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BIODETERIORATION SOCIETY NEWSLETTER
Dr. Otto Pauli 1909-1976
The Society regrets to note the
death of Dr. Otto Pauli, who died
on 1st February 1976 at Krefeld,
West Germany.
Dr. Pauli was born on 2nd July
1909 at DUsseldorf and studied
Chemistry at the Universities in
Marburg and Vienna. Since 1935
he worked for Bayer AG where he
developed a range of material
preservatives. He became an internationally acknowledged expert in
the field and his efforts, knowledge
and friendly co-operation were
held in high regard by many
organisations
including
the
DeutscheForschungsgemeinschaft,
World Health Organisation and
the International Biodegradation
Research Group.
Dr. Pauli's experienced advice,

shrewd comment and lively manner will be sadly missed and we
extend our sympathy to his
relatives.

Symposium on "Choice of Preservatives for Control of Biodeterioration", Cardiff, 14th/15th December
1976
Please note that the date of this
Symposium is incorrectly given in
the programme card.The proposed
November date proved to be unsuitable for the University in
Cardiff. The meeting will begin
with a "keynote" lecture and
dinner on Tuesday, 14th December
and continue throughout most of
the following day. A number of
commercial firms will be invited to
mount demonstrations and a
special feature of the meeting will
be the inclusion of speakers from
several firms who will be invited
to present the merits, and give
supporting evidence, for their
products.

Record of Attendance at Meetings
With the increasing popularity
of the Society's meetings in Britain
it has been decided to make a
record of attendances. In future, a
small registration fee, probably
about 50p, will be charged to nonmembers who attend our meetings.
This will help to defray the cost to
the Society of hiring a larger room
than would be necessary for
members.
Increase in Subscriptions
The treasurer has given notice
that he will introduce a proposal
to increase the annual subscription
at the next Annual General Meeting to be held at Guildford,
University of Surrey, on lOth
July 1976. He will propose an
increase of £1 per annum for all
members. The treasurer has, however, been negotiating with the
Inland Revenue with a view to
having this Society listed among
those for which members may
claim the subscription as an
allowance to set against income
tax. At the time of going to press,
a favourable outcome is confidently expected. This will save those
who are liable for UK income tax
an amount close to the proposed
increase.
Future International Biodeterioration Symposia
The Standing Committee for
International
Biodeterioration
Symposia (SCIBS) has now been
re-constituted. It consists of the
officers of the Biodeterioration
Society (Professor T. A. Oxley,
Dr. H. 0. W. Eggins, Dr. D.
Allsopp and Dr. K. J. Seal) plus
Mr. D. Houghton, Dr. R. H.
Tilbury, and Mrs. Sheila Barry
who were elected by the Society's
Council at its meeting on 15th
January 1976. At its brief meeting
in Portsmouth on 19th May 1976,
SCIBS ·elected Mr. D. Houghton
as its Chairman and Mrs. S. Barry
as its Secretary.
iii

The first responsibility of SCIBS
is to be the organisation of the
4th International Symposium, to
be held in Berlin from 28th to
31st March 1978. For its working
meetings, it is anticipated that
SCIBS will co-opt a number of
prominent European members
including Dr. G. Becker who is
Chairman of the local organising
committee in Berlin.

Proceedings of the 3rd Symposium
By the time this Newsletter is in
members' hands, the report of the
3rd International Biodeterioration
Symposium held in the University
of Rhode Island in August 1975
should have been published. It will
be a large volume and is expected
to be more expensive than the
Society would have wished. It will
probably be possible, however, to
purchase separate parts of the
report which will be useful for
persons having specialist interests.
For information on this, members

should write to the publishers,
Allied Science Publishers Ltd,
Ripple Road, Barking, Essex,
England.

Council Elections 1976
We welcome four new Council
members this year, who will serve
for three years: Dr. J. Hedger,
University College of Wales, Aberystwyth, Dr. E. B. G. Jones,
Portsmouth Polytechnic, Dr. L. H.
G. Morton, Preston Polytechnic
and Dr. Agnes H. S. Onions,
Commonwealth Mycological Institute, Kew. Dr. Onions has
previously served on Council both
as an elected and as a co-opted
member.
Mr. D. R. Houghton and Mr.
A. 0. Lloyd continue to serve on
Council as co-opted members
unti11977.
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Papers Presented at a Symposium on
RECENT DEvELOPMENTS IN THE TAXONOMY OF BIODETERIOGEN!C FUNGI
Royal Botanic Gardens, Kew, Surrey (Jodrell Lecture Theatre)
Tuesday, 9th March, 1976
The provision of these abstracts by authors does not constitute formal publication. Those interested should write
direct to authors, not the society.
Title:

Conidiogenous cells in classification of the
hypbomycetes and coelomycetes

Title:

Recent developments in the taxonomy of
basidiomycetes

Author: B. C. Sutton

Author: R. Watling

Address: Commonwealth Mycological Institute,
Ferry Lane, Kew, Surrey TW9 3AF

Address: Royal Botanic Garden, Inverleith Row,
Edinburgh, Scotland EH3 5LR

ABSTRACT

ABSTRACT

Arguments are advanced against the compartmentalisation of classification for various ecological
groups of fungi. Conidiogenesis has and will continue to affect the classification, taxonomy, identification and nomenclature of deuteromycetes.
Various types of conidial development are described, including !hallie, blastic, holoblastic, enteroblastic, phialidic and tretic. Recent advances in
electron microscopy and time lapse photomicrography are used to show how some previous
concepts concerning conidiogenesis must be modified, particularly with respect to annellidic and
phialidic development. Suggestions are made as to
the areas requiring further study by electron
microscopic techniques.

Basidial structure is paramount in classification
although emphasis on septation has blurred true
relationships. Dolipores and clamp-connections,
when present, indicate Basidiomycetes. Agarics,
polypores, and allies are classified on diversity of
fundamental hyphae and their sterile end-cells,
morphology of basidiospores, and position of the
nuclear spindle in the basidium. Developmental
studies in agarics appear significant, as arrangement of hyphae in gill and cap cuticle.
Laboratory techniques designed for culture
identification have assisted in understanding relationships. Imperfect states were discussed and
Basidiomycetous yeasts mentioned.

Title:

Title:

Pyrenomycetes

Moulds: Penicillium and Aspergillus

Author: Agnes H. S. Onions

Author: D. L. Hawksworth

'
Address: Commonwealth
Mycological Institute,
Ferry Lane, Kew, Surrey TW9 3AF.

Address: Commonwealth Mycological Institute,
Ferry Lane, Kew, Surrey TW9 3AF.

ABSTRACT
Monographs on Penicillium and Aspergillus began
to appear early this century. Raper and Fennell's
(1965) monograph on Aspergillus is relatively
recent but many new species of Penicillium have
been described since Raper and Thorn's book in
1949. Recent revisionary work including that on
cleistothecial species was discussed but more is
still required.

ABSTRACI'
The present classification of the Ascomycotina
above the family level is currently in a state of flux
and some reasons for this were outlined. Changing
generic concepts in Chaetomium, Thielavia, and
allied groups were reviewed and the taxonomic
treatment of ostiolate/non-ostiolate generic pairs
discussed. While modern taxonomic treatments of
some Pyrenomycetes involved in biodeterioration
exist, revisionary work in many is still required. In
view of the shortage of workers on Pyrenomycete
taxonomy this situation is likely to continue for
many years.

Characters employed in identification of Penicillium and Aspergillus species were described and
reference made to the problem of separation of
apparently overlapping species. A short bibliography of recent work was produced.
iv
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Title:

Moulds: Mucorales
Title:
Author: Joyce A. Lunn
Address: Commonwealth Mycological Institute,
Ferry Lane, Kew, Surrey TW9 3AF.

Yeasts

Author: R. R. Davenport
Address: Long Ashton Research Station,
Long Ashton, Bristol BS18 9AF.

ABSTRACT
Mucorales are very variable in culture and this
has led in the past to a proliferation of names in
the literature. Recent work on Mucor, Absidia, and
Rhizopus, which has resulted in the reduction of
many species in these genera to synonomy, was
described. A guide to the most recent literature on
these and other genera of the Mucorales was given.

ABSTRACT
Classifying yeasts and industrial problems caused
by biodeteriogenic (i.e. spoilage) yeasts, are
expensive activities. Most investigators identify
yeasts by the methods accepted by the Yeast
Division at C.B.S. (Delft). This places yeasts in
their appropriate taxa; however, in practice, this
classification is unworkable for the inexperienced.
Moreover, for spoilage yeasts, their detection,
significance, and control, are of more importance
than their identity.

Modem concepts in the taxonomy of
Trichoderma
Author: B. L. Brady
Address: Commonwealth Mycological Institute,
Ferry Lane, Kew, Surrey TW9 3AF

Title:

Recent yeast taxonomic studies have re-arranged
yeasts in the fungal kingdom or have shown
relationships within some yeast genera and other
fungi. However, serological methods have given
some rapid identification results but there are some
limitations to this technique.

ABSTRACT
Until recently most Trichoderma isolates have
been referred to T. viride. Rifai, 1969, in "A
revision of the genus Trichoderma" Mycological
Paper No. 116, CA.B. Publications, Farnham
Royal, Slough, Berks., constructed a key based on
morphological criteria and characterised nine
aggregate species. The characters employed and the
use of the key were discussed.

A yeast identification system based on ecological
principles and a selection of identification tests,
can give the significance of spoilage yeasts as well
as saving expense.

FORTHCOMING CONFERENCES, MEETINGS AND COURSES
Dates
19-27 August 1976

Title

Location

15th International Congress of
Entomology

Washington D.C.
U.S.A.

Contact
Dr. Ernest C. Bay
XV International Congress of Entomo·
logy, P. 0. Box 151
College Park, Md. U.S.A. 20740

14-15 September 1976

Symposium on Soil Corrosion

Siofok, Hungary

Symposium Secretariat
cjo Hungarian Chemical Society
Anker koz I
H-1061 Budapest Phone: 427-343

16·18 September 1976

17-19 September 1976

3rd International
IUPACasponsored Sy::Nosium on
Mycotoxins in Foods s

Paris, France

2nd International CoUoquium

Warsaw, ·Poland

75013 Paris, France

russ

"Social Insects in the
Andropogenic Environments"
28-30 September
2-4 November I 976

Mycotoxin Symposium c/o Dr. M.
Jernmali. 16 Rue Nicolas Fortin
Sekcja Owadow Spolecznych PTE
Instytut Zoologii PAN

skr. poezt. 1007
(){)..950 Warsaw, Poland.

The Control of Insects and
Rot in Buildings

Princes Risborough,
England

(3 day course, Fee £21.60)

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

27-31 March 1977

3rd International Symposium
on Environmental Biogeochemistry

Oldenburg,

W. E. Krumbein

Germany

FB IV Universitilt Oldenburg
Postfach 943
D-2900 Oldenburg

Gennany BRD.
27 August- 3 September

2nd International Mycological

Tampa, Florida,

1977

Congress 1977

U.S.A.

Dr. Melvin S. FuJier, Secretary IMC 2
Department of Botany
University of Georgia
Athens Ga. 30602 U.S.A.

5-10 September 1977

8 International Congress
International Union for the

Wagcningen,
Netherlands

Study of Social Insects (IUSS)

v

J. Drijver
International Agricultural Centre
P.O. Box 88, Wageningen, Holland

BIODETERIORATION INFORMATION
CENTRE
SPECIALISED BffiLIOGRAPHIES
Specialised bibliographies are produced from the Biodeterioration Information Centre's document collection
from 1965 as listed in the bibliographic journals Biodeterioration Research Titles (B.R.T.) and Waste
Materials Biodegradation (W.M.B.). The list of titles is regularly increased and we welcome suggestions
for new titles.
Bibliographies may be updated by use of B.R.T. and W.M.B. or purchase of new editions of existing titles.
Copies of papers listed may be purchased from the B.I.C.
Updated January 1976
SB1
Glass, Ceramics, and Optical Equipment-28 references
SB2
Stone, Brick and Concrete--85 references
SB3
Microbial corrosion of metals-250 references
SB4
Microorganisms in metal extraction-100 references
SB5
Marinefou/ing-475 references
SB6
Fouling ofpipelines and water systems-145 references
SB7
Aquatic weeds and fouling ofwaterways-150 references

£2.00
£3.00
£4.50
£3.00
£7.00
£3.50
£4.00

New for 1976 (available Spring 1976)
SB8
Rubber and plastics biodeterioration-235 references
SB9
Fuels, Hydrocarbons and Lubricants in biodeterioration-425 references
SB10 Pharmaceutical products and cosmetics-180 references
SBU Termites-behaviour and control-350 references
SB12 Composting of agricultural and municipalwastes-130 references

£4.50
£6.00
£4.00
£6.00
£3.50

Further Specialised Bibliographies will be added from time to time and requests from users for the preparation
of Specialised Bibliographies on specific topics are welcomed.
Orders for published Specialised Bibliographies or requests for the preparation of Specialised Bibliographies
should be sent to :Dr. D. Allsopp, Biodeterioration Information Centre,
The University of Aston in Birmingham,
80 Coleshill Street, Birmingham, England B4 7PF
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Kuku, Felicia 0. and Adeniji, M. 0. Int. Biodetn. Bull. (ISSN 0020-6164) 12 {2) 1976. 37-41.
The effect of moulds on the quality. of Nigerian palm-kernels.

THE EFFECT OF MOULDS ON THE QUALITY OF
NIGERIAN PALM-KERNELS
Felicia 0. Kukul and M. 0. Adeniji2

Summary. The origin of mould infection, frequency of mould
occurrence and the biodeteriorative effects of moulds on
Nigerian palm-kernels have been studied. An investigation into
the incidence of moulds in J?Rlm-fruit and palm-kernel samples
at different stages of processmg in the Midwest, West, and three
Eastern States of Nigeria was carried out. Internal mould
infection of kernels was widespread after palm oil extraction
when these were left, wet and unshelled, in heaps prior to

Einfliisse von Schimmelpilzen auf die Qualitiit von Palmkernen aus
Nigeria. Griinde fUr Schimmelpilzinfektionen, die Hiiufigkeit
des Schirnmelbefalls und die Schiidigung durch Schimmelpilze
an Palmkemen nus Nigeria wurden untersucht. Die Hiiufigkeit
von Schimmelbefall an Proben von Palmfriichten und Palmkemen in unterschiedlichen Verarbcitungsstadien in einem Staat
im mittleren Westen, im Westen und in drei Ostlichen Staaten
von Nigeria wurde ebenfalls erforscht. Schirnmelpilzbefall an
den Kernen wurde allgemein nach der PalmOiextraktion beobachtet, wenn die feuchten, ungeschfizten Keme vor dem Aufspalten
gcstapelt wurden. Ein Verschimmeln der Friichte fUhrte nicht
notwendigerweise zu einern Verschimmeln der Keme, ausgenornmen bei Uberreifen Friichten, und ein Verschimmeln der
Kerne war nicht direkt mit Lipolyse vcrbunden. 37 vcrschiedene
Schimmelpilzarten wurden isolicrt, I 8 davon das erste Mal von
Palmkemen aus Nigeria. Die schiidlichen Einfilisse von Schimmelpilzen auf Palmkeme werden besprochen, und die Faktoren,
die die biologische·_ Schfidigung begUnstigen, werden hervor·
gehoben.

cracking. Mouldiness of the palm-fruit was not necessarily
correlated with internal mouldiness of the kernels, except in
overripe fruit, and internal mouldiness was not directly cor~
related with lipolysis. Thirty~seven species of moulds were
isolated, eighteen of them for the first time from Nigerian
palm~ kernels. The deleterious effects of moulds on palm~kernels
are discussed and the factors which facilitate deterioration are
highlighted.

El Efecto de los mohos en Ia caUdad de las pepitas de las nueces
de las palmerns nigerlanas. Se han estudiado el origen de Ia
infecci6n por mohos, Ia frecuencia de los casas de moho, y los
efcctos biodeteriorativos de los mohos en las pepitas de las
nueces de palmera en Nigeria. Se hizo una indagaci6n en Ia
producci6n de los mohos en muestras de fruta de palmera y
pepitas de nueces a ctapas diferentes de los procedimientos
industriales en los Estados medio~occidental, Occidental, y t~
Estados orientales deJa Nigeria. La infecci6n interna de las
pepitas por el moho se hallaba muy difundida despues de
extraerse el aceite de palmera cuando de dejaban tales pepitas
mojadas y no descascaradas, en montones antes de romperlas.
No existfa correlaci6n necesaria entre el moho de Ia fruta de Ia
palmera con el moho interior de las pepitas exccpto en el caso
de Ia fruta demasiado madura, 'I cl moho interior no tenia
correlaci6n directa con el lipolysis. Se aislaron treinta y siete
especics de moho, dieciocho de las que se hallaban por primera
vcz en las pcpitas de palmera de Nigeria. Se discuten los efectos
deleterios de los mohos en las pepitas de palmera y se subrayan
los factores que facilitan Ia deterioraci6n.

EfTct des moisissures sur Ia qualite des noyaux de ~Imier du
NigCria, On a CtudiC l'origine de !'infection par les mmsissures Ia
frequence d'apparition des moisissures et les effets biodCtCrioratifs des moisissures sur les noyaux de fruits de palmier du
NigCria. On a fait l'Ctude de !'apparition de moisissures dans des
specimens de fruits de palmier et de noyaux a differentes phases
des operations de fabrication, dans le Centre Ouest, Ouest, et
trois regions de I'est du NigCria. On constatc que !'infection par
moisissures a l'intCrieur des noyaux est largcment prCsente,
apres !'extraction de l'huile de palrne, quand on les a entasses,
humides et non ccaiCs, avant de les ouvrir. L'Ctat de moisissure
du fruit de palmier n'est pas necessairement lie a I'Ctat de
moisissure interne des noyaux, sauf dans Ies fruits trop mUrs,
et l'Ctat de moisissure interne n'a pas de correlation directe avec
Ia Iipolyse. Trente sept especes de moisissures furent insoiCes,
d'ont dix-huit pour Ia premiere fois dans des noyaux de palmier
du Nigc!ria. Les effets nuisibles des moisissures sur les noyaux
sont examines et les facteurs aidant Ia deterioration sont mis en
evidence.

Palm-kernel oil is particularly useful in the production of biscuits, ice cream and biscuit filling cream
where quick melting properties and brittle texture are
desirable.

Introduction

Eloeis guineensis Jacq; is a feather-palm having a
solitary columnar stem with short internodes. The
palm fruit is a drupe which is borne on a large compact
bunch. This drupe is composed of a thin exocarp,
fleshy mesocarp, a hard endocarp or shell and hard
oily endosperm or seed. The endocarp and endosperm
constitute the palm-kernel.

This work deals mainly with palm-kernels and with
how the processing of palm-fruit during palm oil
extraction affects palm-kernel quality and hence the
quality of palm-kernel oil through mould infection.

Palm oil is obtained from the fleshy mesocarp of
the palm-fruit while palm-kernel oil is obtained from
the endosperm of the palm-kernel. Palm-kernel oil
has a different fatty acid composition from palm oil.
The former is more closely akin to coconut oil (from
Cocos sp.) in its fatty acid composition (Coursey
et ol., 1963).

Nigeria is the largest supplier of palm-kernels to the
world market (Coursey et al., 1963) and the revenue
accruing annually from this produce amounted to
about N48 million before the 1967 civil war in the
country {Anon, 1966).

!Scientific Officer at the Nigerian Stored Products Research Institute, Ibadan, P.M.B. 5044.
2Senior Lecturer, Department of Agricultural Biology, University of Ibadan, Nigeria.
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The value of kernels depends largely on their
quality and the various uses to which the kernels are
put make high quality of this produce most desirable.

moulds from t!ie contaminants. The inoculated
culture media were usually incubated at room temperature (about 25'C) for two weeks and the moulds
which failed to grow at this temperature were further
incubated at two higher temperatures (37' and 50'C)
to determine if the moulds were thermophilic. When
the moulds were fully grown small portions of the
culture were transferred onto a sterile slide, stained in
one per cent aqueous lactophenol blue, examined
under a microscope and identified. Fungi that could
not be identified were sent to the Commonwealth
Mycological Institute, Kew, England for identification.

Apart from insect infestation another cause of
deterioration in Nigerian palm-kernels is mould
infection. Though mould infection is favoured mainly
by high moisture in the produce, insect infestation
may also facilitate mould attack.
The deleterious effects of these moulds may be
manifested as high free fatty acid content, low oil
content or discolouration of the kernels. The resulting
oil from mould infected palm-kernels may also be
difficult to bleach. (Cornelius, 1966).

Moisture content analysis
Kernels were ground in a grinder and weighed.
The ground meal was dried to constant weight in an
oven at 105'C. Moisture content was calculated from
the weight loss and expressed as a percentage of the
original weight.

Since the relative humidity of the atmosphere of
storage affects the moisture content of the produce,
it is not surprising that mould infection is more
pronounced in the humid parts of Nigeria where the
relative humidity is usually above the recommended
70 per cent level for safe storage (Somade, 1955;
Hall, 1963).

Determination of oil content
Twenty grams of palm-kernel meal was accurately
weighed into a soxhlet extraction thimble. The oil
was extracted for 4-l: hours using petroleum solvent
(boiling range 40'-60'C). The oil content was calculated from the weight loss of the palm-kernels on
extraction.

Because of this climatic handicap in some parts of
the country, it is necessary and worthwhile to seek
ways of reducing mould infection in Nigerian palmkernels, even if artificial methods of drying have to be
employed.
Materials and Methods
Collection of samples
Palm produce was collected from different parts of
palm-fruit producing areas of Nigeria at different
periods of the year for three years. Palm-fruits, prestorage and post-storage palm-kernels were obtained
from oil mills, local processors and commercial stores
in the Western, Midwestern, Rivers, South Eastern
and East Central States of Nigeria.

Determination offree fatty acid
Kernels were ground up and oil was extracted from
the ground kernels in a soxhlet extractor. After
removal of the solvent from the extracted oil, the free
fatty acid (ffa) was determined by titration with an
alcoholic solution of the oil with N/2 aqueous sodium
hydroxide using phenolphthalein as indicator. The
ffa was expressed as lauric acid.

Isolation of moulds
One hundred kernels from each sample, from each
town, were surface sterilised by shaking them vigorously in Milton solution (I % sodium hypochlorite and
16.5% sodium chloride) for three minutes followed
by rinsing in three changes of sterile water. The kernels
were then cut open aseptically with a flamed chisel
(Kuku, 1969) on a slate previously cleaned with
methylated spirit and flamed. The cut surfaces were
examined under the stereoscopic microscope to check
for mouldy kernels. The number of kernels showing
internal mould in the 100 which were examined from
each sample was recorded as the per cent mouldiness
of that sample.

Results and Discussion
The fungi isolated from the kernels in the various
States are listed in Table I. Thirty-seven mould species
were isolated in all. Nine of these were aspergilli,
three were penicillia and the others were mainly
phycomycetes and members of the Fungi Imperfecti.
Thirty•five of these thirty-seven species occurred in
the Mid-Western State alone, followed by the three
Eastern States with 19 species while 16 species were
recorded in the Western State.
In the Western and East Central States Rhizopus
arrhizus had the highest occurrence of 28.7 per cent
and 28.6 per cent respectively. The results further show
that the kernels infected with Aspergillus jlavus (a high
moisture loving mould) in the Western State come
mainly from Okitipupa, a very wet part of the State.

Mould growth on each kernel was inoculated thrice
on to each medium, (malt extract agar, M40Y', and
Czapek's agar) in order to distinguish the causative

I M40Y, otherwise known as Harrold's agar:- Malt extract 20g, sucrose 400g, yeast 5g, agar 20g, and water
to 1 litre.
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TABLE 1

The occurrence of ten thermophilic moulds (occurring mainly in palm-kernels from oil mills) and thirteen
soil fungi, is further evidence of careless handling of
palm-kernels during palm-oil extraction. The thermophilic moulds, namely Absidia blakesleana, A. ramosa,
Aspergillus fumigatus, Chaetomium fusisporale, Geotrichum sp., Mucor pusillus, Penicillium duponti,
Paecilomyces varioti, Scopulariopsis fusca and the
thermophilic actinomycetes, thrive in the high temperatures occurring in the big heaps of unshelled palmkernels which are common at the oil mills. The soil
fungi, namely: Aspergillus chevalieri, A. jlavus, A.
fumigatus, A. niger, A. ruber, Chaetomium fusisporale,
Circinella muscae, Fusarium so/ani, F. redo/ens,
Paeci/omyces varioti, Penicillium citrinum, Pyrenochaeta sp., and Scopulariopsis fusca can easily penetrate these kernels when they are in direct contact
with the bare ground.

Mould Species isolated from the Interoally Mouldy Keroels

aPercentage occurrence in
each State

Three

Mid
Name of Moulds

•*Absidia blakesleana Lendner
•*A. ramosa (Lindt) Lendner
Aspergillus amstelodami (Mang)
Than & Church
t+M. chevalier/ (Mang) Thorn
Church
t+M. jlaVlts Link
tt-JA.fumigatus Fresenius
t+M. niger Van Tieghem
tVA. ruber (Konig, Spieck &
Bren) Than & Church
A. restrictus Smith
A. tamarii Kita
A. terreus Thorn
't.Botryodiplodia theobromae Pat
• t.*Chaetomium fusisporale
Rar Mukerji
• Chrysosporium inops Carmichael
•tcircinella muscae (Sorokin)
Berlese de Toni
•tFusarium redo/ens Wollenw
~Fusarium so/ani (Mart) Sarc
•*Geotrichum sp.
• Macrophomina phaseo/ina
(Tassi) Goid
*Monascus ruber Van Tiegbem
•*Mucor pusillus Lindt
Mucor racemosum Fresenius
Neurospora silophila Shear
& Dodge
t.~*Paecilomyces varioti Bainier
tf.'fPenicillium citrbzum (Than)
*P. duponti (series)
P. imp/icatum (Biourgc)
Philophora richardsiae (Nannf)
Co rant
Phia/osporum sp (Udagawa)
•P/europhragmium sp
• f.Pyrenochae/a sp
Rhizopus arrhizus Fischer
R. chohnii
• t* Scopulariopsis fusca Zach.
fSyncephalastrum racemosum
(Cohn) Schroet
•Trichoderma aureo viride
Rifai agg.
*Aclillomycetes

Western Western

Eastern
States

-

o.s

6.S

-

3.7

-

1.6

5.0
5.4
7.S
4.5

3.S
1.5
11.8
5.0

3.2
10.4
2.4
4.4

0.28
-

-

-

0.28

-

-

0.28

-

0.25

o.s

2.0
2.4
1.4

0.25
0.25

-

1.0
0.25

-

-

4.4
4.4
0.25
2.4
3.S

0.28
13.98
2.5
0.84

0.25
8.8
0.75
4.1
0.25

-

0.84

-

0.8

-

1.0
2.6

1.4
-

-

0.8

1.5

-

10

-

2.0

-

3.6

-

6.0
6.4
4.8

-

-

28.6
4.1

17.3

6.5

8.9

-

1.2
0.5

--

-

-

Another adverse effect of moulds on oil seeds is
lipolysis (breaking down the fats into fatty acids
thereby reducing the oil contents). Seven of the moulds
isolated (Aspergillus chevalieri, A. jlavus, A. niger, A.
ruber, Paeci/omyces varioti, Penicillium citrinum and
Syncephalastrum racemosum) are known to have
lipolytic abilities (Coursey eta/., 1963). The occurrence
of these moulds is most undesirable in palm-kernels
which are sold on the basis of their oil and free fatty
acid contents.

-

0.75
0.25
1.5
2.0
0.25

28.7

Five of the moulds isolated (Aspergillus chevalieri,
A. jlavus, A. fumigatus, A. niger, and Penicillium
citrinum) are known to have toxin-producing strains
(Kinosita and Skikata, 1964, Bamburg et al., 1969).
It is therefore significant that these moulds occurred
in all the States involved with somewhat similar
frequencies. Since toxin-producing moulds are known
to adversely affect livestock fed on meals infected
with them (Anon. 1966), it is most desirable to limit
their occurrence to the minimum in palm-kernels.

-

Mould deterioration of palm-produce before palm-oil
extraction
1. External mouldiness of palm-fruit.
The palm-fruits from the oil mills are usually fresh.
Occasionally, the fruits may be accidentally wetted or
allowed to ferment due to transport delays especially
where the mills are far from the palm-tree plantations.
One such case was seen, where the palm-frnits had
fermented and appeared very mouldy.

a

Percentage expressed from a total of internally mouldy
palm-kernels from each State
• = Isolated for the first time from Nigerian palm-kernels
t = Mould species known to have toxin-producing strains
~ = Soil fungi
'i = Lipolytic species
* = Thennophilic moulds obtained from oil mills.

The moulds show an ecological trend, high moisturedemanding strains e.g. A. jlavus, and R. arrhizus
occurring in the wettest parts of all the States, whereas
xerophytic strains e.g. Aspergillus glaucus group, A.
res/rictus sp. occur in the dry parts of these States.
This confirms Snow's findings of 1949 that the relative
humidity of the atmosphere affects the mycoflora
occurring in any particular environment.

At the local processing sites, palm bunches are
deliberately left for a few days after harvest to facilitate
easy removal of the fruits. Consequently a great
portion of the fruits get mouldy. Isolates from the
superficial mould growth of palm-fruits from the
Western State were found to be mainly Rhizopus
arrhizus and Mucor pusi/lus while Aspergi/lusjlavus and
A. niger predominate in the palm-fruits from the
Midwest (Kuku & Broadbent, 1973) and the three
Eastern States.

Eighteen of the moulds isolated were obtained for
the first time from Nigerian palm-kernels.
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2. Internal mouldiness of palm-kernels
Results of examinations of palm-kernels from
externally mouldy palm-fruits reveal that kernels from
such fruits are not usually internally mouldy. On the
other hand the kernels from over•ripe fruits picked
from underneath trees were found to be very mouldy.
For example, 10.3% internal mouldiness was recorded
from the total number of over-ripe fruits in the
Western State. (Table 2). These results indicate that
promptly harvested palm-fruits do not normally yield
internally mouldy palm-kernels.

Whatever the variation in the methods adopted by
the local processors in the different States, the end
product, unshelled palm-kernels, are usually dumped
carelessly in a heap where they easily become mouldy
and heat up.

Mould deterioration of kernels after palm-<~il extraction

The oil mills receive whole palm-fruit and also
palm-kernels, processed locally as described. Large
quantities of the whole fruit are processed and hence
large heaps of kernels accumulate. In both Western
and Midwestern States, the highest percentages of
mouldiness and free fatty acid content were recorded
at oil mills (Tables 2 and 3). It appears that the general
careless treatment of palm-kernels after palm-oil
extraction is responsible for the high percentage
mouldiness in the kernels.

In the Western State, the Yorubas usually first boil
the palm-fruits for several hours after which the
palm-fruits are either pounded or mashed with the
feet, water being added at intervals, until the fibres
are completely separated from the kernels. The crude
oil which accumulates on top of the water is skimmed
off and reboiled.

As shown in Tables 2 and 3 there was no direct
relationship between the different methods of palm-oil
extraction and the incidence of mouldiness. It appears
that the physical conditions to which the kernels are
exposed after palm-oil extraction is a more important
factor in determining the level of mouldiness in the
palm-kernels.

Apart from the boiling method, the Midwesterners
also practise a fermentation method, whereby the
palm-fruits are allowed to ferment and, without further
boiling, the oil is extracted. In the three Eastern
States, the boiling method is quite widespread.

There is also an indication from Tables 2, 3 and 4
that a very high free fatty acid is not necessarily
obtained from palm-kernels with high percentage
mouldiness. This is because only the lipolytic moulds
will effect changes in the percentage free fatty acid
content of the kernels.

TABLE 2
Average internal mouldiness, oil and free fatty acid contents of palm produce of Western State origin
No.
of

%
Internal
Oil
Kernels Mouldiness Content

Sampling Details

Kernels of fruits awaiting
palm oil extraction

170

Kernels of overripe fruits
collected beneath palm trees

300

Kernels of fruits from which palm oil

500

1500

0

FFA
Content

48.5%

0.42%

47.9%

0.66%

9.1

48.0%

0.79%

19.87

44.4%

2.96%

10.3%

was extracted by the boiling method

Kernels of fruits from which palm oil

was extracted at the oil mill

TABLE 3
Summary of laboratory analyses of Mid-Western State kernels
after different methods of palm-oil extraction
No. of
Internal
Oil
Samples* Mouldiness Content

Method of oil extraction

FFA
Content

Traditional boiling method

8

16.5%

52.1%

2.73%

Traditional fermentation method

2

0.7%

40.6%

2.62%

Oil Mill

3

47.6%

54.2%

2.88%

*Each sample consists of 200 palm-kernels
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TABLE 4
Results of Laboratory Analysis on Polm·kemcls from the East Central State
PERCENTAGES

Source of Sample
Umukrushe

Sample details

No. of

Samples•

Mouldiness

Oil
Content

F.F.A.

Content

Bagged palm-kernels
(shelled)

2

45

54.4

9.6

Bagged palm-kernels
ready for evacuation

3

17.5

56

6.7

South Eastern State
(obtained at Calabar Port)

Bagged palm-kernels

2

19

48

9.4

Calabar Oil Mill

Dried (shelled) palm2

10

54.3

4.1

2

18

53.3

6.9

Palm-kernels

2

10

59.41

1.09

Shelled, bagged

2

26

54.0

9.8

2

13

52.55

1.82

3

17.4

51.30

2.98

East Central State

Chokchoche Oil Mill
(Etcho Division)
Calabar Oil Mill

Rivers State Palm kernels
obtained at Port Harcourt
Port
Chokchoche Oil Mill

kernels
Shelled palm·kemels

ready for bagging
after drying
(Unshelled)

Unshelled palm-kernels
stored for three months

Palm-kernels from

Rumurokrushe (Port
Harcourt) Oil Mill

fermented palm-fruits

Local Processor at

Shelled palm·kcrncls

Calabar

stored for a week

2

50

49.2

6.1

Rumuolumuni Oil Mill

Unshelled wet palmkernels left carelessly
in a heap for four
weeks

2

18

55.88

5.64

Shelled palm·kcrncls
obtained one week
after cracking

2

25

54.70

4.33

•Each sample consists of 200 palm-kernels.

Kinosita, R. and Shikata, J. (1964) On toxic mouldy
rice. In: Mycotoxin in foodstuffs (ed. by Wogan,
G. N.) 111-132.
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The toxicity of the synthetic pyrcthroid NRDC 143 to some wood-boring insects.

THE TOXICITY OF THE SYNTHETIC PYRETHROID NRDC 143
TO SOME WOOD-BORING INSECTS
R. W. Berry
Die Toxizitiit l·on synthetischem Pyrethroid NRDC 143 gegeniiber
einigen holzzerstiirenden Insektcn. Die ToxiziUit des neu entwick·
elten Pyrethroid NRDC 143 wurde gegenG.ber Lyctus
brunneus, Hylotrupes baja/us und Reticulitermes santonensls
untersucht. In allen Fallen entsprach die Tox.iziUit der von
y-HCH oder lag etwas dariiber. Eine Untersuchung der Verdunstungsverluste bei normaler Raumbeleuchtung zcigten, dall die
Dauerhaftigkeit des Insektizids vielversprechend ist. Die
MOglichkeiten, NRDC 143 Hol:zschutzmittei-Formulierungen
zuzusetzcn und die weitere Prlifarbeit werden besprochen.

Summary. The toxicity of the newly developed pyrethroid
NRDC 143 to Lye/us brunneus, Hylotrupes bajalus and Reticu/itermes santonensis has been investigated. In each case the
toxicity is of the same order, or somewhat greater than, that of
gamma-HCH. An examination of the effect of evaporative
ageing in normal room lighting showed the insecticide to have
a promisingly high degree of permanence. The possibilities of
incorporating NRDC 143 in wood preservative formulations,
and the further test work required, are discussed.

La toxicidaddcl SintCtico Pyrethroid NRDC 143 para ciertos
insectos horadorcs de Ia madera. Se ha indagado Ia toxicidad del
pyrethroid NRDC 143 recien derarrollado para Lyctus brun·
neus, Hylotrupes bajalus y Retlculitermes sanlonensi's. En cada
caso Ia toxicidad resulta scr del mismo indole que Ia del ganunaHCH o acaso superior. Un exarncn del efecto del envejecimiento
evaporative en Ia iluminaci6n normal para las habitacaciones
mostr6 que el insecticida posefa un altro grade altentador de
durabilidad. Se discuten las posibilidades de asociar el NRDC
143 en formulaciones preservativas de Ja madera y tambiCn el
trabajo de prucbas mas amplias que se necesitar.in.

Toxicite du pyrcthroide NRDC 143 synthCtique quant nux
insectes perceurs du bois. La toxicitC de pyrethroide NRDC
143 recemment crCe envers Lyctus brunneus, Hy/otrupes baja/us
et Reticulitermes santonensis a ete analyse. Dans chaque cas, Ia
toxicitC est du meme ordre, ou un peu plus forte que celle de
gamma-HCH. Une exarnen de revaporation due a !'action du
temps, ala lumiere normale intCrieure, montre que cet insecticide
possede un encourageant haut degre de permanence. On
considere lcs possibilit6s d'incorporation du NRDC 143 dans
Ia formulation des produits de conservation du bois.

gamma-HCH 0.0082 per cent to 0.0130 per cent
(13.2-20.8 mg/mZ)

Introduction
The effectiveness and low mammalian toxicity of
the natural pyrethrins and their synthetic derivatives,
such as resmethrin and bioallethrin, against household ,
insect pests is well known. The range of application
of these compounds is limited however, because they
are sensitive to U/V light and are unstable under
normal light conditions. The development at the
Rothamsted Research Station of a range of new
synthetic pyrethroids with greatly increased stability
has therefore caused considerable interest amongst
formulators of insecticidal products.

One of the most important properties of an insecticide for use in a wood preservative is long-term
permanence, many remedial treatment organisations
giving 20 year guarantees. Although long-term tests of
permanence under natural conditions are not practical,
artificially enhanced ageing techniques have been
employed at this laboratory to enable a comparison
of the permanence of NRDC 143 and gamma-HCH
to be made.

Particular interest has been stimulated amongst
formulators whose products contain persistent organochlorine .insecticides such as dieldrin and gammaHCH, since these materials are attracting increasing
criticism on environmental grounds. One of the major
non-agricultural uses for these chemicals is in wood
preservatives.

A repeat of the EN46 test after ageing of the treated
blocks for 3 months at 40°C showed NRDC 143 to be
at least as resistant to evaporative ageing over this
period as is gamma-HCH. 0.01 per cent (16.0 mg/m2)
NRDC 143 allowed no survival or boring whereas
O.D25 per cent (40.0 mgfm2) gamma-HCH allowed
boring and one survivor out of fifty larvae.

The Princes Risborough Laboratory of the Building
Research Establishment has been investigating the
activity of one of the most promising of the new
pyrethroids, NRDC 143, in comparison with gammaHCH against a number of wood destroying insects,
with encouraging results.

Lyctus brunneus using the Enropean Standard EN 20

Tests of NRDC 143 and gamma-HCH against
(BS 3653) showed the two compounds to have the
same order of toxicity. Toxic limits of 0.005 per cent
to 0.020 per cent (solutions in toluene applied by
I minute dip) were obtained for both insecticides.

Experimental
Toluene solutions of the insecticides were tested
against newly hatched larvae of Hylotrupes bajalus
using the glass plate technique described in draft
European Standard EN 46. Application of the
solutions was by pipette at a surface loading of 160
gfm2. The following toxic values were obtained.
NRDC 143

Tested against Reticu/itermes santonensis nsing the
French Standard NFX 41-505 (Part VI B) NRDC 143
gave a higher degree of protection to treated wood
strips than did gamma-HCH. A 0.5 per cent solution
(385 mgfm2) or NRDC 143 allowed only negligible
surface gnawing whereas 0.5 per cent (385 mgfm2)
gamma-HCH allowed complete perforation of the
test sample. (Both solutions were applied at a
loading of 100 mlfm2.)

0.001 per cent to O.Ql per cent
(1.6-16.0 mgfm2)
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A method for studying the growth of soft rot fungi in wood veneers.

A METHOD FOR STUDYING THE GROWTH OF
SOFT ROT FUNGI IN WOOD VENEERS
L. E. Leightley and R. A. Eaton!
.Ein Verfahren zur Untl.'rsucbwlg des Wachst um~ \On Modcrfliulepilzen in Holzfumitrcn. Das Wachstum von Modcrfaulepilzen
und die !Jildung von Kavernen in llolzzcJiw;indcn wurden mit
Hilfc ci nes neuen Vcrfahrcns untersueht, indcm dUnnc bcimpfte
Ho lzfurnicrc in cine Jx.sondcre Versuchskammcr gcbrac:ht
wurden. Die Entwicklung von einzclnen Kavcrncn von der
er~ten bis zur letztcn Phase wurde photographisch bci starker
Vergrof.lerung fcstgchaltcn, ohnc Stiirung des Mycclwachstums.
l n der Kammer bcfandcn sich mchrt:rc verschiedene Palzc.
Dadurch konnte die Entwicklung vcrschicdcner Pilzarten untcr
glcichcn physikalischen Ded ingll ngcn bcobachtet wcrden.

S ummary. The growth of soft rot fungi and the formation of
cavities in wood cell walls was studied using a new me thod
involving inoculation of stcrili1cd thin wood ~enccrs placed in
a special decay chamber. The development of single cavities
from initial to fina l stages was photographically recorded at
high magnifica! ion, without disturbance to m~c.:clial development. The chamber accommodates several different funga,
allowing simultaneous ob~crvation of the development of various
fungi under identical physical conditions.

Un Mctodo de estudiar el erecimicnto de los hongos de Ia podrcdumiJrc blnnda en las hojas de ch:lpC'.Jr hccluts de madero. Se
cstudiamn cl crecimiento de los hongos dc Ia podredumbrc
blanda y Ia f<Jrmaci 6n de huccos en las p:ucdcs dc las celulas
de Ia madera, y para esto se utilit6 lin mctodo nuevo que
necesitaba Ia inoculaci6n de delgadas hojas de ehapear cstcri liLadas colocadas en una dtmara especial para pudrirsc. El
desarrollo de scndos huccos dc~de Ia etapa inicial hasta Ia
final ~e rcgistr6 por fotografias de aha magnificaci6n. sin intcrrumpir el desarrollo micella!. .l:.n Ia c<\rnara de podrcdumbrc
cabcn varios hongos diferentes, Jo que pcrmite una observaci6n
simultanca del desarrollo de los diversos hongo~ en condiciones
fis icas idcnticas.

M cthodc d' etude de Ia croissance des chnmpignons de pourriturc
molle dans ll'S plncages de bois. On a ctudie Ia croissance des
champigoon~ dc pourriturc mollc ct lu forma tion de cavites dans
lc~ parois cc llulairc.~ du bois. a !'aide d'une nouvelle methode
comportant l'moculation de minces placagcs dc bois sterilises
qu'on place dans unc chatnbre a pourriturc specralcrncnt concue.
On enregistrc photogr<~phiquement avec fort agrand i ~M!me nt. le
dcvcloppmcnt des cavitcs, unc a Ia fois. des phases initiates aux
phase~ finales, sans dcrungcr le developpcmcnt des ch;tmpignons.
La chambrc pcut contenir plu~ieurs sortcs de champignons,
pcrmcttant a insi !'observation simullan~e de Ia croassam:e de
datfcrents champignons dans d'idcntiquc~ conditions physaq ucs.

Introduction
The formation of soft rot cavities in wood cell walls
has been investigated by many workers in recent years,
but few have monitored the development of cavities
by continuous observation. Lundstrom (1970) devised
a successful method for continuous observation of
cavity development. The method consisted of a glass
petri dish containing wood shavings supported over a
glass t ube wi th their ends held in malt agar. Microscopic observations at low magnification were carried
out through the lid of the petri dish. An alternative
technique using thin wood sections mounted on agar
cubes on microscopic slides and inoculated with a
soft rot fungus, was developed by Casagrande and
Ouellette (1971).

A new method has been devised to all ow continuous
observation of the growth of soft rot fungi and cavity
formation at high magnification, without contact
between the wood and supporting agar in the region
of examination or disturbance to mycelial development.

Figure l. Culture chamber.

Materials and Methods
Steri lin plastic boxes (100 mm x 100 mm) "Repli
dishes J03" containing 25 separate compartments
were used as culture chambers. The dish lids were
modified by cutting out two strips and replacing them
with glass coverslips (Chance Propper No. 0, 24 x
50 mm). These were held in place with 'Araldite'
adhesive and finally scaled around the edges with clear
varnish (Fig. I).

Wood veneers (50 x 5 mm) of Scots pine (Pinus
syll>cstris) sapwood and beech (Fagus sylvatica) were
prepared by sectioning on a Reichert sledge microtome. To allow ease in sectioning the wood was first
vacuum impregnated with wat~.:r. Veneers were obtained in the tangential longitudinal plane between 20-25 f.1.
thick and were sterilised by autoclaving for 15 minutes
at 15 p.s.i.

!Department of Biological Sciences, Portsmouth Polytechnic, King Henry 1 Street, Portsmouth, POI 2DY.
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The plastic boxes are retailed in a sterile condition.
The central and outer compartments were aseptically
filled with sterile distilled or seawater Abrams (1948)
agar. Sterile veneers were placed across the top of the
empty compartments with their ends dipping into the
molten agar. As the agar solidified the veneers were
held in place forming a bridge.

maintained on slopes of seawater and distilled water
Abrams agar, together with a small piece of cellulose
filter paper (Whatman's No. 1) to induce cellulase
activity. Incubation was carried out for 2 weeks at
22'C. Scrapings of fungal mycelium were aseptically
transferred into the central compartments of culture
chambers which were placed in plastic boxes and
incubated at 22'C in the dark. A moist atmosphere
was maintained using wet tissue paper at the base of
each box. The fungi grew into veneers of both wood
species and regular microscopic examination to
follow the development of the fungi was carried out
using a x 50 oil immersion objective lens. To aid
periodic examination of the same region of each
veneer an aluminium plate was constructed to reposition the culture chamber on the microscope
specimen stage (Fig. 3). Vernier readings were recorded
at each observation time and used as co-ordinates for
subsequent observations.

Five veneers of Scots pine and five veneers of beech
were placed in each culture chamber. The original lid
was replaced by a modified version, previously
methanol sterilised, with the coverslips being positioned over the wood veneers (Figs. 1 and 2). Condensation
which formed under the lid assisted in the adhesion of
the veneers to the underside of the coverslip.

Zalerion maritimum and Chaetomium cochlioides
were isolated from wood exposed in seawater and
brackish water cooling towers respectively. They were

MICROSCOPE OBJECTIVE
GLASS COVERSLIP
/ ;

INOCULUM
GLASS COVERSLIP

Jl'

/

AGAR

PI E
VENEER

BEECH
VENEER

Figure 2. Diagrammatic representation of culture chamber.

results revealed a halo effect around the penetration
hypha during its progress toward the middle lamella.
This halo was of greatest width at the middle lamella
and tapered towards the slightly expanded portion of
the penetration hypha in the S3 region (Fig. 4 :4). This
may be due to enzymatic activity around the penetration hypha.

Results
I. Zalerion maritimum actively grew into veneers of
both Scots pine and beech. Hyphae were observed
within the lumina of tracheids and vessels during the
first 5 days following inoculation; after this time fine
penetration hyphae were noted growing into the
tracheid walls of Scots pine. The growth of one such
penetration hypha was monitored for a period of 33
hours (Fig. 4:1, 2 and 3). The hypha reached the
middle of the cell wall after 5 hours had elapsed.
Examination after a further 28 hours revealed that
the hypha had stopped growth at the middle lamella.
No further growth was observed. The photographic

During a 30 day observation period there was an
absence of soft rot cavity development. Attack of the
wood cell walls was restricted to the formation of
penetration hyphae, many of which were seen to pass
through several adjacent cells.
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2. Chaetomium cochlioides was incubated for 21 days
at which time several soft rot cavities were observed.
The progressive enlargement of 2 cavities was followed
over a subsequent II day period (Fig. 5:I, 2 and 3).
The upper cavity showed a fine proboscis hypha
(arrowed (a)) emerging from the pointed end of a
mature cavity. This proboscis showed a rapid elongation of IO 11m during a 2 day incubation period,
without a similar increase in width. At the opposite
end of the same cavity a proboscis hypha 12 11m long
developed during the same time period (arrowed (b)).
The lower cavity did not have such a fully developed
proboscis at the first observation but did show an
early stage (Fig. 5:1 arrowed (c)). Successive observations (Fig. 5:2 and 3) showed cavity enlargement and
the formation of a proboscis IO 11m in length at the
cavity tip. Fungal development and the formation of
cavities in the wood cell wall was quite obvious in the
final observation (Fig. 5 :3) when serious cell wall
degradation was seen to have occurred.

1
5 HOURS

2

Figure4. Progress of a penetration hypha of Z. maritimum through a tracheid cell wall of Pinus sylvestris.
1. Initial penetration.
2. Penetration after 5 hours.

3. Penetration after 33 hours.
4. Penetration after 70 hours.
Magnification approx. X 2,300.

Figure 3. Microscope and culture chamber arrange-

ment as used for continuous observation.
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10um ,

2

10)..lm
3

Figure 5. Development of cavities in Pinus sylvestris caused by Chaetomium cochlioides.
1. Cavity formation after 21 days incubation.
2. Cavity development after 23 days incubation.
3. Cavity development and cell wall degradation after 32 days incubation. Magnification approx. x 2,300.
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The rate of development of the penetration hypha
of Zalerion maritimum was 0.67 pm/hr and the rate of
development of proboscis hyphae of Chaetomium
cochlioides was 0.21 pm/hr for each cavity. Using
this technique it is possible to measure the rate of
hypha! penetration and cell wall degradation of individual fungi and thus obtain comparative information
on their decay ability in the same environmental

Discussion

The results illustrate the usefulness of a method
allowing the continuous microscopical observation of
a developing soft rot cavity. Results for attack in
beech fibres are not presented due to the complex
nature of beech wood which did not lend itself to
photomicrography. The method offers the advantages
of high magnification work under aseptic conditions;
simultaneous accommodation for several different
fungi, together with the possibility of altering physical
conditions such as temperature, light and moisture
whilst observing cavity formation.

situation.

As the fungi and cavities develop cell wall degradation occurs, causing a loss in clarity of photographic
results (Fig. 5 :3). This is due to optical focusing
problems and also the overgrowth of superficial
mycelium which obscures observations.
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ADAPTATION TO FUNGICIDES OF FUNGI DAMAGING PAPER
2 INFLUENCE OF ADAPTATION ON SPORE GERMINATION
AND BIOSYNTHESIS OF CELLULOLYTIC ENZYMES
Alicja B. Strzelczykl
Adaptation papierzerstOrender Pilzc an Fungizide. 2. Der
EinfluB der Adaptation auf die Sporenbildung und die Biosynthesc
von cellulolytischen Enzymen, Das AusmaB dcr Sporenbildung
und die Aktivitat von C 1 und Cx Ccllulasen wurde an Pitzen
untersucht, die sich an Fungizidc gewOhnt batten. Es wurde
festgeste11t, daB Fungizide die Sporenbildung deutlich hemmten.
Die sUirkste Wirkung ging von Phenylquecksilberacetat aus.

Summary. The intensity of spore germination and activity of C 1
and Cx cellulases were studied in fungi adapted to fungicides.
It was found that fungicides distinctly inhibited the intensity of
spore germination. The strongest action was exerted by phenyl
mercuric acetate. The activity of C 1 cellulases was in general
lower in fungi adapted to fungicides than in non-adapted ones.
However the Cx cellulases were proportionally more active in
adapted than non-adapted strains despite the inhibition of fungal
growth. Growth of these fungi was equal in media with and
without fungicides.

Die AktiviHit der C 1 Cellulasen war bei Pilzen, die an Fungizide

gewOhnt warcn, im allgemeinen geringer als bei jenen, die nicht
an Fungizide gewOhnt waren. Die Cx Cellulasen warcn trotz der

Hcmnmng des Pilzwachsturns im VerhSltnis aktiver bei den
angepaBten als bei den nicht angepaBten Stammen. Das
Wachstum der Pilze war in NahrlsOungen mit und ohne Zusatz
von Fungiziden gleich.
Adaptation nux fongicides des champignons qui endommagent Je
papier. 2. Effet de l'ndnptatlon sur Ia germination des spores et 1n
biosynthese des enzymes dissolvnnt la cellulose. On a CtudiC
l'intensite de Ia germination des spores et l'activitC des enzymes
dissolvant Ia cellulose C 1 et Cx dans les moisissures adaptCes
aux: fongicides. On a observe que les fongicides inhibaient
clairement l'intensitC de la germination des spores. L'acCtate
phenylmercurique avait lc plus d'cffet. L'activitC des enzymes
dissolvant Ia cellulose C 1 Ctait en gCnCral plus faiblc daqs les
moisissures adaptees aux fongicides que dans celles non adaptCes.
Cependant les enzymes dissolvant Ia cellulose Cx Ctaient proportionellement plus actives dans Ies especes adaptCes que dans
celles non adaptees malgre !'inhibition de Ia croissance des
moisissures. Le dCveloppement de ces moisissures etait Je
meme dans des milieux avec ou sans fongicides.

AdaptaciOn de los bongos destroctores de1 papel a Jos fungicidns.
2. Influjo de la adaptaciOn en Ia germinaci6n de las esporas y Ia
biosintctis de los enzymas celuloliticos. Se estud.i6 en los bongos
adaptados a los fungicidas Ia intensidad de Ia germinaci6n de las
esporas y Ia actividad de los celulases C 1 y Cx. Se hall6 que los
fungicidas inhibfan definitivamente Ia intensidad de Ia geminaci6n de las csporas. La acci6n mas fuerte se ejercfa por el acetate
phenyl mercUrico. La acticidad de los celulases C 1 era par lo
general menos grande en los bongos adaptados a los fungicidas
que en los bongos no adaptados. Sin embargo, los celulases Cx
eran proporcionalmente mas actives en las variedades adaptadas
que en las no adaptadas, a pcsar in de Ia inhibici6n del crecimiento hongal. El crecimicnto de tales bongos era parccido en
medias con o sin fungicidas.

decrease in cellulase activity. Inhibition of the synthesis
or activity of the fungal cellulases seems to be an
important step in the protection of ancient paper.

Introduction
In studies on the viability of fungi, spore germination
is usually considered to be one of the most sensitive
tests. It was found that conidia easily adsorb chemical
compounds from the substrate on which they develop,
and respond quickly to their presence. The fungicides
inhibiting spore germination affect both respiration
and nutrition of the fungus. It was demonstrated in
studies of McCaHan and Miller (1963) that the active
fungicide ions accumulate on the surface of the spore
already after a few minutes contact of the spore with
the fungicide. Later on, fungicides inhibit spore
germination and cause germ tube deformation in
fungi (Strzelczyk, 1968).

The work reported here concerns the effect of
fungicides on spore germination and production of
cellulases in fungi. The intention of this research was
also to learn whether or not fungi which have been
adapted to fungicides regain their cellulolytic activity
in media without fungicides and whether the activity
of cellulases is in proportion to biomass production in
fungi. Also the reaction to fungicides of spores of
fungi adapted and non-adapted to these chemicals was
studied.

Among the cell components the most sensitive to
fungicidal action are the enzymes; fungicides affect
either their synthesis or activity. This results in growth
inhibition or complete inactivation of the fungus.
Fungicides may exhibit a similar action on the
cellulases.

Materials and methods
Influence of adaptation of fungi to fungicides on spore
germination

The studies were carried out with the following
fungi: Mucor christianiensis, Penicillium corylophilum
and Trichothecium roseum (strains adapted and nonadapted to fungicides). The process of adaptation has
been described earlier (Strzelczyk, 1975) and also the

As was shown by Shear and Dodge (Walsh and
Stewart, 1971) the synthesis of cellulases in fungi often
does not depend upon the production of the biomass;
inhibition of growth is often not followed by any
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The activity of Cx enzymes (carboxymethylcellulases) in the culture fluids was studied by the decrease
in viscosity according to the method of Horton and
Keen (1966). The presence of fungicides in the medium
did not disturb the enzymatic activity. Studies were
carried out with fungi adapted and non-adapted to
fungicides. The adapted strains were grown in media
with and without fungicides. The non-adapted (control) strains were grown in media without fungicides.
All fungi were cultured in 250 ml Erlenmeyer flasks
with 50 ml of medium according to Aschan and
Norkrans (1953) with 0.5% of sodium carboxymethylcellulose (CMC). The flasks were inoculated with I ml
of spore suspension in sterile distilled water containing
approximately 20,000 spores/mi. The cultures were
grown at 23-26'C. during two weeks (first series) and
five weeks (second series) and subsequently the activity
of C. enzymes in the culture fluids was determined.
In the same cultures the biomass production was
determined.

method of studying spore germination (Strzelczyk,
1968). The effect of the following fungicides on the
above fungi was studied: phenyl mercuric acetate
(PMA), at 1.5 mg/1; sodium pentachlorophenolate
(PCFNa) at 20.0 mg/1; and p·chloro-m-cresolate
(PCMCNa) at 130.0 mg/1. The spore germination
activity was studied after 1, 2, 3 and 4 days of incubation at 26'C.
Influence of fungicides on the synthesis of cellulolytic
enzymes and biomass production

In studies of C1 enzyme synthesis (determined as
total amount of reducing sugars) in adapted fungi and
in control fungi, (i.e. those grown in media without
fungicides) attempts were made to learn whether the
long continuing culture of fungi in fungicide-containing
media causes persistent changes in the enzyme
synthesis capability.
Determination of C 1 enzyme was carried out as
follows: 20 ml portions of liquid medium with Whatman's cellulose powder prepared according to
Sounders (Halliwell, 1965) were dispersed in lOOm!
Erlenmeyer flasks and inoculated with an agar disc
10 mm diameter cut from a 2-weeks old culture of
fungus. After washing in the medium the discs were
removed and the flasks thus inoculated were incubated
during 3 weeks at 26'C. Experiments were carried
out in duplicate with both adapted and non-adapted
strains. The medium did not contain fungicides
because the strongly reducing character of the fungicides made impossible the colorimetric determination
of reducing sugars formed in the media. After incubation the mycelium was ground with sterile sand in a
mortar and filtered through a dense nylon fabric. The
C 1 cellulase activity in the filtrate obtained from the
mycelium and in the culture medium was determined
according to the method of Halliwell (1965).

Results
Influence of adaptation to fungicides on spore germination
The results of these studies are shown in Table I.
The only fungicide that did not inhibit spore germination in the concentration used (130 mg/1) was
PCMCNa. Both PMA and PCFNa inhibited spore
germination in the adapted fungi. An especially
strong inhibitory effect on spore germination was
exhibited by PMA. This was observed first of all in
Penicillium but also in Trichothecium and Mucor. The
spores of PMA-adapted Penicillium did not germinate
at all during the first 72 hours on media with 1.5 mg/1
PMA. Just after 96 hours of incubation I % of germinated spores were found. These spores produced
microcolonies.

TABLE 1. Activity of spore germination in fwtgi adapted to fungicide.

Species

of fungi

strains

incubation
days

Strains adapted to fungicides

Strains adapted to:

Non-adapted
Time of

PMA

PCFNa

IPCMCNa

grown with the following fungicides
(in mg/1)

PMA (1.5)

grown without fungicides

I

PCFNa (20)

IPCMCNa (130)

inhibition of spore germination. ner cent
Penicillium
corylophilum

I

2

3

0

Ov
Ov

4

Trichorhecium
roseum
Mucor
christianien.

I
2

3
I

2

3

0

0

-

16

-

Ov
Ov

-

0

40x
0

Ov
Ov

0

-

0

Ov

-

Ov
Ov
Ov

0

-

-

IOOx
IOOx
IOOx
36x

-

--

--

-

26x

-

Ov
Ov
Ov

40
0

94x

Ov

Ox

-

--

Explanation: 0-no inhibition, x-spores abnonnally swollen, germ tubes shortened and deformed,
v-sporu1ation, -not studied.
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27x
Ox

93
tufts

-

0
Ov

Ov
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A considerable inhibition of spore germination
under the influence of PMA was noted also in adapted
Trichothecium. The germination of Mucor spores in
the presence of this fungicide was inhibited for 24
hours. These spores were more sensitive to the
PCFNa than to PMA. In the adapted Mucor strain
in the presence of PCFNa, during the first two days
only, an insignificant percentage of germinated
spores was found. These spores developed later in

biomass production. This was most probably connected with ageing of the culture and with the formation
of fruiting bodies which have little physiological
activity.
The development of fungi adapted to fungicides in
media containing these compounds was very weak.
These fungi produced also less C,. enzymes than did
the control strains. However inhibition of the enzyme
synthesis was very often less marked than the production of biomass. It follows from these observations
that the activity of cellulolytic enzymes synthesis is
not retarded but is even enhanced in the fungi during
the process of adaptation. It was also observed that
during prolongation of the incubation period, the
cellulolytic activity.of the fungi increased. A relatively
low biomass increase (21-23% as compared with the
control) during the incubation period was noted in
PMA and PCFNa adapted Penicillium (5-weeks old
cultures), but its cellulolytic activity was 5()..80% of
that of the control strains. The cellulolytic activity
of fungi adapted to PCMCNa was always proportionally lower than the biomass production in cultures
containing this fungicide.

microcolonies.

The spores of strains adapted to fungicides grown
on media without fungicides germinated normally
with the exception of strains adapted to PMA which
produced spores with a decreased germination activity.
Influence of odoptation to fungicides on Ct enzymes
activity

The results on the C1 enzyme activity are presented
in Table 2. It will be seen from the results shown in
this table, that the most active in C1 cellulases activity
production was Trichothecium roseum. The process of
adaptation to fungicides caused, in Trichotlzecium,
only insignificant decrease in C1 cellulases synthesis,
whereas in Penicillium this activity was completely
lacking. The reaction of Mucor to fungicides was
different. PMA stimulated slightly the production of
these enzymes but PCMCNa inhibited it completely.

In our studies no correlation of the effect of fungicides on C1 and C, cellulases synthesis in the culture
fluids of the fungi studied was found (see Table 2 and
Fig. 1).
Prolongation of the incubation period was followed
by a marked increase in biomass production in all
fungi studied. The strains adapted to fungicides
transferred to media without these preparation develop
similarly to the initial strains and in 5-weeks old
cultures produced sometimes even more biomass than
the control fungi.

Influence of adaptation to fungicides on Cx cellulases
(carboxymetlzy/ce/lulases) synthesis and biomass production in fungi
The results of these studies are shown in Fig. I.

The activity of C,. cellulases in various non-adapted
fungi was different. These differences were insignificant
in 2-weeks old cultures. In 5-weeks old cultures the
activity of C, enzymes was only imperceptibly higher
despite an intensive biomass production by the fungi.

In the adapted strains cultured in the presence of
fungicides a marked inhibition was noted, but the Cx
enzymes synthesis was not affected to such a degree.
The development of Mucor was completely inhibited
in media containing PMA and PCFNa and that of
Penicillium was weak. Proportionally less inhibited
was the biomass production in Penici/liwn, grown in
the presence of PCMCNa, and in Trichothecium,
grown in the presence of PMA.

Adaptation of fungi to fungicides did not influence
the production of C, cellulases in the microorganisms.
In all adapted strains grown on media without fungicides an increase in cellulolytic activity was observed.
In 5-weeks old cultures of Penicillium the cellulolytic
activity decreased despite a considerable increase in

TABLE 2. Changes in activity of C1 cellulases in adapted and contro1 fungi
grown without fungicides
Strains adapted to:

Non-adapted
Species of fungi

PCFNa
PCMCNa
I
I
weight decrease ( %) of cellulose in the presence of 1 ml

strains

PMA

of culture fluid

Penicillium
corylophilum

17

0

Trichothecium
roseum

100

76

-

Mucor
christianiensis

15

20

13

51

0

0

0
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NON
ADAPTED
STRAINS

ADAPTED STRAINS
GROWN IN MEDIA
WITH FUNGICIDES

ADAPTED STRAINS
GROWN IN MEDIA WITHOUT
FUNGICIDES

3

Ll rlJ
8

~
CONTROL

OFR

OFR

PCMCNa

PCFNa

~
1

PCFNa

PCMCNa

~

~

115

76

CONTROL

OFR

PCFNa

PCMCNa

OFR

PCFNa

PCMCNa

REMARKS

0- INCREASE IN BIOMASS (%)

[:ZI- Cx CELLULASES ACTIVITY
0

- NO GROWTH OR LACK OF CMC SOLUBIUZATION

-

- NOT STUDIED

Figure 1. Biomass production and C. cellulases activity in fungi adapted to fungicides-in per cent (in comparison
with control).
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All experiments were repeated twice and the results
obtained were very similar.

As was mentioned already, the fungi passaged on
agar media containing fungicide produced zones of
fast growing mycelium. These zones were formed by
hyphae from the margin of the colony. Also in some
liquid cultures with CMC an excessively abundant
growth of Mucor (5-weeks old culture with PCMCNa,
Fig. 1) was obtained. Georgopulos (1963) using for
genetic studies strains obtained from such zones found
that strains resistant to fungicides were mutants
containing in their cells different genes responsible for
this resistance. He distinguished at least three types of
such genes, but each resistant strain contained only
one gene responsible for the resistance mark. Greenaway (1973) reports that fungi belonging to the genus
Pyrenophora are easily able to gain resistance against
PMA. In our previous work (Strzelczyk, 1975) we try
try to explain the mechanism of this resistance.
Ashworth and Amin (1964) suggest that the reason
for fungicide resistance in organisms is connected with
increased ability for formation of thiol groups. The
organic rests of the fungicide are decomposed by the
fungi and this leads to the formation of resistance
against these preparations.

In general the development of adapted fungi grown
in media with fungicides was unequal. On agar media
the fungi often formed zones of fast growing mycelium.
This mycelium was not as strongly affected by the
fungicide as the remaining fungal hyphae of the same
colony. Similar fast growing and fungicide resistant
zones of mycelium were observed by Georgopulos
(1963). It is assumed that the disproportions in biomass production observed in the Mucor cultures
grown in the presence of PCMCNa (Fig. I) are
connected with the production of such fungicide
resistant mycelium.

Discussion
Decrease in spore germination activity was the
response of fungi to long lasting sublethal fungicidal
action. In PMA-adapted fungi most conidia died out
before germination (Table 1). This observation
confirms our former results obtained in studies on the
effect of PMA vapours on fungal spore germination
(Strzelczyk, 1968). The strongly toxic mercuric fungicide inactivates most probably the respiratory enzymes
in the spores. In contrast with this, long lasting action
of PCMCNa did not cause distinct after•effects on the
above process.

Organisms which are not killed by the fungicide
may develop adaptative mechanisms, which make
possible their growth in the presence of these preparations. Thus the development of resistant fungi is
followed by further destruction of the material on
which they grow, even when it was protected by
fungicides.

The results presented in Table 2 show a quite
different effect of fungicides on the C 1 enzymes biosynthesis in the fungi studied. This fact may be due to
differences in sensitivity of the fungi to various fungicides. According to Villanueva (1966) different
reactions of filamentous fungi to toxic substances are
connected with distinct differences in their cell wall
structure.
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A MYCOLOGICAL TEST METHOD FOR JOINERY TIMBERS
TREATED WITH PRESERVATIVE
D . J. Dickinson!
Ein mykologisches Priifverlahren f iir schutzbchandeltes TischJerholz. Es wurde ein Verfahren entwickelt zur Prlifung von
schutzbehandelten Holzverbindungcn und Holzverschiedener
Lange mit Monokulturen holzzerstorender Pilze. Dieses
Verfahren wurdc zur Priifung von Holz verwendet, welches mit
Tributylzinn-haltigen Schutzmitteln in unterschiedlichen Verfahren behandelt worden war. Die Ergebnisse dieser Prufung
beweisen, daU mit Hilfe dieses Verfahrens Unterschiede in der
Schutzwirkung infolge der verschiedenen Behandlungsverfahren
deutlich gemacht werden konnen.

Summary. 1\ test method has been designed to enable joints and
lengths of timber. treated with joinery preservatives, to be tested
with mono-cultures of wood-ro tting fungi. The method has
been used to evaluate timbers treated wtth a tributyl tin oxide
preservative applied by different processes. The results of this
evaluation demonstrate tha t the method is capable of highlighting differences in the protection afforded by a preservative
applied in different ways.
Methode d 'cxperimentation mycologique sur des bois de menuiseric t·raites par des agents de conservation. On a concu une
methode d'experimentation que permet de tester des assemblages
et pieces de bois traites par des agents de conservation de
menuiserie, avec des monocultures de champignons qui pourrissent le bois. On a utilise cette methode pour etudier des bois
traites par le produit de conservation oxide tributyle d 'etain
applique suivant differents precedes. Les resultats de cctte etude
dC:monstrent que Ia methode permet de mettre en evidence les
differences de protection fournie par un agent de conservation
applique de differentes manieres.

Un Metodo de prueba micologica para el maderaje de cnsambladurd tratado con preservativos. Se ha ideado un metodo de
prueba para que se pruebe con monoculturas de hongos pudridores de madera las ensambladuras y las vigas de madera
tratadas con preservatives de maderaje. Se ha empleado el
metodo para evaluar el maderaje tratado con un preservativo de
6xido de estano tributyl aplicado por procedimientos variados.
Los resultados de tal evaluaci6n demucstran que el metodo es
capaz de subrayar las di fercncias en Ia protecci6n dada por un
preservative aplicado de varias maneras diferentes.

mo isture levels and prevent contamination. The o uter
lid incorporated plastic tubes, cut fro m plastic vials
which were used for inoculation with the selected test
fungus.

Introduction
Recent work in joinery preservation has centred on
the development of reliable application methods and
solvent-recoverable processes (Rentokil Lld., 1974).
Perfo rmance of joinery timbers, treated by different
processes, is difficult to assess since the resu lts o f
stand ard test methods, e.g. BS 838, ASTM-0 1413-61 ,
cannot be rc.:lated to service performance: this depends
on factors such as weathering and application method .
Methods have been reported by H a nsen (1 973) and
Gersonde and Becker (1958) (see also Gersonde 1962)
but the former is limited to small blocks and Gersonde
and Becker's method is expensive to set up.
The present work was d esigned to provide an
inexpensive laborato ry test method capable of comparing the susceptibility to fungal attack of (i) timber
treated by different processes, (ii) j oi nt areas and centre
sections of treated joinery (iii) various manufactured
j oi nery components.

T he Mycological Test Method
The cabinet
The test cabinet ( Fig. I) was co nstructed of 6.5 mm
perspex. It comp rises an inner container fo r steri le
soil which was used a::; a medium for the test fungus
and acted as a water reservoi r. Feeder strips of untreated wood can be added to the soil b ut were found
to be unnecessary. The sides of the inner cabinet were
slotted to support the test specimens. This co ntainer
was enclosed in an outer container to mai ntain

Figure 1. The test cabinet.

tRentokil Ltd., Felco urt, East Grinstead, Sussex, RH19 2JY.
Present address: Department o f Botany, Imperia l College, London SW7 2AD.
(Final revision 30.3.1976).
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Application of the Technique

Materials
Lengths of 150 x 50 X 50 mm Pinus sylvestris
sapwood, premachined for bridle jointing, were used
in this test. The timber was end-sealed with a flexible
epoxy resin on the non-jointed ends and treated by
the joinery processes under study. After drying
sufficiently to remove all traces of solvent the components were assembled. To simulate centre sections,
lengths can be used with both. ends sealed. When
manufactured joinery components are used, they
should be cut to length to fit the cabinet, and endsealed to stop the fungus penetrating the newly cut
ends.

The technique described above has been used to
study tri-o-butyl tin oxide (TnBTO) preservatives
applied to joinery timbers using three different methods: double vacuum, immersion, and a halogenated
solvent process (Rentokil, 1974).

Experimental
Test specimens were treated with TnBTO at concentrations of 0.25, 0.5 and I%. Using a double
vacuum method, specimens were subjected to 7" Hg,
atmospheric pressure and finally 25" Hg vacuum, for
periods of 15 minutes each. Other specimens were
dipped for 3 minutes in TnBTO solutions with white
spirit as solvent. The halogenated solvent process
(Rentokil, 1974) involved treatment to retentions in
accordance with accepted standards. (Anon. 1972).
Specimens were subjected to a vacuum of 6" Hg for
15 mins, flooded with TnBTO in methylene chloride,
and returned to atmospheric pressure for 10 minutes.
The solvent was evaporated using heated air for 1-2
hours, the air was then cooled and the solvent condensed before recycling.

Test fungi
The principal fungus used for testing joinery preservatives is Coniophora cerebella Strain liE (Princes
Risborough Laboratory). This is a very virulent
strain which causes large weight losses and is relatively
insensitive to fungicides. It is therefore widely used
as a test organism in this field. However, its use does
not preclude the use of other fungi.

The test specimens were inserted in the cabinet and
subjected to the mycological testing outlined previously. Controls of untreated joints were used.

Experimental
To prevent contamination by moulds the following
procedures proved successful. The machined test
material was heat sterilised to l00°C prior to treatment
with the joinery preservative. This eliminated any ·
deep seated infection. The cabinet was thoroughly
washed; sterilised dry soil was then added to the inner
section. The test material was put into position, the
lid sealed on with PVC tape and the whole unit
sterilised by gamma-irradiation.

Results
The results are presented in the Table. The extent
of decay was assessed visually and related to that of
the controls (see Fig. 2).

Uniform fungal growth around each test specimen
was achieved by iooculation with a mycelial suspension
(50 cm3) through each of the tubes situated above
them. The remaining water (to achieve 30% moisture
content in the blocks) was added through another
tube which extended below the soil level.

TABLE
Concentration

Process

If a laminar flow bench or comparable sterile
handling area is available the cabinet can be sterilised
by washing with a quaternary ammonium compound
(3 %) and rinsing with sterile water. The test speci~ens
can be sterilised with propylene oxide and the cabmet
assembled in the sterile air flow. With this technique
the soil itself can be inoculated and the fungus grown
before the test specimens are inserted in the cabinet.
This eliminates the need for inoculation tubes. Vapour
sterilisation of the cabinet (using propylene oxide)
proved impossible due to retention of the vapour in
the perspex.

Double
vacuum

Immersion

Halogenated
solvent

Extent of decaya

of
Retentiont"--------TnBTO%
kg m-·3 Mortise Tenon Side
faces
0.5
0.25

0.6I
0.39
O.I8

+
++

++
++

++

I
0.5
0.25

0.39°
0.23'
0.11'

+
++
++

++

++

++

I
0.5
0.25

0.8-J.Od
0.4.0.5
0.2.0.25

I

Untreated controls 0

0

++

+++ +++ +++

a. Coded as .._ .. for no decay to"+++" for decay extending

to 10 mm below the surface as in the controls.
b. Retentions calculated by weight increase.

After assembly, the cabinets are incubated at 22°C
and 75% RH for 4 months. Specimens can be assessed
for weight losses but critical visual examination of the
specimens after drying was found to be more meaningful. Fig. 2 shows sample specimens after oven drying.

c. It is recognised that the retentions given as overall loadings
for the immersion treatments could be misleading since the
preservative is concentrated in the superficial layers and
therefore these results are only given for comparison.
d. Retentions calculated from previous test data.
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Figure 2. Treated specimens and controls after mycological testing.

External joinery timbers are subjected to weathering
and a treatment giving high surface loadings of
fungicide might be more susceptible to preservative
loss. However, such timbers normally have a protective
surface coating of paint or varnish and loss of preservative may not be significant. Further work, involving
the weathering of treated material, is planned in order
to establish a more complete picture.

Discussion
Timbers used for the construction of window
frames and similar structures are particularly susceptible to fungal attack in the areas around the joints.
Other areas are at much Jess risk.

This observation is borne out by the experiments
using TnBTO. Decay of mortise and tenon joints
generally occurred before that of the side faces of the
test specimens. (see Table).

Conclusion
The method described allows a useful comparison
to be made of the effectiveness of different methods of
application of joinery preservatives. Preliminary
results indicate that, initially at least, a high surface
loading of preservative is more effective than penetration in depth.

The results for timber treated by the halogenated
solvent process are interesting. Even where comparable retentions are achieved (e.g. with double vacuum
at 0.5 % TnBTO, immersion at l % TnBTO and halogenated solvent process using 0.5% TnBTO) the
timbers treated with the halogenated solvent process
were more resistant to fungal attack. Additionally,
even though in the haJogenated solvent process the
retention using 0.25 % TnBTO was only 0.2-0.25 kg
m·3 this produced the same level of protection as 1 %
solutions of TnBTO applied by the other methods,
with consequently higher retentions. This is probably
due to the high surface loadings which we have shown
to be achieved using the halogenated solvent process
with Scots pine, where up to 70% of the TnBTO is
present in the 0-3 mm zone, measured on the radial
face. (Dickinson, 1973).
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THE EVALUATION OF CONTACT RODENTICIDES
FOR MOUSE CONTROL
A. P. Meehan!
Die Prfifung von Kontaktrodenticiden zur Bekiimpfung l'OD
Miiusen. Es werden Priifverfahren far Kontaktgifre zur Bekfunp-

Swnmary. Methods for testing contact poisons for the control

of mice (Mus musculus L.) are described. The most satisfactory
was based on the use of outdoor pens with artificial harbourage
simulating conditions of infested buildings. Lindane was the
best of a number of toxicants tested.

fung von Mfiusen (Mus musculus L.) beschrieben. Die Verwendung von Gehegen im Freien mit kilnstlichem Unterschlupf, die
befallene Hauser simulieren soil ten, erwies sich am gijnstigsten.
Lindan war unter einer Reihe von geprilften Giften das beste.

Determination de substances qui tuent les rongeurs par contact,
en vue de Ia suppression des souris. On dCcrit des mCthodes

La evaluaci6n de 1os Rodcnticldas de contacto para controlar los

d'essais des poisons par contact en vue de limiter Ie nombre
des souris. La plus acceptable se base sur l'utilisation de pares
exterieurs aU on simule les conditions des ba.timents infestCs a
l'aide d'abris artificiels. Le mielleur d'un certain nombre de
poisons utilises etait lindane.

ratones. Se describen metodos de probar los venenos de contacto
para controlar los ratones (Mus musculus L.). El metoda m:is
eficaz se basaba en el empleo de corrales al aire libre con
rcfugios artificialcs que simulaban las condiciones de los edificios
infestados. Ellindane era el mejor de los toxicantes empleados.

Introduction
A contact dust is a toxic material in an inert base,
designed to be placed strategically in rodent runs and
harbourages, so that as the rat or mouse moves it
picks up small quantities on its fur and feet. The
toxicant is normally ingested during grooming but
dermal absorption and inhalation may occur. In some
countries rodenticides used in this way are referred
to as 'tracking powders'.

Drag Technique

In this test, dust is spread thinly on a smooth plastic
surface and mice are dragged across it for a standard
distance of 340 mm. The mice are then re-caged and
observed for at least seven days. In tests in which 1 %
warfarin, 20% DDT and 5, 10 and 20% lindane in
china clay were evaluated, groups of twelve mice were
repeatedly exposed to treatment up to five successive
days.

Toxicants investigated as contact dusts include
sodium fluosilicate (Mackie et a/., 1934) and ANTU
(Richter and Emlen, 1946), but more recently anticoagnlants and organochlorine compounds have received most attention. The latter are not permitted for
use in the U.S.A., where acute rodenticides, (ANTU,
DLP-787, and scilliroside) are, however, approved.
Where resistance to warfarin is widespread, as in mice
in the U.K. (Greaves, 1971) the use of the organochlorines in contact dusts, particularly lindane, has
increased in recent years. DDT is now little used.

The most effective dust (Fig. 1) was I% warfarin,
complete mortality being obtained after three days
exposure. Lindane at 20% gave 92% mortality within
6 days, but DDT, once commonly used as a 20% dust,
failed to kill any mice even after five treatments. 5%
lindane was also ineffective.
Subsequent experiments using 1 % warfarin, 1 %
sodium warfarin, 50% lindane, 50% DDT and alphachloralose (at 4 and 8%), showed that the 50%
lindane was the most effective (Table I). This killed
58% of mice 24 hours after only one exposure;
complete mortality was achieved soon after the third
exposure. DDT (50%) killed 42% of the mice, but
convulsions were evident for one or two days before
death. These symptoms did not occur with lindane.
Alphachloralose failed to kill, but the relatively high
ambient temperature of 18'-20'C almost certainly
influenced this result.

Szuber and Brodniewicz (1969) and Reiff and
Wiesmann (1951) have given details of methods for
testing rodenticidal contact dusts, but in general there
is little published information on methods of evaluating these types of preparation. The aim of this paper
is therefore to describe various techniques developed
in the author's laboratory for test dusts and gels, and
the results obtained with candidate toxicants. Some of
the tests were also designed to assess repellency of the
preparations.

In an attempt to standardize the method, a comparison was made of results obtained by two different
experimenters using a 50% lindane dust. Kills of 33%
and 7% of mice. were obtained despite every attempt
to handle the test animals in the same way.

Test methods and results
Except where stated the mice used were conventional
"Tylers Original" mice (24-26g). Wild mice, where
used, were bred in simulated natural conditions.

I Rentokil Limited, Felcourt, East Grinstead, Sussex.
(Final version. received 5th May, 1976).
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severe convulsions and tremors were evident before
death.

Repellency tests
Outdoor pens, 2 m square with sides of sheet metal

m high around a concrete base were stocked with
first generation wild x albino cross-bred mice. The
pens were protected from the weather and the mice
allowed to acclimatize, with ample harbourage, water
and food avai lable.

(>.OI

Tests were made by placing in each pen, 20 identical
food hoppers of which seven were enclosed by a 4 mm
high plasticine barrier within which the test dust was
to be contained . Before doing so however, takes o f
food were recorded daily for five days, (the "pretreatment" period). A contact dust containing 50 %
lindane (250g) was then evenly distributed to a depth
of about 0.5 mm within the enclosed area through a
250 J1 sieve forming a band about 500 mm wide (Fig.
2). A second pen was used in the same way but
treated with china clay. Food consumptio n was
recorded for a further 5 days and counts kept of dead
mice. The dust was then removed with a vacuum
cleaner and a post-treat ment census of food eaten
was carried out for a further 5 days. The same procedure was used to exam ine the reaction of mice to 5,
10 and 25 % chlordecone in wholemeal flo ur.

Figure 1. Kill of mice "dragged" through a standard
distance of contact dusts on 1, 2, 3, 4 or 5 successive
days. (12 mice/treatment).
Figures in brackets represent mean time to death in
days from the initial "drag". 5% lindane and 20 %
DDT failed to kill.
TABLE 1
Kill of mice "dragged'' through a standard distance of contact
dust for three consecutive days. (24 mice/ treatment).
,...--

Dust
Formulation

%

Kill

Mean Time
to Death
(Days)

SO %
Lindane

100

1.5

1%
Warfarin

80

7.2

SO %
DDT

43

4.2

1%
Sodium
Warfarin

19

7.1

The 50 ~~ lindane contact d ust effectively stopped
mice feeding in the treated area (Table ll). Nevertheless, mice which crossed the barrier, presumably
during exploration, picked up sufficient toxica nt to
kill them all within 8 days. Surprisingly, the china
clay used as a control also caused a marked reduction
in the food eaten, but normal feeding was resumed in
the post treatment period. These results confirm a
long-held belief that lindane is repellent to mice.
Similar results were obtained with chlordecone dusts
and again surprisingly, the wholemeal flour carrier
was also somewhat repellent.

4 and 8% alphachloralose gave oo kill

Timed exposure technique
Five boxes were constructed, 200 x 320 x 180 mm,
with bases of 10 mm wire mesh. These were placed in a
layer of 50g of 50 % lindane contact dust in china clay
about l mm thick contained in plastic trays 340 by
210 mm. Five mice were placed in each box exposing
them to dust for 1, 3, 9 or 27 minutes. The same
operations were carried out by a second experimenter.
Different exposure times of l, 2, 4, 8 or 16 minutes
were also tested. China day was used as a control
throughout.
Good kills were o btained with the longer exposure
periods. ln the first test, the L T 5o (exposure time for
50 % kill) was about 2 min fo r the first experimenter
compared with 3.5 min for the second. In the second
test, the two experimenters agreed more closely.
LT50's of 2 .3 and 1.8 min were obtained, indicating
that under these conditions an exposure of about 2
minutes to 50 % lindane contact dust will kill 50 % of
test mice.
The same method was used to expose mice to dusts
of chlordecone (3.1, 6.3 and 12.5 % in china clay).
Mice exposed for 8 o r 16 min/day for four consecutive
days all died, even at the lowest concentration, but

Figure 2. Part of a test pen showing area treated with
contact dust behind plasticine barrier.
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TABLE ll

Tests using artificial harbourages
Under practical conditions of use in infested premises contact dusts should be so applied as to cause
mice to become contaminated with the toxicant at
least once, either o n leaving, or entering their harbourage. The next series of tests was designed to simulate
this condition.

The repellency of 50 % lindane contact dust demonstrated by
amounts of food taken from areas treated with dust or china clay
and untreated areas. (20 mice/treatment). (Food was available
from 13 hoppers in the untreated areas and seven in the treated
area).
Mean Intake
Test
Formulation

(g)

Period
PreTreatment

50 %
Lindane
Contact
Dust

Per Hopper

u

30.1
27.9

T

u
Treatment
PostTreatment

T

-

Treatment

1.5
0.9

u

28.9
32.4

T
1-

u
T

Plastic harbourages, about 320 x 100 mm with
only one point of entry were placed in the centre of
four pens as previously described. Ten wild mice
were allowed to acclimatize for 48 hours with food and
water available outside the harbourage. Each harbourage was then treated with 50 % lindane or a contact
dust containing l , 2 or 4 % of an experimental carbamate in china clay. The dust was placed in a band
20 mm wide and 5-10 mm deep just inside the harbourage entrance. Records of mice dying were kept for
five d ays; the harbourages were then re-treated and
records kept for a further five days.

14.5
0

u

T
,_

PreTreatment

China
Clay

Area

34.0
13.9

1-

PostTreatment

u
T

Lindane produced a high kill, but mo1iality in the
pens treated with the carbamate was poor ; subsequent
tests showed that the concentrations were too low
(Meehan, unpublished).

28.3
25.4

Complete mortality in a mean time of 3.0 days was obtained
with the lindane treatment.

[n this test, mice gnawed through the harbourage
to make alternative exits, indicating efforts to avoid
the dusts. Food was offered as pellets, which the mice
tended to store in the harbourage, causing them to
make contact with the dust less frequent ly. (Fig. 3).

U = Untreated
T = Enclosed T reated Area

Figure 3. Test pen showing four si ngle entry harbourages consisting of two square section tunnels each
divided transversely into two.
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Tests were also carried out in which only two of the
four harbourage entrances were treated: 50% lindane
contact dust or lindane gel at 5, 10 or 20% was used
(Fig. 5). Kill was reduced compared with the previous
tests, in which all entrances were treated (Fig. 4).
Mice lived in the untreated harbourages but not in
those containing dust or gel, again confirming the
repellency of lindane as a contact poison.

Tests have also been carried out using stronger
artificial harbourages. These were made from perspex,
610 x 80 x 80 mm divided by a barrier in the centre
so as to form two harbourages each with a single
entry. Two such double ended harbourages were used,
making four in all, in each pen (Fig. 2). In one set of
tests, all four entry points were treated with one of
the following: 50% lindane contact dust, hexachlorophene contact dust (at 5, 10 or 20%), a lindane
gel (at 10, 20 or 30%) or a heXachlorophene gel (at
2.5, 5 or 10%). To avoid food being stored it was
offered as a ground meal.
All gels were formulated in a glycerine/fumed silica
base with the addition of Sorbester Q17 (manufactured
by Howards, Ilford, England) as the gelling agent;
no obviously edible materials were included. The gels
were applied with a caulking gun in a band (20 mm
wide x 5-10 mm deep) around the interior of the
harbourage entrance.

Figure 5. Kill of mice living in artificial harbourages in
which half the entry points had been treated with a
lindane contact poison. (10 mice/treatment).
Figures in brackets represent mean time to death in
days.

Discussion
Test Procedures
Published evaluations of contact dusts have attempted to quantify the amount of toxicant picked up on
the rodent's fur from a treated runway {Reiff and
Weismann 1951). However, it is not the amount of
dust adhering to the rodent fur which is critical but
the amount eventually taken into the body. Reiff and
Weismann assume that 20% of that picked up is
ingested although they give no reason for this arbitary
figure. They ignore any dermal absorption which
may take place with chronic poisons, and the slight
inhalation which may occur. In the present work, no
attempt was made to quantify the amount of contact
poison adhering to the fur, or eventually absorbed;
this would have had little merit because the weight of
the animal, its posture, length of fur, and speed with
which it runs, as well as subsequent housing all
combine to influence the result. Instead, the object
was to devise test methods which might allow the
evaluation of contact preparations, giving results close
to those expected in practice.

Figure 4. Kill of mice living in artificial harbourages
in which all points of entry had been treated with a
contact poison.
Figures in brackets represent mean time to death in
days.

Good kill was obtained with all treatments involving
lindane (Fig. 4); 20% lindane in a gel was as effective
as a dust of 50%- Hexachlorophene gave moderate
kill at the highest concentrations, but was otherwise
poor. No apparent attempts were made by the mice
to create additional entrance holes, but with harbourages containing a dust of 5% hexachlorophene or
10% lindane gel, mice lived outside for a few days,
although they did eventually return. Mice also jumped
over the strips of gel if they were lower than about
10 mm. There was no evidence that the mice deliberately ate the gels but much was obviously ingested while
grooming. Many mice were seen to be liberally coated
in the gel and it appeared to adhere extremely well to
fur.

The "drag technique" suffers from the obvious
limitation that different experimenters hold an animal
with varying pressure and "drag" it through dust at
varying speed. Attempts to standardize the method
failed.
62

The evaluation of contact rodenticides for mouse control. A. P. Meehan.
In this respect, the "timed exposure method"
proved more satisfactory, since different experimenters
were able to obtain similar results. However, it gave
no indication of likely field performance. There is
evidence that mice at least, are unlikely to stand
willingly in contact dust.

In the tests described, lindane gel proved effective
at lower concentrations than the dust, presenting a
lower potential hazard in use. Gels have several other
advantages over dusts:
(1) they can be packed in cartridges for extrusion from
a gun.

The measurement of food eaten, from treated and
untreated areas in outdoor pens, proved satisfactory
for "repellency tests" of contact poisons. The method
more closely resembles the practical situation in
infested premises. However, despite the excellent kills
obtained with lindane, care must be taken in judging
efficacy of a formulation since the animal has the
choice in the test, whether or not to enter the dust,
whereas in practice all harbourages and likely runs
would be treated. Rowe and Chudley (1963) recommend a method of control by which toxic dust is
placed around a liquid bait. This may have value in
very dry situations, but if the dust is repellent, rodents
are likely to search for water elsewhere. Even nontoxic dusts, such as china clay and wholemeal flour,
were somewhat repellent to mice suggesting care in
the choice of dusts used solely for tracking purposes,
in studies of movement and population census.

(2) placement is more precise.
(3) they can be applied to a greater variety of situations
without being dislodged.
(4) gels probably adhere more readily to a mouse's fur
and feet.
(5) they are not so subject to spillage in transport and
use.
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BOOK REVIEWS
library shelves. Secondly, in some ways it is a bit of a
hotch-potch of chapters by authors who were getting
into practice for a magnum opus effort, and others who
were merely describing their own experiences. With
the best will in the world, what editor can really hope
to achieve more. Thirdly, the title is a little unfortunate
since "Disinfection" is a word that even the celebrated
Dr. Peter Marc Rogel (of Thesaurus fame) would have
found some difficulty in defining now. Nevertheless,
Dr. Melvin Benarde has picked his subjects and
authors carefully, and in his introduction stresses
some philosphy we should do well to remember, even
if some of his sentiment falls a bit flat later through
no fault of his own; he has the right idea. If we spent
more time chemically and physically defining the
lethal processes that render microorganisms innocuous, we would be wiser, and only sadder men because
of shame at not having used the logical approach,
which, let me hasten to add, has been the aim of some
contributors.

THE CHEMISTRY AND MICROBIOLOGY OF
l'OLLUTION
I. J. Higgins and R. G. Bums.
London, Academic Press, viii + 248. £6.80.
Now that environmentally based studies have
become a respectable academic discipline, sometimes
constituting a part or the whole of a first degree course,
there is a demand for wide ranging texts which deal
briefly but adequately with the more formal disciplines
involved. This excellent little book is of just such a
kind. Neither the chemist nor the microbiologist will
turn to it for a comprehensive, or novel, treatment of
his subject. But for the student whose orientation is
the environment, with all the great variety of topics
which this implies, this book is just right.
As the title implies, the authors deal with their main
topics from the point of view of pollution and in
doing so they steer an admirably balanced course in an
area where judgements are difficult and emotions are
frequently very strong indeed. There is no doom-speak
here, but equally no encouragement for laissez-faire.

The book consists of eleven chapters, Chapter 7
being divided into three separate parts. Twenty
authors (including the editor's introduction)
have contributed, the names of whom are familiar
in the world of disinfection. They emanate
from seven different countries encircling the globe.
Seven hundred and twenty-nine references are quoted
of which the lions share is contributed by Carl and
Mary Bruch on "Gaseous Disinfection" (164) and
L. F. L. Clegg on "Disinfection in the Dairy Industry"
(128). I wonder what makes milk and moon shots so
much more important than viruses, spores and
hospital hygiene which almost tie in a bad third place.

. Although this book is inevitably brief on each of its
subjects, it contains sufficient to be useful as a source
of reference for non-specialists. In this it is made all
the more useful by the systematic arrangement of its
contents. Successive chapters deal with Pesticides,
Sewage and Fertilisers, Hydrocarbons, Surfactants,
Synthetic Polymers and Metals. A final chapter deals
with "Miscellaneous Pollutants" in which such major
aspects as Air Pollution, Radioactive Pollution,
Thermal Pollution, and Biodeterioration are briefly
reviewed, the latter in a mere three pages. But the
reader who is concerned with biodeterioration or biodegradation will find a great deal of interest to him
throughout this book.

But to return to basic principles; Chapter I (Bernard
Koft) deals with microbial metabolism, a knowledge
of which is essential to logical thinking about germicidal agencies. Chapter 2 (W. B. Hugo) covers, rather
briefly, the mechanics of disinfection, and in Chapter 3
Prokop and Humphrey produce a mercifully short
thesis on the mathematical aspects of the kinetics,
which, nevertheless, helps to set the stage for Chapters
4 and 5 on spores {Paul Borick and Rollin Pepper)
and viruses (Klaus Grossgebauer). Both these two
chapters, though brief but well documented, and the
latter already now a little out of date, are little gems
in their own way. Chapter 6 is devoted to Gaseous
Disinfection (Bruch and Bruch) and is a book in
itself. Chapter 7 is devoted to hospital disinfection in
its various aspects. It is divided into three subchapters emanating from the USA, Japan and the
USSR respectively. Chapter 7A (V. W. Greene) deals
with the principles of hospital disinfection, but gives
up-to-date references to many major papers for
practical details. Chapter 7B from Japan introduces
additional topics such as antibiotic resistance, architectural considerations and vermin, and includes a
long bibliography, whilst Chapter 7C, the Russian
contribution, though also devoted to procedures has
clearly suffered in translation and, predictably, only
contains references to Russian papers. The remaining

Within each chapter the treatment is systematic but
with some variations imposed by the subject. There
is an introduction, followed by a discussion of the
chemistry of the compounds concerned and a survey
of the analytical methods. This is followed by a
discussion of the relevant biochemistry and microbiology and finally by a short bibliography of "Recommended Reading".
T. A. Oxley

DISINFECTION
M. A. Benarde (Editor)
New York, Marcel Dekker (1970) pp xv
Index (449-466 Authors and Subjects)

+ 448 and

For various reasons this book has remained rather
neglected since it was published six years ago. One
of the reasons is perhaps that, at that time, several
other often rather fatter tomes were published which,
whilst costing little more looked more imposing on
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four chapters deal with disinfection in the dairy, seafood, canning and soft drinks industries, hut are none
the less interesting to a wider public, though their
main target must clearly be the bio-deterioration
lobby.

R. P. Upchurch dealing with strategies for "Selective
Weed Control" stresses the need for "weed science"
and control to be divorced from the concepts and
dogma of insect control. This is convincingly presented
and adds further to the necessity for broad-spectrum
herbicides. There are also some home truths about
misconceptions in "Integrated Control". M. R. Siegel
in discussing considerations in the use of selective
and non-selective Fungicides, deals in detail with mode
of action and mechanisms of selectivity of protectants
and systemics with plentiful and current references.

The odd thing about this book is that the important
topics of heat, radiation and filtration receive little
more than passing mention, albeit by several contributors. Chapters devoted to one or all would have been
helpful, though much can be gleaned reading between
the lines. It has to be admitted thatit would have been
difficult to cram more information into this modest
but well produced volume. It deserves a place in any
library with comprehensive pretensions.

T. F. Watson provides a very realistic assessment of
the practical use of selective Insecticides against crop
pests. I particularly enjoyed the section on usage to
obtain selectivity with existing (non-selective) compounds; an obvious topic, but one that is seldom
discussed. Putting across the "pest management"
rather than "annihilation" concept, he gives useful
examples of the use of truly selective compounds, and
of the use of timed application to suppress pests while
having no detrimental effect on beneficial insects.

H. M. Darlow

PESTICIDE SELECITVITY

J. C. Street (Editor)
New York, Marcel Dekker. (1975) pp 216 S.B.N.
0-8247-6335 $18.50.

R. M. Hollingworth pricks a number of bubbles in
dealing with strategies in the "Design of Selective
Insect Toxicants"; presenting a realistic assessment of
our much-publicised seeking of safer insecticides
against what bas really been achieved. He gives
interesting examples of the antifeeding compounds
(behavioural toxicity), the so-called "magic meta
methyl" substituent of existing insecticides (as a
means of modifying them) and discusses the Selective
Inhibition Ratio (SIR)-ratio of anticholinesterase
activities against insect and vertebrate.

This book derives from a symposium on pesticide
selectivity held by the Division of Pesticide Chemistry,
American Chemical Society, in Chicago, during
August 1973 and forms an excellent "state of the art"
assessment of progress in this area of research following
the Mrak report (1969), both for newcomers to the
field and for the "old hands". The latter are unlikely
to discover anything new in the text, but it is still a
thought-provoking series of papers, and the references
are plentiful, pertinent and current. The chapters
presented seek to examine, if not answer, certain
questions posed by the Editor in his "Introduction":
(a) Is pest control with selective compounds uniformly
feasible? (b) Is the practical desirability of using
narrowly-selective herbicides similar to that for selective insecticides? (c) Would we be following the best
track in going for narrowly selective pesticides ?-or
is biodegradability per se more desirable? (d) Should
economic compromise be the basis? The several
authors provide some answers to these questions in no
uncertain terms-practical and salutory-with disillusionment for the seekers after the "Holy Grail" of
species selectivity. Arguably the most telling chapter
is that by G. K. Kohn in which the "case history" of a
target-specific mosquito larvicide is presented:
examining its synthesis, pilot processing, biological
testing, analysis and metabolism; then coming to the
economic crunch of market potential and final
decision preventing development because of the
calculated impossibility of recovering the costs or of
making a profit.

Nakatsugawa & Stewart; deal with comparative
biotransformation studies as a means of "Forecasting
Ecological Consequences of Using Selective Insecticides", and bring home the paucity of data in any
given area, and the lack of correlated studies, with a
discussion of their own histological techniques for
circumventing these problems. Understandably this
was the most intangible chapter, and much more a
matter of opinion." C. 0. Knowles, writing on the basis
for selectivity of Acaricides, stresses the great variety
of different compounds used (more than in any other
area of pest control) and the desirability of selectivity
against pbytopbagus but not predatory mites, dealing
with stage of development selectivity and strain
specificity (resistance) also.
The volume bas a useful index of authors cited,
and the subject index is very comprehensive. I should
perhaps add that the potential of insect juvenile
hormone analogues and mimics are dealt with, as are
such compounds as interfere with cuticle deposition
etc.

G. C. Klingman points out that the incentives
needed by Industry are not subsidies or research
assistance, rather sound patent laws and reasonable
registration requirements in toxicology and biochemistry; calculation of hazards on a real basis,
rather than possibilities. It seems that broad-spectrum
Herbicides are the necessary backbone to general weed
control programmes in agriculture.

An excellent, forthright book, that fills a decided
gap in the pesticide literature. Highly recommended.
D. G. Rowlands
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RECENT ADVANCES IN AQUATIC MYCOLOGY

whole, and the merging of other chapters could have
been an advantage. Thus, the physiological chapters
(of higher and lower marine fungi, oflower freshwater
fungi; and of energy flow mechanisms); the fine
structure of marine-and the ultrastructure of freshwater phycomycetes; and fungal diseases of marine
animals and of freshwater fish, could have received
a comprehensive treatment instead of separate

E. B. G. Jones (Editor).
London: Elek Science, 1976, pp.749 £21.
The fifteen years which have elapsed since the
publication of "Fungi in Oceans and Estuaries" by
Johnsen and Sparrow (1961) have seen an everincreasing interest being taken in fungi which occur
and are active in aquatic habitats. The First International Mycological Congress in 1971 brought
together workers in this field and provided the impetus
for the present volume. Although the book has its
main references up to 1972, and was completed in
1973, the delay in its appearance until 1976 was
unfortunate.

accounts.
In several chapters there are long lists of fungi
which have been isolated: for example, during
colonisation of wood blocks, of algae and of mangrove seedlings; chytrids from saline soils; fungi
parasitic on fish; and those present in sewage and
polluted water, as well as tables of responses of fungi
to salinity. While this information may be interesting
for the sake of completeness, it would have been much
more useful if some of the tables had been "digested"
before being included. To take only two examples,
during a 13 month survey of the colonisation of
mangrove seedlings, 50 of the 73 fungi found were
recorded fewer than 10 times, and for I9 fungi there
was only a single record: of these, 11 were only
identified to generic level. This table could have been
eliminated without loss. A more serious state exists
when referring to the response of fungi to different
levels of salinity, where the results from several authors
are quoted. In the case of Dendryphie/la salina, for
example, the salinity for optimum growth is given as
IO%, 20%, and 60%; growth in distilled water as
20%, 34%, 60 %, and 67%, and in seawater as 6I %,
75%, 78% and 80% of the optimum. Such diversity
of results calls for comment, but none is given.

The book is divided into two main sections, dealing
with marine fungi in 333 pages and freshwater forms
in 315 pages. Each section is subdivided to cover the
higher fungi (Ascomycetes, Fungi Imperfecti and
Basidiomycetes) and the lower fungi {Phycomycetes).
There are an additional 48 pages covering Trichomycetes and Actinomycetes These are followed by a
reference list of films concerning aquatic fungi, topics
of further interest, and a comprehensive index. About
one third of the book originates from Portsmouth
Polytechnic. This is to the credit of the Editor's
team there, but perhaps a more widely cast net
would have produced a greater diversity of viewpoint.
In the Marine section, there are long chapters which
cover lignicolous and algicolous fungi, yeasts, and
fungal physiology, as well as more esoteric topics
such as the succession of fungi on mangrove "Seedlings,
degradation of oil, and the cytochemistry of fungal
spores. The lower marine fungi have accounts of their
morphology and taxonomy; the classification of the
biflagellate species; their physiology, ecology and fine
structure, and the diseases which they can cause in

Some authors are aware of the "raw data" nature
of their tables: thus, W. Bridge Cooke {p.420), after
I I pages listing fungi in sewage and polluted waters,
says "important questions to be answered .... related
to the credibility of the material presented above".
This is indeed so, and the comment could justifiably
be applied in other areas. What is needed is a concise
account of the fungi which are important in these
habitats.

marine animals.
Freshwater fungi are dealt with in chapters covering
their morphology and biology; their occurrence in
cooling towers and in sewage; their role in energyflow mechanisms and their interactions with DDT.
Accounts of the substrates of the lower forms lead to
chapters on their ecology, physiology and fine structure, with an account of immune responses of fish
interpolated into this sequence.

The book is generally well-produced, except for the
quality of the photographs, and for a few uncorrected
spelling errors, mainly in the index. The price must be
regarded as about right today, when £3 per IOO pages
appears to be the going rate. For those working with
aquatic fungi it will prove a useful compendium. but
for the less committed, the price will prove a great
deterrent.
G. J. F. Pugh

Individual chapters are complete in themselves and
make coherent reading. However some rearrangement
of chapters would have made the book more of a
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