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Indian Meetings Group
Our honorary Regional Meetings
Secretary in India, Sr. S.M. Nair,
who is Head of the National
Museum of Natural History in New
Delhi has recently reported on his
Society activities.
Owing to the very few Society
members in India it haa not been
possible yet to arrange formal
meetings. However, Dr. Nair is one
of the Vice-Presidents of the Indian
Association for the Study and
Conservation of Cultural Property
(I.A.S.C.)
He has suggested to this
organisation that discussions on
biodeterioration problems could be
held during its annual meeting and
seminars. There has been a good
response to this suggestion and it
would appear that an Indian
meetings group may soon appear as
a sub-group of I.A.S.C. We wish
Dr. Nair all success in this enterprise and look forward to his
reports in this News Letter.
Japanese Meetings Group
We were pleased recently to hear
that as a result of his completion of
his term of office as Chairman of

the Student Affairs section of
Toeyo University of Agriculture
and Technology, Professor T.
Haraguchi, our honorary Regional
Meetings Secretary in Japan, will
now be able to spend more time
on Society affairs. We await
developments from his part of the
world with interest.
Society Tie -

Designs Required

During 1977 it is hoped· to
produce a Society tie. This will
be in a single plain colour with a
single motif woven in a contrasting
colour. Members are invited to
submit sample designs for the
motif
together with colour
suggestions. The Council will
consider all designs submitted to
the Hon Secretary by June 30th.
The winner will be announced in
this Newsletter and will, of course,
receive a free tie when they are
produced.
Professor J.P. Voets
Since the last issue of this
Journal, the Society haa learned of
the untimely death of Professor
J. P. Voets at Christmas 1976.
Professor Voets was born on
16th Ju1y 1923 and graduated
as an agricultural engineer at the
University of Gent in 1945. He

iii

obtained his Ph.D. in 1952 at the
University of Ulle, France. From
1945-1947 he was Director of the
Central Laboratory of the Ministry
of Economic Affairs at Brussels.
In 1947· he took up a post in the
of General and
Department
Industrial Microbiology.ln 1971 he
was elected as Chairman of the
Inter-Faculty Centre for Environmental Studies at the University of
Gent.
Professor Voets was a member
of several learned societies, author
of two textbooks on microbiology
in the Dutch language and author
and
co-author of numerous
scientific publications in the field
of industrial and environmental
microbiology and was a special
adviser to the Belgian Ministry of
Environmental Policy and to the
Commission on Food Additives of
the European Common Market.
Many members of the Society
will remember Professor Voets as
the lively and industrious Chairman
of the Environmental Group of the
International
Biodegradation
Research Group. The warmth and
enthusiasm of his personality will
be sadly missed by his friends and
colleagues, and we extend our
sympathy to his family.
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Papers Presented at a Symposium on

CHOICE OF PRESERVATNES FOR CONTROL OF BIODETERIORATION
at University College, Cardiff,
14 & 15 December 1976
Biodeterioration Society Newsletter (1) 1977
Title:

Selection Criteria for Preservatives

Author:

E.C. Hill

Title:

Food Preservatives

Author:

G. G. Fowler

Address:

Aplin and Barrett Ltd.,
Beaminister, Dorset.

Address: Department of Microbiology,
University College, Newport Road,
Cardiff CF2 1T A
ABSTRACI"

ABSTRACI"

(Abstract not received)

Title:

Phenolic Compounds and Formaldehydereleasing Compounds, A look at the
Preventol range

Author:

Dr. Wilfred Paulus

Address:

c/o Bayer AG
Rheinuferstrasse, 4150 Krefeld 11
Germany.

Killing microorganisms is not difficult. Killing
them in such a way that there is minimal interference
with industrial processes or products necessitates
a teclulical knowledge of the anti-microbial which
is usuafly missing from the normal data sheets. For
instance although a speedy kill is often of paramount
importance it is rare to find manufacturers data on
the relationship between concentration of antimicrobial and speed of kill, or any indication of
the temperature coefficient. The spectrum of
biological activity is often quoted for organisms of
little practical importance and M.I.C.'s are stated
for experimental conditions divorced from practical
applications.

ABSTRACI"

Two classes of preservatives, phenolic compounds
and formaldehyde-releasing compounds are discussed
regarding their antimicrobial activity, reactivity,
toxicity and possible biodegradation.

It is to be hoped that there will be a move by
anti-microbial suppliers to supply more data relevant
to the users problems.

Title:

The Contrasting Applications for Biocides
related to Their Mode of Action.

Author.

P. Jordan

Address.

A.B.M. Chemicals Ltd.,
Wortley Low Mills, Whitehall Road,
LEEDS LS12 4RF

2-Phenyl-phenol, possessing a broad spectrum of
antimicrobial effectiveness and being only slightly
toxic, not skin irritating, biodegradable, practically
odourless and colourless, takes up a special position
among the phenolic preservatives.
In the case of Benzylalcoholm ono.(poly )hemiformal
(BHF)
and
N-Hydroxy-methylchloracetamide (MCA) it is demonstrated that
formaldehyde-releasing compounds show considerable differences in antimicrobial effectiveness,
effective spectrum, and reactivity.
A desirable improvement of the antimicrobial
effect of BHF, especially against fungi and
formaldehyde-resistant bacteria, is obtained by
combination with small amounts of phenolic
microbiocides. Unless the components are mixed
together at pH levels exceeding 9 - 9.5, the mixtures
have a marked synergistic effect against fungi and
yeasts, yet not against formaldehyde-resistant
bacteria. The latter, although tolerating up to 4200
ppm formalin (29%) react pronouncedly to
N-hydroxymethyl-chloracetamide, Na-pentachlorophenolate, 3-methyl4-chlorophenol, the reaction
increasing in this order.

ABSTRACI"

One of the distinguishing features of modern day
bactericides is the rate at which they can eradicate a
bacterial population. The properties and applications
of a "quick·acting" bactericide, Gloquat C, are
contrasted with those of a biocide with a much
slower rate of kill, Glokill 77.

iv

Title:

Preservatives from Catomance Ltd.

Author:

A.R.M. Barr

Address:

Catomance Ltd.
88/96 Bridge Street East, Welwyn Garden
City, Hertfordshire.

Worldwide technical service is available on all ICI
Organics biocides from the Division's main
laboratories in Manchester and from several overseas
laboratories.

ABSTRACT
Although the problem of biodeterioration has
always been with us, military events during and since
the second world war have resulted in the use of all
kinds of textile materials under extremes of climate
and has focused a great deal of attention on this
subject.

Preservatives from ICI Ltd.

Author:

K. Denham

Address:

ICI Organics Division,
P.O. Box 42, Hexagon House, Blackley,
Manchester M9 2DA.

Author:

S.P. Holmes

Address:

NALFLOC Ltd., P.O. Box 11, Solvay
Road, Wmnington, Northchurch,
Cheshire. CW8 4DX.

Nalfloc Ltd. supply biocides for many applications
but the four main areas are:- cooling systems, pulp
and paper mills, water flood into oil reservoirs, and
control of marine fouling in ships' condensers.
Nalfloc products, incorporating dispersants and
biocides, have been formulated and identification
of the problem together with a lmowledge of the
properties of the biocides, will help in choosing
suitable candidates for each of these applications.
Nalfloc preservatives fall into five broad
categories:
a. biocides based on methylene bisthiocyanate
b. biocides based on the salts of phenol and chi orophenols
c. cationic biocides including quaternary ammonium
compounds and amines.
d. biocides based on organo-sulphur molecules
e. biocides based on organo·bromine molecules
The properties and applications of some of these
products will be described.
The ultimate choice of preservatives depends on
identification of the problem and suitable monitoring
or control to ensure that the biocides selected and the
methods of application effectively control the
problem.

ABSTRACT

:!

Preservatives from NALFLOC Ltd.

ABSTRACT

To prevent or at least forestall deterioration of
this kind the use of certain chemicals which either
kill the deteriogens outright or inhibit their development has attracted much attention. In 1954 the
British Standards Institution published a specification
entitled "Chemical Requirements for Treated
Textiles" and coded it BS 2087. The purpose of this
standard was to bring together in one document
details of treatments used for the preservation of
textiles. At that time numerous preservative
treatments had been developed but a comprehensive
assessment of their individual protective properties
had not been made. The advantages and disadvantages
associated with each protectant were discussed.
Title:

Title:

ICI Organics Division's Proxel AB, Proxel CRL and
Proxel XL based on the speciality chemical
benzisothioazolone, are established preservatives for
a wide range of aqueous based industrial products,
e.g. paints, latices, dispersions, thickeners, etc.
Proxel AS is a new product specially formulated
to overcome microbial problems in dynamic water
systems, e.g. industrial water cooling and paper
machines.
Another ICI speciality biocide is a polymeric
biguanide hydrochloride, which as Cosmocil CQ,
is fmding new applications as a safe preservative

Title:

Preservatives from

Sterling Industrial

Author:

D.G. Phillips

Address:

Sterling Industrial,
Chapel town, Sheffield, S30 4 YP.

in cosmetics.

ABSTRACT
These products possess excellent heat, chemical
and storage stability and ensure effective protection
at low cost. Important features are their low toxicity
and safety in the environment.

The paper discusses the control of microbial
growth in metalworking coolants and aqueous paint
systems.

v

ABSTRACI'

Factors influencing the selection of suitable
preservatives are listed and practical examples of the
use of Grotan and Pannetol products are detailed.

Title:

Tn"butyl tin oxide/quaternary systems

Authors:

D. Fysh and L.B. Woodhouse

Address:

Albright and Wilson Ltd.,
P.O. Box 80, Trinity Street, Oldbury,
Warley, West Midlands, 869 4LN.

Preservatives are applied to wood either as organic
liquids or as aqueous solutions depending on the
requirements of the end use. Tributyl tin oxide has an
important place among organic liquid treatrnenis.
Data are now presented to show how it may be used
in aqueous systems, and to demonstrate its
effectiveness in these systems.

FORTIICOMING CONFERENCES, MEETINGS AND COURSES

Dates

Title

Location

Contact

27 March-I Apri!l977

3rd International Symposium
on Environmental Biogeochemistry
(includes weathering, diagenesis,
remineralisation, mineral-organic
interactions, man's impact. The
organisers are anxious to ensure
participation of microbiologists,

Oldenburg,
Germany

W.E. Krumbein, FBIV, Universitat
Oldenbu~g

Postfach 943
D-2900 OldenbUJg. Phone 5 I 061

geoscientists and aquatic
and atmospheric scientists)

25 April-14 May 1977

Microbiologic Aquatique et
Mcdicale, Co\Irs et Travaux
Pratiques

Villeneuve D'Ascq.
(Near Lille)
France

3rd May 1977

29th International Symposium
on Crop Protection

Gent, Belgium

Faculteit v.d. Landbouwwetenschappen,
Coupure links 533
B-9000 GENT, Belgium

14·18 June 1977

Pro Aqua-Pro Vita 77
(Environmental conservation,
sewage, waste water treatment,
pollution)

Baste,
Switzerland

Sekretariat Pro Aqua-Pro Vita
Postfach
CH4021 BASLE
Switzerland

27 August-3 September
1977

2nd International Mycological
Congress 1977

Tampa, Florida,
U.S.A.

Dr. Melvin S. Fuller, Secretazy IMC2
Department of Botany
University of Georgia
Athens Ga. 30602 U.S.A.

5·10 September 1977

8th International Congress
International Union for the
Study of Social Insects (lUSS)

Wageningen,
Netherlands

J. Drijver

8-13 September 1977

Second International Working
Conference ori Stored Product
Entomology

!BAD AN
Nigeria

c/o Director
Institute of Agriculture Research
and Trainin§,
P.M.B. 502
Moor Plantation,
lbadan, Nigeria.

26,27,28 September 1977

2nd. International Symposium
on Aquatic PoHutants

Noordwijkerhout
(Near Amsterdam)
The Netherlands

Ir. H. v. Lelyvela
National Institute for Water Supply
P.O. Box ISO
Leidschendam,
The Netherlands.

The Control of Insects and
Rot in Buildings
(3 day course, fee £21.60)

Princes Risborough,
England

Mrs. Susan Hobbs,
Building Research Establishment
Summerleys Rd., Princes Risborough
Aylesbury, Bucks. HP17 9PX

4th International Biodeterioration
Symposium

Berlin
W.Germany

Prof. Dr. Gunther Becker
Bundesanstalt fur Materialprufung
Unter den Eichen 87
D·IOOO Berlin 45.

11-13 October 1977
15-17 November 1977
28·31 August 1978

vi

Domaine du Certia
369 rue Jules Guesde
59650 Villeneuve D'Asq, France.

International Agriculture Centre
P.0. Box 88, Wageningen, Holland.
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ASPERGILLUS FUMIGATUS AND SUPERSONIC AVIATION.3 SURVIVAL
A.R. Thomas' and E.C. Hill 1
Summary.
The spores of an albino· strain of Aspergillus
fumigatus which assimilates hydrocarbon and is capable of
growing in, and causing corrosion of, the fuel tanks of supersonic
aircraft under some of the conditions known to occur in this
environment, are able to survive other conditions known to
occur under which the fungus itself would be unable to grow.

Aspeigillus fumigatus und iiberschallflugverkehr 3. Ubedeben.
Die Sporen eines Albino-5tammes von Aspergillus fumigatus,
der Kohlenwasserstoff assimiliert un~ sich darin entwickeln
kann und der die Treibstofftanks der Uberschallflugzeuge unter
einigen der in dieser Umgebung herrshenden Bedingungen
korrodiert, sind flhig, under anderen Bedingungen, die ebenfalls
in dieser Umgebung anzutreffen sind, zu Uberleben. Eshandelt
sich urn Bedingungen, unter denen sich der Pilz normalerweise
nicht entwickeln kann.

Aspergillus fumigatus et !'aviation supersonique. 3 Survie. Les
spores d'une souche albinos de Aspergillus fumigatus qui assimile
les hydrocarbures et est capable de se developper dans les
rc!servoirs 3 carburant des avions supersoniques et d'en causer Ia
corrosion, dans certaines des conditions dont on sait qu'elles se
prCsentent dans cet environnement, peuvent survivre A d'autres
conditions se prisentant, dans lesquelles le champignon lui meme
ne pourrait se d~velopper.

Aspergillus fumigatus y Ia aviaci6n supers6nica 3. Supervivcncia.
Las esporas de una raza albina de Aspergillus fumlgatus que
asimila el hidrocarb6n y se muestra capaz de crecer, ocasionando
al mismo tiempo Ia corrosi6n, en los depOsitos de combustible
de los aviones supers6nicos in ciertas condiciones que, como se
sabe, existen en tal media ambiente pucden sobrevivir en otras
condiciones donde, como se babe tambien, el bongo mismo
no seris capaz de crecer.

It has been demonstrated that a hydrocarbon assimilating albino strain of Aspergillus jUmigatus is
potentially capable of growing and causing corrosion in
the temperature conditions experienced in some of the
fuel tanks of a supersonic aircraft carrying out 2-hour
supersonic flights (Thomas and Hill 1976a and b).
However, during such flights and majority of the fuel
tanks heat up to temperatures above 50° c and during
prolonged subsonic flight the fuel tanks may cool down
to -40°C under which conditions the fungus would not
grow. If the spores of the fungus can remain viable under
such adverse temperature conditions then they would be
able to germinate and grow when conditions become
favourable for their development.

Aviation kerosene and mineral salts, medium (BH Bushnell and Haas broth) were prepared as previously
stated (Thomas and Hill1976a).
Spore survival was determined by serial dilution plate
courits using sterile distilled water containing 0.1% v/v
'Corexit' 7664 (supplied by Paramins Division, Esso
Chemicals Ltd.) as diluent. 'Corexit' served a dual
purpose; firstly in serial dilution plate counts of aviation
kerosene samples it emulsified the fuel, and secondly it
reduced surface tension between the spores and liquid
medium. The counts were made in triplicate in 'Oxoid'
Malt Extract Agar and incubated at 37° C. Mter with·
drawing a sample from a test spore suspension for a
serial dilution plate count, the level of the spore
suspension was recorded by marking the outsjde of the
tube accordingly. Before the next sample was taken
from the spore suspension the liquid level was checked
against the reference mark so that if evaporation had
occurred the volume could be made up. The test tubes
containing the spore suspensions were wrapped in
aluminium foil to provide insulation against brief periods
of temperature fluctuation and also to eliminate any
effect which light might otherwise have had on the

When examining the survival of fungal spores in
relation to the fuel tank environment, their survival has
to be considered in the fuel and aqueous phases
separately since survival rates may differ in the two
media. Further, the water content of the aviation
kerosene may have an effect on spore survival. At
temperatures within the normal growth limits of the
albino A. fumigatus survival of its spores in the fuel
phase is of importance as the spores do not germinate in
the absence of free water.

spores.

Percentage survival of the spores with time was
calculated by comparing each plate count made at
different time intervals on a test spore suspension with
the original plate count made at the time of preparation
of that test spore suspension.

Methods and Materials
Spore suspensions were prepared as described
previously (Thomas and Hill 1976a) using either aviation
kerosene or distilled water depending on whether
survival rate in fuel or aqueous phase was being
examined. 10 ml aliquots of spore suspension in cotton
wool plugged test tubes for examining spore survival

I. Effect of temperatures between 4°C and 50°C on the
survival of spores in the fUel phaJJe

Spore suspensions in aviation kerosene were kept at
4", I 7°, 25°, 37° and 50°C; and at different time
intervals serial silution plate counts were carried out.

were then prepared from the "stock" suspensions, by

adding 0.1 ml "stock" suspension to 9.9 ml aliquots of
the test liquid.

1
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Survival decreased with increasing temperature.
Nearly 100% survived for 5 days at 4°C and 10% were
still viable after 70 days. At 50°C, 10% survived after
6 days and less than I% after 12 days.

2. Effect of water content of aviation kerosene on the
survival of spores in the fuel phase at 37"C.
A water saturated sample and a dry sample of
aviation kerosene were prepared. The water saturated
sample was prepared by repeatedly shaking a mixture
of aviation kerosene and excess water over a period of
a week and allowing it to equilibrate. The spore
suspension, which was prepared using the water
saturated sample, was placed in a Universal container
without a cap, held in a cotton wool stoppered 500 ml
conical flask containing some water to maintain the
water saturation level of the fuel. The spore suspension
in dry aviation kerosene was prepared similarly except
silica 'gel was used to "dry" the aviation kerosene
initially and to maintain its "dry" state during the spore
survival study.

2. Effect of water content on survival at 37"C
There was negligible difference in survival of spores
in dry or in water saturated aviation kerosene over a
20 day period.
3. Survival in separate fuel and aqueous phases at 60°C,
70° c and 80° c

At these temperatures survival of spores was
comparatively better in aviation kerosene than in
distilled water. Water heats up and cools down more
slowly than aviation kerosene.

Ail the above procedures and subsequent removal of
samples for serial dilution plate counts were carried out
in a 37°C warm room so that the prepared fuels were
unaffected by temperature fluctuations.

1n aviation kerosene survival at 60°C was only just
below 100% after 2 hours and 10% were still viable after
2 days, but little more thao 1% survived after 3 days.
Survival in th1s medium at 70° C and 80° C was similar approximately 50% after 2 hours and above 10% after 6
hours, but little more than 0.1% after 24 hours.

3. Effect of the temperatures 60°C, 70°C and 80°Con.
the survivaf of spores in separate fuel and aqueous
phases

In water at 60° C spore survival was about 50% after
2 hours but only about 2% after 6 hours. Whereas in
water at 70°C survival was little more than 0.1% after
I li hours, though the water took an hour to heat up to
70• C. (N .B. Two hours is the duration of a typical
supersonic flight).

Sets of spore suspensions in either aviation kerosene
or distilled water were placed in incubators at 60°C,
70°C and 80°C. One spore suspension of a set in a
particular phase exposed to a particular temperature was
qsed for each serial dilution plate count. Thus each test
spore suspension had been maintained constantly at the
test temperature prior to the serial dilution plate count
being made and not subjected to repeated heating and
cooling, as would have been the case if the same spore
suspension had been used throughout. Before serial
dilution plate counts were made the spore suspensions
were allowed to cool down to room temperature.

4. Survival at-32°C in separate fuel and aqueous phases
After half an hour's exposure and 4 hours exposure
to -32°C, survival of the spores remained constant. 1n
the aqueous phase 67% of the spores remained viable
whilst 90% remained viable in the fuel phase. The
rate of cooling and reheating of the water phase was
much slower than that of the fuel phase.

Controls of separate fuel and aqueous phases in which
thermometers were placed were monitored so that the
actual rate of heating and cooling of the test suspensions
could be established. See Figure I.

Conclusions

The spore survival rates under the various conditions
tested are only approximate since some variation in rates
was obtained from replicate spore suspensions which
may have been due to differences in aeration of the
suspensions. Dormant spores have a reduced rate of
respiration but do have an oxygen requirement (Sussman
1966); therefore aeration is of importance in
maintaining spore viability.

4. Effect on survival of spores exposed to -32°C in
separate fuel and aqueous phases
Sets of spore suspensions in either aviation kerosene
or distilled water were placed in a deep freeze at-32°C.
One spore suspension of each phase was removed for
each serial dilution plate count, as in 3 above, at the
following time intervals : \i, I, 2 and 4 hours. The
suspensions were allowed to warm up to room
temperature and in the case of the aqueous phase to
thaw out, before serial dilution plate counts were made.
Controls were monitored as in 3 above to ascertain the
rate of cooling and reheating to room temperature of the
two phases. See Figure I.

The results of this investigation are given in some
detail graphically in Hill and Thomas (1976). Following
is a summary of the salient features of the findings.

Spores of the albino A. fumigatus strain appear to be
capable of surviving in aviation kerosene in the absence
of free water in the fuel tanks of supersonic aircraft at
temperatures within the growth limits of the fungus for
sufficiently long for water condensate to form and
permit their germination and growth. The water content
of the aviation kerosene apparently does not affect the
survival of the spores of this fungus, although it has been
found that the spores of aadosporium resinae the common fungal contaminant in sub-sonic aircraft survive better in dry kerosene thao in water saturated
kerosene (Hill et ali967).

I. Survival in the fuel phase at temperatures between
4°Cand so•c

Spores of the albino A. fumigatus strain are also
capable of surviving in aviation kerosene at temperatures

Results
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Fig. la Rates of cooling and heating of aviation
kerosene at 60°C.

Fig. lb Rates of cooling and heating of aviation
kerosene at 80°C.
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up to 80°C and down to -32°C for periods long enough
to cover exposure to such conditions during supersonic
flight. However, spores of the fungus in the aqueous
phase although able to survive exposure to -32 ° C and
60°C reasonably well during flight periods, would be
unlikely to survive at temperatures above 60°C.
Thus, in general, spores of the albino A. fumigatus
strain retain their viability when exposed to most of
the adverse conditions known to occur in supersonic
aircraft fuel tanks and therefore would germinate and
grow normally once conditions became favourable for
their development.
Note by Editor and Authors
Reference was made in the first article of this series
Int. Biodeterior. Bull. Vol. 12 No.3 1976 pp. 87·94) to
Concorde aircraft. We wish to make it clear that the
work reported is an academic study largely embodied in
a Ph.D. thesis which deals with the ecology of certain
thermo·tolerant micro-organisms under particular
temperature conditions. 1n practical aircraft situations
other factors would have to be taken into account which
would alter the liklihood of infection and growth.
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References to Concorde in the text are as an example
of the type of aircraft in which such temperature
conditions would be relevant and we wish to make it
clear that the comments are of a general nature and are
intended to review a field of possible infection rather
than a specific assessment of a particular aircraft type.
Any references to Concorde should not be taken to
imply that this aircraft type may be unduly affected by
microbiological problems.
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THE PATHOGENICITY OF THE FUNGI CAUSING ROT IN THE
CORMS OF COCOYAM (XANTHOSOMA SAGITTIFOLIUM)
S.K. Ogundana *
La patogenicidad de los bongos que ocasionan Ia podredumbre
en las raices del cocoyam (Xanthosoma sagittifolium}.
Unas
indagaciones en las raices inoculadas con organismos previamcnte
asociadas con Ia podredumbre micrObica del cocoyam probaron
que, despu6s de Ia penetraci6n, los bongos se establecieron
dentro de las cf:lulas de parenchyma de las ralces y ocasionaron
una mengua de Ia cantidad de los granos de almldon. Los hongos
ocasionaron tambiCn un descaecimiento de las paredes de las
cClulas que los rccibieron. Se demostr6 en el cultivo Ia
producci6n de los enzymas coluloliticos y p~cticos por los
patogenes.

Summary
Investigation on conns inoculated with organisms
previously associated with cocoyam microbial rot showed that,
after penetration, the fungi established themselves within the

parenchyma cells of the conn and caused a reduction in the
amount of starch grains. The fungi also caused a breakdown
of the host cell walls. The production of ceUulolytic and pectic
enzymes by the pathogens, in culture, was demonstrated.

Die

Path~nitat

La pathogenic des cbampignons causant Ia pouniture dans les
tiges bulbeuses souterraines de cocoyam (Xanthosoma
saggitifolium}.
Une recherche sur lcs tigcs bubleuses
soutcrraines inocu!ees avec des organismcs au preatables associf:s
avec une pourriturc microbienne de cocoyam a montrl! que,
apres pt!netration, lcs champignons s't.!stablissaient il l'intt!rieur
des cellules parenchymes de Ia tige ct causaient une reduction
dans Ia quantitC de grains d'amidon. Lcs champignons cr6aicnt
aussi une division des division des parois des cellulcs les
hebergeant. On a dt!montrC Ia production d'cnzymes
cellulolytiques ct pcctiques par les microbes pathogens dans Ia
culture.

von Pilzen, die Faulnis an Sprossen von

Cocoyam (Xanthosoma sagittifolium) hervorruJen.
Eine
Untersuchung an Sprossen, beimpft mit Organismcn, die zuvor
an cocoyam microbial rot beteiligt waren, zcigte, da/1 sich die
Pilze nach dem Eindringen in den ParenchymzeUen der Sprosse
festgesetzt batten und die Anzahl der StffrkekOrner
venninderten. Die Pilze bewirkten au/krdem einen Abbau der
Zellwande der Wirtspflanze. Die Produktion cellulolytischer und
pectolytischer Enzyme durch die Krankheitserreger - in Kultur
- konn te nachgewiesen werden.

Introduction
the production, in culture, of cellulolytic and pectic
enzymes by the rot-causing fungi Fusarium moniliforme
and F. so/ani was undertaken.

The mode of entrance of the soft rot pathogens of
yams (Dioscorea spp.) has been established as being
through wounds or natural openings (Ogundana, Naqvi
and Ekundayo 1970). Similar work has not been
reported for cocoyam ( Xanthosoma sagittifolium .(L)
Schott); it was therefore considered necessary to
investigate the host·parasite relationship in corms of this
plant.

Materials and Methods
Host·parasite relationship For studying the host·
parasite relationship in the rot of cocoyams, the fungi,
Fusarium moniliforme Wr. et Rg. and F. so/ani (Mart.)
Sacc., which were previously associated with the rot of
cocoyams in storage (Ogundana, 1975) were employed.
Peeled cocoyam discs about 10 x 10 x 50 mm were
removed from the middle portion of the corm and
surface sterilised. The discs were then inoculated with
the hyphal/spore suspensions of these patho§ens and
incubated in sterile McCartney bottles at 28 C for 4
weeks (Ogundana, 1969). The inoculated discs were
sectioned with a freezing microtome and the sections
observed with a light microscope. Uninoculated discs
were similarly sectioned and investigated anatomically.

After penetration, a pathogen needs to secure suitable
nutrients and water for its successful establislunent. Rot·
causing fungi establish themselves by first killing the
host and then living saprophytically in it. (Garrett,
1970). Such pathogens are strong producers of enzymes,
especially pectic and cellulolytic enzymes. Rotting of
the host tissue is due to two distinct effects of the
fungus on the host. These are the death of the cells and
the dissolution of the middle lamellae. (Lilly and
Barnett 1951) Husain and Rich (1958) had shown that
tissues in infected cucumber are disintegrated by
cellulase
and
polygalacturonase
produced
by
Cladosporium cucumerinum. Several species of
Fusarium, including some plant pathogens, have been
reported to be cellulolytic. (Siu, 1951) Fusarium has
also been shown to produce pectic enzymes in diseased
tomato plants (Waggoner and Dimond, 1955). It is now
recognised that the chief enzymes concerned in the
macerating effect of a number of bacteria and fungi on
storage tissue are of the pectolytic type. (Walker, 1957)
From the above it was thought that enzyme action was
important in the pathogenic process of rot. A study of

Enzyme studies F. moniliforme and f: so/ani were
cultured on a modified Richard's solution containing
2% dextrose and 0.1% yeast extract. Other carbon
sources, which were used separately in place of 2%
dextrose, included cocoyam slices, carboxymethyl·
cellulose (CMC·30), citrus pectin and sodium
polypectate. Erlenmeyer flasks (250 mi. capacity) and
containing 100 ml of the liquid medium were inoculated
with 2 ml of the mycelial suspension of the fungi and
incubated at room temperature on a wrist action shaker

*Department of Microbiology, University of IFE, Ile·lfe, Nigeria.
·(Received, December 1976).
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for 7 days. The 7-day old cultures were then filtered
through Whatman No . I filter paper and the nltrate was
centrifuged for 30 minutes at 3000 rpm. TI1e clear
supernatants were used as the culture nitrates.
Cellulase activity was detemlined by measuring the
loss in viscosity of 0.5% solutions of carboxymethylcellulose (CMC-70, lligh) as the substrate. The substrate
was made up in 0 .05 M citric acid sodium diphosphate
buffer (pi I 5.5). Viscosity was estimated in a water bath
at 32° + 0.5° C with a size 300 Fenske-Ostwald
viscometer. One ml of culture filtrate was added to 9 ml
of substrate and run through the viscometer. The loss in
viscosity of the reaction mixture was measured against
time at regular inte rvals of 5 minutes for 30 minutes.
Polygalacturonase (PG) activity was also measured by
a method similar to that for cellulase , except that the
substrate contained I% sodium polypectate of citrus
pectin and was buffered to pll 5.5 with 0.05 M citrate .

figure I Microtome section of uninoculated cocoyam
disc to show starch grains. Mag: X1440 .

Result
Uninocultaed cocoyam tissue showed abundant
starch grains (Fig. I). It was observed that fungal hyphae
penetrated the inoculated cocoyam cells intracellularly.
and in all cases the hyphae were found ramifying within
the cells (Fig. 2). Titere was penetration from one cell to
another through the cell walls. Tlte walls of infected cells
disintegrated and the cells were coloured dark brown.
TI1e cells showed a great reduction in the starch grain
content (compare figs . 1 and 2). Peridem1 fom1ation
was observed in the inoculated cocoyam tissues (Fig. 3)
but not in the uninoculated discs.
Results of experiments to investigate the presence of
extracellular cellulolytic and pectic enzymes in cultures
of the rot organisms are shown in Figs. 4 and 5.
ln all the experiments, culture filtrates from media
con taining cocoyam slices caused appreciable loss in
viscosity of CMC'-70 solution (Fig. 4), indicating the
presence of cellulase. Cellulase activity of all the
pathogens was highest on CMC-30 , and lowest in the
filtrates from media containing dextrose . Tltis
observation indicates that the fungi produce cellulase on
suitable culture media and that the presence of CMC-30
or any other cullulose-containing subst rate in the
medium may increase the yield of cellulase.

Figure 2 Microtome section of inoculated cocoyam disc
showing hyphae within the cells and also
penetrating across the walls to the adjacent
cells. Mag : Xl500.

Filtrates obtained from cultures on media containing
citrus pectin and cocoyam slices showed strong
polygalacturonase activity (PG) (Fig. 5). Filtrate of
F. moniliforme caused a rapid loss in viscosity of sodium
polypectate when grown on ci trus pectin , but produced
little PG activity when cocoyam slices were used as the
carbon source. F. so/ani produced less PG activity than
F. monili[orme in media with citrus pectin as the carbon
source and more PG activity on media containing
cocoyam.
Discussion
Figure 3 Microtome section of inoculated cocoyam disc
showing periderm formation as a defensive
mechanism against infection by the pathogems.
Mag: X360 .

It was observed in the present studies that the rot
fungi, after penetration. established themselves intracellularly
in
t.hc carbohydra te-rich storage
parenchyma.
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COIDlS

PerideiDl foiDlation was observed in the present
studies, in the cocoyam tissue inoculated with the
hypthal/spore suspensions of the pathogens. PerideiDl
foiDlation occurs as a means of protection against
further spread by pathogens as observed in common scab
and corky scab of potato (Hawker et a/., 1960).
Cunningham (1928) observed that the zone between
the dead collapsed cells of the leaf spot and the healthy
cell of beet is characterised by mature cells which have
become meristematic and that various degrees of corkcambium activity may be found in this zone.

of cocoyam (Xanthosoma sagittifolium), S.K. Ogundana
Hawker, L.E., Linton, A.H., Folkes, B.F ., 'and Carlile,
M.J. (1960). An introduction to the Biology of
Microorganisms. London, Edward Arnold.
Husain, A. and Dimond, A. E. (1960) Role of cellulolytic
enzymes in pathogenesis by Fusarium o.xyspornm f.
lycopersicae Phytopath. SO (5) 329-331.
Husain, A. and Rich, S. (1958). Extracellular pectic and
cellulolytic enzymes of Oadosporium cucumerinum.
Phytopath. 48 (6), 316-320.

The present investigation demonstrates that both
cellulolytic and pectic enzymes were produced extracellularly in culture. It is known (Husain and Dimond,
1960) that these enzymes are capable of degrading the
cellulosic and pectic constituents of the host cell walls.
The action of pectic enzyme alone would separate the
cells, but complete dissolution of cell walls, as observed
in this study, cannot occur unless the cellulose of the
cell walls is degraded (Husain and Rich, 1958). Both
enzymes are presumably involved in the pathogenesis
of the rot, but the contribution of each type cannot
be deteiDlined under the conditions of the present
study.
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EFFECT OF PRE-WETTING OF PARTICLE BOARD
IN LABORATORY DECAY TESTS
Eldon A. Behr 1
Summary.
Particle boards of specific gravity about 0.7.and
higher were decayed to low weight losses by Gloeophyl/um
trabeum even when made of spruce (Picea) sapwood when
evaluated by the soil block method, ASTM D 2017. A water
pre-treatment raised decay weight losses by as much as twelve
times over that of non-wetted particle board test pieces made
with phenol formaldehyde resin. The treatment is essentially

El efecto del remojamiento preliminar en las tablas de briznas en
las pruebas de podredumbre en el laboratorio. Las tablas de
briznas (particulas) de una gravedad especifico de 0.7
aproximadamente o mlis se pudrieron basta Ia p(;rdida restringida
del peso por Gloeop~llum trabeum aun cuando hechas de
albura de abeto (Picea al evaluarse segU:n el metoda de bloque
de suelo, ASTM D 2 17. El tratamiento preliminar con agua
aument6 las peridas de peso durante el peri.odo de Ia
podredumbre hasta doce veces mas que en el caso de las tablas
de briznas no mojadas en pruebas hechas con Ia resina de phenol
fonnaldehydc. El tratamiento es esencialmente uno que no
cola.

non·leaching.

L'effet d'une pre-humidification sur un panneau de particules
agglornerees dans des tests de decomposition en laboratoirc.

EinfluP cines Anfeuchtens von Spanplatten vor einer Pilzprufung
im Laboratorium. Bei Spanplatten mit einer Rohdichte von 0,7
und hoher wurden nach dem Erde-Kltitzchen-Verfahren. ASTM
D 2017, geringe Gewichtsverluste durch Gloeophyllum trabeum
festgestellt, sogar wenn die Platten aus Fichtensplintholz
hergestellt worden waren. Eine Vorbehandlung mit Wasser
erhtlhte die Gewichtsverluste durch Pilzangriff von Spanplatten·
proben gegenuber nicht angefeuchteten, mit Phenolfonnaldehyd
verleimten Platten his aud das 12fache. Die Behandlung ist im
westentlichen keine Auswaschbehandlung.

Des panneaux de particules d'une densite de 0.7 et plus ont
6t!s decompostlis dans une faible mesure par G/oeophyllum
trabeum meme lorsque ils t!taient faits d'aubier de sapin
(Picea), quant on les evaluait avec Ia methode du bloc test de
sol ASTM 02017. Une pn!·traitement
l'eau a augmente les
pertes en poids par dt!composition par jusqu'd 12 fois en plus
que le panneau non humidifie fait de resine formldehydc
phenobSe. Le traitement est essentieUement "non lessivant".

a

Introduction

Experimental

A laboratory test that is used for evaluation of
preservative treated wood or naturally durable wood is
not necessarily suitable for synthetic boards such as
hardboard, insulation board or particle board. Nevertheless, the standard Kolle flask test has been widely
employed for particle board testing as described by
Savory (1969), Roosen (1969), Willeitner (I 969) and
Hinterberger (1970). The soil-block tests, ASTM D 1413
and D 2017 have also been used by Behr and Wittrup
(1969), Smart and Cameron (1971) and Toole and
Barnes (1974). The other widely used method of
laboratory evaluation is the Schwammkeller preferred by
workers at BAM in Berlin, Gersonde and Becker (1958).

Flakes of spruce sapwood and northern white cedar
heartwood were cut from recently felled trees while
still containing all their original moisture. Average
thickness of the flakes was 0.40 mm. After air drying
to about five percent moisture the flakes were sprayed
with eight percent of dry wood weight with a phenolformaldehyde adliesive, Cascophen PB-71. One layer
boards were made by pressing at 28 kg/em' for eight
minutes at a temperature of about 190° C. Mixtures of
spruce sapwood and cedar heartwood with proportions
shown in Table I were prepared. The specific gravities of
the boards were varied as desired by pressing weighed
amounts of wood flakes to a predetermined thickness,
8.5 mm. These were subjected to decay by
G/oeophyllum trabeum (Pers. ex. Fr.) Murr., strain
M617, according to ASTM D 2017 (1971 ).

As part of a comprehensive study on decay resistance
of northern white cedar Thuja occidentalis L. by Behr
and Meyers (1975) particle boards were tested but
results were not reported became of abnormally low
weight losses in sapwood. Accordingly, an investigation
was made of ways in which decay of particle boards
could be increased. Much lower decay weight losses in
particle boards of spruce, Picea glauca (Moench) Voss,
of .60 specific gravity indicated lack of moisture in the
denser boards as a possible cause. Another explanation,
of course, could be greater surface access to a colonizing
fungus in the lower density particle boards.

Experiments were carried out to add water to test
pieces before placing on fungus cultures. Immersion of
test pieces in distilled water for periods up to three
minutes raised the moisture content only about IS
percent and did not increase decay measurably over
non-wetted pieces. The procedure followed with the
pre-wetted series was to evacuate the blocks at 130
Torr, introduce distilled water to cover, release vacuum
and immediately remove them from the water. They
were then allowed to air dry at room temperature
without forced circulation for two to four hours before
sterilization and placing on soil block cultures. This
resulted in a moisture content of about 20 to 25 percent
in the blocks of specific gravity .89·.71 and 29 percent
for the lowest density group.

1

Professor, Department of Forestry, Michigan State University, East Lansing, Michigan 48824, U.S.A. Journal
Article Number 7875 from Michigan Agricultural Experiment Station.
(Received November 1976).
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Figure I.
Decay of particle boards made of mixtures of Spruce fPicea) sapwood and cedar (Thuia) heartwood
comparing weight loss in soil block test caused by (Gloeophyllum trabeum) of pre-wetted and non-wetted conditions.
Average of three specific gravities for each mixture.

Table I.

Weight loss of particle boards prepared from mixtures of spruce (Picea) sapwood and cedar (Thuja)
heartwood in soil block test ASTM D 2017 comparing pre-wetting treatment with standard method
using G/oeophyllum trabeum

NOT

WETTED

SPRUCE
PERCENT

SPECIFIC
GRAVITY

WEIGHT
LOSS.%

SPECII'IC
GRAVITY

WEIGHT
LOSS,%

0
0
0

100
100
100

.89
.76
.60

3.95
2.55
13.42

.83
.71
.62

34.5
31.85
57.10

30
30
30

70
70
70

.88
.78
.62

2.13*
1.98*
6.18

.84
.71
.58

3.38*
4.20*
47.85

70
70
70
100
100
100

30
30
30
0
0
0

.85
.76
.61
.84
.78
.60

.05
1.90*
4.53
0.85
1.35*
3.10*

.82

3.85
2.35*
8.53
2.85
1.20*
1.30*

CEDAR
PERCENT

*

WETTED

.72
.58
.83
.71

.60

Values are not significantly different between non-wetted and wetted blocks for specific gravity range and

composition.
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Design of the experiment included mixtures of
100 percent spruce, 30 percent cedar with 70 percent
spruce, 70 percent cedar with 30 percent spruce, and
I 00 percent cedar. There were three specific gravity
groups .82-.89; .71-.78; and .58-.62. Half the test blocks
were pre-wetted, the other half not. Four replicate
blocks were tested for each combination of conditions.
Results and Discussion

no such compounds in spruce but unreacted phenol or
formaldehyde· may remain. It is thought that these
compounds should not be appreciably removed by this
treatment, nevertheless decay weight loss was increased
as much as twelve times over unwetted blocks.
The merits of fungus cellar type tests versus enclosed
laboratory culture tests can be argued to no conclusion,
but there are valid reasons for use of both.
Conclusions

Results are shown in Table I and Figure I. Effect of
pre-wetting of particle board blocks on decay weight loss
is most evident on the I 00 percent spruce sapwood if
all three specific gravities are considered. For example,
non-wetted boards of 0.76 specific gravity lost only
2.6 percent weight from attack of G. trabeum while
the pre-wetted samples of 0. 71 specific gravity suffered
a 31.9 percent weight loss. Similar comparisons can be
made for 30/70 and 70/30 cedar/spruce boards. With
particle boards of I 00 percent cedar heartwood and
30/70, cedar/spruce there is less evident difference in
effect of pre-wetting on decay weight loss. The reason
for this lack of enhancement of decay by moisture for
the I 00 percent cedar is likely due to the inherent
resistance of cedar heartwood to decay. The reason for
no significance with the 30/70 boards is less clear.
Figure I.

The conventional soil block test appean; to be
unsuited for evaluation of natural decay resistance
phenol formaldehyde resin bonded particle boards,
especially those of specific gravities above about 0.7.
A pre-wetting treatment that raises moisture content
of test pieces to the 20-30 percent range used with the
soil block test increases decay weight losses to more
conventional levels.
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A CONTACT AGAR- BLOCK TECHNIQUE TO STUDY
SPORE GERMINATION OF WOOD DECAY FUNGI
Elmer L. Schmidt and D.W. French*
evaluar los preservatives de Ia madera son largas y costosas. y los
resultados adquirido"s se hallan a menudo expuestos a variaciones
considerables de laboratorio a laboratorio. La obscrvaci6n de la
genninaci6n de las csporas de los bongos de Ia podredumbre en
las materias tratadas no s6lo reduciri.a el tiempo y los gastos de
las pruebas sino ofreccri.a tambien una tecnica Msica menos
cxpuesta a las variaciones inherentee y extrafias. Hasta ahara, los
esfuerzos para estudiar Ia germinaci6n de las esporas se han
valido de secciones delgadas, pero Ia observaci6n exacta de Ia
genninaci6n en Ia superficie de las muestras mds grandes ha
resultado infructuosa basta un grado considerable. Unos
pequefios bloques de agar en agua, unidos firrnemente a Ia
superficie de un bloque de madera empapado de agua fueron
sembrados de unaS basidiosporas nuevas producidas in-vitrio par
bongos de podredumbre seleccionados. Transcurridas veinte y
cuatro horas se not6 flicilmente en la superficie de los bloques
de agar Ia germinaci6n de las csporas. Los resultados obtenidos
de los bloques de prueba Shorea (lauan) sometidos a cinco
tratamientos qulrnicos indicaron que pro lo general el nivel de
Ia germinacion de las esporas en los bloques de contacto agar era
amUogo a Ia evaluaci6n del tratamiento basado en Ia prueba del
bloque del suclo. El efecto de colar las muestras de lauan
tratados se revelO en niveles apreciablemente mas elevados de
germinaci6n de las esporas. El mOtodo de los bloques de
contacto agar promete una tCcnica para diferenciar de prisa y a
precio bajo entre los tratarnientos fungicidas de Ia madera, pero
habrfl que indagar los efectos especiales de Ia concentraciOn de
espec1fica de tratarnientos individuates de fungicidas en la
germinacUin de las esporas antes de evaluar el merito de tal
tt!cnica en Ia prcservaci6n de la madera.

Summary.
Current laboratory tests to evaluate wood preser~
vativcs are expensive, lengthy, and results are often subject to
considerable inter-laboratory variation. Observation of spore
germination of decay fungi on treated materials would not only
shorten the time and expense of testing. but would offer a basic
technique subject to less inherent and extraneous variation. To
date, attempts to study spore germination have employed thin
sections, but accurate observation of germination on the surface
of larger samples has been largely unsuccessful. Small water agar-

blocks fused securely to the surface of a water-saturated wood
block were seeded with fresh basidiosporcs produced in-vitro by
selected decay fungi. Spore germination response after 24 hours
was easily observed on the agar block surface. Results from
Shorea (lauan) test blocks subjected to 5 chemical treatments
showed that spore germination levels on contact agar-blocks
generally reflected treatment evaluation based on the soil-block
test. The effect of leaching treated lauan samples was reflected
in significantly increased spore germination levels. The contact
agar-block method holds promise as a techniq uc to quickly and
cheaply differentiate fungicide treatment of wood, but specific
concentration effects of individual fungicide treatments on
spore germination need to be explored before merit of this
technique in wood preservation mi,ght be realized.
Une Technique "de block de gelose en contact" pour etudicr
la ~ermination des spores des champignons de Ia pourriture du
bots.
Les tests de laboratoire actuels pour evaluer les agents de
conservation du bois sont onereux, prennent du temps, et les
resultats soot soivent sujets :l de considerables variations interlaboratoires. L'observation de Ia germination des spores de ces
champignons sur des mat~riaux traites, non seulement
diminuerait la durCc et le cout des tests, mais offrirait une
technique tJe base sujette d mains de variation endogenes et
exogenes. A cc jour, les tentatives d'Ctudc de Ia germination des
spores ant CtC faites avec des lames ftncs, mais !'observation
precise de germination ii Ia surface d'Cchantillons plus large c CtC
en grande partie infructueuse. On a ensemence, avec des
basidiospores frais produits in-vitro par des charnpignons
selectionnes, de petits blocs de gelose liquide, fixes de facon sure
a Ia surface d'un block de bois sature en eau. On a facilement
observe la rCsponsc de Ia germination des spores 3: Ia surface de Ia
gt!;lose apres 24 hcures. Les rt!sultats des planche tests de Shorea
soumis ll 5 traitements chimiques ont montre que les niveaux de
germination des spores sur lcs blocs de gelose en contact
rcflt'ltaient gc!nerallement l'Cvaluation basee sur lcs tests de sol.
L'effet de lixiviation des 6chantillons traites de Shorea s'est
reflete dans des niveaux de germination des spores accrus de
facon signigicative. La technique du "bloc de gelose en contact"
tient ses promesses entant que technique de differenciation
rapide et bon marche des traitements fongicides dubois, mais les
effets de concentration spCcifiques de traitements de fongicides
particuliers sur Ia germination des spores ant besoin d'etre
explores avant que les mGrites de cette technique dans Ia
preseiVation dubois puisse etre apprCciec.

Ein Kontakt-Agar-Klotzchen-Verfahren zur Untersuchung der
SporenbUdung von holzzerstorcnden Pitzen.
Die heutigen

Laboratoriumsverfahren zur Prufung von Holzschutzrnitteln
sind teuer, zwitaufwendig, und die Ergebnisse sind oft zwischen
den einzelnen Laboratorien sehr unterschiedlich. Eine
Beobachtung der Sporenkeimung von holzzerstorenden Pitzen
auf behandeltem Material wurdc nicht nur Zeit und Ausgaben
fur Prufungen reduzieren, sondem wurde ein grundlegendes
Verfahren liefem, das unabhtlngiger von innercn und iiu~ren
EinflUssen ist. Bisher wurden fUr Sporenkeimungsversuche d unne
Schnitte verwendet, aber eine genaue Beobachtung der
Sporenkeimung auf der Oberfliiche grO~rer Proben ist
weitgehend erfolglos geblieben. Kleine Wasser-Agar-BIOckc. im
festen Kontakt mit der Oberfliiche cines wassergetriinkten
HolzklOtzchens, worden mit frischen Basidiosporen beimpft aus
Kulturgera,&n ausgewiihlter Pilze. Nach 24 Stunden konnte
Sporenkeimung auf der Agar-Oberflache rn fihelos verfolgt
werden. Ergenbnisse mit Shorea (Lauan} KIOtzchen, die 5mal
chemisch behandelt waren, zeigten, da/3 die Keimzahlen auf
Kontakt-Agar Kiotzchen im allgemeinen den Ergebnissen des
Erde-Klotzchen-Verfahrens
entsprachen.
Auswaschen
behandelter Lauan Proben ffihrte zu stark erhOhter
Keimungstrate.
Das
Kontakt Agar-K10tzchen-Verfahren
verspricht, ein schnelles und billiges Verfahren zue Priifung einer
HolzChutzbehandlung gegen Pilze zu liefern, aber Einflllsse
spezifischer Konzentrationen einzelner Fungizidbehandlungen
auf die Sporenkeimung miissen noch erforscht werden, bevor
dieses Verfahren im Holzschutz crfolgreich eingesetzt werden
kann.
4

4

Una tccnica de bloque de contacto agar para estudiar Ia
gcrminacion de las esporas de los bongos de Ia podrcdumbrc de
1a madera.
Las pruebas corrientes en el laboratorio para

Introduction
Accelerated laboratory tests to evaluate wood
preservatives may be criticized because of the time
required for testing, expense involved, variability of
results among laboratories (10), and lack of definitive
correction with service tests of treated wood in aboveground use (4). As invasion of wood in service

presumably results from germination of air-borne spores
of decay fungi, the development of a technique utilizing
spore germination on the surface of treated or untreated
forest products would not only shorten time and
expense of evaluating the resistance of these substrates,
but offer a basic technique subject to less inherent and

*

D.W. French and Elmer L. Schmidt are Professor and Research Assistant respectively in the Department of Plant
Pathology, University of Minnesota, St. Paul, MN 55108.
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Fig. 1. Po ria tenuis frui ting in-vitro (top). Germinating
basidiospores (X400).
extraneous variation . Th.e ability of a preservative
treatment to prevent establishment of decay fu ngi by
spore germination in wood which is in transit , storage. or
above ground use would seem to be a more realistic
evaluation of such a treatment in tem1s of service life
and the economics of treatment costs.
Previous studies of gennination of basidiospores of
decay fungi on wood, which allowed direct observation
of germina ting spores, employed thin section (9, II ),
but the fractile properties of the wood species
investigated in this study as well as uncertainty as to the
distribution of preservative within the samples were
considera tions dictating use of a large r. integral sample
to assess spore germination . Roof shingles, cut from
species of Shorea {Philippine lauan) and treated with
various fungicides meant to protect the shingles during
transit and storage, were evaluated for their poten tial to
influence spore germination of selected decay fungi.
Germination was observed on the surface of a water-agar
square fused to the lauan samples.

Fig. 2. Trametes hispida. Sporophore on elm (top);
lamellae produced in culture (middle);
ge rminating basidiosporcs (X400).
solution of sodium pentachlorophenate ; 5) Copper
sulfate - 3% solution. Untreated shingles were included
in the test as re fere nces. The effectiveness of these
fungicide treatments against wood decay was ascertained
using the soil-block test {2) and a contact agar-block
tech nique to determine the effects of the treatment on
spore germination . Each of the four species within each
treatment set of shingles was tested with replication , in
leached ( I ) as well as nonleached conditions. The wood
materials were furnished as shingles with a maximum
thickness of l em, but all samples tested were cut to
2.5 x 2.5 x I em. To minimize variabiJity of basidio·
spore inoculum used in the spore germination study,
o nly spo res produced in pure cult.u re were used . Size
and germinability of such spores have been found to be
comparable to those found in nature (8.9). Poria tenuis
(Schw .) Cooke, a fungus with worldwide nort h
temperate zone distribution (3 .6) wltich produces wltite
rot of angiosperm wood. sporulated readily in the
laboratory within 2 weeks after inoculation on 2% malt
extract agar. TI1e poroid fructification and germinating
spores of this fungus are shown in Fig. I . Inverted
culture plates furnished a non-contaminated supply of

Materials and Methods
Sets of lauan shingles, each consisting of four species
of dis-similar color, were furn ished by th e manufact urer
after having been dip-treated for 30 sec. at the mill site
in the following fungicides: I) "Without Chemicals" unknown treatment erroneously labeled; {It is unfortunate that th is treatment is unknown, but it is
considered justifiable to include it since this paper is
concerned not with the value of the trea tments themselves, but with the technique used for their evaluation)
2) Timbor (polybor)
20 % solution of borate salts;
3) Difolotan
I% suspension; 4) Dowcide G - .82%
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as a single drop from a Pasteur pipette and the test
vessels were incubated on a laboratory bench for 24 hr.
It has been reported that spore density on the wood
surface has no noticeable effect on percentage of
germination (7 ,9), and the dilution level used in the
study produced 3040 spores per field of view at X400
on the agar block. Plates of 1.5% malt extract and 2%
water agar were also seeded for comparison.
Germination of spores was determined by observing the
surface of the agar block, which had been transferred to
a glass slide and covered with a cover slip, at X400 using
the compound phase microscope. Six randomly chosen
fields containing a total of 200-300 spores were counted
for percentage germination on each agar block. In the
case of P. tenuis, the percentage germination represented
the ratio of germinating spores to the total number of
spores deposited, but for the count of T. hispida, the
percentage of germination was based only on those
spores appearing opaque and exhibiting birefringence.
Many transparent hulls, devoid of cytoplasm, were
noted in counting T. hispida spores, but these degenerate
spores were not included in the gennination count.

basidiospores, and a cover change insured collection of
spores no more than 48 hr old. This isolate of P. tenuis
had been obtained from a roof facia board in Itasca
State Park in North Central Minnesota, and was used in
both soil-block and spore germination evaluations of
fungicide treatments. Soil-block tests also included
Poria montico/a Murr. (Madison 698) and spore
germination studies were replicated with spores produced in-vitro by Trametes hispida BagL (local isolate)
as shown in Fig. 2-

..

OIFOLATAII

The test procedure for the contact agar-block
technique was performed as follows: replicate samples of
each lauan treatment group were placed in petri plates
filled with a volume of sterile distilled water equal to the
combined weights of the samples. Applying the plate
covers forced the samples into the water. Samples inside
the petri plates were held under a vacuum of 100 Torr
for I hour, removed, and surface disinfected by a 2 sec.
immersion in boiling water under a Microvoid hood.
Before each dipped block cooled, 2 or 3 drops of 2%
water agar (Difco) at 60o C were pi petted onto a radial
face of the sample. Immediately, a square of solid water
agar, I x I x .S em, was placed upon the still molten
droplets which had begun to soak into the wood sample.
Examination of hot, dyed agar applied to sample
surfaces indicated that the dye filled the gross capillary
voids and generally penetrated about 350u into the
sample. As the liquid agar cooled, the agar square was
firmly fused to the sample surface presumably creating
an aqueous diffusion path with the chemical solutiion
within the wetted (approx. 80% M.C.) wood sample. The
sample block, with the sterile water agar square fused to
its surface, was placed upon a sterile glass slide
supported within a glass storage dish (Coming No. 3250)
by the bottom half of a small glass petri dish filled with
distilled water (Fig. 3). This assemblage was held at
ambient laboratory conditions (24-27°C; 20-35% RH:)
for 24 hr. This time interval was selected to allow
diffusion of water soluble materials from within each
treated sample to the agar square while limiting the time
any contaminant microbes would have to generate
potential influence upon the germination of the basidiaspores. Spores collected in distilled water and diluted to
approximately 2500/ml were seeded onto the agar block

Results and Discussion
After 8 weeks in the soil-block test, the effectiveness
of the treatments in retarding weight loss by P. tenuis in
the lauan samples were determined (Fig. 4). Analysis of
variance and Tukey's test among means (.05 level)
indicated that the Timbor and treatment erroneously
labeled "Without Chemicals" were significantly more
effective than any other for non-leached samples, but
were not a significant improvement over natural wood
resistance in this shortened test. All materials became
equally susceptible upon lea~hing. Essentially t~ese s"!lle
results were reflected in weight loss data obtamed usmg
P. monticola as the test organism. Note that the
Difolatan treatment apparently stimulated attack by the
decay fungi resulting in significantly higher loss than
untreated controls .
Comparing the soil-block evaluation with the spore
germination response for P. tenuis (Fig .. 5),_ t~e Timbor
and Difolatan treatments completely mhib1ted spore
germination in nonleached samp_les. The treatment
labeled "Without Chemicals" restncted germmat10n to
below 5 per cent, but as with Timbor, the inhibition was
lost upon leaching. Significance tests of the data
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Fig. 7. Modal length of germ tubes of basidiosporcs of
Poria tenuis germinating on agar blocks fused to
lauan samples treated with various fungi~ides.

A contact agar-block technique to study spore germination of wood decay fungi. Elmer L. Schmidt and D.W. French.
(Tukey's, .01 level) indicated that all fungicide
treatments except copper sulfate effectively reduced
spore germination on samples that had not been leached.
After leaching of samples, only Difolatan and Dowcide
G were effective in reducing spore germination on the
fused agar blocks. Germination results for T. hispida
were not as readily differentiated among treatments
(Fig. 6) primarily due to difficulty in determination of
percentage germination because of the degenerate
spores in the fields of view. Efficacy of the Timbor
and Difolatan treatments, however, were apparent from
the data. Difolatan continued to totally inhibit
germination of P. tenuis spores even in the leached
samples. Spores of chance contaminants (Aspergillus
spp.) were observed germinating on the Difolatan
contact agar squares even though basidiospores of either
decay fungus were completely inhibited suggesting a
selectively, rather than totally, hostile fungus spore
environment.

well as investigation of the effects of specific
concentrations of fungicide treatments on spore
germination, need to be explored before merits of this
technique in wood preservation might be realized.
The tests used in this paper have dealt largely with
water soluble preservatives (Difolatan is negligibly
soluble in water), and the technique is presently under
investigation with the more permanent wood
preservatives.
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DEVELOPMENT OF AN IMPROVED TECHNIQUE FOR RAPID SCREENING
OF WOOD PRESERVATIVE FUNGICIDES.
1 SELECTION OF TEST SUBSTRATE
A.F. Bravery* and JaniceK. Carey*
oevetoppement d'une technique ~eliore'e pour le screening
rapide des fungicides preservateurs du bois. 1 partie: selection
des substrats des tests. On a compare une sCrie .de substrats ii
base de cellulose et de bois, avec et sans addition de sets nutritifs,
entant que moyen de croissance biologique potentiel pour une
appr~ciation rapide des fongicides de preservation du bois.
Trois champignons destructcurs de bois, Coniophoro cerebella
Pori'a monticola et Polystictus 11ersicolor, se sont tois developpCs
plus lentement sur des substrats en papier que sur des supports
a base de sciure de bois, mais le papier fiitrc permettait une
croissance suffisamment active pour etre utilisC entant que
substrat convenablc. Des sets nutritifs ont seulement cause de
MgCres augmentations du taux de croissance et pcuvent etre
omis de facon a euitcr les possibilities d'une combinaison non
desin!e avec les sels de preservation. L'inocula du champignon
test ne devrait contenir que de trCs petites quantites d'c!Hements
nutritifs, a fin d'assurcr Ia viabilite sans entretenir pour autant
une croissance prolongee sur le substrat test.

Summary.
A range of cellulosic and wood-based substrates
have been compared with and without additional nutrient salts,
as potential microbiological growth media for rapid assay of
wood preservative fungicides. Three wood destroying fungi,
Coniophora cerebella, Pon'a monticola, and Polystictus
versicolor, all grew more slowly on paper substrates than on
sawdust-based media but filter-paper supported sufficiently
active growth to serve as a suitable substrate. Nutrient salts
caused only slight increases in rates of growth and can be
omitted in order to avoid possibilities of undesirable complexing
with preservative salts. Inocula of the test fungi should contain
only very small amounts of nutrient so as to ensure viability
without sustaining prolonged growth on the test substrate.

Desarrollo de una tecnicia mejorada para cribar rapidamente los
fungicidas de los preservatives de Ia madera. Parte l. Seleccion
Se han compardo, con y sin sales
del substrata de prueba.
nutritivas ailadidas, variados substrates celulosicos o a base de
madera con el fln de indagar su capacidad para servir como
medias de crecimiento microbiol6gico para examinar
r:i.pidarnente los fungicidas de Ia preservaciOn de la madera. Tres
bongos destructores de Ia madera - Coniophora cerebella,
Pon"a monticola y Polystictus versicolor - crecieron mUs
despacio en los substrates de papel que no en los medias a base
de aserrln, pero el papel de filtrar sostcnia un crecimiento
bastante activo para servir como substrata adecuado. Las salCs,
nutritivas no ocasionaron sino incrementos escasos en Ia raptaez
del crecimiento, y pueden omitirse para evitar Ia posibilidad de
complexes no dcscados con las sales preservativas. Los inoculos
de los bongos de prueba dcberian contener sOlo cantidades
miniisculas del nutritivo para garantizar Ia viabilidad sin sostener
un crecimiento prolongado en el substrata de prueba.

Entwicklung cines verbessertcn Verfahrens zur schnetlen Vor·
pritfung von fungiziden HolzschUtzmitteln. Teil 1: Wahl des
Substrats.
Eine Reihe Cellulose- und Holz-haltiger Substrate
wurde mit und ohne Zugabe von zusatzlichcn Ntihrstoffen als
potcntielle Kultunnedien fur Mikroorganismen vergUchen, mit
dcm Zeil einer Vorprllfung fur fungizide Holzschiitzmittel. Drei
holzzerstorende Pilze Coniophora cerebella, Pon'a monticola
und Polystictus versicolor wuchsen auf Papicrsubstraten
langsamcr als auf Sagcmehl; Filtcrpapier erwies sich als
gunUigstes Nahrmedium. Nnhrsalze ergaben nur geringe
Wachstumsbeschleunigung. Es kann auf sie verzichtet werden,
urn unerwunschte Verbindungen mit den Schiitzsalzen
auszuschlie/3en. lmfstuckc der Priifpilzc sollten nur geringe
Nahrstoffmcngen enthaltcn, damit die Pilze uberleben kOnnen,
ohne ihnen ein anhaltendes Wachstum auf dem Substrat zu
erml5glichen.

Introduction
Laboratory tests of chemicals for wood preservation
should ideally be conducted using wood (liese et a!,
1935); national standard methods (BS 838:1961;
DIN 52176, 1969; NFX 41. 502 and 41. 512, 1961;
ASTM D 1413-61,; Nordic standards 1.4.1.1/70,
1.4.1.2/70) as well as the proposed European standard
method are based on such procedures. However, these
wood block tests are complex, time consuming and
hence expensive, making them quite unsuitable for rapid
screening of large numbers of chemicals (Bravery, 1975).

inconsistently with those obtained with wood blocks
(Rabanus 1932: Flerov and Popov 1933; Finholt;
Weekes and Hathaway 1952; Smith and Savory 1965;
Unligil 1972). These discrepancies have been attributed
to differences in the extra-cellular secretions of the test
fungi when growing on nutrient media other than wood
and to the absence, in these agar t'ests, of interactionS
between preservative chemicals and the wood substrate,
which can affect toxicity. Rhodes and Gardiner (1930)
attempted to overcome these effects by using sawdust in
agar but reported difficulty in estimating the amounts of
growth.

The traditional screening test for assessing the activity
of chemicals against fungi involves incorporating the test
material into a nutrient medium and measuring the
subsequent suppression of vegetative growth by the test
fungus. For potential wood preservatives 5 per cent malt
agar has become widely accepted as an appropriate
medium (Humphrey and Fleming 1915, Sclunitz eta!
1930, Cartwright and Findlay 1958, BS 838:1961).
However, the screening test is required to provide results
which can predict the likely perfonnance of the
fungicide in wood but with certain chemicals it has been
shown that results with malt agar correlate poorly and

Problems also arise with water-based nutrient media
in obtaining homogeneous dispersion of oily chemicals.
A further source of variation noted by Rabanus (1931)
was that results were affected by changes in the
proportion of inoculum to poisoned substrate; untreated
inocula contained a reservoir of nutrients the size of
which had an effect on fungal vigour.
In developing an improved method of screening it was
therefore important to evolve a medium which:

*Building Research Establishment, Princes Risborough Laboratory, Princes Risborough, Aylesbury, Bucks. HP17 9PX.
(Received November 1976).
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contained ligno-cellulose or a substrate essentially
cellulosic in nature
ii permitted rapid and active growth of the likely
test fungi
iii enabled test chemicals to be incorporated homogeneously
iv enabled progressive fungal growth to be detected
and measured simply.

All substrates except pulp discs and filter paper were
incorporated into agar as the basis of a growth medium.
Sawdusts were used both with agar and alone. Tests were
conducted to determine the optimum concentrations of
pulp, flour, ball-milled wood and sawdust in the agar
media. In addition, comparative tests with and without
additional nutrients were carried out.

When not incorporated into agar, sawdusts were
prepared as media according to the method of Badcock
(1941) in which maize meal (3 per cent) and bone meal
(2 per cent) are added as accelerators for fungal growth.

The urgent current need for a rapid and reliable
screening test for wood preservatives has also been
recognised by Dickinson (1974), who has adopted a
method essentially similar to that evolved during the
present developmental study.

2. Additional nutrients
Following earlier work (Bravery 1968) an optimum
mineral salt solution containing the following ingredients
was prepared and used where required to enrich test
substrates other than paper discs:

The present paper evaluates various growth media and
different methods of inoculation. A second paper will
compare the toxic limits obtained for various
preservatives using particular media and methods of
inoculation.
Methods
I. Test substrates

(NH4 ) 2 S04
KH 2 P04
KCI
MgS04 .7H2 0
CaCI 2
thiamine hydro-<:hloride

The following substrates were used to represent a
range from wood itself to simpler and more convenient
forms of purified cellulose. All had to be in a form
convenient for incorporation in, or preparation as, a
nutrient medium.
1.1 Beech sawdust: prepared from the outer wood of
British-grown kiln-dried beech, sieved and ball-milled to
yield three grades according to the following, pre-metric
mesh sizes. 10·20 mesh (coarse) 40-80 mesh (standard)
and 120 mesh (fine). Metric equivalent apertures are:
1.7-(!.78 mm, 0.390.0.192 mm, and 0.125 mm
respectively.

g/1
0.543
1.0
0.5
0.2
0.1
0.001

A mineral salt solution after Abrams (1948), used at
half strength as below, was employed for moistening
paper substrates:

NH4 N03
K 2 HP0 4
KH 2 P04
MgS04

1.2 Spruce sawdust: prepared in a similar way to !.I
but from Russian whitewood.
1.3 Wood flour: prepared from mixed softwoods
including Douglas fir and spruce comprising
approximately equal parts of the particle sizes 40-80,
80-100, 100-120 and )120.

g/1
1.5
1.0
1.25
1.0

3. Test fungi
The test fungi employed were:

1.4 Milled wood: prepared from spruce chips,
hammer-milled through a 1/8 in (3.2 mm) mesh and ball·
milled for approximately 2 days; particle sizes were such
that 70 per cent passed through a 120 mesh.

Coniophora cerebella - isolate number FPRL II E
Polystictus versicolor -isolate number FPRL 28A
Poria monticola- isolate number FPRL 280.

As standard procedure the fungi were grown on 2 per
cent malt agar and on the ball-milled cellulose medium
after Bravery (1968) hereafter referred to as EP.

1.5 Ball-milled cellulose: provided as a 4 per cent
suspension in water by the University of Aston in
Birmingham and used as the basis of a cellulose medium
modified after Bravery (1968).

4. Preparation of the plates

1.6 Wood pulp: a disc-refmed mechanical pulp
prepared at PRL from spruce chips.

The required weighed quantities of the substrates
were added to water, allowance being made for initial
water contents of ball-milled cellulose and pulp. In
general it was necessary to blend the pulp to ensure
homogeneity. Agar powder was then added to the
suspension together with the nutrients where required.
Media were then autoclave-sterilised at IS psi for 20
minutes prior to being dispensed into sterile disposable
petri dishes.

1.7 Pulp discs: coarse paper discs prepared from the
pulp described at 1.6 above.
1.8 Filter paper discs: Whatman's No. 29 black filter
papers were used in favour of No. I white as mycelial
growth could be more readily recognised.
1.9 Malt extract: 2 per cent malt/ 2 per cent agar
medium was used instead of 5 per cent malt/2 P.,r cent
agar in order to reduce the amount of simple sugar
available to the test fungi.

At first, 20-ml aliquots were employed but this was
reduced to 10 ml to minimise the separation occurring
by sedimentation of some of the media.
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Table I
Mean radial growth rates (mm/day) of test fungi on different test media with and without nutrient enrichment
TEST MEDIUM
Substrate

Sawdust
beech 10-20

TEST FUNGUS

Cone. of
substrate%

C. Cerebella
liE

Additional
nutrients

2.8
2.3

6.5
6.5

4.4
4.5

1.0

+

3.0
3.8

7.5
7.0

4.2
4.3

4.0

0.5

-

-

•

•

•

•

+
-

•
•

•
•

•
•

+B

2.8

6.1

2.1

+

2.8
2.9

5.0
6.0

4.4
4.5

2.8
4.4

4.5
3.8

3.9
4.4

+

-

•

+

4.0

+

3.2
2.7

8.7
8.6

6.6
6.5

10.0

+

3.4
2.5

8.2
6.8

6.6
6.0

0.5

+

2.9
2.4

4.3
5.3

4.1
5.8

3.5
5.1

8.0
4.1

4.3
6.7

+

4.0
3.0

7.5
6.3

6.5
6.2

10.0

+

-

4.0
1.7

7.4
6.4

6.3
5.2

0.5

+
-

2.2
2.0

4.5
4.4

4.4
4.9

1.0

+

-

2.6
4.2

4.6
3.4

3.8
4.5

+

•
•

•

•

+

•
•

•
•

•
•
•

100.0
(no agar)

+B

1.6

3.2

0.7

0.5

+

2.1
1.9

5.0
7.3

4.2
4.6

+

2.8
4.1

5.0
3.0

5.0
5.2

+

2.6
1.7

5.5
4.6

6.2
5.9

+

1.4
2.9

4.0
5.9

3.5
5.

1.0
4.0

4.0
10.0

-

-

+

-

-

-

-

1.0
Sawdust
spruce 40-80

•

1.0

-

Sawdust
spruce 10-20

280

+
-

100.0
(no agar)

Sawdust
beech) 120

P. monticola

28A

0.5

10.0

Sawdust
beech 40-80

P. versicolor

4.0
10.0

-
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Table I - continued
0.5

+

3.2
1.9

5.6
5.1

4.2
5.3

4.0
5.I

4.2
4.4

3.8
4.8

2.8
1.3

4.7
4.0

4.6
4.9

2.6
1.2

3.2
2.8

4.9
4.I

+

1.5
1.0

4.7
4.3

3.9
3.6

+

1.9
0.9

4.7
4.1

4.7
4.0

1.2
0.9

4.0
3.5

3.8
3.3

2.9
1.8

5.8
4.5

4.7
4.9

2.8
1.9

5.4
5.1

4.5
4.4

-

+

2.7
2.0

5.I
4.6

6.7
4.9

+

2.8

6.I

2.5

+

2.6
2.3

6.9
4.6

2.3
0.0

2.8
2.I

6.9
4.2

3.3
0.8

+

3.5
2.3

6.3
3.6

3.4
3.0

+

3.1
2.5

4.I
1.5

2.0
1.7

-

2.6
2.I

2.4
2.0

I.I
1.0

-

3.4

7.9

6.8

-

1.0

+

-

Sawdust
spruce) I 20
4.0

+

IO.O

+

0.5
Wood Hour

1.0

-

2.0

+

0.5

+

Ball-milled wood

1.0

+
-

2.0
Ball-milled cellulose

I
0.5

-

Pulp

1.0

2.0

Pulp discs

+

n

Filter paper
Malt

n
2

+

+ = with nutrient enrichment
n = not relevant
* = not tested
+B= with Badcock's accelerator.

2I

'I

~
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than responding to the newly inoculated substrate.
Indeed the effects of nutrient reserves in the inocula
were often greater tthan the effect of nutrient enrichment of the test substrate itself. This could be important
in preservative tests because concentrations might be
regarded as ineffective if the fungus was able to grow
sustained only by nutrients in the inoculum. Nonnutrient inocula frequently failed to establish so that
the small discs of ftlter paper containing only minimal
nutrient rese(Ves were also used. In fact a fairly high
incidence of failure occurred with these inocula too and
eventually special plates were prepared containing only
1-2 mm thickness of nutrient agar. The tbin discs of
inocula cut from these plates had only small residual
reserves of nutrient but gave consistently high viability.
The use of PVC mesh supports for agar disc inocula did
not significantly affect viability or growth rates. When
testing preservatives the PVC mesh system could therefore have advantages in preventing premature death of
the test fungus by diffusion of fungicide into the
inocula.
C. cerebella· and P. versicolor grew as fast, and
sometimes even faster, on some of the sawdust media
than on malt extract. Growth rates of P. montico/a
however were always lower on the cellulose-based
substrates tban on malt. Of the cellulose-based substrates
the sawdusts generally supported the most rapid growth
with all three fungi though again results were variable
and differences sometimes small. The optiumum levels
for incorporating sawdust appeared to be between 14
per cent with growth rates at 10 per ceht sawdust being
generally lower. All three fungi appeared to grow better
on the beech sawdust than on the spruce and again,
though differences were sometimes small, the medium
grade sawdust gave slightly better results. Despite the
presence of accelerator, growth rates were generally
slower on the sawdust media without agar than on those
with agar.

5. Inoculation
Several methods of inoculation were employed at
various stages in the development work. Nutrient-rich
plugs of inoculum were cut with a sterile 6-mm
diameter corkborer from 2-3 weeks old cultures on stock
plates. The effect of placing inocula either directly on
the medium or supported on a piece of sterile PVC mesh
was also examined.
Non-nutrient inocula were prepared by placing 6-mm
circles of PVC mesh, sterilised in methanol, on to
actively growing mycelium until they were covered.
These were then transferred together with their adhering
mycelium to test plates as requjred. Minimal-nutrient
inocula were prepared by placing 6-mm circles of sterile
Whatman's No. I filter paper on to actively growing
mycelium .for a few days. The small circles were then
removed together with adhering mycelium when
required.
The malt agar test plates were inoculated from malt
stock-plates and cellulosic test plates were inoculated·
from the EP stock-plates.

6. Incubation
All test plates were incubated at 22°C and 65 per
cent relative humidity.
Results
Radial extension of colonies was determined by
measuring 2 diameters at right angles to one another
in each of 2 replicate plates at intervals of I ;1. or 3
days as appropriate over a period of 14 to 21 days.
Variations between the 4 replicate measurements were
small and never ~xceeded 5 per cent of the colony
diameter.

The pulp, ball-milled wood and cellulose substrates
supported rather faster growth than did the wood flour,
but the concentration of substrate in agar was not
critical. P. monticola did not grow well on either the
pillp or the ball-milled cellulose, and seemed therefore,
to prefer the woody substrates prepared with less
opportunity for loss of water solubles and minor constituents. Growth rates of P. versicolor on the non-sawdust media were about intermediate between those on
beech sawdusts ·on which the fungus grew well and on
the spruce sawdusts on which it generally performed less
well.

Growth curves were plotted for each of the test fungi
on each of the different media and mean radial growth
rates were calculated from the linear part of curves.
Results are presented in Table I which also serves to
compare the effects of varying concentrations of the
basic substrate in the agar medium and of adding
nutrientS to the substrates. It ~ould be noted that data
have been obtained for sawdusts incorporated in agar
and as media without addition of agar gel.
Mean growth rates on sawdust media (Table 2) were
greater from nutrient inocula and from inocula containing only minimal nutrient reserves.

A distinct disadvantage with the particulate wood
substrates was the tendency for sedimentation when
incorporated in agar. As a result, hyphae of the test
fungi were protected from close contact with the
substrate itself by the overlying agar film. The pulp
and ball-milled wood substrates remained more homogeneously distributed but above 1 per cent
concentration the pulp fibres tended to aggregate and
were difficult to disperse evenly.

Iri Table 3 the growth rates from 4 different types of
inocula of different nutritional status are compared on
filter paper and pulp disc substrates.
Discussion
Because all the media were not tested simultaneously,
results may b~ subject to some experimental variation.
For tbis reason too much significance should not be
attached to small differences between the mean growth
rates.

Except with C. cerebella, growth on pulp discs was
slightly slower than on the pulp itself and growth on
filter papers was slower again. Obviously the more
purified cellulosic paper was less favourable to the fungi
even with additional nutrients. Growth rates with C.
cerebella and P. versicolor were still adequate to permit
the use of filter papers as a potential test substrate for
preservatives.

Residual nutrients in the inocula noticeably affected
the subsequent rates of growth of the test fungi. The test
organisms clearly sustained the rate of growth attained
on the medium from which the inoculum was cut rather

22

Development of an improved technique for rapid screening of wood preservative fungicides. I selection of test
substrate. A.F. Bravery and JaniceK. Carey.
Table2
Comparison of mean radial growth rates (mm/day) from nutrient and non-nutrient inocula on 4 per cent
sawdust media

P. versicolor

C. cerebella
Substrate

Inoculum
M+

M-

M+

M-

beech 40-80

N+
N-

3.2
3.7

2.7
2.9

8.7
8.3

8.6
8.5

beech 1120

N+
N-

4.0
3.2

3.0
2.0

7.5
6.3

6.3
4.9

spruce 40-80

N+
N-

2.6
2.4

1.7
1.4

5.5
39

4.6
39

spruce) 120

N+
N-

2.8
2.3

1.3
0.7

4.7
4.0

4.0
3.6

N+ = nutrient inoculum
N- = non-nutrient inoculum (PVC mesh)
M+ = medium containing additional nutrients
M- = medium without additional nutrients
Table3
Comparison of mean radial growth rates (mm/day) from different types of inocula on fdter paper
and pulp disc substrates

C. cerebella
Substrate

Filter paper

A+
Am

M
F
Pulp disc

P. versicolor

Inoculum

A+
Am

M
F

M+

M-

M+

M-

2.6
2.1
1.0
2.0

2.1
2.5
2.3
1.6

2.4
2.7
2.3
2.4

2.0
1.3
1.1

3.1
2.8
2.3
3.1

2.5
1.2
1.2
1.0

4.1
3.9
3.9
3.7

1.5
1.0
0.5
1.2

A+ = agar inoculum
Am = inoculum as A placed on PVC mesh

M = non-nutrient mesh inoculum
F = Filter paper inoculum
M+ = Medium containing additional nutrients
M- = Medium without additional nutrients.
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The dry substrates have an advantage. over the wet
pulp and ball-milled cellulose media in that incor·
poratioh of oily preservatives is simpler and more
homogeneous. In the main, addition of nutrient salts
to test media increased growth rates of all the test fungi.
In some cases differences were negiigible or only very
small and in others a small reduction in growth rate was
recorded. Results were particularly variable with P.
rnontico/a. Nutrient salts appeared to have greatest
influence in the more concentrated sawdust media and
C. cerebella appeared slightly less sensitive to nutrient
status tlian P. ve,.icolor.

Bravery, A.F. (1975) Microbiological assay of chemicals
for the protection of wood. In "Some methods for
microbiological assay" by Board, R.G. and Lovelock,
D. W. (Eds). Society for Applied Bacteriology
Technical Series No.8, Academic Press.

The use of additional nutrient salts must be
considered with some caution because it has been
demonstrated (Schulz and Riewendt, 1962; Da Costa
1971, 1972; Da Costa and Bezemer, 1973) that
ino'}lanic salt-type preservatives can complex with salts
in microbiological growth media with significant
effects on their toxicity. In the present tests, nutrient
salts generally caused only -small increases in growth
rate and their omission should not therefore be unduly
detrimental.

Dickinson, D.J. (1974) A new technique for screening
fungicide for wood preservation. Int. Biodetn. Bull.
10 (2)49-51.

British Standards Institution (1961) Methods oftest for
toxicity of wood preservatives to fungi. BS 838: 1961
Cartwright, K. St. G and Findlay W.P.K. (1958) Decay
of timber and its prevention. HMSO 2nd Edition.
London.

DIN 52. 176: 1961. Prufung von Holzchutzmitteln·
Mykologische Kurzprufung, Klotzchen-Verfahren.
Deutscher Nonnenausschuss.
Finholt, R.W., Weeks M. and Hathaway C. (1952) New
theory on wood preservation. Ind. and Eng. Chern.
44 101-105.

Conclusions

Flerov, B. and Popov. C.A. (1953). Methode zur
Untersuchung der Wirkung von antiseptischen Mitteln
auf holzzerstorende Pilze. Angew. Bot. 15 386406.

Growth rates of the three test fungi were more rapid
on sawdust media than on wood pulp or ball-milled
cellulose. In general C. cerebella and P. ve,.icolor grew
as fast on the sawdust media as malt extract. All the
fungi grew more slowly on the paper substrates than on
the sawdust-based media but filter-paper supported
sufficiently active growth by C. cerebella and P.
ve,.icolor to serve as a cellulose-based substrate in an
accelerated screening test for wood preservative
fungicides. Addition of nutrient salts increased growth
rates only slightly and their omission to avoid
possibilities of undesirable complexing with preservative
would be acceptable. Inocula of the test fungi should
contain only very small amounts of nutrients, suffieient
simply to ensure viability of the test fungi without
sustaining continued growth.

Humphrey, CJ. and Fleming, R.M. (1915) The toxicity
to fungi of various oils and salts particularly those
used in wood preservation. Bull. US Dept. Agric.
No. 227.
Uese, J.,Nowak, A. Peter F.,Rabanus A. (1935).
Toximetrische Bestimmung von Holzkonservierungsmitteln. Angew. Chern. 48 1.
Nordic Wood Preservation Council (1970) Testing of
wood preservatives - Jordburk method - a soil
block test with wood rotting Basidiomycetes. NWPC
Standard No. 1.4.1.1./70.
Nordic Wood Preservation Council (1970). Testing of
wood preservatives - Mullade method - a soil block
test in unsterile soil. NWPC Standard No. 1.4.1.2./70.
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SUBEPIDERMAL FUNGI OF WHEAT GRAINS 1N INDIA
B.S. Mchrotra and P.K. Dwivedi I
S.f: ..(:.:u11C4;:·~ 1
Los bongos subepidermales de los granos de trigo en India. Se
ha determinado Ia presencia subepidermal del bongo mycelium
en los grantos de trigo en India a La etapa de la leche poco antes
de Ia cosecha y tambiCn m3s tarde en el almacenaje. A la etapa
de Ia leche 20% de las muestras de los granos de trigo teriian el
mycelium subepidennal. Dos bongos del campo, Alternaria
alternata y Qadosporium cladosporioides, se aislaron de estos
mycelia. De entre los granos en muestras individuates tenlan el
mycelium subepidermal que pertenecia a dace .especies de
bongos del campo. Las especies sobresalientes en arden
descendente.de frecuencia eral!. Alternaria alternata,Cladosporium
cladosporiofdes, Fusan'um semitectum, un miembro de los
Mycelia-Sterilia, Cephalosporium curtipes y Curvulan'a lunata.
Se hall6 el mycelium subepidermal en 12-100% de los granos en
muestras de trigo almacenado pera pertenecla par la mAs a los
bongos almacenados donde las especies mas generales que se
aislaron eran el Aspergillus jlavus, A. fumfgatus y A. niger. Dos
bongos de campo, a saber Alternaria alternata y Fusarium
semitectum se aislaron tambien del trigo almacenado, lo que
indicaba tal vez unas condiciones defectuosas de almacenaje.

Summary. The subepidermal presence of fungus mycelium in
wheat grains in India at the milk stage, just before harvest, and
subsequently in storage has been determined. At the milk stage,
20% of the samples of wheat grains had subepidermal mycelium.
Two 'field fungi', Alternan"a altemata and Cladosporium
c/adosporioides were isolated from these mycelia. Of the mature
grains, collected just before harvest, 3·72% of grains in individual
samples had subepidermal mycelium belonging to 12 species of
field fungi. The most prominent species, in descending order of
frequency were Alternaria altemata, Cladosporium cladosporio·
ides, Fusarium semitl!ctum, a member of Mycelia-Stcrilia,
Cephalosporium curtipes and Curvularia lunata. Subepidermal
mycelium was found in 12-100% of grains in samples of stored
wheat but it belonged mostly to storage fungi, the more
common species isolated being Aspergillus flavus, A. fumigatus
and A. niger. Two field fungi viz., Alternaria alternata and
Fusarium semitectum were also isolated from stored wheat,
p_erhaps indicating poor storage conditions.

Les champignons subepidermiques des grains de ble en Inde. On
a determine Ia presence subepidermique d'un mycelium de
champignon ·dans les grains de bit! en lode, au stade lactescent,
juste avant Ia moisson, et par Ia suite Iars du stockage. A Ia phase
lactescente, 20% des echantillons de grains de bte avaient un
mycelium subepidermique. Deux champignons "du bl~ sur pied"
Alternaria altemata et Qadisporium cladosporioides ant Ct6s
isoiCs parmi ces mycelia. Parmi les grains mlirs ramasses juste
avant Ia maisson, 3-72% des grains dans des echantillons
particuliers avaient un mycelium subCpiderrnique appartcnant
3. 12 ept!ces de champignons du biC sur pied. Les cspeces
dominantes par ordre de rrequencc decroissante etaicnt:

Subcpiderme Pilze an Weizenkomem in lndien. Kurz vor der
Emte und wiihrend der Lagerung wurde an Weizen in Indien
subepidermes Vorkommen von Pilzmycel festgestellt. Kurz vor
der Ernte wiesen 20% der Weizenproben subepidermes Mycel
auf. Zwei Freilandpilze. Alternaria altemata und Clodosporium
cladospon'oides, worden aus dem Mcel isoliert. Von dem reifen
Weizcn - kurz vor der Ernte untersucht - wiesen 3 - 72% der
KOmer elnzelner Pro ben subepidennes Myeel auf, das 12 Art en
von Freilandpilzen zuzuordnen war. Die bekanntesten Arten,
aufgefuhrt nach der Haufigkeit ilues Vorkommens, waren

Alternaria altemata Qadosporium clado,Jporiofdes, Fusarium
semlctum, faisant partie de Mycelia sterilia Cephalosporium
curt/pes et Curvularia lunata. On a trouve un mycelium

Alternaria altemata, Cladosporium cladosporlofdes, Fusarium
semitectum, zu Mycelia-Sterilia gehorig, Cephalosporium
curtipes und Curvulan'a lunata. Subepidennes Mycel wurde zu

subepidermique dans 12-100% des grains des c;chantillons de bte
stockC mais il appartenait essentieUement a des champignons de
stockagc, les especes les plus communes etant Aspergillus flavus.
A. fumigatus et A. niger. Deux champignons ..de champ", a
sa voir Alternaria alternata et Fusarium semitectum ant aussi ete
isolCs dans le blC en stock, indiquant pcut-Ctre de piCtres
conditions de stockage.

12 - 100% in Proben aus gelagertem Weizen gefunden. Die
hiervon isolierten Pilze gehOren hauptsiichlich zu den vorratsschadigenden Pitzen; die bekanntesten Arten waren
Aspergillus jlavus, A. [umigatus und A. niger. Zwci Freilandpilze,
d. h. Alternaria altemata und Fusarium semitectum, wurden aus
gelagertem Weizen isoliert, was vielleicht auf schlechte Lagerbedingungen hinweist.

Introduction
The association of fungi with cereal grains starts in
the field itself. Shortly after the grain reaches maximum
size, the lemma and palea protecting it are pushed apart
exposing the grains to infection by fungi (Machacek &
Greaney, 1938). Therefore, from that time until harvesting and subsequently during storage they are exposed to
contamioation by fungus spores. It has also been
observed that most of the fungi which contaminate the
grains in the field are different from those becoming
prominent in storage, the former being called the "field
fungi" and the latter "storage fungi". The field fungi
gradually die, if the grains are stored properly, as low
moisture content and high temperature are not conducive to their survival (Christensen & Kaufmann,
1968). Only some of these fungi come in intimate
association with the grains, prompted not only by the
microclimate existing round the grains but also by the
nutrients available in the grains. A number of them have

been found to enter the subepidermal region (below the
pericarp) of the grains (Oxley and Jones, 1944; Bose,
1950; Hyde, 1950; Hyde & Galleymore. 1951;
Christensen, 1951; Flannigan, 1974). These intimately
associated fungi not only change the appearance (usually
of the germ or embryo, or all of the seed) but also their
food value and their capacity to germinate. A possible
role more recently appreciated is the toxin production
by some of these fungi resulting in loss in human and

animal consumers.
The present paper presents the findings of a survey in
India of the fungi intimately associated with wheat
grains, gathered at three stages: I, the milk stage, 2 just
before harvest and 3, io storage.

(Received, July 1976; io final form November 1976)
Department of Botany, University of Allahabad, Iodia.
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mycelium was mostly thick, septate, intercellular (Pl. I,
Fig. 4 ), and occupying both the chalaza! and embyro
regions. In a few of the grains repeated division of the
mycelium resulted in a plate-like structure with shorter
cells. Sometimes intracellular, relatively thin mycelium
was also observed. The subepidermal fungi isolated and
brought into culture were found to belong to 12
different species (Table I). The most frequentlyoccurring species was Alternaria a/temata (69%)
followed by Cladosporium c/adosporioides (48%),
Fusarium semitectum (37%), a member of MyceliaSterilia (23%), Cephalosporium curtipes (21 %) and
Curvularia lunata (14%). These and the other species
isolated from mature grains, listed in Table I, are all
field fungi, except one viz., Aspergillus sydowi (Bain.
and Sart). Thorn and Church (Pl. I, Fig. 6), which
was encountered only in 1.8% of the samples, and is a
fungus of stored grains.
Out of 52 samples of stored wheat examined, 46
samples (i.e. 82% of the total) and 12-100% of the grains
in individual samples had subepidermal mycelium. This
mycelium (Pl. I, Fig. 3) was usually septate, thin and
branching repeatedly to form a net work. Sometimes,
due to more frequent formation of transverse walls,
beaded cells were seen. Fifteen species, mostly storage
fungi (Table I), were isolated from epidermises of stored
wheat. Aspergillus spp. were most frequently
encountered, with A. jlavus (36.5%), A. fumigatus
(26.9%; Pl. 1, Fig. 5) and A. niger (23%) being most
common. The common field fungus, Alternaria altemata
was also observed on IS% of the samples of stored
wheat. This may possibly indicate poor storage
conditions (Christensen, 1951) but it is to be noted that
Machacek and Wallace (1952) reported survival of
Alternaria in grains which originally contained 80% of
this fungus after storage for more than two years under
good dry storage conditions. Our experience generally
supports that of Christensen; the very different
temperatures in storage between India and Canada may
explain this difference.

Materials and Methods

In the milk stage thirty samples of wheat grains
(moisture content 53-63%) belonging to thirteen
varieties were taken. Fifty six samples of grains just
before harvest (moisture content 15-25%), 30 of which
were collected from the same fields and were of the
same 13 varieties, as of the milk stage samples plus 26 of
5 more varieties and from different areas, were screened
for the presence of subepidermal mycelium, the day
they were collected. Fifty two samples of stored wheat
grains which had been stored for nearly one year
(including all the above varieties plus five more, i.e. total
18) all of which were obtained from flour mills and
warehouses in India were gathered and screened within
a week (during this period stored in a refrigerator) of
their collection. One hundred grains from each sample,
taken at random, were examined for the presence of
subepidermal mycelium within the grains by the method
first used by Hyde and Galleymore (1951 ). Grains were
soaked in water for a short time and then the epidermis
was peeled off with forceps. Such peelings normally
carried with them virtually the whole of the
subepidermal mycelium. The epidermis was then placed
in aniline blue (0.2% in 66% lactic acid) and warmed for
5-10 min. staining the mycelium deep blue and leaving
the epidermal cells unstained. The stored grains were
also examined superficially with a hand lens (xlO)
before peeling off the epidermises to observe the cracks
and holes on them.
The subepidermal fungi were brought into culture by
first surface-disinfecting the grains by immersion for 2
min. in 0.2% sodium hypochlorite, washing in two
changes of sterile water, peeling off the epidermises and
then transferring the epidermal peelings to one of five
culture media, viz: malt extract agarl, wheat extract
agar2, oatmeal agar3, Czapek's solution agar4, and
Czapek's osmophilic solution agarS. The cultures were
incubated at
and 37°C for 7 days. A wide range of
media was Used in order to maximise the number of
species isolated.

zso

Out of 31 varieties of stored wheat tested, four were
found to be devoid of subepidermal mycelium and
further work on these varieties is in progress.

Results and Discussion
The results of plating out epidermises from mature
grains, collected before harvest, and the grains from
storage presented in Table I an.d.graphically represented
in Fig. I. In the case of the wheat grains in the milk
stage, 20% (6 out of30) of the samples and 3-17% of the
grains in individual samples, were found to contain
subepidermal mycelia. This was mainly confined to the
chalaza! region and from there extended nearly half the
length of the grains. Cladosporium cladosporioides
(Fresen.) de Vries and Alternaria a!ternata (Fr.) Keissler
(Pl. 1, Fig. 7) were the only species isolated from
epidermises plated out on agar media.

The entry of the fungus into stored grains apparently
did not depend upon damage to the epidermis as the
subepidermal mycelium was observed even in apparently
healthy undamaged grains examined superficially with a
hand lens prior to peeling. Sporophores were sometimes
seen emerging in the groove region or from cracks and
holes in the smooth surface of the grain (Plate I, Figs.
I & 2). Simmonds (1968) observed that infection took
place through cracks in the epidermis or the opening
over the embyro since abundant fruiting was evident
where breaks had occurred. Welling (1968) however,
found Aspergillus spp. infected barley seeds independent
of the amount of injury. The mature grains in tire field
were found to have more of internal mycelium at the
beard end than at the basal embryo as has also been
observed earlier by Hyde and Galleymore (1951).

In the mature grains the subepidermal mycelium was
observed in 78% (44 out Of 56) of the samples and in
3-72% of the grains in individual samples (Table 1). This

I.
2.
3.
4.

Malt extract, 30 grn; peptone, 1.0 grn; dextrose, 20 grn; distilled water, 1000 ml.
Wheat grains (cracked), 20 grn; agar, 30 gm; yeast extract, 0.5 grn; distilled water, 1000 ml.
Oat meal, 20 grn; yeast extract, 0.5 grn; agar, 20 grn; distilled water, 1000 ml.
Na N03 , 3.0 grn; K 2 HP0 4 , 1.0 grn; KCI, 0.5 grn; MgS04 • 7H2 0, 0.5 grn; FeS04 7H 2 0, 0.01 grn; Sucrose, 30 grn;
Agar, 20 grn; distilled water, 1000 ml. pH,6.7.
5. Sucrose 20%instead of3%in Czapek's solution agar.
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PLATE

Fig. I .

Sporophores of Aspergillus candidus Unk
emerging from the groove region and an
o pening in the cheek of the sutre side of a
stored wheat grain. X 10.

Fig. 5.

Fig. 2.

Spo rphores of Aspergillus jlavus Unk emerging
from the embryo region of sto red wheat grains ,
X 7.

Fig. 6.

Fig. 3.

Fig. showing subepidermal mycelium in a
stored wheat grain , X 450.

Fig. 7.

Fig. 4.

Fig. showing a thick, closely sep tate
subepidermal mycelium in wheat just before
harvest , X 750.

An epidermal peeling of wheat before harvest
showing subepidermal mycelium and a
sporophore of Aspergillus sydowi (B. & S.)
Thorn and Church, X 610.

Subepidermal mycelium and conidioph ore of

A. fumigatus Fres. in peelingsofastoredgrain ,
X380.
Co nidiophores of Altenuzria alternata (Fr.)
Keissler emerging from the su bepidermal
mycelium in immature wheat grain in the field,

X ~ 1 5.

27

FREQUENCY OF

:!1.

.0

0
"Tl

:0

)>O

"Tl

:0
ITI

3: 0
c:
(/)

ITI

(/) c: 0z
..
c:rI -<
0
.,
ITI

....

..

"'0

0

"Tl

:0

0

)>

r

c:

:0

ITI

ITI

3:

ITI

Cl

N

00

al

I
....,"Tl

"'
2:
'<

...

:::r

0

0
0

:0
:0

z

0

0
z

ITI

~

"Tl

0

-f

:I:

~
:I:

ITI

)>

ITI

,

-f
Cl
:0

(/)

"'0

Q

ITI
(/)

)>
~ z Sfl
....... (/) c:z"Tl

..
Ill

[!

Alternaria
alternata
CladosJ!orium
cladosporioidts
CladOsJ!orium
harbarum
CeJ!halosP.orium
curtiP.es
Curvularia
lunata
~piccocum

P. u rJ!urascens
Fusarium
semitectum
Paecilomyces
varioti
Stachybotrys
atra
Trichoderma
virlde
Asper glll.!!.i
~ydowi

Mycelia
Sterilia

N

0

Vf

0

.t>

0

~

~-

.....

0

OCCURRENCE

IN

PER CENT

-0

(l)

0

N

0

"'g.
VI
0

.t>

Ul

0

0

'T1

'lS.
""
0

-,

~

"~

Cl
~

S·
~

Er
S'

e:

.F

"';;::tn

L!!.ll.r

C~halosporium

curtlp_u
Candida
al bicans
Fusarium·
semitt~tum

Trichotheciym
rostum
Ptnicjllium
fY.CIDP.iUm
~tnicilliym

citrinum
Chaetomium
globosum
Rhizopus
arrhizus

"3

~

!!.

Aspergillus
flavus
AsJ!ergill us
fumigatus
AsP.ergillus
niger
AsP.trgillus
candidus
AsP.ergillus
clavatus
AsP.erglllus
Alternaria
alttrnata

"p:

'0

"Of

-""
0

~

)>

"
"'"'~

i.;\1
e:

Subepidermal Fungi of Wheat Grains in India, B.S.Mehrotra and P.K. Dwived\

Table I

Fungi isolated from subepidennal region of wheat grains soon after maturity and after one year of storage

Frequency of occurrence Frequency of occurrence
in %of stored grains
(from wharehouses and
flour mills)

in %of mature grains
(from field)

Organisms
Alternaria alternata (Fr.) Keiss1er
Aspergillus clavatus Desm.
A. candidus Link
A. flavus Link
A. fum igatus F res.
A. niger van Tiegh.
A. ruber (Konig, Spieck. & Brem.) Thorn & Church
A. sydowi (Bain. & Sart.) Thorn & Church
Candida albicans (Robin) Berkhout
Cephalosporium curtipes Sacc.
Qadosporium c/adosporioides (Fres.) de Vries
C. herbarum (Pres.) Link
Chaetomium globosum Kunze
Curvularia lunata (Wakker) Boedijn
Epicoccum purpurascens Ehrenb. ex Schlecht.,
Fusarium semitectum Berk. & Rav.
Penicillium citrinum Thorn
P. eye/opium Westling
Paecilomyces varioti Bain.
Rhizopus a"hizus Fisch.
Stachybotrys atra Corda
Trichothecium rdseum Link
Trichoderma viride Pers. ex Fr.
Mycelia· Sterilia*

*

69.9

15.4
5.7
13.5
36.5
26.9
23.0
5.7

1.8
21.4
48.2
5.3

5.7
7.6

7.6

14.3
1.8
37.1

3.8
1.9
7.7

7.1

1.9
3.6
1.9
8.9
23.2

No fruit bodies were produced even on several culturings of the five media used
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BOOK R'EVIEWS
following chapter is a well illustrated discussion of the
world-wide pest status of cockroaches. Their importance
as vectors of human pathogens particularly in hospitals
and kitchens is also taken into account.

THE FILAMENTOUS FUNGI Vol. 2 BIOSYNTHESIS
AND METABOLISM
John E. Smith and David R. Berry, (Eds.)
Arnold, London 1976 pp XN + 520.£19.75.

The author emphasises that there is no clear cut guide
on how to conduc\: a cockroach control programme as
there are too mali'y factors involved, but the basic
principles are summarised in chapter 3 and amplified in
subsequent chapters. The 4th chapter considers the
importance, components, advantages and disadvantages
of insecticide formulations. Equipment and practical
safety and the law for the consumer and operator are
adequately dealt with in the following two chapters.

This multi-authored book achieves its aim "to make
each chapter a complete entity in itself rather than a
survey of the most recent advances". In this it follows
the pattern of the first volume in this series "Industrial
Mycology" which was probably of more immediate
significance
to
workers
in
biodeterioration
and biodegradation.
However, those concerned with the fundamentals,
particularly of biodegradative processes will find this
useful and attractive.

The insecticides used in cockroach control, rearing
and collecting and the methods available for screening
insecticides are discussed in the remaining 2/3 of this
book; chapter 7 dealing with repellants and insecticide
repellancy. A full account is given in chapters 8-13 on
inorganic insecticides, pyrethrum and pyrethroids;
organochlorine, organophosphorus and carbamate
insecticides. I feel that this section is too detailed
for the pest control operator, but forms an excellent
reference for technical personnel. Chapter 14, how an
insecticide kills, will require some prior knowledge of
insect physiology and biochemistry to fully appreciate
its significance. The following chapter gives an
informative account in chronological order of the world
history of insecticide resistance in cockroaches, from the
first recorded instance at Corpus Christi, Texas in 1952,
where Blatella germanica was found to be resistant to
chlordane. Cockroach resistance in Britain is dealt with
separately.

Chapters on Environmental Control of Fungal
Growth, Transport and Translocation in Filamentous
Fungi, Nitrogen Metabolism, and Nucleic Acid and
Protein Synthesis in Filamentous Fungi will be found
particularly relevant. Good editing has ensured a good
and uniform standard for the chapters; it is to be
expected that Volume 3 on Development Biology in the
Filamentous Fungi will continue this excellent pattern.
H.O.W. Eggins

THE COCKROACH, INSECTiCIDES AND COCKROACH CONTROL
P.B. Cornwell
The Rentokil library; Associated
Business Programmes Ltd., London, 1976 pp. 557.
£6.50.

Throughout this book, a heavy emphasis is quite
rightly placed on the requirement for good hygiene as
a pre-requisite to insecticide control, a factor so often
overlooked, and a common cause of treatment failure.

This book, as a sequel to Volume I (196~) which
dealt with the biology, physiology and behaviour of
some of the common specieS of cockroach; considers in
detail, the practical aspects of cockroach control. The
author has directed this volume at four groups of
people: householders, local health departments, hygiene
·staff in industry and servicing companies.

This is an e.xcellent well arranged book, from the
"science-fiction" style dust-jacket to the comprehensive
bibliography of over 900 references. Each chapter is
well illustrated with photographs and diagrams; there is
also a very good subject index. This volume forms an
excellent practical guide to insecticides for cockroach
control and will therefore suit not only the pest control
operator, but also research establishments and

The introduction gives an interesting insight into
some of the early methods of cockroach control, such
as gunpowder fumes and plaster of paris baits. The

universities.
G. Barson
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