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BIODETERIORATION SOCIETY NEWSLETTER
Recent Developments in the Taxonomy of Biodeteriogeoic Fungi, a
Symposium at Jodrell Laboratory,
Royal Botanic Gardens, Kew.
This meeting was held on 9th
March, 1976. Abstracts of papers
presented will be published iu our
next issue.

The meeting proved to be a
great success both in the near
record attendance tabout 60 members) and in the quality of papers
presented. It was evident from the
content of the papers that fungal
taxonomy is a dynamic field of
study and bears little relationship
to the popular and erroneous
concept that taxonomy is merely
the art of memorising the relationship between shapes and names.
The thanks of the Society are
due to Dr. C. Booth and Dr. A.
H. S. Onions from the Commonwealth Mycological Institute for
their efforts in organising the
meeting, to the staff of C M I for
the splendid domestic arrangements, and of course, to our
speakers.
The programme was:
Chairman-Or. C. Booth (Assistant Director, Commonwealth
Mycological Institute).
"Conidiogenous cells in classification of Hyphomycetes and Coe/omycetes" Dr. B. C. Sutton
(CMI)
"Basidiomycetes" Dr. R. Watling
(Royal Botanic Gardens, Edinburgh).

"Yeasts" Dr. R. R. Davenport
(Long Ashton Research Station,
University of Bristol).

Dr. T. Cross from the University of Bradford was prevented
from attending the meeting by the
rail dispute but it is hoped that we
will hear his paper on "Recent
developments for the identification
of Actinomycetes implicated in
Biodeterioration" at a future meet-

ing of the Society.
The International Biodegradation
Research Group (IBRG)

IBRG is one of the . scientific
groups originally set up under
OECD sponsorship to investigate
various aspects of the biodeterioration and biodegradation of materials. Wood Preservation and Biodeterioration in the Marine Environment are covered by other
groups, leaving a wide field open
toiBRG.
At the present time, working
groups of IBRG are involved on
projects on the test methods for
determining the mould resistance
of paints, the biodeterioration of
non-wood building materials and
the methods of testing the biodegradation of biocides. A taxonomy/ecology group also exists and
acts mainly as a service group for
the project groups.
Project groups consist of members of IBRG from industrial,
research and academic institutions
who carry out co-operative experimental work funded by their
employers. The results are shared
by IBRG members and the project
group itself decides upon which
portions of its work to publish.
Each project group has a Chairman and Technical Secretary,
elected from its membership.

"Moulds:- Trichoderma" Dr. B.
Brady (C M I)

IBRG meets at least twice a
year, once in the autumn in
Birmingham, England, where its
Secretariat is based at the University of Aston in Birmingham, and
once each spring, usually in some
other European country.

"Moulds:- Penicillium and Aspergillus" Dr. A. H. S. Onions
(CMI).

Members ofiBRG may play an
active role by joining project
groups, or may be corresponding

Dr. D.
Hawkesworth (C M I)

"Pyrenomycetes"

L.

"Moulds:- Mucorales" Mrs. J.
Lunn (CM I)

iii

members, who receive selected
IBRG documents.
Each organisation sending members to IBRG is asked to contribute an annual fee (£25.00) towards the cost of maintaining the
General Secretariat of IBRG.
IBRG welcomes new members,
and enquiries should be sent to-:
Dr. D. Allsopp,
Secretary-General IBRG,
Biodeterioration Information
Centre,

University of Aston in
Birmingham,
80 Coleshill Street,
Birmingham B4 7PF.
"Shirley Test Cloth"-A New Test
Cloth for Soil Burial Trials and
Similar Studies
The burial of textiles in soil has
been carried out for many years
both in industrial and academic research work. In the most common
applications the change in tensile
strength of the cotton has been
used as an index of the rate of
breakdown of cellulose by the soil
flora and fauna. Soil is a highly
heterogenous medium. It is therefore very much in the researcher's
interests to ensure that his cellulose test material is as uniform as
possible in order to minimise the
degree of replication necessary for
meaningful results. In the past
research workers have not been
able to obtain a suitable standard
test cloth in Great Britain. Some
have purchased material from
TNO in Holland and others from
companies in the United States.
Most of the research done using
this textile technique conforms to
British Standard BS2576, and it
would apparently be in the interests of all workers if a single source
of suitable cloth was available
from them all.
The Shirley Institute in Manchester have agreed to manufacture such a test material subject to
initial demand making the project
economically feasible. The fabric
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will be similar to that manufactured until recently by TNO and
will be supplied with a complete
treatment history. It is intended
that it will be c. 100 em wide and
will have been desized and boiled
during the finishing operations.
This should ensure that it is as
near 100% cellulose as possible
and that it will be fully preshrunk.
Weaving will be of a high standard
with ± 2% error in weft and warp.
If sufficient interest is shown the
fabric is likely to be available for
c. £2.50 per square yard.

of 1976 and there is still ample
time for all to contribute to the
program. If you have not registered for the second mailing, please
contact the Secretary:

Would anyone interested in
participating in this scheme please
get in touch with:

The British Library announces
a new service whereby the following biological data bases can be
searched on-line at a computer
terminal in the Bayswater Branch
of the Science Reference Library.

Dr. D. W. H. Walton,
British Antarctic Survey,
Monks Wood Experimental
Station,
Abbots Ripton,
Huntingdon PE17 2LS.
Second International Mycological
Congress
The first circular describing the
Second International Mycological
Congress has been mailed to
interested persons throughout the
world. For the purpose of preliminary planning this circular had a
December 15, 1975 date for return.
However, the second circular will
not be mailed until the summer

Dr. Melvin S. Fuller,
Secretary I MC2
Department of Botany,
University of Georgia,
Athens, Georgia 30602.

Medline which is available only
between 9.30 and 13.00 except on
Tuesdays.
On-line information retrieval
services are run from large time-

sharing computer installations. To
make a search the local computer
terminal is first linked to the main
computer by telephone line. You
then type a subject description, or
"profile", of your question at the

On-Line Access to Computer Information Services in Biology

Data Base

Coverage Service

Medline
(Index
Medicos)

1969 on

US
National
Library of
Medicine

Biosis Previews
(Biological
Abstracts) 1972 on

Lockheed
Dialog

National
Agric. Library
-Cain
1972 on

Lockheed
Dialog

Psychological
Abstracts
1967 on

Lockheed
Dialog

The availability of this service
is from 14.00-17.00 daily except

jv

terminal. You will then obtain a
display or print out of references
which match your profile. The
profile cau then be modified
successively until optimum response results. The main advantages of
on-line searching lie both in the
speed and depth of search and in
the ability to refine the question to
ensure maximum utility of the
results.
The data bases listed above are
now available for searching on an
experimental basis. For a limited
period no charge is made where
users visit the SRL for their search
and help with the experiment by
completing an evaluation form.
Users not wishing to be involved
in the experiment or who are
unable to visit the Library will be
charged according to the terminal
time used. You are recommended
to make an appointment to use the
services. Contact the Reading
Room at the Bayswater Branch.
(Phone 01-727 3022 extn. 65).
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Further Papers Presented at a Symposium on
"CARGO BIODETERIORATION PROBLEMS"
University of Cambridge, Friday 28th November, 1975
(Abstracts of most papers were published in Vol. 11 No.4 but those below arrived too late for
publication in that issue)
Title:

Prevention of Deterioration by Rodents

seated greyish blue to black discolouration. Softwoods and hardwoods can be affected causing
wastage, degrade and monetary loss. Ambrosia and
bark beetles increase the problem by carrying
staining fungi into wood.

Author: Denis Boocock
Address: Three Horseshoes,
Shudy Camps,
Cambridge, CBI 6RA.

Conditions of moisture and temperature conducive to sapstain are often present during transport
from stump to stockist. Prevention is by rapid
extraction, good seasoning and application of
biocides.
The chemicals used most widely are sodium
pentachlorphenate, mercurials and gamma-BHC,
but these may cause environmental problems and
safer products are now being sought.

ABSTRACT

Rats and mice cause serious economic damage to
foodstuffs in cargo carriers. They also transmit
disease of which plague is the most serious and
remains a constant threat.
The International Sanitary Regulations include
measures to prevent the spread of plague by keeping
rats aboard ships to negligible numbers and by
periodical "deratisation".
Rat proofing of ships and harbour installations
has an important part to play in rodent control
supplemented by poisoning with rodenticides and
fumigants.

Title:

Title:

Problems of the Commercial Retailer

Author: J. Love
Address: J. Sainsbury Ltd.,
Stamford House,
Stamford Street, London, SEI.

Prevention of Staining by Wood Staining
Fungi

ABSTRACT

Author: Denis Boocock

The retailer is often unaware of the treatment a
product has received prior to its arrival in his
hands. Only in cases of subsequent trouble either
at shop or customer level is an investigation made.
Too little is known of correct environment and
handling methods to ensure adequate shelf life and
maintenance of quality. Some examples of specific
problems encountered by a retailer were given.

Address: Three Horseshoes,
Shndy Camps,
Cambridge, CBI 6RA.
ABSTRACT

Some species of Ascomycetes and Fungi Imperfecti infect unseasoned sapwood causing deep-

v

FORTHCOMING CONFERENCES, MEETINGS A."'D COURSES

Dates

Tit!e

Location

Contact

9-12 May 1976

International Pest Control
Exposition

Honolulu, Hawaii

International Pest Control Exposition
P.O. Box 88149
Honolulu, Hawaii

14-19 June 1976

4th International C ongress on
Marine Corrosion and Fouling

Juan-lcs-Pins
Antibes, France

Secretariat, Centre de Recherches et
d'Etudes Oceanographiques
73-77 rue de Sevres
92100 Boulogne-sur-Seine

19-27 August 1976

15th International Congress of
Entomology

Washington D.C.
U.S.A.

Dr. Ernest C. Bay
XV International Congress of Entomology, P.O. Box 151
College Park, Md. U.S.A. 20740

14-17 September 1976

Symposium on Soil Corrosion

Siofok, Hungary

S:rm:posium Secretariat
cfo Hungarian Chemical Society

Anker koz 1
H-1061 Budapest Phone: 427-343
16-18 September 1976

3rd International
IUPAC-Sponsored Symposium on
Mycotoxins in Foodstuffs

Paris, France

Mycotoxin Symposium c/o Dr. M.
Jernmali, 16 Rue Nicolas Fortin
75013 Paris, France

28-30 September
2-4 November 1976

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

Princes Risborough,
England

Mrs. Susan Hobbs
Building Research Establishment,
SummerJcys Road. Princes Risborough,
Aylesbury, Bucks HPI7 9PX.

27 Augmt- 3 September
1977

2nd International Mycological
Congress 1977

Tampa, Florida,
U.S.A.

Dr. Melvin S. Fuller, Secretary IMC 1
Department of Botany
University of Georgia
Athens Ga. 30602 U.S.A.
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Scott, J. A. and Forsyth, T. J. Int. Biodetn. Bull. (ISSN 0020-6164) 12 (1), 1-4.
Thermophilic micro-organisms in aircraft fuel.

THERMOPHILIC MICRO-ORGANISMS IN AIRCRAFT FUEL
J. A. Scott and T. J. Forsyth'
Summary. Aviation fuel samples were examined for microorganisms which could possibly grow at the intennediate
temperatures that might be reached in those fuel tanks of
supersonic aircraft which are not subject to the full kinetic

temperature.

Thennophile Mikroorganismen in Flugzeugtreibstoff. Proben von
Flugzeugtreibstoff wurden auf Vorkommen von Mikroorgansmcn untcrsuch, die mOglicherweise bei diesen mittleren Ternperaturen wachscn kOnnen, die in Flugzeugtanks von Oberschallftugzeugen erreicht werdcn, die nicht dem votlen kinetischen
Heizeffekt ausgesctzt sind.
Priifungen an 78 Proben bei Temperaturen zwischen 30 und
45°C zeigten, da8 die Mikroben under gO.nstigen Bedingungen
in fast allen Proben geziichtet werden konnten.
Die haufigste Art bei 30"C war Cladosporimn resinae und bei
45°C Aspergillus fmni'gatus, obwohl andere Pilze und Bakterien
sich bei dieser hOhcrcn Ternpcratur auch entwickeln konntcn.

I\1.icro-organismes Thermophiliques dans les Carburants pour
Avions. On a cherche a db:ouvrir dans des Cchantillons de
carburant pour !'aviation les micro-organismes qui pourraient
se devclopper aux temperatures intermediaires obtenues peutetre dans les reservoirs a carburant d'un engin supersonique.
qui ne soot pas soumis a Ia plcinc force de la chaleur cinCtique.
Des experiences avec 78 fchantillons a des temperatures
variant de 30° a 45"C montrent que Ia culture de microbes est
possible dans Ia plupart des fchantillons, les conditions favor~
abies etant presentes Cladosporium resinae est l'espece predominante a 30"C mais a 45"C c'est Aspergillus fimrigatus qui
prCdomine. Bien que d'autres champignons et bactCries soient
aussi capables de croissance a cette demii::re temperature.

Los micro-organismos tcmofilicos en eJ combustible para los
avioncs. Se exarninaron unas muestras de combustible para
aviones con el fin de hallar micro-organismos que pudicresen
tal vez crecer a las temperaturas intermcdiatas que pudicrcn
alcanzarse en los dep6sitos de combustible de avioncs supers6nicos que no estCn somctidos al plena cfccto de Ia calefacci6n
cinetica.
Pruebas hechas en 78 mucstras a unas tcmpcraturas entre
30°C y 45°C indicaron Ia posibilidad de cultivar microbios en
Ia gran mayoria de los casas con tal que fuesen favorables las
condiciones.
La especie mas prevaleciente a 30°C era Cladosporium resinae
pero a 45°C predorninaba Aspergillus fumi'gatus, aunque otros
hongos y bacterios se revelaron tambiCn como capaces de
crecer a esta temperatura.

History

Present Situation

Microbial contamination of aircraft fuel systems
has been known for many years and has, at times,
resulted in heavy economic penalties for aircraft
operators (Scott, 1971).

Today, after a great deal of research and development work, there is a good understanding of the
problem and, even in the most aggressive environments, the hot and humid areas of the tropics and
sub-tropics, it is possible to maintain control using
available techniques. This requires the active cooperation of all concerned:- the manufacturers to
design and build aircraft where water pockets are
eliminated, the operators to use the aircraft in such a
way as to minimise water pick-up and retention, and
the fuel suppliers to exercise 'good housekeeping' to
prevent any storage facility from becoming a breeding
ground for microbes or their spores. In the present
situation it is sometimes necessary to supplement the
precautionary measures by the use of biocides but it
must be realised that these are a means of preventing
growth rather than clearing an established infection
(Park, 1973).

heating effect.
Tests on 78 samples at temperatures in the range 3045°C

showed that microbes could be cultured from the vast majority,
given favourable conditions.
The most prevalent species at 30°C was Cladosporium resinae
but at 45oc Aspergil/usfumigatus predominated, although other
fungi and bacteria were also capable of growth at the latter

The principal early problem was that of sulphatereducing bacteria affecting gasoline-type fuels and
causing corrosion in the fuel systems of pistonengined aircraft. (Chemistry Research, DS1R, 1952,
1956). This, when recognised, was overcome by
changes in the construction and maintenance of fuel
storage tanks to eliminate the environment in which
the organisms had hitherto flourished (Smith, 1970).
With the change to jet engines using kerosene a
new problem of microbial contamination and associated corrosion arose. (Bakanauskas, 1958). The organisms in this case were primarily fungi (Hazzard, 1956)
which could utilise the longer carbon chains that were
to be found in the new fuel (Parbery, 1970). There was
little impact on aircraft which stored fuel in rubber
bag tanks, but in those with integral tanks, where the
wing structure itself constituted the fuel container,
serious corrosion sometimes occurred.

Supersonic Aircraft
With the introduction of supersonic aircraft into
airline service, much of the experience gained on
subsonic types may be invalidated by the changed
environment (Hill, 1969). At the higher temperatures

'British Aircraft Corporation, Commercial Aircraft Division, Weybridge, Surrey, England.
Revised version received 10.2.1976.
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TABLE 1 Fuel Pick-ups and Isolates

ISOLATES
Sample
No.

Largest
Fuel

30(>C

Pick-Up

1
2
3
4
5

6
7
8
9
10

11

12
13
14
15
16
17
18
19
20
21
22
23

24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45
46
47
48
49
50
51
52
53
54
55
56

57
58
59

60

61
62
63
64

65

66

67
68
69
70
71

72

73
74
75
76
77
78

Bahrain
Entebbe
Bahrain
Luanda
Chicago
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induced by kinetic heating at speeds around Mach 2
(about 120°C) no problem is expected since there
will be little tendency for free water to remain in the
tanks and very few, if any, organisms are likely to
survive. (Scott and Hill, 1971).

Significant "sub-samples" of fuel were obtained
from an area bounded by Chicago, Miami and Barbados in the West, and by Luanda, Abu Dhabi and
Moscow in the East. Some fuel had come from the
West Coast of the USA, Japan, Australia and the
Far East but was not present in significant amounts.

However, not all the fuel tanks will be subjected to
such high temperatures and some, where the fuel will
reach only about 45°C, will present a potential habitat
for thermophilic species. 'Thermophilic' is a relative
term and is used here to mean an organism exhibiting
temperature optima higher than 40°C, since few fungi
are capable of growing above this temperature.
(Crisan, 1974).

Two litres of the sample were drawn through a
0.2 11m sterile membrane filter under vacuum. The
filter was then washed clear of fuel using sterile
detergent (Nonidet P40) and then washed with sterile
saline (0.85 per cent). It was then aseptically cut into
six segments and each segment was transferred to a
mineral salts solution, either Bushnell-Haas (1941) or
Klausmeier Modified (Park, 1975, and Klausmeier et
a/ 1963), shaken vigorously, overlaid with 20 ml of
the filter-sterilised fuel and then incubated (at either
30°, 37° or 45°C).

Test Programme
With this in mind, a programme has been carried
out by BAC under the sponsorship of the Ministry of
Defence (Procurement Executive) to isolate and cultivate microbes from a wide range of fuel samples,
originating from as many geographical locations as
possible. Accordingly, fuel samples were taken from
commercial aircraft arriving in London from widelyscattered distant points. In each case, details of the
previous fuel uplifts were taken from the aircraft
Technical Log in order that the percentages of the
remaining fuel originating from the various stopping
points could be calculated.

Isolation and Identification

The mineral salts solution from each of the different
temperature incubations was sub-cultured to solid
media (Bushnell-Haas to nutrient agar and Klausmeier
to malt extract agar) to give colonies of bacteria or
fungi, which were further sub-cultured to effect
isolation and identification. Bacteria were identified
where possible by biochemical tests.
Fungi were examined microscopically and identified.
Where the identification of a fungus was in doubt,
positive identification was carried out by the Commonwealth Mycological Institute at Kew.

Any micro-organisms were removed on a membrane
filter, cultured in two media at three temperatures, and
identified. (Park, 1975).

Test Methods
Fuel was drawn from a water drain point situated
close to the aircraft wing root into sterile dry 2-! litre
glass bottles. In all, 78 samples were taken from eight
different aircraft types operated by 14 different airlines.
From the information taken from the Technical Log
it was possible to calculate the percentage of the total
fuel which was picked up at the previous refuelling
points. Thus each sample was regarded as being

Chemical Tests

Chemical analyses for Biobor J. F., the biocide
which is normally favoured by commercial airlines,
were carried out on 31 samples (Park, 1975). No
analyses were performed for Ethylene Glycol Monomethyl Ether (EGME) Fuel System Icing Inhibitor as
this is rarely used by commercial airlines and no
military aircraft were sampled.

composed of a number of "sub..:samples" each repre-

Test Results
All organisms which were isolated are listed in
Table I. Of the 78 samples, only three failed to produce any organisms. Bacteria mainly grew in BushnellHaas with the initial pH value of 8.0 and at lower
incubation temperatures; any growth at 45°C in

senting the fuel loaded at the previous refuelling points.
The calculation would be subject to error if representative amounts of fuel had not been loaded into the
particular tank sampled, but since a main tank was
always used these errors were considered to be
negligible.

KEY:

B/H

K

+

Cr
M
A
D
E
F
N
p

Bushnell-Haas Medium (13)
Klausmeier Medium (12, (14)

Organism present - not identified.

y

Cladosporium resinae

Be
Ps
B
G

Aspergillus fumigatus
Aspergillus sp.
Absidia sp.
Phialophora sp.

s

h
j

Fusarium oxysporum
Nee/ria viridescens
Penicillium sp.

k
m

3

Yeast
Bacillus cereus
Pseudomonas aerugiuosa
Bacillus sp.
Actinomycete
Aerobic sporing bacillus
gram positive coccus
gram positive rod
gram positive rod with spore
gram negative rod
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Bushnell-Haas tended to be gram positive rods
including Bacillus and Actinomycetes. Cladosporium
resinae grew best at 30'C in the Klausmeier medium
with an initial pH of 5.0. Aspergillus fumigatus grew
on both media but visually the growth on nutrient
agar was less successful than the luxuriant growth
which appeared on malt extract agar. Growth of this
latter organism occurred on over 50 of the 156 plates
that were incubated at 45'C.
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A REVIEW OF INFORMATION AVAILABLE FOR
DEVELOPMENT OF A METHOD FOR TESTING WOOD
PRESERVATIVES WITH SOFT ROT FUNGI
Martin Gersondet and Waltraut Kerner-Gangl
Beitrag zur Priifung von Holzschutzmitteln mit Moderfaulepilzen
Zusammenfassung. Wegen der schlechten Reproduzicrbarkeit
des Erd-Eingrabe-Verfahrcns zur PrUfung der moderfaulewidrigen Wirksamkeit von Holzschutzmittcln wurde das von P.
KAUNE 1967 in der BAM entwickeltc Vermiculit-EingrabeVerfahren weiterent- wickelt, mit dem Ziel, gceignete Prllfpilze
und-bedingungen auszuwiihlen. Es wurden Pilze isoliert von
Holz, das in verschiedenen Erden unter Laboratoriums-und
Freilandbedingungen eingegraben war. Die Temperatur-und
Feuchtigkeitsansprliche der Pilze wurden ermittelt. ihr Verhalten
gegenliber anderen Mikroorganismen wurde untersucht.
In dem vorgeschlagenen Prurverrahren werden Holzproben in
Vermiculit untergebracht, das mit einer Pilzsporen-haltigen
Mineralsalz-LOsung befeuchtet und gleichzeitig beimpft wird.
Nach angemesscner Vcrsuchszcit wird der Gewichtsverlust
ermittelt.
Auf die Bestimmung von Grenzwerten wird eingegangen. Die
Gewichtsverluste in dem genannten Prllfverfahren werden mit
denjenigen aus dem Erd-Eingrabe-Verfahren verglichen.

Summary. The soil-burial method to evaluate anti-soft rot
efficiency of wood preservatives is poorly reproducible. Kanne's
vermiculite burial method has therefore been studied further in

order to enable the most suitable test fungi and test conditions
to be selected. Fungi were isolated from wood buried in various
soils in the laboratory and field and their temperature and
moisture requirements, and behaviour towards other microorganisms investigated.
In the proposed test method wood blocks are buried in
vermiculite which is moistened and at the same time inoculated
with a mineral salts solution containing fungal spores, and the
weight loss after a standard time determined.
The determination of threshold values is described and an
example given of weight loss in the proposed method compared
with that in soil burial.

Revista de los informes disponibles para cJ Desarrollo de un
M etodo para poner a prueba los preservativos dd Ia madera con
bongos de pudredumbre blandos. El metoda del entierro en cl
suelo para evaluar Ia cficacia contra Ia podredumbrc blanda
de los preservatives de Ia madera se pucde reproducie s6lo con
gran dificultad. El metoda de entierro en materia vermicular de
Kaune ha sido mas estudiado par consiguiente con el fin de
seleccionar los bongos mas adecuados y las condiciones mas
adecuados para Ia prueba. Se aislaron los bongos. separAndolos
de Ia madera enterrada en varies suelos en el laboratorio y el
campo de Ia realidad prcictica y tambiCn de sus requistios en
cuanto a Ia temperatura y Ia humedad, y se indag6 su conducta
hacia otros microorganismos.
En el metoda de prueba sugerido aqui se enticrran los bloques
de madera en una materia vermicular que se ha humedccido y
al mismo tiempo inoculado con una soluci6n de sales ninerales
que contiene esporas de bongos. y se determina Ia pCrdida de
peso despues de transcurrido cierto tiempo considerado como
norma.
Sc describe Ia manera de determinar los valores de comienzo
y se da un ejcmplo de perdida de peso en el metoda que se propone en comparaci6n de Ia que se haiia en el entierro en el suelo.

Revue de l'Information qu'on Possede sur le DC\·eloppement d'une
MCthodc d'Essais Conccrnent les Agents de Conservation du
Bois et des Champignons de Pourrilure Molle. II est difficile de
reproduce Ia methode d'enrouissement dans Je sol utilisCe pour
evaluer l'efficacite des agents de conservation du bois contre Ia
pourriture molle. On a done approfondi Ia methode de Kaune
d'enfouissement dans Ia vennicuJite en vue de determiner les
champignons et les conditions Ies plus appropriCs aux experiences. Des champignons sont isoJes du bois enfoui dans des sols
varies en laboratoire et en terrain et on a etudie leurs demandes
en temperature et en humidite, et leur comportement envers
autres micro-organismes.
Dans Ia methode qu'on propose, des morceaux de bois sont
enfouis dans Ia vermiculite qu'on mouille et inocule en m@me
temps au moyen d'une solution de sets rninCraux contenant des
spores de champignons et on determine au bout d'un certain
temrs Ia perte de poids.
On fait I' expose de Ia determination des conditions :permettant
Ia croissance et on donne un exempte de perte de pmds dans Ia
methode proposee en comparison avec celle de l'enfouissement
dans le sol.

using non-sterilised soils with their natural flora of
microorganisms is said to be poorly reproducible.
One possibility, that is to work with clearly defined
test fungi and easily reproducible test conditions, was
developed and described by P. Kaune in the BAM as
the vermiculite burial method. For the further development of this method, in the past years numerous
investigations have been made in the BAM to select
test fungi and define a test arrangement. Their results
are summarised below.

This paper reviews work that has been carried out
in the Bundesanstalt fiir Materialprufung (BAM) in
past years on the development of a method to test
wood preservatives against soft rot fungi.
Although the first publications on experimental soft
rot attack date back 20 years ago, so far no test
method for evaluating the efficacy of wood preservatives against soft rot attack (Ascomycetes and Fungi
Imperfecti) has been generally accepted. The reasons
are diverse and the shortcomings and the disadvantages of the methods described are well known and have
repeatedly been discussed. Individual test methods and
the available literature have been discussed, for
example, by J. G. Savory and A. F. Bravery (1971).
The soil burial method developed by G. Theden (1961)

The soft rot fungi occurring in the soil burial
method and those fungi attacking preserved wood
under field conditions were identified to help select
suitable test fungi and compare the test methods used
so far.

IBundesanstalt fiir Materialpriifing (BAM) 1 BERLIN 45 Unter den Eichen 87.
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TABLE l Isolated fungal species and strains
Test conditions

Isolated species

Strain
no.

Species
Asperg;[/us f/m•us

Link

I
61
56

Aspergillus fumigatus Fres.
Aspergillus niger v. Tieghem
Aspergillus ustus (Bain.)
Aspergillus ustus Thorn et Church
Aspergillus ustus Thorn et Church
Aspergillus ustus Thorn et Church
Cephalosporium sp.
Chaetomium alba-arenu/um Ames
Chaetomium a/ba-arenulum Ames

-•)

CA
CA

-CF

20
24
29
9
8
26
47
51
65
68
70
19
43
49
52
30
33
53
54

Chaetomium a/ba-arenulum Ames·
Chaetomium a/ba-arenulum Ames
Chaetomium a/ba-arenulum Ames
Chaetomium albe..arenulum Ames
Chaetomium alba-arenulum Ames
Chaetomium globosum Kunze
Chaetomium globosum Kunze

Chaetomium globosum Kunze
Chaetomimn globosum Kunze
Fusarium so/ani (Mart.) App. et Wr.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Glenospora graphii Yuill.
Gliocladium virens Mill., G. et F.
Gliocladium virens Mill., G. et F.
G/iocladium sp.
Gliocladium sp.
Gliocladium sp.
Humico/a grisea Traaen
Penicillium db·ersum Rap. et Fen.
Penicilliumfuniculosum Thorn
Penicillium funicu/osum Thorn
Penicilliumfuniculosum Thorn
Penicillium fimiculosum Thorn
Penicillium fimiculosum Thorn
Penicillium fimicu/osum Thorn
Penicilliumfuniculosum Thorn
Penicillium funiculosum Thorn
Penicillium fimiculosum Thorn
Penicillium fimiculosum Thorn
Penicillium funiculosum Thorn
Penicillium funiculosum Thorn
Penicillium funiculosum Thorn
Penicillium jimiculosum Thorn
Penicillium funicu/osum Thorn
Penicillium fimicu/osum Thorn
Penicillium funicu/osum Thorn
Penicillium rugulosum Thorn
Penicillium simplicissimum (Oud.) Thorn
Penicillium sp.
Penicillium sp.
Penicillium sp.
Penicillium vermiculatmn Dangeard
Penicillium verruculosum Peyronel
Petrie/la setifera (Schm.) Curzi
Rhinotrichum macrosporum Farlow
Streptomyces sp.
Trichoderma viride Pcrs. et Fr.
Trichoderma vir/de Pers. ct Fr.
Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Trid,oderma sp.
Triclwderma sp.
Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Trichurus spiralis Hasselbring

a) CA =
CF =
CC =
M =
b) =

Preservative
type n)
concn.

CF

cc
cc
CF
M
M

CA
CA
CA

cc
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M
M
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M
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55

cc

10

-

44
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CF
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40
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28
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7
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36
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35
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23
62
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CF
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-
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-
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chrome-copper salt mixture
mercury chloride
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I. Distribution of soft rot fungi observed in the soil
burial method.

By this method, in 1964, 126 fungi isolated from
22 stakes were taken in pure cultures; 82 of them
were capable of utilising cellulose as a carbon source.
These 82 cultures belonged to 30 fungal species (see
Table 2). While most of the fungal species were
isolated but once, there was a striking abundance of
Fusarium so/ani and Penicillium janthinellwn.

In the well known soil burial method wood blocks
are exposed to the attack of naturally occurring microorganisms of different non sterilised soils under
favourable laboratory conditions. In order to get an
idea of the fungal species occurring, 118 fungi were
isolated (Kerner-Gang, I966) from pine sapwood
blocks used for testing different types and retentions
of wood preservatives. The blocks had been buried
for a period of 12 weeks in four different types of soil.
In the following tests, using mineral salt cellulose agar,
71 cultures proved to be capable of utilising cellulose
as a carbon source. They belonged to at least 26
species. A firm relationship between the occurrence
of the species and the type of soil or the wood preservative could not surely be established (see Table I).

In 1965, 148 fungi were isolated from 32 wood
stakes; 124 of them were cellulolytic. 65 of these fungi
belonging to 27 species were able to grow vigorously
on beech wood under laboratory conditions. In this
test series, too, most of the fungi were isolated but
once, Phialophora aurantiaca, however, 14 times (see
Table 2).

On agar, or in vessels filled with sand, 17 of the 71
cellulose utilising fungal cultures belonging to 8 fungal
species were able to decompose wood considerably,
I.e.

TABLE 2. Fungal species isolated from fieJd stakes.

Species

Cephalosporium sp.
Chaetomium alba-arenulum (7 isolations)
Chaetomium globosum (4 isolations)
Fusarium sp.
G/enospora graphii
Humico/a grisea
Petrie/la setifera
Trichurus spiralis.

Ascomyces sp.

Aspergillus niger van Tieghem
Aspergillus versicolor (Yuill.) Tiraboschi
Cephalosporium incarnatus Thirum
Cephalosporium lamelicola F. E. Smith
Cladosporium herbarum Link ex Fr.
Conlothyrlumfuckelii Sacc.
Cunlnghamella elegans Lcndner
Cylindrocarpon didumum (Hartog) Wollenw.
Doratomyces stemonites (Pers. ec Fr.) M. et S.
Fusarium aquaeductuum (Radek. et Rabh.) Lagh.
Fusarium equiseti (Cda.) Sacc.
Fusarium oxysporum Schlecht ex Fr.
Fusarium redo/ens Wr.
Fusarium so/ani (Mart.) App. et Wr.
Glioc/adium catenulatum (Gilman et Abbott)
Glioc/adium roseum Bain. var. viride Rail.
Glioc/adium virens Miller, Giddens u. Foster
Hormiscium sp.
Hypocrea sp.
Mammaria sp.
Mucor spinosus van Tieghem
Paecilomyces elegans (Corda) Mason u. Hughes
Paecilomyces injtatus (Burnside) Carmichael
Penicillium canescens Sopp
Penicillium charlesii Smith
Penicillium citrinum Thorn
Penicillium corylophilum Dierckx
Penicillium crustoswn Thorn
Penicillium expansum Link
Penicillium funicu/osum Thorn
Penicilliumjanthinellum Biourge
Penicillium ochro-ch/oron Bge.
Penicillium palitans Westling
Penicillium paraherquei Abe
Penicillium simp/icissimum (Oud.) Thorn
Penicillium sp.
Penicillium tardum Thorn
Penicillium terrestre Biourge
Penicillium variabile Sopp
Penicillium vlridicatum Westling
Phialophora aurantiaca v. Beyma
Phialophora fasti'giata (Lagerberg et Melin) Con.
Phialophora mustea Neergaard
Phialophora sp.
Phomafimeti Brun.
Trichoderma hamatum (Bon.) Bainier
Trichoderma koningii Oud.
Trichoderma sp.
Zygorrhynchus moelleri Yuill.

The rest attacked wood only slightly or not at all,
i.e. most of them can be considered as wood-colonising
rather than wood-decomposing fungi.

2. Occurrence of soft rot fungi in the test field under
natural conditions
It is essential to know something of those soft rot

fungi attacking timbers used in the open with ground
contact to be able to apply and evaluate wood preservatives properly. When pine sapwood stakes which had
been treated with different wood preservatives and
installed in the BAM test plot in natural soil were
annually inspected, the opportunity was taken to
isolate fungi. (Gersonde and Kerner-Gang, 1968).
Between 1964 and 1965 sections directly below the
ground line zone were taken from those stakes the
bending strength of which was reduced to less than
50% of their original values occasioned by growth
defects or decay. The isolations were made immediately after the stakes were taken out of the soil. After
splitting off differently thick surface layers wood
chips were taken out of the interior, were transferred
to different media and the fungi growing on them
were then isolated.
7

Number of
isolations in
I964 I965
1
1
1
1

1
1
1

4
8

2

2
I
3
I
I

2
I
I

2

4
1
2
3
1
14
3
1

4
6
1
3
1

2
I

2

2
2
2

(

1

1
3

I4
2
I
I
I

6
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TABLE 4: Soft rot fungi which were (A) isolated in the BAM in
1966/68 nod which caused decay, (B) isolated by J. A. Butcher
from treated and untreated wood in 1968, (C) listed by R.
Rosch and W. Liese (1968) as soft rot fungi and (D) mentioned
in a literature survey on soft rot tests by T. M. Thomson (1969).

Of the total of 50 fungal species isolated in the two
years only 7 occurred in both years. Chaetomium
g/obosum was not isolated in either of the test years.
Most of the 82 fungal cultures of the 1964 series
proved to be wood-colonising-without decaying the
wood. Beech laminae placed on mineral salt agar
were only superficially overgrown without showing any
mass losses, but out of 30 species 7 clearly decomposed
beech wood under the conditions chosen (sand
method). For this purpose small glass jars were half
filled with sea sand and sterilised. Previously weighed
and sterilised beech wood blocks were then placed in
the bottles half surrounded by sand and inoculated
with a mineral salt solution containing spores. After
an incubation period of 8 weeks at 30'C the mass
losses of the specimens were determined. Of the 28
fungal species of the 1965 series II caused considerable
decay of beech wood (Table 3).

Fungal genera and species
Cephalosporium
C. lamellicola
C.sp.

=

Incubation temperature: 30"C.

Decay fungi
Species

Mass

Strain

losses

%

Ascomyces sp.

MF 87

6.2

Doratomyces stemonites
Fusarium aquaeductuum
Fusarium equiseti

MF125
MF 82
MF 7

10.5
12.1
5.3

Mammaria sp.

Penicillium pa/itans
Phialophora aurantiaca

Cephalosporium /amellico/a
Cladosporium herbamm
Coniothyrium fuckelii
Cylindrocarpon didymum
Paecilomyces injlatus
Phialophora aurantiaca
Phialophora /astigiata
Phialophora mustea
Phialophora sp.
Phomafimetii

Zygorrhynchus moel/eri

MF146
MF 99
MF 26

MK107
MK 77
MK 51
MK 85
MK 2
MK 71
MK 52
MK 57
MK 95
MK 39
MK 60

5.8

9.4
12.2
13.2

16.5
8.5

14.4
10.5

9.8
9.9
8.1

10.6
12.0

X
X

X
X

X

X
X

Cladosporium
C. lzerbarwn

X

X

X

X

X
X

X

X

Conlothyrium
C. fucke/ii
C.sp.

x

Cylindrocarpon
C.didymum
C.sp.

X

X

X
X

X

X

X
X
X

X

X

X

Humicola
H.grisea

X

X

Mammaria
M.sp.

X

X

Penicillium
P.palitans
P.spp.

D

x
X

Paecilomyces
P. inf/atus
P.sp.

8.4

c

X

Fusarium
F. aquaeductuum
F. equiseti
F.sp.

of 8 weeks to pure cultures (series MF = 1964, series MK
1965) by the sand method. Average values from 4 tests.

B

Chaetomium
Ch. alba-arenulum
Ch. globosum

Doratomyces
D. stemonites
TABLE 3. Mass losses of beech blocks after an exposure period

A

I'

X

X
X
X

X

X

X
X

X
X
X

Petriella
P. setifera
P.sp.

X

X
X

Phialophora
Ph.aurantiaca
Ph.fastigiata
Ph.mustea
Ph.sp.

X
X
X

X
X

Phoma
Ph.fimetii
Ph.sp.

X

Trichurus
T.spiralis
T.sp.

X

X

X

X

X

X

X
X

X
X

X

The fungal species mentioned in the paragraphs 1
and 2 which were observed to cause heavy decay are
listed in Table 4. As can also be gathered from this
table these are mostly fungi that had been mentioned
by other authors as in connection with soft rot.

Zygorrlzynchus
Z.moelleri

fu the further investigations not only these fungi
will be considered but also part of the wood"colonising
fungi which should be included in a mixed fungal
culture; on the one hand they may occur quite frequently under natural conditions, such as Trichoderma
and Penicillium species for example, on the other hand
it may be possible that they affect preservatives thus
creating possibly favourable conditions for decay
organisms that are normally susceptible to fungicides.

It is essential to know the temperature and moisture
requirements of soft rot fungi to be able to select test
fungi and develop test methods. See also Duncan
(1960). Tests for determining their optimum growth
temperatures (Kerner-Gang, 1970) were carried out in
Petri dishes on malt agar. The incubation of two
dishes each was carried out at 14, 18, 22, 26, and 30'C.
Those temperatures at which the fungal mycelia grew
most vigorously may be gathered from Table 5.

X

X

3. Temperature and moisture requirements of soft rot
fungi

8
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In order to get an idea of the different moisture
requirements of the fungi, the cultures were inoculated onto agar media with the following water vapour
equilibria which were obtained by adding different
amounts (40 ... 500 g/l) of glucose: 99.5%, 98.6%,
97.3 %, 96.4 %, 93.0 %, 90.0% rel. vapour tension
(Kerner-Gang, 1965). Part of the dishes were stored
at favourable temperatures and the rest at markedly
lower than optimum temperatures, i.e. at 14 or 18'C.
·The vapour tensions preferred by the fungi may also
be gathered from Table 5.

Results of the investigations: The fungi of the
series MG isolated from the soil burial tests which
had been carried out at 30'C also grew most vigorously
at 30'C. On the other hand, only 17 out of 32 fungi
isolated from field tests (series MF and MK) showed
the biggest colony diameter at 30'C, 14 at 26'C and
one culture at 22'C. The majority of the MG fungi
grew much more quickly at 30'C than those cultures
isolated from field tests; at lower temperatures those
fungi isolated from the 30'C tests needed much more
time than the fungi of the M F and MK series.
The same table shows that the majority of 16
investigated MG fungi are clearly hydrophilic. The
fungi isolated from the field tests behaved a little
differently with regard to their moisture requirements: 36% preferred the highest moisture content
offered to them, 36% grew similarly well at 99.5 and
98.6 %, 16% had their growth optimum at 98.6% and
12% below that (97.3% or 93.0%) which means that
a major part of them may also develop quite well on
less moist media.

TABLE 5. Preferred temperatures and moisture contents by the

fungal species isolated.

Optimum
temp. cc Species

Suitable rei.
Strain

vap. pressure

%
30'C

Fungi isolated from soil

burial tests
Aspergillus ustus
Cephalosporium sp.
Chaetomium alba-arenulum

Chaetomium alba-orenulum
Chaetomium alba--arenulum
Chaetomium globosum
Chaetomium globosum
Fusarium sp.
Glenosporia graphii
Glioc/adium l'irens
Humicolagrisea
Penicillium funiculosum
Penicillium funiculosum
Petrie/la setifera
Trichoderma sp.

Trichtts spiralis

MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG
MG

Fungi isolated from field tests
Ascomyces sp.
MF
Cylindrocarpon didymum
MK.
Fusarium aquaeductuum
MF
Fusarium equiseti
MF
Fusarium so/ani
MF
Fusarium so/ani
MK

Mammaria sp.
Penicillium citrinum
Penicil/iumjanthinellum
Penicillium ochro~chloron
Penicillium paraherquei
Penicillium simplicissimum
Phialophora aurantiaca
Phialophora aurantiaca
Phialophora aurantiaca
Phialophora aurantiaca
Trichoderma sp.
26°C

22•c

20
9
26
51
70
19
43
33
37
28
36
46
50
14
31

97.3
99.5-98.6
99.5
99.5
99.5
98.6
98.6
99.5-98.6
99.5
99.5
99.5
99.5
99.5
99.5
99.5
99.5

87

99.5

55

4. Behaviour towards other microorganisms
When test fungi are considered for mixed cultures
their behaviour towards other microorganisms must
obviously be taken into account. For this reason a
test series was begun to study how far the fungi
isolated from one of the 9 stakes affect each other.
Equal amounts of aqueous spore suspensions of one
fungal group (2 ... 7 species) were mixed. One ml of
this suspension was then evenly distributed over the
media contained in the Petri dishes. The following
media were used: malt agar without any additives,
malt agar augmented with 20 rug and 40 mg copper8-oxyquinoline/l. The incubation temperature was
24'C. It was obvious from all nine test series that the
wood colonisers-especially the Penicillia, but to a
certain extent also Trichoderma and Glioc/adium
species-developed well and inhibited or suppressed
the wood-destroying species on those media that had
been inoculated with all fungi from one stake. The
fungal group isolated from stake no. 90 which consisted of 7 species may be cited as an example. (Table 6).

85

82
7
94
30

MF146
MFllO
MF 1
MFll 5
MF 98
MF 44
MF SO
MF106

MK. 12
MK 45
MF109

Fungi isolated from field tests
Cladosporium herbarum
MK 77
Coniothyriumfuckelii
MK 51
Doratomyces stemonites
MF125
Fusarium oxysporum
MF 96
Paecilomyces inflatu.s
MK 2
Penicillium expansum
MF 23
Penicilliumjanthinellum
MF 58
Penicillium palitans
MF 99
Phialophora aurantiaca
MK 19
Phialophora fastigiata
MK 9
MK 57
Phialophora mu.stea
Phialophora sp.
MK 95
Phoma fimetii
MK 39
Trichoderma hamatum
MK 40

99.5
99.5
99.5-98.6
99.5
93.0
98.6
99.5
99.5
99.5
99.5-98.6

In another test series, fungi isolated from four
stakes were used to determine the interactions between
the fungal cultures. The tests were carried out in Petri
dishes with malt agar. Agar slices of a diameter of
5 rum were inoculated with the respective fungi; two
of them were placed on the gelled agar at a certain
distance from each other. After an incubation period
of 8 days at 24'C the mutual inhibitory effects of the
fungi were determined.

99.5
98.6
98.6
99.5-98.6
98.6
97.3
97.3
99.5-98.6
99.5
99.5-98.6
99.5-98.6
99.5-98.6

These tests revealed only Penicillium char/esii and
Trichoderma hamatum to be strongly inhibitory; the

Fungi isolated from field tests
Cephalosporium lamellicola MK107

inhibitory effects of the rest of the fungi was slight or
non-existent with the test arrangement used.
9
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The behaviour of wood-deteriorating fungi and
wood-colonising fungi towards three Streptomycete
species was investigated in another test series. The
following Streptomycetes were used for the tests:

Half the surface of a nutrient medium (a mixture of
malt agar and asparagine agar) placed in Petri dishes
was inoculated in lines with the respective culture of
Streptomycetes and incubated for some days at 24°C
to get established. Discs (diameter 5 mm) of malt agar
inoculated with mould fungi were then transferred to
the area overgrown with Streptomycetes. Subsequently
the dishes were incubated up to 3 weeks at 24°C.
While the 28 wood-deteriorating cultures were markedly or strongly inhibited, the influence on the 14 woodcolonising fungi investigated was only very slight or
not existing.

I. Streptomyces sp. MG 69 isolated from soft rotted
wood in Berlin-Dahlem,
2. Streptomyces griseinus Waksman, CBS 410.68,
3. Streptomyces jlavogriseus (Duche) Waksman,
CBS 101.34.
The latter two cultures were isolated from soil according to the Centraalbureau voor Schimmelcultures.

TABLE 6. Behaviour of fungi isolated from a stake among themseh·es.
after 4 days

Evaluation

after 14 days

addition of Cu-8-oxyc uinoline
Fungi
a) Penicillium expallSum
a) Penicillium expansum

b) Fusarium oxysporum
a) Penicillium expansum
b) Fusarium oxysporum

c) Penicillium ochro-chloron
a) Penicillium expansum
b) Fusarium oxysporum

c) Penicillium ochro-ch/oron
d) Fusarium redo/ens
a) Penicillium expansum
b) Fusarium oxysporunr
c) Penicillium ochro-chloron

d) Fusarium redo/ens
e) P!Jomafimetii

without

20 mg/1

40 mg/1

+++
+++

++
++

0

(+)

only a)

only a)

90%a)
10% b)

+++

10% a)
90% c)

+++

++

+

70% b)

only a)

30% a)

95% c)

20% a)

++

+

5%d)

80%c)

only a)

+++

95% c)
5%d)

++

90% c)
10% d)

+
only a)

addition of Cu-8-oxyquinoline
without
20 mg/1
40 mg/1

+++
+++

80% a)
20%b)

+++

+++
+++

90% a)
10% b)

+++

only a)

+++

IO%b)
90% c)

90%c)

30% a)
70%c)

+++

+++

+++

only c)

only a)

95%c)
5% d)

+++

95%c)
5% d)

10% b)

+++
+++

+++

+++

only c)

only a)

a) Penicillium expansum

b) Fusariwn oxysporum
c) Penicillium ochro-chloron
d) Fusariwn redo/ens
c) Phomafimetii
0 Phialophora fastigiata

95%c)
5% d)

a) Penicillium expansum
b) Fusarium oxysporum
c) Penicillium ochro-chloron
d) Fusarium redo/ens
e) Phoma fimetii
f) Phialophora fastigiata
g) Phialophora aiUantiaca

95%c)
5% d)

0

=

+++

+++

++

50% a)
50% c)

++

50% a)
50% c)

+
only a)

+
only a)

+++

95% c)
5%d)

+++

95% c)
5% d)

+++

+++

only c)

only a)

+++

+++

only c)

only a)

no growth, ( +) = isolated colonies. + = appr. half of the agar surface is overgrown, + + = more than 50% of the agar surface
is overgrown, + + + = the whole agar surface is overgrown

The tests are carried out with beech and pine
sapwood specimens with the following dimensions:
20 X 20 X 20 mm. The condition of the test specimens,
their preparation, treatment with preservative solutions, leaching procedure and storage conditions until
the fungal tests are started must correspond to the
standard specification DIN 52 176. "Testing of wood
preservatives-determination of the preventive effects
of wood preservatives-Tests with wood-destroying
Basidiomycetes according to the wood block method
in Kolle flasks", September 1972.

5. Test conditions of the vermiculite burial method

Principle: the nutrient medium and the moisture
carrier is vermiculite (Kerner-Gang and Gersonde,
1972).
"Expanded vermiculite" is a well known aluminiummagnesium silicate used as an insulating and building
material. It is a micaceous mineral. This material is
biologically inert and resembles soil in its moisture
uptake. The minimum water holding capacity is said
to be 350%; granules of 2 ... 3 mm are used.
10
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One-way, 500 ml beakers of a transparent plastic
material are used as test vessels. The blocks may more
easily be placed in these vessels and with a more
uniform distance from each other than in the widenecked glass bottles. A 15 mm layer of vermiculite is
put into these beakers. Four wood blocks are then
placed on the vermiculite (either 4 untreated blocks
or four blocks with the same preservative concentration) and covered with 150 ml of vermiculite. The
vessels thus prepared are then exposed to a cold
sterilisation by ethylene oxide. After 4 days they may
be inoculated. Small amounts of a carbon-free
nutrient solution are autoclaved and subsequently
inoculated with 3 ml of a spore suspension of the
respective fungal species. This nutrient spore suspension is evenly distributed over the vermiculite surface
under sterile conditions. The test vessels are then
incubated at 28°C and a relative humidity of 70 ...
80 %. At the end of the tests the oven-dry weight of
the blocks is determined and their weight losses are
calculated.

In one test series all conditions were maintained
with the exception of the amount of the suspension
used for the inoculations.

Test fungi: With the exception of Chaetomium globosum (strain ATCC 6205) only monocultures were used
which had been isolated at BAM and described in
more detail above. Some of these fungi had already
been used by P. Kaune (1967, 1970) in tests with
untreated wood. In our tests carried out so far the
following cultures proved to be suitable:

According to the results mentioned in Table 7
beech specimens must have a somewhat higher
moisture content than pine sapwood specimens if the
fungi are to produce maximum decay. 110 ml of the
suspension were accordingly added to the plastic
beakers with the beech specimens and 100 ml to the
pine sapwood specimens (Kerner-Gang, 1974).

Chaetomium alba-arenulum Ames, strain MG 68
Chaetomium globosum Kunze, strain ATCC 6205
Cladosporium herbarum Link ex Fr., strain MK 77
Doratomyces stemonites (Pers. ex Fr.) M. et S., ·
strain MF 125
Glenospora graphii Yuill., strain MG 55
Humicola grisea Traaen, strain MG 28
Petrie/la setifera (Schm.) Curzi, strain MG 50
Phialophora aurantiaca v. Beyma, strain MF 26
Phialophora sp., strain MK 95
Trichurus spiralis Hasselbring, strain MG 31
Moisture content: The moisture content of the substrate is of utmost importance for an undisturbed
development of the fungi.

TABLE 7. Mass losses and moisture contents of untreated beech (8 weeks) and pine sapwood blocks (12 weeks) when different amounts
nutrient solution were added.
Fungal species
Nutrient
solution

Chaetomium globosum
mass Joss
moist. coot

Humicola grisea
moist. coot

mass loss

Trichurus spiralis
mass loss

moist. cont.

%

%

%

%

%

%

100

14.2
16.9
17.7

72
79
86

18.0
18.1
18.0

82
85
89

13.7
14.1
15.8

77
80
86

120
125
130
135
140
145

17.0
13.9
12.2
11.7
10.3
9.5

149

!52
!50
148
149 .

14.2
10.3
9.6
9.6
7.5
6.2

140
141
135
143
138
134

9.2
7.3
4.1
7.0
5.8
4.8

146
143
138
136
142
136

ml

90

95

-- ----- ----- ----- ----- ----- ----0 - -105
18.2
91
19.7
111
16.6
91
110
108
19.3
115
17.4
117
f:l - - - - - -19.5
--- ----- ----- ----- ----- ----"'
115
18.8
123
17.2
133
15.0
144

90

---95

~

100
105

---110

115

120
125
130
135
140

145

6.7

----8.0
7.6
7.4

-----

7.4

5.4

4.8
4.2
3.7
3.9
3.4
3.2

155

45
----49
70
75

5.4

50

6.7
8.7
8.2

56
64
80

11.2
12.9
11.7

86
101
117
138
149

10.7
6.3
5.2
5.2
4.0
4.9
4.0
4.1

----- -----

10.5

-----

51

----58
73
102

----- ----- ----- ----- ----80
7.8
103
148
175
168

165

175
171

6.3
5.3
3.2
3.9
3.8
3.2
3.2

The b1ggest mass losses are found between the dotted honzontal hnes.
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151

!52

151

123

155

180
183
179
188
188
188
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Temperatures: In paragraph 3 the temperature requirements of the fungi on agar media are mentioned.
We had to take into account that the fungi might
develop differently if they grow under the vermiculite;
it could not be anticipated whether quick mycelial
growth and highest degree of wood deterioration would
take place at the same temperature.

We therefore propose that the test period for beech
wood should be raised to 12 weeks and for pine sapwood to 16 weeks. The toxic limits will then more
easily be recognisable.

The respective tests were carried out at 20, 24, 28,
and 32'C. Five out of eight fungi investigated degraded
beech wood more heavily at 32'C than at 28'C.
This is different, however, with pine sapwood: with
all five fungi investigated decay was markedly reduced at 32'C; the highest rate of deterioration was
produced at 24'C or 28'C. Determination of the
moisture content at the end of the tests showed that
(disregarding minor differences) there were no differences in the moisture content of beech between 20'C
and 32'C. The moisture content of the pine sapwood
specimens was, however, noticeably reduced with
rising temperatures (Table 8).

TABLE 9. Influence of specimen size as laid down in different
standard specifications. Treatment ldth 1% solution of a
CC preservative after a test period of 8 "'·eeks (preservative
retention: 6.3 ...6.8kgjm3 )

The biggest mass losses are found between the
dotted horizontal lines.

Mass loss%
Fungus

Chaetomi'um
globosum
G/enospora graphii

Fungus

Wood

species

Wood moisture content
20'C

Chaetomium globosum

beech

pine

102
77

Humfco/a grisea

beech

pine

129
66

Trichurus spiralis

beech
pine

112
73

-

24°C

127
63

125
42

125
43

112
74

109
69

1.8

5.1

1.0

15

3,8

1.5

Pet riel/a setifera

15.7

8,2

2.0

Trichurus spiralis

15,9

11.6

2.0

~)

28'C 3ZOC
- -- 115
44

7.9

7,7

1)

%

Ill
53

105
55

IL5

Humicola grisea

TABLE 8. Moisture contents of lUItreated beech and pine sapwood
blocks at different temperatures measured at the end of the
tests.

ASTM')
IRGWP')
FPRL')
5 X 15 X 30 5 X 15 X 40 19 X 19 X 19
rnrn
rnrn
mm

3)

Surface= 14.5 em~. volume= 2.3 em', surface:volume = 6.3
Surface= 17.5 ems, volume= 3.0em3 , surface:volume = 5.8
Surface= 21.7 ems, volume= 6.9cm 3 , surface:volume = 3.1

Results: The decay caused by the test fungi is expressed
as the mass loss of the test specimens and calculated
in % of their oven-dry weight. Mass losses of 3%
and more of impregnated wood are considered as
wood deterioration. They indicate up to which preservative retention the blocks can be decayed.

-111
42

The toxic values are defined by the highest preservative retention which permits decay and the lowest
retention which prevents decay.

Nutrient solution: Comparative tests made with different nutrient solutions showed that the highest rates of
decomposition were obtained when the following
synthetic nutrient solution, according to Klausmeier
and co-workers, with 3 g ammonium nitrate/! was
used:
0.25 g KCI, 2.56 g K 2 HP04, 1.02 g MgS04,
0.001 g FeS04, 0.001 g MnS04, 0.005 g NaC!,
3.00 g NH4N03/l aqua des/.

Only those test series are evaluated that reveal
clearly the limit of fungal attack. The untreated
controls of beech should have suffered a mass loss of
at least 20% by Chaetomium globosum, Glenospora
graphii, Humicola grisea, Petrie/la setifera, and
Trichurus spiralis and pine sapwood of at least 15%
by Chaetomium globosum, Glenospora graphii, Petrie/la
setifera, Trichurus spiralis or 10% by Humicola grisea.

Size of test specimens: Untreated specimens with a
ration of volume to surface of 1 :3 and 1 :6 showed
almost equal rates of wood deterioration. With
preservative treated beech and pine sapwood specimens, however, the blocks with the smaller volume
were more heavily attacked as could be expected
(Table 9). The values show that the volume of the
specimens influences the level of the threshold. Similar
effects of size has also been reported by Veyama (1965),
Smith (1971) and earlier writers.

6. Determination of toxic limits
Below is an example for the determination of the
toxic values by means of the vermiculite and the soil
burial methods. Pine sapwood specimens treated with
graded concentrations of a chrome-fluorine-copper
preservative and subsequently leached were used.
Both tests series reveal that a full treatment with a
0.4% solution does not prevent soft rot attack (Table
10).

Test period: A test period of 8 to 12 weeks is in general
suggested for beech wood and 12 to,-16 weeks for pine
sapwood. The tests carried out by us with untreated
specimens revealed that the rate of deterioration rises
considerably during the 8th to the 12th week in beech
and during the 12th to the 16th week in pine sapwood.

Further results with preserved specimens are
mentioned in the publication by Kerner-Gang "Testing
preservatives with soft rot fungi by the vermiculite
method" (in preparation).
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A reviw of information available for development of a method for testing wood preservatives with soft rot fungi.
M. Gersonde and W. Kerner-Gang.
TABLE 10. Mass losses per cent of treated pine sapwood blocks
after a test period of 16 weeks; with several fungi in the
vermiculite tests and with different soils in the soil burial
tests; type of preservath·e: chrome-copper-flourine.

Kerner-Gang, W. (1966). Untersuchungen an Pilzen
von Modenaule-Holz aus Erd-Eingrabe-Priifungen.
Material u. Organismen 1 297-318.

Concentration of the pres. solution ( YJ

Kerner-Gang, W. (1970). Untersuchungen an isolierten
Moderfaule-Pilzen. Material u. Organismen 5 33-37.

Fungal species/
types of soil

0

0.16

0.25

0.4

Salt retention of specimens (kgfm3}

Control

1.2

2.0

3.2

Chaet. alba-arenulum

10

4

4

3

Dorat. stemonites

14

18

4

3

Glen. graphii

16

17

12

5

Petr. setifera

14

9

9

4

Standard soil I

15

8

8

3

Standard soil II

17

8

7

3

Clay soil I

16

8

6

3

Clay soil II

17

7

4

3

Kerner-Gang, W. (1974) Beitrag zur Moderfaulepriifung im Vermiculit-Eingrabe-Verfahren. Material u. Organismen 9.
Kerner-Gang, W. (1975). Schutzmittel-Priifung mit
Modenaulepilzen im Vermiculit-Eingrabe-Verfahren
Material u. Organismen 10 14-30.

- - - - - - - - - - - - - -- - - - - -

Kerner-Gang, W. und Gersonde, M. (1972). Untersuchungen zur Priifung mit Moderfaulepilzen im
Vermiculit-Eingrabe-Verfahren. Material u. Organismen 7 241-258.
Rosch, R. und Liese, W. (1968). List of fungi tested
on soft rot activity. Organisation for Economic
Co-operation and Development, Working-Document 27/DAS/CSI/M 559, October 1968.
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Production of extracellular cellulolytic and pectic enzymes by Lasiodiplodia theobromae on sweet potato (Ipomoea
batatus) tubers.

PRODUCTION OF EXTRACELLULAR CELLULOLYTIC AND
PECTIC ENZYMES BY LASIODIPLODIA THEOBROMAE
ON SWEET POTATO (IPOMOEA BATATUS) TUBERS
A. E. Arinzel, S. H. Z. Naqvi1 and J. A. Ekundayol
Summary, Studies on Lasiodiplodia theobromae Pat. have shown
that it produces extracellular cellulolytic and pectic enzymes

Produktion extracelluliirer cellulolytischer Wid pektiscber Enzyme
durch Lasiodi'plodia theobromae an Knollen der siiBcn Kartoffel
(Ipomoea batatus).Untersuchungen ergaben, daB Lasiodiplodia
theobromae Pat. extracelluHire cellulolytische und pcktische
Enzyme produziert. In Kulturmedien, die Citruspektin, Natriumpolypektat und Scheiben sU.Ber Kartoffel als Kohlenstoffquelle enthielten, wurde eine hohe Polygalacturonaseproduktion
beobachtet. Die F3.higkeit des Pilzes, Cellulase zu produzieren,
bing von der Kohlenstoffquelle im Medium ab; relativ grol3e
Cellulasemengen wurden produziert, wcnn der Pilz in Kulturmedien gezilchtet wurde, die Carboxymethylcellulose 30 oder
Filterpapierbrei als Kohlenstoffquclle enthielten.

in culture. Polygalacturonase production was high in media
containing citrus pectin, sodium polypectate and sweet potato

slices as carbon source. The ability of the fungus to produce
cellulase varied with the carbon source in the medium; relatively
large amounts of cellulase were produced when the fungus was

grown on media containing carboxy-methyl-cellulose 30 or
filter paper pulp as the carbon source.

Production d'Enzymes ExtraceUulaires Cellulolytique et Pectiques
due a l'Action de Lasiodiplodia theobromae sur Ies Tubcrcules de
Patate (Ipomoea batatus). Des examens de lAsiodiplodia theobromae Pat. ont montre qu'il produit des enzymes extracellulaires cellulolytiques et pectiques en culture. La production de
polygalacturonase etait forte dans des milieux contenant de Ia
pectine de citrus, la source de carbone Ctant du polypcctate de
sodium et des lamelles de patate. La capacitC du champignon de
produire Ia cellulase variait suivant Ia source de carbone du
milieu; on obtenait des quantitCs relativcments grandes de
cellulase quand le champignon Ctait cultive dans un milieu
contenant de Ia carboxy-methyl-cellulose 30 ou de Ia pate a
papicr filtrc comme source de carbone.

Producci6n de enzymes extracelulares celuloliticos y pCcticos por
Lasiodiplodla theobromae en los tubCrculos de las batatas
(Ipomoea butatus). Han mostrado los estudios sobre Lasiodiplodie theobromae Pat. que en una cultura puede producir enzymes
extracelulares celuloliticos y pCcticos. La producci6n del polygalacturonase era elevada en los medios que contcnlan pectina
auranciicea, polypcctate de soido y tajadas de batata como
fuentes del carb6n. La capacidad del bongo para producir el
celulase variaba segUn Ia fuente del carbOn en los medios. Se
produjeron cantidades de celulase relativamente grandes cuando
el bongo se cultivaba en medios que contenfan carboxy-methylcelulose 30 o pulpa de papcl de filtrar como fuente del carbOn.

lntroduction

Materials and Methods

Storage rot of sweet potato tubers has been associated with a variety of pathogens: Ceratocystisfimbriata,
Fusarium oxysporum (Harter and Weimer, 1919),
Rhizopus spp. (Harter, Weimer and Lauritzen 1921),

Lasiodip/odia theobromae isolated from sweet potato
tuber was used throughout this investigation. It was
maintained by transfers monthly onto potato dextrose
agar. Potato (potentially suspect and healthy) tubers
were obtained as needed from a local market.

Giberella zeae, Trichoderma koningi, Botrytis cinerea,
Penicillium sp., Mucor racemosus, Alternaria sp.,
Epicoccum sp., and Sc/erotinia sp. (Chupp and Sherf,
1960). In Nigeria, Botryodiplodia theobromae Pat.
(Synonym, Lasiodiplodia theobromae Pat.) has been
demonstrated by the authors to be responsible for
storage rot of sweet potatoes.

Extraction of enzymes.

The production of cellulase and polygalacturonase
by the pathogen was investigated. The fungus was
grown in a modified Richards solution, (basal medium), containing 0.2% asparagine, 2% dextrose and
0.1 % yeast extract. Other carbon sources substituted
for glucose were carboxy-methyl-cellulose (CMC-30)
sodium polypectate, citrus pectin, sweet potato slices
and filter paper pulp. 100 ml of sterile medium placed
in 250 ml Erlenmeyer flasks was inoculated with
discs from a 5-day old fungal culture and left for
seven days at the end of which the mycelia were
filtered and the filtrate centrifuged for 30 min. at
3000 rpm. The clear supernatant liquid was separated
and retained as enzyme culture filtrate for assay for
enzyme activity.

Umezurike (1969) detected cellulase, B-glucosidase
and amylase activities in the culture filtrates of
Botryodiplodia theobromae Pat. Ogundana, Naqvi and
Ekundayo (1971) working on storage soft rot of yams
in Nigeria showed that Botryodip/odia theobromae,
Fusarium moni/iforme, Penicillium sc/erotigenum and
Aspergillus niger produced extracellular cellulolytic and
pectic enzymes. In the present paper the production
of extracellular pectic and cellulolytic enzymes of
Lasiodiplodia theobromae in the storage soft rot of
sweet potato tubers was investigated.

I School

of Biological Sciences, University of Lagos, Lagos, Nigeria.
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Polygalacturonase activity was determined by
assessing the loss in viscosity of 1 % citrus pectin
made up in 0.5 M citric acid sodium diphosphate
buffer at pH 5.5. The loss in viscosity was estimated
in size 300 Ostwald-Fenske viscometer in a water
bath at 32'C. 9 ml of the substrate was added to 1 ml
of the culture filtrate and run through the viscometer
using a sample of boiled culture filtrate as control.
Cellulase activity was similarly determined except that
the substrate was 0.5% carboxy-methyl-cellulose-70
(CMC-70 high) in citrate buffer at pH 5.5.

from mycelia grown in carboxy-methyl-cellulose 30
(CMC-30) showed comparatively weak PG activity.

Cellulase activity was also studied by determining
the increase in reducing sugar content of the substrate
with time of incubation. 1 ml of the culture filtrate
was added to 9 ml of 0.5% solution of cellulose
CMC-30 bnffered with 0.05M acetate buffer at pH 5.5.
The reaction mixture was placed in a water bath at
35'C. One ml samples of the reaction mixture were
withdrawn at intervals of 1 hour and the reducing
sugar content was quantitatively determined using
Nelson's modification of the micro-method of Somogyi
(1944).
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Figure 1. Effect of culture filtrates of Lasiodiplodia
theobromae grown on media of different carbon
sources on loss in viscosity of 1.0% citrus pectin.

Influence of temperature on cellulase production.
A modified Richard's medium (pH 5.5) in which 1 %
CMC•30 was the source of carbon was placed in 100
ml Erlenmeyer flasks and inoculated with a 5 em disc
fungal culture growing on Richards agar. The flasks
were incubated (five for each temperature) at 20'C,
25'C, 28'C, and 35'C for ten days. Cellulase activity
as well as the total mycelial dry weights of the cultures
were determined for each temperature.

Cellulase.
The ability of the fungus to produce cellulase varied
with the carbon source of the medium (Fig. 2).
Filtrates in which CMC-30 or filter paper pulp were
used as the carbon source showed very strong cellulase
activity. Media containing sweet potato extract showed
moderate cellulase activity while the filtrate from
sodium polypectate showed weak activity and the
filtrate from the medium containing glucose showed
no cellulase activity.

Influence of pH on polygalacturonase and cellulase
activities.

0.5% and 25% solutions of sodium polypectate and
carboxy-methyl-cellulose (CMC-70 high) respectivelv
were adjusted from pH3 to pH9 using Mc'IIvain's
citrate buffer for pH's up to 7 and Sorensen's borate
buffer for pH's up to 9.

0

l

i

,I
: i

One ml of culture filtrate was added to 9 ml of each
of the substrate and the relative enzyme activity for
each pH value determined viscometrically. The
relative enzyme activity in each case was expressed
as the reciprocal of time required for 50% loss in
viscosity of the substrate.

SocWm pd.ypectate

Sweet potato

Results

gJ
0
-'eo

Polygalacturonase (PG)
The ability of the fungus to produce PG, determined
viscometrically using different carbon sources, is
shown in Fig. I. There was evidence that PG production was related to the carbon source on which the
fungus was grown. Thus PG production was highest
when citrus pectin was the carbon source. This was
followed closely by media in which glucose and
sodium polypectate were the sources of carbon.
Extracts obtained from cultures grown in sweet potato
medium also possessed high PG activity while those

;/!.
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Figure 2. Effect of culture filtrates of Lasiodiplodia
theobromae grown on media of different carbon
sources on loss in viscosity of 0.5% of carboxymethyl-cellulose-70 high.
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strated in culture filtrates containing sweet potato as
source of carbon suggests the possible role of these
enzymes in breakdown of cellulose and pectic components of cells during potato infection.

The production of cellulase by the fungus was also
confirmed by increase in reducing sugar of the substrate (Fig. 3). Enzyme activity was compared in filtrates
in which CMC•30 and sweet potato were used as
sources of carbon. The result showed that there was
progressive increase in reducing sugar when the
enzyme filtrate was incubated with the substrate.
This method confirmed that enzyme activity was
higher when CMC-30 was used as the carbon source
than when sweet potato was supplied.

The very low cellulase production at 2o•c and
35°C could be related to the non-susceptibility of
sweet-potato tubers to rot at these temperatures or
to the direct effect of temperature on growth of the
fungus. Artschwager (1928), however, showed that
rate of suberization and wound periderm formation
in the tubers of sweet potato increases with increase
in temperature up to 30°C thus making penetration
of the host tissues by pathogen difficult at these
temperatures.

0·20

D-16

0

~0~
5w
0:

0<>1

0

2

3

'

5

6

TIME
IHOI..ffil
Figure 3. Amount of reducing sugars produced by
1.0 ml reaction mixture of 0.5% CMC-30 solution
with culture filtrates of Lasiodiplodia theobromae
using CMC-30 and sweet potato as carbon sources.
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The result of experiments on effect of temperature
on the production of cellulase (Fig. 4) showed that
highest enzyme activity occurred when the cultures
were incubated at 25°C. Enzyme activity decreased
when filtrates from cultures grown at 28°C and 30°C
were used. Filtrates from cultures grown at 20°C
showed the lowest activity. Results showed however
that average mycelial dry weight after 10 days of
growth was greatest at 28•c followed by 25•c, 3o•c,
35•c and 2o•c respectively.

TIME

IMINUTESl

Figure 4. Effect of culture filtrates of Lasiodiplodia
theobromae incubated at d_ifferent temperatures on
Joss in viscosity of 0.5% carboxy-methyl-cellulose70 high.
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18

..

I

\
Strzelczyk. A. B. Int. Biodetn. Bull. (ISSN 0020-6164) 12 (I) 1976. 19-26.
Adaptation to fungicides of fungi damaging paper.

ADAPTATION TO FUNGICIDES OF FUNGI DAMAGING PAPER
llNFLUENCE OF ADAPTATION ON MORPHOLOGY AND ANATOMY OF COLONIES AND HYPHAE
Alicja B. Strzelczyki
Summary. Ancient paper which has become mouldy must be
disinfected with fungicides. These compounds are not sufficiently
stable and there is the danger of adaptation of fungi to them. It
was found that experimentally induced adaptation of fungi to
phenolic and organomercuric compounds causes them to
develop increasing resistance followed by changes in morphology
and anatomy of colonies and hyphae. Phenyl mercuric acetate
exerted the strongest influence on the morphology and anatomy

Adaptation papierzerstorender Pilze an Fungizide. 1 Der EinfluB
der Adaptation auf Morphologic Wid Anatomic von Pilzkolonien
und Hyphen. Alte Papiere, die schimmelig geworden sind,
rnfi.ssen mit Fungiziden desinfiziert werden. Diese Verbindungen
sind nicht dauerhaft genug, und auOerdem kOnnen sich die
Pilze an sie gewOhnen. In Laboratoriumsversuchen wurde
festgestellt, daB eine experimentell herbeigefUhrte Anpassung
von Pitzen an phenolische und Organoquecksilber-Verbindungen
diese anregte, cine wachsende Widerstandsfiihigk.eit zu entiwickeln, die zu rnorphologischen und anatomischen Ver3.nderungen
der Kolonicn und Hyphen flihrte. Phenylquecksilberacetat Obtc
den stiirksten Einfiu.B auf die Morphologic und Anatomic der
Pilze aus.

Adaptation aux fongiddes des champignons qui endommngcnt le
papier. 1. Efl'et de !'adaptation sur Ia morphologic et l'anatomie
des colonies et hyphes. On desinfecte du vieux papier qui a moisi
avec des fongicides. Ces composes ne soot pas suffisamment
stables et les moisissures risque~! de s'y adapter. On a observe
que !'adaptation des moisissures provoquee expCrimentalemcnt
aux phenols et composes organomercuriques Jes fait dCvelopper
une resistance croissante suivie de changements dans Ia morphologies et l'anatomie des colonies et hyphcs. L'acetate phenylmercurique avait le plus grand effct sur Ia morphologic et
J'anatomie des moisissurcs.

Adaptaci6n de los bongos dcstructores del papel a los fungicldas.
1. Influjo de Ia daptaci6n en Ia morfologia y Ia anatomia de las
colonias y hyphae. El papel viejo que se ha heche mohoso, hay
que disinfectarlo con fungicidas. Tales compuestos non son
bastante estables y existe el riesgo que los bongos puedan adaptarsc a cllos. Se hicieron experiencias para hacer que se adaptasen
los bongos a unos compuestos fen61icos y organomercliricos,
con el resultado que desarrollaron una resistencia arecentada
seguida par cambtos en Ja morfologia y Ia anatornia de las
colonias y hyphae. El acetate fenyl mercUrico egeric6 el influjo
mas grande en Ia morfologia y Ia anatomia de los hongos.

Introduction

ials on micro-organisms depends upon both the organic
component and the mercuric ion.

of fungi.

Among the various fungicides available, phenolic
derivatives and organo mercury compounds are those
most often applied in Poland for conservation and
restoration of art objects. The moulds which destroy
ancient paper vary in their susceptibility to these
chemicals. This fact may be due to differences in the
components present in the cell wall, to different
enzymes or to other, as yet unknown, factors.

The aim of this work was to study the capability for
adaptation to fungicides offungi isolated from moulded
ancient paper and the consequence of adaptation on
anatomy and morphology of colonies and hyphae.
Materials and Methods
The following fungi isolated from moulded ancient
paper were selected for our studies: Mucor christianiensis Hagem; Penicillium corylophilum Diercks;
Trichothecium roseum Link.

Studies of the adaption of microorganisms to
fungicides were carried out by Russel {1955), Parry and
Wood {1958, 1959,) Lyr (1963,) Cserjesi (1967) ana
others. They found that certain fungi were capable of
growing in the presence of fungicides used in doses
equal to or much higher than those inhibiting the
development of other fungi. Parry and Wood were
succesful in obtaining strains of Botrytis cinerea adapted to very high doses of captan, although initially even
traces of this compound inhibited spore germination
of this fungus.

Adaptation offungi to fungicides

The fungal cultures were derived from one spore.
Then fungi were grown on potato dextrose agar with
increasing doses of fungicides. The initial doses as
shown in table I were established on the basis of
distinct inhibition of growth of fungi by fungicides in
previous experiments. The fungicides used in our
studies were: phenylmercuric acetate (PMA), produced
by Riedel de Haen (West Germany); p-chloro-mcresol (PCMC), produced by BDH (England); sodium
p-chloro-m-cresolate (PCMCNa) prepared in our
laboratory from PCMC; sodium pentachlorophenolate (PCFNa) produced by Schuchardt. All
solutions of fungicides were prepared from 100%
crystalliziable fungicides. The PCMCNa, however,
was prepared by mixing 6g NaOH in 12m! of water and
adding lOg of PCMC. Hence lg of dry PCMCNa has a
lower PCMC content than pure PCMC.

Imshenecky and Piotrova (1957) and Georgopulos
(1963) studied the capability for adaptation of fungi to
nitro- and chloro-derivatives of benzene, phenol and
mercuric chloride. In the presence of high doses of
fungicides changes in morphology and inhibition of
growth have been observed in fungi (ImsheneckY and
Piotrova, 1957; Horsfall, 1956; Strzelczyk, 1968:
Barathova, 1969).
It is generally accepted that chlorinated phenols
dissolve the components of the cell wall and inactivate
the respiratory enzymes. The action of organo-mercur-

!Laboratory of Paper and Leather Conservation, Institute of Conservation and Restoration, N. Copernicus
University, Torun, Poland.
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TABLE l. Doses of fungicides inhibiting the development of fungal colonies before and after long passaging on media containing these
preparations.

I
. I'

Doses of Fungicide
(Milligrams per litre)

Species

Before adaptation

After two years adaptation

PMA

PCFNa

PCMCNa

PCMC

PMA

PCFNa

Penicillium corylophilum

0.5

5.0

5.0

7.0

10.0

Triclwthecium roseum

0.5

5.0

5.0

7.0

Mucor christianiensis

0.1

5.0

5.0

7.0

1 doses

PCMCNa

PCMC

150.0

250.0

150.0 1

10.0

25.0 1

100.01

100.01

10.0

150.0

250.0

150.0 1

m the presence of which the strams daed out.

Phenylmercuric acetate and p-chloro-m-cresol were
dissolved in ethyl alcohol. This solution was then
diluted with sterile distilled water to the desired
concentrations of the fungicide. PCMCNa and
PCFNa were dissolved in water.

ation and stimulation of pigment production by
hyphae and spores were observed in fungi during
their passaging on media with constantly increasing
doses of fungicides (Figs I & 2). Also distinct changes
in morphology of cells under the influence of fungicides were observed. The reaction of nuclei to the
fungicides was especially interesting. The nuclei were
enlarged and deformed in fungi adapted to media
containing the fungicides. These adapted cells mostly
contained numerous nuclei. In some sites of the
mycelium, probably where the fruiting bodies were
to be formed, the whole cells were filled up with nuclei.
In these cases the forming of condiophores was stopped
(Figure 4).

The control fungi were cultivated on potato dextrose
agar without fungicides. The adapted strains were
transferred to the media with increasing doses of
fungicides initially every two, and later every four,
weeks. After two years of such passaging the fungicide
resistant strains were obtained. During this period
however some strains died out.
Afterthefirstyearofadaptation, changes in morphology and anatomy of colonies and hyphae were studied.

The highest doses of fungicides to which the fungi
were adapted during two years of passaging are shown
in table I. Changes in morphology of the strains
adapted and non-adapted to the fungicides are
presented in table 2.

Studies on the fungi adapted to fungicides

The changes in morphology of fungal colonies were
evaluated directly on the plates used for passaging.
For observation of changes in morphology of hyphae,
and in the intensity of sporulation and formation of
fruiting bodies, microscopic preparations were made.

Influence of phenylmercuric acetate PMA

The following features of the fungi were studied:
dimension, colour and type of colonies, appearance of
hyphae, presence of storage material, intensity of
sporulation, dimension of spores and sporangia and
formation of chlamydospores (in Mucor).

This fungicide exerted the strongest influence on the
strains of fungi studied. Some of them failed to grow
in media containing higher doses of PMA. During
passaging it was often necessary to start the adaptation
process again from the beginning. The growth of
colonies was inhibited by PMA; they were small, low
and compact (Figs I & 2). The production of pigment
was more intense in the PMA treated than in the
control fungi (green pigment on the upper surface and
red on the reverse of Penicillium and orange on the
surface of Trichothecium). In the presence of PMA
the fungi produced fewer spores. The margin of the
Penicillium colonies produced non-sporulating mycelium. The conidia in adapted strains of Penicillium
were enlarged, swollen and deformed. Thirty-nine
per cent of the spores of Tric/wthecium adapted to
PMA showed positive staining with methylene blue
(dilution I :10,000), whereas in 3-weeksoldnon-adapted
cultures no such spores were found. The conidiophores
of Penicillium strains adapted to PMA were abortive,
shorter and excessively branched, also the phialides
were shorter and swollen. Similar symptoms of
degeneration were observed in Trichothecium. Conidiophores with conidia were not numerous.

For anatomical studies fungal cultures on cellophane
pieces placed on potato dextrose agar were used.
Autoclaved cellophane rectangles (15xl5 mm) were
placed on agar containing fungicide 24 hours before
inoculation with fungi. Subsequently the pieces were
inoculated with a suspension of fungal spores in sterile
water. After 24, 48 and 72 hours of incubation, the
cellophane pieces were taken off and stained. With this
method the structure of mycelium was not destroyed.
The method of Piekarski-Robinow was applied for
staining of the nuclei. From these preparations changes
in morphology and anatomy of cells were also recorded.
Results
Changes in morphology and anatomy of fungi adapted
to fungicides

The results of these studies are shown in tables I and
2 and in figures 1-6. Inhibition of growth and sporul-
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A

B

c

D

Figure 1. Changes in morphology of Mucor christianiensis colonies under the influence of: A. PMA (2.5 mg/1);
B. PCFNa (50 mg/1); C. PCMCNa (170 mg/1); D. Control (without fungicides).
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The deve lopment of Mucor was reta rded similarly.
The colonies were low and compact with numerous
fast growing zones. t:nhke o ther fungi the spores of
the adapted strains o f Mucor were smaller than in the
con trol strain. The myceli um of the adapted fungu~
produced numerous. large and oval chlamydospores.
The sporangia were smaller than in the cont rol strain
a lthough this phenomeno n \vas more d i~tinct in fungi
adap ted to the other fungicides.

A

Anatomical stud ies were performed w ith the mycelium obtained from colonies grown on med ia with low
doses of PMA, because Penicillium a nd Trichothecium
failed to grow on cellophane p laced on media with
normal (2.5 mgfl) doses o f PM A . On the media with
1.5 mg/1 the growth and sporulation of A1ucor and
Penicillium were. ho,,·cver, stro ngly inhibited. T he
hyp hae of Mucor contained less storage material and
were mo re branched. The nuclei were about 4 times
larger and more numerous than in non -adapted cells
(Fig 3) . Sporulation was noted afler 72 hours, whereas
in the non-adapted strain spores appeared after 24
hours.

B

Grow th of Penicillium on cellophane appeared
after 72 hours. No sporulation \Vas noted, but the
mycelium formed bubble-shaped swell ings filled up
with numerous nuclei (Fig 4).
Influence of sodium pentachlorophenolate (PCFNa)
T his fungicide st rongly inhibited the development of
fungal colonies. This phenomeno n was observed in
Trichothecium in the presence of 20 mg/1 of PCFNa
and in Penicillium in the presence of 30 mg/1. Both
fungi p roduced small, very compact and convex
colonies. The Penicillium colo nies produced in add ition
a considerable amoun t of exuda tion fluid. Penicillium could be adapted to much higher doses of
PCFNa t han 1 richo1hecium. This, however. occurred
o nly after multiple passaging on media wi th increasing
doses of this compo und. The adapted strai n of
Penicillium fo rmed compact and convex colonies,
surrounded by a broad whi te zone of non-sporulating
myceli um. The condiophores were in fact fairly
numerous but the production o f conidia was very
scarce. The conidia fo rmed were swollen and became
light b lue in the solution of methylene blue (I :10,000).
This phenomenon was noted in both adapted and
control strains.

c

Despite several transfers to media with 50 mg/1 of
PCFNa, no growth of Penicillium on cellophane was
observed . The spores of this fungus transferred to
media wi th 20 mgj l of PCFNa produced after 48 hours
monstrously deformed germ tubes packed completely
with nuclei (Fig. 5). Also symptoms of plasmolysis in
the protoplasts were observed. The appearance of
germ tubes did not change after 72 hours \>vhich
suggests that their development was completely stopped
within 48 hours.

Figure 2. Changes in morphology of Penici/liu111 corylophilum colonies under the influence of: A . PMA(2 mg/1);
B. PCFNa (50 mg/1); C. Control (without fungicide).
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,

T richothecium was killed in med ia containing 25 mgfl
of PCFNa. The sym p toms of growth inh ibition in
M ucor were like those observed in Penicillium. On
media w ith 50 mg/1 convex and compact colonies,
ad hering to the medium were p roduced . Fairly
nu merous sporangia in c ulture 3 weeks o ld were
ha rd ly hal f o f the size of those observed in the control
strai ns. (Table 2). N umerous c hlamydosp ores were
fou nd in the cultures of control fungi but not in the
adapted o nes. Co nidia were small and no t n umero us.

...

' ..

On the cellophane the spores of Mucor christianiensis did not germinate on media with 50 mg/1 of
PCFNa. In the presence of 20 mgf l swollen and
twisted hyph ae containing numerous nuclei and
bubble shaped swellings packed with nuclei we re
formed . A similar p henomenon was observed in 48
and 72 hours o ld cultures. This fact suggests. that in
such cultures a ll hyphae died out. Also no spores were
produced by these fungi, although abundant sporulation wa observed in the control strain.

A . Intensively bra nched hyphae, considerably enlarged
nuclei.

Influence of p-ch!oro-m-cresof (PCMC) am/ ils sodium
salt (PCM CNa) .
PCM C affected the fungi more strongly than its
sodium salt. This fact might be due to a h igher content
of the active substance in PCMC than PCMCNa as
well as to a more toxic action of the acidic PCMC.
Most fungi died out during passaging on media wi th
low doses of PCMC. No viable cells were recovered
from these c ultures. We observed tha t a longer
maintenance of fungi on med1a with this fungicide as a
ru le caused their dea th. It was necessa ry therefore to
start the p rocess of adaptation each time from the
beginning.

B. Elongated, no n-branched hyphae, very small
nuclei.

Pas aging of fungi o n med ia with PCMCNa d id not
cause such distinct changes in th e appearance of their
colonies as did other fungicides. A ltho ugh the colonies
o f Penicillium were smaller their hyphae were not
shortened and were not excessively branched. However
the mature sporophores were marked ly enlarged and
t he number of phialides was reduced to three, two or
even one. Such penicilli were more similar to lancets
than to frui ting bodies of Penicillium. They produced a
very small number of immature conid1a.

C. Often young sporangia present, n uclei small.
On the cellophane PCMCNa markedly inhibited
the early stages of fungal development. This was
observed in cultures 3-days old. Mucor cultures grown
in the presence of 170 mg/1 of this fungicide developed
considerable swelling and deformation of conidia and
complete inhibition of growth was observed. At lower
doses of P CMCNa (80 mg/1) enlarged and scanty
branched hyphae as compared with control were
formed. The nuclei were small and numerous (Fig. 3).

Figure 3. Morphological and anatomical changes in
h yphae of Mucor chrisianiensis under the in fluence of :
A . PMA (2.5 mg/1-3 days old c ult ure), B. PCMC a
(80 mg/1- 3 days old culture), C. Control (without
fungicide - 20 h ou rs old culture).
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A

B. Control, 20-hours o ld culture. A 3-day old culture
would show intensive sporulation.

A. 3-days old culture on media containing PMA
No sporulation, heavy accumulation of n uclei.

Figure 4. Intensive accumulation of nuclei in cells of Penicilliwn corylophilum under the influence of PMA
(1.5 mg/1).
T ABLE 2: JnHuence of fungicides on morphological and anatomical changes in fungi (cultures 3 -~ ~ks old).

Species

Penicillium cory lophi/um

Trichotheriwn roseum

Mucor christianiensis

Morphological
and anatomical
features

Non-adapted
strains

Diameter of colony
in mm
Size of spores in 1-1
Growth
~iameter of colony
mmm
SiTe of spores in 1-1
Growth

Diameter of colony
inmm
Size of sporangia in 1-1
Size of chlamyd. in IL
Size of spores in 1-1
G rowth

a colo nies with zones of fast growing m ycelium,
c chlamydospores not numerous,

Strains adapted to
PMA
2.5 m g/1

75.0
2.3
fiat,
loose

63.0 a, b
3.2
compact,
convex

90.0
17.6
high .
bright

38.0 •. b
14.4
rose,
compact

90.0
60.0
11.4
6.8
bright,
downy

90.0 3
48.0
15.4
6.3
beige,
chamois

b

-

PCFNa
50 .0 mg/1

PCMCNa
130.0 mg/1

18.0 b
2.8
compact,
convex

45 .0
2 .8
flat,
loose

15.0

-

-

rose,
compact
90.0
32.0
c

6.2
beige,
chamois

90.0 a
31.5
9.9
5.8
bright,
downy

inhibition of conidia or sporangia formation
no t studied

hyphae. Similar results were o btained by Parry and
Wood (1958), Geo rgopulos (1963), and McRobbie
and Parker (1973).

The cellophane cultures of Penicillium grown in the
presence of 80 mg/ 1 of PC MCNa produced initially
shortened germ tu bes which formed at the apexes
bubble-like swellings containing numerous nuclei.
After 3 days the hyphae were very deformed and packed
with nuclei (Fig. 6). Penicillium did not produce
fruiting bodies in media with PCMCNa, although the
control cultures developed them in the second day of
growth. The adapted fungi grew normall y after being
transferred to media without the fungicides. H owever
even after five transfers to media without fungicides,
they remained resistant to those fungicides to which
they had been adapted.

The most obvious symptoms of action of fungicides
used in sublethal doses are the changes in morphology
of fungal colonies. They were smaller because of the
"felting" caused by excessive branching of the hyphae.
The results with PMA reported here are consistent
with those of Greenaway and Cowan (1970) and
Greenaway (1971, 1973) with Pyrenophora avenae.
They confirmed that adaptation to PMA causes the
development of abnormalities in colonies and hyphae
as well as intensification of pink pigment production in
strains of Pyrenophora avenae. The production of the
pink pigment was proportional to the grade of resistance
The preliminary spectroscopic examinations indicated
that this p igment was 1, 4, 5, 8-tetrahydroxyanthraquinone, a compound rich in thiol groups.

Discussion
Adaptation to fungicides makes fun gi resistant to
these compounds but simultaneously causes changes
in the morpho logy and anatomy of colonies and
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Figure 5. Germ tubes of Penicillium corylophilum changed under the influence of PCFNa (20 mg/1): A. After 2 days
of growth. B. After 3 days of growth.
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Summary. Foxing is a form of brown spotting which frequently
develops on old paper. Ninety-one samples of paper of varying
ages and showing varying degrees of foxing were analysed for
iron. Although the amount of foxing was not independent of
iron concentration the relationship was inverse rather than
positive. Viewed under uJtra~violet light some further spots
appeared and many brown spots showed fluorescent margins.
The evidence is consistent with the suggestion that foxing is
biological in origin producing a fluorescent effect. Later the
older centres of the fluorescent areas become brown which
results in the typical brown spots of foxing visible under normal
light.

Beobachtungcn an Moderflecken nuf Papier. Moderftecke smd
braune Verf3.rbungen, die sich haufig auf altern Papier cntwicke
eln. 91 Proben verschiedenen Alters mit unterschiedlichem
Moderftcckenausmall wurden auf ihren Eisengchalt untersucht.
Obwohl das AusmaB der Moderftecken von dcr Eisenhkonzentration beeinflu8t wurde, war das Verhaltnis jedoch eher
reziprok als positiv. Unter ultraviolcttcm Licht erschienen
einige weitere Flecken, und bei vieJen braunen Flecken zeigten
sich fiuoreszierende Riinder. Das Ergebnis sti:itzt die Vermutung,
daB die Moderftecken biologische Ursachen haben. die fluorr:s·
zierende Wirkungen hervonufcn. Spater verffiben sich die
alteren Zentren der fiuoreszierenden Flfichen braun. Diese
werden bei nonnalcr Beleuchtung als die typischcn braunen
Flecken erkannt.

Observocioncs sobre el procedimiento de descolorarsc los papeles..
El descolorarse es una cspecie de producirse manchas pardas
que se derarrolla frecucntemente en los papeles viajos. Se
analizaron para el hierro noventa y una muestras de papel de
edad variada que mostraban el descoloramiento basta ciert
grado. Aunque Ia cantidad de descoloramiento no se revelO
como independiente de Ia concentraci6n del hierro, Ia re1aci6n
era inversa mas bien que positiva. Aparecieron mAs manchas
cuando examinadas bajo Ia luz ultra-via leta, y muchas manchas
pardas mostraron mArgenes fiuorescentes. Tal testimonio tiene
compatibilidad con Ia idea seglln Ia que el descoloramiento
pueda ser de origen bio16gico y que produzca un efecto
fluorescente. MAs tarde se ponen pardos los primeros
centres de las partes fluorescentes, lo que resulta en las tipicas
manchas patdas del descoloramiento que sc puecden ver bajo
una luz normal.

Rcmarqucs sur les Rousseurs du Pnpier. Les roussews sont les
taches roussatrcs qui apparaissent souvent avec le temps sur le
papier. On a analyse Ia presence de fer dans quatre-vingt-onze
specimens de papier d'ages diffCrents et ayant diffCrents degrCs
de rousseurs. Bien que !'importance des rousseurs ait un rapport
avec Ia concentration en fer, la relation etait inverse plutot que
positive. L'exarnen a Ia lumiere ultraviolette revelait d'autres
taches et un grand nombre de taches roussatres avaient une
marge ftuorescente. Ces indications sont en accord avec !'idee
que Ies rousseurs ont une origine biologique et provoquent un
phenomene de fluorescence. Avec le temps le centre des parties
fluoresccntcs roussit et on obtient les taches roussatres character·
istiques visibles a Ia lumiere nonnale.

The total iron concentration in each of the
samples was determined by an X'ray fluorescence
spectroscopic method (Press, 1974). A number of spots
were examined using an Amico-Bowen spectrophotofluorometer. With this instrument the frequency of the
emitted light can be analysed. It was fonnd that the
best exciting frequency was approximately 390 run
which resulted in a broad peak of emission frequency
in the region of 500 run (see Figure 1). Using 390 nm as
exciting frequency a scan was made across a number
of spots.

Old paper frequently develops brown spots which
constitute a condition co=only known as "foxing".
It has usually been assumed that the colouration of
these spots is due to oxides or hydroxides of iron and
hence that the presence of iron is a pre-requisite, or
predisposing cause, for the development of foxing.
The present investigation was undertaken in order to
establish whether or not foxing can be correlated with
iron content.
Materials

Results and Discussion
a. Iron and Foxing
The distribution of the concentrations of iron in the
samples did not fit the nsual distribution functions but
most closely approximated to a normal distribution
truncated at zero iron concentration. However, such
a model gave a modal iron concentration of -0.1%
iron and was therefore abandoned. Failing such a
model the chi squared test for the multinomial
distribution (lfald, 1952) was used. For this purpose a
score of 0 or 1 was treated as "not foxed" and higher
scores as "foxed". Table 2 gives the distribution of the
observations and Table 3 the chi squared analysis of
these.

Ninety-one samples of paper of varied nature were
obtained from varions sources. They are listed in Table
1 which shows the dates, where these are known.
Methods
The samples were examined visually and were
assessed for degree of foxing on a subjective scale from
0, which represents no foxing, to 10 which represents
maximum foxing. These scores are indicated under
'visible' in Table I. They were then examined by ultraviolet light and the degree of foxing was again assessed
on the same scale. These scores are indicated under
'ultra-violet' in Table I.

I The
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TABLE 1 continued

TABLE I.

Degree of
Foxing

Degree of

Foxing
Description

No.

Book-Gifford of Weare

1928
1918
Book-Evolution
Book-The Rose Door
1911
1914
Book-The Harvester
1926
Book-Farm Calculations
Book-Unseen Assassins
1932
Book-BirdsoftheAntarctic 1927
Book-Vol7World Congress 1970
Archive Text sample of
paper.
1967
Book-French Poetry
1950
Book-Treatise on Miniature !802
1862
Book-de Tapisseries
Arabic Book
1850
Book-Spanish Work
1900
Book-Military and Naval
1830
Letters
Book-London Toper
1942
graphical Record
Book-Roman Catacombs
1878
Book-Pickwick Papers
1850
Book-Klcine Sckripton
1884

I
11
12
13
14

IS
!6
21
22
24
25
26
27
28
29
30
31
32

33
34

Book-Compilation of
Registers of Anny

35 Book-Christian Evidence
36
37 Book-Musee Royal
38 - 38-51 inclusive consists
39 - of various samples ex
40 - fly leaves of books,
41 - some dated.
42 43 44 45 46 147 48 49 -

so -

51
52
53
54
55
56
57
58
59
60

-

Book-Tom-Dick-Harry
Book-Ministering Children
Book-Virginibus
Book
Book-Longships
Book-British Fossils (cover)
Book-British Fossils
Book-Ladies Realm
Tissue paper ex bookIvanhoe
Magazine-Railways
Book-Vicar of Wakefield
Book-Young Man's Own
Book
Cover slip of book-Old
Madras
Book-Old Madras

61
62
63
64

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

Date

-

---

71-95 inclusive consist
of fly leaves from
books ex Public
Libraries, Book binders,
and Institutions such
as Library of Congress
All undated

1837
1856
!895
1899
1850
1800

Visible Ultra·
violet

Iron

- -- 0
0
0
0
0
0
0
0

O.Q35
0.049
O.Q28
0.042
0.057
0.040
0.030
0.021

0
5
3
I
0

s

0
5
6*
0
0
Ot

0.029
0.006
0.011
0.023
0.009
0.010

2

Ot

0.018

0

0
Ot
9
0

0.040
0.024
0.047
0.024

7*
3t
0
0
9

0.012
0.011
0.030
0.028
0.008
0.010
0.007
0.009
0.008
0.047
0.008
0.013
0.034
0.012
0.005
0.004
0.005
0.004
0.052
0.030
0.059
0.040
0.044
0.011
0.016
0.041

0
0
0
0
0
0
1
0

s

10
0

2
9
0
0
8
I
0
3
5

s•

4
2
7
7
I
3
I
9
0
0
0
3
0
0
0
0

0
Ot
6
6
It
3
2t
2t
I
It
0
9
0
0
0
Ot
0
I
0
0

1897
1900
1824

7
5
5

5t
2t
6

0.005

1836

s

2t

0.006

7
3
6
2
2
1
1
5
8
10
9
9
4
5
4
4
4
4
9
4
3

6
Ot
It
I
I
I
I
9*
9
10
9
9
7*
4
4
5
5
4
10
5
3

0.041
0.058
0.008
0.020
0.108
0.011
0.023
0.004
0.003
0.003
0.006
0.008
0.003
0.002
0.008
0.013
0.017
0.016
0.013
0.017
0.017

1850
1860
1800
1890
1795
1739
1739
1918
1889
1905
!897
1922
1843
1843

1714
1700
1811
1811
1805

s

No;

%

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

Description

Date - - - Visible Ultra·
violet

Iron

%

----0.018
3
2

-

-

-

Book-Nature
Book·Le Grand Passion
Book-Art
Print from book-Art
Book-Seasons
Book-Poems
Book-Roman Antiques
Book-Roman Antiques
Book-Poems
Book-Hudibras

1897
1900
1900
1900
1823
1908
!833
1833
1836
1836

3
2
4
4
10
3
4
6
8
4
I
0
7
0
6
I
0
I
6
0

s•

6*
5
4
10
7*
7*
9*
9
It
0
0
8
0
6
1
1
3*
7
0

0.017
0.003
0.002
0.011
0.006
0.003
0.002
0.003
0.009
0.020
0.039
0.033
0.013
0.036
0.003
0.040
0.003
0.003
0.002
0.003

*Increase
tDecrease

,

"""

Figure 1

2

o.oss

0.006

Emission Wavelength, nanomatres

Figure 1. Emission from a spot showing energy
distribution in relation to excitation wavelength.
Excitation wavelengths: I = 360 nm
2 = 380 nm
3 =400nm
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Iron
Foxed
%

(

---Oto
0.019

47

r
1

0.020
to
0.109

9

'

TABLE 5: Oli squared analysis of data from Table 4.

TABLE 2. Distribution of Foxed and Not Foxed samples related
to iron content
Number of Samples
n

Deviation

T

n

from

n

2

Total

from

2

29

+18

II

16.5

-7.5

24

-29

16.5

-18

58

+7.5

33

I
TABLE 3. Chi squared analysis of datn in Table 2.

Foxed

Not Foxed

Total

0.0 to 0.019

3.58

5.73

9.31

0.020 to 0.109

6.30

10.07

16.37

Total

9.88

15.80

25.68

Iron%

I'

Number of samples
Decreased

Unchanged
foxing

foxing

0 to 0.01

8

22

7

O.Oll to O.ll

3

42

9

0.003

2.723

O.Oll to 0.11

1.72

0.32

0.002

2.042

Total

4.01

0.75

0.005

4.765

Sample No.

Spot

Bulk

34

0.013% Fe

0.012% Fe

3S

0.009%

0.011%

60

0.005%

0.005%

70

0.021%

0.023%

When viewing the samples under ultra-violet light
it was noticed that a number of them (samples Nos.
39, 57, 102 and 103) had spots of fluorescence where
there was no white light foxing. Others had brown
spots visible by white light surrounded by a clear rim
of fluorescence. A number of such spots were scanned
at 390 nm using the spectrophotofluorimeter. The
result with one such spot on tissue paper, sample
60, from a book ("Ivanhoe") published in 1897, is
shown in Figure 2. The scan shows two clear fluorescence peaks, one on each side of the brown spot which
lay exactly in the valley between them.

\'icwing them under ultra-violet light

foxing

0.43

b. Fluorescence and Foxing

TABLE 4. Reclassification of samples according to the effect of

Increased

2.29

TABLE 6: Concentration of iron in spots compared with that in
the foxed paper from which they were cut.

The effect of viewing the samples with ultra-violet
light was to alter the ranking of some. With this
illumination some samples appeared more spotted or
foxed, others appeared less spotted, while the majority
appeared spotted to the same degree as when viewed
under white light. The samples are re•categorised on
this basis in Table 4 (with changed iron concentration
bands) and the data subjected to chi squared analysis
in Table 5. For this purpose, a change in foxing score
of one unit was treated as being no change, being
within the range of observational error.

%

Total

In addition, a number of foxed paper samples and
also the foxed spots cut from them, were analysed for
iron (see Table 6). It will be seen that the iron concentration in the foxed spots is not significantly higher
than that in the paper from which they were cut.

The total of25.68 in Table3 is in excess ofchi squared
for 99.95% limits, showing that foxing is not independent of iron concentration. The data presented in
Table 2, however, show that the number of foxed
samples is high for low iron concentration, and the
number of not foxed samples is high for high iron
concentration. Thus low iron concentrations are
associated with high occurrence of foxing, which is the
reverse of current assumptions.

Iron

foxing

The total of 4.765 in Table 5 is significant but only
at the 90% level. This indicates that the change in
appearance of the samples as a result of illuminating
them with ultra violet light is probably related to iron
concentration. This effect is mostly due to the number
of samples whose degree of apparent foxing is
increased by ultra-violet illumination. The greater
proportion of these have low iron concentration which
again does not support the view that foxing is
directly due to high iron concentrations.

91
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Unchanged
foxing

Decreased

foxing

0 to 0.01

(n)

n

2

56

Total

Not
Foxed

Deviation

Increased

Iron
%

It is possible to interpret these observations as
indicating that foxing is caused by growth of an
organism which causes fluorescence in its younger
parts but as it grows and spreads, leaves behind an
area which becomes brown.
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Conclusions

R.E. Preu
Figure2

1. Foxing is associated with low rather than high
iron content.

2. The results are consistent with a suggestion that
foxing is initiated by growth of a living organism
which is either itself fluorescent under ultra-violet
light, or causes fluorescence in paper.
3. The brown spots of foxing develop later in the
older parts of spots which were originally fluorescent only.

Omm

lmm

r

2mm

Jmm
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SOME OBSERVATIONS ON FOXING AT THE
BRITISH MUSEUM RESEARCH LABORATORY
D. Baynes-Capel
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Summary. Descriptions of foxing on paper and cotton from a
number of different well documented sources are given. These

Einiee Beobachtune:cn. die im britischen Museum fiber die Entwicklune von Moderflecken gemacht wurden. Anhand gut
belegtcr Quellen wird die Entwicklung von Moderflecken auf
Papicr und BaumwoJie beschrieben. Die Untersuchun~ der
Proben erfolgte durch verschiedene chemische Flecken-Tests und
durch Beobachtung unter vultraviolcttem Licht. Die Ergebnisse
deuten darauf hin, daB die Hauptursache filr das Entstehen von
Moderflecken biologischer Natur ist. Der oder die Organismen,
die an diescm ProzeB beteiligt sind, sind in ihren physikalischen
WachstumsansprUchen eng begrenzt. Sie sind daher mit gew6hnJichen Laboratoriumsverfahren nicht Ieicht zu isolieren.

have been examined by various chemical spot tests and by
observation under ultra violet light. The evidence suggests that
the prime cause of foxing is biological, the organism or organisms involved being narrowly restricted in its physical requirements for growth and hence not easily isolated by normal
laboratory methods.

Algunas obsenaciones sobrc el descoloramicnto del paper por
manchas en el laboratorio de indagaclones del Museo britanico.
Sedan descripciones del descoloramiento por manchas en papel
y en algod6n, y tales descripciones proceden de buen mimcro
de fuentcs variadas y bien documentadas. Se han examinado
las manchas en pruebas al aza.r variadas y por Ia observaci6n
bajo una Juz ultra-violcta. Se dan testimonies que sugiercn que
Ia causa principal del descoloramiento pueda ser biol6gica, el
organismo (o sea los organismos) en cuesti6n estando estrechamente restringido en sus requerimientos fisicos para el crecimiento, y por consiguiente sicndo dificil de aislar por los metodos
normalcs dellaboratorio.

Remarques sur les Rousseurs prO\·enant de Laboratoire de
Recherches du British Museum. On fait un rapport sur Jes
rousseurs du papier et du eaton d'apres un certain nombre de
sources de documentation satisfaisantes et variC:es. On a etudie
le papier et coton a l'aide d'experiences chimiques sur Ies taches
et d'examen a Ia lumiere ultraviolette.l.es observations suggerent
que Ia cause premiere des rousseurs est biologique, l'organismc
ou les organismes en question Ctant strictement IimitCs quant
aux conditions physiques nCcessaires a leur croissance ct done
difficilement isolables par lcs methodes nonnales de laboratoire.

According to John Carter (1972) "Foxed, Foxing"
as terms applied in bibilography mean "Of paper;
discoloured, stained usually with brownish-yellow
spots ... Foxing is due to chemical action in paper
which has been badly bleached in manufacture,
usually caused by damp or lack of ventilation, Some
authorities derive the term (first noted in 1848) from
the colour of the spots; most are silent on its origin."

were more orange and were seen to be surrounded by
a sharp edged zone which fluoresced a brilliant pale
blue seen against the purple background of the cotton.
The handkerchief was bleached with a dilute
aqueous solution of hydrogen peroxide containing
sufficient ammonia to render it alkaline. After
drying, it was re-examined by ultra-violet light, the
orange brown fluorescence of the visible spots had
disappeared and the whole area of the spot was now
fluorescing the brilliant pale blue that had been
observed at the edges.

There could be several misconceptions in the above
definition and it is now time that a more critical
study of the phenomenon was initiated. It is believed
by some (e.g. Liams & Beckwith, 1935) that iron
plays a positive role in foxing, but Press (1976) in the
accompanying paper, now disagrees with this.
Carter {1972) clearly assumes that the cause is
independent of living organisms and implies that it
is of modern origin, since the use of chlorine-based
bleaches dates from after ca 1780.

Some time later, this handkerchief was washed
with a modern detergent containing an optical bleach.
Under ultra-violet light, the original dark purple
background of the cotton was a dazzling bluish
white, against which the original spots appeared as
darker areas.

The publication of the work by Press offers an
opportunity to present and discuss some observations
made in the Research Laboratory of the British
Museum on foxed materials.

Example 2.
A set of 6" maps of Wales were "atlas guarded"
to form a single volume in which any map could be
opened fiat without a perceptible gutter. Each map,
therefore, had a fold vertically across its face and the
two half-faces touched when the volume was closed.

Example 1.
A cotton handkerchief, having been embroidered
with a silk initial ca 1906 was laid by until 1964.
There were extensive areas of foxing, one of which
extended under, but did not in any way involve the
silk. Examined by ultra-violet light, the brown areas

The half"reverses touched the half-reverses of
adjacent maps. One map was extensively foxed and
shewed the orange and blue fiourescent zones
described above. The reverse sides of the half maps

!Research Laboratory, The British Museum, London, WCIB 3DG
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Discussion

shewed blue-fluorescing areas comparable in shape
and size with the faces, but the orange-fluorescing
areas were lesser both in size and in intensity. This
phenomenon was repeated on the touching reverses
of the adjacent maps and on their faces, in that there
was a steady reduction in area and intensity through
the succeeding layers of paper until only faint blnefluorescing areas could be seen, over small areas.

The brown stain of foxing cannot be a simple ferric
iron compound such as the hydroxide or carbonate,
for these are not soluble in alkalis. The fact that the
brown colour is destroyed by powerful oxidizing
agents, albeit in dilute solutions, raises the possibility
that if iron is present at all, it could be as single metal
atoms chelated or co-ordinated in a macrocycle such
as porphyrin.

Example 3.
A piece of paper, which bore both foxing and a
generalised brown stain, presumably from oxidation
(commonly known as an "air-burn") was divided
into strips, which were stained with methylene blue
or malachite green before and after bleaching. It was
observed that both foxing marks and the air-burn
took up the dyestuff, on the unbleached paper, but
that on the bleached paper, only the fox marks
retained it, compared with the back-ground of the
paper. The air-burn was totally lost on bleaching but
there were isolated round spots on the bleached and
stained paper which were markedly paler than the
back-ground.

The fact that foxing, whether visible or not, is
present in books made from paper prepared before iron
beaters or Hollanders were introduced ca 1740 suggests
that the liability to foxing cannot be ascribed solely to
this source or to bleach residues which would not have
occurred until late in the eighteenth century. It may be
mentioned here that the books referred to in Example
4 came from the Library of Jean Grolier and were
prized collectors items because of their beautiful
bindings so that they would remain untouched.
The presence of the two fluorescent zones in foxing
indicates that there are two distinct stages in its
development, the second one of which is not necessarily
completed. The scattered distribution of foxmarks,
coupled with their presence on the fore-edges and
tears in the paper of books is clearly suggestive
that an airborne micro-organism is involved. The
differential staining of the two stages indicates that a
variety of mechanisms may be involved:

Example 4.
A set of books which had been bound, possibly
rebound, for Jean Grolier in the middle of the 16th
century were examined under ultra-violet light. No
foxing had been visible to the unaided eye, but under
ultra-violet light, there were on many pages of each
of the three volumes, a number of spots fluorescing a
brilliant pale blue and having faint traces of an

a. The "blue" zone is the primary colony and the
brown one is the secondary infection.

orange centre.

b. The brown zone is the primary colony and the
blue zone is caused by the attack on the cellulose
by chemicals liberated by the colony, which chemically modify the cellulose, forming a very stable
new compound.

Example 5.
Foxing is readily removable from paper by
oxidising bleaches, such as sodium or calcium
hypochlorite, chloramine-T and alkaline chlorine
dioxide solutions.

c. The brown zone is formed from the decayed
material of the dead primary colony if there is
sufficient matter present for it to be visible to the
naked eye.

Example 6.
Two eighteenth century books had been nailed to an
iron plate for use as a bookend. They were presumably
discarded and thrown on a rubbish dump from which
they were retrieved and offered to this author for
experimental purposes. On removing the nails etc,
the books, which were completely sodden with water,
were dried out. No foxing was present, but on the
evidence of colour alone, at least four micro organisms were growing on the paper. There was no fresh
foxing caused by the Florence flood to books wetted
by it.

The absence of foxing in very dry or very wet paper
suggests that the micro-organism(s) concerned flourish
best, or only, in a level of relative humidity which is
not much above the accepted upper safety limit of 65%
but well below the range for normal rapid growth of
say, 95% upwards. This would account for the fact
that, though large numbers of micro-organisms have
been recorded as present on paper, there have as yet
been no published descriptions of the identification of
an organism peculiarly responsible for foxing and
proved to be such by the method of Koch's postulates.
The reason could be that a micro-organism which
behaves in the way described in this discussion,
growing only at about 75% relative humidity, on a
substrate of fairly pure cellulose with possibly some
animal glue, at a pH probably above pHS and growing
only very slowly, over a period of months, if not years,

Example 7.
Foxing has been observed on the fore-edges of books
kept in a climate having a relative humidity of about
75 %, and along the edges of a tear in a book printed
on a soft open-textured paper. It is also often observed
on paper, such as plates, which are covered, in the
bound volume, by tissue paper.
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The development of new techniques for the examination of small areas of paper, such as X-Ray fluorescence analysis and scanning electron microscopy,
coupled with the recognition that certain microorganisms can grow and be grown, only in closely
defined marginal climatic conditions offers the hope
that a proper study of foxing can now be undertaken.

would present considerable problems to the microbiologists. If the brown stain is due to the coloured
breakdown products of a dead colony, viable causative
micro-organisms would not be available from foxmarks.
From this discussion, a new definition of foxing can
be devised. It is a brown stain, probably of microbial
origin, and characterised, as far as present knowledge
goes, by the fact that, under ultra-violet light, the
brown area fluoresces an orange-brown colour and is
surrounded by a brilliantly fluorescent pale blue zone
which remains after removal of the brown area by
oxidative bleaching. In this "blue" zone the cellulose
of the paper is modified chemically so that it is more
retentive of basic dyestuffs than cellulose itself and it
may selectively reject certain other dyestuffs.
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Chalk (1960) has shown that the development of
the brown secondary stain characteristic of foxing is
light controlled. Although her observations suggest
a microbiological origin she has not been able to
elucidate the growth conditions required by the
organism concerned. Also, her conclusion that iron
is necessarily involved is not supported by the findings
of Press.

Press R. E. 1976, The Foxing of Paper, Int. Biodetn.
Bull. 12 (!).
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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 Equipme/11-28 references
SB2
Stone, Brick and Concrete-85 references
SB3
Microbial corrosion of meta/s-250 references
SB4
Microorganisms in metal extraction-100 references
SB5
Marinefouling-475 references
SB6
Fouling ofpipelines and water systems-!45 references
SB7
Aquatic weeds and fouling ofwaterways-!50 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 Lubricams in biodeterioration-425 references
SB10 Pharmaceutical products and cosmetics-180 references
SB11 Termites-behaviour and colllrol-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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BOOK REVIEWS
MICROBIAL ASPECTS OF THE
DETERIORATION OF MATERIALS

On scanning through the contents it would appear
at first sight that textiles are only represented by wool.
However, on reading the chapter on wool, techniques
are introduced which can be used for a wide range of
woven and non•woven fabrics. It would have been
useful to see a chapter on cellulose based textiles but
presumably these were not included in the original
demonstration.

Ed. D. W. Loveloc)~ and R. J. Gilbert. Society for
Applied Bacteriology, Technical Series No. 9. Academic Press, 1975. £8.50.
The study of biodeterioration is becoming an
increasingly important branch of applied biology.
Economic pressures on raw and manufactured
materials have made industry more aware of the losses
iu these materials caused by microbial attack. Such
losses can be reduced by a study of the biodeterioration
of a particular material using techniques applicable to
that material which will give meaningful results. This
is then followed by the institution of precise preventative measures. A liaison between industry and research workers is thus important and vital in order
to develop such techniques and devise suitable
remedies.

I

The book will be of equal value to those in higher
education establishments where biodeterioration is
taught and to industry where the problems of biodeterioration occur. Its price possibly precludes it
from students' personal collections but it is well
presented in the usual style of the Society for Applied
Bacteriology Technical Series, on good quality paper,
with a subject index after the concluding chapter.
K. J. Seal

Microbial Aspects of the Deterioration of Materials
is an excellent practical demonstration of the way in
which research workers from industry, government
institutions and higher educational establishments
have developed test techniques and methods of
investigation which are relevant to a particular
material and consider its situation and use. The
President of the Biodeterioration Society indicates in
a short introduction that attack of materials is often
complex, involving successions of micro-organisms
and attacks on different constituents of a compound
material. Any methods of investigation employed in
this respect should take these factors into account.

The Filamentous Fungi Volume 1. Industrial Mycology
Edited by J. E. Smith and D. R. Berry 1975.
Edward Arnold: LONDON pp. xii- 340 £12.50
There has long been a need for an extensive account
of the industrial utilisation of filamentous fungi. The
ways in which fungi have been used are very diverse
and this is reflected in the wide variety of topics
covered in the sixteen chapters of this book.
The first five chapters deal with fundamental aspects
of fungi: their structure and development; environmental control of their physiology; secondary
metabolism and growth; basic genetics and growth
kinetics. There is then a historical review of fungi in
industrial fermentations.

The contents of the book result from a Society for
Applied Bacteriology demonstration held at the
Polytechnic of the South Bank, London, in October
1973. It contains chapters on the biodeterioration of
wood, metals, petroleum products, wool and textiles,
rubber and tobacco. There are also chapters on
specialised products and environments such as footwear, pipe wrappings and coatings, aircraft fuel
systems, marine fouling algae, and timber in aquatic
environments. The micro-organisms are discussed in
separate chapters with regard to their availability for
test work, descriptions of important biodeteriogens,
and their isolation and characterisation on timber.

The production of important metabolites, organic
acids and industrial enzymes, and the use of spores in
transformation of organic compounds, form a
cohesive group of chapters, which are followed by
three which are concerned with edible fungal products:
edible mushrooms, mycelial biomass, and oriental
fermentations. A chapter on biodeterioration follows,
separating an account of ergot fungi from one on
mycotoxins.

The papers are presented as a combination of
specialised practical techniques and a theoretical
background; the techniques presented being a result
of in depth studies on the particular material or
compound manufacture. The papers contain line
drawings and photographs to illustrate the gross and
microscopic effects of microbial attack and the test
techniques. These techniques are sufficient to enable
those with a biological background to set up tests and
evaluate the results. Should any difficulty arise the
addresses of the contributors appear at the beginning
of the book for reference and each paper is well
referenced so that points of detail not cited can be
examined.

The individual chapters are well written and contain
much useful information. The arrangement of chapters
is always open to comment: I would have preferred to
see a different arrangement, with the placing together
of Physiology and Growth Kinetics; Secondary
Metabolism and Secondary Metabolites; Historical
Development of Fungal Fermentations and Oriental
Food Fermentations which have been used for
thousands of years (why not begin the book with this
pair?); Ergot Fungi, dealing with plant pathological
and pharmaceutical aspects could have been more
closely linked with Mycotoxins, and these should
logically be followed by Biodeterioration.
35
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With chapters dealing with related topics there is
always the danger of overlap. In general the chapters
are complementary although there is some repet!tion
which appears to be unavoidable if each chapte';;is to
be self contained. Editorial decisions on such matters
are always open to criticism whichever way the choice
is made. The use made of fermenters and fermentations
provides a continuing theme, but the virtual omission
concerning the increasing use being made of tower
fermenters for filamentous fungi is surprising.

be taken up in the text in places; there is some lack of
modern nomenclature (e.g. what is Caldariomyces?;
why Cephalothecium roseum rather than Trfcotheciwn
roseum? Why have Pullu/aria (Aureobasidium) pullulans
in the text when the correct Aureobasidium does not
feature in the index?) In addition, while the proof
reading in the text is generally good, that of the
species index leaves much to be desired. Workers
must be made aware of the need to use the correct
names for the organisms with which they work.

The book is well produced, with good line illustrations, although reproduction of the small number of
photographs is generally poor. Each chapter has its
own bibliography with references being quoted up to
1973. Two indices, of species and subject, are included.
The species index highlights a weakness which can

This will prove a useful book which will fill a gap
for those who require an introduction to the subject
and its literature. It seems well suited to interested
third year undergraduates and research workers in
this field of study.
G. J. F. Pugh
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BIODETERIORATION INFORMATION CENTRE
DEPARTMENT OF BIOLOGICAL SCIENCES.
THE UNIVERSITY OF ASTON IN BIRMINGHAM.
80 COLESHILL STREET
BIRMINGHAM
ENGLAND
B4 7PF
TELEPHONE: 021-359 3611 EXTNS. 229 & 6258 TELEX: 336997

LITERATURE COLLECTION
The Centre collects all literature on the deterioration of materials of economic importance by living organisms.
Retrieval from this collection is the basis for the rapid answer of enquiries.
ENQUIRY SERVICE
The Centre offers internationally a confidential detailed question answering service on all aspects of biodeterioration. Telephone or postal enquiries are accepted. Bibliographic lists can al~o be compiled in response to
enquiries.
All enquiries which involve a literature search will be charged at £8 each inclusive of photocopying up to
40 pages (anything over 40 pages will be charged at the rate of 7p per page). If the search time involved exceeds
2 hours subsequent time will be charged at £5 per hour. British enquirers will be advised by telephone if it is
found that more than 2 hours or extra photocopying is needed. Overseas enquirers will be sent the results of up to
2 hours' work and up to 40 pages of photocopying, if appropriate, and advised if further work is likely to yield
further results.
PHOTOCOPY SERVICE
The Centre will supply single copies of papers from the literature collection at a cost of 7p per page, minimum
charge 70p, providing that a photocopy declaration is signed in compliance with the 1956 British Copyright Act.
BIODETERIORATION RESEARCH TITLES (formerly IBBRIS) and
WASTE MATERIALS BIODEGRADATION RESEARCH TITLES
In addition to the International Biodeterioration Bulletin {IBB) the Biodeterioration Information Centre
issues two bibliographic journals which present, in classified form, references to published literature on all aspects
of the subjects they .cover, viz:
Biodeterioration Research Titles (BRT)-all aspects of biodeterioration and biodegradation. About 3000 references per annum.

Waste Materials Biodegradation (WMB)-all aspects of the biological treatment of solid and liquid wastes and
the biodegradation of waste materials in nature. About 2000 references per annum. Annual subscription £10,
not included in reduced rate subscriptions to Institutions or members of the Biodeterioration Society.
SUBSCRIPTIONS
SUSTAINING ASSOCIATES receive
(i) Copies of all three quarterly journals, IBB, BRT, and WMB to a maximum of 12 copies in any combination
of each issue.
(ii) Free enquiry service, providing answers can be obtained from existing knowledge and do not take more than
a half day's search time.
(iii) Specialist visiting where necessary at cost and overhead expense.
Sustaining Associates contribute a subscription of £50 per annum.
INSTITUTIONAL SUBSCRIBERS receive one copy of each issue of!BB and BRT (Extra copies at Reduced Rate)
Subscription £20 per annum.
REDUCED RATE SUBSCRIBERS (i.e. Biodeterioration Society Members-application form on request)
receive one copy of each issue of IBB and BRT.
Subscription £10 per annum. Reduced rate subscribers must undertake that they are not purchasing the publications
on behalf of an institution.
MICROFICHE All three journals are available on microfiche.Rates available on request.
PERSONAL CALLERS AT THE CENTRE
The Centre welcomes visitors. Visitors may search the document collection free of charge but a charge of
7p per page will be made for photocopies of any documents taken.

i

I

a

Why?
Because we have the
most -wrsatlle Une around

SUPER AD-IT The recommended universal paint fungi-

cide for both oil and aqueous systems.
PM0-10 For mildew resistant oil, oleo resinous and alkyd

paints.
PMA-18 For use in standard aqueous systems as a fungicide and/or preservative.
PMA-60 For use in emulsion paint systems to prevent

bacterial spoilage during liquid paint storage and to protect the applied paint film against mildew attack. Packaged in 4 oz. and 8 oz. water-soluble packages.
FUNGITROL 11 Fungicide-bactericide for non-aqueous

paint systems. Effective for meat-packing plants, breweries, dairies, etc. Also imparts fungus resistance to
baking enamels.
In any language
NUODEX is your symbol
for quality and service.

e

TENNECO_
~

NUODEX PRODUCTS ARE AVAILABLE FROM THE FOLLOWING AFFILIATES AND LICENSEES:
AUSTRALIA • Nuodex (Aust.) Ply. Ltd., 49-61 Stephen Road,
Botany, N. S. W.; BRAZIL- Nuodex S. A., Industria, E, Comerclo
de Secantes, Rua Dam Gerardo 80-1., and., Rio de Janeiro;
ENGLAND- Nuodex Limited, Birtley, County Durham; FRANCE
- Nuodex France S. A. R. L., 30 Rue Galilee, Paris 16e; WEST
GERMANY- Gebr. Borchers A. G., Elizabethstr. 14, Dusseldorf;

HOLLAND - N.V. Chemische Fabrlek Servo, Delden; ITALY Nuodex llaliana, S. P. A., Piazza Della Republica 11/A, Milan;
JAPAN - Harima, Kasel Kogyo Ltd., Bank Kobe Building 4-21
Dosho-Machi Higashi-ku, Osaka; MEXICO -Tenneco Qulmlca
de Mexico, S. A.. Durango 209, Desp. 402, Mexico 7 D. F.; NEW
ZEALAND- A. C. Hatrick (N. Z.) Ltd .. 22 York Street, Auckland;
SOUTH AFRICA· Poly-Resin Products, Ltd., 132 Seacow Lake
Road, Durban; SPAIN - Nuodex Espanola, S. A., Av. Jose
Antonio 55, Madrid; VENEZUELA- Resimon CA Edis, Montana

"·

Los Cortijos de lourdes, Caracas.

Tenneco Chemicals, Inc.

Intermediates Division International Dept.
P.O. Box 2, Piscataway, N.J. 08854, U.S.A.
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