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ABSTRACT

A small proportion of sporangia of P. palmivora, less
than 1.0 per cent, formed by hyphae g~owingon coooa pods
germinated in humid air at 25°Cwhilst still attached to the
hypha. to produce germ tubes terminated by seoondary sporangia.
Sporangia in suspension in distilled water formed the greatest
number of secondary sporangia at 30oe. Germination in samples
of sporangia of the Sameage and formed under the same conditions
varied, and, the percentage of directly germinated sporangia
bearing seccndary sporangia at 300c ranged from 1.5 to 17.1 in the
various samples.

The majority of sporangia germinating in Distilled water
formed a single germ tube. The maxl.numnumber of germ tubes
observed on a sporangium was three. Direotly germinating
sporangia consequently generally produced a single secondary
sporangium. The length of germ tubes bearing the seoondary
sporangia varied. Secondary sporangium oculd germinate direotly
on maturaticn to produce another seoondary sporangium and
secondary sporangia to as far as the fourth order were formed in
oertain instances.

Seoondar.y sporangia produoed by sporangia germinating ~ _
distilled water and in solutions of' amino acids, carbohydrates,
mineral salts, proteins and vitamiris were markedly smaller than
the primary sporangium. The average lengths of the prima:ry and
secondary sporangia ranged from 38.1 to /....2.4pm, and .26.~ to 32.7 pm
respectively. Seoondary spor-arigaaof' 2nd, 3rd and 4th order
were olosely similar to the f'irst seccndary sporangium in size.

Secondary sporangium formation was limited in nutrient
solutions prepared with carbohydrates at concentration of' 0.1
to 0.8 per cent used as both germination and growth media.
More secondary sporangia were formed in distilled water than in
solutions of Fructose, Glucose, Sucrose, Mannose, Xylose, in the
mixtu~s oontaining fructose, glucose and sucrose and in solu tiona
of alanine, arginine, asparagine, glyoine, histidine, leucine,
lysine; mixtures of' fructose, gluoose and sucrose, amino acids at
100 to 400 ppmand Peptone and Yeast-extract at a concentration of'
1.0 per oent.
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Withdrawn.l of' nutr-i cnt s by transfer of the ~,erminL'..tod
spor-angi a t.o distilled \,~ter or severe r'educ td on of nut r-Lcrrt
concentration induced extensive secondary apor=ndnn f'crmatd on
in 2 - 3 hour old bcrm tubes of sporangia ger-mi.nrvtod in nutrient
solutions of ei thor proteins orcarbohydratos. Gl'c,:ing gcrm
tubes transferred from nutrie nt solutions to solutions of low
concerrtr-a tions of' /;,ncurine hydrochloride, D-Biotin Cyanccoba.La-
min, Nicotinamide, Pantothenic acid calcium salt, :l'yridoxine
hydrochloride and ll.ibofl<win and into solutions of 5mii: hll2P04~nd MgS04.7l-l 0 or int~ ,solutions of mixtures ~f thcse t'i·;O

~norf,anic safts and e~tljCr 0.1. per cent pro te Ln (~)optcnc or
yec..st-extmct) or 0.05 per oent carbohydrates (fructcsc and
glucose), profusely f'ormed secondary sporangia. Ind.ucti8n of
secondary sporangium by ~is rnetgod ';ic;"S possible at 30 C and
Lcwez- temperi;.turos Qi' 20 and 25 c.

~~econdary spcrangia were produced by 92.6 - 100 per cent
of directly e;ermil'1?ted spor-angd.a at pH 5.0 to 9.0. Only
1.0 - 9.7 per cent:cf the directly germinated sp(~rangia formed
secondary sporangia at pH 3.0.

Lipids, <proteins and RNJ.. were detected, by sta,J.n~ng,
in both primary and secondar-y spo.rangda , The oonoont.rat Lon and
distribution of each flcre the same in the two types of'
spcr-angf.a •. lndircct [.ermination was,hov,ever, grcc"..ter and
proceeded at a faster ra to in the prim,',lj' th2.n in the secondary
sporangia.
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I • IN TROD.UCTION

Two types of direct germination are distinguishAble

among spores of fungi : I tube-germination' and 'spraut-germi-

U\ation r. The less common type is sprout germination in which

the germinating spore under certain ciroumstances gives rise

to a mass of yeast-like cells. The ascospores of Bulgaria

inguinans Fries are a common~cited example. In the majority,

tube germination is the rule. The germinating spore produces

a germ tube which grows into a ~celium.

G-rowth of the germ tube, in oertain instances, during

tube germination may, however, be very limited and a mycelium

is never produced. The germ tube directly gives rise to a

seconda~ spore. The germ tubes of teliospores of Uredinales

and chla~dospores of Ustilagina1es are converted into

basidia and pro mycelia which bear basidiospores and sporidia,

respectively, as a regular definite sta€B in the germinatio~

Similarly, germ tubes of germinating oospores of some members

of the Peronospora1es, and, zygospores of members of the

Muoorales stop growth when they are only a few microns l1ng and

then form sporangia at their apices.
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In other fungal species, secondary spores are not a.

regular feature and their formation is dependent on oertain

environmental conditions. Secondary spore f'ormation among

species of this category has been found to be assooiated with all

sorts of spores. De Bary (1869) f'ound that when primary conidia

hom cultures of Beauveria. speoies were germinated in a thin

film of water, the germ tubes, after reaching a length of 6 to

10 times the diameter of the conidia, produoed oblong -

oylindrio seoondary conidia. He named these "cylinder

oonidiau• Seoondary canidia were also reported among

Beauveria species by Clerk (1963), Macleod (1954), petch (1926),

Pettit (1895) and Siemaszko (1937).

Cler}: £.!l2.. ill observed the.t seo .:lndary conidia were

produced by germ tubes of primar,y conidia of Beauveria bassiana

(Bals.) Vuill. sown in distilled water ani also incubated at

10~ R.H. He showed that whereas the primary conidia consisted

of a mixture of globose (2.1 - 2.8 pm in diameter) and oval

(2.8 - 4.7 x 2.1 - 2.4 pm) spores, the secondary conidia were

uniforml,y oval in shape and measured 3.5 - 4.6 x 1.5 - 2.5 pm.

Hawnand Vauterpool (1953) reported the occur-renee of

I
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secondar,ybasidiospores in Rhizocfonia solani (KUhn). They
described the germination of the basidiospore as a'repetition'.
A sterigma appeared at the apex of the spore, its length being
abiut twice that of the primary bas idiospore and at the apex .r
the sterigma developed a secondary basidiospore. The sterigma
formed by the basidiospore of Ceratobasidium cornigerum (Bourd.)
Rogers, in a similar repetitive germina tion, on the other hand,
emerges from the side of the basidiospo.~ (Martin, 1944).
Germination ~ repetition is a common phenomenon in the Asco~cete,
Sporobolosyces roseus (Kl. and van N). The ballitospores form
sterigmata upon which smaller ballitospores are produced (Bessey,
1950) •

Secondary spore production is unusually common in certain
grcups of fungi, notably in the Order Entomophthorale s and in
the Genus Phytophthora.

The greatest contributicn on the Entomophthorales has
come from the observations of Drechsler. Secondar,y conidium
formation has been described by Drechsler in Conidiobolus
firmipilleus DrechSler (Drechsler 1953), Conidiobolus osmodes
Drechsler (Drechsler, 1954), Conidiobolu8 nigosHs Drechsler,
Conidi.bolus nanodes Drechsler and Conidi.bolus lachnodss
Drechsler (Drechsler, 1955a), Conidiobolus polytocus Drechsler
and Conidiobolus ohlamydosporus Dreeheler (Drechsler, 1955b),
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Conidiobolus incongruus sp , n , and in Conidiobolus multivasus

Bp. n, (Drechsler, 1960).

Drechsler (1955b) gave the specific epithe~ polytocus to

C, polytocus which means "bringing forth manyyoung ones" to

signi:f'y its unusual prolificness. In an early sta,ge of

miltiplicative sporulation the primary conidium shows severa.l

warty protuberances. Each protuberance, after elongating a. few

microns, forms a terminal swelling that grows into a. globose

microconidium.

Sriniva.san and 'l'hiruma.lachar (1962) studied the morphology

of several Conidiobolus specLes :fromIndia. )larzyor these specie s

readily formed aecondary sporangia. Conidiobolus globulif'erus

Drechsler conidia showedrepetitional developnent by giving rise

to a secondary globose conidium t"n a short tubular secondary

conidiophore. In rare cases, ellipsoid secondary oonidia were

:formed. Discharged conidia of Conidiobclus heterosporus

Drechsl. germinated direot~ or gave rise to secondary globose

oonidia on long (50 - 60 pm l.ng) tubular secondary conidiophore.

Under certain conditions, the primary conidia f'or-nad secondary

conidia of' elongate - ellipsoid shape on slender conidiophores.

Formation· of' the ellipsoid seoondary conidia appea.red to be more

- - - - - - - - - - - -
- - - - - - - - - - - - -
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frequent amongconidia deposited on glass. Conidiobolus

khandalensis Srinivasan and Thiruma.lachar possesses globose

oonidium with a oharacteristic conical papilla which germinated

directly or gave rise to a secondary globose conidium on a short

secondary conidiophore.

USually the oonidium of Conidiobolus coronatus (Cost)

Batko produces one secondary conidium that is slightly smaller

than its parent, but, occasionally, it ~ produce a number of

small ticroconidia that are borne on radially oriented sterigmata

(Page and Humber, 1973).

Callagham (1969) observed seoondary spores on erect germ

tubes of BaBidioboluB ranarum Eidam. Dring (1958) similarly

reported that disoharged conidia of Conidiobolus rhYsosporus

Drechsler caught on 2 per cent malt agar plates formad seoondary

sporangia at the tips of short (abru t 50 Jlm) germ tubes of

similar size and shape.

Hotson and Harta@6 (1923) reported one of the earliest

observations in the Phytophthoras. They observed that, on some

occasions, a sporangium of Phytophthora mexicana Hotson and

H.:rtage germinated by sending out a Single germ tube, often with

a single' sporangium forming at the apex.
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'l'he sporangium So formed eould germina.te by a germ tube, which

in turn I fcrued another sporangium at 'the tip So tha.t as marzyas

four successive sporangia could be .bserved to form and germinate

in series. The fungus also pr-oduced chlanwdospores that germi-

nated by germ tube and often carried a sporangium at the end of

the germ tube.

Leonian (1922), a year earlier, observed seoondar,y

sporangium formation in Phytophthora oapsici Leonian. He described

the germinating sporangium as ovoid with prominent papillt. ,

either With a. single ani apica.l germ tube or souetimes up to

three germ tubes which would be variously dispersed on the

sporangium and each carrying a sporangium.

Since then, secondary sporangia have been found in germi-

nating sporangia of several species and the monograph, 'The

Genus Phytophthora' by Waterhcuse (1956) contains drawings ot:

seconda~ sporangia. at the apices of germ tubes of germinating

sporangia of Phvtophthora oana.valias Hara, PhYtophthora cinchonae

Sawada, Phytophthora oinnamoDi Rands, Phytophthora ci trophthora;

R.B. Smith, Ph.ytophthora meS9,spermaDrechsler, PSVtophthora

parasitica. Dastur, Phytophthora phaseoli Thaxter, Phytophthora pini

var. mtirrhini_Sundararaman and Ramakrd.ahnanand PWl~()al_l,t~o:r~",

tab'aoi Sawa&&.
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In addition, repetitive deveLopaerrt owld be found in the

z.ospores. Zoospores of P. megasperma, whether properly liberated

.r retained within the sporangial envelope owing to frustrated

dehiscence, often gave rise to a secondary zoospore, the

repetitiona.l deve.Iopnarrt ta.king place either by direct discharge

of contents thrrugh an evaouation tube 3.5 - 5.5 pm in diameter

and. 1.0 - 10 Jlmin length, or by the production of an elongated

miniature sporangium, commonly6.0 - 10.0 pm in diameter and 16.0 -

22.0 pm in length on a germ tube 10.0 - 60.0 ~m long.

The production of secondary spores is seem:!.ng~ependent on

environmental conditions which have been identified in only ver.y

few instances.

Light encouraged formation of secondary conidia in

Conidiobolus rhyosporus (Dring, 1958). Most of the discharged

c(Jnidia left in li@Jlt germinated directly to produce secondary

conidia. When, however, the spores caught on agar were allowed

t. ~rmi.nate in the daz-k, Il'{Yceliumproduction was promoted.

Z~ckerman (1957) was able to induce production .t aeo•• d:ary

conidia from conidia of Endoconidivphora fag$cea.rum (Bretz.)

by means vf X-ray irradiation. He reported ii'1at secondary spores

were produced by germinated cuniclia after having been exposed

to X-ray dosage up to 50kr.
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~m the results obtained, it was obvious that at dosages

above 20kr, the higher the dosage, the longer was the delay in

both the initiation of germination and in secondar,y conidium

formation.

Mineral oil, osmotic pressure and pH have been identified

as :factors in:fluencing secondary conidium production in

Conidiobolus coronatus (Page and Humber, 1973). Many conidia

formed microconidia (secondary spores) when they were germinated

under mineral oil or on a mediumwith a hiSher osmotic

pressure.

The effect of pH on the course of germination was tested

with asparagine - gluoose aga.r roodiumadjusted to dif'ferent pH's.

The proportion of germinated c.nidia Which formed seoonda.~

oonidia was grea.test at the extremes of the pH range tested

(pH 4 and pH 8-10), but especially so on alkaline media.

On malt agar med:ium,germinating conidia of Basidiobolus

rana.rum inva.ria.b~ developed a vegetative mycelium. In

contrast, spores on the surfaoe of the parent colony and, on

wa.ter agar, nea.r~ alw~s germinated directly to give a

conidiophore bearing a conidium. In this instance, nutrients

(malt extract) suppressed secondary sporangium developmant on

one hand, whils t on the other, secondary sporangia. were :formed

University of Ghana http://ugspace.ug.edu.gh
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in the absence of any nutrients.

The habit of secondary spore production is invaluable

to fungi. Dissemination of the fungus is enhanced by the rapid

production of spores by germinating spores. In disease -

species, infection units are multiplied. Development of

secondary spores under conditions unsuitable to the hyphae

ensures survival of the fungus.

The extensive occurrence of this phenomenon in the ~nus

Phytephthora suggested an examination fer secondary sporangium

formation in Phytophthora palmivora (Butl.) Butl., " infor-

mation of relevance to attempts at control of one of the most

destructive Phytophthora species in the t.ropdcs,

p~ palmivora is very widespread in the tropicS and has a

very wide host range. It is known to infect over 50 genera of

flowering plants (Hickman, 1958). The most recent review of the

host range of P. palmivora by Chee (1969) mentioned 138 host

plants. The most important among these are cocoa (Theobroma

cacao L.) and rubber (Hevea brasiliensis Muell-Arg. h. -
P. palmivora causes a variety of diseases in cocoa

depending on the part of the plant it attacks. It causes a

black-pod disease and a canker of the stem and floral cushions

in all cocoa-growing countries in West Africa, the West Indies
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and the Far East; brown pod-rot d.:i.sea&e. cush Lon oanker and a

bJ..igh-t. ~ te.l'!n.inal shoots in SOl th America; mild bark and

eushd.on canker, die-back of chupon and fan-shoots in~osta Rica;

and a wilt of seedlings in Co.ta Rica and.Nigeria (Gregory,;

Will8 1962).

In Ghana, it is most serious as a pathogen of the pod,

where it is responsible for an annual loss of about 33-35

per oent of the pods (Wharton, 1956), but it is difficult to

obtain an acourate estimate of how mich cocoe is los t since

cul tivation of the crop is done, principally, on peasant farms.

The annual 10s8 of yield of cocoa attributed to black-pod is

censervatively estimated to average 10 per cent of the world's

crop. This fi~re averages out a wide diversity of incidence,

ranging from nil in Malaya, a few per cent in the drier areas

of the Ivozy Coast to a potential Loss of 80-90 per cent in

wetter parts of the CameroonRepublic.

The sporangia of p, palmi vora germinate in distilled water

. and at moderately low temperatures to give motile zoospores,

which together with 'the sporangia form the main agents of
o 0

dissemination. At 30 - 35 C and, in the presence of

nutrients the sporangia ~rminate to produce germ tubes (Clerk,

1972; 1974).
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Numercus germ tubes are often formed by a spurangium turning

it into a ' many - pronged' infection body. The prOduction of

secondary sporangia would further increase the potential of

the sporangium as disease inoculum. This thesis reports on

investigati~ns made to study the formation of secondary

spGrangia in P. palrnivora and to define the conditions that

enccurage production of the secondary sporangia.
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II. LITH'_.RATURE REVIEW

There are ve~ few references in the literature on the

germination of sporangia of P. palmivora. These are reports

on both indirect germination by production of zoospores and

direct germination by formation 0f germ tubes.

Sporangia of P. palmivora formed zoospores in water

(Bimpong and Clerk 1970; Clerk, 1972; Tarjot, 1967;

Turner, 1963), in soil extract and, in root exudate of

cocoa and 20 other flowering plants (Turner, 1960; 1963).

Clerk 2£. ~ obtained the best indirect germination of more
othan 90 per cent, at 22 C.

The sporangia germinated in water by meanS of germ tubes
oonly at 30 C and above. Germ tube formation was, hovrever,

(
0.encouraged at a lower temperature 22 C) by peptone and yeast-

extract, cocoa pod extract and exudate, and very low concentra-

tions of CaC12and MgS04" 7li20 in addition to thiamine and a

number of sugars and amino acids (Clerk, 1972).
There is apparently no ..information on the developme nt of

secondary sporangia in P. palmivora nor onGf8~toro influenaing
the production of the secondary sporangia.
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III. MATERIALS AND GEI\1];RAL METHOOO

(i) MATERIALS :

The isolate of P. palmivora used in these studies was obtained

from the stock culture colle ction of the Botany Department,

University of Ghana, Legan.

Cocoa p~da for raising sporangia were collected from the

B~tanical Garden of the University of Ghana, Legon.

(ii) GENERAL ME'IHODS

(a) Maintenance of Stock Culture

Stock cultures of P. palmiv~ra were maintained on slopes

of CaSsava Dextrose Agar medium (200g cassava; 20g dextrose;

30g agar; 1000ml water) in McCartney tubes. They vrere incubated,
at 25 C and subcuLtur-ad at fortnightly intervals.

(b) Method of inoculation

Cocoa pods wero wound-inoculated with 3 mm discs removed

from the growing edge of 7 day vld P. palmivora cultures on
aplates of Cassava Dextrose Agar growing at 25 C.

(c) Produ ction of Sporangia

Surface sterilised cocoa peds were inoculated by making

a triangular incision measuring 1 em long each Side, at the

stylar end of the pod and placing mycelium-bearing disc upside

duwn in the wound. The pods were then incubated in sterile

rectangular per-spex containers (22·.5em long x 16.0 em wide x

30.5 em deep) which were open at one end. The pods were placed
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on mfi61at ootton wool pads and the perspez ohambers inverted

over them. oThe rul1ures were grown at 26 .± 2 C. The tqycel1u.m

whioh grew mo8t~ within the husk of the pod, sporulated on the

8urt'ace on emergent hyphal branches. An average pod of 15 om

long was ooq>letely rotted by the t\,mSlS in 10 days.

The fungus on the inoculated pod was allowed to develop

for six dE\YlS. Sporangia were thereafter colleoted from the

growini! edge of the DtYoeliumon each suoceeding day, with

flame-sterilised mierospatula, until the entire pod was

infeoted. Preliminary studies had earlier shown that suoh

sporangia were less than 24 hours old and general.l\v viable.

(d) Sp~rangia.l Germination Tests

Germinativn of the sporangia was studied by incubating

sporangia harvested from the surface of inoculated oocoa pods

in the various test solutions in Petri dishes (7 emdiameter).

Each Petri dish contained 20 ml sporangial suspension. There

were six replioa.tes of each trea.tment.

(e) Sporangial Suspens1dn for Germination Testa

The number of sporangia in suspension far every germinat10n

teat was strictly standardised to 200 x 10' sporangia per

millilitre of solution with the aid of a haemaoytoDJ9ter.
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(f) Assessment of Effect of TreatIlSnt on

Seconda.r:y;Sporane;ium fvrmation

The effect of the various treatmen 1:2 on secondary

sporangium formation was assessed by noting the proportion of

directly germinating sporangia bearing seoondary sporangia.

Data in the tables of results and values used for graphs and

histograms were obtained from random readings from all replicates

of each trea tlIJ3nt •

Observations were made immediately at the end of the

incubati.n period. Where this was not possible further

development was stopped by adding a few drops of 1.0 per cent

formalin solution to each Petri dish.

A secondary sporangium was regarded to have been forlIJ3d

if a germ tube from a sporangium carried at its apex a diseer-

nible sporangium of any Size.

Record was generally made during each experinent of :

1. Numberof , sporangia QJ. t of the total number observed

germinating indirect~ by means of zoospores.
'r

2. Number of: sporangia out of the total number observed

germinating directJ.;y by means of germ tube-.

3. Numberof directly germinating sporangia bearing secondary

sporangia

The total number of sporangia ~bserved for aaeh treatllJ3nt

has been indicated in the tables of results.
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(g) Incubation

Incubation conditions varied with the experiment and are

described at the appropriate places in the text.

(h) Staining Methods ror Detection of Concen-

~ation of Organelles and Substances in

the sporangia

Sporangia on albumen-coated microscope slides, except

during examination of lipids, were variously stained to study

tee concentration or RNA, Glycogen, Lipids and Proteins in the

sporangia.

Eli!: The material was f'Lxed in acetic alcohol (T part

glacial acetic acid, 3 parts or 9~ ethyl alcohol) ror

approximately 30-60 minutes. The f'Lxed sporangia were brought

down to ~ater through graded series or alcohol and water

mixtures. The slides supporting the fixed sporangia were

placed in Korson's solution A in a staining dish ror 2 minutes
(Korson's solution A : 4% Orange ~;ip di.1i:l~led.watfJr).. The

material was washed in distilled water to which a drop or

K~rson's s.lut~on A had been added. It was next placed in

Korson's solution B far 15 minutes (K.rson's solution B

Methyl Green in distilled water).

0.15

;',:,

t::•• '\.,
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The stain was drained ~ff at the end of this

period ar.i the material stained in Korson's solution C for

5 minutes (1part 0.1~ Methyl Green in distilled water plus

1 part 0.1% Toluidine Blue in distilled water). The sporangia

were then rinsed in pure tertia~ bu~l alcohol and left

overnight in fresh tertia~ bu~l alcohol to finish destaining.

It was finally washed in ~lol and muunted in Canada Balsam.

R.N.A. stained blue.

LIPI~: The presence of lipids was demonstrated us Ing

Sudan III. This stain dissolves in lipid material which then

shows a red caluur. The sporangia were mounted in water and

allowed tu d~, and then a drop of the stain (0.1 g Sudan, III.,
50.0 ml, 95,% ethyl alcohol; 50 ml, glycerine) added. The

stain was run off the material after 5 minutes, and the

material mounted in glycerol for immediate examination under

the microscope.

GLYCOGEN: The presence of glycugen was demonstrated

us Lng Best's carmine stain. The sporangia were fixed for 30

minutes in acetic alcohol; washed several times in 90% ethyl

alcohul and dried on slides. The slides were placed in

absolute alcohol, then in 8d% ethyl alcohol for 5 minutes.

The slide with the sporangia was put into Erlich's haemato~lin

for 2 minutes; rinsed in water and transferred to 2 parts.
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Best carmine stock solution (2 parts 880 ammonia, 3 parts

methyl alcohol) ~or 5-10 minutes. The sporangia were next

di~erentiated in Best's ~luid (80 ml absolute alcohol, 40 ml

methyl alcohol, 100 ml distilled water) until the stain stopped

di~fusing out. They were then cleared in ~lene and mounted

in Canada Balsam. Glycogen stains bright Red.

PROTEIN: The sporangia were ~ixed in acetic alcohol ~or

20-30 minutes and then le~t overnight in 1q% perchloric acid
oat 4 C, so as to extract all R.N.A. The material was removed the

next day, washed twice in distilled water and stained ~or

30-60 minutes at room temperature in a mixture o~ equal volumes

o~ 0.1% sa~ranin and Fast Green (mixed equal volumes o~ stains;

allow to stand ~or 10 minutes with occasional shaking, ~iltered

and the precipitate discarded). It was then washed twice in

distilled water; ~ollowed by washing in two changes o~ absolute

alcohol. The stained sporangia were ~inally cleared in rJlene

and mounted in Canada Balsam. Proteins were stained green.

(i) Method o~ Sterilisation

Nutrient media, distilled water, centrifuge tubes, test

tubes and filter pape r- were sterilised by autoclaving f'or-15

minutes at 15 pounds per squar~ inch pressure. Cotton wool

plugs of'Erlenmeyer ~lasks and test tubes were temporary

covered with grease paper to prevent penetration of'any
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condensed water during autoclaving.
oPetri dishes were sterilised by heating at 160 C for

6 hours in an electrically heated oven.

Cocoa pods were surface sterilised by washing them

with 70% ethyl alcohol and then rinsing thoroughly with

several changes of sterile distilled water.

The perspex humidity chambe rs which held the inoculated

cocoa pods were sterilised ~ washing the inner surface with

70% ethyl alcohol and dried with sterile filter paper.

The inoculation room waS sprayed with 9.% dettol solution

( 5 ml Dettol : 95 ml water) 10 minutes before use.

(j) Adjustment of pH

Acidic pH, where required, was obtained by adding 0.5 N HCI

to the medium. Alkaline pH was obtained by adding 0.5 N NaOH.

The pH of the media was measured with a Zeromatic pH meter.

(k) Determination of pH

The pH of sample s of all liquid media was d<t~l!tmifled b~ means or d
Zeromatic pH meter before and after autoclaving.

(1) Chemicals
All chemicals used in the preparation of media were

either of the Analar grade or of the B.D.H. (British Drug Hcuse)

grade both obtained from British Drug Hoose, Poole, England.
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(m) Statistical Analysis

Experimental results were statistically analysed where

necessary. The Least Significant Difference (L.S.D.) at 5,10

level has been quoted.

(n) Experimental Precaution

1. Glass~ware was kept scrupulously clean. Glass-ware which

had been already cleaned with water and detergents was rinsed

several times with tap water and three times with distilled

water and allowed to drain before use.

2. The density of sporangial suspensions was kept fairly

constant in all treatments.

3. The incubation chambers covering inoculated cocoa pods

were removed for a few seconds eve~ morning, to let off any

gases accumulated in the closed chambers and, dripping condensed

water on the inner surface of the chambers was wiped off with

sterile fil er paper.

4. In or-der to use viable sporangia for all the experiIIl3nts ,

the viability of the sporangia for eve~ test was determined

prior to setting up the exper-i.nent , A quantity of'the
osporangia was put in distilled water and incubated at 22 C.

Samples of sporangia accepted for any experiment should produce
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at least 70 per cent indirect germination after one hour.

5. Some of the sporangia, on development of germ tubes,

became buoyant ant!floated on the incubating medium. The

microscope was, therefore; focused, during ubservations at the

end of the incubation period, at all levels of the suspending

medium to ensure that all sporangia were seen.
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IV. RES U L T S

A. GERMINATION OF SPORANGIA ATTACHED TO THE!

PARENT MYCELIUM

Waterhouse (1956) produced illustrations of germinating

sporangia of numerous Phytophthora species bearing seconda~

sporangia. The germinating sporangia were generally detached.

There was nc information on any observations made of sporangia

on the myceHum,

Cochrane (1958) noted that although germination of fUngal

spores ill~ has occasionally been reported, it is certainly

not a common phenomenon. _E. palmivora seems to be one of the

few species which produce' 'spores capable of germinating whilst

still attached to the :l).ypha. For, sporangia attached to the

parent rrycelium havebeen shown to produce zoospores readily

(Bimpeng, 1969). P. palmivora culture transferred after 6 d~s
oof growth at 25 C in V-8/CaC03 broth into distilled water and

maintained at the same temperature formed sporangia copiously

within 5 days. The sporangia formed zcospores within one hour
owhen the culture was then transferred to 20 C.

Clerk (1976) induced direct germination in p. palmivora

sporangia attached to the parent ~celium when he incubated

P. palmivera culture raised in V-8/CaC03 broth in yeast-extract
osolution at 30 C. He did not examine the germinating sporangia

for seconda~ sporangia.
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Several samples of sporangia removed from ~celium growing
o 0on cocoa pods at 26 - 27 C were examined immediately after

removal under the microscope in drops of distilled water for

the pres~nce of secondary sporangia formed in ~ on the

infected pod. Examination of each sample was limited to only

10 minutes since the sporangia germinate rather quickly,

particularly by means of zoospores, over a wide range of

temperature (Clerk, 1972).

Samples examined on a particular day constituted one

observation as recorded in Table 1.

Secondary sporangium formation i:!! ~ was rare. Less

than 1.0 per cent of the total number of sporangia observed,

ranging from 4,054 to 5,999, on each occasiun germinated by

means of germ tubes and f'or-ned secondary sporangia on the pod.

Directly germinating sporangia withou t secondary sporangia

were not detected.

University of Ghana http://ugspace.ug.edu.gh



- 30 -

TAB L E 1

Formation of Secondary Sporangia by P. palmivora Sporangia
ostill attached to ~celium gruwing on cocoa pod at 26~27 C

ExperLnent Date Total No. of % Sporangia

No. August Spcrangia with secondary

1975 observed Sporangia

1 8th 5704 0.9

2 9th 4636 0.7

3 10th 5592 0•.5

4 11th 5999 0.3

5 12th 4054 0.4
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B. SECONDARY SPORANGIUM FSlRMATION IN

DIS TILLED WA'IER

Evidence f'rom the preceding study showed that the

sporangia were capable of' forming germ tubes and secondary

sporangia, even thrugh at a very low rate, in humid air. It

is likely that the proportion of' germinating sporangia

incubated in distilled water that could form second~ sporan-

giB. would be greater. This supposition was verified in a

subae quenf experilOOnt. It would be more rewarding to investi-

gate this at temperatures where direct germination normally

occurs in distilled water.

Clerk (1972) reported that higher temperatures encouraged

direct germination of the sporangia of P. palmivora, in addition

to supporting zoospore f'ormation. He found that some of the

sporangia (not more than 10 per cent) germinating in distilled

.00
water formed germ tubes at e~ther 30 or 34 e., whilst others

(approximately 50 per cent) produced zoospores. Generally,

o ti 1temperatures below 30 C encouraged zoospore forma on on y.

Clerk (1976) observed in subsequent studies that

occasionally, germinating sporangia in distilled water at

o 0
22 - 26 C produced short germ tubes with secondary sporangia

at their apices. The rate of f'ormat:i..onof iile secondary

sporangia t he noted J was extremely low J usually less than 1.0

per cent.
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Seconda~ sporangium formation in distilled water was
ostudied by incubating aqueous sporangial suspension at 30

oand 35 C. The proportion of directly germinating sporangia

bearing seconda~ sporangia was assessed after 24 hcurs

incubation. Table 2 contains data obtained during this

investigation.
oThe higher temperature, 35 C, was clearly less suitable

for sporangial germination. Only 1.6 to 3.8 per cent of the

sporangia produced zoospores at this temperature in contrast
oto 10.7 to 16.2 per cent at 30 c.

Similarly, more sporangia, 15.5 per cent germinated by
o 0means of germ tubes at 30 C than at 35 C, which supported only

7.6 per oent direct germination.
oSeconda~ sporangium formation was better at 30 C, and

this temperature was adopted for subsequent experiments.

The percentage of sporangia bearing secondary sporangia at
o 030 C and 35 C, were 13.5 and 1.7 per cent respectively.
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TABLE 2

Germina tion of'Sporangia of'E: palmi vera incubated in dis tille d
o 0water at 30 and 35 C f'or 24 hours

Total No. DIR8CT GERMINATION

of'Sporangia % % Sporangia with

Temperaturi observed Indire.t Single more no

(oC) (in f'our ';.ermination Secondary than on.e Secondary
tests) Sporangium Secondary Sporangium

Sporangium--- -1403 12.4 17.1 4.3 2.8
1087 16.2 13.2 3.2 1.3

30 1367 10.7 10.8 0.9 1.8
2130 15..1 3.9 0.2 2.0

Mean 13.6 11.3 2.2 2.0

1348 1.6 1.1 0.1 3.1
1021 2.4 2.1 0.1 10.0

35 1014 1.7 2.3 0.0 6.5

1143 3.8 0.7 0.1 4.1

Mean 2.4 1.6 0.1 5.9
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c. Developoont of Secondary Sporangia

The earliest directly germinating sporangia incubated
ain distilled water at 30 C produced germ tubes in 1 to 2

hours. Maximum direct germination was achieved in 6 to 8
hours. A sporangium produced from one to three germ tubes

which usually emerged close to the papilla (Plates 1 and 2).

In common with development in other Phytophthora species,

the secondary sporangium was always borne at the tip of the

germ tube. Germ tubes bearing secondary sporangia were of'

variable length. They could be as short as 32.0 um or as long

as 242.0 um (Plates 3a, b and c).

Electron-micrographs of directly germinating sporangia

of Phytophthora parasitica (Hemmes and Hohl, 1969) and

P. palmivora (Clerk, 1974) showed ve~ clearly that only a

portion of the protoplasm of the sporangium participates in

germ tube formation. A considerable proportion of'the proto-

plast remains in the sporangium. Similar observations were made

here. The protoplast remaining in the sporangium seemingly

degenerated later. For, several of'the germinating primary

sporangia appeared empty when observed under the light microscope

(Plates 2a and b).

This feature was again observed in secondary sporangia that

~~rminated to produce, in turn, another secondary sporangium

(Plates 4a, b ). Such germinating secondary sporangia.
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were usually observed within 24 to 48 hours of incubation.

Text - fig. 1 contains Camera lucida drawings of the numerous

features described and supplements Plates 1 to 4.
The secondary sporangium never attained the size of the

prim~ry sporangium that produced it (Plates 1 to 4). Where

there was a series of two or more sporangia in a chain

(Plate 4) each succeeding sporangium was smaller than the

preceding one. Table 4 shows that the primary sporangium

with a mean length of 42.4 ~m was far larger than the two

secondary sporangia, 27.8 and 26.2 ~m .long, respectively, in

the chain. The difference in size of the two secondary

sporangia was not Significant.

Only a fraction of the first secondary sporangia

produced a subsequent sporangium. Approximately a quarter

of the secondary sporangia produced formed another sporangium.

Germination of this generation of secondary sporangia was

rare and it was observed during this investigation in only

15 out of 568 secondary sporangia (Table 3).
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TABLE 3

Ability of P~ palmivora sporangia germinating in distilled
owater at 30 C to produce a chain of a series of seconda~

sporangia.

Period Total No. No. of No. of Sporangia bearing

of of Siporangia 1,2 or 3 secondary

Incubation Sporangia bearing sporangia in a chain
-

(Hours) observed Secondary
1 2 3

8porangia

48 3222 291 205 72 14-

72 2641 568 412 141 15
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TABLE 4

Comparative size of Seconda~ Sporangia produced by

P. palmivora sporangia germinating in distilled water
()at 30 C for 72 hours

Sporangium Mean length of 60 sporangia

(11 m )

Pr-Imary

1st Secondary

2nd Se condary

42.4 .:t 1.5

27.8 1:. 0.9

26.2.:t 1.0
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/ •

Unstained germinating sporangium or P. palmivora
after 24 hours incubation in distilled water at

o30 C bearing secondary sporangium on germ tube

emerging thruugh the papilla. x 300.
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Plate 2a. Unstained germinating sporangium of P. palmivora

after 24 hours incubation in distilled water at
\

o .30 C w1th two secondary sporang~ m - bearing germ

tubes. x 250.
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Plate 2b. Unstained germinating sporangium of'P. palmivora

af'ter 24 hours incubation in distilled water at
o30 C with two secondary sporangium-bearing

germ tubes. x 300.
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e
() e

Plate 3a. Samples of unstained germinating sporangia of P. palmivora

after 24 hours incubation in distilled water at 30°0

showing 5ecsnda~ sporangia at apices of very short

(averagely 32 jnn ) germ tubes x 300.
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Plate 30. Two unstained germinating spurangia of p. palmivora
oafter 24 hours incubation in distilled water at 30 C

showing secondary sporangia at apices of slightly

longish (average 100 ~m) germ tubes. x 300.
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Plate 30. Unstained germinating sporangium of ~lmivora

after 24 hours incubation in distilled water at

30°C showing secondary sporangium at apex of long

(240 pm) germ tube. x 300.
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Plate 4. Two unstained germinating sporangia o~ P. palrnivora
oafter 48 hours incubation in distilled water at 30 C

showing secondary and tertiary sporangia. x 300.
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D. EFFECT OF CARBOHYDRATES ON SECONDARY

SPORANGIUM FORMATION

From the stand point or behaviour or the sporangia in the

rield, water, as such, is or less signiricance; the sporangia

would be germinating in exudates and extracts of the host tissues,

especially, tbe stem and pods or cocoa, and, in soil solution.

These media would, naturally, contain nutrients and mineral salts
in considerable quantities which would influence the germinating

sporangia. This consideration prompted an investigation into the

efrects of selected carbohydrates and nitrogenous compounds on

secondary sporangium formation.
Bimpong (1969) identified, by means of paper chromatography,

the amino aoids, Asparagine, Glutamic acid, Glycine and Tyrosine

in cocoa pod extract. Any nutrients in the exudate occurred in

too low concentrations to be detected by paper chromatography.

Several amino acids have been detected with an Eel 199 Amino

Acid Analyser in investigations in progress in the mycology

laboratory of the Department or Botany, Legon (Asomaning, 1977).
Formation of secondary sporangia in P. palmivora in the

presence of selected c~rbohydrates was first examined to find

to what extent, if any, these nutrients inrluence sporangial

behavirur.
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Eleven carbohydrates at four concentrations, 0.1, 0.2,

0.4 and 0.8 per cent (weight/volume), were used (see Tables 5

to 10). Equal parts of sporangial suspension, at double the

density used in other experiments, and solutions of appropriate

carbohydrates, also at double the required concentration were

mixed to obtain the desired concentration. Sporangial suspensions
oin Petri dishes were then incubated at 30 C and observed after

24 hours.

The results are tabulated in Tables- 5 to 10 and illustrated

in histograms in Fig. 4. The histograms were constructed to

bring the various observations together for better comparison

and tv provide information on the lengths of germ tubes, bearing

the secondary sporangia, information not provided in the
tables of results. The lengths recorded in Fig. 4 were those of

germ tubes bearing only a single seconda~ sporangium (see Text-

fig. 1, Figs. 1 and 2>'

Results in Tables 5 to 10 and in Fig. 4 showed that

carbohydrates could affect seconda~ sporangium formation in

several ways. The pe rcentage of germinating sporangia bearing

secondary sporangia and the length of germ tubes bearing them

varied with concentration of the carbohydrate. The pattern of

effect varied with the compound. Halm (1970) clearly demons-

trated the erratic nature of germinating E~_p.al~~~ sporangia.
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Samples of sporangia, of the same age, removed from cocoa pod

surfaces showed differences in germination capacity. The

effect of any treatment should, therefore, be judged by comparing

observations with that in distilled water carried out at the

same time•

In brief, the influence of these carbohydrates were :

Arabinose Zoospore formation was better in distilled

water than in solutions of Arabinose. Direct germination was,

however, better in the Arabinose solutions with a peak at 0.2

per cent where the greatest number of secondary sporangia was

also produced.

The germ tubes bearing secondary sporangia in the

~rabinose solutions, particularly at 0.1,0.2 and 0.4 per cent,

were generally longer (148 - 226 p m ) than germ tubes in

dis tilled wa ter ( 80 pm I,

Cellobiose : Indirect germination was higher (24.5 - 34.3
per cent) at 0.1 to 0.4 per cent Cellobiose than in distilled

water. Again distil10d water supported lower direct germination

rate of 1.0 per cent than any of the Cellobiose solutions, in

which germination ranged from 2.9 to 9.2 per cent. Seconda~

sporangium format~on w~s only slightly improved by Cellobiose

at 0.2 to 0.8 per cent9

Germ tubes carry:i.ngthe secondary sporangia were longer
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in Cellobiose solutions than in distilled water. The mean

length in distilled water was 105 pm in comparison to a mean

of 391 ~m at 0.8 per cent Cellobiose.
Cellulose: Cellulose at a concentration of 0.1 per cent

supported almost twice (53.6 per cent) indirect germination

of 28.3 per cent obtained in distilled water. Concentration of

0.8 per cent depressed zoospore formation.

At the best concentration of 0.4 per cent, Cellulose had

almost the same effect on both secondary sporangium formation

and germ tube growth as distilled water.

Fructose Zoospore formation was severely suppressed

by Fructose. Whilst 14.4 per cent of the sporangia produced

zoospores in distilled water, the highest germination found at

0.1 per cent Fructose was 6.2 per cent. Concentrations of 0.4

per cent and above were totally inhibitory.

Although a very high percentage of direct germination,

56.2 per cent, was obtained at 0.2 per eent Fructose in contrast

to a germination percent~ge of only 11.1 per cent in distilled

water, greater number of secondary sporangia was formed in

distilled water than in any of the test solutions.

~erm tubes bearing secondary sporangia were, however,

longer, at certain conctlntrations of Fructose, 0.1, 0.2 and

0.4 per cent, 159 • 262 pm, than those in distilled water, 110 ~m.
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Galactose: Indirect germination decreased with

increase in Galactose concentration. The lowest concentration

of 0.1 per cent supported a lower germination of 13.5 per cent

than distilled water, 17.9 per cent.

Secondary sporangium formation was greatest, 13.2 per cent

at 0.2 per cent Galactose. Only 2.6 per cent formed secondary

sporangia in distilled water and Galactose at 0.8 per cent

waS completely inhibitory.

Direct germination was higher at all concentrations

than in distilled water. Concentration at 0.2 per cent

promoted the highest percentage direct germination.

Germ tubes bearing the secondary sporangia were longer in

0.1, 0.2 and 0.4 per cent Galactose solutions (345-538 pm)

than in distilled water ( 180 pm ).

Glucose: Distilled water promoted the formation of

the highest number of secondary sporangia of 2.5 per cent.

The percentage of sporangia in Glucose solutions bearing

secondary sporangia was low (0.3 to 0.5 per cent), although

direct germination was greater, (5.8 to 11.4 per cent) in the

Glucose solutions of concentrations of 0.2 to 0.8 per cent.

Approximately the same pr~ortion of sporangia produced

zoospores in distilled water and in 0.1 per cent Glucose

solution. Percentage gernunatdon then t,aU with increase in

University of Ghana http://ugspace.ug.edu.gh



- 51 -

Glucose concentration.

Germ tube growth was enoouraged by Glucose. Germ tubes

bearing seoonda~ sporangia were longest at 0.2 per cent

Gluoose. The nean length was 523 pm, more than three times

the lengths in 0.1 per cen t Glucose and distilled water, 169 pm

and 150 pm, respectively.

Lactose: Laotose at 0.2 per cent was the optimum for

secondary sporangium formation in the concentration range tested

and it was also the best concentration for direot germination.

In both instances the values obtained, 13.7 and 21.9 per oent,

were far greater than the oorresponding values of 3.7 and 3.9
per cent, respeotively, in distilled water.

The pattern of indireot germination was closely similar to

that in Glucose solutions.

Germ tubes bearing the secondary sporangia were generally

longer in the Lactose solutions than in distilled water. The

greatest effect was produced by 0.4 per cent Lactose whioh

supported germ tubes more than twice (262 ].lm)the length of

those in distilled water (109 ~m).

Maltose: Concentrations of 0.2 and 0.4 per cent promoted

higher seconda~ sporangium formation, 5.5 and 7.3 per cent

respectively, than distilled water, 2.6 per cent.

Germ tubes oarrying the seconda~ sporangia were longer in

all the Maltose solutions than distilled water. The mean germ

tube length increased ,nth increase in Maltose ooncentrations
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of 0.4 per cent and above.

Mannose: Mannose was not a suitable medium for secondary

sporangium formation. Mannose, Sucrose and Xylose were the

only carbohydrate compounds inferior to distilled water at all

concentrations used. In the Memnose solutions, however, direct

germination waS better than in distilled water and the germ

tubes bearing secondary sporangia were longer.

Approxima tely one-fifth of the sporangia gerrninated

indirectly in distilled water. A slightly higher proportion,

25.1 and 31.0 per cent, did So in 0.1 and 0.2 per cent Mannose

solutions, respectively. Percentage germination at higher

concentrations of 0.4 and 0.8, on the other hand, decreased

markedly (13.4 and 0.6 per cent, respectively).

Sucrose: Both secondary sporangium formation and direct

germination were generally poor in the sucrose solutions.

Ge~m tobes bearing secondary sporangia in sucrose solutions

were in contrast longer (168 - 290 pm) than those in distilled

water {150 pm).

Zoospore formation was greatly suppressed in 0.2 to 0.8

per cent sucrose solutions.

Xylose Although secondary sporangium formation was

poor in the xylose solu tions, greater percentage of the

sporangia germinated directly than in distilled water.
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Zoospore formation was also severely depressed. Percenta~

germination ranged from 1.8 to 3.3 in the xyLose solutions but

was as high as 24.0 per cent in distilled water.

Germ tube growth was only slightly improved by xyLose at

the concentrations used.

1bltiple secondary sporangium formation was not common

in the carbohydrate solutions, and only a few, 0.2 per cent

Galactose (2.2 per cent), 0.2 per cent Lactose (0.7 per cent)

and, 0.4 and 0.8 per cent Maltose (i.i·and 1.7 per cent

respectively) provided values greater than those obtained in

distilled water.

University of Ghana http://ugspace.ug.edu.gh



...54 -
TABLE 5

Influence of Arabinose and Cellobiose on Germination of
oSporangia of P. palmivora incubated at 30 C for 24 hours

D IRE C T GERMINATION

Compound Total % % Sporangia with

and No. of Indi- Single more thon no

Goncel;l- pH Sporan- rect secon- one secon-

tration gia Germi- dary se con-- dary

% (w/v) obser- nation sporan- dary sporan-

! vod gium sporan- gium

gium~-
ARABINOSE'

0.0 7.6 2312 12.1 4.0 0.0 2.3

0.1 5.6 2097 2.6 8.3 0.0 8.1

0.2 5.5 2106 3.8 2.1 0.0 11..3

C.4 5.5 2112 0.3 2.1 0.0 2.6

OQ8 5.5 2100 1.1 1.3 0.0 1.5

CELLOBIOSE

0.0 7.6 2189 26.7 0.5 0.0 0.5

0.1 5.5 2083 34.3 0.0 0.0 2.9

0.2 5.5 2090 24.5 1.4 0.0 3.0

0.4- 4.5 2081 31.4 2.3 0.0 2.8

0.8 5.5 2358 2.7 1.9 0.0 7.3
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TABLE 6

Influence of Cellulose and Fructose on Germination of
oSporangia of P. palmivora incubated at 30 C for 24 hours

D IRE C T GERMINATION

Compound Total % % Sporangia with

and No. of Indi- Single more thon no

Concentration pH sporan- rect secan- one secon-
% Cw/v) gia Germi- dary secon- dary

obser- nation sporan- dary sporan-
ved gia sporan- gium

gium

CELLULOSE
0.0 7.6 2201 28.3 0.8 0.1 0.2
0.1 7.7 2169 53.6 0.6 0.1 0.3
0.2 7.7 2289 33.9 0.5 0.0 0.3
0.4 7.7 2094- 16.9 1.1 0.0 1.1
0.8 6.7 2114- 12.2 0.4- 0.0 0.9

FRUCTOSE

0.0 7.6 2063 14.4 9.7 0.4 1.4-
0.1 4.5 2118 1\.2 6.4- 0.1 12.2
0.2 4.5 2077 0.2 1.7 0.0 54.5
0,4 5.5 2107 0.0 1.4- 0.0 23.8
0.8 5.5 2035 0.0 1.2 0.0 31.3
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TABLE 7

Influenoe of' Galactose and Glucose on Germination of'
a

Spnrangia of' P. palmivora incubated at }O C for 24-hcurs

'I

D IRE C T GERMINATION

Compound Total % % Srorangia wtth

and No. of' Indi- Single more than no

Concentration pH sporan- re ot seoon- one secon-

% (w/v) gia Germi- dary secon- dary

obser- nation sporan- dary sporan-

ved gium sporan- gium

gium

GALACTOSE;

0.0 7.6 2232 17.9 2.6 0.2 1.8

0.1 6.6 2258 13.5 4.3 0.3 3.5
0.2 5.5 2188 3.' 13.2 2.2 5.6
0.4 5.5 2218 0.0 0.9 0.0 17.1
0.8 4-.8 2250 0.4 0.0 0.0 13.9

GLUCOSE:

0.0 7.6 2016 31.2 2.5 0.3 0.6
0.1 5.5 2207 29.6 0.5 0.0 1.1

0.2 5.5 2294- '18.3 0.3 0.0 6.8
0.4 4.8 2294 5.7 0.3 0.0 5.5
0.8 5.6 2113 7.1 0.3 0.0 11.1
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TABLE 8

Irtfluehce of Lactose and Maltose on Germination of
oSporangia of P. palrnivora incubated at 30 C for 24 hours

D IRE C T GERMINATION

Compound 'I'ota.L % % Sporangia with

and No. of Indi- Single more th~n no
Concentration pH sporan- rect secon- one secon-

% (w/v) gia Gerrni- dary secon- dary
obser- nation darysporan- sp'Jran-
ved gium giumSporan-

gium

LACTOSE

0.0 7.6 2213 19.) 3.7 0.2 0.0
0.1 5.6 2137 2).1 4.8 0.0 1.2
0.2 5.6 2184 11..6 13.7 0.7 7.5
0.4 5.6 2088 2.2 1.3 0.1 ,).6

(- C.8 5.6 2168 S.O 1.2 0.1 0.8
MALTOSE:

(;.0 7.6 2201 37.6 2.G 0.0 0.5
(.1 5.6 2189 23.1 2.6 0.0 1.5
C.2 5.6 2004 10.7 5.5 0.0 1.6
0.4 5.6 2103 1.0 7.3 1.1 2.4
0.8 5.6 2018 0..0 2.0 0.7 0.8
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TABLE 9

Influenoe of MannosG and Suorose on Germination of
oSporangia of P. palmivora inoubated at 30 C for 24 hcurs

D I R E C T GERMINA TION

Compound Total % 1; Sporangia with
and No. of Indi- Single more that1- no

Conoentration pH sporan- reot secon- one seoon-
% (w/v) gia Germi- dary secon- dary

obser- nation sporan- dary speran...,
ved gium sporan- gium

gium
MANNOSE;;

0.0 7.6 2260 21.1 2.0 0.3 0.4-
0.1 5.6 2243 25.1 1.7 0.0 7.8
0.2 5.5 ~155 31.0 1.3 0.2 4.2
0.4- 5.5 .2294- 13.4 1.5 0.0 7.4-
0.8 4.5 2130 0.6 0.2 0.0 4-.7

SUCPOSE

0.0 7.6 2151 8.0 11.2 0.8 2..7
0.1 6.6 2255 9.6 2.1 0.1 12.8
0.2 6.6 2079 1.9 1.6 0.0 3.1
0.4- 6.6 2081 0.5 1.5 0.0 2.2
0.8 5.6 2220 0.7 2.3 0.0 2.8
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TAB L E 10

In~luence o~ Xylose on Germination o~ Sporangia of
oP. palmivora incubated at 30 C for 24 hours

D I R E C T GERMINATION

Total % -2L~l?.Qrangia with

No ..of Indi- Single more than no

Concentration pH sporan- rect se cori- one se con

% (w/v) gia Germi- dary secon- dary

ob se r-- nation sporan- dary spora

ved gium sporan- gium

gium

G.O 7.6 2158 I 24.0 8.1 0.0 1.8

0.1 5..5 21~4- 1.8 3.9 0.0 9.0

0.2 5.5 2380 302 1.9 0.0 8.2

0.4 5.6 2297 I 3.3 1.7 0.0 9.1

0.8 4.5 2306 3.1 3.1 0.0 11.7

n...
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E. EFfECT OF VARIOUS COMBINATIONS OF

DIFFERENT CARBOHYDRATE.3 ON SECONDARY

SPORANGIUM FORMATION

The data in Tables 5 to 10 are valuable in that they

indicate the ability of the carbohydrates at certain conceri-

trations to stimulate greater production of seconda~ sporangia.

The results so far obtained, however, do not provide any clue

to how the sporangia might behave in the presence of a mixture

of these carbohydrates, as is bound to occur in nature in

complex nutrient solutions. An experiment was set up to give

some pertinent information on this.

The various mixtures contained carbohydrates in the

combinations shown in Table 11. In each mixture, the concen-

tration of each constituent carbohydrate was 0.1 per cent.

Sporangial suspensions prepared with these mixtures, were
oincubated at 30 C in Petri dishes and examined after 24 hours.

The results are presented in Table 11 and in Fig. 5.

The results (see Table 11) indicate that generally the

percentage of seconda~ sporangia produced in the mixtures was

lower than that in distilled water, although there was higher

direct germination of 7.9, 8.1 and 14.3 per cent, respectively,
in t~e Fructose - Glucose, Fructose - Sucrose and Glucose -

Sucrose solutions in contrast to a percentege germination cf

5.3 per cent in distilled water.
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The mixtures encouraged greater germ tube growth before

the onset of secondary sporangium formation. The Fructose -

Glucose and Glucose - Sucrose mixtures supported the greatest

mean lengths of 398 and 406 pm, respectively. The mean germ

tube length in distilled water was 157 }lm. Whilst the lengths

of germ tubes produced in the Fructose - Glucose - Sucrose

mixture were med.ianbetween these two extremes. The lengths of

germ tubes formed in the Fructose - Sucrose solution were -only

slightly superior to those in distilled water.
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TAB L E. 11

Formation of Secondary Sporangia by P. palmivora sporangia
oincubated in mixtures of different Carbohydrates at 30 C

for 24 hours

(Concentration of each component of mixture = 0.1% w/v)

D IRE C T GERMINATION
Total % % Sporangia with

Components No. of Indi- Single more than no
of Sporan- rect secon- one secon-

Mixture pH gia Germi- dary secon- dary
obser- nation sporan- dary sporan-
ved gium sporan- gium

gium obser-

ved
Distilled

water .7.6 2250 35.0 2.2 0.0 3.1

Fructose + 4_.5 2220 30.1 1.5 0.0 0.4
Glucose

Fructose + 4.5 2139 23.9 1.4 0.0 6.7
Sucrose

Glucose + 5.5 2146 26.0 0.5 0.0 13.8
,.

Suorose

Fructose + .4.5 2031 31.1 1.5 0..0 3.6
Glucose +

Sucrose
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F. EFFECT OF CARBOHYDRA rES ON THE SIZE
OF SECONDARY SPORANGIA

Fungal spores germinating in distilled water are

sustained entirely by endogenous nutrients of the spores •.

The secondary sporangia formed by P. palmivora in distilled

water, therefore, depended on the endogenous nutrients of the

primary sporangium. The secondary sporangia were found to be

significantly smaller than the primary sporangia (see Table 4).

It was also observed in the experiments described in chapters

D and E that secondary sporangia formed in solutions of the

various carbohydrates were smaller in size than the primary

sporangia. The experiment was repeated to find out whether

these were of the same size as those formed in distilled water

or greater in size because of the extraneous substrate available

to them. For, there was evidence that the carbohydrates influenced

the germinating sporangia. Germ tubes bearing the secondary

sporangia, especially, in solutions of Cellobiose, Galactose,

Glucose, Maltose and Sucrose, were considerably longer than those

in distilled water (see Fig. 4).

Two concentrations, 0.2 and 0.4 per cent, were adopted for

this investigation using the eleven carbohydrates of the

previous experiment and listed in Tables 12 and 13. The effect

of the carbohydrates was assessed by comparing the lengths of

secondary sporangia formed in distilled water with those formed
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in solutions of the various car'bohydz-a'tes,. ThE:mean

sporangial lengths, estimated from 50 measur-enents in each

case are presented in Tables 12 and 13~

Secondary sporangia formed in both distilled water

and in the various nutrient solutions were clearly smaller

than the primary sporangia. In the two tests, mean lengths of

the secondary sporangia formed in distilled water were 29.9 pm

(Table 12) and 29.5 urn (Table 13). Values obtained for

secondary sporangium length in the carbohydrate solutions of

0.2 per cent concentration also ranged from 26.9 pm, for

sporangia produced in Cellulose solution, to 32.3 pm, for those
in Arabinose solution. This range coincided with that for the
0.4 per cent solutions. The least value was 27.5 pm in
~alactose solution and the greatest, 32.7 Jl m , in Mannose
solution. The lengths of the primary sporangia, 38.1 and

39.3 pm, far exceeded those values. The curves in Fig.6

were drawn from the histograms of class - length distribution

of the primary and secondary sporangia for each test. They

demonstrate very well the greater size of the primary sporangia.

The carbohydrates tested did not increase the size of

the secondary sporangia at both 0.2 and 0.4 per cent concentratione.
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TABLE12

Size of Secondary Sporangia formed in solutions of'

carbohydrates at a concentration of' O.t% Cw/v) by

oP. palmivora sporangia germinating at 30 C for 24 hours

(Ea.ch value is R. me an of 50 measurements)

Mean Length of

Compound
Secondary Sporangia

( pm )

Arabinose

CellObiose
.32.3.± 1.0

31.6.±1.2

26.9 ± 0.7

30~6± 0.8

29.8 ± 0.9

28.7 .± 0.8

Cellulose

Fructose

Galactose

Glucose

Lactose
27.0 ± 0.9

30.3 .:!: 0.8

27.9.± 0.8

29.6 ! 0.8

30~8 .:!: 1.0

29.9.± 1.2

Maltose

Mannose

Sucrose

X;ylose

Dis tilled water

Mean length of' Prima~ Sporangia 39.3 .:!: 0.9 um

r.sn 'l.t. 5 por cent level: 4.5
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TABLE 13

8ize of Secondary Sporangia f'orned in solutions of

carbohydrates at a concentration of 0.4% (w/v) by
oP. palmivora sporangia germinating at 30 C for 24 hours

(Rach value is a mean of 50 measurenen ts)

Mean Length of

Compound Secondary Sp.rangia

( j.lm )

Arabinose 28.3 .! 0.9

Cellobiose 27.8 .± 0.7

Cellulose 30.0 .! 0.8

Fructose 27.6 .± 0.9

Galactose 27.5 .± 0.7

Glucose 30.5 .± 1.1

Lactose 2805 ± 0.7

Maltose 29.5 ± 0.8

Marmose 32.7 .! 1.0

Sucrose 27,6 .± 0.8

Xylose 29.0 .± 0.9

Distilled water 29.5 .! 0.6

Mean length of Primary Sporangia 38.1 ± 0.8 pm

L~D at 5 per Qept lev~l: 5.5
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Gi EFFECT OF NITROGEN-ore COMPOUNDS ON

SECONDARY SPORANGIUM FORMATION

The effect of selected nitrogenous compounds on the

formation of seconda~ sporangia was next examined.

Similar experiments, as described in Chapter E, were set

up using as exogenous nutrient source, Alanine, Arginine,

Asparagine, Glycine, Histidine, Leucine, Lysine and T~ptophane.

These were used at the concentrations, 100, 200 and 400 p s p s m,

All the compounds, at least, at certain concentrations,

except Histidine and Tryptophane, encouraged higher indirect

germination than distilled water (Tables 14-17).

Direct germination was generally low and inferior to that

in distilled water. In only a few instances, 200 p.p.m

Histidine and at 100-400 p.p.m Tryptophane was germination rate

close to that in distilled water. Secondary sporapgiUm,:t.rmat1.on

was better in distilled water in all the tests.

The secondary sporangia were again found to be considerably

smaller than the primary sporangia. Careful measurenents were

made of the lengths of secondary sporangia formed in the

Tryptophane solutions, where r-easonabLe numbers were available,

to establish the extGnt of reduction in size.

The largest mean length of 31.0 pm recorded at 200 p.p.m

Tryptophane was very close to the mean length of 29.4)lm of
secondary sporangia ±n distilled water, and markedly smaller
than the primary spo~ngia of a mean length of 42.6 )lm.(See Table 18)
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TAB L E 14

Influence of Alanine and Arginine on Germination of
oSporangia of p. palmivcra incubated at 30 C for 24 hours

D I R BeT GERMINATION

Amino acid Total % % Sporangia with

and No. of Indirect Single more thon ne-

Concen t=at i.on pH Sporan- Germi- Second- one second

( ppm) gia nation ary secon... ary

obser- sporan- dary sporan

ved gium sporan- gium

gium
ALANINE

\0.0 7.6 2129 36.3 2.1 0.0 2.8

10000 4.9 2096 59.0 0.0 0.0 1.2

200.0 5.2 2097 41.9 0.5 0.0 2.2

400.0 4.9 2072 34.6 0.2 0.0 2.5

ARGININE .
;

0.0 7.6 2Q77 32.3 2.6 0.0 1.5

100.0 5.5 2037 44.8 0.4 0.0 1.3

200.0 5.6 2048 50.1 0.0 0.0 1.0 _

400.0 5,.7 2120 29.8 0.'3 0.0 1.7
., -
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TABLE 15
Influence of Asparagine and Glycine on Germination of

osporangia of P. palmivora incubated at 30 G for 24 hours

D IRE G T GERMINATION
Amino Acid Total % % Sporangia with

and No. of Indi- Single more than no

Concentration pH Sporan- rect secon- one secon-

( ppm) gia Germin- dary secon.. dary

observed ation sporan- dary sporan

gium sporan- gium

gium
ASPARAGINE.

0.0 7.6 2198 37.2 '3.6 0.0 5.5

100.0 5.2 2096 42.8 0.1 0.0 2.2

200.0 5.3 2037 35.1 0.6 0.0 1.3

400.0 5.4 2136 36.5 0.0 0.0 3.9

GLYCINE
o~o 7.6 2043 87.5 2.1 0.0 3.0

100.0 5.1 2074 97.3 0.0 0.0 0.0

200.0 5.3 2028 99.2 0,0 0.0 0.0

400.0 5.3 2185 96.3 0.0 0,0 1,6
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TAB L E: 16

Influence of Histidine and Leucine on Germination of
osporangia of P. palmivora incuhated at 30 C for 24 hours

D IRE C T GERMINATION

Amino Acid Total % % Sporangia with

and No. of Indi- Single more than no

Concentration pH Sporan- rect secon- one secon-

( ppm) gia Germi- dary secon- dary

o)liI~ryed: nation sporan- dary sporan

gium sporan- gium

gium
HISTIDINE.

0.0 7.6 2005 14.0 .\..1 0.1 1.0

100.0 4.3 2016 14.3 0.0 0.0 0.9

200.0 4.0 2086 11.4 0.0 0.0 4.6

400.0 3.9 2095 1.2 0.0 0.0 2.1

LEUCINE
0.0 7.6 2050 87.9 2.7 0.0 1.2

100.0 5.3 2003 9508 0.1 O~O 0.7

200.0 5.2 2042 96.9 0.0 0.0 0.7

400.0 5.2 2008 95.0 0.0 0.0 0.8
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TABLE. 17

Inrluence of Lysine and Tryptophane on Germination of Sporangia
oof P. palmivora incubated at 30 C for 24 hours

DIRECT GEm,ITNATION

Amino Acid Total % % Sporangia with

and No. of

Concentration pH Sporan- Indirect Single more than no

(ppm) gia Germina- Secon- secon-one

observed tion dary Secon- dary

sporan- dary sporan-

gium sporan- gium

gium
LYSINE.

0.0 7.6 2264 53.3 4.2 0.0 0.5

100.0 5.1 2076 60.9 0.3 0.0 0.7

20000 5.2 2138 75.3 0.0 0.0 1,.7

400.0 5.6 2055 54.8 0.0 0.0 0.8

TRYPTOPHANE
0.0 7.,6 2084 67.7 2.8 0.0 1.2

100.0 4.8 2415 51.5 2.0 0.0 0.8

200.0 5•.2 2033 50.7 2.7 0.0 0.7

400.0 5.3 2407 36.1 0.9 0.0 1.0
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TAB L E 18

Size of Secondary Sporangia formed in Tryptophane

solution by P. palmivora sporangia germinating at
o30 C for 24 hours

(Each value is a mean of 50 measurernents)

Concentration Mean length of

of Secondary sporangia

Tryptophane ( u m )

( ppm)

Distilled. water

100 28.9 ~ 0.7

200 31.0.:!:. 1.0

400 26.7 .:!: 0.5

Mean length of Primary Sporangium 42.6 ± 0.7 urn
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H. E:FFECT OF COMPLEX NITROGENOUS COMPOUNDS

ON SECONDLRY SPORANGIUM FORMATION

The percentage of sporangia germinating by means of germ

tubes in most of the carbohydrate solutions (see Tables 5 to

13) and in the amino acid (see Tables 14 to 17) solutions was

not high. Secondary sporangium formation was consequently not

substantial. It was considered possible that in media that

would support a high rate of direct germination, the proportion

of sporangium that would form secondary sporangia would increase.

The sporangia were, therefore, @9rminated in nutrient

media uSing, this time very complex nitrogenous compounds,

Peptone and Yeast-extract. Both compounds were found by Clerk

(1972) to induce extensive direct germination in sporangia of

P. palmi ver-a,

Sporangia from infected cocoa pods were incubated in 1.0
oper cent peptone and Yeast-extract solutions at 30 C and

examined for secondary sporangium formation after 24 hours.

The resuLts in Table 19 confirmed that both media we re

very suitable for direct germination. Peptone supported 57.0
per cent direct germination and Yeast-extract, 67.6 per cent.

Very few of the germinating sporangia, however, formed

secondary sporangia. In eaoh case, less than 0.5 per cent of

the germinated sporangia farmed secondary sporangia.
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TABLE 19

Influence of Complex Nitrogen Compounds on Germination

o
of Sporangia of P. palmi vora incubated at 30 C for 2J~ hcu r-s

No. of Sporangia

Nigrogenous Total No. producing producing bearing

compound of zoospores Germ secon-

(1.0% w/v) pH Sporangia tubes dary

observed sporan-

gia

Peptone 6.6 2512 0 1427 5

yeast-Extract 7.9 2336 0 1604 6

University of Ghana http://ugspace.ug.edu.gh



- 78 -

I. nTDUCTION OF SECONDARY SPORANGIA IN

GERMINATING sPORANGIA BY SUDDEN"

WITHDRAWAL OF EXOGENOUS; NUTRIENTS

The diversity of spore type in fUngi is so great that

it is not surprising that the environmental factors leading

to their production differ considerably for different species

and for the different types of spore produced by the same

fungus. Nevertheless, certain fairly general stateme nts may

be made as to the factors usually favouring sporulation.

One of the most important factors influencing sporulation

of fUngi is the concentration of food substances. The

concentration most favourable for vegetative growth is almost

always too high for maxirrum spore production. This knowledge

has formed the basis for the general practice of ~cologists

to grow fungi on dilute media in order to induce them to

sporulate. This has been. particularly successful with

aquatic or semi-aquatic fungi. The fungus is grown on a rich

medium and then transferred to distilled water, plaul agar or

a very dilute medium. The classic work of Klebs (1898,

1899, 1'100)with the water mould Saprolegnia showed that the
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sudden withdrawal of food stimulates the formation of'

zoosporangia by the fUngus. These results and those of

similar experiments by other investigators, for example,

Kauffman (1908) and Pieters (1915), have led to the develop-

rnent of the common laboratory technique, whereby the water

moulds are grown on solid substrates rich in protein, such

as ants eggs, dead flies or hempseed, and, when vegetative

hyphae have developed, the production of sporangia is induced

by transfer to water.

This treat~nt has also been applied to non-aquatic

fungi. 1"01' example, withdrawal of food from growing hyphae

of some members of the Sphaeropsidales induced sporulation

(Le orri.an , 1924).

3'0 far this treatrrenthas been applied to nwcelium only.

An experiment was set up to examine whether germ tubes of

p. palmivora growing, in a nutrient medium would behave in

a similar way.

The first investigation was carried out with sporangia

which had been germinated in Yeast-extract Mid peptone

solutions since these media were found to be very suitable

for dir0ct germination (see Table 19). Sporangial suspensions

prepared wi th 1.0 per cent Peptone and yeast-extract solutions
owere incubated at 30 C for 4 hours, a period sufficient for
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direct germination of all germinable sporangia (see Plates 5

and 6). It was noteworthy that the sporangia, generally,

produced many germ tubes in the Peptone and Yeast-extract

solutions, in contrast to the few germ tubes of sporangia

germinating in distilled water.

At the end of the incubation period, described as

'First Treatment' in the tables of results, the sporangial

suspens~ons were poured into sterile centrifuge tubes and

centrifuged at a speed of 4,500 revolutions per minute for

5 minutes. The supernatant fluid was discarded and the

sediment of germinated sporangia resuspended in sterile

distilled water. The suspension was again centrifuged at the

same speed for five minutes and the supernatant fluid discarded.

This operation was repeated thrice to en~ure that all traces of

the nutrients were washed from the sporangia.

The washed sporangia were finally re-suspended in sterile
adistilled water and incubated at 30 C for 24 hours - the

'Second Treatment'.

The percentage of sporangia bearing secondary sporangia

was es imated after each incubation, that is, the first and

second treatments. The results are presented in Table 20.

Controls consisted of sporangia incubated throughout the

period of 28 hours in the nutrient solutions.
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IThe results show that after 4- hours.growth only a very

small percentage of the sporangia, less than one in a

thousand in the Peptone solution and about two in a thousand

in the Yeast-extract solution, formed secondary sporangia.

These values remained approximately the same in the control

suspensions after 28 hours' incubation.

There was, on the other hand, a dramatic production of

secondary sporangia by more than 95 per cent of the

germinated sporangia which were transferred from either

~.O per cent Peptone or Yeast-extract solution to distilled

water (see Table 20 and Plate 7).
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TAB L E 20
Subsequent development or Germ tubes of p. palmivora

sporangia transferred from Peptone and Yeast-extraot
d D

_ 0Me ia to istilled_water and inoubated at 30 C for 2l~ hours

FIRST TREATMENT

Incubation in Nutrient Medium for 4 hours at 300e

Total No. of No. of sporangi

Incubation N!)• or Sporangia beariJ1g ~

Medium Sporangia producing Secondary
( 1.0% w/v) observed Germ tubes sporangia
Peptone 2121 1641 1

Yeas t-extract 2290 1710 4

a

SEC 0 N D T REA T MEN T
DeveLoprrarrtafter br-ans f'er-to Distilled water

from
% or a total or 800 sporangi~

with Germ tubes bearing

seconda s orangi~ _

Peptone 98.1

yeast-extract 95.2
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•

,

Plate 5. Photomicrograph of sporangia of P. palmivora

germinating in 1.0 per cent Peptone solution after
o4 hours incubation at 30 C showing stage of develop-

ment at time of transfer to distilled water. x 50.
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Plate 6. Photumicrugraph of sporangia of p. palmivora

germinating in 1.0 per cen t Yeast-extract solution
o

after 4 hours inoubation at 30 C showing stage of

developrrent at time of transfer to dis tilled water.

x 50.
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Plate 7. Unstained germinating sporangia of P. palmivvra

producing eeccndary sporangia after transfer f"rLm

1.(' per cent yeast-extract solution immediately
o

on germinating, to distilled water at 30 C for

24 hours. x 50.
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J. FURTHER EXPERIMENTS ON INDUCTION OF

SECONDARY SPORANGIA IN GERMINATllJG

SFORANGIA BY SUDDEN WITHDRAWAL OF

THE EXOGENOTJS NUTRIENTS, PEPTONE

AND YEAST - EXTRACT

The previous experiment was repeated to find out whether

the behaviour of the germ tubes produced in Peptone and Yeast-

extract solutions would be affected if they were transferred

to water and then placed at temperatures other than 30oC.

Tem~erature, a very important environmental factor, fluctuates

in the field and the germinating sporangia would be subjected

to different temperatures.

The method described in chapter I was closely followed.

Sporangia of p. palmivora which had germinated in 1.0 per cent

Peptone, and Yeast-extract solutions for u: hours for the

f First TreatIlBnt' we r-ewashed thorcughly in sterile distilled
o 0water and incubated in sterile distilled water at 20 , 25

o
and 30 C for 24 hours. Observations made after the two treatments

are recorded in Table 21.

Again secondary sporangium f'or-mation was poor in the

nutrient media. Withdrawal of the nutrients encouraged very

high rate of secondary sporangium formation at all three

temperatures. The fercentage of sporangia initially germinated

in both media which formed secondary sporangia in distilled wa18r

ranged from 84.1 to 91.4 per cent. . 0There was evi.dence that 20 C
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o
sui tab Lo than 25 C

o
and 30 c. Secondary

very high.
sporangium formation at that temperatura was none the Lcss
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TAB L E 21

Subsequent development of Germ tubes of P. palmivora

sporangia transferred from solutions of Peptone and Yeast

extract to Distilled water and incubated at varying Temperatuees

for 24 hours

FIRST TREATMENT
Incubation in Peptone and Yeast-extract solutions for 4 hours

oat 30 C.

Incubation Total No. of No. of

Medium No. of sporangia sporangia
and sporangia producing -oiearing

Concentration observed Germ tubes secondary
( % w/v ) sporangia

Peptone ~ 1- 0 2247 1108 1

Yeas t-extrac t 1.0 2202 1588 6

SECOND TREATMENT
DeveloprnDnt after transfer to Distilled water

from
sporangia bearing secondary sporangia at

% of a total of 300 directly germinating
Sporangia

o20 G o25 c

Yeast-extract

87.6

84.1

91.2
86.6

91.4Peptone

85.2

I
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K. INDUCTION OF SECONDARY SPORANGIA IN

~PAL~rrVORA SPORANGIA GERMINATED

IN CARBOHYDRATE MEDIA

The tests with Peptone and Yeast-extract were followed by
oan experiment in which the sporangia were germinated at 30 C

for 4 hours, for the 'First Treatment' in solutions of selected

carbohydrates, Fructose, Galactose, Glucose and Mannose and

transferred, after thorough rinsing in the usual manner, to
odistilled water and incubated at 30 C for 24 hcur-sto induce

secondary sporangium formation.

Plates 8a and b show germinated sporangia after incubation

for 4 hours in 0.4 and 0.8 per cent Fructose solutions,

respecti veIy , whilst Plates 9a and b are photomicrographs of

secondary sporangia produced in distilled water by sporangia

initially germinated in Galactose media.

This experiment was performed to find out whether the

nature of the nut.r-i.ent medium for the 'First Treatment' could

influence the extent of secondary sporangium formation. It was

possible that either the vigrur of the germ tubes or the nature

of metabolites synthesised could be related to the type of

nutrient. Table 2~ contains the results obtained during this

investigation.

I
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Very few secondary sporangia were formed in the sugar

solutions during the 'First Treatment!. The major opservations

after subsequent incubation in distilled water for 24 hours

were

(a) In common with observations in Chapter I and J, the germ

tubes on transfer from the nutrient media to distilled

water grew to some extent before forming the seconda~

sporangia (see Plates 10a and b).

(b) Germ tubes formed in carbohydrate media did not form

secondary sporangia to the same extent as those formed in

Peptone and yeast-extraot media.

(c) The highest percentage of sporangia bearing secondary

sporangia was 36.7 per cent; observed in 0.8 per cent

Galactose medium.

(d) The extent of secondary sporangium formation varied with

the carbohydrate. It was poor in the Mannose media with

only 8.1 and 8.7 per cent of the germinated sporangia

bearing seconda~ sporangia.

(e) With the exception of Galactose, the two concentrations

of the carbohydrate used, 0.4 and 0.8 per cent, had

the same effect. The higher concentration of Galactose

was superior to tbe lower concentration.

I
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TAB L E 22

Subsequent development of Germ tubes of P. palmivora sporan-

gia transferred from Carbohydrate Media to Distilled water
o

and incubated at 30 G for 24 hours

FIRST TREATMENT
o

Incubation in Nutrient Medium for 4 hours at 30 C

Incubation Total No. No. of No. of Sporangi

Medium of Sporangia bearing

and Sporangia producing secondary

Gonc-entration observed Germ tubes sporangia

( % w/v )

Fructose

0.4 2085 278 3
0.8 2033 306 5

Galactose

0.4 2116 90 4
0.8 2090 361 1

Glucose

0.4 2127 239 4
0.8 2169 232 3

Mannose

0.4 2C84 57 2

0.8 2060 174 '2

a
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Plate 8. Photomicrographs of sporangia of P. palmivora
germinating in 0.4 per cent Fructose (above)
and 0.8 per cent Fructose (below) soIutions

oafter 4 hours incubation at 30 C showing stage
of development at time of transfer to distilled
water. x 51)
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Plate 9. Unstained germinating spor-an g.i.aof p. palmivora

producing se~opdary sporangia after transfer from

0.4 per cent Galactose (above) and 0.8 per cent
Galactose (belOw) solutions immediately on germinating

oto distilled water at 30 C for 24 hours.
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Plate 10. Photomicrographs o~ sporangia of p. palmivora
germinating a~ter ~ hours incubation in O.~ per
cent Glucose solution (above) and producing
secondary sporangia after transfer to distilled
water and incubation for 2~ hours at 30°0 ~~low).

x 50.
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L., INDUCTION OF SECONDARY SPORANGIA m
GERMINATIID P. PALMlVORA :SPORANGIA

TRANSFBRRED TO DILUTE MBDIA

The pertinent literature reveals that trans~er to water

in experiments on induction o~ reproduotion in fungi is often

less successful than transfer to a dilute medium (Cochrane,

1958; Hawker, 1950). Because o~ the well known variation in

fungal activity, evidence ~or this should be sought in eve~

fungus species being investigated. This is, particularly,

important in the present investigation in which germ tubes are

being used instead of ~celium of other experiments. Secondly,

if P. palmivora also behaves in a similar manner, .the level o~

dilution of the nutrient medium most suitable for encouraging

induced sporulation must be defined. The results of this

experiment would suggest the role the host which contains low

concentrations of nutrients (Bimpong, 1968) would play in

second~ sporangium formation in the field.

Sporangia of P. palmi vora germinated in the following

media, Fructose, Galactose, Glucose, Peptone and Yeast-extract
oat the concentrations indicated in Table 23 for 4 hours at 30 C

were incubated, thereafter, at the same temperature in

diluted solutions of the same substances and in sterile

distilled water. After 24 hcurs , the percentage of sporangia

which have produced secondary sporangia at the various dilutions

I
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waS assessed. The .results are presented in Table 23.

The results showed that the media for the 'First

Treatment4in which sporangia were retained for a total of

28 hours as controls, vrereunsuitable for seconda~ sporangium

formation, confirming the earlier observations recorded in

Tables 20 to 22.

The data in Table 23 show clearly that the concentration

for stimulation of secondary sporangium formation should be

low. A concentration of 0.2 per cent Fructose, Galactose and

Glucose was not very suitable. Galactose supported the

highest sporulation of 11.1 per cent. At the same concentration,

peptone and Yeast-extract induced secondary sporangium

formation in 29.2 and 22.8 per cent of the germinated sporangia.

Higher concentrations would, therefore, be needed to suppress

sporulation to the level observed in the original medium of

a concentration of 1.0 per cent.

Very low concentrations of some media for the 'Second

Treatment' could indeed encourage the formation of more

secondary sporangia than distilled water. Thus, tho

percentage of sporangia vnth secondary sporangia in distilled

water (93.8 per cent) was exceeded by that in 0.01 and 0.05

per cent Yeast-extract solutions, 99.5 and 98.9 per cent

respectively. Percentages recorded at these concentrations in the

other media were close to those in distilled water.

I
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TAB L E 23
Induction of Secondary sporangium in germ tubes of P. palmivora

osporangia at 30 C in dilute germination medium after an initial
oincubation for 4 hours at 30 C in the nriginal medium

Compound 'Ccncen- Observations 24 hours after transfel',
and tration Total No. No. of No. of

Initial of sporangia •of spor'anga.a

Concen- Diluted pH sporangia with bearing
tration Medium observed Germ tubes secondary

% w/v sporangia

0.00 7.6 2018 262 208
ll'RUCTOSE 0e 01 4.6 2022 206 164
(0.4) 0.05 5.3 2017 199 151

0.10 5.6 2043 70 45
0.20 5.6 2068 112 9

Original 5.5 5Medium 2129 175

0.00 7.6 2027 230 146
GALACTOSE 0.01 4.5 2036 80 35
(0.4) 0.05 4.7 207{ 63 17

0.10 4.2 2087 62 14
0020 4.2 2272 135 15

Original 5.5 2032 58 6Medium
0.00 7.6 2065 222 207

GLUCOSE 0.01 4.3 2041 100 68
(0.4) 0.05 4.3 2071 82 54

0.10 5.7 2054 58 34
0.20 5.7 2086 1.31 14

Original 4.8 2054 69 2Medium
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TAB L E 23 (cont'd)

Induction of Secondary sporangium in germ tubes of E. ,palmivora
osporangia at 30 C in dilute germination medium after an initial

oincubation for 4 hours at 30 C in the original medium

Compound Coneen- Observations 24 hours after transfer

and tration Total No. No. of No. of

Initial of of sporan- sporan-

Concen- Diluted pH sporangia gia gia

tration Medium observed with bearing

% : w/v Germ tubes secondary

sporan-

Fda

0.00 7.6 2090 1919 1901

PEPTONE
(1.0) 0.01 4.7 2095 1821 1811

0.05 4.7 2012 1848 1831

0.1' 6.4 2071 1397 460

0.20 4.8 2067 1260 368
Original
Medium 6.6 2096 931 1

0.00 7.6 2063 1959 1837
YEAST 0.01 4.8 2066 1715 1706
EXTRACT
(1.0) 0.05 6.0 2087 1300 1286

0.10 7.4 2059 962 377
0.20 6.3 2074 1296 295

Original
Medium 7·9 2080 1005 2
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M. EFFECT OF pH OF DILUTE: NUTRIENT MEDIUM ON

FORMA.TION OF SECONDARY SPORANGIA

The pH of the medium exerts a definite effect upon the

rate and amount of growth and sp.rulati.n as well as other

processes of fUngi. Although pH has definite effects on

reproduction, no unitary hypotheSiS er generalisation is possible;

pH effects are exerted in a variety of ways. A most common

influence appears to be the generally less favourable acid pH

than a neutral or mildly alkaline reactien, but exceptions

even to this rule have been reported (Cechrane, 1958).

It is expected that the response of germinated sporangia

te dilute nutrients could be overriden by ether factors not

ye t examined during this investigation, such as pH and

other organic compounds. It is desirable to know the influence

of some .f these major factors in the field on sporangia of

P. palmivora. In the previous experiment, pH of distilled water

was different from that of all media used. The contribution of

pH to the response of the germinated sporangia was not known.
oSporangia of P. palmivora germinated for ~ hours at 30 C

in 1.0 per cent Peptone and Yeast-&xtract solutions, respectively,

were transferred after rinsing in sterile distilled watep to

0.1 per ~ent solutions of the same compounds adjusted to the
odifferent pH's shown in Fig. 7 and incubated at 30 C for 2~

"'\ f"" ,

hours. Thj_media we'r~-adjusted with dilute HCl and NaOH as

I
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necessary. The pH of the sterile media was measured in

replicas of exactly the same volume and receiving the sane

volume of acid or alkali. This avoided introduction of the

electrode into the solution that would be used as suspending

medium.

The results in Fig. 7 show that f. palmivora was capable

of producing large quantities of secondary sporangia over a

wide pH range, from pH 5.0 to 9.0. Secondary sporangium

formation was very poor in both media at pH 3.0 and this pH was,

indeed, the limit at the acidic side, in the Yeast-extract

medium. It was not possible to determine the alkaline

limit for secondary sporangium formation.

The patterns of response to pH in the two media were
identical.

University of Ghana http://ugspace.ug.edu.gh



• 10 -

100
I , 'I

• I I . I . ~I

If) . • .--. PEPTONE
;.-1~-----o 0 YEAST-

.0 0 EXTRACT

, I

o .__--o__ -'-_ ___l,__ .........__ --"- __ -'--_--'

2 3 4 S

_.- ..----~_ ........IO_, '. -

6
pH

87 9

FIG. 7 INFLUENCE OF pH ON THE DEVELOPMENT OF SECONDARY
~PORANGIA IN GERMINATED SPORANGIA OF P. PALMIVORA INCU-
BATED AT 30°C. FOR 24 HOURS IN DILUTE (0" PER CENT) PEPTONE
AND YEAST- EXTRACT SOLUTIONS
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N.. INDUCTION OF SECONDARY SPORANGIA IN

MIXTURES. OF DIFFERENT COMBINATIONS

OF SUGARS AND PROTEINS

An experiment was next designed to examine the production

of secondary sporangia in dilute nutrient solutions containing

more than one compound. The sugars, Fructose and Glucose and
scurce5

the protein/, Peptone and Yeast-extract were used in the combi....

nations shown in Table 24 so that each incubating medium contained

a sugar and a protein' The concentrations of each compound were

0.025 and 0.05 per cent. Each mixture contained compounds at the

same concentration; a medium, therefore, was made up of sugar and

protein each at a concentration of 0.025 per cent or 0.05 per cent.

These protein-sugar mixtures were the media for the iSecond

Treatment' in which sporangia previously germinated in 1.0 per cent
oYeast extract solutions f'or-4 hours at 30 C were incubated,
oafter thorough rinSing, for 24 hours at 30 C to encourage the

formation of secondary sporangia. The concentrations used

fell within the range that permitted secondary sporangium

formation in the experiment described in chapter L. The

results are presented in Table 24.

The data Show that concentration of the medium was an

important factor irrespective of the type of interacting

sugar and protein. The percentage of germinated sporangia

bearing secondaz-y sporangia in media with constituent compounds

of a concentrat~on of 0~05 per cent ranged from 0.8 to 8.1

per cent whilst for media with the lower concentration, the
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range was 12.9 to 23.8 per cent.

An examination of the extent of seconda~ sporangia

formation in the presence of the different sugars and proteins,

at the lower concentration, stressed an ealier observation

that the sugars and proteins at low concentrations exerted

almost the same effect. In the Fructose - Yeast-extract,

Glucose - Yeast-extract, Glucose - Peptone and Fructose -

Peptone media, 19.6, 17.7, 12.9 and 23.8 per cent respectively,

of the germinated sporangia formed seconda~ sporangia.
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TAB L E 24

Induction or Secondary Sporangia in germ tubes or P. palmivora
osporangia at 30 C in Carbohydrate-protein mixtures.

(Germ tubes developed initially by germinating sporm1gia in
o1.0 per cent Yeast-extract solution at 30 C for 4 hours).

Total No. No. of No. or

Carbohydra te - Concentration of' sporangia sporangia

Protein (% : w/v) pH sporangia with bearing

Mixture observed Germ secondary
tubes sporangia

Fructose + 0.05 4.5* 2003 673 522
Peptone

0.10 4.6+ 2027 1714 152
Fructose + 0.05 5.5 2004 1066 260
Yeast-extract

0.10 5.4 2001 1747 106
Glucose + 0.05 5.1 2023 805 120
Peptone

0.10 4.8 2036 1886 15

Glucose + 0.05 5.7 2052 925 206
Yeast-extraot

0.10 5.8 2058 1621 45
C:ontrol : 1.0,10 Yeast-Extract 2056 1801 8

* Containing 0.025% Sugar and 0.025,% Protein.

+ Containing 0.05 % Sugar and 0.05% Protein.
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O. INDUCTION OF SRCONDARY SPORANGIA IN

GERMINATED P. PALMIVORA SPORANGIA

TRANSFERRED TO MINERAL S.A.LT SOLUTIONS

The sporangia of P. palmivora would certainly be subjected

to another important factor - mineral salts - in the field, and

their effects could be important in epidemiology of diseases

caused by the fungus.

Numerous observations attest to the influence of mineral

nutrition on sporulation. The earlier studies have been

reviewed in detail by Foster (1939). As expected, either

deficiencies or excesses of particular elements reduce or

inhibit sporulation. FUngi have relatively large requirements

for phosphorus, potassium, sulphur and magnesium and mrch

smaller but definite requirements fGr at least five micro-

nutrients, copper, iron, manganese, molybdenum and zinc.

By a carefUl and deliberate choice, Potassium dihydrogen
Phosphate (KH2P04) and Magnesium sulphate (MgS0407H20) were

selected so that the effect of the macro-elements on secondary

sporangium formation could be assessed.

Phosphorus and sulphur occur in known essential

compounds, and their major role appears to be constitutive.

The other essential mineral elements are today more or less

conventIonally assigned a catalytic fUnction as activators
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or active centres of enzymes. Reasons exist for this general

belief : the funcbi.on of molybdenum in Nitrate reductase

and zinc in ethanol dehydrogenase, the occurrence of copper

and iron in purified enzymes and the known activating effect

of magnesium, manganese and calcium on isolated enzymes.
The two salts, KHiPO~ and MgSO~.~I20 were tested at only

one concentration, 5~~.Yeast-extract solution at 1.0 per cent

con~entration formed the medium for germination of the

spor-angaa, Germination was over the same period of 4 hours
oat 30 C for the 'First Treatmentt• The germinated spor~gia

were thoroughly rinsed and then suspended in the salt solutions
oand incubated at 30 C for 24 hours. The results obtained are

presented in Table 25.

The mineral salts tested, KH2P04 and 11gSo4.7H20, were
both very favourable media at the concentration used, for the

development of secondary sporangia~ Nearly all the germinated

sporangia formed secondary sporangia.

Sporangia lodged in humus would come in contact with

far higher level of mineral salts than the concentration

tested in this experimente Another experiment which used

higher concentrations of'the salts, 10, 20, 40 and 80 mM was

set t'!l as a sequel to provide further information on the

influence of the salts.
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The highest concentration of 80mM was found to be

unsuitable for secondary sporangium formation in the Yeast-

extract medLa , and only 16.0 and 25.1 pe r- cent of the

germinated sporangia produced secondary sporangia in KH2P04
and MgS04.7H20 media, respectively. Concentrations of 5 to 40mM

in the Yeast-extract medium .had very good effect - they

supported sporulation in all the germinated sporangia. For

each concentration level, not less than 2,000 germinated

sporangia were observed. In the Peptone solutions, every

germinated sporangium formed secondary sporangia at all

concentrations (5 to 80ruM) of KH2P04 and MgS04.7H20 tested.
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TAB L E 25

Induction of Seconda~ Sporangia in germ tubes of ~lmivora
osporangia at 30 C in Mineral Salt Solutions

(Germ tubes developed initially by germinating sporangia in
o

1.0 per cent Yeast-extract solution at 30 C for 4 hours)

Observations 24 hours after transfer

Mineral Salt Total No. No ..of No. of

at of sporangia sporangia
5 roM pH sporangia with bearing

observed Germ tubeS secondary

sporangia

K H2 P04
5.2 2001 1716 1704

Mg 304.7H2
O 5.7 2004 1841 1826

Control . 1.0% Yeast Extract 2050 1937 8.
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P. EFFECT OIt' KHl04 AND Mre04.7H20 ON THE

}t'Om,1ATION OF SECONDARY SPORANGIA IN DILUTE

PHOTEIN AND SUGAR. SOLUTIONS

There are innumerable factors in the natural environment

which operate together to influence the activities of fungal

spores. Only a few of these could be tested in this study.

In chapter M, the influence of proteins and sugars acting
together was examined and Fig. 7 contained results of experiments

to find the effect of pH in two different nutrient media.

Information has been provided in this chapter on experiments

conducted to investigate the effect of selected sugars and

proteins in the presence of the highly stirrulatory KH2P04 and

MgS04•7H2
0•

Organic compmunds andrnineral salts are two very common

groups of substances in the field. The profound stimulation

of secondary sporangium formation in germ tubes of germinated

was one of the most outstanding observations of this work.

It was considered necessary to find out whether these salts

would improve the rate of secondary sporangium formation in

organic nutrient media of low concentrations. It was not

advisable to extend the test to higher concentrations of the

nutrients which have been found to be severely inhibitory.
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Freshly harvested sporangia from cocca pods were incubated
oin 1.0 per cent Yeast-extract solution at 30 C for 4 hours

to produce germ tubes, The germinated sporangia, after

rinsing, were next incubated in the solutions shown in

Tables 26 and 27. Two sugars, Fructose and Glucose and two

proteins Peptones and Yeast-extract were used; t'he sugars at

a concentration of 0.05 per cent and the protein, 0.1 per cent.

There were three treatments for either a sugar or a protein:

onG batoh of sporangia was incubated in an unamended medium,

the second batch in a medium containing 5mM KH2P04 and the

third contained 5mM MgS04.7H20. The extent of secondary

sporangium formation was estimated after 24 hours' incubation
oat 30 C. The results of oxperiments using the sugars are

presented in Table 26 and those of the proteins in Table 27.

The effects of the two salts were highly uniform. In

brief, interacting low concentrations of any of the organic

compounds and 51TIMof either KH2P04 or MgS04'7H20 encouraged

100 per cent or near 100 per cent of the germinated sporangia

to produce secondary sporangia.
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TAB 1 E 26

Induction of Secondary Sporangia in germ tubes of p. palmivora
o

sporangia at 30 G in solutions of Fructose and Glucose amended

with K Hl04 and MgS04·7H20•

(Germ tubes developed initially by gl'3rminating sporangia in 1.0

per cent Yeast-extract solu tion at 30De for 4 hours)

-

Observa tions 24 hours after transfer-~.~
Total No. No. of. N'). of

Medium pH of sporangia spo r.ang i.a

spor-ang i.a with bearing

observed Germ tubes secondary

sporangia

0.05% Fructose

a) Unamended 5.3 2298 14-30 1001

b) Amended wi, th

5mMKHl04 4-.8 2006 1799 1796
,

c) Amended with

5mMMgS04•7
H2O 5.7 2003 1650 1624-

0.05% Glucose
a) Uname'11.ed 4,3 2177 1595 959

b) Amended with

5111MKHl04 4-.8 2002 1696 1691

c) Amended with
5mMMgSO},.7H,)0 6.1 2021 1774 1771
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TAB L E 27

Induction o£ Secondary Sporangium in germ tubes of p. palmivora

o
sporangia at 30 C in solution of peptone and Yeast-extract

amended with KHl04- and MgS04-.7H20.

(Germ tubes developed initially by germinating sporangia in

o
1.0 percent Yeast-extract solution at 30 G for 4- hours)

Observations 24- hours after transfer

Total No. No. of No. of

Medium pH of sporangia sporangia

sporangia wi.th bearing

obse rved Germ ., secondary... ~, .

tubes sporangia
0.1% Peptone

a) Unamended 6.6 2('71 1397 4-60

b) Amended with

5mMKHl04- 4-.9 2009 1953 1953

c) Amended with

5mMMgSO,+.7H2O 6.5 2014- 1899 1899

0~1% Yeast-extract

a) Unamended 7.9 2059 962 377

b) Amended wi th

5mM:KI-1lO 4- 5.5 2001 1924- 1924-

c) Amended with

5mMMgS04-'7H2O 5.4- 2003 1935 1935
-
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Q. INDUCTION OF SECONDARY SPORLNGI1i. IN

YERMlliATF.:D P. PALMIVORA SPORll.NGI4

TRANSFERRED TO SOL UTIONS OF VITLMTI'JS

The experiments on induction of secondary sporangia so

far described have examined the effect of selected examples

of major factors in the environment of the sporangia. The

organic compounds normally derive from either decomposing

organs or from living has t plants. In tha infe ction court

the effect of exudates of the host is more important of the

two.

Carbohydrates and amiDPacids are the two major groups of

components of exudates of' the host plant. Although few

quantitative estimates of the sugars in plant exudates have been

made, fructose and glucose are generally the most abundant

(Baker and Sayder, (1965). Amino acids form the rnost studied

group of compounds in exudates. To date more than 20 have

been reported in exudates of roots alone. It is likely from the

results obtained in the preceding experiments that the concen-

trations of sugars and amino acids in the exudates would support

secondary sporangium formation in alre~dy germinated sporrulgia.

Vitamins form the next major group of compounds in root

exuda+es , TEm vitamins, p- Amino benzoic acid, Biotin,

Cho.Lme , Inositol, 'M' factor, n- Methyl nicotinic acid, Niacin,
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Pantothenate, Pyridoxine and Thiamine, have been Ldenti~ied

in exudates from a wide variety of plants (Bhuvaneswari and

Sulochana, 1955; Melin and Rana Das, 1954-; Meshkuv, 1959;

Rovira and Harris, 1961; Sulochana, 1962; West, 1939). It

was judged desirable to include Some of these vitamins in this

investigation as test media for the inrluction of' secondary

sporangia ..

o
Sporangia of p. palmi vora germinate<l for 4- hours at 30 C

in 1.0 per cent Yeast-extract solution were tra_l1s~erred,

after thorougb r-Lns Ln g in sterile dis tilled water, to aqueous
o

solutions of' various vitamins and incubated at 30 C for 24-hcurs •

Each vitamin was tested at two concentrations', 200 and 4-00 pp sm,

The results obtained are presented in Table 28.

The vitamins, by their effects, could be separated into

two groups. Aneurine hydrochloride (Vitamin B1)' D-Biotin

Crystalline, Nicotinamide, (+) - Pantothenic - acid calcium 8-alt,

Pyridoxine hydrochloride (Vitamin B4-) and Riboflavin were

highly stimulatory. All sporangia with germ tubes produced

secondary sporangia.

Cyanocobalamin (Vitamin B12), although suitable for

induction of secondary sporangia, was ~ound to be slightly

inferior to the others. The percentage of sporangia with

secondary sporangia was, however, conSiderably high at both

200 and 4-00 p.p.m, (96.9 and 93.5 per cent, respectively).

A repeat experiment gave again almost the same values.
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TAB L E 28

Induction o£ Seoondary sporangium in germ tubes or P. palmivora
osporangia incubated at )0 C for 24 hours in solutions of'various

Growth £actorS.

(Germ tubes developed initially by germinating sporan gia in
o

1.0 per cent Yeast-extract solution at 30 C for 4 hours).

Total No. No. o£ No. of

Concen- pH of sporangia sporangia

Growth- tration sporangia with with

ractor (pg/l) observed Germ tubes seoondary

sporangia

ArAurine
hydrochloride

, 200 5.4 2053 1857 1857
(Vitamin B-1 400 3.6 2041 1541 1541

D - Biotin 200 5.4 2034 1722 1712
crystalline 400 5.lf- 2061 1459 1459

Cyanocoba-
lamin

200 5.5 2050 1628 1578
Vitamin B12 400 5.5 2146 1985 1857

Nicotina-
mide 200 4.5 2036 1751 1751

400 4~5 2066 1893 1893
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TABLE 28 (cont'd)

Induction or Secondary sporangium in germ tubes of P, palmivor~
osporangia incubated at 30 C for 2~ hours in solutions of various

Growth factors.

(Germ tube s developed initially by germinating sporangia in

1.0 per oent Yeast-extract solution at 30°C ror ~ hours).
,

Total No. No. or No. or
Concen- or sporangia sporangia

Growth-raotor tration pH sporangia with with

(pg/l) observed Germ tubes secondary

sporangia

(+ )-Panto-
thenic acid
calcium salt 200 ~.5 2054- 1818 1918

4-00 3.9 2097 1897 1897

Pyridoxine
hydrochloride
(Vitamin B4-) 200 4-.5 2058 1748 1748

400 4.5 2066 1640 1640

Riboflavin 200 4-.5 2029 1601 1601
4-00 4-.5 2074 1837 1837

-
Distilled water : 7.9 2047 174-3 1544
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R. CHARA.CTERISTICS OF THE SECONDARY SPORANGIA

The various pertinent reports in the literature indicate

that secondary spores are produced in situations~at do not

permit harvesting readily. Deliberate studies on the ?hysiology

of these spores have, therefore, not been attempted and accounts

of the behaviour of'secondary spores of fungi are rare. The

few observations that have been made on some species suggest

that the secondary spores may either possess the same characteris-

tics as the primalY spore or may be considerably different.

The primary and secondary sporangia of P. palmivora have

the same shape but are conspicuously different in size (see

Plates 2 to 4); the secondary sporangia are markedly smaller

in size. If reduction in size is accompanied by diminished

vigour, the potential of the secondary sporangium as a disease

inoculum would be minimised.

Differenoes between the fungal primary and secondary

spores are manifest in many ways. For example, the secondary

cnnidium of Gonidiobolus heterosporus differs both in shape

and in the manner of discharge (Drech~er, 1953). During asexual

reproduction, the conidiophores of G. heterosporus that are

extended from hyphal segments seem to be invariably of the

stout type familiar in all members of the genus. They widen

rather markedly towards the tip on which the single globose
conidium is produced. When migration of protoplasm from the
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hyphal segment and conidiophore has been completed, the

oonidium is delimited by a convexly protruding basal septum.

Snon afterwards it springs off forcibly, following circumscissile

rupture of the periph@ral membrane, splitting of the basal

parti tion into two layers, and abrupt eversion of'the distal

layer.

Instead of germinating vegetatively, the globose conidia,

as in numerous related fungi, often develop repetitiously by

putting forth a stout conidiophore on which is borne a single

secondary globose conidium that springs off forcibly like its

parent.

In cultures several days old the conidia of C. heterosporus

give rise, on the other hand, to secondary conidia of a

different nature, with a distinctive elongated ellipsoidal

shape. The ellipsoidal secondary conidium does not spring

off forcibly, but become detached on slight disturbance. After

falling on substratum already accupied by mycelium of the fungus,

they often extend upward a stout conidiophore on which a

globose conidium is forrrBd that springs off in the mannGr

usual for spores of that type.

Differences in the structure and behaviour of the primary

and d8condary sporangia of Basidiobolus haptosporus

Drechsler sp.nov. are more dramatic. The primary conidia are

colourless, globose or ~roadly egg-shaped, commonly 25um in
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diameter and usually provided with a blunt prov~beranc~.

When fully deveLoped, it is forcibly discharged together with

the inflated distal portion of the conidiophore. On germination

it often produces a secondary conidium at the tip of an erect

conidiophore. The secondary conidia are elongated, ellipsoidal,

straight or slightly curved, often 5O-7Orm lonb and 14.5 - 17.5 pm

in width. At the distal end is an apical tubular, beak,

6 - 8 pm long and 2 - 2.5 rm wide with rounded apex surrounded

by a globose mass of yellow adhesive material 8 - 10 pm in

diameter. The elongated secondary conidium often becorres divided

by cross-walls into five cells or sporangiophores, each showing

a large nucleus near its centre (Drechsler, 1947).

i..Indirect Germination in Secondary S:porangia

The formation and discharge of the zoospores in secondary

sporangia of P. palmivora was found to be a reliable character

that could be used to compare the functictliz¥sof the primary and

secondary sporangia.

Sporangia from cocoa pods were incubated in sterile distilled
owater in Petri dishes at 30 C for 24 hours. Some of the

sporangia germinated directly and formed secondary sporangia.

The Petri dishes were then transferred, at the end of the
oincubation period to a temperatu~e of 22 C. Samples of the petri
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dishes were withdrawn at 10 minutes intervals, two drops of

formalin added to each suspension to arrest developmen t and

examined under the microscope.

Primary sporangia from cocoa pods were incubated along

with the secondary spcr-angi,a and sample s withdrawn at the

same intervals to determine percentage indirect germination.

The number of sporangia out of at least a thousand which had

formed zoospores was recorded. The value s obtained were used

to plot the graph in Fig. 8.
Zoospore formation commencedearly in both types of

sporangia. Thus, 1.0~·O and n.o per cent of the primary and

secondary sporangia, respectively, produced zoospores within

1(: minutes, and almost a quarter of the germinable sporangia

formed zoospores within 20 minutes of incubation.

Zoospore for~tion, thereafter increased rapidly in the

primary sporangia and the percentage indirect germina tion aft\~r

30 minutes was 74 per cent. That level of germination was

achieved by the se.eendazysporangia in 80 minutes. This experiment

showed that more primary sporangia germinated indirectly than

the secondary sporangia and the rate of germination was also

faster.
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LL, RT\)"AAND RESERVEFOODSUBSTANCES IN '1HE

SECONDARYSPORANGIA

The slower ra.te of germination of the secondary sporangia

could be attributed to varicus causes. Among the most important

are the level of reSGrve food substances, na tu re of erizyrres and

permeability of the spor-angi.a.Lwall. It was deemed reasonable

to begin with an investigation of the amount of the reserve

food substances, glycogen, lipids and proteins in the sporangia

and the quantity of RNAwhich is associated with protein

synthesis.

Sporangia on albumen - coated slides were used for testing

for glycogen, proteins and RNA. The sporangia stained for

lipids were put on dry slides.

Drops of sporangial suspension of primary spormlgia from

cocoa pods were placed on a1bumen-coated slides and air-dried.

They were then treated .nth appropriate stains indicated under

"Materials and General Methods".

The secondary sporangia wore produced in large quantities

by the method wb1Qb has been perfected during this investigation.

Primary sporangia which had been previously germinated in
o1.0 per cent Yeast-extract solution at 30 C for 4 hours were

thoroughly rinsed and re-suspended in sterile distilled water

Secondary sporangia were readily produced after 2L~ hour s '

incubation of the aqueous suspension at 30°C. The suspension
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was then centrifuged at a speed o~ 4,500 revolutions per

minu te-, The germinated sporangia with secondary sporangia

~ormed a scum on the surfaoe o~ the supernatant ~luid. The

scum was trans~erred with an inoculating loop onto either

albumen - coated slides or dry slides and appropriately stained

a~ter drying in air.

The observations showed that

(a) RNA, I;' ~ lipi,ds and proteins were pre sent in
L\\ \he.~ concentrations in both types of sporangia.

(b) the reserve ~ood substances and RNA were evenly

distributed in the protoplast o~ both primary and

secondary sporangia (see Plates 11 to_14).

(c) the primary and secondary sporangia were stained

to the same intensi~ and apparently contained

the same level o~ endogenous lipids and

proteins, and; R.N.A. Plates 11a and bare

photomicrographs o~ primary and secondary sporangia

stained ~or RNA, showing the same degree of coloration.

(d) no glyc~gen was detected in eithen: spar-angd.a.Ltype,

confirming the report by Zevenhuizen and Bartnicki-

Garcia (1970) that the cytoplasm of Oo~cetes contains

no glycogen but employsas storage polysacoharides,

B-1 ,3-glucans Similar to algal laminarian (Phaeophyta

and Chrysophyta) ~or which the design~ati,n rnifcola-

minaran has been proposed.
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Plate 11. Photomicrograph of Primary Sporangia cf'

P. palmivora treated with Korson's Stain to

show distribution of R.N.A. x ..500.
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Pb.tomicrograph of Secondary Sporangia ~f

P. palmivera treated with Kors.n's Stain t.

show distribution of R.N.A. x 500.

Note identical concentration of RNA in sporangia

of Plates 11 and 12.
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Plate 13. Photomicrograph of primary spcrangia of

p. palmivora treated with Safranin and Fast

Green to show distributivn 0f Prvtein.

Note even distribut~on of prvtein in

spor-an g.i.u m, x 500.

I
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Plate 14. Photomicrograph of secondary sporangia of

P. E2.lmivora treated with Sudan III to show

presonce of Lipids.

Nate presence of lipids in tho form of

globules. x 800.

University of Ghana http://ugspace.ug.edu.gh



- 129 -

v, C.ENERAL DISCm~·ION

The economic import,ance of Phytophtho~ palmivora lies in

its ability to destroy. annually large quantities of both immature

and mature cocoa pods, one of the most important cash crops of many

tropical eointries. In attempts to control effectively this dangerous

parasite, varic:us aspects of its biology have been studied. A

thorcugh knowledge of the biology of the fu ngu s is ria. tural1y

invaluable in the design of any successful control measure,

especially if the attack is to be directed at the most vulrier-ab Ie

phase of the pathogen. The importance ot' the sporangium as a means

of dispersal and as infection unit is well known. Without any

doub t , whatsoever, the sporangia of p~ palmivora a.re of infinite

imp6t"tanee in the epidemiology of black pod dLseaee of cocoa.

The sporartg~um of P. palmiv~ plays its role 80S disease

initiator extremely well ..

(a) It germi.nates by forming zoospores that eventually

produce hyphae tha t penetrate th e host tis sue ..

(b) It germinates by forming zoospores which may in tum

pl"oduce secondary zoospores.

\0') It germinate& by producing hyphae that pene tr-at e the

host tissue, and

(d) !t germinates: by produ~i.ng germ tubes that bear sec"ndar-y

&p'orangia~
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The last habit has great import. If secondary sporangia are

developed under conditions unsuitable for hyphal growth, the

secondary sporangium be comes a useful survival body. On the other

hand, if a sporangium produces more than one secondary sporangium,

a very valuable mechanism of rapid turn-over of infection units is

available to this pathogen. The object of the present study was to

determine more precisely the factors which promote secondary

sporangium formation in P. palmivora and to investigate the charac-

teristics of the secondary sporangium as a contribution to the

understanding of the value cf the secondary sporangium to the fungus

and of the biology of the fungus in general.

The development of secondary sporangium has been studied in a

number of Phytophthora species. In the collection of descriptions

of species of this genus, Waterhouse (1956) gave an account of

secondary sporangium formation by some of them. Phytophthora

cinnamomi Rands, isolated from a canker in Cinnamomum burmanni BI.,

for example, could be considered to possess typical features.

The primary sporangia varied in shape from ovoid to ellipsoid or

elongate. They were hyaline, thin walled and with broad, flat,

inconspicuous papilla. They were averagely 58.0 pm in length and

34.0 pm in width. Germinating sporangia sometimes formed secondary

sporangia at the apices of short germ tu bes, Occasionally a

succession of secondary sporangia, maximum three, was produced in
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a series. Such series showed a distinct decline in size of the

sporangia ih order of production. The first secondary sporangia thus

measured over-ageIy 50.0 JIm long and 26.0 pm at the greatest width.

The second secondary sporangia were averagely 38.0 pm in length,

21.0 pm wide and the mean dimensions of third secondary sporangia were

30.0 pm by 20~O pm. The secondary sporangia were subtended by germ

tube s of varying lengths, ranging from 11.0 to 30.0 pm.

Some of the most unusual 'sporangia formed by species of the

genus Phytophthora were found in Phytophthora primulae Tomlinson,

a sternand root parasite of Primula polyantha Mill. The sporangia

exhibited great variation in size and shape. SO!l13 were single

structures, ovoid, bluntly ellipsoid, limoniform or obpyriform,

averagiY\9'77~'Oby 34-.0p m in size. Other sporangia were compound -
;;,compound sporangia - elongate structures conSisting of two to eleven

spherical or more irregularly shaped sporangial segments, each
I

delimited at one or both ends by _septa or hyaline plug8. Any

segment could germinate by a germ tube that grew into a hypha or

developed a secondary sporangium soon after emergence. The compound

sporangia had lengths ranging from 30.0 to 80.0 um, Germ tubes

bearing secondary spor-angi.awere generally short, 10.0 - 80.0 flm long.

During the present investigation, P. palm(ivora was found to

produce secondary sporangia in various fashions. When P. paJ:,ldIvora

sporangia were incubated in distilled water secondary sporangia were

University of Ghana http://ugspace.ug.edu.gh



- 132 -

produced within 24 hours by sbme of the sporangia. The primary

sporangium produced one to three germ tubes very close to the papilla

(sec Plates 1 and 2), each bearing a secondary sporangium (see Text

Figo'), Figs 1 and 2). Germ rubes bearing the seoondary sporangia were

of variable lengthn They could be as short as 32.0 urn or as lung as

240.0 um (see P'l.ate s 3a, b , c). The secondary sporangium in common

with those of Po cinnamomi, never attained the size of' the mature

primary sporangium that produced it. It was always smaller (see

Plates 1 to 4-). Where a series of two or more sporangia in a chain

was formed, each succeeding sporangium was smaller than the preceding

one (see Plate 4-). Primary sporangium with a mean length of 42.4 pm

was markedly larger than the two secondary sporangia, 27.8 and 26.2 pm

long, respectively in the chain (see Table 4-). The difference

between thG size of ti1e prim~ry and secondary sporangia was statis-

tically significant. t_ germ tube of P ft palmi vora commonly formed

on:;r one secondary sporangium and only very few secondary sporangia,

2.6 per cent, germinated during 4-8 hours incubation and produced

another seoondary sporangium (see Table 3).

The entire sporangial content of' the sporangium of a Phytophthorfl

is not u sed during germ rube formation and a considerable proportion

remains in the sporangium, The drawings Text - Fig 1, Figs 1" 2,

3; Plates 1 and 2 illustrate th is in p. palmivora. illtrastructural

studies of directly germinc.ting sporangia of P. palmivora (Clerk 1974)

showed more distinctly that the sporangium was never empty when
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germ tubes emerged and of the numerous nuclei, more than 20, in the

sporangium only two or three migrated into the developing germ tube.

Hemmes and Hohl (1970) demons trated exactly the same phenomenon in

their ultrastructural studies on the directly germinating spurangia

of Phytophthora ~rasitica. The smaller size of a secondary

sporangium might be the result of developing a sporangium from only

part of the contents of the previous one.

Evidence from other studies, however, seem to indicate that the

size of 3econda~J spores mi@1t probably be just a perculiarity of the

secondary spores, and therefore, a natural phenomenon rather than a

feature imposed by environmental and internal conditions. This

supposition is supported by the inability of extraneous nutrients to

influ~nce the size of the sporangia of P. palmivora. The mean length

of primary sporangium of 38.1 pm was f'ar-superior to the mean length

of the secondary sporangia, 27.5 to 32.7 pm, produced by sporangia

germinating in solutions of various carbohydrates (see Table 13).

Secondary sporangia of closely ~imilar dimensions, 26.7 to 31.0 pm

were also produced by primary sporangia incubated in Tryptophane

solution (see Table 18).

In certain instances, the secondary spore is even, definitely,

morphologically different not only in size, but in shape and form.

Secondary conidia of Basidiobolus haptosporus produced by the spher-oidal

primary conidia were strobiliform or ellipsoidal prolonged at the

distal end into a narrow beak which terminate in a relatively large

spherical mass of yellow material. The production of secondary
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COI'iditm was commonly repeated a se cond and a third time" each

repetition entailing Some reduction in size of the spore

(Drechsler, 1947). The beak was adhesive and its function was to

attach the Spore securely to a passing animal to effect probably

dispersal , parasitic or even predace\.lus relationship. Some of the

beaked conidia instead of giving rise to-another spore externally

became divided internally by transverse cross walls. The five

resulting cells, though not accu ra te Iy equal in size showed no great

difference in volume. Each of the segments contained near the

centre of its vacuolate protoplast a spherical nucleus, which showed

a clean hyaline outer layer surrounding a. noticeably darker

sub-spherical nucleolus. The primary and secondary conidia of

Basidiobolus haptosporus are clearly two very different morpholugical

bodies.

Conidiobolus .heterosporus has spherical conidia which ofte~

germinated on discharge to give rise tv secondary globose conidia

on long secondary conidiophore. Under certain conditions, however,

the primary conidia f'or-ned secondary conidia of elongate - ellipsoid

shape. This kind of secondary conidia appeared to be more frequent

in conidia deposited on glass.

Clerk (1963) desoribed secondary conidia formed by Beauvaria

bassiana incubated in distilled water on glass slides and on dry

slides placed at 100%R.B. The secondary conidia were oblong -
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cylindric, a condition De Bary (1869) described a3 'Cylinder

conidia'. The primary conidia were, on the other hand, a mixture

of globose and oval spores.

Whether the secondary spore would as sume the role of a survival

body under conditions where the hyphae are vulnerable depends on the

characteristics of the spore. If it is a spore w i.th a thick

protecti ve wall it could survive for a long time. Such role would

be played by the secondary spores of Cercospora arachidicola Hori

and Cercospo_~~.12gg,_gainvilleae Muntanala.

Oso (1972) reported that any cell of the primary conidium of

Cercospora ~idi~~ on glass slide in saturated atmosphere could

form a secondary conidiophore, which sometimes, as well as producing

a secondar:y conidium, also gave rise to a vegetative hypha. A

primary conidium did not produce more than one secondary conidio-

phoie , which, however, could bear up to two or three conidia.

A secondary conidium was iighter in colour than a primary one and

there was some variation in its mode of attachment to the conidiophoru r

No tertiary conidium was observed.

Sober and Martinez (1966) have reported the only other instance

of secondary conidium formation in the Cercosporas. In Cercospora

12~gai~.l}eae more than one cell could produce secondary conidia.

In both instances the secondary conidia possessed spore wall of
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similar thickness to that of the primary conidium.

There is evidence of long survival of conidia of the Cercosporas.

Teyegaga and Clerk (1972), for example, showed that conidia of

Cercospora canescenS Ellis and Martin survived under the best
ostorage conditions, 20 C and zero per cent R.B. for 112 days.

1Nhere the fungus species possesses fragile spores as found in

the Phytophthoras, production of secondary spores would be a means

of IIlUltiplying infection units, especially, if more than one secondapy

spore is formed by the primary spore rather than serving as a body

of survival.

An extreme case is provided by Conidiobolus chlamydosporus.

Drechsler (1955) described the production of averagely 14 secondary

microconidia by a germinating primary conidium oio C. chlamydosporus.

The colourless globose prima~f conidia, mostly 15 - 45 pm in diameter

produced 2 to 20 colourless, globose or elongate ellipsoidal conidia

measuring 8 to 11 pm in diameter. Conidiobolus polytocus conidia has

exactly the same features as Conidiobolus chlamydosporus. A

germinating primary conidium produced as many as 12 microconidia

(Drechsler, 1955b). The microconidia of both species often

germinated by producing a single sterigma at the tip of which a

microspore waS formed. It is probable that the microspores serve

mainly in disseminating the fungus through the innumerable interstices
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in deposits of decaying plant materials, which the more forcibly

propelled primary conidia serve better to spread the fungus on the

roomy surfaces.

A sporangium of P. palmivora often produced more than one

secondary sporangium. The secondary sporangia cannot be judged to

be survival unit because of the general sensitivity of sporangia of

the phytophthoras to desiccation.

Warren and Colhoun (1975), in an exper i.nent on Phytophthora

~stans (Mont.) de Bary investigating the ability of the

sporangia to withstand desiccation, di.scovered that those exposed

to atmospheres of 90% RoH. were quickly killed. Only 3.0 pEr cent

of the sporangia were still viable after 205 minutes of expOSare

and almost all the sporangia lost viability after five minutes.

Sporangia exposed for more than 10 minutes became indented and on

re-wetting and staining with cottonblue, the cytoplasm did not

rpfill the sporangium. Under dry conditions the sporangia would

serve very little or no purpose at all as survival bodies.

The sporangia may, however, survive under condi tions other than

those re la ted to lack of moi.s ture. Lack of nutrien ts and, therefore"

absence of substrate for the hyphae, could induce secondary spore

formation. During this investigation, the sporangia of P. palmivora

were germinated in nutrient-rich media, using oriGinally 1.0 per oerrt

Yeast-extract and Peptone solutions. After the sporangia, inoubated
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o
at 30 G, had produced very short germ tubes, after 11-hours

incuoation, they were transferred after washi.nr, off any traces of' the

nutrients into sterile distilled water. The germ tube a , int9i't9s:.:l:;ingl::

produced profuse secondary sporangia whilst less than 0.3 per cent

out of the germinated sporangia retained in tb-" originc"l nutrient

media formed secondary sporangia. As much as 98.1 &~d95.2 per cent

of' the sporangia, initially germinated in peptone and Yeast-extract

solutions, respectively, f'or-medsecondary sporangia in distilled

water when they were deprived of the nutrients (see Table 20).

When the protein compounds were replaced by ca.rbohydrates,

transfer of' the germina ted sporangia :from the nutr-i.en t solution to

distilled water did not produce deveLopnent of the secondary

sporangia to the same extent. Only 24.1 per cent of germinated

sporangia transf'erred from fl'U.~ose soIu tzions to distilled water

formed secondary sporangia. In similar tests, sporangia germinated

in Galactose, Glucose and Mannose solutions for four hours and

transferred to distilled water showed reduced rate of' secondary

sporangium formation of 30.0, 24.0 and 8.0 per cent, respectively •
. r

(see Table 22).

These observations are in agreement with reports on other fUngi

which suggested that lack or reduction in level of' nutrients could

be one of the factors responsible for secondary spore development.
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The conidia of _g_~rcospora arachidicola studied by Oso (1972) formed

o 0
the secondary conidia in saturated air at 20 - 30 C. Primary

conidia on nutrient agar or on fresh groundnut leaves produced onIy

\-egetlltive hyphae and no secondary conidia. Oso concluded that

since ferco~~or~ ~~~~~rh~~ produces these secondary conidia on a

slide and not on nutr-i.en t agar, it could be Lnf'er-r-ed that the

phenomenon of secondary conidia production is a neans of ensuring

the further propagation of the species in an errvi.r-onrrc rrt when

nutrients for II\ycelial growth are lacking.

CQll~ghan (1969) also reported that germinating conidia of

Basidicbollls .~.:3.na.~_~growing on malt agar medium, invariably

developed a veg8tative ~celium. 1n contrast, spores on the surface

of the par'ent colony and on water agar nearly always gorminated

directly to give a conidiophore bearing conidium. In this instance,

nutrients (malt extract) suppressed se6onda~J conidium development

on one hand whilst on the other, secondary spor-angi.a were f'or ned in

the absence of any nutrients. The track fur trans loca tion of nut.r icn t.;

between the mature conidium of Basidiobolus ranarum and the. --.....,..~~=,

subtending hypha would be blocked by the basal septum of the conidium

and the conidium germinating on the parent hypha could be rGga~ed

as germinating in humid air in the absence of external supply of

nutrients.
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nature. In the absence of pure water, however, secondary

sporangia couId still be formed in large quanti ties by p_. palmi vora

on evidenoe obtained in subsequent experiments. It has been showr.

that when very low concentrations of nutrients were used as growth

media for sporangia which had been initially germinated in media of

higher nutrient concentration, very high percentage of sec0ndary

sporangium formab..on waS ofterr possible. The growth media were low

concentrations of proteins, Peptone and Yeast-extract; low concen+

trations of the carbohydrates, Fruc tos e, Galactose and Gl'.lcose and

thos e of the mineral salts, KH2 PO4 and IvIgS04•7H20.

When sporangia -were germinated in 1.0 pe r- cent Peptone solution

and then transferred into a diluted medium, O.O~) per cent, of the

Peptone solution, as much as 99.1 per cent of the gerDLi.nated

sp.rangia produced secondary sporangia. Increase in concentration

of the medium led to a reduction in the number of germinated

sporangia able to form secondary sporangia. Thus only 24.2 per cent

of the germinated sporangia formed seconda~J sporangia in 0.2 per

cent peptone solution. Similarly, 99.4 per cent of the sporangia

produced seconda~ spor2ngia in 0.01 per cent Yeast-extract solution

oomp.t'lld to 22.7 per cent in 0.20 per cerrt yeast-extract medium

after the sporangia had been germinated in 1.0 pe r cent yeast-extract~

(see Table 23).
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The situation was not different when low concentrations of

oarbohydro.tes vvere used. In 0.01 per cent Ii'ructosesOlu.t1.9 ,79"6

per cent of the germinated sporangia produced secondary sporangia

compared +0 1:).0 per cent in stronger medium of 0.2 IJ8r cent t'ru ctos e.

In both, 0.4 per- cerrt Fru ctos e solution served as the initial

germination medium for production of the germ tubes. Again 47.5

per cent of the germinated sporangia f'o rmed sooondary sporangia in

0.01 per cent Galactose solution while 11.1 per cent did So in 0.2

per cent galactose solution. After the sporangia had been germinated

in 0.4 per cent glucose solution, 68.0 per cent out of the total

formed secondary sporangia on transfer to 0.01 per cent glucose

solution and 10.2 per cent did So in 0.2 per cent glucose solution

(s5e Table 23).

When carbohydrates were mixed with the proteins at different

concentrations a similar picture, as aLr-eady discussed, was

portrayed. Approximately 31 per cent of germinated sporangia

incubated in a mixture of Fructose and PeptonG, each at 0.05 per

cent ooneerrtr-atLon, produced socondary sporangia compared to 8.8

per cent when concentrations of 0.1 per cent were used. A mixture

of Fructose and Yeast-extract each at 0.05 per cent ooncentration

induced secondary sporangium formation in 2q.• 3 per cent of the

gprminatIJd sporangia in contrast to 6.1 per cent in mixtures
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oontaining 0.1 per cent of each compound. In the glucose - peptone

mixture 14.9 per cent germinated sporangia formed secondary

sporangia a.n solutions containing 0.05 per cent concentration of each

suas tance wbi.Lst only C.B per cent sporangia formed secondary

sporangia when the higher concentration of 0.1 por cent was used.

The mixture involving glucose and yeast-extract gave results of

exactly the s arne trend (see 'I'abl s 24-).

Seemingly, although r-edncta on of nutrients available to already

germinated sporangia or total lack of them would be the primary

factor to trigger secondary sporangium formation, the type of

compound in very dilute media would possibly playa role. It would

be obser-ved t.hat the same concentrations of yeast-extract and

peptone (0.01 per cont supported significantly higher rates of

secondary sporangium formation, 22.7 and 29.2 per cent, respectively

(st;e TabLe 23), than fructose, ga1actose and glucose, 6 •.0 - 11.1

per cent (sue 'I'abLe 23). Silli1lal'l.y mi.x'tur-es of' the different compounds

but at sume concentrations induced different LevoLs of secondary

sporangium formation (see Table 24). Fur-thez- support is found f'r om

the eubs equent eiitperirrBnts that employed mineral salt - sugar mixtures.

Mineral salts, KH?04 and MgS04-.7H20 at 5mMconcentration

supported rather high secondary sporangium formation of 99.3 and 99.2

per cent, r-espeo-c.ive'Iy , in already germinated sporangia (see Table 25).
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When +hose mineral salts were used separately to amend 0.05 per

oerrt Fru ot.ose and Gluoose solutions almost 100 per cent of the

sporangia formed secondary sporangia in each case. Vilionthe mineral

salts were again mixed with 0.1 per cent Peptone and Yeast-extract

solutions there was total response of 100 per cerrt secondary

sporangium formation.

In soil, carbohydrates, mineral salts and proteins are available

from various sources and principally from decomposing organic

materials. Proteins and oarbohydrates are also available in pod

exudate or pod extraot. Rimpong (1969) identified by chromatography

four amino acids at the following concentrations in the extract of

cocoa pod husk.

Asparagine 2000 p.p.Ill.

3000 p.p.m

400 500 p.p.m

200 300 p.p.m

Glutamic acid

Glycine

'Iy r-os Lne

Neither amino acids nor sugars were detected chromatographically in

the exudates at the concentrations used, rrhure is no doubt that such

substances ex.is t in the exudate but oocurred at too low concentrations

to be easily detuctod by chromatography.

Asornaning (1977) also identified a number of amino aoids from

the root exudate of 20 day old cocoa seedlings us i.ng Amino acid
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Analyser, Model JLC - 6AH. The following amino acids were

ideritified and their quanti ties es timated :

Alanine 0.005 pmol/ml

Asparagine Trace

G-lycine 0.004-

Histidine O.OOe

Isoleucine Trace

Leucine Trace

Serine 0.012

Threonine 0.002

Tyrosine 0.015

Valine I'r-ace

There are, tbere fore, several mineral sal ts, amino acids and

carbobydrates in the environment of the P. palmivora sporangia that

will come into contact wi th them and influence the m, The sporangia

are formed freely on the infected pod un the cocoa tree and sporangia

have been shown to occur in soil as well, produced by hyphae either

Li.ving saprophytically or parasitically on host roots (Newhall,

Diaz and Salazar, 1966; Okaisabor, 1971; Turner, 1961; 7{harton, 1955).

It is important that a dilution of the nutrients at a critical

stage of germination of the sporangiuM must occur in nature if the

lungus would ever form secondary sporangia at any substantial level

because the concentration of some of the substances are likely to be
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high, es peoi aL'Iy , in soil. Sporangia germinating in solutions of

amino acids and carbohydrates of even moder-ate ly low concentra ti ons

and retained in these solu tions during growth of the gerf.1 tubes

hardly f'orrned secondary sporangia in many instances. It could be

envisaged that a shower- of rain would be the only agent to cause

dilution of the compounds; an event which should coincide with the

correct stage of germinat-lon of the spor-engium to be effective.

The results In Tables 5 to 17 showed that in the absence of any

di.Lut.i on of nutrients in the field the chances of substantial

secondary sporangium formation are low. Three distinct types of

rosponae were discernible. Secondary sporangium fbrmation in solutions

of cellobiose, cellulose, glucose, mannose, sucrose and xyLose , all

tiho amino aoids tested and mixtures of various combinations of

fructose, glucose and sucrose, was inferior to that in distilled

water. The magnitude of suppression of secondary sporangium formation

woul.d be appreciated if it is noted that averagely only 3.9 per cent

of the sporangia. could form secondary sporangia in distilled water.

Arabinose constitutes a group of msd.ian response which supported,

averagely, a level of secondary sporangium formation, 3.5 per cent

close to distilled water. The rest f'or-rre d a third group that Has

just slightly superior to distille d wate r. ThE)r-espe cta v e D.verags

pe r-centagcs of sporangia forming secondary sporangi a in tho S8
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fructose, galactose, laotose and maltose were 4.7, 4.7, 5.5 and

L~.6•

'I'he various amino acids and carbohydrates were used over

concentration ranges of 100 to If-OO p.p.m. and 0.1 to 0.8 per cent

respectively. There were some variations in the behaviour of the

sp or-ang'ia at different ooncentrations of each oompeund , Except

0.1 per cent Arabinose (8.3 per cent secondary sporangia formation),

0.2 per cerrt galaotose (15.!+ per cent) and 0.2 per cent Lactose

(14.4 per cent) the highest values recorded were extremely low.

Some nutrien t solu nons exhibited no def'Lnl to observable

pattern or were uniformly the same, These included glucose, su c.roae

and mannose , In each case all the concentrations gave nearly

similar va'lucs ,

The ability of Lower concentrations of nutrient svlutivns to

promote secondary sporangium formation in aLr-eady germinated

sporangia may be of benefit. It would enable the fungus to

produce secondary sporangia under conditions where the hyphae would

not grow adequately. But the phenomenon wouId only be valuable if

phases of' low ru tr-Lents could alternate with those of high nutrients

as good germination needs reasonably nutrient- rich media. A

disadvantage will ensue if the secondary sporangia after production

fail to germinate and pr-oduce yet another crop of secondary

sporangia. Dormant spores in soil are favoured substrate of soi.L
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bacteria and lysis of the dormant sporangia, a propagule wi. th ver'J

li ttle protection, would readily occur.

It is not only in dilute nutrient solutions that heavy

secondary spor-ang.i.a f'or-taa tri.on would be found in previously

germinated sporangia. Growth factors which are very likely to occur

in the infection court of the host plant would most likely also

stimulate secondary sporangium formation. A number of growth factors

were used at two concentrations, 200 and 40Q 1lg/1 as media into which

already germinated sporangia of P. palmivora were transferred

when the germ tubes were approximately twice the length of the

sporangia. All the ger-mi.nated sporangia placed in Aneurine hydr-ochLoi-Lu.c

(Vitamin Bt) Nicotinamide, Pantothenic acid calcium salt, Pyridoxine

hydrochloride (Vitamin B4) and Riboflavin formed secondary sporangia

within 24 hours at both concentrations. D-Biotin crystalline at

400 ug/l supported secondary sporung.i.umforma ta on in 100 per cent

of the germinated sporangia. D - Biotin at 200 pg/l and Cyanocoba-

lamin (Vitamin B12) at 200 and 400 pg/l, however , gave slightly

lower, but very high indeed, percentage secorrlary spo r-on g.ium

formation of 99.L~, 96.9 and 93.5 per cent, respectively (see Table 2?)o

CTrm'lthsubstances are likely to occur mostly in the infection court

where the sporangium could eas i.Iy initiate infection. They, therefore:

on the whule would playa greater role in epidemiology than nutrients

which occur at locations other than the infection court.
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It is worthy of not f) that other. substances in growth media

which have not been examined in this investigation havo been

suggested as factors that s timula ted secondary sporangium formation.

Drechsler (1955a) reported that spores of Conidiub01us polytoc~

which formed secondary conidia on the culture mediumwere those that

droppod at areas where there were no parent hyphae. This shows that

the parent mycelium could produce substances that prevented the

formation of secondary conidia or these areas contad ned less

concentration of metaboli tos exuding from the hyphae. This

investigation has shown that in p. palmivora an inhibition by the

parent rrwcelium migpt not exist, because sporangia still attached

to the parent my ce.Li.umgerminated, even though at low rate of 0.3 -

0.9 per cent, by means of germ tubes and produced secondary

sporangia (Table 1). If the parent myceLdumproduced any such

inhibiting subs tano es , it either could not traverse the plug at the

base of the sporangium or it was non-volatile.

'I'ho pH of the nutrient media and dis t.LlIe d ;';ater in the various

experiments described did not seem to have influenced the response 01'

the sporangia to the variws nutrients and growth factors, and the low

rate of secondary sporangium formation recorded in many was a true

reflection of the treatrrent effect on the sporangia. When germinated

sporangia of p. palmi vora were transferred to yeast-extract solution

of very low concentration adjusted to various pH's large quantities

I
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of sporangia produced secondary sporangia over a wide pH range,

from pH 5.0 to pH 9.0 (Fig. tJ. Secondary sporangium formation was

only poor at pH 3. The pH's of' almost all the media of the "tests

shown in the tables of results fell within pH 5.0 and 9.0. Even

where the pH fell outside this range treatment effect superseded the

effect of pli, Solutions of Aneurine hydrochloride (Vitamin B1) at a

concent.r-a'ti..on of 200 and 400 pg/l had pH's 5.4 and 3.6 respectively

and yet 100 per cent of the germinated sporangia formed sporangia in

both solutions. The two, Pantothenic acid calcium salt m8dia of pH's

4.5 and 3.9 also gave 100 per cent secondary sporangium formation.

All the sporangia in solutions of Riboflavin also produced se eo.nd.a.ry

sporangia even though the pH of the two media was pH 4.5.

other environmental factors have induced secondary sporangium

formation in some fungi. Light encouraged the formation of secondary

conidia in Conidiobolus rhyosporus (Dring 1958). Zuchkerman (1957)

was able to induce secondary conidium production from the conidia of

Endoconidiophora fagacearum (Bretz) by means of X-ray irradiation.

There is sufficient evidence to show that E. palmi vorB: sporangia will

form secondary sp orangia to the sarae extent in both light and dark.

Sporangia v,l1ich had been germinated in 1.J per cent yeast-extract

and peptone solutions for four hours and transferred to distilled
o 0 0

water and incubated at 20 , 25 and 30 Crespectively, behaved

close~ Similarly. Out of 800 observed germinated sporangia, in each
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treatrrBnt, transferred from the peptone solution and incubated at

each of the temperatures, 87.6,91.2 and 91.4 per cent f'or-ne d

secondary sporangia. The cor respondi ng values for ye as t-e xteac t

were 84.1, 86.6 and 85.2 per cent, respectively.
o

The te i.!lp8rature 2·) C

o 0
was provided by lighted air-conditioned room and 25 and 30 C by'

electric incubators with no interior lighting.

Further pertinent studies on p. palmivora should examine the

ef'f'e ct of osmoti.c pres sure ani aeration. Page and Humber (-1973)

reported that conidia of Conidiobolus coronatus f'orrncd secondary

conidia when germinated under mineral oil or 'on a medium, wi ill a

high osmotic pressure. It is expected that carbohydrates and

mineral salts, especially, will act both through nutrient and osmotic

effects.

The importance of the s8c0ndary spore, whether it is acting

as a survival unit or aiding in multiplying infection units lies

in i ts ability to function in similar manner as the primary spore.

ThOrOhas been no attempt to investigate the phySiology of the

secondary spore discovered in the numerous fungal species.

Obsorvations here, therefore, provide a ve~ Significant information

on chis aspect of the biology of fungi.

Zoospore formation was possible in both primary and. secondary

spor-arigd.a, Pr-om the investigation carried out the release of

zoospores started early in both type s of sporangia. About 10.0 and.
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8.0 per cent, respectively, of the primary and secondary sporangia

released zoospores within 10 minutes. Zoospore formation, however,

increased rapidly in the primary sporangia and the p8rcentage indirect

g(; rmina tion, afte r 30 minute s, ros e to 70.0 per ce nt • The same

value was, however, .acb i.eved by the secondary sporangia in 80 minutes

(see Fig~ 8).

This investigation was not extended to a comparative study of

direct germination of the sporrulgia due to difficulties of harvesting

the secondary sporangia. This is a necessary study in any future

pertinent investigations.

Despite the difference in rate of indirect germination,

both types of sporangia of P. palmivora seemed to contain the same

quanti ties of R.N .A. , lipids and proteins.

What will bo equally Lmpor ten t would be information on the enzyme

systems of the two types of sporangia. It is possible that

although the same quantities of food reserves may be available to the

sporangia, differences in the enzyme components of the two types of

sporangia would result in di.f'f'e r-enoes in tho use of the nutrient

r-eser ves and cons eqrsentIy di f'f'e re nce s in germination rates. There

are very well known histochemical tests that would per-mit assessrrBnt

of the presence of various enzymos in the sporangia in the same

manner as employed in me tests for organalle s and reserve food

substances. For example, the Wachstein and Meisel technique can be

- - - - - - - - - - - -
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used to investigate Adenosi.ne triphosphate (Hall, 1969), Gamori

method for B - glycerophosphatase (Pearse, 1968) and Cy t.ocur-orre

oxidase (Turian and Bianchi, 1971). The method of seligmwl and

Rutenberg (1951) has been used to study Succinic oxido-reductase

and the Nitro Blue Tetrazolium technique des cribed by Pearse (196£3)

ror Alcohol oxido - reductase.

The sporangium of P. palmi vora is too fragile to ha vo any

survival value. The importance of the aec onda.ry sporangia lies in

their acting as a means of producing'''' abundant infection bodies

quickly. In the epidemiology of blackpod disease of cocoa,

secondary sporangia of P; p_almivorD;might not or-eate any serious

problems. The majority of the sporangia produce only one secondary

sporangium giving a condition of zero growth population. Furthermore;

condi tions needed to produce abundant secondary sporangi.a are too

refine d to commonlyoccur in me field. Control neasur es need not be

specially adapted to combat the secondary spor-ang.i.a, Improvement of

knovm methods of' attacking the sporangia would. suffice to attack both

the primary and the few secondary sporangia and wi th which they

apparently share almost similar physiological characteristics.
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VI. SUM Iv! A R Y

1. Sporangia of P. palmivora attached to the mycelium

on cocoa pod could germinate by means of germ rubee in

humid air and form secondary sporangia.

2. ')
Secondary spor-angd.um formation ill situ at 25 G was rare,

involving less than 1.0 per cen t of the total number of

sporangia observed.

3. Higher temperatures of 30° and 35°C enccuraged direct

germination of the sporangia.

4. •The higher temperature, 35 C, was Les s sui t.ab.Ie for

sporangial germination. Only 1.6';0 3.8 per cent of the
0'

spurangia produced zoospores at 35 C in contrast to 10.7
o

to 16.2 per cent at 30 C.

5. More sporangia, 15.5 per cent, germindted by means of
o 0

germ tubes at 30 C than at 35 C which supported only 7.6
per cent direct germination.

6. A greater percentage of directly germinated sporangia

o
also formed secondary sporangia at 30 G (13.5 per cent)

o
~han at 35 G (1.7 per cent)

oSporangia germinating in distilled water at 30 C

produced one to three germ tubes. The majority of sporangia

had only one germ tube

8. Germ tubes bearing Bc~ondary sporangia were of variable

length; they could be as short as 30.0 urn or as long as 242.0 pm

University of Ghana http://ugspace.ug.edu.gh



- - - - - - - - - - - - -

- 154 -

9. The seconlary sporangium was always significantly smaller

em maturation than the primary spor-angium that produced it.

10. Where there was a series of two or more secondary

sporangia in a chain each succeeding secondary sporangium

was smaIler than the pre ceding one.

11. Secondary sporangium formation in carbohydrate media was

limited due to low direct germination of the sporangia in
o

these media at 30 C. The highest percentage direct

germination was recorded at 0.2 per cent Galactose; 242

sporangia out of a total 2188. Seventy three per cen t of

this number formed secundary sp~rangia.

12. Carbohydrates which supported greater secondary sporangium

formation at certain concentrations than distilled water were:

Arabinose (0,1 per cent), Cellobiose (0.1 - 0,8 per cent),

Galaotose (0.1 - 0.2 per cent), Lactose (0.1 - 0.2 per cent),

Maltose (0.2 - 0.4 per cent).

13. At the best Cellulose concentration over the range,

0.1 - 0.8 per cent, extent of secondary sporangium formation

~aS close to that in distilled water.

14.. Secondary sporangium formation was better in dis tilled

water than in fructose, glucose, mannose, Sucrose and xylose

medi.a of concerrtr-at Lons of 0.1 to 0.8 per cent.

- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
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15. Secondary sporangium formation was aLso poorer in

f'ru ot.ose=g.lucr-se , fructose-sucrose, glucose-sucrose and

fructrse-glucose - sucrose media than in distilled water,

although direct germination was higher, 7~8,8.1 ffild 14.3

per cent, respectively, in the fructose-glucvse,

fructcse-sucrose and glucose-se'crose media than in distilled

water (5.3 per cent)

160 Formation of secondary sporangium .m more than one germ

tuue we, not crmmon in the carbohydrate solutions, and only

a few, 0.2 per cent Galactose (2.2 per cent), 0.2 per cent

Lactcse (C.7 per cent) and 0.4 and 0.8 per cent Maltose (1.1

and 0.7 per cent, respectively) provided values greater than

those obtained in dis tilled watel".

17. The carbohydrate media were better media for growth of

the germ tubes than distilled water.

18. 'I'he average length of germ tubes bearing secondary

sporangia was :~80•.q 11m. The longest germ tubes bearing

seoondary sporangia were found in solutions of g..•1, per cent

Galactose (5C'0~0pm) 0.8 per cent Maltose (425.0 11m)

190 The germ tubep were also longer in cvmparison to those

in distilled water in the fructose-glucose, fruotose-sucro$e,

glu~('se-sucrose and fructose-glucose-suorose media. The

re cceded mean germ tube lengths were 398.Opm Fructose-Glucose,

406..0 and 31000 rm ill Glucose-sucrose and F...... tQse-Glucose-

I
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sucrose respectively.
20. The sizes of seconda~ sporangia in the carbohydrate media

at ooncentrations of 0.2 and 0.4 per cent, were similar

to those formed in distilled water which were markedly

smaller than the primary sporangia.

21. At concentration of 0.2 per cent, the length of secondary

sporangia ranged from 26.9 pm, (cellulose) to 32.3 IJm

Arabinose). The secondary sporangium formed in distilled

water was 29.9 ~m. The range at 0.4 per cent concentration

was 27.5 ~m (Galactose) to ~2.7 jJ.m(Mannose). The mean

lengths of the primary sporangia, 38.1 and 39.3 IJ.m,

measured for the two sets far exceeded these values.
a22.' Indirect germination of the sporangia waS greater at 30 C

at 0.1 per cent Cellobiose, Lactose and Sucrose and at

0.1 - 0.2 per cent Cellulose and Mannose but lower at

the other concentrations within the range 0~1 - 0,8 per cent

of these carbohydrates and at all concentrations (0.1 0.8

per cent) of Arabinose, Fructose, Galactose, Glucose,

Maltose and xylose than ~n distilled water.

23. Distilled water also supported higher percentage indirect

germination than the Pructose-D'Iuoose , Fructose-Sucrooe,

Glucose-Sucrose and Fructose-Glucose-Sucrose mixtures.

24. Salu tions of Alanine, Arginine, Asparagine, Glycine,

Histidine, Leucine, LySine and Tryptophane at 100-400 ppm
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were poor media ror both direct sporangium germination

and seco"1dary sporangium rormation. Distilled water was

superior as germinating medium to all these amino acids.

25. Zoospore formation was better in solutions or 100 ppm.

Arginine, 100-200 ppm. Alanine and Arginine and 100-400 ppm

Glycine, Leucine and Lysine.

26. Secondary sporangia f'or-med in 100-400 ppm Tryptophane

solutions were 26.7 - 31.0 pm long compared with the length of

29.4 pm of seconda~ sporangia formed in distilled water and

the length of 42.6 pm of the primary sporangium

27. Peptone and Yeast-extract supported 57.0 and 67.6 per cent
odireot germination, respectively, at 30 G. Approximately, only

one out of 300 directly germinated sporangia formed seoondary

sporangia in each case.

28. A novel method devised to induce secondary sporangium

formation was the withdrawal of the r•.ltrient supply to very

young germ tubes (2-3 hours old) by transferring them to

distilled water or the reduction of the concentration of the

nutrient of the germinating medium or the transfer of the

germinated sporangia to dilute solutions of completely

different compounds for 24 hours.

29. This method allowed the formation of secondary sporangia to
o 0approximately the same extent at the temperatures, 20 and 25 C
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e
as well as 30 c •

.30. High germination rate for the induction experirrents

was, specifically, obtained by germinating the sporangia at

o
.30 C in 1.0 per cent Peptone and Yeast-extract solutions for

4 hours •

.31. The following media supported good secondary sporangium

formation when sporangia germinated for 4 hours in richer

mediumwere incubated in them:

(a) Distilled water : 63.5·-~ 9~.5_ p~r.~ce~t

(b) Fructose

0.01 per cent 79.6 per cent

0.05 per cent 75.9 per cent

0.01 per cent 64.2 per cent

(0) Gluoose

0.01 per cent

0.05 per cent

(d) Peptone

0.01 per cent

0.05 per cent

(e) Yeast-extract

0.01 per cent

0.05 per cent

(r) KHl04
5mM

(g) MgS04·7H
2
O

5mM

68.;0 per cent

67.5 per cent

99.5 per cent

99.1 per cent

99.5 per cent

98.9 per cent

100 per cent

100 per cent

- - - - - - - - - - - -
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(h) Fructose, 0.05 per o·

+ 5mM KHl04 94.2 per oen t

+ 5mM MgS04.7H2O 98.7 per cent

(i) Glucose, 0.05 per cent

+ 5mM KHl04 99.7 per cent

+ 5mM MgS04• 71120 99.8 per cent

(j) peptone, 0.1 per cent;

+ 5mM KH2P04 100 per cent

+ 5mM MgS04• 7H2O 100 per peot

(k) Yeast-extract, 0.1 per cent;

+ 5mM KHl04 100 per cent

+ 5mM MgS04•7H2O 100 per cent

(1) D-Biotin crystalline~

20apg/l 96.9 per cent
40Opg/l 93.5 per cerrt

( m) Cyanocobalamin (Vitamin B12) ;

20Opg/l 100 per cent
40Opg/l 100 per cent

(n ) Aneurine hydrochloride (Vitamin B1);
20Opg/l 100 per cent
40Opg/l 100 per cent

(0) Nicotinamide
20CfIg/l 100 per cent
4-0ap.g/l 100 per cent

- - - - - - - - - - - - - - - -

- - - - - - - - - - - -
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(p) ( + ) - Pantothenic acid 8alcium salt;

200pgjl 100 per cent

40Opg/l 100 per cent

( q) Pyridoxine hydrnchlQride (Vitamin B4) ;

200 rg/l 100 per cent

400 pg/l 100 per cent

(r) Riboflavin

200 pg/l : I I 100 per cent

400 pg/l 100 per cent

32. Using the induction method, p. palrniv~ra sporangia previously

germinated in 1.0 per cent Yeast-extract solution formed

abundant secondary sporangia (by 92.6 to 100 per cent of

germinated sporangia) over a wide pH range of pH 5.0 to 9.0

in 0.1 per cent Peptone and Yeast-extract solutions adjusted

to different pH levels.

33. There was greater germination rate and higher percentage

indirect germination among primary sporangia incubated in
odistilled water at 20 C than among secondary sporangia.

IJipids and t"'roteinsV:9ro present in heavy

concentrations in both primary and secondary sporangia.

35. It was concluded tbat conditions required for the produoti~n

of secondary sporangia in large numbers were too precise to be
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common feature of the natural environment. Incidence

of secondary sporangium formation would be low in the field.

Secondary sporangia of P. palmivora would not therefore play

an overly important role in the epidemiology of blackpod

disease of cocoa.

- - - - - - -- - - - - - - -
- - - - - - - - - - - - -
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