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ABSTRACT

The life cycle of Neocosnmospora africana was studied from single

spores. These uni sporous cultures devel oped to yield mature perithecia.
The fungus was found to be honothallic.

Medi a contai ning different carbon sources were tested for the
ability of the fungus to maintain growth on them Al carbon sources
tested supported the growth and sporulation of the fungus. O the
different nitrogen sources tested, vegetative growh was obtai ned on
all while sporulation occurred on all nedia except the one contai hi ng
ammoni um sul phate as a result of changes in hydrogen-i on concentration
despite the heavy buffering of the medi um

Repr oduct i ve nor phogenesi s of the fungus was studied from
surface static cultures on liquid gl ucose asparagi ne nedi um
Production of conidia occurred following the establishment of the
nycel ium Devel opnent of perithecia in the same culture occurred
much later following decline in growth rate and nutrient depletion.

The ascogoni umwas found to be a coiled hyphal branch. The
uni nucl eate and bi nucl eate cells of the ascogoni um becore surrounded
by hyphal cells that devel op fromadjacent stalk cells. Gowh of
the peritheciumis caused by the divisions and enl argenent of cells
of hyphae surroundi ng the ascogonium Meristenatic cells in the
api cal region of the young peritheciumgive rise to an ostiole |ined
by peri physes.

The centrum conpri ses the ascogoni um and its descendant

structures. The asci and evanescent paraphyses are borne on a



slightly convex hynmenium restricted to the basal central part of
the centrum The perithecial cavity increases fromthe deliquescence
of the inner pseudoparenchynatous wall s.

The asci devel op fromthe ascogenous systemw thout crozier
formation. Asci are double walled, cylindrical structures and are
characteristically 8 - spored. Two successive nitoses in each
ascospore followed by cell divii3ion synchronise with the maturation

of the spores.



I. INTRODUCTION

Neocosmospora is a genus of the Nectriaceae, 5o far three

species of this genus have been reported - ﬁ. vasinfecta.ﬁ, africana

and N, ornamentata.

N, africana is an inconspicuous saprophytic member of the soil

mycoflora. Apart from the works of Barbosa (8 on the laboratory
culture of the fungus; and of Batista et al (11), there has been no
work done on the species.

In this work an attempt has been made to study the life cycle
with emphasis on cultural as well as ontogenetic studies of this
organism,

The germination of the spore was studied to determine the
effect of envirommental factors, The carbon metabolism of the fungus
has been investigated to determine the sources of carbon on which the
organism can be safely cultured, Robbins (1937) classified fungi
intc four groups on the basis of the nitrogen r-urces utilised by
these fungi. The nitrogen metabolism of the fungus was investigated
to find out where the organism fits in this scheme. The vitamin
requirement of the fungus was also determined.

The effects of the physical factors - light, temperature, and
hydrogen-ion concentration on growth and sporulation were also
investigated, Lilly and Barnett (£7) have stated that vegetative
and reproductive growth are affected by slight variations in

environmental factors. These investigations were conducted to verify



this in the orpganism and determmine the optima for the different
phases of its prowth,

The morphogenasis of the fungus has been investigated following
¢logely the behavioﬁr of the myc¢ellum starting from a single spore.
The development of gexual spores has heen studled using various
media and employing different techniques,

Every effort hag beon made to illustrate the pertinent points
with the best evidence obtained., These.details arc reported as

reveeled by light microscopy,



1 & REVIEW OF LITERATURE

Neocosmosgora .africana is an Ascomycete {Ascomycotina of
Ainsworth and others, 1973) belonging to the Order Hypocreales of
the Series Pyrenomycetes,

The Hypocrcales is an order of fungi characterised by the
presence of perithecia and sustaining or enclosing stromata, when
present, that are brightly coloured, The ®rder shows close
paisllelism to the Order Sp}ue'riaial in the perithecial fom and
arrangement but are customarily distinguished from one another by
the consistency of colour of the perithecia,

It has bheen contended (14) for long that the colour and con-
sistency of the perithecium or stroma are not satisfactory as a
basis of distinction of the two orders; and that the structure and
mode of development of the perithecium are by far of greater value
in determining true relationships, Presently, there have been
rather few studies of the development of perithecium in the series
Pyrenomycetes to provide enough taxonomic data to clarify this
ordinal segregation.

Tho Hypocrealean fungl are grouped into three families - the
Nectriaceae, the Hypocreaceae and the Clavicipitaceae,

The genus Neocosmospers belongs to the family Nectrilaceae

characterised by the followlng features: & true perithecium with or
without a stroma and brightly coloured; ascospores are one to nany -

celled, ellipsoid to eylindrical in shape (14}, The other genera



reported in the family include Nectria; Gibberella; Sphaerostilbe;

Scoleconectria; Thyronectria,

In the genus Neocosmospora, so far only three species have been

reported in mycological literature - Neocosmospora vasinfecta,

N. africana, and N, ornamentata, All are saprophytic fungi or at
best, facultative saprobes.

N, vasinfecta has been reported to be a mild patl-ogen of a wide

range of tropical crop plants - having been found to be the causal
organism of the false wilt of cotton (74); concerned in the etiology

of gram wilt of Cicer arientinun (1>: It has also been associated

with infection in the destructive root rot of Cyamopsis tetragonoloba

(93). Though the fungus was reported not to be directly lethal, it
was found to be the cause of the drooping and flagging in some of
the leaves., N, vasinfecta has been reported to be infrequently
isolated from the rhizosphere microflora of diseased palms (81); in
the rhizosphere of pigeon pea (1); and from diseased materials of

Cyamopsis tetragonoloba (93), though no pathogenicity was established.

Neocosmospora africana was first isolated from soil samples from

Rietvlei near Pretoria and identified by von Arx in 1951, and later
from a soil sample he received from the Zalre in the same year. The
first record of its occurrence ocutside Africa was in Japan in 1958

{102), It has also been reported as a member of the soil microflora

in Portugal (11). Its occurrence here in Samaru has been recorded



in the rhizosphere mycofloran of Arachis hypogea (63)  and , there

have heen undocumented reports of its isclation from soils in Kano
in 1968,

In all the casey, no pathgenic tendencies have been estabiished
for §. africana, the organism living saprophytically among the soil
microflora, It has been reported by Batista and others (11) to
produce growth promoting substances of the auxin type in the soil,

H. ornamentata, the most recently reported species of the genus,
waz first isolated from stored groundnuts from Portuguese Guinea
(the now independent state of Guinea Bissau) and it was implicated
as one of the fungi contributing to the degeneration of seed and oill
guality in stored groundnuts (7).

The saprophytic nature of these tirge gpecies of Neocosmospora

explains thelr wide distribution in nature as in all saprophytic
fungl and unlike parasitic fungi that are restricted in their
distribution to their hosts,

Barhasa (8) succeeded in culturing the three species on semi-
synthetic media. Generally, saprophytic fungi can be cultured on
synthetic and semi-gynthetic ag well as natural media thoupgh the
composition of such media varies slightly from one organism to
another. The compeosition of a synthetic medium is precisely known
while that of a semi-synthetic medium is not known because of the

prasence of certein substances of unknown chemical composition,



Though the composition of natural media is not known, they have
been found to be the best for the cultivation of saprophytic fungi
(23, 57), Synthetic media have been found to be the most useful in
the laboratory studies of fungal nutritional requirements although
they have been proved to be the least favourable for the laberatory
cultivation of fungi,

The eesentinl features of 3 culture medium that can support
the growth of a funpgus include the presence of a source of carbon,
a source of nitrogen, essential mineral elements, available in
utilisable forms, and in some cases, vitamins. Compounds that serve
as earbon sources for fungi cover the whole range of orpganic compounds
known, from simple sugars to complex polysaccharides. No single
carbon source has been known t¢ be available to all classes of fungl
althourh certain compounds such as glucose and fructose are utilised
by most fungi, The sbility to utilise-l'i'_.-compound a8 a source of

carbon 1s an intrineic feature of the organism demonstrated by the
sbility to secrote .

. * the necessary enzymes to digest the compound (79).
Ao - e -

Sources of nitrogen utilised by fungi ranpge from atmospheric
nitrogen to all known nitropen containing compounds of both orranic
and inorganic nature, Several workersa (57) have classified fungi
into four main groups based on their ability to utilise different
sources of nitrogen as follows: group one - those fungl that are
able to utilise atmospherie nitrogen, nitrate nitrogen, ammonium

nitrogen and organlec nitrogen; group two = those fungl that are able



to utilise nitrate nitrogen, ammonium nitrogen and organic nitrogen
but not able to utilise atmospheric nitrogen; group three ~ fungi
that are able to utilise ammonium nitrogen and organic nitrogen but
not able to utilise nitrate nitrogen or atmospheric nitrogen; and
group four -~ fungi able to utilise only organic nitrogen, With the
exception of the few fungi able to fix atmospheric nitrogen, growth
and development of fungi fail to take place in the absence of
nitrogen in the medium, In addition, sporulation and conidial
characteristics of many fungi are influenced by nitrogen (98).
While the nitrogen supply of a funpus has a less specific effect
than carbon supply on reproduction, the ratio of ecarbon and nitrogen
has been shown to be important (47).

Not all funpgi require the introduction of vitamins into the
medium before they can grow, Most species of Aspergillus,

Chaetomium globosum and Neocosmospora vasinfecta have been reported

to be self-sufficient with respect to vitamins while Phycomyces

blakesleeanus has been reported to be thiamine deficient (57).

Fungal cultures can be maintained on either solid or liquid
media, In these cultures, growth of the funpgus is limited by:

(1) the relatively small size of the culture vessel
resulting in a barrier effect;

(11i) the release into the medium of autoinhibitory
metabolites, staling substances;

(1ii) the depletion of nutrients in the culture medium,.
A group of mycologists and plant pathologists has subscribed to the

concept of unlimited growth if these limiting factors were removed (39)



though Gottlieb (1971) has continued to question the concept as a
result of his researches on the ageing of cultures.

Growth of fungal cultures is estimated by one of the following
methods: visual estimate, measurcment of linear growth as by
measuring the diameter of culture or using the Ryan tube - suitable
for solid media cultures; the measurement of the dry weight of
mycelium has been the most convenient method for liquid media cultures;
cell count, cell volumes and turbidity determination for unicellular
fungi,

Environmental factors influencing growth and development of
fungi include temperature, moisture, light, hydrogen-ion concentration,
and the concentration of nutrients, Apart from these external
influences, internal factors play an equally sicvnificant role in
determining the rate of growth of the fungus because these external
factors act only by modifying the internal environment, The internal
factors include age, penetic composition and the previous history of
the fungus,

Temperature affects the three differcnt phases of growth of
fungi - spore germination, vepetative and reproductive growth, For
each of these phases of growth, three cardinal temperaturcs - minimun,
optimum and maximum - exist. Similarly there is a range of hydrogen~ion
concentration between which any of these phases of growth can oecur,
These two factors, temperature and pH, have bheen found to affect

the morphology in certain fungi, Thermal dimorphism has been reported



(108) in the human fungal parasite, Blastomyces dermatitidis in

culture, Dimerphism caused by c¢hanges in pH of the medius hns boeon

reported for the coprophilous fuagus, Sordaria fimicoln; chemienl

influences in the media have been variously reportea as belap
responsible for the cause of dimorphism in many unrelatod spccies
and genera (57, 108). In the breaking of dormoncy in certaln speres,
chemical influences have been implieated (23, 47, 29, 96),

Despite the concept of minimum temperatures, many fungal cells
romain viable after prolonged exposure to subzero temperatures,
Spores of N, vasinfecta have been reported {80) to remain viable afier
two years freezing in water,

Many fungi are affected by light and the effect of light on
fungi fall into two main categorles! morphogenetie effects in which
light induces or inhibits the formation of a structure; nnd the non-
morphogenetic effects in which light influences the rate or dir~stion
of movement, or growth of a structure, or the ability to synthesilze
a compound {22, 47, 53, 73), Light has been reported to ‘r:iflunnce
the size and shape of spores amd gpore = brearing strvciuros; romo
funpi heve an absolute requirement for light for sporulation nnA
these fungi belony to various elasses of fungi., Truit bodins of
many fungi are initiated in the dark but develop abnormally unless
exposed to light. In some funci, light effeét induces the pro-uction
of alternating zones of sporing and non-sporing hyphae, due to

diurnal periodicity of light and darknesszs, Sporulation has beon



reported to be depressed or completely inhibited by light in some
fungi,

In the life cyele of sll true fungi, the spore germinates
producing erm tube which develops into the fungal thallus,
Reproductive growth closely follows vegetative growth of the fungus,
Though the production of sexual spores is common in the higher fungl,
it is not characteristic of all,

Pifferent mating mechanisms are involved in sexual reproduction
of many fungi., In the phycomycetes, the general impression of a
common homomictic process occurring with chonce cross-fertilisation
wag nullified by the establishment of the occurrence of a more
precise determination of sexual expression in the genera Allomyces

and Blastoeladiella by Machlis in 196G and was further corroborated

by an increasingly sophisticated system of physiological regulation

in Achlya bisexualis by Raper in 1966 (17, 83),

In sexunl reproduction in the Ascomycetes, sexual mechapisms
are easily understood for fungi that can be easily cultivated in
vitro because in the class as a whole, dimixis and homomixis are
common, Different types of ascocarp are produced in the class,

But whatever the form of ascocarp, they develop in basically the
same way Irom an ascoponium which 18 a specialised branch of a
hypha. The nature of this ascogonium varies within the class, The
ascogonium &ould be an coronium or a spirally twisted branch, The

occurrence of an antheridium s not universal in the classgs and the



varioys structures that have been found to function as antheridia
range from spermatia to mieroconidia, conidia, vegetative hyphae

to undifferentiated cells, The events leading from the further
growth of the ascogonium to the formation of an ascogenous system
and ascl have bheen varicusly considered of great phyllogenetic
signifieance in the taxonomy of ascomycetes (13 16; 21; 24; 25; 26;

28; 38; 89; 101; 105).
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MATERIALS AND METHODS

A, CULTURE OF FUNGUS

1. Qrigin of Culture:

The culture of Neocosmospora africana used in this research was

obtained from Dr, C, A, Thomas of the Department of Biological
Sclences, Ahmadu Bello University, ZARIA,

The fungus was subcultured on Potato Dextrose Agar and
incubated at 2800. Parithecla developed and matured in the sub-
culture. From this subculture, a single ascospore was 1solated and
used to inoculate a fresh sterile Potato Dextrose Agar medium, The
resulting uniasporous culture provided the source of the inocula used
in all the investigations conducted in this study.

2. Preparation and Maintenance of Pure Culture:

Use of single Spore cultuires was necessary in order to ensure
the recovery and purification of the fungus and more essentially in
the establishment of the operative mating system in the fungus,

The single spore was obtained from a culture on s0lid medium
cantaining mature perithecia - mature perithecia appear brown when
seen enmazse, These perithecia were scraped ocut from the medium
into a 3 inch centrifuge tube containing sterile distilled water,

The resulting suspension of the perithecia with ascospores was
centrifuged for 10 minutes at low speed (3,000 r.p.m.), This speed
was found to be sufficient to cause the breaking of the perithecia,

setting free the ascospores and bringing about the settling of both



ascospores and empty perithecial walls at the bottom of the tube
under centrifugation. By gently shaking the tube, the ascospores
were brought back into suspension with the empty perithecial walls
moving up to the top and easily decanted off, A dilution mcthod was
adopted to obtain the single spore,

The final dilution containing about twenty ascospores per
millilitre of spore suspension was poured into a plate of sterile
solid medium and rotated gently to ensure a fairly even dispersion
of the spores. Ethanol was used as a wetting agent, 0.2% of ethanol
in water was found to give good results, The culture was incubated
at 2300.

The spores germinated by production of germ tubes after twelve
to fifteen hours of incubation and could be observed under the
microscope, Isolation of the germinating single spores was done by
applying a simple semi-mechanical device. This involved observing
with a microscope and using a small flattened neadle to remove a
very small bit of agar with a single germinating spore and trans-
planting the spore on a fresh plate of sterile solid medium, This
unisporous culture was incubated at 2800 and the culture thus obtained
provided the fungal material used in this research.

Isolation of a single conidium was done using a very young
culture - a culture that had not shown signs of perithecium maturation
was most suitable, A four to six days' old culture on solid medium

was used, 10 ml, of sterile distilled water was introduced into the



culture and the dish gently rotated to allow the water to mix into
the culture, By this, most of the conidia were dislodged from the
short conidiophores into the water, The conidial suspension obtained
wag poured into a sterile test tube. A single conidium was obtained
by serial dilution,

Wherever inoculation with single spores are mentioned in the
text, these single spores refer to single ascospores, unless other-
wige stated. All investigations conducted on solid media were
inoculated with single spores., Liguid media were inoculated with
a drop of atandard conidial suspension prepared such thet cach drop
contained 50 -~ 60 conidia, Except where otherwise stated, these
concentrations were maintained,

3. Media:

Both solid and liquid media were used in most of the investiga-
tions, though in the studies of the nutritiomnal requirements of the
fungus, liquid synthetic media were exclusively employed as thera
was need to know with precision the composition of the media in each
cage, The followilng moedia were used for growing the fungus, Unless
otherwise stated, all the chemicals used for the media were of
analytical reagent quality.

a) Potato Dextrose Agar (PDA)

Potato 200g
Agar (Oxoid) 20g
Dextrose (Glucose) 15¢g

Water to 1 litre



i

The peeled potato was cut into small chips and was bolled with
500 m1. of distilled water for 15 minutes and potato extract obtained
by straining off the chips using muslin ¢loth, The.extract was made
up to one litre by adding more distilled water. 20g of agar was
weighed out and stirred into the hot extract, heating and stirring
maintained by heating on & magnetic stlirrer - hotplate, 15¢g of
D-glucose was disgsolved in the medium. The medlium was then charged
into 250-m1 "medical flasts" through a funnel, filling the bottles
to within one inch of theilr shoulders, Into each of several
M¢ Cartney bottles, 10ml. of modium was measured out using an
automatic dispenser, The bottles were closed with loosened caps
for sterilisation,

b) Malt Extract Agar (MEA)

Malt extract (Oxoid) 20g
Agar (Oxoid) 20g
Mycologiecal peptone (Oxoild) Sg
Distilled water to 1 litre

The components ware welghed out and stirred into one litre of
distilled water heated on & magnetic stirrer-hotplate to get a
fairly homogenous mixture. The medium was charged into "medical
flats" and Mc Cartney bottles and sterilised,

) Glucose - Asparagine Medium

D-glucose log
Asparagine 2g
KH2 P04 1g

Mg804 7H20 0.5¢



Trace element soln, 2ml
Bilotin _ 5 ug
Thiamine : 100 ug
Distilled water ta 1 litre

The trace element solution was made up as shown below,

Trace Salt Amount in mg, of trace element/

eloment Used EE{litre ml of final solution
& :r L ] 0. 2

Iron Fe(N03)3 9H20 23.5

Zinc Zn304. 7H20 439.8 0.2

Manganese Mn804. 4H20 208 0.1

The three salts were dissolved in 600 ml of distilled water and
sufficlent chemically pure sulphuric acid was added to yield a clear
solution and the solution was made up to one litre by adding more
water. 2ml of this troce elements solution was added to a litre of
the pedium,

Stock solutions of the vitamins blotin and thiamine were made
up in 20 per cent alcohol, Biotin solution was made in the con-
centration of 5 ug per millilitre; and thiamine in the concentration
of 100 up per miliilitre, These solutions were stored in the
refrigerator when not in use,

Agar was added at 20g, per litre of medium when a solid medium
was required. 30ml of the liquld glucose ~ asparagine medium was
dispensed into each 250 - ml Erlenmeyer flask after the adjustment
of the pH of the medium to the desired level and each flask was
Plugpged with cotton. The flasks were then sterilised by autoclaving

at 1.03 x 105 Newton/metre2 pressure for fifteen minutes,



4, Culture Vessels:

For obtaining unisporous culture, 9cm diameter petri dishes
were used, In the study of spore germination, the spores (conidia
and ascospores) were separately incubated in drops of liquid media
on storile pglass slides and the cultures were maintained in a high
humidity chamber (petri dishes with wetted filter papers) to avoid
the drying out of the media. Cultures for studying the nutritional
requirements of the fungus were grown in 250=ml Erlenmeyer flasks
containing 30 ml of liquid medium. The developmental morphology of
the funpgus was also studied from all_the cultures used,

S. Maintenance of Stock Culture!

After the establishment of a unisporous culture, the fungus was
grown on slopes of malt extract agar (MEA) medium in Mc Cartney
bottles and incubated at 28°C., After 14 days of incubation, culture
bottles were tightly capped and stored at 300. Occasionally sub=-
cultures werc made from the stock cultures,

B, pH of media:

The pH of all media prepared was adjusted to 6.0 (unless other-
wise stated) bhefore autoclaving by adding drops of 6N NaOH or 6N HC1
to avoid unnecessary dilution before dispensing the media 1into
bottles and flasks., The pR of each medium was determined again
after autoclaving using replicate portions of media and the pH so
determmined was regarded as the initial pH. Where certain initial

pH values were required and changes in pH occcurred following autoclaving,
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the volume of 1 N HCl or 1 N NaOH reguired for adjusting the pH to
the desired point was determined. This volume of sterile acid or
base was then added to the medium in the flask in a sterile chamber
prior to inoculation,

In the experiments to determine the effect of hydrogen-ion
concentration on growth in which there was need to maintain a constant
pH in the medium throughout the period of ohservation and in which,
naturally, the pH continued to change with growth despite the heavy
buffering, the cultures were brought to the initial pH in each cnse
every second day by odding NaOH or HCl; the volume of acid or base
required was detemined by harvesting replicate flasks, detemining
the pH of the filtrates as hefore with the pH meter and recording the
volume of base or acld reguired to adjust the pH to the initial
level,

Te Stcrilisation of glassware and media?

Glasswares - petri dishes, pipettes, test tubes, ete, were
sterilised using dry heat in a hot air oven for 3 hours at 180°C.

Sterilisation of media (both solid and liquid media) was done
by steam heating in an autoclave at 1.03 x 10° Newton/metre2 of
pressure for 15 minutes., In the experiments invelving carbon
sources that breoakdown on autoclaving in contact with phosphate, the
media were sterilised with the aid of a microfilter using Oxolid
filter membranes, Before using the microfilter, the unit was first
wrapped in aluminium foil and sterilised by autoclaving, Contamina-

tion by bacterial colonies was checked by the addition of streptomycin



- 1% -

at 50 parts per million to the nedium, when required.

8, Inoculation and incubation of cultures!

The inoculation of media was carried out in the inoculation
room} sometimes the inoculation chamber was used after helng
storilised, The inoculation room was sterilised with UV light for
20 minutes,

Plating of solid media was carried out in the inoculation room
always,

Except where otherwise stated, solid media were inoculated with
gingle spores and incubated at 2800. Liguid medin were inoculated
with one drop each of the standard conidlal suspension (a drop was
standardised to contain 50 - 6C conidia), or with hyphal strands
where accurrate comparative results were not 1lnvolved and incubation
was carried out at room temperature (unless otherwlse stated),

B. MEASUREMENT OF GROWTH

The determinatiecn of the percentage permination of spores on
8lide cultures was carried out at 2-hourly intervals by examining
each time six slide cultures miecroscopically, A spore was regarded
as gemminated if the germ tube produced was at least as long as its
diameter, In making observation on each culture, three hundred
spores were counted and the percentage of germinated spores based
upon this total number counted. The result of each observation was

calculated as the average from the results of the six readinga.
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Measuremént of vepetative rrowth in both solid and liquid
media was made at intervals of two days, On solid medium, vegetative
growth was measured by determining the increase in cultural diameter
every two days,

Growth in liquid medium was estimated as dry weipght of mycelium
produced. This was done by making regular periodic harvests of the
myceliun from six culture vessels, These harvests were made by
filtering off the mycelium using clean dry c¢loth, drying the cloth
with the mycelium in an oven at 6000 for 48 hours and determmining
the dry welght of the mycelium using & sensltive Mettler balance,

Determination of density of perithecla production in solid
media was done by taking a number of counts of the perithecia in
arbitrarily chosen microscope fields and calculating the average,

C. STAINING

In the routine observatior. of mycelial tissue cotton blue in
lactophenol was used, In studying the developmental morphology of
the fungus, fungal materials at various stages of development were
fixed in certain fixatives prior to staining.

{1) Acetic alcohol containing 3 parts of ethyl alcohol
and 1 part of {glecial acetic acid,

(11) Lu's BAC fixative comprising 9 parts n - butyl
alcohol; 6 parts acetic acid; 2 parts chromic acid
{10% aqueous).

(111) 6 ports ethyl alcohol; 1 part acetic acid; 1 part
lactic acid,



HC1 - Giemsa staining

Tufts of mycelium were fixed in acetic alcohol for 30 minutes,
Tha mycelium was removed from the fixative, rinsed briefly in 70%
alcohol, rinsed in two changes of distilled water and hydrolysed for
10 minutes in 1 N HCl1 at room temperature, Young perithcecia were
hydrolysed for 8 minutes at 60°C in 1N HCI.

After hydrolysis, the mycelium was placed on a clean slide and
rinsed with several changes of distilled water and was next flooded
with freshly prepared phosphate buffer, pH 7.2, The mycelium was
teased out and the perithecia crushed with glass r~d, Excess buffer
was removed with absorbent paper, Two drops of fresh buffer were
placed on the crushed material and a drop of undiluted Giemsa stain
stock solution prepared as described by Ward and Ciurysek was added,

Staining was done for 25 - 30 minutes after which the material
was rinsed with several changes of water and buffer respectively.
Differentiation of nuclear detail was accomplished by absorbing
excess buffer from the slide and adding a drop of aqueous 3% potassium
hydroxide. The material was spread after adding a covership by
tapping the coverslip with an eraser,

Composition of stain used

Giemsa stain

Giemsa stain powder 3.8g.
Glycerine 250m1,
Pure methyl alcohol 250m1,



Iron - Haematoxylin staining

The use of this stain was based on the simplified proplonic-
iron alum=-haematoxylin stain of Henderson and Lu (1968).

Two stock solutions, A (stain solution) and B (the mordant)
were necded, Solution A matured after beinpg kept for 8 - 9 weeks
when the colour chanpged from light-yellow to dark-brown and staining
properties were much greater,

Freshly made stain was used by mixing equal volumes of both
stain and mordant and allowing the mixture to stand for about 3 hours,
The mixture was then filtered and used for staining the fungal
material which has been fixed in Ju's BAC fixative, With ripened
stain, tho stain was used as both fixative and stain, The iron
mordant needed was furnished by the iron mounted needles used,

Composition of stain used

Iron haematoxylin stain

Solution A - 2% (W/Y) haematoxylin
Solution B - 0,5% (W/V) iron alum

Both solutions were prepared in 50% propionic acid.

Feulgen - carmine technigque

The fungal material containing young perithecia was fixed for
10 minutes in acetic aleohol, Fellowing fixation, the tissues were
run down rapidly through a series of alcohols to water and washed
thoroughly; treated with snail stomach fluids for 30 minutes and

then rinsed in water; immersed in cold 1N HC1 for 5 minutess
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hydrolysed in 1IN HCl at 5000 for 5 minutes; placed in leuco basic
fuchsin for one hour. The asci were teaged apart with steel needles
in a drop of propionocarmine, a cover slip applied, and the slide
gently warmed,

Composition of stains used

Leuco hasle fuchsin 0,5g
Water ' 100m}
Normal hydrochloric acid 10m1
Potassiumn metablsulphite 0,5g
Charcoal _ 0.5
Filter

Propionocarmine

Carmine powder 0. 5¢
45% proplonic aeid 100ml
Saturated ferric acetate : 3 drops

For a more detalled study of the nature of the centrum, microtome
sections were taken with the f{reezing microtome, Sections 10 microns
angd 12 microns thick were taken end stained with iron - haematoxylin
stain and by the Feulgen - carmine technique, Iron -~ haematoxylin
gave the best results for the study of the development of the

perithecium,

PHOTOMICROSCOPY

'Wild' M20 microscope was used for most observatlons. Photomicro=-
scopic egquipment consisted of a4 Reichert (Olympus) microscope with
Olympus Model BPM - 7 camera attached, Photographs were taken with

Il ford FP4,



I¥. EXPERIMENTS AND RESULTS

EXPERIMENT 1

Spore Germlpnation:

This experiment deals with the morphological changee which take
place when the spore, is transformed to a morphologically different
structure as secen with light microscopy and the environmental factors
regponsible for the same, Hore emphasis is placed on the effect of
these factors on the observed germination,

It 1s important to note that though the emergence of the hyphal
germ tube has been used ag the main criterion since it is the most
obyipus morphogenetic event in spere germipation, it is the last
point in a whole sequence of development.

Ascospore8 of different ages were used in the investigation, 4 weeks,
8 weeks, 12 weeks and 15 weeks old spores. Liquid glucose-asparagine
medium was used and the sporces were lncubated on drops of medium on
glass slides at various temperctures; and at different hydrogen-ion
copcentrations; and under different nutrient conditions.

The effect of humidity on spore pgermination was investigated
by setting up three humidity chambers:t

{1) a dessicator containling water to provide a Relative
Humidity of 94% at 30°C;

(11) a dessicator containlng fused calelum cloride to provide
a Relative Humidity of Zero per cent at 30°C;

{1i11) a dessicator containing none of the above but only the
slides with the spores to give & relative humidity of
68%,
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Messurement of relative mumidity was done using a Negrettil and
Zambra Paper Hygrometer, Each humidity chamber contained six slideé
on which the spores were spread, The slides were examined micro-
scoplcally after 18 hours of incubation at 30°C to determine the
percentage permination.

The effect of oxygen on spore germination was determined using
two belljars set up as follows:

(i} the first belljar enclosing the slide gultures of

the 2pores and a small beaker containing 20ml of 3M
pyrogalloel; and

(11) the second belljar (control) containing slide

cultures of the spor¢s. Ohservations were made after
20 hours of incubation at room remperature.

The elfects of two metahbolic inhlbitors, potassium fluoride
and sodium azide, on the changes of spors morphology leading to
germination were studied by incorporating these separately in the
media. Sodium azide (Na Né) was used in the concentration of
1,0 x 10" M while potagsium fluoride (KF) was used in the con-
centration of 1.0 x 10"4 M,

Ascospores and conidia showed slightly differsnt requirementa
for germination, The ascosporss neither germinated nor swelled in
distilled water. In the absence of a carbon source in the medium,
ho germination of ascospores was obtained. No germination of
ascospores cocurred also in the absence of a nitrogen source {(Table I),
Complete gluecose asparagine medium did not provide the best medium

for the gormination of the ascospored as sceen from the results

presented in Table I, Omission of either potassium dihydrogen
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TABLE 1 ¢ EFFECT OF OMISSION OF NUTRIENTS I'ROM GLHLOSE-ASPAHAGINE
MEDIUM ON ASCOSPORE GLEMINATION

(Temperatures of incubation were 30°C and 3500)

% Germination after 18 houra
MEDIIM
30°C 35%
Glucose~aspararine (Gi) g 55
GA minuz glucose : o 1.2
GA minus asparagine 0 0
Gh minus KH2P04 27 97
GA minus MgSO4 7H20 29 98
GA minus salts 3.8 56
Distilled water o 0

The composition of the media was the seme except for the omission
of the nutrient indicated,

orthophosphate or magnesiuvm sulphate in the medium resulted in a
high percentage of germination. The omiasion of one of these salts
accounted for an increase of up to 42% germination above that of the
complete medium, Though ascospores germinated in the complete
aehsence of saltsa, the percentare as well as the total germination
were found to be very low,

Agcospores required the presence of an external carbon source
for germination to occur. In the complete absence of a carhon
souree, scarcely any germination was obtained. Total germination
obtained at 35°C after 24 hours of incubation in the absence of a

carhon source was 1,5%,
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The need for a carbon source for the germinatioﬁ of the
ascospores was not specific. When disaecharide or | starch
weg provided as carbon source in the medium, germination of
ascospores occurred (Tabhle II) without any significant difference

in the amount of germination obtained with the different sugars,

TABLE II : EFFECT OF DIFFERENT CARBON SQURCES ON ASCOSPORE

GERMINAT ION
MEDIUM * % Germination after 24 hrs, at 35°C
Glucose - asparaglno 62,0
Sorbose - psparagine 59,2
Sucrose - asparagine 65.0
Maltose - sasparagine 61,1
Lactose - asparagine 64,0
Starch =~ asparagine 39,3
Cellulose-asparagine 1.4
No earbon source 1,5

* Carbon gources wore uwged in the quantities to furnish 4,0g of
carbon per litre of medium.

A lower percentage was obhtained on starch -~ the carbon source being
responsible for the drop of about 22% germination. Provision of
cellulose as carbon source proved to be as good as not having any
carbon source at all in the medium, This i3 no doubt, a solubillity
effect and absence of the necessary enzymes at this stage te act on
cellulose,

Production of germ tubes began after 1] hours of incubation bhut
not ecarlier than this at the optimal temperature of incubation. In

the presence of either potassium dilhydrogen orthophosphate or
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ngination of ascospores occurred over bha BH Mange 3.1 10

9.4 with the highest percentape germination nbtained between 5.0 and
6.0, This optimum did not seem to depend on the medium as the same
values were obtained on the three mediag complete glucose-asparngine,
glucose-asparagtne without KH2?04. and glucose-asparagina without
HgSO4 7u20.

No germination of ascospores occurred in the high humidity
chambers, or in the chambers containing pyrogallol to absorb any
available oxygen. In the cultures containing the metabolic inhibitors,
potassium fluoride and sodium azide, no germination of ascospores
occurred.

Conidia also failed to germinate in the absence of oxygen, OT
in the presence of metabolic inhibitors, The germination of conidia
was obtained under less exerting nutrient conditions. The conidia
germinated in all the media (Table II11) used including distilled
water. Germination was observed to begin between 1 hour and 2 hours
of incubation and reached almost 100 per cent after 12 hours in all
the media, No conidial germination occurred at Zero per cent
relative humidity and at 68 per cent Relative Humidity at 30°C. A
slight germination ( 3 per cent) was obtained under a relative
humidity of 94 per cent at 30°C after 18 hours of incubation.

This germination was probably due to condensation of liquid water
on the slide (Table IV).

The germination of conidia showed two pH optima in the ranges

of 3.0 to 4.0 and 5.5 to 6.5. The germination of conidia began at

about pH 2.0 and increased rapidly to the first optimum around
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magnesium suiphate {but not both) in a concentration not exﬁeeding
1 gram per litre, gormination increased linearly reaching 97% after
18 hours of incubation (Fig, 1), The latent poriod of germination
(i,¢. the time taken for a ;jiven percentage, usually 50%, of the
spores to gemminate) was obgerved to be about 15 hours,

The need for a nitrogen source proved to be véry impoxtant,

No germination was recorded in the complete absence of & nitrogen
source in the medium. Replacing asparagine with potassium nitrate
(an inorganic source of nitrogen) led to germination in the same
percentage as @n asparagine, Production of germ tube was seen to
require an external source of nitrogen.

When magnesium sulphate was omitted in the medium and ecalcium
rhosphate was substituted for potassium dihydrogen orthophosphate,
the germinatlon ohtained was found to be similar to that obtained
with potassium dihydrogen orthophosphate, Since the two salts showed
the same effect, it could be inferred that the phosphate ifon which
was common to the two salts was the important component for
germination, ’

No germination of ascospores was obtained below 2300 even after
48 hours of incubation. The percentage gemination increased
gradually from 23°C up to 26°C and rapidly to a maximum at 33°C to
3500 and dropping sharply to 4100 when no germination occurred

(Fig. 2).
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FIG. 2. EFFECT OF TEMPERATURE ON
THE GERMINATION OF
ASCOSPORES.

The percentage gemination was determined from a total of

300 ascospores at eech temperature after 18 hours incubation,
Results are the averages of six replicates,
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Germination of ascosporoes occurred over the pH range 3.2 to
9.4 with the highest percentage pgermination obtalned bhetween 5,0 and
6.0, This optimum did not seem to depend on the maedium as the same
values were obtained on the three mediax complete glucose-asparagine,
glucose-asparagine without KH2P04, and glucose-asparagine without

Mgso, TH,0.

2

Ko germination of ascospores occurred in the high humidity
chambers, or in the chambers containing pyrogallol to absorb any
avallable oxygen., In the cultures contailning the metabolic inhibitors,
potassium fluoride and sodium azide, no germination of ascospores
pecurred,

Conidia alsoc failed to germinate in the absence of oXygen, or
in the presence of metabolic inhibitors, The germination of conidia
was obtained under less exerting nutriont conditiens. The conidia
germinated in all the media {(Tahle III} used including distilled
water, Germination was observed to begin between 1| hour and 2 hours
of incubation and reached almost 100 »ner cent after 12 hours in all
the media,. No conidial germination occurred at Zero per cenf
relative humidity and at 68 per cent Relative Humidity at 30°C, A
slight germination ( 3 per cent) was obtained under & relative
humidity of 94 per cent at 30°¢ after 18 hours of incubation.
This germination was probably due to condensation of liquid water
on the slide (Takhle 1IV).

The germination of conidia showed two pH optima in the ranges
of 3,0 to 4.0 and 5,5 to 6,5, The germination of conidia began at

about pH 2.0 and increased rapidly to the first optimun around
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TABLE II1 : EFFECT OF NUTRIENTS ON THE GERMINATION OF CONIDIA

Percentape germination after hours
MED TUM of incubation

a 4 6 8 10 12
Complete medium (A) 1.2 16 51 92 95 a3
A minus salts 13 67 a8 91 97 98
A minus asparapine 6 20 83 90 94 28
A minus KH2P04 1.8 41 64 g2 91 a6
A minus MgSO4 7H20 1.1 29 79 84 23 a4
A minus Glucogse 4 43 67 a5 o8B 97
Pigtilled water 1 13 49 79 292 - 93

Temporature of incubation was 35°C. The complete medium (A) was
glucose-asparagine. Results are the averages of six replicates,

TABLE IV : EFFECT OF HUMIDITY ON THE GERMINATION OF CONIDIA

R, H, at 30°c Percentage germination
0% 0
68% . 0
94% J.0

Results are the averages of six repliecates,

pH 3.5 and doclined alightly from pH 4,2 to pH 5.0 and then increased
again tc another optimum at pH 6,5, The percentage germination then
declined until at pH 10.0 when no conidial germination cccurred,

In both conidia and ascospores, the optime were all in the acid

range and no germination was obtained above the pH of 10,0 (Fig. 3).



The results obtained from these investigations show that the
two kinds of spores (conidia and ascospores) produged by the fungus
were not alike in their envirommental requirements for germination,
The conidia are thin-walled while the ascospores are thick-walled,
The need for an external carbon source and an external nitrogen
source for the germination of ascospores showed that ascospore
germination which involved the rupturing of the thick wall 1s active
cell metabolism the energy for which could not be provided by the
reserves within the spore. The observation that in the presence of
the inhibitors sodium azide and of potassium fluoride, no germination
of ascoapores and conldia acccurred in the presence of both carbon and
nitropen sources further showed that respiratory energy was involved
in spore swelling and germ tube protrusion, Sodium azide is an
inhibitor of cytochrome oxidase and potassium fluoride is an
inhibitor of the enzyme enolase of the EM pathway of the glycolytice
breakdown of sugars, Enerpgy needed for reactivation of growth and
synthesis within the 3apore comes from the c¢arbon metabolism of the
funpgus while the need for a nitrogen source appeared to be a con=
sequence of the inereased synthesis of new pretoplasm Llncluding
enzymes in the reactivated apore.

Thoupgh ascospores have been shown in the investigations to

require salts in the medium, the presence of both KH PO4 and

2

Mg304 7H20 in the same medium gave rise to more than 40 per cent

decrease in germination, These results indicate that these two galts
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were mutually inhibitory to the use of one another in the medium as
each one used alone gave a higher percentapge germination.

Using ascospores of different ages did not affeect elther the
latent period of germination or the total germination, Teat
observations made with ascospores from the oripginal stock culture
{about 62 weeks old) preserved in a reofripgerator gave results
similar to 4 weeks old ascospores. This ashowaed that the spores
remain viabhle over long pericds of time, This is not surprising
conegidering that these ascospores are thick-walled and contain
comparatively little water, not enough to allow the metabolic
mechanisms to function at more than a minimal rate,

The conidia, on the other hand, are thinner-walled and require
for thé restoration of the initial active morphogenesis only water
in a favourahble enviromment to protrude a germ tube. Latent perdod
of germination of the conidia was found to lie between 5 and 6 hours,
Germ tubes produced from conidia in distilled water did not develop
into a myeelium unless a sultable nutrient medium was introduced.
The emergent germ tube grew without branches for up to 29 hours of
incubation after which further growth in length ceased and length
attained was up to 332 microns. Germ tubes emerging from ascospores
developed into a mycelium by profuse branching that occurred soon
after germination (Plate I),

No sharply dividing line could be drawn betweon germ tube growth
and vegetative hyphal growth in the spores of N, africana. Manners

in 1966 had tried to define the peint at which a gorm tube became a
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Plate I=2, Germinating ascospores after 12 hours
incubation,

Flate Ib, Unisporous culture (20 hours old),



vegetative mycelium by postulating that a.structure be considered a
germ tube for as long as such a structure obtained its nutriment
mainly from the spore, Based on this, it would only he practicable
to determine germ tube growth only in the case of conidia which have
germinated in the presence of distilled water only. This definition
i=s not much used in practical assessment though it may be physiolo-
glcally sound. In the presence of nutrients, the transition of ?érm
tube into a vegetative hypha war not gradual,

Results of this investigation show that the ascospores
gemminated by producing & gem tube through any spot on the spore.
periphery; that the asexyal aznd sexual spores of the fungus differed
slightly in their physiologic as well as nutritional demands, the
conidie beilng nutritionally independent whereas the ascospores
showed nutritional dependence; the conidia showing double optima and
the ascospores a single aoptimum pH for germination.

EXPERIMENT 2

Effect of Carbon Source on Growth and Sporulation!

Fungi differ in the carbon compounds on which they can maintain
vegetative growth and spore production, This experiment was desgsigned
te find out the carbon compounds on which the fungus c¢an conveniently
be grown,
| The medium used in the investigation was of the samé composition
as glucogse=pspamgine medium except that the nitrogen source

{asparagine} was replaced throughout the investigation by potassium
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nitrate (3,0689g per litre of medium) because asparagine ia8 also a
source of carbon, Glucose, in subsequent media prepared, was
replaced separately by the following carbon sources tested:

D{+) galactose, L-sorbose, Mannitol, sucrose, maltose, Lactose,
Agparagine, starch and cellulose. Carbon sources were used at the
rate which supplied 4g of carbon per litre of medium, Both solid
and liquid media were used.

30ml of liguid medium was used in each 250ml Erlenmeyer flask
and initial pH of medium wae aseptically adjusted to 6,0, Each
flask was inoculated with one drop of the standard conidial
suspension, The rate of growth was determined by making harvests
of the mycelium from six cultures every 48 hours. The change of pH
with growth was also determined every 2 days,

With the exception of celliulese, the fungus maintained good
vegetative growth in ligquid media on 211 the carbon sources tested,
In so0lid medium, vegetative growth and production of perithecia
occurred on all the carbon sources tested, Even in water-agar,
some growth and sporulation occurred, The results for individual
carbon sources are presented.

D-Glucose: Results obtained from both solid and liguid media
cultures showed that glucose constitutes a good source of carbon for
both vegetative growth and sporulation. Autoeclaving glucose in
contact with phosphate at pH 6,0 did not affect the rate of growth |

a8 well as the maximum amount of growth. The dry weight of the
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TABLE V ¢ EFFECT OF DIFFERENT CARBON SOURCES ON THE RATE OF GROWTH
OF THE FUNGOS  (Dry weight of mycelium in milligrams)

Dry welght (ngm) of mycelium after
Carbon Source days of growth

2 4 5 8 10 12 14
Glucose 10,96 ) 245,56 ) 49,6 72,7 89 92| 92,8
Sorbose 8,11) 16.5 26| 44.7 52 55f 58.1
Gnlactose 9.8 25 | 47.1 80| 98.2!{ 102{101.4
Sucrose 16,1 24 | 49,1 73 94| 99.1| 102
Maltose 10.4 | 22.8 41 63| 80,6| 79,9| 86,2
Lactose 11,6 [27.0| 50| 75.1{ 91.7| 97.6(108,7
Mannjitol | 9.6 | 30.1 (55,4 | 86,5 103] 118{ 107
Starch 8.6 24,1 149,3] 57.6] 69,2) 68,1] 68,0
Cellulose - 2.1 2,6 2.4 3.1 2,7 2.8
Asparagine 5.7 | 18.1 | 30.2§ 34.0] 36,7| 37.6] 36,0

Each weight in the table is the average of 6 cultures.

TABLE VI : EFFECT OF CARBON SOURCE ON THE PRODUCTION OF PERITHECIA

Carbon Source Number of Perithecia
Glucose 44.1
Galactose 42.1
Borbose 47,3
Maltose ' 42,7
lactose 43,1
Sucrose 42.4
Mannitol 36.5
Starch 20.1
Cellulose 18.7
Asparagine 20,2
Water-agar 2.2

The number of perithecia refers tco the number of perithecia taken as
the average in ten arbitrarily chosen microscope fields on each of
three plates for each carbon source.
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mycelium harvested from 8 days old culture on autoclaved glucose-
nitrate medium was 72, 7mg while & similar harvest from a filter-
sterilised glucose—nitrate medium was 74.1MmE. With the growth of
the fungus on glucose, there was an jnitial drop in pH from 6.0 to
5.6 and then a gradual rise up to 7.6, The jnitisl drop in pH 1is
gignificant of the production of some organic acids in the culture
which later disappeared and hence the rise in pH. |
L-SORBOSE: This aldohexose and an enantiomorph of glucose was
atilised for both vegetative growth and sporulation. Autoclaving
the sugar in the medium caused the breakdown of the sugar forming @&
gtraw-yellow coloured solution. Vegetatlve growth was not as dense
as in glucoase put density of sporulation was highest on this SUgar.
The breakdown product of sorbose on autoclaving in the medium was
shown by Cochrane (1958} to be 5 - hydroxymethylfurfural. Fig. 4
shows the comparison of rates of growth on the three isomers glucose,
galactose and sorbose. ' - ' L g;!'“

D{(+) GALACTOSE: The growth obtained on this carboﬂ'source was

heavy; rate of vegetative growth was higher on galactose than was
obtained on sorbosec OoT on glucoHse. Autoclaving the sugar in the
medium did not affect the amount of growth obtained as ﬁLth autoclaved
and filter gterilised media produced 80.0mg and 78.7mg of mycelium
respectively. The change in pH af the medium with days of ipcubation

gshowed an upward trend from the initial pH of 6,0 reaching 8 peak at

7.1 and remaining fairly stable at that rAnge,
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TABLE VII : THE CHANGE IN HYDROGEN-ION CONCENTRATION FOLLOWING THE

GROWTH OF THE FUNGIS ON DIFFEQENT CARBON SOURCES
Change in pH with days of growth
Caxbon Source Initial | 2nd | 4th{ 6th | 8th| 10th | 12th| 14th
pH Day | Day |} Day | Day | Day Day Day
D-Glucose 5.9 5.7] 5.6 6.3 §7.11 7.4 7.41 7.6
L-Sorbose 8.3 5.8 6.91 7.9 | 7.7 | 7.3 6.61 6,8
D(+)} Galactose 5,8 6,51 7,1 6.516,91 7.1 7.1} 6,9
Sucrose _ 6.3 3,0 5,9 6.6 16,7 7.2 T7.417.1
Maltose 6.1 G,4]| 6,91 7.5 |7.8]| 7.8 7.9 ] 8.1
lactose 6.1 3.9 8,0 7.4 |6,0} G,1 6.4
Mannitol 5.6 B.6] 6.8 | 6.5 6.8 6,6 6.5 6,7
Starch 5.9 5,71 8.,1)8,7 |{8,8)8.8 8.719,0
Cellulose 6,2 #.818,6}8,%|9.1)8,0 2.0]9,1
Asparagine 6,1 5.8 8%8,3]8,6 |8.818.9 8.9 18.80

Results are the averages of six replicates. !

SUCROSE: Results showed that sucrose served as a good source of
carbon (Fig, 6). Autoclaving sucrose in the medium did not lead to a
breakdown of the sugar as seen from the comparison of results obtained
with filter sterilised medium, BSucrose is a disaccharide which on
hydrolysis yields two monosaccharide sugar molecules glucose and
fructose, When a mixture of these two simple sugars was used as the
source of carbon, 203,2mg of mycelial harvest was obtained after 8
days of incubaticon as opposed to 73.0mg obtained by using sucrose as
‘the carbon source (Table VIII}. The results showed that the effect
of using glucoée ;hd fructoge mixture was to produce a weight of



TABLE VIII : EFFECT OF MIXED CARBON SOURCES ON THE GROWTH OF THE FUNGUS
The carbon sources were uscd at the rate that supplied 4g
of carbon per litre of medium. Results are the average
of six replicates.

- A | ——

Carbon Source (grams) Dry welght of mycelium (mgm)
Glucose 10g T2.7
Fructose | 10g 69.3
Galactose 10g 80,0
Sucrose 9.5¢ 73,0
Lactose 10.008g 75,0
Glucose 5g + Galactose S5g 211.0
Glucose 5g + Fructose Sg 203.2
Sucrose 9.5g + (autoclaved) 71.2

mycelium by far in excess of what the two sugars produced when used
geparately, Mycelial harvests obtained from filter sterilised
sucroge and autoclaved sucrose hoth separately contrasted with the
harvest from the mixture of glucose and fructose and this showed that
sucrose did noet undergo any hydrolytic breakdown as a result of
autoclaving, .

A similar inereased effect of mixed carbon sources was ohtained
with glucose and palactose, the component monosaccharides of the
disaccharide sugar lactose, the yleld from the mixed carbon sources
being greater than the yield from the disaccharide or any of the
simple sugars used singly {(Table VIII},

Maltose was utilised by the fungus for growth and sporulation.
Density of perithecial productilon on the three disaccharides, maltose,
sucrose and lactose, showed that these sugars were equally suitable

for reproduction in the fungus.



MANNITOL: This is a sugar alcohol derived by the reduction of
the aldehyde group of the simple sugar, mannose, It 1s a naturally
occurring sugar alcohol. Results of these tests showed that the
highest yield of mycclial harvest was obtained on mannitol
(Fig. 5, Plate IIb). Perithecium development was slow to begin in
the culture and density of perithecia produced on the solid medium
was not very high, Hydrogen-icn eoncentration changed with growth
but the medium was acidic for the fourteen daya of the observation
unlike what obtained on the rest of the carbon sources tested in
which at some stage of the growth, pH increased above 7.0,

STARCH: This i3 a8 polysaccharide - and is not soluble in water,
Autoclaving makes starch colloldally soluble, It 1s a polymer of
D-glucose. Test for starch conducted after autoclaving of the medium
confirmed presence of starch, Test for starch following the periodic
hayrvests of mycelium from the culture showed that all the starch in
the medium had been completely used up after the =ixth day of |
incubation (or slse converted to some other carbohydrate), The
economic coeffictent of the fungus on starch obtained after six days
of incubation at room toemperature with the fungus grown as a surface
static culture was 23 per cent, This economie coefficient is defined

by the formula? '

:
I

Mycelium dry welght (gms) X 100

Amcunt of carhon compound consumed

= 49.3 x 100
198 1

i

25%



Such a low efficiency obtained on starch is indicative of the
production of significant amounts of soluble carbon compounds
(soluble metabolites).

CELLULDSE: Cellulose is insoluble and in liquid medium the

particles settled at the bottor of the flask, No observable growth
was obtained on cellulose in liquid medium. In solid medium, the
particles settled at the bottom of the petri dishes as the hot
medium cooled down and became solid. Mycelial growth on the solid
medium became apparent after 8 days of incubation at 28"c and the
mycelium was found to develop submerged in the solid medium around
the cellulose particles, The lag period of 8 days was not obtained
in liquid medium., This lag period before an observable growth
showed the operation of an adaptive system. The agar in the medium
provided a substratum on which an initial scanty growth was
maintained before growth could begin on the cellulose mediw,

In liquid medium, wherec no alternative source of carbon was
available, scarcely more than 2,8mg of mycelium was obtained after
21 days of incubation. No perithecium was produced in liquid media
despite the long period of incubation over which the cultures were
kept under observation,

In the cellulose-agar mecium (solid), perithecia were produced
submerged in the medium and not superficially on the solid medium

as obtained in other media containing soluble carbon sources.
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ASPARAGINE: This is the aminc acid derived from aspartic acid,
It is a 4~carbon compound and was found tu provide carbon utilisable
by the fungus, Growth of the fungus on the medium with asparagine
as carbon gource was accompanied by a rise in the hydrogen-ion
concentration up to about 2,0, Production of perithecia was obtained
in the medium,

In the medium prepared without any source of carbon, no growth
was obtained. A scanty growth was also obtained on water-agar,

From the results obtained in these investigations, it has been
established that the fungus 1s able to grow on glucose, fructose,
sorbose, maltose, sucroge, lactose, starch and asparagine as sole
carbon sources. The finding here i8 of compounds metabolised
rather than a consideration of the mechanisms of the dissimilation
of these compounds by the fungus; it is hoped that future researches
will lead to the determination of the utilisation patterns of these
carbon sources. !

Cellulose wag also found to be metabolised bylthe fungus buf
not in liquid medium where it was the sole source of carbon but in
solid madium where in conjunction with the agar, it provided the
carbon needed for growth, In the solid medium, an initial sﬁarse
growth was obtained on the apar and after 8 days of incubation,
growth of the fungus on cellulose became apparent as the mycelium
formed balls around the particles of cellulose precipitated in the

medium, This type of utilisation of a compound as the source of
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carbon with an initial lag perlod shows the operation of an adaptive
enzyme system which takes time to develop in culture. In liquid
medium with cellulose as sole carbon source no such growth occurred.

Such carbon sources as cellulose which in short term observations
appear not to be utilised, prove to be good sources of material for
fungal growth and sporulation after prolonged incubation. Again,
such seemingly unavallable carbon sources have heen utilised without
any lag period when mixed with some quantity of more readily utilisable
sources as a result of an adaptive enzyme system or the occurrence of
some mutation in the species (Cochrane, 1958), i

In view of the existence of these two concepts of utilisation of
a substance, the use of mixed 2arbon sources was not taken as the
beais for establishment of ablility of the fungus to metabolise a
¢carbon source.

N, africana is a soll inhabiting fungus. It derives energy as
well as atructural materials for the synthesis of cell substance from
the large varlety of carbon compounds in the soil. These compounds
include carbohydrates and related compounds, organic acids and
related compounds, polycyclic compounds and alkalcoids - all produced
continually from microbial metabolism into the central pool in the
soil, It is from this central source that the N. africana derives
its nutrients while at the same time regenerating materials by 1ts
mctabolism for other livea in the soil., As a result of this complex
admixture in the soil, uninterrupted utilisation of cellglose is

bound to be taking place.



|
The condition under which the fungus lives in nature departs
markedly from the single-~substrate pure culture hab;tat. It lives
in a dilute solution with more than one carbon aourge available or
potentially available., Better utilisation of more of these carbon
sources will therefore be expected. More work on this problem is
therefore necessary and it is to be hoped that such future work will
he greatly benefited by the accumulation of knowledge on adaptation

growth in culture media and induced enzymes in many microorganisms.

EXPERIMENT 3 |

Effect of Nitrogen Sources on Growth and Sporulation:

Fungi have been classified according to thelr ability to utilise
different sources of nitrogen (57). Despite the admitted imperfection
of the clessification, it has been found very useful in preparing
medium and in discovering the causes of failure of some fungi to

grow on certain media, :

The purposce of thls experiment was to determine the utilisation
of differeont sources of nitrogen by the fungua, i'

The basal synthetic mediun used was glucose-asgaragine.
Agparagilne was replaced in other media preparcd separately by the
nitrogen sources - potassium nitrate (3,069g); ammonium sulphate
(2.005g); Glycine (2,279g); Glutamic acid sodium salt (5.681g);

Urea (0,892g); and Casamino acid (4.25g). Solid media cultures were
also used to determine the ability of the fungus to sporulate on the

nitrogen sources, Initial pH was 1n each case adjusted to 6.0. Each



30ml of liquid medium in 250ml Erlenmeyer f£lask was inoculated with
one drop of the standard conidial suspension, Sclid media were
inoculated with single spores. Ohscorvations were made at 2 days
intervals, Growth rate in liquid media was determined over 14 days
of incubation while the density of perithecia production was

determined by making counts in 21 days old cultures,.

TABLE 1IX : EFFECT OF DIFFERENT NITROGEN SOURCES UPON THE RATE OF
GROWTH OF THE FUNGUS

Dry weight (mgm) of mycellum after
days of growth
2 4 6 8 10 12 14
Asparagine 10.9] 28.5 ]| 49.6} 72.7 89 90.7 92
Ammonium Sulphate 6.8 15.8] 19,5 20.5 21,0 19.7 21.5
Glycine 9.8 22.5] 43.0| 60.5| 76,0 85.1 | 87.0
Potassium Nitrate 11.5 | 22,0 45,7 | 66,5 Bl 89,5 91,5
Urea 14| 28,3 50,6 93,5 ) 101.5| 1L04.8 107
Glutamic Acid 10,8 24,5 46,0 74,01 95,0{ 101.1 |100.6
Casein Hydrolysate 8,9 21.57 31,043,571 51.56{ 61.0 | 63.5

Dry weight in milligrams, Thesc compounds were used at the rate
which supplied 0,425g of nitrogen per litre of medium, Each welght
in the table is the average of six cultures,

The fungus was found to utilise nitrate nitrogen, ammonium
nitrogen as well as organic nitrogen for vegetative development, No

growth occurred in the absence of a nitrogen source in the medium,

Resulta for each nitrogen source are presented in Table IX,
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Asparagine is an amide of the monoamine dicarboxylic acid -

aspartic acid, It is a source of organic nitrogen and 1s readily
found free in plants as a source of reserve nitrogeﬁ. Vegotative
growth on asparagine was dense and production of perithecla was
high (Table X). With growth in liquid medium, there was an initial
drop of the hydrogen-ion concentration from 6,0 to 5.6 and then a

rise up te 7.6 (Fig. 7).

TABLE X : EFFECT OF NITROGEN SOURCE ON THE PRODUCTION OF PERITHECIA
WITH GLUCOSE AS CARBON SOURCE

Nt trogen Source Number of Perithecia *

Asparagine 46,3
Ammonium Sulphate Nil

Glycine 44,7
Potasslium nitrate 45.1
Urea 46.8
Glutamic Acid . 48,0
Casein hydrolysate 49.4

* The number of perithecia refers to the number of perithecia taken
as the average in ten arbitrarily chosen microscope ficlds on each
of three plates for each nitrogen source,

AMMORIUM SULPHATE: There was a short period of growth in this

medium which was terminated by the fourth day, With the start of
growth, there was & steady drop in the pH from 6,0 to 2.8 and the
cesgation of growth was as a result of this ¢hange in pH. ‘The uptake
of ammonium fons from the medium resulted in the increased acidity,

This high acidity was only fungistatic and not fungicidal as was



revealed by inoculating frash glucose-asparagine medium with a
tuft of fungal tissue from a 28 days old culture on ammonium
sulphate that had stopped growing after 4 days of incubation,

Microscepic examination of the slimy mycelium showed that the
morphology of the fungus was affected by this change in acidity
following growth in the medium. The mycelium developed much branch-
ing with large swollen cells, These swollen cells looked like
chlamydospeores but their walls remained thin,

After 14 days of incubation, the medium was analysed for
ammonium which was found to be present., This showed that the
termination of growth was not as a2 result of the exhaustion of the
nitrogen source, Addition of sterile drops of 1IN NaOH to adjust
the pH to 6,0 led to renewed growth which was again short-lived
because the pH dropped again to 2.5 after two days of growth.
No perithecia were produced in these media in which the pH changed
80 drastically. ;

Perithecial initials developed in the flasks in which there
was a daily adjustment of the pH to 6.0 by aseptic addition of
NaGH but further development cf these initials into mature perithecia
was stopped when the adjustment of pH was stopped,

In s0lid medium, the fungus did not produce the usual
filamentous growth, A small thick leathery stroma'meaauring about
33mm in diameter (Plate Ila) and consisting of swollen cells was

produced, No perithecia or initinls were formed in sclid medium,
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GLYCINE is a monoamino moncearboxylic acid., Vegetative growth
and production of perithecia occurred readily on both solid and
ligquid media, Density of perithecia produced was high,

POTASSIUM NITRATE is a salt and provided inorganic nitrogen

in the culture, Results showed that the fungus maintained good
growth and produocad perithecia on this inorganic nitrogen
gource, pDH of medium rose with growth up teo 8.6 (Pig. 8).

UREA: Of all the nitrogen sources tested, mycelial giowth

- was found to be greatest on urea as source of nitrogen, Autoclaving
urea in the medium led to a breakdown of the nitrogen source; as a
result the autoclaved medium was not used in the investigation.

A fresh medium was prepared and filieresterilised using Oxoid
membrane, With growth of the fungus, the pH rose gradually from

6,0 to 8,5,

GLUTAMIC ACID: This amino acid proved to be a very good source

of nitrogen supporting dense mycelial development and perithecium
formation, There was a steady rise in the pH with growth from
6.0 to 9.3.

CASEIN HYDROLYSATE: This was used as Casamine acid (Difco).

In liquid medium, vegetative growth was poor bhut density of
perithecia was very high on the poor growth, In solid medium,
cagein hydrolysate proved to be the best nitrogen source for the

preductsion of perithecia of all the sources of nitrogen tested.
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Results of this investigafion.showed fhat the fungus utilised
ammonium nitrogen, organic nitrogen as well as nitrate nitrogen for
growth and sporulation. The fungus did not grow ip the absence of
nitrogen in the medium though the medium was ih.cbntaﬁf with
atmospheric nitrogen, Based on this finding, the fungus will be
placed in Group Two of Robbins {(1937) - fungi able to utilise
ammonium nitrogeh, nitrate nitrogen and organic nitrogen but unabie
to utilise atmoespheric nitrogen.

EXPERIMENT 4

Influence of Vitamins on Growth and Sporulation:

This experiment was designed to determine any vitamin
def-icliency in the fungus.' | |

Vitamin-free chomicals werc used, Potassium nitrate wﬁs
substituted for asparagine in the basal glucose-asparagine medium,
To remove traces of vitamins from the liquid medium, the medium was
boiled with activated charcoal and filtered,

For solid media, purified, vitamin-free apar was used to
solidify the medium. Agar was purified by leaching with aquecus
pyridine solution as follows: 45g of agar was placed in a 2 litre
flask and 500ml of distilled water and 50ml of pyridine were added
and allowed to stand for 24 hours, A piece of 6mm glass tubing of
sufficient length (about 50cm) was inserted to admit air to the
flask, The flask was inverted to allow the pyridine to drain, The
agar was washed three times with distilled water and twice with 95%

ethanol and the alcohol left to stand over the agar for 10 hours
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before draining. The agar was dried between clean cloth and 20g
of this purified agar was used to solidify one litre of medium,
Media were prepared as follows for this investigatiant.

a) glucose ~ potassium nitrate medium containing no
vitamins,

h) glucose - potassium nitrate medium containing 100ppm
of thiamine. :

¢) glucose - potassium nitrate medium containing 5S5ppm
of biotin ’

d) glucose ~ potassium nitrate medium containing

thiamine (100ppm) and biotin (Sppm),

Results obtained Irom growing the fungus under different
vitamins showed that the fungus is self-suyfficient with respect to
vitamins, Cultures grown without vitamins in the medium grew as
fast as the cultures grown in the presence of both biotin and |
thiamine in the medium. (Table XI) (Plate III), The growth curves
obtained by growing the fungus with two different vitamins in liquid
glucose-potassium nitrate medium confirmed this auxoautotrophy
(Fig, 9},

Varying the concentration of biotin between 50ppm and 200ppm
of medium did not affect the amount of growth obtained though the
density of perithecia produced was significantly lowered at 200ppm
in solid medium (Plates IV and V) (Table XII), With increased
thiamine in the medium up to 500ppm, there was no effect on growth
(Plate IV) and sporulation (Table XII). The result of increased

biotin concentration of depressing sporulation in the fungus without
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TABLE XI : EFFECT OF VITAMINS ON THE GROWTH OF THE FUNGUS

Dry welght of S-~days old culturc
MEDIUM (mgm)
A  (no vitamins) ' 72.4 :
B (with thiamine only) 3.1 f
¢ {with biotin only) 68,7
D {(both biotin and thiamine) 71.2

Results are the averape of six replicates,

TABLE XII : EFFECT OF VITAMIN CONCENTRATION ON GROWTH AND SPORUIATION

vitomin | Comootrseion | D7 FeltEe o 2 dhvs | ey et
None - 72,4 ' 45.2
Biotin 50 68.9 43.8
Biotin 200 70.9 27.6
Thiamine 200 73.7 42.0
Thiamine 500 69.8 43 .1

The results are the averages of six replicates. Dry welght
measurcments were obtained from cultures on liquid medium; density of
sporulation expressed as number of perithecia woere obtained from
cultures on solid medium,

|
4 corresponding depression of vepetative growth sugpests varioations
in the biosynthetic ability of bintin for the two phases of growth,
It 18 Wnown that variotions in the biosynthetic ability of some
auxoautotrophs may occur during the life eycle of the organisms
(Fries, 1965); in particular the very first stage of development,
the germination and outgrowth of the spore seems to differ in this

respect from the fully developed mycelium, Thus in typilcally seli-
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sufficient species as Penicillium digitatum (Fergus, 1952) and

Agpergilius nidulans (Strigini and Morpurgo, 1961) initial growth

may he strongly promoted by added vitamins., Also the germinatod

spores of Myrothecium verrucarian continuc their prowth very slowly

unless the medium contains biotin, whereas the fully developed
mycelium exhibits no requirement for biotin (Mandels, 1965}, In

Neocosmosporas africana, ne such differential bicsynthetic ability

with respect to biotin and thiamine obtains,
Furthermore, the requirements for a certain growth factor
depends on the composition of the nutrient medium at any particular

tempeorature within the biokinetie zone, For example, Pellicularia

koleroga can utilise thiamine or biotin for growth on sucrose but
requires thiamine exelusively for pgrowth on plucese (Mathew, 1952),

Fythium butleri was reported by Robbins and Kavanagh (1938) to bhecome

thiasmine~heterotrophic as soon as the mincral salt concentration
exceeds a certain level, In the test orpanism, E. africana, the
use of the carbon sources glucose, gnlactose, sorbose, maltose,
lactase, starch, mannitol, asparagine and the nitrogen sources
urea, glyeine, ammonium sulphate, potassium nitrate, casein
hydrolys-ate, asparagine etc, does not affect the need for either
blotin or thiamine,

Thewre does not éeem to be any obwious correlation between the
ecolquiand the vitamin reguirements of a fungus. The work of
Coak and Lochhead (1959) maintains that there are certain indications

that fungi living near the roots in the rhizosphere are more



vitamin-dependent than other soil fungi, N. africana usually grows
in the rhizosphore of the groundnut but has not proved from cultural
studies to be vitamin-dependent; perhaps a verification of more soil
inhabiting fungl would be necessary to determine this observation,

EXPERIMENT 5

Effect of Lipht on Growth and Sporulation!?

This exparimont was designed to illustrate the variable effects
of visible light and ultraviolet light., In some fungi, exposure to
light 12 esscntial to spore formation whereas in others abundant
sporulation occurs in the complete absence of light (22, 47).

Malt Extract Ager (MEA) was used in the investigation. All the
petri dishes were i1noculated with single spores, The cultures were
s4¢t up under the following conditlions:

{i) In continuous total darkness,

(1i) In contlnucus light-illumination in the chamber
measured 166 lux on a Megatron D « 3 Light Meter.,

(111} Under alternating periods of 12 hours light and
12 hours darkness,

(iv) Grown under alternating light {ultra-violet light)
and darkness, Exposure to UV light was limited to
3 minutes every 48 hours and was carried out in the
lnoculation room by removing the 1id of the petri
dish and holding the dish 10 inches from the source
(Philips TUV 30W fluorescent tubel) of ultra-violet
light.

{v) Cultures grown in continuous lipght with light
supplied by six overhead fluorescent bulbs., Light
intensity measured above 3,000 lux,



Results obtained from these cultures showed that productioﬂ of
perithecia occurred in all the conditions tested, Production of
parithecia in concentric rinpgs was obtained in all the light conditions
tested but the intensity of the zonatlon varied from one condition to
the other, Zonation of perithecla wag best defined in Group Three -

cultures exposed to alternating 12 hours light and 12 hours darkness.

TABLE XIIY : EFFECT OF LIGHT ON CULTURAL MORPHOLOGY OF THE FUNGUS

GROUP Culture diameter (mm} gzigtiezfa gzigi;ezia
I 64 Orange 45,6
11 . B8 Orange 44.9
ILX 64 Orange 46.2
Iv 48 Black 26.7
vy 88 Cream White 38.9

The pigmentation of the peritheeia was also most pranouncéd in these
cultures, With maturation of the culture the colour of the culture
changed from creamy white to orange ond to brown, Maturation of
the perithecia begins from the centre of the culture and prograsses
gradually to the periphery, Between two consecutive zopnes of
perithecia, a zone of dense hyphal growth occurred with scattered
perithecisa,

Cultures exposed to illumination above 3,000 lux did not
develop the characteristic orange pigmentation, though still pignented

perithecia were produced (Table XIII). On removal of cultures from



the bright chamber to lipght of 166 lux, orange colour developed in
all the peritheeia after 36 hours, .

Cultures exposed to intemmittent UV light shoWeé slower growth
rate and produced hlack perithecia (Fable XIYI). On ¢essation of
UV light treatment and exposing the culture to 12 hours og Jow light
intensity (166 lux}, the black perithecia changed ta orange-coloured
perithecia. Subsequent zones of perithecia produced after restoring
the culture to mild light did not appear black before changing to
orange, When some of the cultures exposed to UV light for some days
were left in the dark and UV light treatment was discontinued, and
the culture examined 8 days after the discontinuation of light
treatment, it was found that the zZones of perithecia formed during
UV light treatment remained black whereas the zones formed after
the cessation of UV light treatment but still in the dark were
crange-~celoured,

These results showed thait vegetative growth was not adversely
affected by eXxposure or non-exposure to visible light but exposure
to UV light greatly diminished growth, Formetion of perithecia in
concentric zones in culture was alsoe found to he a light-independent
phenomenon,

In many ascomycetes, light has a stimulatory effect on
reproduction but may or not e essential, Light is essential for

the initiation of apothecia in Pyronema confluens (Carlile and

Friend, 1856); in Ascobolus magnificus (Yu, 1954) and in the

initiation of perithecium in Pleurage setosa {Callaghan, 1962),
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In E. africana as shown from these photomorphogenctic studies,
the extent of perithecium production on MEA was not affected by
exposure Or non-exposyre to moderate light intensities but there
werpe marked differences hetween illuminat=d and non~illuminated
cultures as regards the distribution pattern of the perithecia
within the petri dish, A similar situation has been notoad for

Sordaria fimicole {Ingold and Dring, 1957)

Zonation of perithecia was most intense in alternating 12 hours
light and 12 hours darkness while still oecurring in all the
cultures grown, It is obvious then that for such light-enhanced
zonation, it 1s not necessary for light to be essential for
sporulation; 1t is just sufficient that light should be stimulatory.
Thus, in all the cultures, there was none with a uniform distribution
of perithecia. The perithecia were variously concentrated into
narrow zones of intense sporulation. The conclusion that the effect
of light is stimulatory is based on the observation of more intense
2onation of sperulation in the culture in alternating 12 hour light
and 12 hour darkness, each intense Zone followed by areas of sparse
sporulation clearly showing that for some time there has heen a
surpassing of the fungug sporc producing capecity.

Carlile (1963) reported that differences in colour between
fungi grown in the light and those maintained in darkness are common;
and are often the result of a stimulus te carctencid production by

by light. In Pyronema omphalodes, absolute necessity for carotenoid
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production has been demenstrated (47}, Though this necessity for
light in earotenold synthesig has been reported for many fungi, this
importance diminishes in the various pigmented fungl. In Phycomyces

blakesleeanus light merely increases carotenoid production (22); in

Neurospora crassa, the conidia eontain carotenoids even when the

fungus has grown in darkness though synthesis of caretenoids in the

mycelium requires light (Zalokar, 1254). In Neocosmospora africana,

the production of carotenoids in the perithecia has been found to
occur even in the absence of lipght, though under continuous high
light intensities there was poor ¢arotencid development - a
phenomenon brought about by elther a depression of carotenoid
biosynthesis by light or due to photodestruction,

EXPERIMENT 6

Effect of Temperature on Growth and Sporulation:

The purpose of this experiment was to find out the effect of
different temperatures on growth and sporulation of the fungus, to
dotermine the optimum and to ¢ompare this with the optimum for other
phases of growth in the fungus.

Paotato dextrose agar (PDA) was usod in the experiments and
inoculation was with single spores, Temperatures tested renge from
0°¢c to 45°c,

No growth was observed at temperatures below 14%, At 15°C;
growth was very slow and nfter 14 days of incubation, only about 4mm
of culture dismeter was attained. Increasing rates of vegetative
growth werc obtained from 20°C to 350b (Fig., 10) with an optimum

lying between 28°C and 3400.
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Above 3500, vegetative growth sharply declined, And at
39/40°C, the growth of the culture did not extend beyond 4mm in the
second day of incubation after which the culture died out, No growth

o
occurred above 40 C,

Determination of relative growth rate over tha period of most
o]
active growth showed that the optimum was in the range of 28 - 35°¢

for vegetative growth,

Production of perithecla was observed over a wide raﬁge of
temperature between 2400 and 33°C. At 3400 and above, nc perithecia
wers produced in culture, Production of perithecia was most abundant

o 0 . :
between 28  and 32°C (Table XIV). | i

TABLE XXV : EFFECT OF TEMPERATURE ON PRODUCTION OF PERITHECIA IN

CULTURE
Temperature of Incubation Number of Perithecia
22°%¢ Nil
24% 23,7
25°¢ 36,2
28°C 44,9
30°c _ 43.6
32°%¢ 43.8
34°% Nil

The results are the average of six replicates,
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Microscopic examination of the culture incubated at 35°C showed
8 dense production of conidia and no perithecia. Transferring a
culture that had been incubated for 6 days at 35°C to an incubator at
3000 resulted in a development of the normal type of mycelium with
conidia and perithecia produced, Even in the new temperature (SOOC),
no perithecium was formed in the mycelium proviously developed under
35, |

The optimal temperatures of the different morphogenetic phases
of the life cycle of the fungus have been found to be! germination
of spores (30 - 35”C); vegetative growth (28 - 3500); and production
of perithecia (28 - 33°€). A closer look at these optima shows that
the production of perithecia has a narrower optimum than any of the
other phases. The range of temperature permitting vegetative growth
(15 - 4000) was alao found to te narrower than the range permitting
production of perithecia (24 -~ 3300).

The shape of the temperature curve for vegetative growth
resembles that for reproductive growth (Fig, 11); that is, the
optimum in hoth c¢ases is nearer to the maximum than to the minimum.
The rate of growth increéases from the minimum up to the optimum is
assumed to be the effect of temperature on the many chemical metabolice
processes which control growth and that the eventual rapid fall in
growth after the optimum tempelirature is reached {s due to the
effect of high temperature on the physical state of the cytoplasm
(Ainsworth and Sussman, 196G). . |

In Neocosmospora africana, this effect is not reversible since

the fungusz 1s unable to survive at temperatures above the the maximum



|
[

for growth (41°C) for 5 days, In most fungi, the effect is
reversible as the fungi survive at tomperatures somewhat above the
Optimum.and to resume growth and sporulation on being transferred

to more favourable conditions. The relatively narrow rapge of
temperature permitting repfoduction sugpests that this phase involvea
some chemical and physical processea which are not necessary for
vegoetative growth and which are more exacting in their temperature
requirements than are those which suffice for vegetative phase,

EXPERIMENT 7 |

Effect of Hydrogen-ion Concentration on Growth and Sporulation:

Earlier experiments with carbon sourceg and nitrogen sources
have shown that pH of the culture medium changes during the growth
of the fungus. This experiment was designed to determine the most
favourable pH for growth and sporulation.

Ligquid glucosec-asparagine was used in the 1nvestigafion. The
pH of the medium was checked every 48 hours of prowth and adjusted
to the initial pH. OGrowth of the fungus over the pH range 1.0 to
12,0 was tested, | |

Vegetative growth did not occur below pH 3,0, Growth was
obtained within the range 3.0 to 9.8. At pH 10.0 and above, no
rrowth of the fungus was obtained. Vegetative growth was found to
be greatest in the range 5.5 to 6.5. ' i

S0lid glucose-asparagine medium was used in determining the
effect of pH on the production of perithecia. Results obtained

from this investigation is8 to be viewed with caution because it was



not possible to carry out the periodic adjustment of pH in soldid
media while growth of the fungus on so0lid media wns followed by a
continued changing in the pH of the media, Production of perithecia
in solid medium was obtained in the cultures at 5.0 to 8.4. The
determination of an optimum was difficult as high density of
perithecia was recorded at 5,0, 5,5, 6,0, 6.5, 7,0 and 7,5 (Table XV).

TABLE XV : EFFECT OF HYDROGEN--ION CONCENTRATION ON GROWTH AND

SPORUIATION |:
Hydrogen-ion Pry weight of Number of
Cencentration mycelium (in mgm) Perithecia

3,0 28.9 , Nil
3.5 26,4 N1
4.0 46.3 N1
4.4 15.7 Nil
3.0 53.4 | 49.3
5.5 - 76,6 46,2
6.0 ' 83.5 44,1
6.5 : 81.0 39,7
7.0 70,3 43.2
7.5 61.2 o 38,8
8.0 63.8 21.9
8.5 ' 50,0 ] 13.8
9.0 39.1 , Nil
9.5 21,2 Nil
10,0 Nil Nil

Results in the above Table XV show the dry weight of mycelium
obtained from liquid medium and the numbers of perithecia obtained
from ccounts in the solid media cultures.
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Vegetative growth occurred over a wider range of pH than
production of perithecin, It is seen from above rasults that pH is
a eritieal factor in the producticn of perithecis by thq fungus in
cuitﬁre. _ )

pH acts in several different ways to affeet growth and
gporulation such as influencing enzyme action, altering metal
golubilities, modifying surface reactions, preventing or facilitating
the entry of vitamins, organic acids or winerals into the hypha. The
pootr growth obtained at certain pH values is likely due to changing
of the composition of the medium, It is known that various anions
and cations may combine to form insoluble compounds at certain pH
values (56), Magnesium and phosphate lons are compatible in acidic
sclutions but as the concentration of hydrogen ion is decreased,
thesge tons combine to form an insoluble compound the solubility of
which becomea less as the pH is increased (57). This low pH is
brought about either by an initial low pH or low pH resulting from
the metabolism of the funpus in which acids are formed from neutral
metabolites 1like carhohydrates, i

With most media in whic¢ch no adjustment to initial pH was
performed except on glucogse-ammonium sulphate wmedium, the change in
pH caused by the formation of hases resulted in a sharp decline of
growth, This change in pH wos not the sole factor responsible for
this decline; other factors sas nutrient depletion and ageing of

culture were also implicated.



V. THE MORPHOLOGY OF NEOCOSMOSPORA AFRICANA

Apart from the work of Doguet in 1956, there has been no work
on the developmental morphology of this fungus. This work showed
that the perithecium arose fror a vegetative hypha which developed
several filaments that branched and became entangled together to
form a nodule, and this gave rise to the perithecium (31}, This
study was designed to determine the life cycle.

Germinating single spores were transferred to fresh plates of
solid media and incubated at 23°C constant temperature. Fresh
liquid media were also inoculated with single spores and incubated
at room temperature.

Small blocks of material to be studied were cut out of the
agar, killed and fixed in acetic alcohol, The blocks were
aspirated to afford a more rapid penetration of the fixative.
Sections were cut at a thickness of 12 u using a Leitz freezing
microtome and were mordanted in iron alum, These were then
stained in haematoxylin and in HCl - Giemsa stain.

Studies of perithecium development and ascus were made on
fresh materials, Squash moun:s were made in HC1l - Giemsa stain
or in Feulgen carmine or in 2% haematoxylin or in 1% acetoc-orc-in
(49, 60, 79, 89). Haematoxylln gave the hest results and was used

almost exclusively,.



Ascospores and conidia wore capable of germination immediately
upon maturity whon placed in a suitable environment, The conidia
were mainly single celled and less commonly, two~celled (Plate VIb),
Ascospores were single celled and unimficleate, Both types of
spores germinated by means of germ tubgs; conidia began germination
when placed in a favourable medium or in distilled water within
2 hours, ascospores did not germinate in distilled water but in a
nutrient medium within 12 hours of incubation at 28°¢C.

Ascospore germinated by a single gorm tube (Plate Ia) emerging
at any point on the spore surface., The splitting of the two walled
spore was a result of internal changes, the sequence of which
could not be followed, The outer wall of the germ tube was not
continuous with the inner wall of the ascospore but with the
eytoplasm. Extension growth of the germ tube continued and septa
soon developed in the germ tube which became transformed into a
vegetative hypha. The hypha proceeded to branch profusely (Plate Ib)
soon giving rise to a well developed mycelium,

Measurement of hyphal extension growth on solid medium (MEA)
using the micrometer scale showed that each hyphal tip advanced at
a rate of B0 -~ B3 u per hour at room temperature (varying between
2400 and 2700). Cultures arising from single spores were visible
to the naked eye as whitiash dots after 24 hours of incubation at
room temperature. Cultures from single conidia resembled cultures

from aingle ascospores in all respects except for the initial



Plate VIa, Conidia on a conidiophore, x 1500

Plate VIb, Conidial suspension showing single
celled and 2 celled conidia with two
or more oil dreplets, 1200
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faster rate of germination of the conidia under the same conditions
of incubation, 2-celled conidia gerﬁinated by prod&cing fwb gerﬁ
tubes while single celled conidia germinated by one germ tube
production.

Mycelial production was be¢st in MEA and PDA, The myéelium
produced varied from a small, thick, leathery stroma on glucosfe-~
ammonium sulphate (Plate IIa) to a dense fiuffy mycglium on FDA

(Plate VII). Growth was slow e¢ven at best averaging 2mm per day.

The conidial stage (Cephalosporium sp.) was produced

' abundantly. Conidiophores and conidia formed in 2 = 3 days old
cultures, Conidiophores arcse singly as short unb;;nched aerial
hyphae and ranged between 40 and 46 u in length, Conidia were
lecelled and less grequently Z-celled, hyaline and averaged
3.2x10.3u (2 ~3x3-12u). Each conidium contained one or
more oll droplets. Conidial formation began as a bud pushing out
from the tip of the conidiophore. Conidial chains were not formed,
but conidia were held in & ¢luster around the tip of the short
conidiophore by a gelatinous material (Plate VIaj),

About five to six days after inoculation, small straw-yellow
agcocarps appeared on the surface of the agar at the centre of the
culture. More of these appeared concentrated in certaln concentric
zones and developing centrifugally, These continued to develop,
becoming bright orange at maturity and reaching a Size of 340 u

high and 2B0 u wide (300 - 360 x 270 ~ 298 u), The neck of tha

. - , . N " I.
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perithécium was short; measuring €0 x 110 u (58 ~ 62 x 100 = 116 u),
Most of the pigmentation was concentrated in the osticlar neck;
Mature ascl and ascospores were produced in the culture by the
12th day after inoculationh. Measurements of mature asci averaged
1BO x 28 u (160 -~ 190 x 26 - 29 u), Ascospores measured 8,6 x 10 u
(8 - 9.2 x 9.4 - 10.2 u). Fach ascospore typically contained a
large oil droplet, was double-walled, uninucleate with no germ
peres, The inner of the two walls was slightly pigmented. The
ascospores waere released by the deliquescence of the ascal walls.
At this stage, the perithecla were hardened and brownish in
colour. Agar plates inverted over a culture of mature perithecia
collected no ascospores; this showed that the ascospores were not
[ : _ o

forcibly released, I

!
|

. |
DEVELOPMENT OF PERITHECIUM: o . D

Development of the perithecium begam with the appearance of
éoiled, short branches of vegetative hyphae scattered in the
mycelium (Plate VIII). These aacogonial colls were initially
aingle celled but latoxr the gyres increased and septa developed
towards the base of the coil (Plate IX)., A young ascogonium was
composed of two to six gyres, each coll being 4 - 5 microns in
diameter. Though the Bscogonium was often observed te bhe colled
around some hyphae near it, no fusion was cbserved to take place

batween these hyphae and the ascogonia,

!
f



Plate VIII, An ascogonial coil-unicellular x 1200



- -

Plate IXa. Ascogonial ceoil with 2epta development, x 1500

Plate IXb, Ascogonial coil surrounded by associated hyphae
forming the perithecial initial, x 1500
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'_ The development of the septa in the ascogonium resulted in the
cutting off of the apical swollen cell of the ascogonium. Hyphal
branches grew out from the stalk cells of the ascogonium (Plate IXb).
These hyphae grew and curved‘rouﬁd the swollen apical cell to form
the perithecial initial (Plate Xa). No evidence of fusion with
other hyphae or epores was found, The surrounding sheathwas added
to centrifugally from the neighbouring hyphae which grew in and
formed the outer layers. The sheathcontinued to increase in size
and was at first prosenchymatous in appearance but soon became
organised into paeudoparenchyma and formed the wall of the young
perithecium, As the perithecial primordium increased in size, the
centre became filled by large cells {Plate Xb) arising from the
divisions of the ascogonium. This asgcocapp initial at this stage
stained intensely in iron haematoxylin and comprised the central
ascogonium with any descendant cells and the surrounding wall,

Plates XI and XII show perithecial primordia that were
pretreated with snall stomach cytase and stained by the Feulgen
carmine technic, The developing ascogenous system contained
monokaryotic and dikaryotic cells. Meanwhile increase in size of
the young perithecium resulted from periclinal and anticlinal
divisions in the primordijal wall as well as from stimulus from the

ascogenous system, This pressure from within was not measured.
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Plate Xa, Young perithecium stained in iren-haematexylin,x1500

Plate Xb, Young perithecium stained with Feulesen
technic af'ter treatment with snail stomach

cytase-ascogenous system developing, % 1500

o



Plate da,

Growth of young perithecium with production
of large central cells, yx 1500

Plate XIDb,

Growth of young perithecium with production
of large central cells, x 1500
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Plate XII, Ascogenous system in young perithecium. x 2000



The pseudoparenchymatous tissue constituting the wall of the
young ascocarp comprised 10 - 12 layers of cells, the inner 6 - 8
layers of which were hyaline and thin walled, and the outer layers
of which were thick walled and stained intensely in haematoxylin,
In unstained preparation, the round young perithecium appeared
cream-white in colour,

Asci started developing from the basal monokaryotic cells of
the slightly convex hymenium (Piate XIII) mixed up with sterile
hyphal strands. Simultaneous with the growth and development of
the asci, a zone of meristematic cells appeared in the inner
layers of the peridium opposite the young asci, Divisions in this
zone progressed outwards to the outermost layer of the perithecium
giving rise to many layers of cells (Plate XIV). Hyphal strands
from the centrum proceeded to grow upwards through a schizogenous
zone in the layer of young cells to the outside of the peridium,
The ostiole thus formed opened into the centrum, The numeroas
short strands lining the ostiole with many emerging at the tip
were the periphyses, Following the formation of the ostiole,
there was a re-organisation of the prosenchyma around it to form
a short neck measuring about 60 u in length (Plate XV).

The formation of the neck slightly preceeded the maturation
of the asci, Orange coloured pigments were soon concentrated in
the prosenchyma that formed the neck, This pigment exuded in a

fluid to the tip of the neck with the mature ascospores and when
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Plate XIVa, Formation of ostiole, x 1500

Plate XIVb, Pormation of the neck, x 800
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2 culture containing mature perithecia was examined, the charac-
teristic orange coloured zonation was significant., On so0lld media
where perithecia were produced in concentric zones, orange-coloured
concentric circles of perithecia were obtained, The greater part
of the inner peridial layers consisted of straw-yellow coloured

cells while the outermost 2 - 2 layers were light-brown. .

DEVELOPMENT OF THE ASCUS: . o B

The ascogenous system eont;inédbbth. ﬁonokaryotic and
dikaryotic cells fPlate XVIa). Asgci developed from monokar}otie
ecella, Crozier formation was not observed, The monokaryotic
cells {ascus mother cella) occurred basaiiy in the centrum and
grew by elongation into the centrum cavity (Plate XVIb). Meiosis
occurred, forming first a binuclente ascus, then a 4-nucleate one,
Thiasa was followed immediately by a third mitotic division resulting
in an 8-nucieate ascus (Plate XVII). There was a laying down of
cytoplasm around each of the 8 nuclei to form an B-spored arrange-
ment in a uniseriate aseus (Plate XVIIIa). With the delimitation
of cytoplasm around the eight nuclel in the ascus, the paraphyses
borne on the same hymenium deliquesced. C

Measurements of the spores in B=8pored ascus averaged 20.2 x 24 u
(20 - 21,8 % 23 - 25,6 u), The delimitation of cytoplasm to form
the B-spored atage was followed immediately by two consecutive

divisions in each spore to glva rise to four nuclei, The ceall wall

was laid down around each nucleus to form four ascospores from each



Plate XVIa,
X 2000

Squash preparations of young perithecium stained
in iron-haematoxylin,

a) Ascogenous system with unimucleate cells and
2 binucleate cell, Youns ascus with single
mic leus,

b) A young ascus with several monokaryotic cells,
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Plate XVIT, Young asci at various stages of
development in a scuash preparation
stained in iron-heaemetoxylin,
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Plate XVIITa, 8 - nucleate ascus with delimitation of large
spores, x 1500

plate XVIITb, 2 successive divisions in each large spore
resulting in the formstion of a maximum of four
ascospores in each large spore, X 1500



spore in the 8-spored ascus (Plate XIX). The formation of these
spores following these two successive divisions synchronised with
the deliquescence of the wall of the unitunicate ascus,

Maturation of the ascospores took place within the ascus with
a gradual disappearance of the cytoplasm external to the spores in
the ascus, Decliquescence of the inner 6 - 8 hyaline layers of
the perithecial wall occurred, The ascospores set free by the
deliquescence of the ascal walls filled the cavity of the
perithecium thus formed (Plate XX). The breakdown of the inner
perithecial walls was uneven, being confined to the sides and the
base, The pseudoparenchymatous cells at the apex of the perithecium
persisted with the periphyses lining the ostiole., The remaining
walls of the perithecium progressively turned brown to give the
characteristic brown colour of an old culture,.

The ascospores exuded through the ostiole in a slimy fluid
and collected at the mouth, In solid medium, the perithecium
disiategrated after the spores were shed as a result of the lower
thin-walled part of the perithecium being unable to support the
top which collapsed into the bottom half., The spores did not
geminate in the same medium in which they were produced,

The complete development of the fungus from a single spore
incubated on MEA at 28°C to the appearance of the first mature

ascospore on the culture was completed after 9 days of inoculation,
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Plate XIX., Ascospore formation, x 1500
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v  DISCUSSION L

ikl S : [

The life cycle of fungl begins and ends in spores and can be
conveniently defined as spore to spore development, It is delimited
by two phases; spore germination and spore formation or sporulation
geparated by a rather prolonged period of mycelial growth,

A study cof the initial, simplificative phase of the life
cycle {(spore germination} showed that the asexual spores (conidia)
~and the sexual spores (ascospores) differed in thelr environmental
requirements, The conidia showed nutritional independence while
the ascospores were nutritionally dependent, The existence of these
two eXtreme types of relation to external nutrients in this fungus
is significant when the rolea of these spores are considered, The
contdia are produced during the active vegetative growth of the
fungus and are responsible for rapld spread of the organism during
this phase, Its feature of nutritional independence, which is not
a common feature of conidia generally, must be understood as an
advantage towards fulfilling 1ts role, The thick-walled sexually
produced ascaspores are specially adapted for the survival of the
organism through unfavourable periods and their production occurs
a8 a result of the arrival of unfavourahle conditions in the
medium (72). Ecologically, a nutritional requirement for the

agcospore is without doubt, an advantage, helping to ensure that
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gemination wéuld not occur in environments devoid of the essential
materiels needed for continued growth (23),

The inhibition of germination by the fluoride sﬁggests that
the ED-pathway 1s.fhe main pathway for the glycolytic breakdown
of the carbon sources in the germinating spores, This has been
reported also by Blumenthal (15) for many fungi though he maintains
the possibillity of the existence of other, as yet undiscovered,
pathways for carbohydrate metabolism in fungil. It is necessary,
1f at all possible, for more bilochemical researches to attempt to
verify these observations at more than cne level, f

¥When the spores were lncubated at different hydropen-—ion
gconcentrations, the conidia showed a double pH optimum at 3.5 and
6,0 in the nutrient medium, The fact that these conidia are
capable of germinating in distilled water asgs well as in sugar
golutions sugpgests that some sther more complex processes other
than 2 reflexive pH - dependent unavailability of one or more
inorganic elements at the minimum cccurring between the two optims
are involved. IWhether this minimum has a direct effect on
conidial wall ﬁé?méability or not, is not known,

When the fungus was grown on different carbon sources, if
grew satisfactorily and sporulated on all the sources in solid

medium whereas in liquid media, it grew on all the carbon sources
except cellulose, With mixed carbon sources, denser growth was

ohtalned on all the sources investigated. Even with cellulose,
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large balls of mycelium were formed around the insoluble cellulose
particles, These mixed carhon aoﬁ?&eé simulate the conditions
that exist naturally in the soll, These results show that in a‘
simﬁiated natural environment, the £upgus yields a weight of
mycelium far in excess of growth on sole carbon sources, This
result is very significant, This diversified metabollic activity
will be of practical importance in a beneficial way in the
disposal of carbon-containing weste productsg in industrial
situations.' . : S .

In this study of the growth of the fungus on different carbon
sources, it was not possible to detérﬁine the oxtent of
d;sappcarance of the carbon-containing compounds except for starch
in the medium. The economic co-efficlent of the fungus on starch
after 6 days of incubation at room temperature was found to he as
low as 25%, ‘This result agrees with the results of Perlman (79)
obtained for fungi grown on dilute media, The probable soluble
metabolites, the production of which is responsible for this low
value mre not known, . _ :

The results obtained by culturing the fungus on different
nitrogen sources showed that the fungus is able to utilige both
.organic and inorganic nitrogen sources, That the cessation of
growth on glucose-ammonium sulphate medium was not due to the
exhaustion of the nltrogen source Qﬁa confirmed by the test for

Amponiuwm lon which gave a positive result, The renewed growth
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after the re-adjustment of the pH from 2,8 to 6,0 in 2 weecks old
cultures showed that the low pH was responsible.for the stopping
of growth., This increasing acidity of the medium following growth
in the glucose-ammonium sulphate medium was caused by the '
differential utilisation of the ioﬁ; present-iﬁ the nitrogen
gource - the ammonium ions being taken up by the fungus while the
sulphate ions accumulated in the medium and accounted for the
lowering of pH. }

Visible light is not neceasary for the growtﬂ and\spﬁrulation
of the fungus, The preoduction of crange eoloured pigments 1n the
perithecium was inhibited by light orly at intensities above 3,000
Lux, This poor carptencid development at such intensities mutt be
due to either a depression of carotenoid synthesis or to
photodestruction. The exact cause 1is ﬁot known. UV-light also
inhibited the development of pigments completely in the perithecla,
"THe . mechanism of its action is unknown,

Nﬁrrower ranges of tempe-ra;:u:re (.\.regetativa growth, 1.'5o - 40°C:
gporulation, 24° - 3200) and pH (vegetative growth 3 - 9.8;
sporulation 5.0 = 8,4) were obtained for reproductive growth than
for vegetative growth in the fungus, Because Sf the possible
interaction with other factors, further critical investigations
are necessary before any specific interpretation of these
environmental factors is achieved. .i

!

o
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In the development of the perithecium from a unisporous
culture, the ascogonium was found to be a coiled vegetative hypﬁa
but no antheridium was cohserved, Uninucleate ag well as binucleate
calls were observed in the ascogenous system. The ascus was
obgerved to arise from a uninucleate cell and no definite gv;dence
of erozicrs was observed, [

| The binucleate cells in the ascogenous system could be
representing young asci but the cells were not elengated as young
as¢l at this stage would be, These binucleate cells might be young
as¢cli prior to nuclear fusion or more probably ascogenous cells in
which the formation of septa had not yet occurred after a nuclear
division, Many authors (13, 42, 43, 44, 24, 2B, 105} have réported
similar observations in different species. In this study, it
appeard that the ascl arosge from uninucleate ¢ells and that the
hinucleate cells represent a stage prior to fusion of the nucleil

in the ascus mother cell., This remains to be confirmed.

The chavracteristics of the contrum in this species differs
slightly from the Nectriz type in the absenice of apical peraphyses
and the possession of uniformly thin-walled ascus in N. africana,
More studies of the develonmental morphology of the genus_will be
necessary before any specific statement c¢an be made on the

taxonomic relationshipe in the genus. The homothallism of the
P AR

fungus is very simple. S \© {‘@A
=/ RecEVED N7
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SUNMARY

The results of the study of the life cycle of Neocosmospora

africana from uninucleate single ascospores have shown conclusively
that the fungus is homothallic,

Germination of the spores is direct, by the production of germ
tube, The two types of spores generally produced by the fungus,
conidia and ascospores differced in their nutritional demands for
germination, Conidia germinate in the absence of nutrients
provided that the spores are in contact with liquid water and other
physical conditions are favourable for germination, Single-celled
conidia germinate by the production of two germ tubes. Ascospores
germinate under favourable environmental conditions only in the
presence of nutrients by the production of single germ tube.

No predetermined areas for the emergence of germ tube occur on the
spore surface. In the germination of conidia, two pH optima were
obtained while ascospores showed one optimum, Both conidia and
ascospores are capable of germination soon after production.

Investigations of the carbon metabolism of the fungus showed
that the fungus can utilise n wide range of carbon compounds
ranging from monosaccharides and disaccharides to sugar alcohols
and polysaccharides includingz cellulose, Mixed carbon sources
proved to be better sources of carbon for the growth of the fungus
than single carbon sources - a consequence of the operation of

adaptive enzyme systems,



0Of all the single carbon sources tested, mannitol proved to
be the hestfor vepetative growth while IL-sorbose gave the densest
production of perithecia. D=glucose praved ts he a good carbon
source for both vegetative and reproductive growth, though not the
best for any of these phasesg of growth, In all, no single carbon
gsource was found to be the best for both vegetative growth and the
production of perithecia, . e
Results of investigations of nitrogen metabolism of the

fungus showed that the fungus is able to utilise ammonium nitrogen,
nitrate nitrogen as well as organic nitrogen for both vegetative
growth and sporulation. In th:s use of ammonium nitrogen as the
sole nitrogen source, growth of the funpus was easily terminated
as a result of pH changes daesplte the heavy huffering of the
medium. Slight c¢hange in the morphology of the cells was obtailned
following increasing change in acidity of the medium with growth.
The low pH obtained proved to be fungistatic and not fungicidal,

| The ability of N. african& to grow and produce perithecia in
a vitamin free medium showed that the fungus is auxoautotrophic.
Studies of the effect of increasing concentrations of biotin and
thiamine on the growth and sporulation of the fungus showed that
increasing concentration of bioiin up'to 200 ppm remarkably
" clepressed sporulation without decreasing vegetative growth,
increasing thiamine concentrations up to 500 ppm, neither decreased

vegetative growth nor depressed sporulation,



The effects of the physical factors, light, temperature and
pH on the growth and production of perithecia in the fungus were
investigated, Visible light was found to be unnecessary for
growth and sporulation, Production of perithecia in concentric
zones was also found to be a light-independent phenomenon, though
the intensity of this zonation was influenced by the periodicity
of light. At very high light intensities, above 3,000 Lux, the
characteristic colour of the perithecia was diminished. UV light
was found to reduce vegetative growth and inhibit the development
of colour in the perithecia for only very short periods of
exposure to this light,

The fungus was found to grow and sporulate in the temperature
ranges 15°C to 39°C and 24°C to 33°C respectively, Germination of
the spores occurred in the range 2300 to 409c. in all, the three
different phases of growth, germination, vegetative growth and
sporulation showed three slightly different optimal temperatures.
A narrower optimum was obtaired for the production of perithecia
than for any of the other phcses of growth. From the studies of
the effect of pH on growth and sporulation of the fungus, a wider
range of pH was found to favour vegetative pgrowth than the
production of perithecia.

Studies of the developmental morphology revealed that the
ascogonium is a coiled hyphal branch. This ascogonium soon becomes

surrounded by neighbouring hyphae to form the perithecial primordium,
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' No antheridium was observed. Uninucleste cells of the ascopgenous
system give rise to the asci without the formation of croziers.
These unitunicate asci are borne mixed with paraphyses on a
slightly convex hymenium, Two successive division occur in the
B-nucleate ascus leading to the production of a maximum of
32-apored stape in the ascus. At maturity, the ascospores are
released into the perithecial cavity by the deliguescence >f the
gscal wnolls, These ascoaspores ooZe out of the neck of the mature
perithecium in a drop of liquid. _ . |

The life cyele of N. africana 1s simple and completely haploid

with the exception of the diploid fusioh nucleus of the ascus.
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AEPPENDIX 1b

The analysis of data of Experimeni: 1, as in all the other subsequent
experiments, was done for each sef; of six observations by
detemining the mean ( § ) from the relation
Mo = value of all measurements
Totel number of measurements

The mean deviation of the continuous varietés ' was also determined
from the formula

('}’Z: . .,h';, vhere

N is the total number of measurements (6)
X is the ocamtinuous variate

X is the mean
umm-tn-(m\.") of x, - 3, namely its
mmerical value ignoring the sign is employed,
Thus in the set of six observations of the percentage germination
of the ascospores after 14 hours incubation in complete glucose
asparagine mediums

A

% Gemination | Nean () batm Meen Deviation
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3rd 25,6 L -t o1
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A PP ENDTIX X1Y
Germination (Conidia) A Germinetion (Ascospores)
pH
1,0 0 0 0 (o} 0 0 - - - - - -
1.5 0 0 0 0 0 0 - - - - i -
2.0 5 3 6 6 5 5 0 0 0 4] 0 0
2.5 27 a 27 28 23 27 0 0 0 0 0 0
3.0 & 89 82 82 86 0 0 0 0 0 0
3.5 82 83 86 83 85 10 10 8 1 10 10,6
4,0 85 79 85 8 83 86 18 15 17 18 18 17
L5 80 82 81 81 ay 79 A 40 1A L3 L2 46
s o 8 8@ 0 oa .- .- e o -—-w‘ - - - —— NS S N ———
5,0 70 68 69 €7 ™ 75 60 60 61 58 61 &1
-t — DR — —
5 82 83 80 82 78 81 88 8€ 83 88 M 86
6.0 8 81 83 80 78 80 89 88 88 a1 89 87
- - - r. P
6.5 87 83 # 87 87 87 85 86 a7 87 8,
e 79 76 20 77 80 86 81 86 85 81 83
- - .,1|,._....._-.--...._..._-. -— t,‘....-....---
8,0 52 19 M 50 52 52 gL 80 79 1 ol 80
* 845 L8 49 L7 bl 49 48 58 56 5 58 57 56
9.0 43 1A L3 L3 1A 1A 30 39 38 30 32 38
9.5 27 25 27 25 2 26 7 T 9 1 8 7
10.0 27 23 23 27 25 2 0 0 0 0 0 0
10.5 0 0 0 0 0.7 0 0 0 0 0 0 0
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L4 P P B N D I X IV

Change In drvr weicht of myoelium every 2 days of arowth

Carbon Scurce " 2 4 6 8 10 12 14
Glucose | 9 17 18,5 21 18 A 4,6
10,7 16 21,5 19.0 5.5 10,2 145
10,2 19 19 18 19,6 645 3
£.8 153 16,5 155 67 345 348
9:6 1?.5 16&5 16-6 11!- "'215 106
12 19 .5 16 19.5 16.6 b, -2
Sorbose . - | _ 6.5 & 8¢5 15,5 5 345 2.5
5.8 9 8.6 14 1.5 2.5 0,8
6.5 9 9.5 10,5 9.6 -1.0 1.6
75 5e7 11 14,5 9 1.5 1.5
4 L,B 9.6 15.5 10 3 -2
5.6 6 8.5 10,5 8.5 1,5 1.0
Galactose 8 12,7 20 31,5 19,5 55 145
2,5 1 19,5 28 1845 946 Re6
6;6 9 20.5 25.2{- 2008 ) -ll-t5 1
9 12,6 16,6 29,5 19 6 =2
9 . 115 12,5 28,5 19,7 5.1 .5
10,7 10,5 19 28 19,5 L 1.5
Kaltose S 11,5 1747 2,5 18,5 8 6.5
10 Dt 15,6 1G5 16,6 10,7 Sad
10,6 11,5 145 15,7 15 9 6.6
8,5 10 15 16 16,5 8 3,5
9.5 11 14 204 17 2.8 5
9.0 B0 11 it 15.8 8 B
Sucrose o 8,6 14 25,5 9-;. 23.5 B 9.5
90? 12 2505 2005 20 10-5 -1 06
10,8 11,2 26, 2345 23 N 6.5
8.9 9,5 21 .6 22,7 21.5 8,5 5.8
B 13-5 21}08 20'6 2206 -~ -6 7-5
g 1441 24 16,5 2145 7.3 741




A PP ENDTI X V (SeePFig,?9)
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Milligrans of myoelium after days growth
Vitamin level 2 L [ 8 10 12 14
With vitamins 8 8.5 19 34,6 37 L6 49

7.8 9.2 20,3 35 4041 4742 51
8.3 842 17.8 3h 3841 u8

8. 8.9 18,3 32,7 36 L7

6.0 843 18,7 35 37 45 16,2
8.7 9.0 21,2 34 38.1 L7 46

Without vitamins 645 12 22,5 37 40 biols

Te7 11.2 18,7 36.9 3841 46 L3
6.9 9.8 21,6 32,4 37.8 k7.4 b).2
7.8 103 22,8 3546 37 blo3 1,641
8.1 14.0 22,0 37.8 38.9 4,0 47,1
6.9 12,2 20,8 35 3643 39,2 4y
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AP PENDITK VI
._ Digmeter of oulture (mm! after days of incubation
Temperature of incubation 2 L, 6 8 40 12 14 16
20% - 3 5 1 40 12 15 1€,5 18
2 L g 13 14 15e5 17
3 5 9 12 13 15 17
3 1h 8 12 14 16 18
2.5 5 9 12 14 16 17
3 4 9 13 14 16 17
25 2 8 17 36 42 48 49 50
2 7 16 36 b4 L8 4945 50
2 7 18 % 34 W1 47 50 51
2 7 17 36 42 48 50 51
1 8 18 36 X 47 50 51
2 1 18 36 L2 4B L3 50
28°% 2 13 52 | s 68 78 79 79
2 1% 32 i 51, €7 78 79 80
3 14 32 5 68 78 80 80
2 13 32 54 J 67 77 79 80
2 14 33 55 ; 67 76 78 19
2 14 32 Sk 68 78 79 80
35% 2.0 16 35 66 78 80 80 80
2 17 35 6l 76 80 80 80
25 17 3L el 78 80 g0 80
3 18 36 65 78 80 80 5o
2 16 35 65 78 80 80 80
2 16 35 66 é 78 80 80 80




