 

if Significant difference between mean Glucose Con um)tione 

1 

 13.= 0.05, = 25 mg. 

p.  = 0.01, = 34 t14,74 

It is seen that the response in terms of mycelial growth 

to increases in alanine concentration was not uniform. Thus 

although increases in concentration up to 0.0755 alanine led 

to significantly greater yields of vegetative mycelium, above 

at 
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this level there was an abrupt fell which was highly signifi—

cant statistically (p = < 0.01). This was followed by further 

but less pronounced increases and reductions which were not 

significantly higher or lower. (The differences between 

yields of vegetative mycelium at initial alanine concentra—

tions of 0.3 and 0.14. was significant in itself, but was not 

displayed when this experiment was repeated in essentials, 

as described below). The significant reduction at 0.l 

coincides with the lowest concentration at which the crop of 

sporophores attained an appreciable weight. Nevertheless 

despite this tendency towards a reciprocal relationship, the 

total yield at 0.P:. alanine was still less than that at 0.075 

and 0.2 concentrations. This s discussed later (p. 109 ) 

In considering glucose consumption in relation to increase 

alanine concentrations, although the successive increases in 

consuastion were not all individually significant, it is clear 

that there was a general increase in glucose consurription up 

to 0.3c alaninc, at which level almost all of the available 

glucose (200 mg.) was used. 

Such p11 drift as did occur was unlikely to have had an 

appreciable effect on the growth of the organism, 

it is also clear that with the possible exception of 0.5 

alanine, increases in initial concentration hastened the onset 

of fruiting. 

In order to verify the peculiar response of vegetative 

mycelium to alanine concentration, and to investigate the 
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influence of the latter upon radial growth, the experiment 

was repeated in precisely the same fashion, but with the 
media solidified with 2% agar. 	The results after 16 days 
incubation are presented in Figures III and IV. 

Fig. Ill shows that the radial growth rate varied 

systematically as the cultures aged in a similar fashion at 
all concentrations of alanine. 	It rose rapidly to a high 

level, then fell, and ultimately increased once again. 	It 
will be noticed that although the growth rate was initially 

highest with the greatest concentrations of alanine, the 
picture was reversed later. 	The overall effect, which is 
shown in Plate III, was that at the 9th. and 13th.  d ys there 
was relatively little difference in colony size between diff—
erent treatments. 

The onset of fruiting was accelerated by high levels of 

alanine, but bore no obvious relationship to the fluctuations 
of the growth rates (Fig. III). 

It is interesting to note the presence of a fringe in 
which aerial mycelium was sparse in those cultures where fruit— 

ing had begun. 	This redaction in density of aerial hyphae 	was 
normal in fruiting cultures (Plate III), being produced 
immediately after sporophore production commenced. The density 

of new growth was subsequently restored. 
The abrupt fall in yield of vegetative mycelium, in the 

previous experiment at 0.1% alanine, here occurred at 0.075% 
(Fig. IV), and, as before, was associated with a marked 

increase in the yield of fruit—bodies. 
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Fig. III. The Effects of different Initial Concentrations of 

Alanine on Rate of Radial Growth and Onset of 

Fruiting of Coprinus lagopus. 

(Horizontal lines indicate period of fruiting in 

each of the four replicates of each treatment). 
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Fig. IV. 	The Street of Initial Alanine Concentration in 

Agar Medium upon Mean Dry Weights of Yields of 

Vegetative Mycelium, Sporophores, and Total 

Fungus by Coprinus lagopus after Incubation for 

16 Days. 
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Plate III. The effects of different initial alanine concen-

trations on growth and fruiting of Coprinus la4ppue. 

Above: 9 days old. 	Belo: 1.15 flays old. 

N.B. Reverse sides of cultures towards camera. Bases 

of fruit-bodies and initials appear us black aot. 



The different different yields of sporophores at different alanine 
concentrations are also illustrated in Pig. IV. The differ-
ences are in part attributable to the facts that all cultures 

were harvested at the same time and that fruiting was non-

synchronous, as is shown by Fig.. III which illustrates the 
times at which the individual replicates of treatments produced 
primordia. Thus the media with the lowest concentrations of 

alanine had failed to fruit within the incubation period. 

mach replicate of the series 0.05,  0.075, 0.1, and 0.2% _showed 

respectively prirnordia, sporophores approaching maturity, and 
in the last two, mature sporophores. 	using the blackish 
coloration of the pilet as an index of fertility (Y3orrisa, 
1934 a), the sporophores at or near maturity in these treatments 

were all fertile. Therefore within the range of alanine 
concentrations 0.05 - 0.2%, the variation in sporophore yield 
appears to be largely attributable to the differences in the 
times at which sporophore development began. At 0.3 alanine 
the same explanation applies in part, but the sporophores 
failed to mature properly. A few almost attained mature form, 
but judging by the cream colour of the pilei they were not 
fertile. The bulk of the yield of sporophore tissue was made 

up of a large number of small immature sporophores. At 0.4 

and 0.5% alanine, the yields of fruit bodies were certainly not 

the result of non-synchronous fruiting. In both cases there 

wan a very large number of primordial  and only at 0.4% alanine 

did any develop further, these showing premature autolysis. 

Thus although fruiting commenced earliest in those treatments 
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with high alanine concentration, the development of the 

individual sporophores was retarded or even arrested. 

Poesible explanations of the low yields ,of vegetative 

mycelia in those cultures in which sporophore production was 

in the ascendant were either that gro th of vegetative 

mycelium was reduced after fruiting began, or that there was a 

withdrawal of material from the vegetative mycelium into 

the developing fruit—bodies. 

To investigate these poasibil ties, thirty—six cultures 

were established upon 0.1% Alanine Agar in 10 oz. medical flats. 

The inoculum in each flat was placed upon the medium half way 
er 

along one side, thus permitting a longA period of uninterrupted 

growth than was obtained in previous experiments. 

3tarting on the 9th. day of incubation, four samples 

were taken at random at (Ally intervals, and the yields of 

sporophores and of mycelium, after freeing from agar by 

steaming, were determined. The results are given in Table IX. 



Table C. XX. 

The Distribution of Growth during Sporophore formation. 

Age of Sample, 
(Days) 

Mean Dry 	eight (m. 

Total 

stage of 
Sporophore 
Development. :yeelium Sporophores 

8.9 	(9th.) 26.0 0.2 26,2 I Initiation of 
9.7 	(10th.) 30.1 0 30.1 .1 Primorida. 

	

10.9 	11th. 

	

11.7 	12th. 
31.6 
37.2 

3.9 
4.5 

35.5.:. } 	Enlarging. 
12.7 	13th. 22.0 19.3 41.3 Maturation, 
13.7 	14th. 30.9 17.5 48.4 
15.0 	15th. 30.2 29.9 60.1 1 	Deliquescence 
16,1 	16th., 39.3 13.7 53.0 
16.7 	17th.) 43.0 19.8 62.8 ...Second crop 

beginning. 

Signif. Diff. 
between Means 
at IA = 0.05 7.2 15.7 7.3 

1p.= 0.01 9.7 7.7 9.9 

The highly significant increase in dry weight of sporo-

phores from the 12th, to 13th dayscoincided with a highly 

significant drop of the same magnitude in dry weight of 

-Alereas increments in total weielt over two-day 

periods up to the 12th. day were significant, over the period 

from the 11th. to 13th. day,  total weight showed no significant 

increase, and there was in fact virtually no change between the 

12th.and 13th. dais. A fall in total weight just short of 

acceptabLc significance coincided with the highly significant 

loss in weight by the q6oronhore crops through deliquescence 

after the 15th,day. 
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These results were confirmed in a similar experiment, 

reported under a later section (see Fig. VII). 

c). Carbon—nitrogpn ratios. 

Cultures in triplicate were set up at each combination 

of 0, 0.05, 0.1, 0.2 and 0.4%  alanine with 0, 0.5, 1, 2 and 4$ 
glucose. The basal medium to which these combinations were 

added wes7,— 

:t2H1.104 	0.2 

MgSO4• 71120 	0.02 

Aneurin HCl. 50 /100 r1. medium. 

Agar. 	•Iff 

The media were sterilized by steaming on three successive 

days, and after inoculation were incubated for 15 days. The 

recorded data are presented in Table X. 

The previously described effects of either factor singly 

were again borne out. Of especial interest was tee effect of 

different relative concentrations of glucose and alanine on 

yield of sporophores. 	Inceaced concentration of alanine led 

to otherwise inhibitory levels of glucose 

for fruiting, and also raised the glucose 

fruiting was maximal. 

The interaction was reflected in the 

ing commenced. The effect of glucose was  

becoming favourable 

concentration et which 

ages at which fruit 

normally to retard 

the date at which primordia appared, even to the extent of 

preventing their appearance at high concentrations. Increases 

in initial concentration of alanine ultimately completely 
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Table X.  

The Effects of Glucose-Alanine tatio on Growth and Fruiting. 

(a) Mean Dry leights of Mycelium.  (mg.) 

Alanine (%) 
Glucose /  

n r ..,,,,,), 1 L. 

0 10.5 33.6 36.7 27.4 14.4 
0.05 11.4 37.0 75.7 105.4 59.6 
0.1 11.5 33.6 48.8 141.7 84.2 
0.2 20.5 44.5 49.2 127.0 61.4 
0.4 	. 19.5 41..8. 65.1 92.5 45.5 

(b) Mean Dry 'Zeights of Oporophorea.  (t-az.) 

Alanine () 
G ucose 

0 0.5 1 r 4 

0 0.4 0 0 0 0 
0.05 0.4 i. 12.6 2.4 0 0 
0.1 0 7o 12.6 F, 26.1 1.7 0 
0.2 0 14.8 F. 34.5 18.3 0 
0.4 0 S. 6.r S. 16.9 l.3L 0 

significant differences between Mean Sporophore Yields 
fp. = 0.05, 10.4 mg. 

at 1p. = 0.01, 1h.1 mg. 

7. = fertile sporopholes. 	S. ft eterile sporophores. 

(C) Mean Dry Vleigh 	of. Total 1 ) US. (mg.) 

Alanine (%) 
Glucose (1) 

0 0,5 1 4 

0 10.9 33.6 36.7 27.4 14.4 
0.05 11.8 49.6 78.1 105.4 59.6 
0.1 11.5 46.2 74.9 143.4 84.2 
0.2 20.5 5.3 83.7 145.3 61.4 
C.14 lo. 46.3 OM _91.4-.3 45.5 

(contd.) 
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Table X. Contd. 

(a) Kean Radiu of Colonies on 9th.daY. (mm. ) 

Alan.ale 	() 
0 0. 

o 
0.05 
0.1 
0.2 
0.4 

33 
30 
35 
36 3 

35 
36 
38 
38 8 

35 
34 
.)7 r 
.) 77 

32 
34 
34 
31 
o 

20 
24 
''2 
20 

(e) ::can Age of Cultures at Onset of Fruiting. (clays) 

Alanine (%) 
0 or 4 

0 11.3 — — 
0.05 13.7 3.3 10.7 — 0.1 7.0 9.0 11.3 — 
0.2 — 6.0 6.0 6.7 _ 
0.4 6.0 5.7 r_n — 

tt 	" indicates no iruiting within duration of the 

experiment, i.e. 15 days. 

overcame the delaying effect of glucose, although the effects 

of supra—optimal alanine concentrations were then manifest, 

the fruit—bodies failing to develop properly. 

The adverse effects of high alanine concentration upon 

sporophore development were on the other hand offset by 

increasing the glucose concentration. Thereas sporophores 

of mature form were sterile at 0.2 alanine and 0.5% glucose, 

at 	glucose they were, as judged by the colour of their 

pilei, fertile. 

The restriction of radial growth of colonies by high 
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concentrations of glucose was seen at all levels of alanine. 

Of the two treatments in .Alich fruitine, commenced with 0% 

glucose, replicates at 0':4 alanine produced one or two extremely 

small sporophores approximating to the "dwarf fruit bodies" of 

Buller (1922). 

d) Acccesory Growth factors.  

(i) Growth factor requirements. 

Leonian and eilly (1938) reported that O.lagopua required 

aneurin for ,erowth. The requirements of the isolate used in 

this work for this and other well known growth factors were 

therefore examined. 

The effects of additional low do aes of yeast extract 

("Yeastrel") and of agar were also examined. 

The basal medium in this experiment was:— 

Glucose 1% 

Alanine 0.155 

K2HPO4 0.1 

MgSO4. 71120 0.055 

The nutrient solution was first adjusted to pH 8.0 and then 

steam sterilised on three successive days in medical flats, with 

the solutions of appr priate growth factors contained separately 

in small suspended tubes. Biotin, folic acid and calcium panto—

thenate were supplied from refrigerated solutions; the others 

were freshly prepared. Iach was added where appropriate to give 

a final concentration of 50 .r/100 ml. medium, except for 

inesite which was used at 20 ee:./100 ml. 

Agar and yeast extract were incorporated whezerequired 



in the nutrient solution before sterilization. 

After sterilization, the contents of the small tubes 

containing growth factors were mixed with the nutrients by 

tiltin the flats. The final volume of medium in each case 

was 20 ml. 
The results, assessed in the usual way after 18 days' 

incubation, are given in Table XI. 

Table XI.  
The Effect oi Various Combinations of Growth Factors and Natural 

Extract a; Growth and Fruiting in 0.15% Alanine Medium. 

C-ro 	_L,:"L.os. 
Mean Dr. W i ht 

!,1  celium Sporophores Total Funz-us. 

None 
Aneurin 
Biotin 	+ above 
Inosite 	+ 	all 	above 
Riboflavine + " 	" 
Nicotinamide + H 	H 
Ca.Pantothenate + " " 
Folic Acid + 	H H 
Pyridoxine 	+ 	0 	H 
0.1% Agar + 8 Growth Fact 
C.05 	Yeastrel + 8 Growth 

Factors. 

5.7 
69.2 
62.5 
59.6 
58.1 
69.1 
60.3 
49.5 
54.8 
62.8 
69.2 

0 
16.3 
19.3 
16.1 
24.9 
16.9 
24.1 
17.1 
19.0 
24.0 
15.5 

5.7 
85,5 
81.8 
75.7 
83.0 
86.0 
84.4 
66.6 
73.8 
86.8 
84.7 

ignificant Difference 
between Means 

at 	f 	= 0.05 
p. = 0.01 

23.5 
31.6 

,- ..„ 
17.5 

The data clearly demonstrate th need for an external 

source of aneurin. There was no significant difference in 

yield of either mycelium or fruit-bodies as a result of the 



addition of othr specific growth factors, or of agar or yeast 

extract in the concentrations used. 

Aneurin hcterotriphy was confirmed in liquid culture on 

the following medium in which the nitro 	source was inorganic:- 

0.1331 

1% 0a003  

Glucose 	1% 

K 7P0 0.2 

MgSO4.7H20 	0.02(1, 

The effect of yeast extract was also tested. 	The salts were 

contained in one solution, glucose and aneur&n or yeast extract 

in anoter. These solutions were steam sterilized separately 

and then mixed aseptically. All treatments were in quadrupli- 

cate. The growth as recorded after 20 days is given in Table 

XII. 

Table XII.  
Effect of Aneurin and Yeast xtract upon Growth and Fruiting 

in 0.133% Ammonium nitrate Medium. 

Added substance 
Mean Dry Weipt. 	(mg!) 

Mycelium Sporopheres Total Fungus 
f 

None 
Aneurin, 	,0 	/100 ml. 
Yeastrel, 20 mg./100 ml. 

1.1 
5.3 
5.0 

0 
0.7 
1.0 

1.1 
6.0 
6.0 

f Significant difference between means of 'otal taw :eights 
of Fungus 

at 
1 pe = 0.01 	= 5.1 m. 

f p. = 0.05, 	3.5 mg. 
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Three out of four replicates :r - iited in treatelents 

with aneurn, and with yeast extract. The sporophores in the 

aneurin e.edia remained small and immature, while in two of 

the yeast extract replicates they developed into very small,  

but mature, fruit-bodies of the "dwarf-type". None of the 

replicates in the basal medium fruited. 

Although aneurin significantly increased the yield of 

fungue upon this medium with inorganic nitrogen, the total 

quantity of fungun was very much less than that produced in 

coverable treatments on alanine medium (see ':able XI), in 

spite of a longer period of incubation. 

(ii) The effects of different aneurin concentrations. 

!laving established that the isolate needed aneurin for 

growth, its reactions to various concentrations of this factor 

were studied in view of the findings with certain other fungi 

that vegetative and reproductive growth were respectively less 

and more s ecific in their nutritional requirements. 

To this end, four cultures were set up at each of the 

following concentrations of aneurin in 0.1e; Alanine Agar, viz., 

0, 0.1, 1, 5, 25, 50 and 500 X per 100 I. of medium. The 

media were prepared with the K2HPO4 in one solution, and the 

rest of the nutrients plus the appropriate quantities of aneurin 

in another. 	After autoclaving, tl'c two solutions were mixed 

aseptically. The results after 13 days' incubetion are given in 

Table XIII. 
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Table XIII.  

The 31ffectsof different Aneurin Concentration2 in C41:-.'" Alanine 
Agar on Growth and Fruiting. 

Aneurin___.  
Concentration 

6/100 ml. 

Eln Dry ':eiL;ht 	(m..) Days 
to 

Fruit 

Mean 
Radius 
13th day. 
(mm.) 

1:- celium Sporophores Total 
t 

0 h4.8 0 44.8 - 48.3 
0.1 50.8 0 50.8 - 49.6 
3. 55.4 0 (+) 55.4 12->13 44.9 
5 26.1 31.3 57.4 9 53.1 
25 27.7 30.2 57.9 9.5 52.3 
50 28.8 31.7 60.5 10 53.0 
500 35.4 29.5 65.1 9.5 51.8 

t Treattaent effects not significant (I' = 2.52, for p. = 0.05, 
= 2,63). 

Althoagh the treatment effects upon total yield of fungus 

were not quite significant at p. = 0.05, the density of aerial 

fayceliuu as assessed visually was clearly decreased by reducing 

the anearin concentration below 1 6per 100 ml. Radial growth 
varied little. 	rutin shed a very marked response. At 

1 2f per 100 m1.0  primordia formed in three of the four repl- 

cates, but their dry weight was negligible. 	All treatments 

above this concentration fruited in all replicates; below it, 

all remained sterile. 
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e). Organic acids.*  

A number of workers have described stimnistion of growth 

of various fungi by the inclusion of certain organic acids in 

the culture medium. Leonian and Lill (1940) recorded that 

the ability of --Thlycwyces blakesleeanns to utilize amr.ionium 

nitrogen was increased by the presence of succinic acid. 

2rom the previous experiments on the effects of growth 

factors on C.lanonus cultures in liquid media with alanine and 

with ameonium nitrate as nitrogen sources, it was clear that 

under these conditions the organic nitrogen source as the more 

readily useable. 	Accordingly the effect of a number of 

organic acids was tested upon both sorts of medium. 

"eix were chosen, viz, acetic, citric, fumaric, nlutaric, 

maleic and succinic. .olutions of these acids or their 

salts ecre prepared and adjusted to pH 7.0 with sodium hydroxide 

solution. They were then incorporated in basal media of 0.1% 

Alanine Liquid Medium or 0.133% 1H41103 + 3e •; 0a003 Liquid Medium, 

at final concentrations of V100. The media were sterilized 

by autoclaving, the phosphate being treated separately and 

added later. Cultures wee incubated for 17 days, and the total 

During the course of these inveotigatione it was suspected 
that the vigour of the isolate when grown in liquid culture had 
declined. A comparison of the growth mane under identical con—
ditions over 16 day periods in September 1952 and August 1953 
revealed that at the later date there was no fruiting and a 
tC reduction in total yield of fungus. In other experiments 
late in the work, although fruiting did occur, it was delayed 
and ernatic. 

The experiments in which liquid culturs were used in 
section (e), (f) and (g) were all conducted after this decline 
had taken place. 



yield o2 fungus, which in all cases was entirely vegetative, 
was then determined. Table XIV contains the results. 

Table XIV, 
The Lffect of Organic Acids on Growth and Pruiting upon Alanine 

and 11114NO3 media. 

,-• 	', otal Dx7 	eight, 
Organic Acid. 

Alan 	 e h1-141403 

one 61.9 23.2 
Acetic 80.8 19.5 
Citric 1.5 12.9 
Pumaric 43.9 26.9 
Glutaric 63.3 15.1 
Maleic 33.4 20,4 
Succinic 26.1 16.8 

Significant differences between means of total dry weights. 
p. = 0.05, 15.6 mg. 

at 
p. = 0.01, 21.1 mg. 

In th atil.cmium nitrate series there were no signifi—
cant differences between the control and other treatments. 
A significant increase was produced by acetic ncid in theslanine 
medium (p. = .4:0.05). Certain other acids actually depressed 
growth significantly ,umaric at p. = < 0.05; succinic, maleic 
and citric at p. = 40.01). 

It is clear that the basal alanine medium gave a much f2J'eater 

yield of fungus than did the ammonium nitrate medium (difference 

significant at p. = <0.01). 
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f). Agar. 

Prom experiments described previously it is clear that 

0.1agopus grew much better on 0.133% 1H1O3  + 1% CaCO3  Medium 

when solidified with 2 agar than when it was liquid (compare 

Tables VI and XII). Robbins (1939) found that agar contained 

certain e.lbstances which stimulated growth and fruiting of 

Phycomyces blakesleeanup, and that these substances could be 

removed from agar by washing with aqueous pyridine or methyl 

alcohol, the washed agar then supporting a reduced growth. 

Agar extracts added to liquid media restored growth to a level 

approaching that on unpurified agar. 

The growth of 00.agopus on washed agar was therefore 

investigated. Two methods of washing were adopted, the one 

using distilled water, the other 5  aqueous pyridine. Appro-

priate quantities of agar powder were suspended in these solvents 

for one or two days at 4°C., and then precipitated by centri-

fuging at high speed. The precipitate was resuspended in fresh 

water or pyridine and the processrpeated. The final precipi-

tates of agar were washed in 95; ethyl alcohol and dried at 

35°C. 

The two preparations and the unpurified agar were separ-

ately added to U.133 1,14003  + 11 ; Ca093.--Medium at concentra-

tions of 2% in quadruplicate. The mean radial growths of colonies 

grown upon each of these media are shown in Fig. V. 

The rates of radial growth on both of the washed agars 

were considerably less than that on the unpurified. 

The production of primordia on the unpurified agar medium 



40 

10 

30 

20 

-56- 

 

Utpurified Agar. 

Water—washed Agar. 
Pyridine—washed Agar. 

1•==. 1111=1••• 	IMPEND IIMOIMIN 

• 

I  

0 	4.0 
	

80 	120 	160 	200 

TIME (hours) 

Fig. V. Radial Growth of Coprinus lagopus Coldnies 

on Ammonium Nitrate Media prepared from 

Unpurified and Washed Agars. 
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began on the 7th.day of incubation, while the mean ages at 

onset of fruiting were 8.5 and 8.8 days respectively for water 400 

and pyridine - washed agars. 

prom this experiment it was clear that agar contained 

some stimulatory substance which was removable by either 

pyridine or water. 

The effect of agar extract upon growth in liquid culture 

was measured gravirnetrically. An experiment similar to the 

above was conducted with additional treatments intended to 

indicate the nature of the stimulatory substance. 

Six treatments were adopted: (i) 2 unpurified agar; 

(ii) 25 water-washed agar (prepared as described above); 

(iii) aqueous extract of agar and (iv) ashed agar, each added 

to the basal medium at concentrations equivalent to 2 unpurified 

agar; (v) unpurified sgar at 0.35, at which concentration a 
very weak end readily broken gel was formed; (vi) the basal 

medium alone, this being 0.133'; NHO-03  + 15 Ca003-Liquid ?,7edium. 

The aqueous extract of agar was reduced to a convenient 

volume by evaporation under reduced pressure at 800C. before 

adding it to the medium. The ashed agar was prepared by incin- 

erating powdered agar in a crucible and dissolving the ash in 

a minimum of hydrochloric acid. The solution was adjusted to 

pH 7.0, at which pi; it became slightly turbid, before adding 

it to the medium. 

A similar range of treatments was set up using a basal 

medium of 0.1% Alanine aiquid Medium, for it had been noticed 

that even here agar affected sporulation. 
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In each of the two series of treatments the growth of 

the fungus =on the 2% unpurified agar was so much faster than 

in the other treatments that it was necessary to measure their 

dry weights at an earlier date, for otherwise the deliquescence 

of the large crops of eporophares would have resulted in 

misleading yield data. Therefore the cultures on the IHjNO3 

and 2ri, unpurified agar medium were harvested on the 12th. day, 

and those on the elanine and N unpurified agar medium on the 

14th. day of incubation. 	Table XV contains the data for all 

treatments, the rest of which were harvested after 17 days' 

incubation. 

Itycelia formed upon agar media were freed by melting the 

agar. All mycelia were washed quickly with dilute (approx—

imately 0.5 N.) hydrochloric acid — necessary in the ease of 

the amonium series to eliminate adherent calcium carbonate — 

so that the two series were more closely comparable. 
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Table XV. 

The Effects of Agar and Agar Products on Growth and Fruiting 
on (a) Alanine, and (b) Ammonium nitrate Media. 

a) Alanine medium  	. 	. b) NH NO medium 

Treatment 

..lea: 	Dry 	:-._, Tt 
(mg.) 

Mean 

on 6th 
day 
mm.) 

Diam. 1  Mean Dry Weight 
rag. I 

:ean 
Liam. 
on 6th 
day 
mm.) 

!iye. Sporoph. Total ii c. Sporoph.Total 

Liquid 	 edia:- 

:LTD Xldition 61.9 0 64.4 28.9 27,.2 0 23.2 27.5 

+ Ached Agar 65.5 u 65.5 23.6 ,H..5 0 W. 27.1 

+ Agar extract 1C7.5 2.6 110.1 37.9 79.1 0.7 79.8 44.6 

Solid media:- 

2',',- 	sashed Agar59.0 21.5 61.1 32.135.3 0 5.3 19.8 

0...) 	Unpurif. 
Agar 734.2 11.3 85.0 65.6 0 65.6 - 

2,,i Unpurif. 
Agar 	t 28.,fl 31.9 60.1 50.7 17.5 45.4 62.9 53.0 

Signif. Diff. 
between means 
nt 	p. = 0.05 -21.3 - - 17.7 - 

1p 	= 0.01 - 29.4 - - 24.4 - 

( t In both parts of the experiment this treatment was omitted 

from the statistical analysis through having had a shorter 

period of incubation). 

It is clear that with ammonium nitrate, 2 unpurified 

agar greatly stimulated total growth of the funus and fruiting.  

25 washed agar was not significantly better than the basal 

liquid mdium alone, ann supported no fruit bodies. 0.3% agar 

supported greatly increased vegetative growth only. Similarly 
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agar extract gave a highly significant increase in vegetative 

growth of 244% above the control but produced negligible 

fruiting. The stimulation of ashed agar was also significant, 

but did not equal that of the aqueous extract. 

ith the alanine media, the only significant increase in 

total growth was Troduced by the addition of the agar extract 

to the basal liquid medium. As with amAonium nitrate medium 

there was little fruiting, amounting in this case to a few 

primordia in each replicate. Unpurified agar gave the best; 

here, however, the total yield of fungus was relttively low 

owing possibly to the shorter incubation period and the harves-

ting of the cultures whilst still actively growing. 

The measurements of radial growth made on the 6th.day 

confirmed the results of the previous experiment, and showed 

that the aqueous extract of agar stimulated the radial growth 

of colonies in liquid media to which it was added. 

When harvesting the cultures on =purified agar in both 

series, it was noted that only large fruit-bodies or very 

small primordia were present. It was estimated that the dry 

weights of the latter would be very small. Therefore, ignoring 

these, it was possible to calculate the mean dry weights of 

individual mature or nearly mature sporophores from each 

treatment, as shown in Table XVI. 
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Table XVI. 

The Effect of Nitrogen Source on the Number and Size of 
Sporophores Maturing in Culture. 

Replicate 

Alanine medium li.114NO3 + CaCO3 medium 

Number 
Dry A. 
of an Humber 

Dry W. 
of Mean 

of Large Sporoph. IndiVid. of Large Sporoph. Individ. 
Sporoph. Tissue Dry wt. Sporoph. Tissue Dry Wt. 

(mg.) (mg.) (mg.) (mg.) 

a 5 29.6 5.9 2 51.5 25.8 
b 6 41.7 7.0 2 43.3 21.7 
c 4 34.6 8.3 2 36.7 18.4 
d 6 21.5 3.6 4 50.2 12.6 

Mean.  5.3 31.9 6.1 2.5 45.4 18.2 

On thin basis it is apparent that the sporophores on the 

ammonium nitrate medium were approximately three times as large 

as those on alanine medium. Similar differences in size have 

been observed in other experiments with these media. 

It was reported by Robbins (1939) that the differences 

in growth and fruiting of Phycomyces blakesiceanus upon agar 

and liquid media became ;ess as the cultures aged, the beneficial 

effect of agar being especially marked during early growth of 

the colonies. 

To investigate whether Ceprinus lagopus behaved similarly, 

certain treatments of the above experiment were repeated with a 

longer incubation period, viz., 22 days. Data are presented in 

Table XVII. 
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Table XVII.  

The Effects of Purification of Agar and Aqueous Extracts of 
Agar on Growth and Fruiting after 22 Days Incubation. 

 

Mean Dry iel h 

 

Treatment 
o.iY Alanine edium 

--, 
0.1335 NH NO 
3.! 	CaCO3 !edUm  

ye. Sporoph. Total 
Fungus 

Eye. Sporoph, Total 
_a_l_invjiF 

2% Unpurified Agar 34.0 32.7 66.7 160 39.9 56.1 

2% Washed Agar 48.1 20.8 68.8 27.2 35.9 63.0 

Basal :Aquid Medium 104.8 

69.2 " + Agar Extract 

0 

25.1 

104.8 

94.4 

40,2 

-/T.C,  

C, 

0 

40.2 

79.6 

All of the treatments on 25 agar bore mature nnd deliquesced 

sporophores. The only liquid medium bearing sporophores as 

that containing alanine and agar extract. 

In the presence of alanine, the total growth was less with 

the solid than with the basal liquid media. It should be borne 

in mind, however, that there was some deliquescence of the sporo—

phores on the solid media, and that some loss of weight 1,robably 

resulted from the process of freeing the mycelium from the agar. 

With amflonium nitrate, the basal liquid medium was still 

the least productive, but the increase through the addition of 

agar extract was relatively considerably less than that obtained 

previously after 17 days (98 as compared with 244). 

An effect of washing the agar was to retard the onset of 

fruiting from a mean of 9.0 days in the case of alanine, and 

7.8 days for ammonium nitrate, to 13.5 days in both cases. 
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Nevertheless the sporophores still matured normally. 

g). ',jrace elements.  

During the progress of this work, it became apparent that 

the isolate was fruiting less readily in liquid culture than 

formerly. Smlth (1948) described a similar loss in fertility 

with a number of species of ienicillium, and showed that it 

was associated with a change in the source of distilled water 

used in the preparation of media, and could be corrected by 

the addition of copper and zinc. 

3ince the source of distilled water was changed during 

th course of this investigation with C.lagopusj  the possibility 

that trace elements were involved here also was investigated 

in the following experireent. 

Copper sulphate (CuSO4.5H20) was added at 5 and 0.1 ppm., 

and zinc sulphate (ZnOn4.71i20) at 10 at 0.2 ppm. to 0.1 

Alanine Liquid Fledium. In each treatment, 1 ppm. of each of 

ferric sulphate, ammonium molybdate, manganese sulphate and 

calcium nitrate were also added. As a furt:ler treatment, the 

effect of ashed aL5tlr alone, equivalentto 2!; fresh agar, was 

again examined. 	Treatments were in quadruplicate. The 

results after 21 days' incubation are presented in Table XVIII. 
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Table XVIII.  

The Nffects of Trace Slements and Ashed Agar upon Growth and 
71-iuiting in 0.1;L Alanine A.quid Medium. 

Inorganic Addition 
an r,ry ';eight (mg.) 

lycelium :.porolthorcs 
t 

Total 
None 

Ashed Agar (E 2% fresh Agar) 
5 ppm. CuS0h  + 10 ppm. znnob  
+ 1 ppm. of other salts. 
0.1 pll. CuS011  + 0.2 ppm. 	7, 
+ 1 ppm. of other salts. 

r 

) 

90.4 

102.8 

92.5 
1 	

85.1 

0 

0.7 

0 

0.1 

90.4 

103.5 

92.5 

85.2 

t Treatment effets o :otal Yields not significant. 
(F = 3.64; for p. = 0.05, F = 3.71). 

The treatments did not cause any significant variation in 
total yield of fungus, nor did they af -i:ect the extent of fruit—
ing, for in all treatments there were one to three replicates 

of the four with a number of small primordia. The previous 
observation that inorganic constituents of agar had no signifi—

cant effect upon growth on alanine medium is confirmed. 

h). Quantity of substrate. 

Voderberg (1949) reported that a certain minimum quantity 

of mycelium was a prereouisite for fruiting of Coprinus lagopus, 

this amount corresponding to that developing upon at least 1.5 :Ls. 

of horse dung. 

In order to investigate this effect, a number of discs of 

0.1% Alanine Agar were prepared, having a uniform thickness, 
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but different diameters ranging from 7.5 up to 50 mm. These 

were made by pouring 20 ml. of sterilized medium into Petri 

dishes, each 90 1 mm. in diameter, with flat bases. Discs 

of agar were then l'emoved aseptically, after cutting with 

either sterile cork—borers, or, in the case of the larger 

discs, with a sterile scalpel, having previously drawn the 

outline of the discs on the bases of the plates with the aid 

of templates. 	Several discs of various sizes were placed 

in each of a number of sterile Petri dishes, and subsequently 

inoculated centrally. 	In all cases there were at least five 

replicates; the exact numbers are given in parentheses at 

the foot of Tablr,  XIX, in which the yields of vegetative 

mycelium and of sporophores at the time of maturation of the  

first fruit body on each disc are presented. 	The ages of 

the discs at the times of maturation are also given. 



Table XIX. 

The Influence of rluantity of Substrate upon Yields of Vegetative 
Ti,..Zreelium and Sporophores at Maturity. 

Diem. of 
Disc (mm.) 

7.5 10 17.5 17. 20 ,,; _,.!. 30 40 50 

Eean Dry 
Vegetative 
lycelium 
(mg.) 

0.14 

+ 
7,024 

0.23 

+ 
-6.080 

0.23 

+ 
7.030 

.,.1! 

+ 
0.031 

0.77 

+ 
-0%030 

1.56 

+ 
0.109 

1.93 

+ 
0.092 

.'.2.53 

+ 
0135 

4.94 

+ 
0.349 

Mean Dry 
eight 

'3poroph. 
(mg•) 

0.15 
+ 
.5.022 

0.76 
+ 
r.162 

0.3 

++ — 
0.063 

1.64 

— 
0.135 

2.17 

+ — 
0 .074 

3.08 

+ 
0.209 

4.53 

+ 
0.309 

8.91 
+ 
0.577 

13.55 
+ 
1.245 

Mean Days 
to 

:iaturity 

Number of 
Repliontee 

10.7 

(5) 

10.4 

(6) 

10.4 

1 

11.7 

15) 

11.5 

(15) 

12.0 

(14) 

12.512.9 

' (6) 

12.8 

(5) 

It was found that discs of all sizes fruited, although sev—

eral of the smaller discs dried out before the sporophores rdrture 

The yields of vegetative mycelium and of sporophore tissue 

were more or less directly proportional to the volumes of the 

discs (Fig. VI). On all sizes of disc, th,.? number of maturing 

sporophores was of the same order, viz. 1-4. Consequently, in 

general, the size of the individual mature sporophore was in 

relation to the quantity of substrate. The fruit—bodies on the 

saialier discs were comparable to Builerin "dwarf type". 

Pruit bodies matured sooner on the smaller discs. This 

could have arisen by earlier fruiting or by more rapid maturatio 
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of the smaller sporophores. To determine which vas the 

case, the above experiment was repeated, noting the ages of the 

discs at the time of the appearance of the first prirnordia and 

again at maturation of the first snoronhores. 

Table XX 

The Influence of (juantity of Substrate upon Onset of Fruiting 
and Maturation of Fruit Bodies. 

Diam. of 
Disc mm. 7.5 - 0 12.5 17.5 20 214. 30 14.0 50 

Days:floan 
to 	, 

pep.iDange 
ti 

8 

6-10 

7.1 

8 

7.5 

8 

8.7 

7-10 

9.4 

8-11 

9.4 

9-11 

11.3 

10-13 

13.3 

11-15 

14.2 

12-15 

Days:Mean 
to 	I 

12 11.1 11.6 13.2 13.5 13.8 15.7 >16 >16 

M.S.IRange 
t: 

12 11-12 1-13 11-14 12-15 13-15 15-17 16->17 16->17 

Days for 
Sporoph.to 4.0 4.0 4.1 14.5 4.1 4.4 4.4 - 
Mature 

Number o 
Replicates (6) (12) (13)  (14) (10) (7) (10) (6) 

t P.P. = 1?rimordium production. 
M.S. = Maturation of Sporophores. 

The results (Table XX) show that fruiting commenced soonest 

on small discs, and that the period over which theporophores 

matured was virtually the same in all cases, even though the 

fruit-bodies were considerably larger upon the larger discs. 

i) The behaviour of umimilated materials. 

The distribution of thc mature or nearly mature sporophores 
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over the surface of a eircular colony appeared to be quite 

haphazard. This suggested that their distribution May have 

been governed by a nutritional mechanism, such es the follow-

ing. 

one sporophore primnrdia comae/leo development a little 

earlier than the rest, They then draw on, and deplete, intra-

cellular reserves in the vegetative mycelium, and thereby 

retard or inhibit the developmnt of other fruit-bodies. in 

this way, inevitable alight irregularities in th initiation 

of primordia become accentuated, and the normal rc4;ularity in 

the initial distribution of sporophores is obscured as fruiting 

proceeds. 

According to this hypothesis, if tl-,c two halves of a 

culture were separated, then neither half would be able to 

deplete the intracellular reserves of the other, mnd each etould 

then produce a similar quantity of sporoPhores. This would 

show that each half had a comparable potentiality for fruiting, 

and that the normal failure of intact cultures to display this 

equality was the result of mutual interference ov their compo-

nent parte. 

Accordingly, two sets of five Petri. dishes,ench containing 

20 ml. of 0.34; Aiwa= Agar, were inoculated. Two similar 

plate cultures had been established the previous day in order 

to indicate when fruiting was imminent in the main series of 

cultures. 

On the 10th. day,  when the then 11 clays old indicator 

cultures first showed primordial  the following treatments were 

applied to the two sets. 



Series (i) 
	

a diameter of the colony was drawn across the 

base of each of the five Petri dishes, marking 

out two halves, (a) and (b). 

Series Xii) • each culture was bisected with a sterile scalpel 

into halves (x) and (y), one half then being 

transferred to an empty sterile :Ttri dish. 

All cultures were then incubated for a further 6 days. 

The yields of sporoohores and also of vegetative mycelium 

from each separated half, (x) and (y), and of the hitherto 

unseparated halves, (a) and (b), were then determind. 

In order to eliminate complications arising from the 

slight natural variations in total yields by these cultures, 

the yields of mycelium and sporophores from the two halves of 

each colony were expressed as percentages of the total dry 

weight of the colony. The mean results of this experiment are 

given in mable XXI, together with those of a second performed 

in precisely the same manner, except for being left only 5 days 

after halving the appropriate cultures. 	Mean differences in 

yields were derived by taking all individual differences as 

positive. 
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Table XXI,  

The Nffects of Fruiting upon the Distribution of 'nl.ngous 
Material in Cultures. 

Tixperiment I Exoeriraent . 	II 

Unsepv.ruted 
Halves 

Separated 
Halves 

Unseparated 
Halves 

75.8 

11.15,. 	(a+b) 

Separated 
Halves 

Mean Yield of Vegeta-70.3 
tive Mycelium per 

Culture V.M. 	(v +L5 .M.(x+ 

''Y,-).0 72,7 

V.;.. (:+y) 

Mean Yield of Sporo- 
phore Tissue per 

Culture 

29.7 

S.T.(a+b) 

41.0 

S.T.(x+y) 

24.2 

S.T. 44.b 

27.3 

S.T.(x+y) 

Mean Difference be- 
tween Yields of Vege-
tative Mycelium from 
Fellow Halves, 

6.3 

V.M. 	.-b 

6.7 

AT.M. x-y 

6.3 

tr.M.(a-b) 

3.6 

V.1 

Mean Difference be- 
tween Yields of Spor-
ophore Tissue from 
Fellow Halves. 

23.3 

S.T.(a-b) 

3.6 

8.T (x-y) 

4.5 
Y."(x-y) 

24.2 

S.T. (a-b) 

.' 
T.F.(a-b) 

1,6 

S.T. 	y) 

4.3 
_.:.‘:,: 	7  

Mean Difference be- 
tween Total Yields 

of Fungus from 
Fellow Halves. 

16.2 

,?. 	'7. 	b) 

Units are percente6es oS totalyields 	b, and x y) 
per culture. 

All differences are taken as positive. 

V.M. = vegetative mycelium; S.T. = sporophore tissue, T.F. = total 
fungu, 

It is clear that the mean differences between yields of spor-

ophores from fellow halves were very large in the unseparated 
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series of cultuts (see S.T. (a - 141  but between the separated 

halves they were very small (S.T. (x - 

The hypothesis is therefore substantiated by these  

experiments. 

It was also found that although the total yields of fungus 

from unseparated halves differed greatly, as compared with 

the separated halves, the differences were almost entirely 

attributable to the irregular distribution of sporonhore 

tissue, for the differences in yields of vegetative mycelium 

from fellow halves were of comparable smallness in both series 

of treatments. 

II. Physical Factors.  

a) Light,  
i) The effects of etposure to light. 

Vodcrberg (19)49) recorded that the onset of fruiting of 

Coprinus lagopus, cultured upon bacterium-containing horse dung, 

was scarcely influenced by light. Her data showed that at 25°C. 

there was no effect, while at other temperatures cultures 

fruited one day earlier in darkness than in light. 

To Investigate this result, a number of cultures were 

established upon autoclaved horse dung in Petri dishes. Six 

of the cultures were maintained at 25°C. in continuous illumin-

ation at about 8 foot-candles, while the rest were wrapped in 

black paper and kept in light-proof tins. At the first appearance 

of primordia in the illuminated cultures, a sample of three 
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was removed, from the series in the dark, taking every precaution 

that no light was admitted to the rest. Observations on 

fruiting were made, and further sa pies taken at daily intervals. 

It was found that one of the six illuminated cultures 

began fruiting on the 8th. day, and all six replicates had begun 

by the 11th. (mean age at onset of fruiting, 9,5 days), while 

none of the samples taken from the dark bore any primordia until 

the 16th. day, when all replicates were fruiting. 

Radial growth in darkness was slightly higher than in the 

light, the respective mean rates over the period 8thr.12th.days 

inclusive being 4.25 and 5.4 mm. per day. 

Cultures taken from the dark were exposed for up to two 

hours while observations were taken. They .  were then returned to 

the light—proof tins. Subsequent observations showed that 

hitherto non—fruiting cultures began to produce primordia either 

one or two days after this exposure to light. 

A comparison of vegetative and reproductive growth in 

light and darkness was made upon 0.1 Alanine Agar. Cultures 

with laterally placed inocula were kept in light or total 

darkness, and samples of four taken at intervals over a period 

of 19 days. erowth and fruiting were recorded quantitatively; 

the results are presented in Fig. VII. 

It was clear that cultures fruited much earlier in light 

than in darkness. The reduction in weight of vegetative mycelium 

was again associated with prolific sporophore production; this 

confirmed results recorded in Table IX. Radial growth was 
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scarcely affected by light (Fig. VII). 

In later experiments, gravimetric data on the effects 

of different light treatments were obtained at only one date, 

usually about the 16th. day of incubation. 	Significant 

differences in yield were taken as indicative of differences 

in the date of onset of fruiting. 

ii) The quantity of light oti!lulating frnitinC. 

preliminary experiments on various media indicated that 

continuous light was not necessary to stimulate fruiting, and 

that an exposure of only a few minutes at about the time 

fruiting would normally commence was sufficient. The following 

experiment was therefore conducted to determine the minimal 

exposure necessary. 

Of forty cultures upon 0.1 Alanine Agar, five were kept 

in continuous light while the remainder were incubated in 

complete darkness. 	On the ninth day, the cultures in darkness 

were exposed to light from an incandescent tungsten filament 

bulb at an intensity of 250 'Coot candles 6  for periods ranging 

from 0 to 5 minutes, each treatment being in quadruplicate. 

These cultures were returned to darkness for a further five days. 

Growth and fruiting were then assessed qualitatively; the results 

are given in Table XXII. 

* The intensity was measured with an W717, lehotometer (Evans 
Aectvoselenium Ltd) at the level of the culture surface, 
but before reaching the culture the light Wald first pass 
through the side of the medical flat. 
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Table XXII.  

The iffect of Different exposures to Light at 250 f.c. on 
Growth and Fruiting. 

Duration of Light 
xposure (Seconds) 

Nea 	Dr*eiq ' 	(lil .  

'iycelium 9porophores r2otal 

0 69.2 4.2 73.4 
1 52.0 22.7 74.7 
5 53.3 20.4 73.7 
10 50.1 26.0 76.1 
60 49.8 25.3 75.1 
180 41.7 29.9 71.6 
300 45.1 27.7 72.8 

Continuous 1;xposure 33.0 24.4 57.4 

1-  significant difference between mean dry weights of sporophores 

at 1_ 
= 0.05, 9.9 mg. 
= 0.01, 13.4 mg. 

An exposure as short as one second was sufficient to 

accelerate fruiting; longer exposures had no further effect. 

It will be noted that the yield of vegetative mycelium in 

continuous light was low. Similar observations were made in other 

experiments, and are discussed later (p.109). 

In a further experiment, cultures were exposed for the same 

time to lights of Oifferent intensities. 

One series of eultupes was incubated in total darkness for 

ten days, and a other series kept at the same temperature in 

continuous light. On the 10th. day, the cultures in darkness ere 

Liven five seconds' exposure at light intensities ranging from 0 

to 250 foot—candles, and then returned to darkness for a further 

five days. The various intensities were obtained by varying the 
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distance between the cultures and a 200 watt bulb, for intensi-

ties greater than 50 foot-candles, or a 25 watt bulb for 10 

foot-candles and less. 

Table XXIII 

The Effects of 5-second Exposures to Lights of Various Intensities 
on Growth and ?ruiting. 

Intensity of 
..,ight Exposure. 
(foot-candles) 

lean 1.)ry 	7e1rht 

Mycelium 34porophores 
t 

Total 

o 76.1 3.4 34.5 
0.01 71.4 14.0 35.4 
0.1 59.7 19.5 79.2 
0.5 65.8 19.1 34.9 
2.5 58.9 21.8 80.7 
10 63.1 21.3 84.4 
50 62.2 19.7 31.9 
250 57.0 24.5 61.5 

Gontinuous .Light 33.7 23.7 57.4 

t Significant differences between mean dry weights sfsporo-
phores. 

at f p. = 0.05, 
lr. = 0.01, 

7.4 me. 
10.0 mg. 

The results (Takla X(III) show that a significant increase 

in yield of , sporophore tissue was produced by an intensity of 0.1 

foot candles, and that higher intensities did not increase the 

yield further. Cultures exposed to light intensities of 0 or 0.1 

foot-candles lacked the profusion of primordia over the surface 

of the colony which was to be seen in those exposed to greater 

intensities. 

iii). The onset of sensitivity to light. 

In the previous experiments, cultures were exposed to light 



Age when Mean Diameter Eeen number of 
Nxposed when xposed 	Primordia. 
(Days) 	(mm. 

3 
4 
5 
6 	43.5 
7 	50.6 
8 
9.f-2 

10 

55.6 
68.0 
7)i..9 

0.25 
22.4 	0.75 
33.1 	8 

180 
285 

Approx. 450 
Approx. 800-1000 
Arprox. 1000-100 

Wee.t.tralFA 
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at, or shortly before, the time when primotdia would normally 

have appeared in continuous light. The age at which colonies 

became sensitive to light was investigated with plate cultures 

on 0.3 Yeastrel Agar incubated, in total darkness. 

On each day after the third, sets Of four plates were 

removed from darkness and exposed to unstandardized daylight 

for five minutes. During exposure, a ring was drawn in Indian 

ink on the bottom of,  each plate around the margin of the colony. 

The cultures were then returned to darkness. All plates were 

examined on the 12th. day. Fruiting, which at this stage 

consisted. only of primordia, was recorded in terms of numbers of 

the latter, and these data are given in Table XXIV. 

• Table XXIV.. 

The Effect on leruiting of exposing to Light Culturee.  of Different 
Ages. 

Cultures exposed on and before the 5th. day had no prirnordia 

or a few very small ones. 	Cultures exposed ran or after the 

6th. day bore larger numbers of nrimordia, none of which lay 

outside of the line marking the margin of the colony at the 
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time of exposure. 	Their distribution differed somewhat 

according to the age at the time of exposure. 	Up to the 

8th. day they were more or less uniformly distributed, except 

in thc imiediatc vicinity of the inoculum where they were 

sparse. On and after the 9th.day, the main mass of primordia 

did not extend up to the inked 1in, there being a prirnordium—

free zone immediately within it, and then a well—marked 

ring of pri=rdia coinciding with what was the margin at the 

time of exposure. 	The main mass of primordia occupied an 

area equivalent to the growth made in eight days. 

The onset of sensitivity to light was studied in a 

further experiment in which fruiting was assessed in terms 

of dry weight. O.l Alanine Agar in medical flats was used. 

Observations were made on two dates and the results given in 

Table XXV. 



Table 

The 	

XXV.  

The ls;ffect on Growth and Fruiting of exposing to 7,ight Cultures 
of different Ages. 

(a) Incub 

Age at time of 
Exposure (Days) 

ean "Dry 	4 ,ht 	(ix.1_ 

M7ce1ium Sporoph.ores Total 

30.2 0.2 80.4 
14 7549 0.1 76.0 
r ..) 84.7 0.1 84.'8 
6 83.8 0.3 84.1 
7 75.9 9.1 85.0 
9 63.8 18.4 82.2 
11 75,7 5.2 80.9 

140  ExPosure 81.9 1.5 83.4 

Continuous Iixposure 42.7 28.4 71.1 

f Significant .,lifferences between mean yields of so:oophores 

fPo = 0.05, 
1p. = 0.01, 

7.9 mg. 
10.7 wg• 

13 50.0 26.7 7C.- 
16 50.8 24.8 75. 

No Tixposure 55.4 21.2 76.6 

V-  No significant differences betweenMenno.. 

The sensitivity to light developed in this case on the 7th. 
day or slightly later. The mean yield of sporophores from 

cultures exposed on the 7th. day was lower than that of those 

exposed, on the 9th., primarily because two of the four repli-

oatoa had not responded to the light. The yield from cultures 

exposed on the 11th. day was low owing to the short interval 

(3 days) between initiation and harvesting. Fruiting in 

(b) 
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cultures exposed on or after the 13th. day was not sU, 

greater than in those kept in darkness. 

iv). Tie rapidity and progress of the reaeonse to ii 
exposure. 

It had been observed on various occasions during this 

work that the response to light exposure of cultures which were, 

as it eere, ready for fruiting, was extremely rapid, The 

speed of the response was determined in the followine experiments 

in which the behaviour of the isolate was recorded during the 

period between exposure end maturation, or the highest stage 

of sporophore development attainable in the dark. 

Cultures with laterally placed inocula were established 

on 0.le: Alanine Agar. Five were kept in continuous light, and 

the remainder kept in darkness, On the 10th1 day when three of 

the five cultures in continuous light hed begun to form primor—

die, thirty—five of the cultures in darknees were exposed for 

five minutes to light at 250 foot—candles from a tungsten 

filament lamp. 	Thirty were then returned to darknees, and 

the other five taken as a samede. 	On successive days, further 

sampl-e of five were removed from darkness, the finel sample 

being taken on the 16th, day. The yields of mycelium and 

sporophore tissue of each sample wee determined at the time of 

sae.nling. Those of cultures in conlinuous light and continuous 

darkness were determined on the 16th. day. The results are 

given in Table SXVI 
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Table :=I• 
The Progress of Fruiting after Xxposure to Light. 

Age of Sampling 
(Days) 

Mean Dry Weight 

3. poropil. 

(al.) 

'.i: 	tal 
Observations on 

Fruiting. 4re 

10 (at exposure) 36.40 0 36.0 No primordia. 

11 (1 day after exp) 38.4 0 (+) 38.4 All with primordia. 

12 (2 	" 	9 	" 	) 55.0 0.1 55.1 Primordia enlarging. 

13 (3 	" 	9 	" 	) 52.9 2.1 55.0 9 	9 

14 	(4 	" 	,« 	" 	) 55.8  6.1 61.9 Small etiolated spbroph. 

- 	(5 	" 	9 	U 	) 67.3 7.5 74.5 7,ariser 	" 	sporophs 

16 	(6 	" 	II 	' 	) 53.3 25.14 78.7 "Mature" sp oraohore 84, • t 

16 Continuous Light 31.9 22.9 54.7 Mature sporophores. 

16 Continuous Dari 83.14 0.6 84.0 Few scattered primordia. 

(t "Mature" sporc?phores were full—sized, but mostly etiolated, 
fruit—bodies.) 

Primordia appeared after only one day (actually 27 hours), 

although several days elapsed before the yield of sporophore 

tissue was appreciable. Most nrimordia that developed after one 

day were in a ring co:responding to the margin of the colony 

at the time of exposure, but all sporopho32es which developed 

further were derived from primordia lying within this ring. 

Again, the total weight of fungal from the series in 

continuous light was considerably lens than that of other treat—

ments of the same age. 



The effects effects of ii ht trentrilento after thc initial  
exposure, 

In a number of fungi it is not light exposure alone which 

is necessary for sporulation but a proper sequence of light 

and darkness (Barnett and Lilly, 1950; Timnick et al., 1951). 

As light affects subsequent development of the individual 

fruit—bodies of Cpprinus lagppus (Borneo 1934a, 1934 b; 

Voderberg, 1950), it seemed possible that the conditions of 

illumination after the initial exposure might influence the 

yield of sporophores. The following experiment was conducted 

to investigate this. 

Thirty Petri dish cultures on 0.1 Alanine Agar were 

divided into sets of five. Four sets were placed in complete 

darkness, while two were kept in the liht 	albsquent pro—

cedure was as shown diagrammatically in Table XXVII, in which 
I 

the final yields of sporophores and of vegetative mycelium are 

recorded. 



10 	5 min. 	48 	78 
Days 	at 250 f.c. 	rs. 	TIrs. 

A 	
• 

rean 	eight (mg.; 

Sporoph. Total 

52.0 27.0 79.0 

b X 	 1 86.4 	0.3 	86.7 
65.6 21.0 86.6 

	1 63.0 19.9 	82.9 

	

1 66.8 17.5 	84.3 
54.6 32.2 86.8 

0  

f)=---- 
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Table, XXVII. 
The Wffects of Light and Darkness after Initiation of Fruiting. 

t Ti6Ilifieant differences between means of sporophore yields 

at f p. = 0.05, 	7.7 mE. 
A p. = 0.01, 	10.5 mg. 

The data clearly fall into three groups; treatments (a) 
and (f) with the highest yields of sporophore tiesue; (c), (d) 
and (e) with somewhat lower yields; and (b) with practically no 

sporophore tissue. 	The sporophore yields after a particular 

light stimulus (either initially continuous light or a brief 
exposure) were virtually equal, irrespective of the subsequent 
treatment. It will be seen from Plate IV that the distribution 

of the sporophore material was quite different in these three 

groups. 

The presence of prominent patches of vigorously growing 

mycelium which overgrew the surrounding colony will be noticed 
in the treatment in continuous darkness (Plate IV, b). These 



Plate IV. 	The effects o± light treatments, after an initial 

exposure, on colonies of Corrinus lagopus. 

(See Table XWII for key to treatments). 
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apeared very commonly under such conditions, but were not 

seen in cultures grown in continuous light. 

vi). The effect of light of different wavelengths. 

The work of Borries (1934 b) showed that the seorophores 

of Goprinus legopus were very sensitive to the wavelength of 

light acting as a tropic stimulus. The maximal sensitivity 

was to light of wavelengths between 4,400 and 4,500 R (dark 

blue); light of wavelengths greater than 5,900 R was practically 

ineffective. The ecnsitivity to blue light was about 1,000 

times greater than, to ureen. rdmilerly, as a formative stimulus 

affecting oporonhore development, light of wavelengths between 

14,000 and 5,000 R was very active, while that of wavelengths 

over 6,400 X evoked no response. 

It was of interest to see if wavelength was important 

in light acting as an accelerator of fruiting. 

A number of cultures upon 0.1. Alanine Agar was therefore 

exposed, after 9 days of incubation in the dark, to lielits of 

various colours. 	Control cultures were maintained in contin— 

uous white light. 

The exposures to coloured lights were standardized so that 

all cultures received similar quantities of radiant energy at 

their surfaces. This was done with an ,E,L Photometer and a spec—

tral response curve appropriate to the instrument. Absorption 

by the glass wall of the culture veesel was disregarded. 	The 

intensities of light, as read by the photometer, were all adjusted 

to values equivalent to 2.5 foot—candles for light through a 

filter with maximal transmission at 4,500 R (blue). 
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The colour filters used in this expericaent had a fairly 

wide bawl transmission, and are listed in the table of results 

by the wavelength at which ther theirtransmission was maximal. 

Exposures of five seconds andfive minutes were used at each 

wavelength except the shortest, when five seconds' exposure 

alone was given. The exposures were given at 250C, the temper-

ature of incubtion during the whole experiment. After exposure 

and a further five days' incubation, the response was measured 

gravimetrically (Table XXVIII). 

Table XXVIII. 

The iiffects of Exposure to Lights of different Colours on Growth 
and Fruiting. 

,i,ght 	xposure. 
Mean Dry 	eight (mg.) 

:yeelium 
+ 

Sloro.)hores Total 

Red 	n 	5 seconds 
(6600A) 	5 minutes 

Orange , 	5 seconds 
(6000 X) 5 minutes 

Yellow„, 	5 seconds 
(5700) 	5 etinutec 

Green„ 	5 seconds 
(5200X) 	5 minutes 

Blue-Green 5 seconds 
(495a) 	5 minutes 

Blue 	, 	5 seconds 
(4500X) 

'Mite. 	continuous 

71.6 
67.2 

7h./! 
73.2 
67.5 
69.3 
70.8 
64.2 

58.7 
61.2 

56.1 
....3.J 

1.0 
2.4 
1.0 
2.2 
3.1 
2.9 
2.3 

12.0 

14.9 
13.7 

15.5 
2i.:i. 

72.6 
69.6 
75.4 
75.5 
70.6 
72.2 

7.-f).1 
76.2 

72.7 
74.9 

71.6 

57.4 

+ Significant dif ere ces between mean dry weights of sporophores 

Jp. = 0.05, 
1p. = 0.01, 

3.9 mg. 
5.2 mg. 



Plate V. The effects on Coprinus lagopus of exposure to 

lights of different colours. 
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It is clear that fruiting was stimulated only with the 

shorter wavelengths, green (5,200 9.) occupying a transitional 

position, in that fruiting was hastened with a five minute 

exposure, but not with five seconds. In those treatments in 

which the wavelength exceeded 5,200 R, fruiting consisted of 

small etiolated sporophores (Plate V). 

vii) The distribution of the response to light. 

in a DVOViOUS experiment in  invIch the development of sen—

sitivity to light was investigated, it was noted that in no 

case did priaordia develop upon mycelium formed after the exposer 

to light. The imDlicntione of this result were that either the 

stimulus was not translocated, or was translocated, bat only in 
a centripetal direction, or was translocated in all directions, 

but tissues formed after exposure were incapable of response. 

The discovery that the fungus was insensitive to red light 

provided a means whereby the colonies could be manipulated in 

conditions which did not affect fruiting. 	Use was made of this 

in the following experiment in which it was inv%stigated whether 

or not the stimulus was transmissible. 

Ten Petri dish cultures upon 0.1. Alanine Agar were incubate 

in total darkness for ten days, and then, in :'ed light, one disc 

17.5 ma. in diameter was cut with a sterile cork—borer half way 

along a radius of each colony, and. transferred aseptically to an 

empty sterile Petri dish. Ave of the discs were then returned 

immediately without further treatment to the cultures from which 

they were taken. The remaining five were exposed to Ilaylight, at 

approximately 50 foot—candles, for 15 minutes before they too 
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were restored to the appropriate cultures. The cultures were 

returned to the 2500. incubator for a further 5 days, after 

which all were examined, and the yields of vegetative mycelium 

and sporophores determined separately for the discs and the 

rest of the colonies. 

Table XXIX. 
The Effect of Localised Light cposure on Distribution of 

Fruit—Bodies. 

Treatment 
Dry 	:04,ht (mg,) 

'Pest of dulture 
Dry - eights (mg.) Total 

Fungus 
(mg.) 7c. 7,poroph. Tetra ;:yc. total :,poreph. 

Dise exposed 

Disc not L'x— 
posed, 

3.0 

3.7 

15.0 

0 

13.0 

3.7 

67.2 

79+5 

e.3 

2.3 

67.5 

81.8 

65.5 

The results given in Table XXIX clearly chow that the 

fruiting after exposure was confined to the exposed discs, on 

each of which a clump of sporophores had developed. On the 

rest of the colony, three of the five replicates had one to a 

few very small prirnordia of negligible weight. It was evident 

that organic continuity between the discs and the rest of the 

mycelium was re—established because the total weight of fungal 

tissue on the exposed discs was practically five times that 

upon the unexposed, this being associated with a comparable 

reduction in total weight of the rest of the colony, from which, 

presumably, materials were transferred. 

A similar experiment was conducted upon a further ten 

cultures, removing a pair of discs from each culture from 



ne o 	or 1 s 	or .is 
urbed) Half, 	 urbed Half. 

Treatment 	.17,TY,7ei tits 	° ei h 

!Ty .poroph. Total Myc. -poroph. ota 

total 
lungas 
mg.) 

-91- 

opposite radii. The results were essentially similar to 

those presented above. 

In order to further confirm these results, seven plate 

cultures grown in darkness for ten days were halved aseptically, 

and whole halven were exposed to day light at 50 foot-candles 

for five minutes before returning to their parent cultures. 

Another series of seven cultures was similarly treated, except 

that the removed halves were not exposed to white light. 

Table XXX 

The 	of Exposing only One Half of a Colony to Liljzt. 

One half 
exposed, other 27.9 	0 	27.9 	19.2 37.2 
unexposed. 

64.3 

 

The results after a further six days' incubation in dark-

ness show again that, except for single primordia of negligible 

mass which appeared in each of two replicates, fruiting was 

confined to those halves of the cultres exposed to the light. 

In the,  unexposed controls, fruiting was sparse. It will be 

noticed that the mean yield of vegetative mycelium from the 

non-fruiting halves of the treated colonies was almost az low 

as that of the fruiting halves, and certainly much lower than 

that in the controls where both series of halves agreed closely. 
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There was however comparatively little difference in the total 

weight of cultures from both treatments. This indicated that 

fruiting on the exposed halves of treated cultures involved 

translocation of materials from the unexposed halves. 

b) Tempe_ature.  

According to Voderberg (1949)2  the optimal temperature for 

mycelial growth end fruiting of Coprinus laopue is between 20 

and 25°C. At temperatures above 30 and below 10°C., no fruit—

bodies developed, although mycelial growth continued weakly. 

At temperatures from 10 to 2000., the appearance of the first 

fruit—body was delayel one to three weeks. Similar results 

were obtained in both light and dark. 

In the following experiment, the temperature reaoonso was 

studied over a period of fifteen days. Four cultures on 0.2.5 

Alanine Agar were incubated at each of several temperatures 

from 10 up to 39°C., and were exposed to daylight for at least 

several minutes each day. 	Previous work had shown that light 

exposures as short as this were as effective stimuli of fruiting 

as continuous illumination. 	The response wits recorded 

gravimetrically (Table =) 



Table XXXI. 

The affect of Temperature on Growth and Fruiting. 

Mean Dry 
Weights 

Thoubation o 	. es 	( 	C.) Temrat 

) .(V• 10 13-19. 20 25 30 35 39 

Mycelium 17.2 61..0 66.6 45.2 45.6 1.3 0 

sporophores 0 0(+) 0.6 27.6 0 0 0 

Total 17.2 61.0 67.2 72.8 45.6 1.3 0 

(+) Indicates fruitin, but of negligible yield. 

This experiment was repeated with the cultures kept in 

complete darknesz for the name period, viz. 15 clays. The 

results are shown in Table )00CII and late VI. 

Table XXXII. 

The affect of Temperature on Growth and 'Fruiting in Darkness. 

Mean Dry Incubation.  Temperature (°0). 
Weights, 
(M.) 10 15-19  20 25 30 35 39 

Mycelium 12.9 58.9 68.2 77.9 20.9 6.7 0 

,porophorec 0 0 0(+) 10.4 0 0 0 

Total 12.9 58.9 68.2 88.3 20.9 6.7 0 

(+) indicates fruiting, but of negligible yield. 

The general behaviour of the cultures was similar in 

both experiments. The optimal temperature for both total 

growth and fruiting being 2500. There was virtually no fruiting 

at any other temperature tested and, as earlier experiments had 



Plate VI. The Effects of temperature on growth and fruiting 

of Coprinus lagopus  in darkness. 
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shown, fruiting as recorded on the 15th.day was considerably 

reduced by total darkness at 2500. 

It has been reported for a number of fungi that dependence 

Of fruiting on light can be offset by incubation at a ouffic-

iently high temperature. Thus 7,conian (192L4) recorded that 

although Sphaorograrhiu,, fraxini was unable to produce pycnidia 

in the dark at room temperatures, a few were produced at 30°C. 

It therefore seethed poseible that the partial dependence 

of Ooprinus lasopus on light for fruiting at 25°C. might be 

a total dependence if the temperature were sufficiently low. 

In the two previous experiments with relatively short incu-

bation periods fruiting had barely commenced at temperatures 

under 20°0., and there was none at 10°0. Accordingly, in 

the fil'lowing experiment, cultures were incubated at 10, 

15-19, 20 or 25°C. in both intermittent light and continuous 

darkness for 29 days. During this period daily observations 

were made on the series exposed to light. The only obser-

vations on the dark series were made on the final day. 
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Table XXXIII. 

The TiTfects of Temperature upon Fruiting in Light and Dark. 

Teperature 

Intermittent ;,ight Continuou.e Darkness 

Age at 
Onset of 
Fruiting 
(Days). 

Age at Vaturation 

(Days). 

Observations on Fruit—
ing on 29th. day 

10 23 > 29(Bporoph. all 
less than 1 cm. 
high.) 

All replicates with 
small primordia near 
sides of medical flat. 

15 — 19 13 24 2porophores large, 
mostly etiolated. 

23 10 19. 9 

2525  3 13 U 

It will be seen from Table XXXIII that at none of the 

temperatures used was fruiting prevented in darkness. The 

onset of fruiting was increasingly delayed as the temperature 

was lowered, and the period required for maturation of the 

sporophores increased, until at 10°C. this was not completed at 

the end of the experiment. 

c) Aerat )n, 

The effect of reduced aeration was studied in cultures 

growing on 20 Mi. of 0.1% Alanine Agar in each of sixteen 8 oz. 

medical flats. This size, which was smaller than that used in 

other experiments, was adopted so that possible effects of 

restricted gas exchange would be accentuated. Eight of the 

vessels were loosely plugged with cotton wool, and the remainder 
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sealed with gas—tight screw caps. Observations on radial 

growth and fruiting were made periodically, and, in samples 

of four taken upon the 12th. and 19th. days, the yields of 

vegetative mycelium and fruit—bodies were also determined 

(Table xxxrv). 

Table  XXXIV.  
The litfect of Aeration upon Growth and Fruiting. 

Aerated Non—aerated 

Mean Diameter on 10th Day, 	(ram.) 84 65 
It 	tr 	" 	12th 	" 	

,f 106 67 
H 	if 	" 	19th 	" 	tt >130 67 

ilean Days to begin -i.'ruiting. 3.5 9.1 

Yean Dry Ieights IMyceliurrl 39.7 47.3 
on 12th Day, 	jsporophores 

(mg.) Total 
33.4 
73.1 

7.5 
54.3 

Mean Dry Weights Mycelium 22.8 25,6 
on 19th Day, 	4Sporophores 34.8 2.6 

(mg.) ITotal 57.6 23.2 

At the first sampling, the aerated cultures all bore 

mature or nearly nature sporophores. By the 19th. day these 

were deliquescing and a second crop had matured. The non—

aerated cultures had by the 12th. day a fair number of primordia 

end some sporophores at an early stage. By the 19th.  day, these 

had developed, into abnormal fruit—bodies not exceeding 8 am. 

in height. 'Jach had a relatively large stipe—base, abruptly 

narrowing to a slender, short stipe bearing a rudimentary 

pileus. 
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The data also show that the non—aerated cultures lost 

weight over the period between the sampling dates in spitc of the 

poor production of spprophores, none of which had deliquesced. 

Although radial growth virtually stopped nfter the 10th. day, 

primordia appeared almost as soon in these as in the aerated 

cultures. 
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D. DISCUSSION 

The isolate of Coprinus lappus used in this work was 

able to utilize cellulose, as was that used by Voderberg 

(1948), but it is clear that simpler carbohydrates could also 

be consumed, and were able to support well developed crops of 

fruit—bodies. This result was rather more expected than that 

of Voderberg which led to her conclusion that the organism, 

through becoming so closely adapted to its natural substrate, 

was no longer able to use carbohydrates other than cellulose, 

insofar as one must believe that insoluble polysaccharides 

were enzymically hydrolysed to simpler soluble carbohydrates 

before they could enter the cells of the fungus. Such an 

hydrolysis was demonstrated in the case of starch. 

The apparent need for cellulose was possibly caused by 

contaminating substances, e.g. growth factors, present in the 

materials which Voderberg used, viz., finely eround straw and 

blotting paper. The presence of such factors has been demon—
strated in cotton wool (Robbins and Ma, 1942) and in jute 

(Ilasu, 1947), so it is not unlikely that they are present in 
the sources mentioned above* 

Voderberg (1948) found the presence of sterilized yeast 

was also necessary for good growth, so that the isolate of 

C.lagonus  that was used was probably deficient for a number of 

factors. Since the isolate used in this work developed a further 

deficiency which coul,' largely be satisfied by an extract of 

agar, and C.iagopus is known to have many sexual strains 
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(Hanna, 1925), it is not impossible that different isolates 

differ in their nutritional requirements. 

It is interesting to note a certain specificity with 

regard to the carbon source. Thus while sucrose was not used, 

glucose and fructose were readily utilized (Table I). It was 

noted that adjacent to a bacterial contaminant which appeared 

in a culture upon a sucrose medium the otherwise very thin 

Mycelium became quite dense, no doubt as a result of the 

conversion of the sucrose into useiable monosaccharides by 

invcrtase secreted by the bacteria. 

The ceilulolytic properties of the isolate are under-

standable since cellulose is a major constituent of its natural 

substrate, horse dung. The ability to hydrolyse starch is 

less readily appreciated, for it is unlikely to be present in 

horse dung in large quantities. Iodine tests failed to demon-

strate its presence. 

The inhibitory effects of galactose and lactose are not 

easily explained. C.lagopus appeared to lack enzymes hydrolysing 

lactose, for it has been shown that the products of this hydrol-

ysis, viz. glucose and galactose, together supported good growth 

and gave a characteristic growth form to the colony. Thus 

lactose must in itself have been inhibitory. In contrast, 

raffinose, again not hydrolysed by this organism, had no inhib-

itory effect on growth. 

Having accepted that lactose could restrict the growth of 

this fungus, there is little difficulty in interpreting its 

effect in the presence of glucose. 	However, galactose in 
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these circumstances actually led to the more effective 

utilization of glucose, or itself became us#able, for growth, 

although erratic, was nevertheless on average far greater than 

with either sugar alone. 	More work would be necessary to 

analyse these effects further. 

Zonation in fungi is not an uncommon phenomenon, and is 

usually related to some rhythmical change in the environment, 

such as fluctuating temperature or alternating light and dark 

(Hedgcocks  1906; Bisby, 1925; Hall, 1933). However, in a 

number of cases zonation has been reported in uniform external 

conditions (Hedgcock, 1906; tlein, 1930, a). The zoning of 

C.lagopus on glucose—galactose medium was of this type. 

Hein (1930 a), describing this sort of zonation in an 

unnamed sclerotium—forming fungus, suggested that a process 

took place within the agar substrate similar to that which 

produces the inorganic phenomenon known as Liesegang's rings, 

and that the rings so formed provided specific conditions which 

initiated either fruiting or the dense aggregation of hyphae 

of the fungus. A point of difference with the example described 

by Hein is that whereas he set forth the factors which initiated 

and controlled ecierotiumeeproduction as beginning abruptly, 

to diminish gradually as the ring widened, in C.lagopus the 

converse was true, unless the reaction was considered in terms 

of rate of radial growth rather than density of mycelium and 

priraordium production (see Pig. I and Plate II). A closer 

comparison of this result with that of Hein is not possible 

since the media he used were prepared from natural materials 
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(prune agar and lima bean agar). 	It is however interesting 

to note that the zonation he described did depend on the 

substrate, being restricted to certain media. 

The reaction of C.lagopus toJnitial concentration of 

carbohydrate was similar to that of Melanospora destrucns  

(Hawker, 1939), insofar as fruiting increased to a maximum and 

then declined as the initial glucose concentration was raised, 

while mycelial growth continued to increase to a maximum at a 

higher level of glucose, before it too diminished. The response 

can perhaps be more closely compared with that of Co/lybia  

velutipes (Plunkett, 1953). In this fungus the maximal yield 

of eporophores was attained at a lower initial carbohydrate 

(sucrose) concentration than that optimal for mycelial growth. 

The effect on fruiting of further increases in carbohydrate 

concentration was to cause an increasing number of replicates 

to fail to fruit, while the yield of those which did differed 

but little from the maximum. 	This was not wholly the case in 

C.lagopus, for although the number of fruitieg cultures declined 

with supra—optimal increments of glucose, the actual yield of 

sporophores by individual fruiting cultures became restricted 

through the sporophores failing to develop fully. So greatly 

was yield reduced above l glucose (Table IV) that it is doubtful 

whether the primordia produced at 2% and 3% glucose would ever 

have matured, for their rate of development, so far as it was 

observed9  was very slow. This diminution of yield could therefore 

be only in small part attributed to the delay in appearance of 

primordia which was brought about by high glucose concentration. 
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It is probable that the apparent antagonise. sometimes 

seen between vegetative and reproductive growth (p.22) was 

the result of the different optima of these two phases of 

growth for concentration of carbohydrates. The reaction of a 

culture to an increased level of carbohydrate would depend 

on the nutrient status of the medium, relative to teese 

optima, prior to making the addition. 

Although the acid drift in the medium increased with 

increased initial concentration of glucose, it is doubtful 

whether the magnitude of this — at most little more than one 

pH unit below the initial value of 8.0 — was sufficient to 

account for the adverse effects on fruiting of high levels of 

glucose, 

That the concentration of glucose in the medium Was not 

reduced to a uniform low level at the time fruiting commenced 

has already been described. However it should be borne in 

mind that when fruiting entails the production of so large and 

complex a structure as a sporoehore, the prerequisite conditions 

for each stage of development may be very different. 	On 

morphological grounds alone, five stages of development of 

fruit—bodies of Ooprinu,s lagopus have been recognized (Borriss, 

1934 a) and it can readily be shown that at various stages the 

sporophore becomes particularly sensitive to one or other 

environmental factor, such as light or gravity. 	lantett 

(1953) recognized several stages of development of the fruit— 

bodies of Collybia volutiDes, each governed by particular factors 
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of the environment. 	Accordingly it may well be that the 
conditions in the substrate for laying down sporophore 
primordia are not in themselves suitable for their further 

enlargement and elaboration. Thus although the formation of 

primordia may not be strictly controlled by glucose concentra-

tion, although undoubtedly affected by it, later development 

may be more intimately governed bl this factor. The retarded 

processes of sporophore development in media with high glucose 

point this way, but further work is necessary before the 

measure of this control can b determined. 

The range o_;' nitrogen sources utilized covered both organic 

and ammoniumo-nitroben, but not nitrate-nitrogen. This result 

was rnth8r intermediate between that of Leonian and eilly 

(1938) who found only organic nitrogen could be used, and 

Voderber, (1948) who recorded that all sorts of nitrogen were 

usable, although organic sources were better. These differ-

ences are not irreconcilable. Leonian and Lilly conducted 

their series of experiments in media adjusted to pH 5.5. 
Results presented earlier show that the presence of calcium 

carbonate greatly enhanced the usability of ammonium-nitrogen, 

presumably by maintaining a favourable pH against the tendency 

for acid drift. If then the Dff drift in unbuffered media, 

initially at about pH 7.3, Was Inefficient to reduce the use of 
ameonium-nitrogen, the relatively low pH of 5.5 might virtually 
inhibit it.  

In the case of Voderberg's result, the basal medium she 

used contained finely ground straw and a little sterilized 
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yest. This medium alone was capable of oupporting some fruit- 

ing and, presumably, vegetative growth, without additional 

nitrogenous material. 	It is therefore doubtful whether the 

increase in fruiting obtained with potassium nitrate (6.4 to 

7.2 on an empirical scale) -eeally indicated its utilization by 

the organism, especially since the extent of fruiting is not 

always a reflection of the extent of total growth. 

Of aaveonium,- and organic-nitrogen sources, certain of the 

latter were the sources most readily used without special 

buffering. It therefore seems likely that it is organic nitro-

genous material, probably of th.e peptone-type, which is used 

in nature, as was suggested by Voderberg (1948). 

The effects of varied concentration of alanine have already 

been discuesed in part, and the effect on fruiting resdlred in 

terms of influence upon date of appearance of sporophore primor-

dia and influence upon individual development (p. 42). 

Plunkett (1953) recorded that the total sporophore yield 

of eollybia velutipes  was reduced, and individual development 

retarded by supra-optimal concentrations of asparagine, although 

ultimately some fruit-bodies matured at all concentrations; there 

was no offect of varied asparagine concentretion upon the advent 

of the first primordia. C.iagopus  however produced primordia 

earlier upon alanine-rich media. 	This effect might be corre-

lated with the greater metabolic rate associated with increased 

alanine concentration, for it was shown that glucose was 

consumed more rapidly with high alanine than with low; in 
addition it might have been because of the earlier depletion of 
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glucose in the medium. Although this was not critical, it 

was at least conducive to earlier fruiting. 

The peculiar response of the yield of vegetative mycelium 

to varied alanine concentration is clearly explicable in terms 

of the transfer of naterials from the vegetative mycelium 

into the developin fruit-bodies. 

It in interesting to compare the way in which varied 

glucose and alanine concentrations acted on vegetative growth. 

Increments of glucose all reduced the rate of radial growth, 

but, between 0.25 and 65, had no very obvious effects on the 

density of mycelium. 	Increases in alanine concentration, on 

the oteer hand, had comparatively little effect upon radial 

growth but increased the density of the colony. 

The interaction of glucose and alanine concentrations was 

not unlike the carbohydrate-nitrogen interaction described by 

Garrett (1953) in connexion with the initiation and subsequent 

development of rhizomorphs of Armillaria mellea. 

Me increase in glucose consumption when alanine concentra-

tion Wee raised may in part account for the production of spore-

phores, when alanine concentration was sufficiently high, at 

what were otherwise inhibitory levels of Oicose, and also 

account for the early fruiting under these circumstances (Table 

X). 

The growth factor requirements of C.lagonus on alanine 

medium were no greater for fruiting than those described by 

Leonian and Lilly (1938) for vegetative growth, i.e. a need for 
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an exogenous supply of aneurin alone. The quantity which need 

be present for fruiting was however greater than that necessary 

for mycelial growth. 	In this respect, and also in that its 

radial growth upon agar was not greatly affected by concentratian 

of aneurin, C. awaaus resembles 0eratostomella fimbriata  

(Barrett and Lilly, 1947). 

The effects of agar have been studied in connection with 

the availability of inorganic nitrogen sources. 	The fact 

emerged that although ameionium nitrate supported growth in a 

wholly chemically defined medium, its availability was greatly 

increased by the addition of unwashed agar or an extract of 

this. 

That agar enabled a number of ftngi to utilize ammonium 

nitrate was recorded by aeonian and Lilly (1938). 

C.lagoDus, the atimulation was attributable to a 

contaminating substance and not to the agar itself, for washed 

agar had reduced beneficial qualities. The stimulation of 

total growth was much less marked with an organic source of 

nitrogen, viz. d1-0‹—alanine. 

In solid media prepared from washed agar, ape', in basal 

liquid media, growth ultimately approached more oa less closely 

that on media containing the contaminating stimulant, or in 

alanine medium, even exceeded it. 	On solid media, fruiting 

also reached a comparable level, but in basal liquid media, 

after the change in vigour described earlier, the level of 

fruiting shoed little sign of approaching that with agar. 

The effect of agar in leading to early and good fruiting 
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aapeared, then, to be partly attributable to the physical 

nature of the solidified medium, and partly to the presence of 

this contaminating substance, insofar as interference with 

either had a particular adverse effect. 

The active substance was probably organic, since ached 

agar and the trace elements tested were without action, or with 

considerably inferior stimulatory effect. 	None of the organic 

acids tented had a comparable action to the agar extract. 

0.151, planing hiquid :,Iedium always supported much greater 

total growth than did Ammonium Nitrate Teiquid Medium. 	no 11 

and other workers (see nell, 1952) showed that Streptococcus  

faecalic had a specific need for d—alanine, in the absence of 

which vitamin B6  became essential for growth, enabling the 

organism to synthesize it, 	7ith 0.1agopus, pyridoxine, which 

has vitamin B activity, had no effect on growth in dl—ac—alanin 

medium. 	On the other hand, ammonium nitrate medium was greatly 

improved by the addition of agar extract, proportionally far 

more than was alanine medium, and agar has been shown to contain 

pyridoxine (aobbins and !1a, 1942). 	It must be added, however, 

that 0.02% yeast extract, which probably contained pyridoxine, 

although in unknown amount, stimulated growth on ammonium 

nitrate medium no more than did aneurin alone. .urther investi—

gations of vitamin deficiencies of C.lagopuo on these two media 

might lead to an understanding of the stimulatory action of 

agar extract. 

Although it has long been held that the production of fruit 

bodies drains materials from a large mass of mycelium (e.g. 
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Buller, 1931, p. 152 et seq.), there seems to be no account in 

the literature o 	s being demonstrated experimentally by 

direct methods. That such a transfer of materials took place 

was suggested by the results of experiments in which the concen—

tration of alanine was varied (Fig. IV), and subsequently 

confirmed directly (Table IX, Pig. VII). 

The sparser formation of aerial mycelium after fruiting 

cot enced (Plate III) was presumably correlated with the 

depletion of materials within the colony by fruit—body formation. 

It is interesting to note that total accretion of fungal 

material apparently virtually ceased during the period of organ—

ization of the fruit—bodies, and then was resumed afterwards 

(see Table IX, and ii g. VII). 

Although in 1;i . VII this effect was at least in part 

accounted for by loss through visible autolysis of sporophores, 

this was not the case in Table IX. 	In a number of other cases, 

attention has been drawn to the low total weight of cultures 

grown in continuous light as compared with cultures of the same 

age grown in darkness (Tables XXII, XXIII, XXVI, XXVIII). This 

difference, too, was not always explicable in terms of visible 

deliquescence of spovophores. It seemed to be correlated with 

the illuminated cultures having maintained fruit—bodies for a 

longer period than those in darkness. 	In other experiments, 

also, fruiting was accompanied by somewhat low total weights  

(Tables VIII and rCK) 

These observations suggest that there was probably rapid 

dissimilation of respirable materials during fruiting, and that 

this tended to counteract the current new growth of the colony.  
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It would be necessary to actually measure the respiratory rate 

during fruiting to test this explanation. 

Such an hypothesis might account for the unexpected result 

that varied aneurin concentration had no significant effect on 

total yield of fungus (Table XIII). 

The finding that C.lagopus fruited on all of the quantities 

of medium which were tested, even as little as 0.14 ml. of 

Alanine Agar (E 7.5 mm. disc), is not necessarily at variance 

with Buller's view that suificient vegetative mycelium to give 

rise to a fruit—body of a certain minimal size is a prerequisite 

of fruiting in the larger fungi (Buller, 1931). It was shown 

that there was great variation in the size of individual mature 

sporophores of C.lagopus, and that the minimal size must be 

very small indeed (less than approximately 0.2 mg. dry weight). 

Since there was such an enormous variation in size of the 

fruit—bodies, it was unlikely that initiation of fruiting could 

be governed by a nutritional mechanism alone. Whereas on very 

small quantities of medium, 0.3 mg, of fungus could give rise 
to mature sporophores, on 20 ml. of medium, far more than 0.3 mg. 

of mycelium was formed in tqe course of two or three days, yet 

usually about ten days elapsed before primordia appeared. Thus 

there was a neriod of vegetative growth during whicly, time either 

specific fruiting substances were formed, or conditions in the 

medium were rendered favourable, or both. The slightly earlier 

fruiting on smaller volumes of medium suggest that conditions 

in the medium played at least some part in determining the onset 

of fruiting. 



-111— 

Although it appears that the presence of adequate intra— 

cellular reserves was not in itself the faebr governing initia— 

tion., it did affect subsequent development. 	The depletion of 

these reserves by developing sporophores affected the Yield of 

sporophore tissue by the rest of the colony. The fact that in 

mushroom beds, Levi of the first formed primordia actually 

mature. Levine, 1922; Hein 1930 b) is probably attributable to 

a similar mechanism. 

It is not clear, however, why in C.lagoplas all of the 

primordia over the surface of a colony should not have developed 

into mature sporophores, taking advantage of what reserves 

were available, unless there was some other mechanism operating 

to prevent this. 

The isolate of C.lagopus used here differed from that of 

Voderberg (1949) in that the initiation of fruiting was affected 

by light, unless the apparent difference in behaviour was attrib— 

utable to experimental technique. 	Unless a sampling process is • 

adopted, the exposure when making observations would be suffic—

ient to stimulate initiation, owing to the extreme sensitivity 

of the organism to light. 

The dependence of fruit—body initiation upon light was 

only partial. If light was withheld, the processes which were 

otherwise hastened by exposure still ultimately occurred, and 

fruiting commenced. This partial dependence did not become total. 

at any temperatures between 10 and 39°C. 

The response of C.laganus to light in this respect was 

different from that of Collybia veluttoes (Plunkett, 1953). 
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The latter fungus was sensitive to the duration of the light 

exposure which it received each day, the yield of sporophores 

increasing to a maximum as the daily period of illumination ws 

lengthened. 	In Pusarium discolor sulphureunr  there was a 

comparable relationship between duration of exposure and abun—
dance of conidia (Bixby, 1925). However, in C.lagopus the 

light effect was apparently of the "trigger" type, the yield 

of fruit—bodies being unaffected by the duration of exposure or 

the intensity of light, provided these were above a certain 

minimum, or by any subsequent sequence of light and dark. 

The extreme sensitivity of C.lagopus to light in ehown in 

oteer connections, for instance, half a minute exposure per day 

being sufficient as a formative etimulue (Stiefel, 1952). The 

sensitivity to colour of light as a fruiting stimulus closely 

paralleled that in connection with formative processes and 

phototropism in this organism (Berries, 1934 b). Insensitivity 

to the longer wavele14gthe so that their effects are similar to 

that of darkness is not uncommon in fungi (Bref ld, 1877, 1889; 

Purvis and Warwick, 1907; Hedgcock, 1906). 

The light perceptive apparatus in C.lagopus was either not 

developed until the culture was about six or seven days old)  

or alternatively the stimulus of exposure before this age could 

not he stored until such a time as the fungus was capable of 

response. 	Normally, as has been shown, the response became 

visible within 27 hours of stimulation. 

The stimulus was clearly not transioceted to parts of the 

colony not exposed to light. 	Because fruiting in certain 
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experiments was confined to single small discs of mycelium in 

the midst of colonies, and materials were concentrated in those 

discs as a result of fruiting (Table X7CVIII), it is more prob—

able that light exposure led to the production of a stimulant 

of fruiting, rather than to the removal of an inhibitor, for it 

is likely that were the latter the case, the influx of intra—

cellular materials would have introduced more inhibitor into 

the (Uses from elsewhere. 

The effects of the age at which fruiting, by appropriate 

exposure to light, is permitted to commence, upon the distribu-

tion of primordia and mature sporophores (Plate V) is an aspect 

which would repay further investigation. The limited data at 

hand suggest that the distribution was governed to an extent by 

conditions in the substrate, and that primordia could be produced 

under conditions which were not necessarily favourable for 

their further development. 

Bad aeration led ultimately to the growth of mycelium and 

of fruit—bodies becoming virtually inhibited, the shape of the 

sporophores suggesting the progressive deterioration of condi—

tions. The actual loss in weight as the cultures aged was undoub 

tedly the consequence of anaerobic respiration. 

Relating these results to Klebs t  views on fruiting in fungi, 

it is clear that in general they conformed to the principles 

which he set out, except with regard to whether or not conditions 
favouring reproduction were always more or less unfavourable for 

vegetative growth. Since fruiting removed intracellular 



materials from from the vegetative mycelium, it could not be 

determined by measurements of weight whether vegetative growth 

at fruiting became reduced. 	Using radial growt1 as an index, 

it is shown by Fig. IV that the onset of fruiting did not 

necessarily coincide with a reduction in growth rate. 

It has also been shown (Fig. VII) that if fruiting was 

prevented simply 	vithholding light, growth in terms of 

radial extension and increase in weight continued at a uniform 

rate even though the conditions in the medium were favourable 

for fruiting, as was shown by the eporulation of the parallel 

series of cultures exposed to light. 

On the other hand, the glucose concentration which was 

optimal for fruiting was clearly not the most favourable for 

vegetative growth. 

Plunkett (1953), in respect of the response of Oollybia  

velutipes to sucrose concentration, questioned the consistency 

with which this Hymenomycete also conformed to t is principle 

of Klebs. 



P. SUMMARY 

1, Of those tested, the best sources of oarbon for growth of 

C,lagopus were the carbohydrates, viz., glucose, fructose) 

maltose, xylose,cellulose, and starch, Some carbohydrates 

were not used, e.g. sucrose and raffinose, while galact-

ose and lactose were inhibitory. Growth with non-carbo-

hydrate carbon sources was poor. 

2. Galactose in the presence of 0•Vg glucose stimulated and 

led to zonation of' vegetative growth. 

3. The optimal glucose concentration for vegetative growth 

was higher than that for fruiting,Conoentrations above the 

optimum for fruiting delayed or prevented sporophore 

initiation. A ei ther the °on oen trati on of reducing sugar 

nor the quantity of vegetative myoelium in particular 

media at the onset of fruiting were critical. 

4. Ammonium salts and certain organic nitrogen sources were 

utilized; nitrate-nitrogen was not used. 

Alanine concentration affected yield of mycelium in a 

manner explicable in terns of an experimentally demonstr‘-

ated transfer of material from the vegetative mycelium 

into developing sporophores. Increases in alanine oono- 

eritration increased glucose consumption and hastened 

fruiting, but above an optimum had adverse effects on 
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individual development and total yield of sporophores. 

' increases in either glucose or slanin.e conoentration 

tended to counteract the adver offoots of supra-optimstl 

concentrations of the other. 

Aneurin was essential/ for E:rewth erLd fruiting. 

Of several organic acids tested, only acetic acid 

improved. exowth. 

"). Neer stimulated growth end fruiting. in extractable cont. 

aninating substenoe, probably orgenio, was raostly respon 

Bible for this action, el thous*. the solidification with 

agar itself affected fru i tin?. 

10. :.iporophores matured on all v6ltenes of media tested. Inor 

eased volume delayed fruiting srid led to proportional 

increases in yields of verTetative mycelium, eporopllore 

tissue and to some extent of aporophors size. 

U. Fe4itinE ri as hastened by very mall exposures to light of 

appropriate colour. ,his sensitivity first appeared in 

cieltares 	eees olr.--1.ruiting in response to light expos- 

ure ao rotriotet to exposed parts of the colony. 

12, she yield of fruit-bodies was unaffected by excess lirht 

exposure or subsequent light treateents. 

13. 3rowth and fruiting were optimal kt r °  C. 

14. Poor aeration led to arrested proett, and abnoreal fruitier-. 
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