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NOTES FOR CONTRffiUTORS
The International Biodeterioration Bulletin is published four times per year (Spring, Summer, Autumn
and Winter). Typescript contributions in triplicate
should be sent to the Editor, Dr. H. 0. W. Eggins,
at the above address.

The bibliographic references are to be indicated in
the text as, e.g.:

The Bulletin acts as a vehicle for the publication of
works on all aspects of biodeterioration, i.e. the
deterioration of materials of economic importance by
micro-organisms, insects, rodents, etc.
Contributions may be in English, French, German
or Spanish and should be submitted in triplicate on
international A4 size paper (21.0 ern x 29.7 em or
8.27 in. x 11.69 in.); typewritten on one side of the
paper only. A summary of 25-100 words should
accompany each contribution.

and in the bibliography:

Reese and Levison (1952).

Reese, E. T. and Levison, H. G. (1952) Comparative
study of the breakdown of cellulose by microorganisms.
Physiol. Plant., 5, 354-366.
Authors are requested to abbreviate journal titles
according to the conventions of the World List of
Scientific Periodicals.

Illustrations should be clearly drawn in Indian ink
or should be photographed. The reduction desired
should be clearly indicated and illustrations when
reduced are not to exceed 17 ern X 26 ern. Where
figures are to be inserted in the text the approximate
position for each one should be clearly marked in
the typescript.

Proofs will not be sent to authors before final
publication.
25 reprints will be sent free of charge to each
author. Additional reprints are obtainable: scale of
charges available on application to the Production
Editor.
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BIODETERIORATION SOCIETY NEWSLETTER
ANNUAL GENERAL
MEETING
This is to be held at The Royal
Commonwealth Society, 18
Northumberland Avenue, London
W.C.2. on Friday 9th July 1971.
The provisional programme is
as follows.
11.30-12.30
12.30-13.00
13.00-14.00
14.00

16.00

Official Business
Drinks
Buffet Lunch
Presidential
Address followed
by open discussion.
Meeting Closes.

The buffet lunch will cost about
£1 (one pound) and a booking
slip will be enclosed with full
details of the meeting to be sent
to all members in April, together
with voting forms for officers of
the Society.
FIRST SCIENTIFIC MEETING
12th November 1970.
The two papers presented in the
morning session-"Rodents and
biodeterioration by D. C.
Drummond (Pest Infestation Control Laboratory, Tolworth,
England) and "Biodeterioration
and environmental pollution"
by H. J. Hueck (T .N.O.,
Delft, Netherlands}-are to be
published in full in the next issue
of this Bulletin (Vol. 7, No. 2).
In the same issue abstracts of
the three papers from the afternoon session-"Biodegradationa friend or foe to the paper industry" by R. L. Hughes (P.I.R.A.,
Kenley, England), "Algae versus
Man" by J. Ridley (Metropolitan
Water Board, London, England)
and "Current biodeterioration
problems in newly felled softwood
timber" by J. G. Savory (Forest
Products Research Laboratory,
Princes Risborough, England)will also appear.
The formation of an International Society for Tropical Root
Crops was announced in August
1970. Its purpose will be to en-

courage the efficient production
and utilisation of tropical root
crops and to extend knowledge
of them by dissemination of information. It is planned to achieve
this by publication of a newsletter,
establishment of an information
centre and sponsorship of regional
and international meetings or study
groups.
Enquiries about membership of
the Society should be sent to the
Treasurer, Dr. L. A. Wilson,
Department of Biological Sciences,
University of the West Indies, St.
Augustine, Trinidad, while correspondence about the newsletter
should be addressed to Dr. F. W.
Martin, U.S. Department of Agriculture, Federal Experiment Station, Mayaguez, Puerto Rico 00708.
The 3rd British Pest Control
Conference has as its theme "Pest
Control-the Decade Ahead".
The Conference will be held from
5th to 8th October 1971 at the
Hotel de France, St. Helier,
Jersey, Channel Islands.
The programme will be of particular interest to those concerned
with control of stored products
insects and rodents. The main
sections of the programme are
"The Pattern of Legislation",
"New Agents of Control", "Pesticide Safety", "Practical Methods
of Control", "Problems of Trans-port" and "Special Aspects of
Operations".
The proceeding of the Conference will be published.
Details of the Conference and
forms of application can be obtained from:
Mr. C. J. Keeble,
Conference Secretary,

3rd British Pest Control
Conference,
Alembic House,

93 Albert Embankment,
London, S.£.1,
England.
Telephone: 01-735 8471
The 20th International Wire and
Cable Symposium is to be held at
the Shelburne Hotel, Atlantic City,
New Jersey from 30th November
to 2nd December 1971.
Information on the Symposium
can be obtained from:

Mr. Jack Spergel, Co-Chairman,
Wire and Cable Symposium,
U.S. Army Electronics Command,
Attn: AMSEL·KL"EE,
Fort Monmouth,
N.J. 07703, U.S.A.
Telephone: 201-535-1615

The Beltsville Forest Disease
Laboratory of the U.S.D.A. Forest
Service will be moving on 1st
July 1971 to new premises at the
Forest Products Laboratory, Madison, Wisconsin. The Laboratory's new title will be Center for
Forest Mycology Research and the
move will bring benefits through
access to the facilities and staff
expertise of F.P.L. as well as
reduced administrative costs.
The new address will be:
Center for Forest Mycology
Research,
Forest Products Laboratory,
P.O. Box 5130,
North Walnut Street,
Madison, Wisconsin 53705,
U.S.A.
The International Research
Group on Wood Preservation,
which is sponsored ·by the Organisation for Economic Co-operation
and Development, has arranged to
hold its Annual Meetings in the
new 'Maison du Bois' in Brussels,
Belgium, from 15th to 17th November 1971, under the chairmanship of Professor Gunther Becker
of Berlin.
Discussions on the co"operative
research that is being carried out
by members from different countries will be under the headings of:
I. biological problems
2. fundamentals of testing
3. wood preservatives and their
methods of treatment.
The 3rd Plenary Meeting of the
Group will be held on the last day
of the conference, Wednesday 17th
November 1971. Further information may be obtained from
The Secretariat,
The International Research
Group 011 Wood Preservatio11,
Forest Products Research
Laboratory,
Princes Risborough,
Aylesbury,
Bucki11ghamshire, England.
Telephone 08-444 3101;
Telex 83559.

INDUSTRY AND COMMERCE
Durham Chemicals limited have
recently opened new Laboratories
at Birtley, County Durham. The
Research Development and Service Laboratories provide facilities
for product control, customer
service and product development.
Accelerated testing of paints under
a wide variety of environmental
conditions and assessment of fungicides are among the functions
carried out by the laboratories.
New laboratory facilities have
also been announced by the Crop
Protection Division of Bayer
whose Biological Research Group
recently moved into a new research
centre at the company's headquarters at Leverkusen. The new
building houses the Institute of
Plant Pathology as well as sections
of the Institute of Insect Pest
Research, and the Residue Analysis Department.
Thiabendazole (2-(4-thiazolyl) benzimidazole) is now available
under the trademark Tecto of its
developers Merck, Sharp and
Dobme International. Amongst
other applications it is recommended as a fungicide for use against
post-harvest diseases of bananas
and citrus.

A new range of animal and bird
repellents bas been put on the
market by Sphere Laboratories
(London) Ltd. under the brand
name "CURB". This is a white,
micronised powder based on specially prepared alumiuium ammonium sulphate to which are
added certain unnamed synergists.
'CURB' is claimed to be virtually non-toxic (LD5o 6.1gfkg. live
body weight for rats) and has been
cleared under the Veterinary Products Safety Precautions Schemes
in Britain and by agricultural
ministries in many other countries.
'CURB' is available in powder,
wettable powder and emulsion
form and is also available in
aerosols and puffer packs for
garden use. An anti-perching paste
and a pigeon paste are also produced.

Merck, Sharp and Dohme

A new approach to the recording
of information presented at conferences and symposia is announced by Graduate Education Network. This consists of 16 mm.
films and video tapes of all
symposia at the 8th International
Congress of Biochemistry held in
September 1970 in Switzerland and
is the result of a joint project with
the Swiss Biochemical Society.

International,
Division of Merck & Co. Inc.,
Agricultural Products,
Rahway, N.J., U.S.A.

Further information can be
obtained from either

Further information from

GraduateEducationNetworkS.A.
4 Cours des Bastion,
1205 Geneva, Switzerland
(Telephone 24.23.06;
Telex 27237) or
Graduate Education Network Inc.
801 Welch Road, Palo Alto,
California 94304, U.S.A.
(Telephone 415-326-4731).
Jeolco (U.K.) Ltd., a subsidiary
of the Japan Electron Optics
Laboratory Co. Ltd. of Tokyo,
have announced the marketing in
Britain of their JSM-Sl Scanning
Microscope, which was first seen
in this country at Micro '70.
The Manufacturers guarantee a
resolution of250 A for the JSM-Sl
and the magnification range is
X19-X100,000. The great depth of
focus allows observations of thick
sections and rough surfaced specimens to be made.
Further information can be obtained from
Jeolco (U.K.) Ltd.,
Jeolco House, Grove Park,
London, N. W.9, England.
Telephone 01-205 6376/9;
Telex 28350.
Certain persistent organochlorine pesticides have now been
withdrawn from some farm, food
storage and home uses in the
United Kingdom. The main pesticides affected are aldrin, dieldrin
and DDT. This was announced in
the report 'Further review of
certain persistent organochlorine
pesticides used in Great Britain'
(Department of Education and
Science, H.M.S.O. London, 1969,
price 62-l.- p).
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David, J. Int. Biodetn. Bull., 7 (1), 3, (1971). The British Pest Control Association.

THE BRITISH PEST CONTROL ASSOCIATION
J. David!
The British Pest Control Association. Die Tii.tigkeiten der
Britischen Pest·Kontrollegesellschaft die Handelsgesellschaft
der Pest-Kontrolle lndustrie sind kurz; dargestellt und seine

Summary. The activities of the British Pest Control Association, the trade association of the Pest Control Industry are
outlined and its considerable resources indicated.

betriichtliche Hilfsquelle werden angegeben.

Asociaci6n britinica para dominar los nocivos.
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Se hace una

L'Association anglaise pour controler des nuisibles. On indique
les activites et Jes ressources consid6rables de I'Association
anglaise pour controler des nuisibles, l'association commerciale
de l'Industrie qui s'interesse a controler des nuisibles.

resena de las actividades de la Asociaci6n brit:inica para

Any trade association is bound to be concerned
with the public image of itself as much as that of the
industry it represents. The British Pest Control
Association is no exception and perhaps a greater
willingness to discuss publicly the issues of the Pest
Control Industry is a welcome result. Certainly the
point behind this, like other associations, is that it is
the only body able to speak for the whole industry.
This role is clearly recognised by Government and a
great deal of the time of the permanent staff, the
unpaid executive and volunteer members of the committees and technical panel maintained by the Association is spent on the details of relationship with the
many Government Departments concerned with activities within the ambit of members of the Association.
These activities cover all commercial and industrial
aspects of pest control other than those involved
directly in agriculture. A rough dividing line is when
one agricultural product ceases to be a crop and
becomes a stored product, either food or industrial
raw material. The Association does not become
involved in food additives but almost every other
facet of protection against biodeterioration is the
concern of at least one of the member firms.
In protecting its members' interests, the Association
believes in setting high standards for membership. All
members are expected to subscribe to the objectives,
a code of practice and standards of the Association
and finally to co-operation with the Pesticides Safety
Precautions Scheme. This Scheme lays down agreed
labelling instructions for each pesticidal chemical used
or notified for use and is operated by the Ministry of
Agriculture, Fisheries and Food. It is a voluntary
scheme without complex and restrictive legislation,
but so effective has it been that it has set a pattern of
control on the use of pesticides which is the envy
of the world.
The Association is of particular value in the breadth
of experience which it can command, and the formidable resources of its member firms gives a wealth
of information on research, production and commerce,
which can be brought to bear on any problem where
pest control is engaged on a vital service. It is a
manifestation of the British genius for fair play that
the voice of the smallest servicing company is heard

as easily as that of the largest chemical manufacturing
giant. The Association has some member firms with
a combined turnover in pest control well in excess of
£50,000,000; more importantly, the staffs of these
firms dispose of a tremendous wealth of knowledge
and the Association is able to call on experts in all
fields whether the need is for mycologists, entomologists, chemists, physicists, engineers, toxicologists,
timber technologists, botanists, architects, surveyors,
public relations specialists or any other expert that
industry may require. It is the first choice for a broad
view of the industry and it strives to make the view
as objective as possible. Objectivity, of course, does
not imply passivity. The Association is active in
promoting the legitimate interests of the industry,
and in raising its status so that with recognition, it
hopes, will come the due reward. As a whole the
public, in the Association's view, does not recognise
the importance of pests and the biodeterioration of
finished goods. Both in economic and social terms
the magnitnde of the problem is so great that it is
seen as the way of "Nature". Control of biodeterioration through pest control is still not accepted as either
"natural" or in academic terms as "pure" science.
By its activities with Government, publicity and above
all, by its sponsorship of International Conferences
such as its 3rd International Conference in 1971, the
British Pest Control Association is doing its part in
seeking the proper recognition of the importance of
work in this field.

dominar los nocivos, que es Ia asociaci6n de Ia industria de
dominar tales nocivos. Se esbozan tambic!n sus rccursos considerables.

As far as the 3rd British Pest Control Conference,
which the Association is organising at the Hotel de
France in Jersey from 5th-8th October, 1971, is
concerned, the final programme is expected to be
ready by January and will include 8 sessions covering
Legislation, New Agents, Practical Methods, Toxicology, Transport, Specialised Operations and Pesticide Safety. The opening paper, which will review the
"World Use of Pesticides", will be delivered by Dr.
R. A. E. Galley, now consultant to W.H.O. Delegates
will be attending from the U.S.S.R., Germany, Holland,
Switzerland, Italy, France, etc. plus a large contingent
from the U.S.A. Four senior officials from H.M.
Government will be giving papers on a wide range of
subjects, making it a truly international conference.

!Member, Executive Committee, British Pest Control Association, Alembic House, 93, Albert
Embankment, London, S.E.l., England.
(Copy received November 1970).
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Parbery, D. G. Int. Biodetn. Bull., 7 (1), 5-9, (1971).
Physical factors influencing growth of Amorphotheca resinae in culture.

PHYSICAL FACTORS INFLUENCING GROWTH OF
AMORPHOTHECA RESINAEIN CULTURE
D. G. Parberyl
Physiknlische Umstiinde die die Entwicklung Amorphotheca
resinae in der Zucht beeinfiUssen. Der Einftuss der Flaschengestalt up.d-grB~e auf den Wuchs von A. resinae ist anscheinend

Summary. The influence of flask shape and size on growth of

A. resinae is apparently due to changes in the area of liquid

media exposed to the atmosphere. For consistant, reliable
quantitative results, the use of uniform batches of containers
is essential. The shaking of cultures of A. resinae is deleterious
to growth, especially in two phase water-kerosene systems.
Reasons for these observations, suggested by work reported in
the literature, are proffered. The growth of A. resinae over a
wide range of temperatures has been studied and is reported.
It is evident that different isolates may have different temperature requirements.

auf die .Anderungen der Fliiche der flO.ssigen, zur Atmosph3re
aufgedeckten Media fiillig. Die BenUtzung gleichfOrmiger
Mengen von Behiiltem ist ro.r konsequentc zuverliissige quantitiitive Ergebnisse unentbehrlich. Die ErschO.tterung der
ZG.chten von A. resinae ist wuchschiiding, besonders in den
zweiphasigen Wasser-Petroleum Systemen. Man bietet Griinde
fUr die Beobachtungen auf, die von der in der Literatur
berichten Arbeit vorgeschlagen sind. Der Wuchs von A. resinae
ist fiber ein breite Ausdehnung von Temperaturen studiert
worden und wird bcrichtet. Es ist klar da~ verschiedene isolierte
Priiparaturen verschiedene Temperatur Erfordinf3~.: haben
kOnnten.
Factores fisicos que influyen en el crecimiento de Amorphotheca
resinae en Ia cultura. El inftuyo de Ia forma y del tamano de
Ia redom.a en el crecimiento de A. resinae se debe, segUn parece,
a los cambios de Ia superficie de los medics Iiquidos expuestos
a Ia atm6sfera. Es indispensable el empleo de grupos uniformes
de tales redomas para lograr resultados cuantitattvos dignos de
confianza. Sacudir las culturas de A. resinae resulta danoso
al crecimiento, sabre todo cuando ocurre en los sistemas
agua-kerosene de dos fases. Se ofrecen razones de estas
observaciones, sugeridas por el trabajo referido eJ Ja Iiteratura.
Se ha estudiado, y se relata aqui, el crecimiento de A. resinae
en una variedad considerable de temperaturas. Resulta evidente
que los diferentes aislados pucden variar en cuanto a sus
exigencias de temperatura.

Les factenrs physiques qui influent sur l'accroisscment d'

Amorplrotheca resinae en culture. II parait que !'influence de
Ia forme et de Ia grandeur de Ia fiole sur Ia taux d'accroissement d'A. resinae est attribuable a des changements d'aire
de Ia liquide exposee a !'atmosphere. Pour des resu1tats qui
se tiennent et qui sont siirs et quantitatifs, il faut employer
des recipients d"une grandeur uniformc. Si on agite les cultures
d' A. resinae, c'est nuisible a son accroissement, particulierement
dans des systemes a deux phases-l'eau et Je kerosene. Quelques
explications de ces observations, suggerees par des travaux
sur ce sujet sont offertes. On a etudi6 l'accroissement d'A.
resinae a des temperatures tres divers, et c'est evident que
des isol6s diffCrents ont peut-!tre besoin des temperatures
diffCrentes.

!··''
-'1.

During the present investigations the results of
preliminary studies of growth of A. resinae in culture
were so variable, even in replicates where uniform
inoculum and quantities of medium were used, that
their interpretation was impossible. Sets of experiments were therefore conducted to determine standard
procedures for growing A. resinae in liquid culture.

Introduction
The effect of physical factors on the growth of
Amorphotheca resinae Parbery (Cladosporium resinae
(Lindau) de Vries) has been examined by a number of
workers. Christensen, Kaufer!, Schmitz & Allison
(1942) reported growth between 5' and 40'C, the
optimum being 30'C. Elphick {1961) found A. resinae
grew well between 25'C and 35'C on an agar medium
with 30'C the optimum; Hendey (1964) made similar
findings to these. Minoura (1963) and Minoura and
Okasaki (1968) grew isolates up to 45'C and concluded
that the optimum for growth of their isolates was
37'C.
Christensen et a/ (1942) studied the effects of pH
on the growth of A. resinae and showed it grew in a
range of media of which the initial pH's varied between
3 and 9.6. Their results are hard to evaluate, however,
since the final pH's of most media were about 7.
Minoura {1963) showed that colour in Cladosporium
f. avel/aneum was greatly influenced by the acidity of
the medium on which it grew. At pH 5.2 it was the
same colour as forma resinae.
Elphick (1961) studied the ability of A. resinae to
grow on kerosene-soaked porous pot under a range
of relative humidities. Growth occurred from 80 to
100% relative humidity, but was slower to commence
at the lower values. Growth was detectable after 8
days at 100% humidity whereas it could not be
detected until 25 days at 80% humidity. Similar
findings were reported by Hendey (1964).

Materials and methods

Solid inoculum was obtained by cutting uniformly
sized blocks of agar from the edge of actively growing
colonies. Liquid inoculum was prepared by scraping
the spores off an agar slope culture into 10 ml. of
sterile distilled water. This was poured into a tube and
kept agitated during the inoculation procedure. Inoculum load was usually one drop per flask of this
suspension from the same pipette, or in some cases,
I ml. of inoculum into every flask. Unless otherwise
stated inoculations into liquid culture were with one
drop ?f inoculum prepared from isolate CIOI.
The Bushnell and Haas (1941) mineral solution
containing ammonium nitrate as the nitrogen source,
was used as the acqueous phase in experiments using
liquid media. The Bushnell and Haas agar included
the same ingredients as well as 2% glucose and 2%
agar.
The aviation fuel used was that normally supplied
to commercial airlines by the Shell Company of
Australia.

!School of Agriculture, University of Melbourne, Parkville 3052, Australia.
(Copy received September 1970).
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The effects of some physical factors on growth

flasks containing 40 ml. of a 2% glucose and Bushnell
and Haas medium. Each flask (Table 1) was inoculated and incubated at 25'C.

Flask size
Study of the method and apparatus used suggested
that irregularity in size and shape of Erlenmeyer
flasks could be responsible for variation in results.
Even flasks of one capacity but of slightly different
shape, containing uniform amounts of medium,
yielded varying amounts of growth. The area of
liquid exposed to the air, and the area of the interface
of a two phase system, varied from flask to flask,
correspondingly the depth of each phase varied.
A series of experiments was run to study the effect
of flask-size and shape on the growth of A. resinae.
Both single and two phase systems were used. The
first experiment tested the effect of different sized
I.

This showed growth was influenced by flask size
even when equal amounts of medium were available
in each flask. Even in the flasks of similar capacity,
but of different make and slightly different shape, the
narrower "A" flasks, giving a smaller area of exposed
liquid, produced 25% less growth than the wider "B"
flasks. The pH of the medium was correlated to the
amount of growth. As growth increased, pH fell
suggesting that the larger flasks provide a greater
surface area for oxygen uptake by the fungus, which
can then metabolize more sugar. This greater metabolism is reflected in a lowering of the pH.

TABLE 1.-The effect of flask-size on the growth of A. resinae in a monophase liquid medium
Flask
size
(ml)

Growth (mg)

Final pH

Replicate 1 Replicate 2

Mean

Replicate 1

Replicate 2

Mean

50

44

33

39

4.3

4.65

4.5

100A

155

133

144

2.6

2.6

2.6

100B

184

197

190

2.59

2.56

2.57

150

225

214

219

2.54

2.58

2.56

250

242

245

243

2.55

2.60

2.57

A & B represent different brands of 100 ml. flasks
2.

Shaking and flask-size

In the unshaken series, growth increased as flask size
increased. In the shaken series, however, this is
apparently only true up to a certain size, for possibly
once the liquid becomes too shallow the turbulence
in the larger flasks begins to interfere with growth.
This is suggested by less growth occurring in the 250
ml. flask than in the 150 flask. It is concluded that
shaking is only valuable when a relatively large
volume of medium has a limited area available for
oxygen exchange.

A second experiment compared the effect of shaking
and flask-size on the growth of the mould. It seemed
possible that aeration of cultures in dissimilar flasks
might obviate the differences due to flask size. The
experiment was set up as previously but in addition
one series of flasks was shaken while the other was not.
The conclusions of the previous experiment were
supported by the results of this experiment (Table 2).

TABLE 2.-The combined effects of shaking and of flask size on the growth of A. resinae in a
monophase liquid medium
mean growth (mg)

mean final pH

Flask
size
(ml)

unshaken

shaken

unshaken

shaken

100A

139

167

2.92

2.80

IOOB

146"

172

2.96

2.68

150

193

186

2.57

2.65

250

233

149

2.52

2.75

6
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3, Temperature

Growth in a two phase liquid medium, in dissimilar
flasks, unshaken and shaken, was studied. The need
to grow A. resinae on the two phase (acqueous-kerosene) medium made it necessary to study the effects
of both flask size and shaking on growth. The experiment was set up as previously with 40 mL of
Bushnell and Haas salts solution and 10 mL of aviation kerosene (AVTUR) in each flask. (Table 3). This
experiment confirms that flask size affects the amount
of growth, In both the shaken and unshaken series
growth increased up to the 150 mL flask, but then
decreased. Shaking, however, was a disadvantage in
every flask regardless of size.

Although other workers had studied the effects of
temperature on growth, this was looked at again, to
compare the behaviour of isolate C101 with that of
other isolates.
In a preliminary experiment, a series of plates ol
Bushnell and Haas agar were prepared and sets of
plates were incubated at 10', 15', 20', 25', 30', 35'
and 40'C. After 7 days restricted growth occurred
at 10' and 40'C and good growth had occurred a
25', 30' and 35'C.

TABLE 3.-The effect of flask size and shaking on the growth of A. resinae in a two phase medium
mean growth (mg)

Flask
size
(mi.)

mean final pH

unshaken

shaken

unshaken

shaken

100A

36

10

4.34

4.62

100B

48

14

3.43

4.55

150

56

35

3.17

4.05

250

39

18

3.40

5.10

A more detailed experiment, using a wider range of
temperatures examined the effect of temperature on
growth in liquid and on solid media. The Bushnell
and Haas liquid and agar media both contained 2%
glucose as the carbon source. The study ran for 30
days.
The results of this experiment with solid medium

(Tables 4, 5 and 6) show that initially growth occurred
more rapidly at 30'C, but that after 3 weeks the
amount of growth at 25'C was very similar. More
growth occurred at 20'C than at 40'C but none at
0' or 50'C. Growth was slow in starting at 10'C and
the colour of the mycelium was grey instead of the
usual browny buff.

TABLE 4.-The effect of temperature on the growth of A. resinae on Bushnell and Haas glucose agar
linear growth (mm.) in time (days)
Temperature
8

15

23

30

0

0

0

0

0

10

0

5-6

7-12

17-24

20

17- 20

40-45

64-70

79-81

25

28- 30

60-65

85m

85

30

38-40

70-75

83-85

85

35

19- 22

32-27•

35-40

dried out

40

5b

5-12

7-13

50

dry
m, maximum diameter possible; a, sectoring abundant;
7

"

b, colony raised

"
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TABLE 5.-The effect of temperature in the growth of A. resinae in Bushnell and Haas 2% glucose
liquid medium
growth in time (days)

pH

Temperature
8

15

23

30

(mg)

0

0

0

0

0

6. 7

10

0

0

62

3. 8

20

+
++++
+++
+++
+

102

3.55

167

2.75

115

2.80

100

2.75

40

+
++
++
++
+

+
++
++++
+++
+++
++

96

5.15

50

0

dry

25
30
35

0 = no growth; + = growth detected; + + = sparse or incomplete growth over surface;
+++ =complete mat of growth at surface; ++++ = complete, dense mat at surface;
D.W. and pH measured.

In the liquid medium (Table 5) the growth at 25°,
30° and 35°C was equally abundant although the
weight of harvested mycelium was greatest at 25°C.

Growth at 20°C and 40°C was fairly sparse, especially
at 40°C. No growth occurred at ooc or at 50°C. The
latter, however, dried out in 2 weeks.

TABLE 6.-The effect of temperature on growth of A. resinae in Bushnell and Haas kerosene medium
growth in time (days)

pH

Temperature
8

15

0

0

0

10

0

0

20

+
+
+
+
+

25
30
35
40
50

+
++
++
++
++
0
+
growth detected; + + =

23

30*

+
+
++
+++
+++
++
++
+

3

6.7

6

6.0

10

6.2

34

4.8

37

4.2

10

6.4

5

6.7

0

6.7

0 = no growth; + =
sparse or incomplete mat of mycelium at the
interface; +++ =complete mat at interface; ++++ =complete, dense mat at interface;
I= D.W. of mycelium weighed on the thirtieth day;* growth in mg.
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A further experiment using kerosene instead of
glucose as carbon source gave similar results (Table 6)
to the previous one (Table 4) except that only approximately 1/5 as much growth occurred in kerosene as
on glucose. Also, some growth was detected at 50'C
as well as at O'C.

carbon, and that it could sometimes vary from one
substrate to another with the same organism. Consequently further studies on the influence of temperatures on growth may be worthwhile.
Acknowledgement

When the flasks and plates kept at O'C for 50 days
were reincubated at 25'C, the fungus grew quite well
showing that the low temperature had not affected it.

In a previous correspondence (Parbery 1969) it was
claimed that no work had been done on the influence
of oxygen levels, temperature, pH, and the effects of
other microorganisms on the growth of A. resinae in
fuel-water systems. This has proved incorrect. Kuo
(1967) encouraged by Dr. A. M. Kaplan, Fungicides
and Germicides Laboratory, Pioneering Research
Division, U.S. Army Natick Laboratories, Natick,
Mass., U.S.A., had made such studies, which provided
very significant and useful information in explanation
of the ecology of mixed cultures in fuel. This work had
been overlooked previously (Parbery 1969) since it
did not relate directly to the corrosion of aluminium.
It is, however, a valuable ecological study.

Discussion

Uniformity in flask shape and capacity is important
in quantitative work with A. resinae. Slight differences
in shape led to noticeable differences in the height of
the various liquid phases in the flasks. The higher the
liquid the smaller its surface area exposed to either
the lighter liquid-phase or the air.
Growth is correlated with the area of liquid medium
exposed to the air. Shaking flasks inhibited growth in
monophase medium unless the area exposed to the
air was limited then growth was increased. Shaking
cultures in kerosene medium depressed growth in all
cases. Tanaka, Shimizu & Fukui (1965) also noted
this in one isolate, but in the long term, another isolate
grew equally well when shaken as when not. The
observation that A. resinae will not grow in emulsified
kerosene-water medium (Cooney, Edmonds & Bremner 1968) may explain these observations. On the
other hand increasing the depth of kerosene over a
constant amount of the acqueous phase of a medium
does not limit growth at all, but increases it.
I

i
I

The author wishes to thank the Shell Company of
Australia Ltd. for their financial support of this
project and for the provision of aviation fuel samples.
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Effect of near ultraviolet light on fungi colonizing hardwood chips.

EFFECT OF NEAR ULTRAVIOLET LIGHT ON FUNGI COLONIZING
HARDWOOD CHIPS
R. L. Desail and J. K. Shields1
Die Wirkung eines nahllegenden UV Lichts auf Hartholzschnipsel
besiedelden Pilzen. Wenn mann die GrUnholzschnipsel von
Zuckerahom (Acer saccharum Marsh.) in der Nahe eines UV

Summary. When exposed to near ultraviolet (uv) light in the
350 nm range for 24 hours, sapwood chips of sugar maple
(Acer saccharum Marsh.) subsequently developed increased
fungal discolorations and more extensive soft rot damage
than occurred in control chips. A Penicillium sp. and an
unidentified staining fungus were isolated from all of the
irradiated chips. The former was absent in the control chips.
No significant effect of uv treatment was observed on brown
chemical stain in the experimental chips.

Lichts an cines Entfehnung von 350 run 24 Stunden lang
stelle, merkte man nachher mehr Pilzenentfahrbungen und
grO~re moderfaul Schiiden als es der Fall mit geprUften
Schnipseln war. Ein Penicillium sp. und ein unbestimmter
bcfieckender Pilz wurden von an den erleuchtcn Schnipseln
isoliert. Das Ersterwiihnte war in den gepruften Schnipseln
nicht anwesend. Man merkte keine bedeutsame Wirkung von
UV Handlung auf braunen chemischen Fleck in den geprfiften
Schnipseln.

L'action de Ia Jumiere ultra-violette 3. basse frCquence sur les
mycetes qui colonisent des copeaux de bois dur. Quand on a
expose des copeaux d'aubicr du Crable asucre (Acrer saccharum
Marsh.) a une lumiCre ultra~violette d'une longueur d'onde
de pres de 350 om pendant vingt-quatre heures, ils dt!veloppaient
dans Ia suite plus de decoloration occasionnee par des my&tes,
et il y avait des donunages, occasioJUlt!s par Ia carle plus
t!tendus que dans les copeaux du contrOie. On a isoie une
Penicillium sp. et un mycCte non identifi6 qui causait des
taches, de tous les copeaux irradit!s. Le premier etait absent
des copeaux du controle. Le traitement de lumiCre ultraviolette ne produisait aucun effet important sur des taches
brunes occasionnCes par des produits chimiques dans les
copeaux expt!rimentaux.

El Efecto de Ia luz ultravioleta cercana en los bongos que
contlenen astiUas dC madera dura. AI verse expuestas durante
24 horas a Ja Iuz ultravioleta cercana (uv) en el alcance de
350 run, las astillas jugosas del arce de azucar (Acer saccharum
Marsh.) desarrollaron con el tiempo un aumento del descolora~
miento hongal y un aumento del dana debido a Ia prodre~
dumbrc blanda, m:is extensos que los que ocurrieron en las
astillas del experimento de eliminaei6n. Se aislaron de todas
las astillas irradiadas un Penicillium sp. y un bongo colorante
no indentificado. El Penicillium sp. estaba ausente en las
astillas del experimento de eliminaci6n. No se observ6 en el
tinte quimico pardo de las astiiias de Ia prueba ningfin efecto
significante del tratamiento uv.

The practicability of using ultraviolet (uv) irradiation to reduce fungal deterioration of stored chips has
often been considered. Although it is known that
prolonged exposure to uv light kills bacteria and fungi
(Findlay 1967) the irradiation is not entirely satisfactory in sterilizing woody material because of
shallow penetration of the rays into wood (Cartwright
and Findlay, 1958). In addition, these authors reported that short exposure to uv rays had caused some
stimulation in the development of fungal fruit bodies
of some Ascomycetes. However, a similar effect was
not observed with wood-rotting fungi. Stimulation of
asexual sporulation has been recorded for other fungi
using near uv light in the range 310 to 400 nm (Leach,
1961) and using uv irradiation at wavelengths of
237.8 nm and 313 nm at an intensity of 100 p.wfcm2
(Leach, 1962). Later studies (Savulescu and Tudosescu,
1969) have indicated that 15 to 30 min. exposures to
uv light stimulated mycelial growth in certain molds.

·;.

Sapwood chips, approximately 25 x 12 x 3 mm
were cut from a maple log which had been stored
under water spray for about one month after felling.
Approximately 100 grams of chips were used in each
Erlenmeyer flask (500 ml capacity) and the moisture
content of the chips was adjusted to 50%, based upon
wet weights, by adding distilled water. The chips were
exposed to near uv light (90% in the 350 nm range)
from a Rayonet Photochemical Reactor with an
intensity of 9200 p.wfcm2 for 24 hours. Mouths of
flasks were plugged with non absorbent cotton over
which thin plastic film was wrapped to minimize
dessication during storage. These nonsterilized chips
were used for assessing their natural pathological
condition during the experimental period of 2 months
incubation at 27'C. Chips were placed on a 2% malt
agar medium (Difco) for isolating the micro-organisms.
Mter incubation for I week the uv-exposed and
control chips were examined for chemical and fungal
stains. Exposed chips were greyer and had more mold
growth in contrast to the relatively bright•appearing
control chips (Figure 1). By the end of 8 weeks this
fungal discoloration was dark grey whereas the control chips were stained light grey (fable 1). The brown
chemical stain was generally absent until the end of
4 weeks incubation and no significant differences were
noted in the extent and intensity of this stain between
the control and irradiated samples.

Information about the effect of uv irradiation on
discolorations and decay in wood chips is lacking.
As the uv region of the solar radiation is considerably
attenuated owing to absorption by ozone and Rayleigh and Mie scattering, only the near uv is received
at the ground level (Gates, 1966). Preliminary experiments were therefore undertaken on sapwood
chips of sugar maple (Acer saccharum Marsh.) using
wavelengths of near uv light. The effect of irradiation
on chip microflora and on the intensity and type of
discoloration was observed for 2 months in the
laboratory under controlled environmental conditions.

Although fewer irradiated than control chips
yielded the wood-staining fungus Ceratocystis sp. all

!Department of Fisheries and Forestry, Canadian Forestry Service, Forest Products Laboratory, Ottawa, Canada.
(Copy received August, 1970).
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Figure 1. Comparison of control chips (left) and uv irradiated chips (right) showi ng greater discoloration
in the treated wood after incubation for 1 week at 27"C.

TABLE J.- Extent and intensity of grey fungal and brown chemical stains in non-sterilized
sapwood chips incubated at 27°C

Sample

Nat ure
of stain

Length of Storage (weeks)
2

Contro l

Fungal

Irradiated

Fungal

Con trol

Chemical

Irradiated

Chemical

I Discoloration

inte nsity rating:

4

8

-1

+ light, -1

- moderate.

+ + -1

dark.

tion of Ceratocystis from many of the uv-exposed
chips.

the irradiated chips were colonized by an unidentified
staining organism and a Penicillium mold. This latter
fungus was not isolated from the control wood chips.
The lower percentage of irradiated chips yielding
Ceratocystis, compared to the control, probably
resulted from the faster rate of growth of the unidentified staining fungus which precluded the isola-

Cross grain microsections of irradiated chips and
controls were examined with the microscope under
bright field illumination as wel l as under polarized
light. Soft rot damage. which occurred in both
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groups, was more widespread 111 the secondary walls
of tracheids of irradiated chips (Figu re 2). l n contrast,
mo ·t of the damage in control chips was confined to
those tracheids adjacent to tracheae. Soft rot in the
examined c hips was appare ntly caused by a n un Identified staining fungus rather than by a mold.
Hyp hae of staim ng fungi were common in most
t racheae of the irradiated chips but were less prevalent

in the con tro ls. The brow n chemical stain was more
extensive in the walls of the ray and wood parenchyma
than in the other cells.
Ultraviolet irrad iat io n of the intensi ty and du ration
used in these experiments was stimulatory to growt h of
fungi al ready p resent in the wood and re ulted in
increased discolorations a nd oft rot. The greater

Figur e 2. Soft rot attack in tracheids o f irradiated maple chi ps. (X l200).
microbial activity probably results from the depolymerizatio n of some of the cellulosic material by
uv light which would re nder the wood more co nducive
to growth of micro-o rganisms. lt is a lready know n
that photodegradation of ccll ulosit: materials yie lds
g lucose and oligosaccharides (Desa i and Sh ields,
1969).
The results of these preliminary experiments suggest
that ncar uv light stimulates the grow th of microorganisms in wood chips and imparts increased fungal
discolorations to the chips. However, no significa nt
encct of this radiation has been observed on the brown
chemical stainmg of the ch1ps under the experimental
exposu re conditio ns. Further investigations arc required
t o substantiate these results and to examine the effect
of uv radiat ion in inhibiting biodeterioration of chips
not colonized by micro-organisms.
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EFFECTS OF PENICILLIUM JANTHINELLUM ON PARACHUTE
NYLON -IS THERE MICROBIAL DETERiORATION?
Morris R. Rogers' and Arthur M. Kaplan t
Summary. The role Penicillium janthinelfum plays in the pink

Effekten des Penicillium janthinellum an Fallschirm Nylon Gibt cs mikrobischcn Verschlechtcrung? Die Rolle die Penicillium janthine/lum in der rosa Fleckenbildung FallschirmNylons spiclt und die breitere Frage allgemeincn mikrobischen
Empfiinglichkeit Nylons werden iiberblickt. Diese Untersuchung konfirmiert die frlihere Beobachtungen da!3 P. janthinellum einfach Fallschirm-Nylon befleckt wenn es gewachsen
wird auf einem vollstiindigen Medium das cine andere QueUe
Kohlenstoffs als Nylon-Polymer enhiilt. Mineralische satze
einhaltende Agar mit oder ohne Hefe-extrakt und mit FaUschirm-Nylon als einzigste QueUe Kohlenstoffs hat nicht den
Wuchs P. janthinellum gestiitzt. Anstrichschmierstoffe und
andere nichtfaserige Komponenten, abgesetzt von Nylon beim
LOsungsauslaugung werden den Wuchs des Organisms stiitzen.
Minderungen der Einrei~ und Biegungsfestigkeit des Nylon
Bespannstoffs, beobachtet nach ausgebreiteten Perioden P.
janthinellum Wuchs aur vollstiindigem Mediums war statistisch
nicht signifikant. Man zieht in Betracht die Wichtigkeit der
mikro-organismus, und die Rolle, die sie in der Verschlecterung
der Nylons spielen kOnnten.

L'action de Penicillillm jalllhinellum sur Je nylon utilisC en
fabriquant des parachutes-Est·ce qu'il y a de Ia deterioration
microbienne? On discute le rOle joue par Ia Penicillium janthinellum dans les taches roses trouvCes sur le nylon utilise en

Los efectos del Penicillium janthinel/um en el nil6n de los
parncnfdns. ;, Hny deterioracl6n micr6bica? Se pasa revista al
papel desempenado par el Penicillium janthine/lum en tenir

staining of parachute nylon and the broader question of
general microbial susceptibility of nylon are reviewed. This
study confirms the earlier observation that P. janthine/lum can
readily stain parachute nylon when grown on a complete
medium containing a carbon source other than the nylon
polymer. Mineral salts agar with and without yeast extract
using parachute nylon as the sole source of carbon failed to
support the growth of P. janthinellum. Finishing oils and other
non-fibrous components removed from the nylon by solvent
extraction will, however, support the growth of this organism.
No statistically significant losses in tensile or tear strength of
the nylon fabric were observed after extended periods of
growth of P. janthine/lum on the complete medium. Consideration is given to the significance of microorganisms and the
role they may play in the degradation of nylon.

fabriquant des parachutes, et aussi Ia question plus c!tendue
de Ia susceptibilite microbienne de nylon en general. Cctte
etude confirme I'observation pr&:ectente que Ia P. janthinellum
peut tachcr facilement ce nylon quand elle est cultivee sur
un milieu complct qui contient une source carbonee autre que
Ia polymere du nylon. Le sel minCralc d'agar, sans et avec
extrait de levure, et employant ce nylon comme source unique
de Ia carbone, ne pouvait pas soutenir l'accroissemcnt de Ia
P.janthinellum. Des huiles de finissage et des autrcs composants
non-fibreux, Otes du nylon par extraction dissolvante, peuvent,
cependant, soutenir l'accroissement de cet organisme. AprCs des
periodes prolongees d'accroissement de Ia P. janthinellum sur
un milieu complet, il n'y avait pas de perte significative de
resistance ni a Ia traction, ni au dechirement du tissu du nylon.
On considere !'importance des micro-organismes, et le rOle
qu'ils jouent dans Ia degradation de nylon.

color de rosa el nil6n de los paracaidas y Ia cuesti6n m<is
extensa de Ia susceptibilidad general micr6bica del nil6n.
Este estudio confirma Ia observaci6n anterior que P. j'anthinel/um puede facilmente tenir el nil6n de los paracafdas cuando
se cultiva en un media complete que contenga una fuente de
carb6n otra que el nil6n polymer. Un agar de sales mineralcs
con o sin un extracto de Jevadura empleando el ni16n de
paracafdas como unica fuenta del carb6n no logr6 mantener
el crecimiento del P. janthinellum. Los aceites de ultima mana
y otros componentcs no fibroses sacados del ni16n par extrac-ci6n solvente, sin embargo, pueden mantener el crecimiento
de este organismo. Despuc!s de extensos periodos del crecmiento
de P. janthinel/um en el media completo no se observ6 ninguna
pCrdida estadisticamente significante de Ia resistencia de
tensi6n ni de Ia de rasgar. Se considera el significado de los
microorganismos y el papel que puedan desempenar en Ia
degradaci6n del ni16n.

Introduction
Nylon parachute materials are subject to strength
losses and other changes in performance properties
because of age, environment, contaminants, and use.
However, nylon, like many of the pure synthetic
polymers, has been assumed to have high resistance
to destruction and strength losses due to microbial
attack. Some claimed exceptions to this general rule
have been reported recently in the literature. Dayal
eta/ (1962) and Nigam (1965) at the Defence Research
Laboratories (Stores), Kanpur, India, reported that
Penicillium janthinel/um No. 849 caused pink staining
and a 14% loss in the tensile strength of nylon 66
parachute fabric after 42 days' exposure on potato
dextrose agar (PDA) at 30'C. As a result of these
findings, the Indian workers introduced a tentative
method (using P. janthine/lum) to test the resistance
of different types of Service stores made from synthetic

fibers and also the preservative treatments designed
to protect these materials against microbial attack.
Demmer (1968) found that fungal growth occurred
on sheets of polyamide 6 and 6.6 only when a complete
nutrient medium was used. When the polyamide
sheets were offered to the test fungi as the sole source
of carbon on a mineral salts agar, there was no fungal
growth. Demmer reconfirmed previous findings that
the prepolymer (caprolactam and adipic acid +
hexamethylene diamine) cannot be used by the test
fungi as a source of carbon. Demmer also showed,
by the use of stereoscan photographs, that Nigrospora
sphaerica caused hole-like erosion of the polyamide 6
and 6.6 sheets; this was not previously reported. No
physical test data were reported to show correlation
of erosion with changes in the physical properties of
the sheets. Allakhverdiev et a/ (1968) reported that
Penicillium janthinellum Biourge, Penicillium sp. and

!Pioneering Research Laboratory, U.S. Army Natick Laboratories, Natick, Mass. 01760, U.S.A.
(Copy received September, 1970).
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Test strips of 1.1 oz. rip-stop nylon 66 (conformi ng
to MlL-C-7020, 1965) were used in all tests. Ten
replicates each of 1t'' x 6" specimens raveled to 1"
were prepared for all tensile measurements and 2f'
x 4" specimens for tear strength tests, in accordance
with Federal Test Method Standard No. 191 ( 1968).
All test specimens were ethylene oxide sterilized by
subjecting them to three 48-minute room temperature
cycles. Specimens were held for 24 hours or longer at
room temperature prior to inoculation. Sterilized
samples were aseptically placed in 20" x 12" stainless
steel trays containing Czapek Dox agar inoculated
with the spores of the appropriate strain of P. janthinellum. The inoculated trays were inserted into sterile
polyethylene bags to prevent evaporation and minimize contamination. aod then incubated at 30"C for
g4 days. The extent of microbiological degradation of
nylon strips was measured by the change in tensi le
and tear strength measurements using an lnstron
Tensile Tester and an Elmendorf Tear Test Mach ine
according to Federal Test Method Standard No. 191
( 1968 ).

Aspergillus sp. caused considerable change in the
color and strength of a polyamide film identified as
PK-4, but no surface damage to the film was observed.
This observation was made for film strips immersed
in a liquid medium ; the composition of the medlllm
was not given.

Jn the light of these reports and because of the
importance and application of nylon fabrics in
military items. the present study was undertaken to
reappraise the role P. janthine/lum may play in the
biodegradation o f nylon and also to review the
broader question of general microbial susceptibility
of nylon.

Selection and Nylon Degrading Ability of Test Culture
Three cul tures of P. janthine/lum. QM 8464 (originally isolated from JP-4 fueljwater bottom), QM 6865
(isolated from icaraguan soil), and QM 8791 (same
as No. 849 used by Dayal et a/ (1962) ), all o f which
showed good pink staming on Czapek Dox and PDA
agars. were used to select the strain which had the
best staining capacity. Cultures were grown on PDA
and. after a good spore crop was produced, the spores
were washed off with the aid of an 0.1 % aqueous
solution o f Triton X-100, and used as the so urce of
inoculum.

After 42 days' incubation, several test specimens
were removed for observation. All 3 strains of P.
janthinellum produced an abundance of pink to
brownish-pink pigment in the agar. Stains QM 6865
and QM 8791 failed to stain the nylon test strips as
heavily as did QM 8464. Figs. I and 2 clearly show

Fig. 1. Pink staining of nylon by P. janthine/lum. Strips on left grown in contact with P. janthinellum
QM 6865 show very little sta ining while strips on right were heavily stained with pink spots after
42 days' contact with P. janthine/lum QM 8464 on Czapek Dox agar.
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Fig. 2. Pink stammg of 1.1 oz. nylon caused by Penicillium jnnrhine/lum. QM 8791 after 42 days'
incubation on Czapek Dox agar. Bottom control ~trip shows appearance of nylon prior to test.

the superior stammg obtained with QM 8464. The
remaining te t strips were then allowed to incubate
for an additional 42 days. in an effort to permit heavier
staining by the two lighter-staining strains. At the
conclusion of the econd 42-day incubation period,
no significant increase in the pink staining of the
nylon was observed in any of the strai ns.
Tensile and tear st rength data are reponed 111
Table I with the supporting stat istical analysis of
variance data shown in Table II (carried out according
to Lind4uist. 1956). These data show that none of
the three strains of P. janrhine/lum effect any degradation of the nylon as measured by the physical parameters of tensile or tear strength. Although an F
ration of 4.84 (Table ll) shows s1gnificance with 0.05
risk for tear strength in the warp direction, a calculated
D (Snedecor, 1957) value of 0.8259 shows that there
are no significant differences between the three warptear strength mean values after expo~ure to P. janthinellum and the control warp-tear mean value of 6.11.
The results of these mitial tests showed that the
deterioration observed falls into the second category
of the two generally observed types of microbiological
deterioration of textiles and plastics. In the first type.

the physical propcrtie~ of the fabric or plastic are
gradually changed through the direct or indirect
attack of the microorganism on the material. In the
second type of attack. the microorganisms are able
to feed upon the materials with which the fibers are
coated or with which the fibers or material come in
contact, and thus give rise to stains and surface growth
which cannot be completely removed from thl! fiber
by was hing or solvent extraction. The latter type of
deterioration is u~ually ranked as an esthetic impairment with little or no los-. in the physical properties
of the material.
Pink Staining of Solvent Extracted Nylon
"Nonfibrous materials" used on finished nylon
manufactured in accordance with M I L-C-7020 may
include re idual sizing, 0.3 to 0.5 per cent si licone oi l.
and other chloroform-soluble materials not to exceed
2 per cent of the fin1shed nylon cloth. To test the
theory that the nonfibrous components of the fini shed
nylon cloth might influence the degree of pink staining
observed and to confirm the observations of Lavrakas
and Katz (1955) who showed that lubricants used on
parachute nylon lines can support fungal growth, the
following test procedure was used.
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TABLE I.-Comparative resistance of 1.1 oz. nylon to deterioration by QM cultures of P. janthinellum as
measured by tear and tensile strength after 84 days' incubation at 30°C.
0 TIME
CONTROLS - LBS
TenTear
Fill Warp
sile

Unino- TENSILE - LBS
culated
con- QM QM QM
trois 6865 8464 8791

Uninoculated

FILL- LBS

Unino- WARP- LBS
culated
con- QM QM QM
trois 6865 8464 8791

con- QM QM QM
trois 6865 8464 8791

49.5

5.28

6.17

53.5

50.0

53.0

48.5

7.16

5.29

6.38

5.62

7.05

7.27

5.95

6.94

57.0

6.16

6.16

48.5

53.5

49.0

44.5

5.84

5.40

6.38

5.29

5.73

6.61

4.40

6.28

57.0

5.51

5.40

55.5

49.5

50.0

51.0

6.17

6.17

5.28

6.39

6.94

7.27

4.18

5.95

53.0

6.16

5.95

53.0

49.5

49.5

51.0

6.83

4.29

7.04

6.50

6.61

6.17

7.04

5.29

52.0

7.27

5.73

45.0

48.5

50.5

51.5

5.62

5.40

6.60

5.29

6.17

5.62

6.38

5.84

53.0

5.51

6.60

50.0

49.0

52.0

52.5

6.83

5.18

6.60

5.40

6.61

7.27

6.60

5.51

48.5

6.61

6.30

50.0

51.5

47.0

44.5

6.39

5.40

6.16

4.95

6.71

7.27

5.39

6.39

52.0

5.61

5.70

48.5

49.5

48.5

50.5

5.29

5.29

4.29

5.95

6.17

7.05

5.28

6.83

51.0

5.95

5.70

48.0

50.0

50.5

43.5

5.29

4.73

5.61

6.94

6.71

7.16

6.93

5.84

5o.8

6.16

7.40

50.0

53.0

49.0

50.5

4.95

5.62

5.72

5.62

5.84

7.05

6.60

6.50

Ave. 52.38

6.02

6.11

50.20 50.40 49.90 48.80

6.04

5.27

6.01

5.79

6.45

6.87

5.88

6.14

After 84 days' incubation, all solvent-extracted
samples still showed large blotches of pink staining
(Fig. 3) in contrast to the numerous rather small pink
spots noted (Fig. I) with the unextracted samples.
This observation would indicate that either oils play
little or no role in the pink staining of parachute
nylon or that the organism, growing on a full nutrient
medium, did not depend on the oils for pigment
elaboration.

The oils were removed from 1.1 oz. rip-stop nylon
by extraction with chloroform or perchloroethylene
for 2 hours in a Soxhlet apparatus. A third set of
samples was double extracted; first in chloroform for
2 hours, foJlowed by 2 hours in perchloroethylene.
The Iii:" x 6" or 2!" X 4" test specimens were sterilized
with ethylene oxide after solvent extraction, placed on
Czapek Dox agar, inoculated with P. janthinellum
QM 8464 and incubated as previously described.

TABLE II.-Analysis of variance for 1.1 oz. nylon exposed to three strains of P. janthinellum
TENSILE STRENGTH

TEAR RESISTANCE
FILL

WARP
Source of
variation

Sum of Mean
df squares square

F

Prob. Sum of Mean
ofF squares square

F

Prob
ofF

Sum of Mean
squares square

F

Pro b.
ofF

a
Treatment

2

13.400 6.700

Error

27

154.400 5.719

Total

29

1.172

N.S.

5.365 2.682

4.84

14.980 0.554

a

N.S.

=

-

0.8259

Not significant
18

7.05

2.814 1.407 3.258

11.660 0.432

N.S.
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Fig. 3. Pink staining of l.l oz. nylon by P.janthinellum QM 8469 after solvent extraction a nd 84 days'
incubation. From left to right : ( I) Unextracted and unexposed control, (2) virgin nylon without solvent
extraction, (3) virgin nylon extracted with chloroform and perchloroethylene, (4) parachute nylon
extracted with methanol, (5) parachute nylon extracted with sodium hydroxjde, (6) parachute nylon
extracted with chloroform and perchloroethylene, and (7) parachute nylon extracted with chloroform,
perchloroethylene, a nd sodium hydroxide.

PbysicaJ Properties and Statistical Evaluation of Solvent
Extracted Nylon

differences were found, although not large, in the
tensile strength of the inoculated and solvent-extracted
samples, while the interaction of inoculation and
solvent extraction was not found to be significant.
The tensile strength of all the unextracted samples
was significantly higher than that of the solventextracted samples, but there were no significant
differences between the extracted samples. The 0-day
control samples also proved to be significantly higher
than the uninoculated and inoculated 84-day samples.

The possible effects of microbial activity on the
physical properties of the solvent-extracted nylon
were a lso determ ined.
Tables III-VIII include the analysis of variance and
the mean ratings for the tensile and tear strength of
the solvent-extracted samples versus the unextracted
controls. Tables III and IV show that significant

TABLE ID.-Aoalysis of variance for tensile strength of 1.1 oz. rip-stop nylon after
solvent extraction and exposure
Source of Variance

df

ss

ms

Extraction

3

211.116

70.372

11.219*

> .05

Exposure

2

249.242

124.621

19.868*

> .05

Extraction and Exposure

6

86.735

14.456

Error

108

677.420

Total

119
*Significant at .05 level
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6.272

F

2.305

Prob. ofF

N.S.
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TABLE IV.-Tensile strength-Mean ratings of 1.1 oz. rip-stop nylon in each experimental condition
U nextracted

CHCI 3
Extracted

C2CL,
Extracted

CHCI3 + C2CI4
Extracted

Main Effect of
Exposure

Uninoculated
0-day control

52.38

49.35

51.74

49.55

50.77*

Uninoculated
84-day incubation

50.20

48.50

46.10

46.60

47.85

Inoculated
84-day incubation

49.90

48.65

46.15

45.65

47.59

50.83

48.83

48.0

47.28

Main effect of
extraction

*Significant at .05 level

The warp-tears trength data in Tables V and VI show
that significant differences were found among all
variables as well as for their interactions. The significant interactions indicate that the various sample

exposure responded differently as a function of the
extraction variable. The 0-day control samples were
significantly higher than the uninoculated and inoculated 84-day samples extracted with chloroform,

TABLE V.-Analysis of variance for tear strength (warp) of 1.1 oz. rip-stop nylon after
extraction and exposure.
Source of Variance

df

ss

ms

F

Pro b. ofF

Extraction

3

187.898

62.633

174.76*

>.05

Exposure

2

29.855

14.928

41.65*

>.05

Extraction and Exposure

6

22.185

3.697

10.30*

>.05

Error

108

38.711

0.358

Total

119
*Significant

perchloroethylene, and the mixture of chloroform and
perchloroethylene; however, the solvent-extracted samples were not significantly different from each other.
Although the tear strength of the unextracted (control)
samples was significantly higher than that of the
extracted samples, a D of 0.89 shows that there is no
significant difference in the tear strength between the
unextracted 0-time controls and the uninoculated and
inoculated unextracted samples.

differently as a result of the extraction variable. No
difference in the tear strength of any of the unextracted
samples was observed before or after incubation.
However, extraction with any of the solvents resulted
in a severe loss in tear strength. Although significant
differences were noted between the perchloroethylene,
chloroform plus perchloroethylene extracted samples
and their corresponding incubated samples, it can
readily be seen that the major cause of tear loss was
directly related to the solvent extraction process, and
that incubation plays a far less significant role in this
destruction since the uninoculated samples showed
about the same relative loss as those inculated with

As can be seen in Tables VII and VIII, measurements of the tear strength in the fill direction, all
effects were significant. The significant interaction
indicates that the various sample exposures responded

P.janthinellum.
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TABLE VI.-Warp tear strength-Mean ratings of 1.1 oz. •rip-stop nylon in each
experimental condition
Unextracted

CHCI3
Extracted

C2CI4
Extracted

CHCI3 + C2CI4
Extracted

Uninoculated
0-day control

6.11

3.61

4.85

4.05

4.65**

Uninoculated
84-day incubations

6.45

2.85

2.78

3.25

3.83*

Inoculated
84-day incubation

5.88

2.99

2.20

2.77

3.46

Main effect of
extraction

6.14*

3.15

3.28

3.36

Main Effect of
Exposure

*Significant at .05level
**Significant at .01 level

Nylon as Sole Source of Carbon in Mineral Salts
Medium

indicate that parachute nylon does not contain nutrients in sufficient concentration to support the
growth of P.janthinellum.

Since studies using Czapek Dox or PDA agars
containing an ample carbon source for good mycelium
and pigment production did not answer the question
concerning the role of finishing oils in fungal contamination of nylon, it was decided to use a mineral
salts agar or solution, with the nylon serving as the
only source of carbon in the medium for further study
of the problem.

Solvent Residues from Nylon as Carbon Sources in
Bushnell Haas Medium
Confirmatory evidence that growth could be supported by finishing materials if present in sufficient
concentration was provided by further studies of
concentrated solvent extracts of the fabric. Three
samples of approximately 7 sq. ft. of cut-up nylon
were individually extracted in a Soxhlet in absolute
methanol, 2 % sodium hydroxide, and perchloroethylene; a fourth sample was extracted for 2 hours in
absolute methanol followed by 2 hours in chloroform.
The methanol and sodium hydroxide extracts were
evaporated down to dryness at room temperature.
The other solvent extracts were concentrated down by

Strips of 1.1 oz. nylon, some before and some after
solvent extraction, were placed on mineral salts agar
(Federal Test Method Standard No. 191, 1968,
Method 5750 with and without 0.5% yeast extract),
inoculated with P. janthine/lum, QM 8464 and incubated for 84 days at 30'C. All failed to show any signs
of growth or pigment production. These results would

TABLE VII.-Analysis of variance for tear strength (fill) of 1.1 oz. rip-stop nylon
after extraction and exposure
Source of Variance

df

ss

ms

F

Prob. ofF

Extraction

3

222.789

74.263

214.63*

>.05

Exposure

2

4.823

2.412

6.97*

>.05

Extraction and Exposure

6

17.554

2.926

8.46*

>.05

Error

108

37.375

0.346

Total

119
*Significant
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TABLE vm.-Fill tear strength mean ratings of 1.1 oz. rip-stop nylon in each experimental
condition.
U nextracted

CHCl;
Extracted

C2Cl4
Extracted

CHCl; + C2Cl4
Extracted

Main effect of
Exposure

Uninoculated
0 time

6.02

2.74

3.67

3.43

3.97

Uninoculated
84·day incubation

6.04

3.30

2.37

2.43

3.53

Inoculated
84-day incubation

6.01

3.50

2.56

2.12

3.55

Main effect of
extraction

6.02**

3.18*

2.87

2.66

~

:

1
l
I
II

*Significant at .05 level
**Significant at .01 level

physical damage to nylon occurs when fungal growth
is found. There appears to be strong evidence that
nylon polymers per se fail to support growth of
microorganisms. Our studies with nylon cultured on
mineral salts agar confirm those reported by Gray
(1945) who could find no organisms out of 101
different genera and species able to grow when
nylon 2 was used as the sole source of carbon.
(Gray claimed that 6 organisms were able to use
nylon as a nitrogen source.) Demmer (1968), using
polyamide 6 and 6.6. sheets as the sole carbon
source, also reported no growth of Nigrospora
sphaerica. It is not disputed that growth on nylon

evaporation at room temperature to approximately
10 mi. A 0.1 g. aliquot of the dried material or I mi.
of the concentrated solvent extract was added as the
only source of carbon to 20 ml of Bushneli~Haas.
mineral salts medium (Bushnell and Haas, 1941) in
screw cap tubes, of each extract series, inoculated
with a single pure culture of the 3 strains of P. janthinellum, QM 8464, 8791, and 6865, respectively, and
incubated for 84 days at 30'F, At the end of the 84
days, all 3 individual strains showed slight to moderate
mycelial mats, in all tubes. Controls of methanol,
perchloroethylene, chloroform and sodium hydroxide
in Bushnell-Haas medium showed no growth. All of
these solvents were selected on the basis of their
likelihood of coming into contact with parachute
materials during processing of the fabric, manufacturing of the parachutes, or during packing, storage,
cleaning for re-use, or use of the parachutes. Cates
(1956) showed that all organic solvents (except carbon
tetrachloride) even at high temperatures caused small
or negligible losses in the tensile strength of parachute
nylon. The present study indicates that materials
extractable from parachute nylon fabric, when avail-

does occur. The overwhelming impression, however,

is that an ample supply of extraneous nutrients must
be available to support such growth. Thus, in the
laboratory, when a complete culture medium is used,
growth readily takes place. Similarly, in a use situation,
extraneous nutrient sources added to nylon fibers
during the manufacture of nylon fabric to provide
certain functional properties to the finished material
or contaminants deposited on the nylon from the
immediate environment can support growth. Thus,
Lavrakas and Katz (1955) reported that lubricants
used on parachute nylon lines supported growth and
Reese et a/ (1950) attributed growth of Tritirachium
roseum (QM 494) observed on nylon, to growth on
"plasticizer" or on contaminating organic matter.
Our studies suggest that the mere presence of nutrients
is not necessarily enough to permit growth but that
nutrients must be present in great enough quantities
to permit ready growth. This is illustrated by the
observation that nylon on mineral salts agar did not
support growth; but concentrated solvent extracts
of the nylon, presumably containing finishing oils,
did support growth.

able in sufficient concentration, can serve as carbon

sources for the growth of P. janthinellum. No attempt
was made to further identify the nature of the compounds in the extracts, but it was assumed they contained one or more of the proprietary nylon finishes.
Microbial Susceptibility and Degradation of Nylon
Periodically, the question of microbial degradation
of nylon textile materials becomes a topic for investigation as is evidenced by the literature cited. Usually
involved are such factors as the source of nutrients
when growth is observed on nylon and whether
22
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The more crucial question is whether growth on
nylon causes physical degradation even though growth
may be supported by nutrients other than the polymer
itself. There is often a tendency to equate growth or
staining of a material with physical degradation, but
this does not always follow. It should be borne in
mind that it is possible for a chromogenic fungus to
produce a pigment which can be physically transferred
to a microbially resistant synthetic polymeric film or
fabric from the growth of the fungus on organic
debris in close proximity to the material's surface.
Many of the pigments produced diffuse into the
surface of the material where they become irreversibly
fixed, causing no damage to the material other than
lowering its esthetic value. Leesment (1958) reported
such an example where white polyethylene milk
transporf can covers developed a disagreeable red
discoloration caused by a species of Phoma. Girard
and Koda (1959) and Yeager (1962) reported on pink
staining of vinyl and found this to be objectionable
solely from an esthetic point of view. Hendey (1966)
reported an interesting wine red stain associated with
the decay of British Naval Service rubber-coated
cotton life"rafts returned to the U.K. after use in
Singapore. In this instance, however, Myxotrichum
defiexum actually decayed the cotton component of
the life-raft material and produced the red pigment
as a by-product of its metabolism. Other chromogenic
fungi capable of staining plastics include Penicillium
rubrum, P. citrinum, P. purpurogenum, Streptomyces
rubrireticuli, the aspergilli, and the dematiaceous
fungi (Turner, 1967).

readily degraded. When we cultured parachute nylon
on Czapek Dox agar for 42 days with each of the
strains of P. janthinellum used in this study and then
buried the same samples in soil for 42 additional days
we observed no significant changes in tensile strength
for any of the samples tested. This would indicate
that the fabric was resistant to physical damage by
microorganisms in general. This observation is in
consonance with similar observations which we have
repeatedly made over the years with a variety of nylon
materials assayed in soil burial.
Although we note reports in the literature of microbial damage to nylon materials, we can find no evidence
from our own studies that nylon textile materials are
seriously degraded by microorganisms in actual field

use.
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Conclusion
Our studies confirm the previously observed pink
staining of parachute nylon by P. janthinellum but
they fail to confirm the accompanying tensile loss
reported by Dayal et a/ (1962) and Nigam (1965),
nor could we demonstrate any tear loss attributable
to microbial activity. In view of the fact that the nylon
polymer per se does not seem to support growth and
pigment production, it is theoretically conceivable that
in the presence of growth supported by extraneous
nutrients, the nylon could be degraded by metabolic
products elaborated by the fungus, i.e., organic acids
or the extra-cellular pigment itself. Should these have
been responsible for damage, we feel that discernable
physical changes would have occurred after the long
incubation periods we used, i.e., 84 days, and the
heavy staining and growth observed. Because Demmer
(1968) reported erosion of polyamide 6 film by
Nigrospora sphaerica and Allakhverdiev et al (1968)
reported significant tensile strength loss of polyamide
PK-4 in liquid medium by penicillia and aspergilli, it
could be argued that our findings are sound only for
the specific organisms we used. We do not feel that
this is valid. In our laboratory, we give great credance
to soil burial as an assay tool for determining resistance
of materials to microbial degradation, Kaplan (1967).
Materials in soil burial are subjected to a wide variety
of microorganisms and the susceptible materials are
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INVESTIGATION INTO THE STABILITY OF ANTIMICROBIAL
COMPOUNDS IN THE SOIL COMPLEX
M. T. Bomar!

Summary. The stability of antimicrobial treatment of various
materials depends on many internal and external conditions.
The latter include the degradation activity of weather factors,
such as sunlight and the leaching effect of water. Also important is the degradation effect of the soil complex, when the
materials are in contact with soil. There are differences between
the activity of the weather factors and the soil in the speed of
degradation of antimicrobial treatments; the first has been
shown previously to be a matter of days or months, the second
did not last longer than a few hours under extreme conditions.
The speed of inactivation is influenced by temperature and
humidity. It is slower at 30°C than at 60°C; and in general
slower at lower humidity than higher humidity.

Untersuchung in die Stabilitat der anti-mikrobiscben Wesen in
den Boden-Komplcx. Die Standfestigkeit der antimikrobischen

Behandlung der verschicdenen Materiale sind an vielen innen
und iiusseren Zustiinden abhiingend. Die letzten Zustiinde
enthalten die Aktivitiit der ZersWrung der WettereinfHisse
sowie Sonnenschein und Wasser-auslangenden Effekten. Auch

bedeutend ·ist der ZerstOrungs Effekt des Boden-Komplexes,
wenn die Materiale mit der Erde in. Kontakt kommen. Es gibt
Unterschiede zwischen der Aktivitiit der WettereinfHisse und

der Erde in der ZerstOrungs-geschwindigkeit der anti-mikrobischen Behandlungen. Das Erste hat sich vorhcr gezeigt,
als Angelegenheit von Tagen oder Monaten, das Zweite hat
nicht Hinger gehaltcn als ein Paar Stunden unter erschwerten
Umstanden.
Die Geschwindigkeit dcr Inactivierung ist durch Temperatur
und Feuchtigkeit beeinflusst. Es ist langsaurer bei 30°C als bei
60"C und im allgemeinen langsamer bei niedriger als bei
hOherer Feuchtigkeit.
lndagaciones de Ja estabilidad de los compuestos antimicrObicos
en cl complejo del suelo. La estabilidad del tratamiento anti~
micr6bico de varias materias depende de mochas condiciones
interiores y exteriores. Estas incluyen Ia actividad de degradaci6n de los factores de las intemperies tales como Ia luz del
sol y el efecto lixivial del agua. Importante tambien es el
efecto de degradaci6n del complejo del suelo, cuando las
materias se hallan en contacto con el suelo. Existen diferencias
entre Ia actividad de los factores de las intemperies y el suelo
en Ia rapidez de Ia degradaci6n de los tratamientos antimicr6bicos. Se ha mostrado antcriormente que en el primer
caso sc trata de dfas o meses. En el segundo no era cuesti6n
sino de algunas horas en las condiciones extremadas. La
rapidez de Ia inactivaci6n se halla influida p-or Ia temperatura
y Ia humedad. Es menor a 30 grades C que a 60, y por Io
general cuanto menor Ia humedad tanto menor Ia rapidez
de Ia inactivaci6n.

Enquete sur Ia stabilitC des composes antimicrobiens dans lc sol.
La stabilitC du traitement antimicrobien des materiaux divers
depend de plusieurs conditions interieures et extCrieurcs. Ces
derniers comprennent Ia degradation Occasionnee par le
temps,-le solei!, par exemple, et Ia filtration d'cau. Aussi,
quand les materiaux sent en contact avec le sol, Ia degradation
occasionnee par le sol est importantc. Les differences entre
l'activite du temps et I'activitC du sol se trouvent dans Ia
vitesse de degradation des traitements antimicrobiens; on a
montre auparavant que le premier processus peut durer pendant des jours au des mois, alors que le deuxif:me processus
ne dure que quelques hcures dans des conditions extremes. La
temperature et l'humiditC influent sur Ia vitesse de l'inactivation.
Elle est plus lente a 30°C qu'a 60"C et, en general. elle est plus
lente a une humidite peu eievee qu'3 une humidite eJevee.

Introduction

The purpose of this paper is to show the powerful
degrading effect of the soil complex on the antimicrobial treatment of materials.

The treatment of industrial products with preservatives prolongs their normal service life especially
under tropical conditions characterized by high
humidity. However, the stability of an antimicrobial
treatment' is impaired by some weather factors, such
as solar radiation, incorporating both UV and IR
spectra, leaching or washing-off by rain or condensed
water (Bomar 1964) and, when the materials are in
contact with the soil, by inter-action with the soil
complex. The causes of soil microbiodeterioration are
numerous. They include both organic and inorganic
agencies. The conditions favouring this type of corrosion exist in almost any part of the world and it is
generally known that the resistance of treated materials
in soil burial tests is much lower than in atmospheric
tests. It is evident that this discrepancy is caused by a
direct contact of the materials with the soil.

Experimental
For testing the stability of antimicrobial compounds
the method of the inhibition activity of paper treated
by antimicrobial compounds was used, in which
inhibition activity was measured after exposure of
test specimens to soil contact for various periods of
time.
I. Preparation of Specimens.
The following papers were used:
1.1 Pure cellulose paper (80 gfm2) coated on one
side with a polyethylene film (30 gfm2)because of the possibility of mechanical
destruction (decomposition) of the paper m
the soil.
1.2 Pure cellulose paper (180 gfm)2.

!University of 17 November, Prague, Czechoslovakia.
Present Address: Institut fiir Strahlentechnologie Bundesforschungsanstalt fiir Lebensmittelfrischhaltung, 75
Karlsruhe,. Engesserstrasse 20, Germany.·
(Copy received August, 1970).
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6. Special Treatment of the Burial Soil.
6.1. The soil in the form of a thin layer was
dehydrated at 40°C for 24 hours and then 10, 20
and 30% of distilled water was added, the soil
was homogenized placed in a glass jar and closed
with a lid.

2. Treatment of the Specimens.
2.1 Sheets of papers were immersed in an aqueous
solution of 1 %sodium-pentachlorophenol and
dried overnight at 50°C. The amount of
Na-PCP was 0,54 gfm2 in the specimens
described under point 1.1. and 1.6 gfm2 in
the specimens described under point 1.2.

6.2 The soil was sterilized for 20 minutes in an
autoclave at I atm. This process was repeated
the next day. After this procedure both the
sterilized and the unsterilized soil was saturated
with sterilized distilled water and after draining
the water for 24 hours the soil was ready for the
experiments (the moisture content was about 3035%).

2.2 Sheets of papers were treated in two phases:
first in an ethanolic solution of pentachlorophenol (PCP) equivalent to a I % solution of
the sodium salt of PCP and then, after draining the solution, in the equimolar amount of
copper sulphate water solution. The next step
was drying overnight at 50°C. The treatment
in each of these solutions lasted for about
60 minutes.

7. Washing out procedure.
From the reservoir, distilled water flowed through
a pipette (0.1 ml) to the bottom of the exiccator
beneath the sample. The amount of water corrressponded to 200 mm rainfall/month under natural
conditions.

3. Exposure to the soil.
The papers treated in this way were cut in the
form of discs (diameter 30 mm) and exposed to
the soil according to ASA, AATCC tentative
test method 30-1957 (Soil burial test, in Resistance
of Textiles to Mildew and Evaluation of Textile
Fungicides) during various periods at 30°C and
60°C respectively.

Results and Discussion
The influence of weather factors on the decrease of
antimicrobial activity of antimicrobially treated materials is relatively well known; however, this does not
apply to the neutralising effect of the soil complex.
The results obtained with pure cellulose paper coated
with polyethylene and contacting the soil for 1, 2 and
4 weeks at 30° and 60°C showed the total degradation
of anti-microbial activity of the specimens, both with
sterilized and unsterilized soil. The same effect occurred
after I, 2 and 4 days of exposure at 60°C. Therefore,
the next contact intervals were 1, 2, 4 and 6 days.
Under these conditions a significant decrease of the
antimicrobial activity of exposed specimens was
achieved; Table 1 shows that the antimicrobial
activity of PCP-Na in control experiments is greater
than that of PCP-Cu. This result is caused by the
higher speed of diffusion of the PCP-Na in agar
medium (Bomar, 1966). Consequently, the diameter
of the inhibition zone with PCP-Na decreases more
quickly as a result of the prolonged diffusion test
than with PCP•Cu. With this compound after only
1 hour of exposure the antifungal activity was barely
noticeable, after 4 and 6 hours it was completely
destroyed. No difference was observed between
unsterilized and sterilized soil.

4. Preparation of the Specimens for the Evaluation
of Antimicrobial Stability.
The discs were removed from the soil, washed
off with distilled water and, after draining, each
specimen was placed in a Petri dish.

5. Determination of Inhibition Activity of the
Specimens (i.e. stability of antimicrobial treatment.)
5.1 Antifungal Test.
The seeded agar plate method was used with the
paper discs (Lawrence and Block, 1968).
5.2 Test Organism.
All experiments were carried out with the strain
Aspergillus niger OU/10 from the Collection of
the Research Institute of Packaging Techniques,
Prague.
5.3 Culture Medium and Preparation of Conidial
Suspension.
The fungus was cultivated for a week at 30°C on
slant agar of the following composition: dextrose
2%, neopeptone (Difco) 1 %, agar 2%, adjusted
to pH 6.1-6.3. The spores were removed from
this subculture in the usual way by the use of
physiological solution (0.85% NaCI). The density
of the conidial suspension was about 1-5.106mJ-1.

In the case of PCP-Cu the degradation of activity
was evidently slower: after 1 hour of exposure about
17% of the original antifungal activity remained.
After only 2, 4, and 6 hours it decreased to 0 %but the overgrowth did not take place in the case of
3 days of incubation. After 4 and 6 days of incubation
the inactivation of PCP-Cu was a little greater in
unsterilized soil, but the difference was not pronounced
The next experiments were performed with unsterilized
soil. Table 2 shows the results with PCP•Na at 30°C.

5.4 Operating Technique.
Each disc was located in the centre of the Petri
dish with the polyethylene coated side downwards,
sealed to the bottom by microwax and covered
with 20 ml of nutrient agar according to CzapekDox (Seeliger, 1967), inoculated with 1 ml of the
suspension of Aspergillus niger conidia. Incubation took place at 30°C.

For comparison, these experiments were also carried

out with the specimens not exposed to the soil, but
under similar conditions, e.g. 100% relative humidity
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TABLE 1.- Stability of Antimicrobial Treatment of Paper after Exposure to Burial Soil
PCP-Na

Time-hours
of exposure
to soil
at 60'C

PCP-Cu

II
Time of incubation-days

Soil
3

4

7

3

4

7

not
sterilized

-

X

6

-

sterilized

-

+
+

X

6

-

+
+

not
sterilized

-

X

0

-

sterilized

-

+
+

+

0

-

not
sterilized

-

+

X

0

+

X

sterilized

+

X

X

0

-

+

X

X

0

X

X

0

+
-

X

sterilized

+
+

+

-

43

42

37

35

33

27

I

2

4
not
sterilized
6
Control

'

+
+

Note:
number

+
0
X

The values represent the zone of inhibition -30 in mm
no zone of inhibition, overgrowth, but no formation of conidia
no zone of inhibition, overgrowth, formation of colonies
no zone of inhibition, no growth over the discs
not evaluated

and a temperature of 30'C. In general, the specimens
in the dried soil showed very little reduction of the
antimicrobial activity, whilst that of the specimens
exposed in the moist soil was clearly decreased. The
assessment of the effect of the degree of moisture
content on stability was unambiguous at this temperature. The influence of the moisture content of
the soil is shown in Table 3. The specimens in the
soil with 10% water content were more stable than
with 20 and 30% of water. The reduction of antimicrobial stability occurred after I hour of exposure
to the soil, and nearly all of the antimicrobial effectiveness was lost after 4 hours.

,I

i

·I'

The great influence of the temperature of 60'C is
shown in Table 5; the degradation took place very
rapidly. The maximum rate of destruction was at
10% moisture content. Prolonged exposure to the
soil resulted in complete loss of activity of PCP"Cu.
In this connection the result obtained with 6 days of
exposure of specimens in 100% R.H. at 60'C without
soil (c) is important. During this period, the partial
inactivation of the antimicrobial treatment with
PCP-Cu was greater than with PCP-Na (Table 3).
The reduction of antimicrobial activity of PCP-Cu
was accompanied by decolorization of the specimens:
the original brown-red colour turned white-the
change of colour was not proportional to the loss of
activity. This phenomenon indicated the fission of
the Cu caiion from the pentachlorophenol molecule.

The stability of the PCP-Cu complex, insoluble in
water, is higher than that of PCP-Na. At the temperature of 30'C a clear decrease of activity was observed
only after the longest (6 hours) exposure time. The
greatest loss was found in the soil with 30% water
content (Table 4).

These results prompted us to undertake the following experiments with cellulose paper (180 gfm2). The
amount of antimicrobial compounds here was about
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TABLE 2.-.stability of Antimicrobial Treatment with PCP-Na after Exposure to Soil at 30°C (and 100% R.H.
for the control) (as indicated by the size of the zone of inhibition in mm)
Time of exposure (hours)

I

I

Specimens

I

2

I

4.

6

Time of incubation (days)

----51_9_~_2___5___9_~_2___5___9_~_2___5___9_~

----·--------·--,--2
B

42

c

35

33

23

0

34

32

24

10

33

31

23

20

34

32

26

30

40

36

30

.

.

- - -- - -- -I - - - -- - -- - - - -- ' - - 19
6
35
33
16
33
33
- -- -- -- -I - - - - -- - - - -- - - -- - - 6
6
35
31
31
9
30
- - - - -- -- -- -- -1 - - - -- - - - 7
34
2
29
2
30
28
- - - - - -- - -14
31
30
25
0
0
- - 29 - - - - - -- - -- -- -- - --- -- - - --- - - 0
24
27
0
28
26
22
-

= not exposed specimen

Note: B

c

= specimen, incubated under the same condition, excluding the soil

0
10
20
30

= specimen, exposed to the soil with - 0% of water

=

specimen, exposed to the soil with - 10% of water
= specimen, exposed to the soil with "" 20% of water
= specimen, exposed to the soil with "" 30% of water
= not evaluated

TABLE 3.--,Stability of Antimicrobial Treatment with PCP-Na after Exposure to Soil at 60'C
(and 100% R.H. for the control)
Time of exposure (hours)

I

I

Specimens

B

42

c

40

0

35

10

35

20

33

30

33
Note:

5

9

14

2

I

4

6

__,___

Time of incubation (days)

------,--2

I

2

5

9

- -1--- - - -

14

2

5

9

14

5

2

9

14

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

-- - - -- - -1 --- - - - - - -- - -- - -- - -- 40
34
22
20
35
25
21
40
3
25
7
35
16
0
36
-- - - - - - - -- - -- - -- - -- - -- - 31
7
33
25
0
0
24
0
14
25
0
2
- -- -~ - -- 1
--I
31
24
I
26
5
0
3
0
- -- - - - - -- -- -- - -- - -- -- 24
4
I
25
18
0
0
0
- - - - -- - - - - - -- - - 23

2

0

25

2

0

see Table 2.
28

-

0

-

-

-

0

-

-

-

I.

!
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TABLE 4.-8tability of Antimicrobial Treatment with PCP-Cu after Exposare to Soil at 30°C
(and 100% R.H. for the control)

Time of exposure (hours)

I

I

Specimens

2
B

40

c

36

0

34

10

35

20

35

30

36
Note:

2

I

4

I

6

Time of incubation (days)

------------,...--------------

5
9 14
2
5
9 14
2
5
9 14
2
5
9 14
i - - - -- -- - - -- - - -- -- -- -- -- -- -i - - - -

- -- - ---- - -- -- - ---------- - - -29
40
36
33
30
35
31

- -- -- - - - - -- - - -- - - - - - - - - -- - - - - 35

30

30

25

28

21

32

28

35

30

33

25

32

32

26

30

22

30

23

33

31

24

31

23

26

16

27

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

28

---- - -- -- - ---- - -- -- -- -- -- -- - - - - - - - -- -- -- - - -1---- - - - -- -- - -

- -- -

see Table 2.

TABLE 5.-8tability of Antimicrobial Treatment with PCP-Cn after Exposure to Soil at 60°C
(and 100% R;H. for the control)
Time of exposure (hours)

I

Specimens

2

I

4

I

I

6

Time of incubaiion (days)

2

5

9

14

2

5

B

40

c

35

0

25

9

10

20

0

20

28

22

30

35

24

31

16

r----9 14
2
5
9 14
- -- -- - - -i - - - - - - - -i - - - -

14

9

---- -

-

3
2

5

--1 - -- - -- -- -

4
2 24
19
0 - -1 - - -- - - - - - - - - -- 0 0 0 - - -- - - -- -- -- - ---0 0 - - 0 - - 1---- -- - - - - -- 3
0 0 0 --1 -- - - - - -1 -- - - - - - -- - -- - I
0 0 - - 0 - - 9

31

30

13

-

0

2

Note: see Table 2.
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TABLE 6.-Stability of Antimicrobial Treatment with PCP-Na after Exposure to Soil at 30"C
(and 100% R.H. for the control)
Time of exposure (hours)

1

Specimens

2

I

4

I

6

I

Time of incubation (days)

------------------------------2

5

9

14

44

44

2

5

- -- -- -- - - - -

B

44

c

47

45

0

46

44

10

46

44

20

47

45

30

47

46

-

9

14

2

- -- - -

---------- 45

44

44

43

44

5

39

9

14

2

30

27

42

9

5

14

-- - -- - -- -- -1 - --

- - - -- -- -

-

-

-

- -- -- - - - - - - - - - f------- - - - - - -- - - 43 43 46 45 45 45 42 36 24 24 41
- -- -- -- -- -- - -- - - -- -- - - -43 43
46 46 46 46 43 40 40 40 42 ------ - - ---- - -- -- -- -- -- - - 44
44
44
43
43 43 42
39 39
39 41
- - -- -- -- - - -- -- - - - -- - 39 35
36
45 45 43 43 42 42 40 38
-

Note: see Table 2.

TABLE ?.-Stability of Antimicrobial Treatment with PCP-Na after Exposure to Soil at 60°C
( and 100% R.H. for the control)
Time of exposure (hours)

I

1

Specimens

2

4

I

6

I

Time of incubation (days)

----------------------------2

5

B

44

c

46

44

45

44

42

41

20

39

38

30

41

41

0
10

.

9

14

2

5

14

9

2

5

9

14

2

5

9

14

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

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

42

42

42

42

38

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

43

42

40

40

37

36

36

40

37

34

33

24

11

5

3

38

36

32

28

27

20

5

2

2

35

35

30

22

14

13

20

5

0

0

37

37

34

28

22

21

21

5

I

I

--

45

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

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

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

Note: see Table 2.
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TABLE 8.-Stability of Aotimicrobial Treatment with PCP-Cu after Exposure to Soil at 30'C
(and 100% R.H. for the control)
Time of exposure (hours)

I

I

.specimens

I

2

6

4

Time of incubation (days)
2

5

9

B

22

c

19

17

17

0

22

19

19

10

20

17

17

20

19

16

15

30

19

16

16

14

2

5

9

14

2

5

9

14

2

5

- - - - - -- -1--- - - ---- - - -- - - -

9

14

--

- -- -- -- -- -1 - - -- -1 - -- - -- -- 17

20

16

15

15

23

21

21

19

20

15

15

15

23

21

21

16

20

16

15

15

29

24

23

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

21

18

17

16

16

21

19

17

17

17

23

28

20

18

18

- -1 - - - - - --

-- - -- -- -- -- -- - - - - -- - ---- - 20
17
20
15
15
15
19
19
19
22
17
16
16
- -- -- - --1--- -------- - -- - -15
20
19
19
19
19
15
15
15
23
15
16
15
-- - -- -- -- -- -- -- -- -1 - -- - -- -

Note: I. see Table 2.
2. Mter 6 hours of exposure the specimens turned from their original red-brown
colour to pink or even white
3. after 2 days of incubation the specimens turned from their original red-brown
colour to white,
the specimens were surrounded by a greyish zone.

(Table 10) and washing out during I, 2, and 3 months
(200 ml per month-Bomar, 1968) are added (Table
11). The conditions used in these experiments occur
very often in nature. For example, a temperature of
60'C can be reached during the summer months,
even in mild climatic zones.

3 times higher than in the first material. It is obvious
from Table 6 that there was practically no degradation
of specimens treated with PCP-Na when the temperature was 30'C. The destruction at a temperature of
60'C was more apparent (Table 7).
The experiment with the PCP-Cu showed similar
results. Table 8 contains the data obtained at a
temperature of30'C, Table 9 at 60'C. Table 8 indicates.
that, surprisingly, the antimicrobial activity increased
with the duration of exposure, except for the 6 h.
exposure. However, the explanation is not difficult:
the amount of PCP-Cu is here about three times
greater than in the case of coated paper. Therefore
the decrease of activity should be slower. The specimens exposed to the soil for 6 hours indicated the
fission of the PCP-Cu complex and the origin of the
pentachlorophenol and Cu ion. This shows in the
results as the stage of increasing antimicrobial efficiency of the specimens (see the exposure after 4 days).
So it can be seen that the incorporation of the compounds into the soil is not a simple process-and
possibly the chelating activity of the soil (Schatz,
Schalscha and Schatz, 1964 a, b) is responsible for
the first step of deactivation of the biocide. For the
purpose of comparing the effect of interaction of the
soil with antimicrobial compounds (paper 30 gfm2)
the results obtained by heating at !OO'C for 50 hours

An explanation of results obtained in this paper
cannot be given; it is neither the diffusion (compare
Tables 3 and 5) where the rate of the process rises
with increasing temperature, nor the sorption, where
the rate of the process slows down with increasing
temperature; it is no biological process, as shown in
Table I as well as by the rate of degradation. The
interaction activity of the soil is not affected by
treatment at high humid temperatures over !OO'C
(121 '-autoclaving). The discovery of Schatz, Schalscha and Schatz (1964 a, b,) that the soil organic
material possesses a great chelating activity is of great
importance, too. It is probable that the soil possesses
the ability to form chemical complexes also with the
molecules of antimicrobial compounds. These incorporation mechanisms of the soil complex are the
most important factors influencing the rate of destruction of various preserved materials which are protected
from microbiodeterioration by antimicrobial compounds.
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TABLE 9.-Stabillty of Antimicrobial Treabnent witb PCP-Cn after Exposnrc to Soil at 60'C
(and 100% R.H. for tbe control)
Time of exposure (hours)
I

Specimens

2

I

4

I

6

I

Time of incubation (days)

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

5

2
B

22

c

27

0

28
27

-

24

23

26

25

10

9

26

-

5

2

9

26

25

25

30

30

27

27

2

5

9

14

2

5

9

14

- - - -1 - - -- - -- - - - - - - ---- - - - 23

26

24

23

23

25

25

22

20

20

- - -- - -- - 26

26

22

27

29

23

24

20

19

19

28

22

20

19

- -- - -- -

25

22

15

7

- - - --

21

6

-

21

-5
--

20

20

21

15

14

14

16

8

7

21

21

31

23

20

20

19

11

9

7

-- - - - - - - - - -- - - - - - - -9
19
25
28
23
22
25
17
15
15
11
9
22
--1 -- - - - - - - - -- - - - - - -- - -- - 9

- - ~ - -- -

27

14

- - ---- - - - - - -t-- -- - - - - - - - - --

-- - -- - - - - -

20

Note:

14

see Table 2.

TABLE 10.-Stability of Antimicrobial Activity of Treated Paper after 50 b Exposnre
at the Temperatnre of 100'C

Time of incubation - days
Treatment

PCP-Na

2

5

7

14

Temperature
'C

40

37

34

28

25

33

30

19

100

30

28

17

0

25

15

0

40

- -- PCP,Cu

- -- - - -

Note:

-

see Table 2.
32

-

100

Investigation into the stability of antimicrobial compounds in tbe soil complex. M. T. Bomar.
TABLE H.-Stability of Antimicrobial Activity of Treated Paper in the
Washing-off Experiments (200 mm/1 month)

Treatment

PCP-Na

PCP-Cu

Time of
washing-off
months

Time of
incubation
days

Diameter of
the zone of
inhibitionmm

Remark

3

37

Control

I

3

0

2

3

0

3

3

0

3

32

I

3

I2

2

3

2

3

3

0

-

-

washing-off

Control

washing-off

Note: see Table 2.
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FUNGI OF IMPORTANCE IN BIODETERIORATION
G. J. F. Pugh!

Des mycl!tes importants dans Ia biodCtCrioration.

Pilze wicbtig in des Verschtecbterung.

Workers in many different disciplines are concerned
with the biodeterioration of substances which are
useful to man. Many of these substances provide
substrates upon which a galaxy of fungi can grow,
often causing spoilage on a large scale and resulting
in considerable economic losses. The effect may be
direct, as for example, when textiles become mildewed
or they may be indirect as when the growth of a fungus
on raw food materials results in the production of
toxic metabolites which render the final foodstuff
harmful.

development; rate of growth; sporulation; spore
germination; spore dispersal.
4. Physiological Attributes: cellulolytic ability; production of other enzymes or antibiotics; comments
on nutrition, nitrogen preferences, vitamin deficiencies; effect of environmental factors, light,
pH, relative humidity; temperature.
5. Sensitivity to Biocides: this can be done with the
aid of a literature search by the Biodeterioration
Information Centre.
6. Diagrams illustrating features of diaguostic importance: scale.

Information on fungi which are known as agents of
degradation, and on many others which are at least
potentially important in this field of study, is scattered
in many books and scientific journals. Siu, in 1951,
published a comprehensive account of the fungi which
can decompose cellulose; Barron (1968) has written
an excellent illustrated account of the most important
group of soil fungi; Domsch & Gams (1970) have
combined an illustrated account of fungi found in
the soil with many ecological and physiological
details. In addition to these, other books are concerned
with fungi which are important in particular habitats,
or on specified substrates: Cooke (1963), for example,
has described the fungi which are important on sewage,
while Malone & Musket! (1964) have dealt very
thoroughly with seed-borne fungi.

7. Length: ideally the 'flora' should fill two or four
sides of the International Biodeterioration Bulletin
(approx.) 900 words per page. A four page account
would allow 2,000-2,500 words, plus half a
page for diagrams and a page for references (30
to 40 references per page).
Obviously the suggested headings and topics need
not all be appropriate for each fungus which is
described; similarly the length of the papers will vary.
However, if information can be collected and correlated in this way it will be possible to publish them as
loose sheets which could be filed together. If the
scheme, however modified in the light of experience,
is a success, then the individual 'floras' could be
combined in book form.

There is no single account of the fungi which are
important in biodeterioration. At the same time,
many workers in this field, and in the allied areas of
fungal ecology and physiology, have acquired a great
deal of information about these important fungi. It
is proposed therefore that 'fungal biological floras'
should be prepared and published from time to time.
As suggested by Pugh & Dickinson (1965), these
should review the literature, incorporate a common
range of data, and be published under a common
format. The suggested headings include:
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I. Taxonomy, including the common synonyms; asso-

ciations (if known) with perfect or imperfect state.
2.

General Distribution: natural and manufactured
substrates; foodstuffs; pathogenicity; aerobiology;
seasonal incidence; competitive abilities.

3.

Cnltural Characteristics: description of growth on
two named media; colony morphology and

Hongos importantes en Ia biodeterioraci6n

!This series has been suggested by the Ecology Working Party of the International Biodegradation Research
Gronp. Contributions should be sent to the Editor of the series, Dr. G. J. F. Pugh, Department of Botany,
University of Nottingham, England.
(Copy received December, 1970).
35

'

Williams, J. I. and Pugh, G. J. F., Int. Biodetn. Bull, 7 (!), 37-41, (1971).
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FUNGAL BIOLOGICAL FLORA :
I. GLIOMASTIX MURORUM AND G. MURORUM VAR. FELINA
J. I. Williams! and G. J. F. Pughl
Summary. Gliomastix murorum and G.mu,.orumvar.felina, fungi
important in biodeterioration, are described with regard to their

Biologischen PilzOora. I. Gliomastix murorum und G. murorum
var. felina. Gliomastix murorum und G. murorum var. felina,
Pilze die in der Verschlechterung wichtig sind, werden in

taxonomy, general distribution, characteristics, morphology,
physiological attributes, nutritional requirements and their

Bezug aufTaxonomie, allgemeine Verteilung und Eigenschaften
Morphologic, physiologische Merkmale, Emiihrungserford~
nisse und keimtOtende Empfindlichkeit beschrieben.

sensitivity to biocides.
Des Mycftes. I. G/iomaslix murorun et G. murorum var. felina.
Gliomastix murorum et G. murorum var. felina, des mycetcs
importants dans Ia biodeterioration, sont decrits quant leur
taxonomic, leur repartition gCnCrale, leurs caracteristiques,

Flora biol6gica hongosa. I. Gliomastix murorum y G. murorum
var. felina. G/iomastix murorum y G. murorum var. fe/ina, que
son bongos importantes en Ia biodeterioraci6n, se describen
respecto de su taxonomia, distribuci6n general y rasgos caracteristicos, morfologia, atributos fisiol6gicos, exigencias nutricionales y sensibilidad a los biocidas.

a

leur morphologie,leurs attributs physiologiques, leurs besoins
de nutrition et leur sensibilit6 a des biocides.

Taxonomy
The form genus Gliomastix Gueguen was erected in
1905 with a single species, Gliomastix chartarum which
the author considered to be identical to Torula
char/arum Corda. Mason (1941) and Dickinson (1968)
considered that this was a new species and not a new
combination ofT. chartarum Corda. Mason suggested
that G. chartarwn Gueguen was a later synonym of
Torula convoluta Harz which was thus transferred to
G. convoluta. He also added the variety G. convoluta
var. felina which was synonymous with Periconia
fe/ina Marchal. Hughes, in 1958, identified G. char~
tarum Gueguen and T. convoluta Harz with the earlier
described T. murorum Corda which was thus transferred to G. murorum (Corda) Hughes. The variety
fe/ina was also transferred at the same time as G.
murorum (Corda) Hughes var. felina (Marchal)
Hughes.

(Goos, 1960), Honduras (Goos, 1963), Israel (Joffe,
!967) India (Saksena, 1968) and the Miami River
Basin, U.S.A. (Cooke, 1961). It has also been reported
from the rhizosphere of dwarf bean and cabbage
roots (Parkinson, Taylor and Pearson, 1963; Parkinson and Thomas, 1965). Little information is given
about the properties of the soils involved but where
pH has been measured, this varies from 5.2 - 7.6
(Warcup, 1951, 1957; Tribe, 1960; Goos, 1960, 1963;
Christensen, Whittingham and Novak, 1962). Guillemat and Montegut (1960) have shown that the frequency of isolation of the species is influenced by the
balance of N, P and K in soil.

Ten species and two varieties are now accepted in
this form genus. Between 1905 and 1941 a number of
taxa were described which might belong to this genus.
The synonyms of G.murorum and G. murorumvar.felina
were listed by Dickinson (1968). The variety differs
from G. murorum by producing ovoid to elongate
spores in heads rather than sublobose to ovoid
spores in chains (see Fig. I.).

Vegetable substrates with which G. murorum or
synonymous forms have been associated include
beetroot (Neuwirth, 1924, as Torula convoluta), damp
jute hessian cloth (Mason, 1941), "fabrics and related
items" exposed in the tropics (White, Yeager and
Shotts, 1950) deteriorated cotton fabrics (Siu and
Sinden, 1951), paper (Saksena !968), slime in pulp
mills (Brewer, 1957) and olive oil cakes (Montefredine,
1958, as G. char/arum). Dickinson (1968) listed old
paper, cardboard, face make~up, emulsion paint,
conifer wood, air dried sludge, asbestos, potato,
palms, bottled plums, oat seed, Bel/schmedia, Coprosma, Hawea, Me/icy/us, Rhopalostylis and even man.

General Distribution
G.murorum
Dickinson (1968) indicated that this species is more
commonly found on organic debris not associated
with soil. However, a number of workers have reported its isolation from soil of varying types and to
Dickinson's distribution list of England, Scotland,
Ireland, Italy, Czechoslovakia, France, Canada and
New Zealand may be added Australia (Warcup !957,
McLennan and Ducker, 1954), Barro, Colorado
Islands and Puerto Armuelles (Farrow, 1954), Colorado U.S.A. (Cooke, 1968), Costa Rica and Panama

Cultural Characteristics
G.murorum
On Cellulose agar (Eggins and Pugh, 1962) colonies
appear circular in outline with turf ± I mm. in depth.
Al'ter four days the colonies approximate 10 mm. in
diam. with a central grey sporing area of 5 mm. diam.
showing a few erect hypha! fascicles and causing
clearing of the agar. The outer peripheral zone
consists of radiating ± prostrate white hypha! fascicles,
not sporing, and showing no sigus of cellulolysis.
After 10 days the colonies grow to ± 15 mm. diam.
with the central 12-13 mm. circular zone appearing

ID,lpartment of Botany, University of Nottingham, England.
(Copy received December, 1970).
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In both, the phialides may appear roughened towards
the apex, and may arise on hypha! fascicles, as shown,
or on individual hyphae.
Right: G. murorum var. fe/ina with its more ovoid
spores in heads.

Figure 1. Gliomastix murorum and Gliomastix
murorum var.felina
Left: G. murorum showing the globose spores in
chains.

12.8 J1 in width. Spores are produced basipetally in
chains from phialides which are usually borne
directly and laterally on the hyphae or fascicles. Very
occasionally a short phialophore may be distinguished
bearing two or three phialides, and rarely a phialide
may be seen to give rise to a smaller lateral sporogenous cell. The phialides are usually sinuate, but
may be straight, and are more or less erect, hyaline,
elongate, and taper towards their apices where they
may sometimes bear a very small collarette. They
measure 3J1 wide at their base and vary from 22 Jl·
51 J1 in length (average 32Jl). The walls of the phial ides
may sometimes be roughened near their apices.
Spores in very young cultures appear hyaline but they
quickly become dark olive or black in mass. In older
cultures they appear in long, unbranched chains
which curve back into the colony. Mature spores are
olive black in colour, globose or sub-globose and
average 3.8 J1 x 3.4 J1 (3.2-5J1 x 2.6 J1-3.9J1). They have
thick walls which may appear smooth but under oil
immersion can be seen to possess small spicular
deposits.

grey/black due to heavy sporing and showing marked
cellulolytic activity. At 18 days the colonies reach 2-4
em. diam. and consist largely of 5-9 distinct concentric
grey/black fruiting zones, with turf up to 4 mm. in
depth.
On Czapek-Dox agar colonies are ± circular in
outline, restricted, at 7 days old between 5-12 mm.
diam. with a peripheral sterile zone 2-3 mm. wide of
radiating hyaline or white, slightly raised hyphae or
hypha! fascicles. The central sporing zone is dark
olive-green in colour, comprised mainly of separate
hyphae bearing the phialides. Spore chains very
sinuate, up to 90 Jllong; turf flat, 0.2-0.4mm. deep with
fewer hypha! fascicles and phialides than on cellulose
agar.
Morphology
G.murorum
The following description is based on observations
of isolations from soil grown on cellulose agar. Other
accounts are given by Mason (1941), Smith (1960),
Gilman (1966), Barron (1968) and Dickinson (1968).

Physiological Attributes
Dickinson (1969) stated that the genus Gliomastix
is not of great economic importance but that most
species are able to decompose cellulose and may lead

Hyphae are superficial, more or less prostrate,
single or very frequently fasciculate. Septation is
rather indistinct and the hypha! ropes vary from 6.438
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occasroally to the detenoratron of manufactured matenalssuchassackingandpaper. When grown on cellulose
agar (Eggins and Pugh 1962) both G. murorum and
its variety felina produce clear zones measuring up to
15 rom. in diameter within 10 days which indicates
fairly strong cellulolytic powers. ·

extract 1.0 gm. together with the trace elements Mb
Zn, Cu, Mn and Fe.
They reported that with the exception of magnesium
the omission of macronutrients resulted in a decrease
of cellulolytic activity, but that mycelial growth is
suppressed by its absence. An organic source of
nitrogen, e.g. yeast extract or glutamic acid was found
to be necessary to support cellulolysis. Thiamin,
riboflavin, pantothenic acid, inositol and biotin were
found to be of little use. Compared with other cellulolytic fungi, G. convoluta ( = G. murorum) showed a
greater toleration of ow ions, decomposing cellulose
at an initial pH of II, which dropped to 8.8. Cellulolysis continued over a pH range of 3-11. Growth was
most rapid at a temperature of 29°C.

Earlier workers have produced substantial evidence of the cellulolytic capacity of G. murorum.
White, Darby, Stecher! and Sanderson (1948) performed assays of the cellulolytic activity of this species
isolated from fabrics exposed in the tropics by
measuring the decline in tensile strength of cotton
fabric.
They reported that eight cultures tested were
strongly cellulolytic. Marsh, Bollenbacher, Butler and
Raper (1949) tested over 400 fungus isolates and
showed cellulose decomposing capacity to be widespread and to occur with high regularity among
certain genera including Gliomastix. In 1951 Siu
listed G. convoluta (= G. murorum) among several
fungi showing strong cellulolytic activity, and with
Sinden, after isolating the same species from deteriorated cotton fabrics found that cellulose decomposition
took place at an optimum temperature of 29°C.
Jeffreys and Brian {1953) found that G. convo/uta
digested sodium carboxymethyl cellulose strongly in
liquid culture.

Lilly and Barnett (1956) showed that G. convoluta
G. murorum) grew more rapidly in a basal mineral
medium containing L-arabinose than in a similar
medium containing D-arabinose instead. They also
illuminated their cultures for 12 hours daily using
fluorescent lamps and provided nitrogen in an organic
form.

(=

Sensitivity to Biocides
Gliomastix convoluta ( = G. murorum) was shown
by Marsh (1949) to be more resistant towards copper
and mercury compounds than several other cellulolytic fungi. In comparison with Chaetomium globosum
and Myrothecium verrucaria in trials with cotton
duck G. convoluta ( = G. murorum) proved to be more
tolerant of copper naphthenate, copper oleate and
copper hydrogenated resinate at strengths of 0.1, 0.2,
0.4 and 0.8 %. In 1948-9 Rayss, Shulov and Sandovsey,
having isolated Torula char/arum (= G. murorwn)
among other fungi from rotting tent canvas, showed
that complete protection could be conferred by
immersingthematerialfor30minutes in phenyl mercuric borate at a concentration of I gm. in 200 mi. or
even I gm. in I litre of water. The efficiency of the
protection was not impaired after 6 hours subsequent
washing in water.

The results of more recent workers throw some
doubt on the cellulolytic capacity of G. murorum.
Cooke and Busch (1957) mention that little or no
activity is displayed by G. convoluta (= G. murorum)
in degrading cellulose in cotton duck while Basu and
Ghose (1960) found that this species was not capable
of producing cellulase when grown on filter paper but
did so on holocellulose, jute fibre and alkali jute. It
is also interesting to note that Siu, Darby, Burkholder
and Barghoorn (1949) showed that cellulose acetate
with high and low degrees of polymerization was
resistant to decay by G. convo/uta.
Jackson {1965) reported that G. convo/uta is
moderately chitinolytic and Gray and Baxby (1968)
mention G. murorum as one of the dominant chitin
decomposers in the alkaline horizon of pine forest
soil.

Several unidentified natural substances have been
shown to have an inhibitory effect on the growth of
G. convo/uta (=G. murorum). In 1949 Kavanagh,
Hervey and Robbins obtained a white crystalline
substance named marasmic acid from the culture
liquid of Marasmius conigenus which inhibited the
growth of G. convo/uta at a concentration of 250 gm./
mi. while Anchel, Hervey and Robbins (1950) obtained
a similar result using the same concentration of a
substance they called illudin M isolated from the
culture liquid of Clitocybe il/udens. Robbins and
McVeigh (1951) displayed the complete inhibition of
growth of G. convo/uta after 24 hours using 2. I gm./ml.
agar hydrolysate or 1.9 gm./ml. hydrolysate of
Chondrus crispus.

Jeffreys and Brian {1953) found that G. convoluta
was inactive in streak tests for assaying antibiotic
production. They related this to the relative infrequency of the species in an acid sandy podsol.
Nutritional Requirements
Siu, Mix and Sinden (1951) observed that G. convoluta is incapable of degrading cellulose in an otherwise
purely inorganic medium. Siu (1950) stated that this
species will grow on cellobiose, mannose, methyl-~
D-glucoside, methyt-~-D-glucoside, glucose and possibly methyl-oc-D-mannosideand 3-methyl-~-D-glucose.
For growth on cellulose Siu and Sinden {1951) used
the following/litre: KH2 P04 1.70 gm; K 2 HP04 1.28
gm; KCI 0.95 gm; MgS04 • 7H20, 0.25 gm; yeast

Moubasher (1963) in comparing the tolerance of a
number of soil fungi to fumigation with carbon
disulphide, found that G. murorum was fairly resistant.
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BOOK REVIEWS
DISPOSAL OF PLASTICS WASTE AND LITfER

METHODS IN MICROBIOLOGY
Volume3B

J. J. P. Staudinger

Edited by J. R. Norris & D. W. Ribbons.
Society of Chemical Industry, London. (Monograph
No. 35). 1790. xvi + 100 pp.
Price £2.00 (hardback). £1.00 (softback)

Acadentic Press, London, 1969. x
Price £5.00.

+ 370 pp.

Volume 3 of this practical treatise is devoted to
discussions of the isolation, cultivations and preservation of microorganisms. Whereas Volume 3A was
concerned-emminently successfully-with such general topics as the formulation of growth media and
strain selection, this latest volume contains specialist
chapters on about a dozen particular microbial groups.
The fungi are omitted completely from this volume,
so for those of us for whom these protists have peculiar
appeal, Volume 4 will be awaited most eagerly. Some
readers may have slight disagreement with the editors
on the groups singled out for inclusion. However, the
editors have selected organisms which are treated inadequately in other publications and which necessitate
special techniques for their study: this was a wise
course of action and the result is a compendium of
fascinating information.

This report, the findings of a Steering Committee
set up to investigate the problems of plastic waste and
litter disposal, presents a comprehensive survey of the
situation existing in the United Kingdom today and
predictions into the state of production of packaging
plastics and their subsequent disposal by 1980.
Plastic waste in refuse in 1969 amounted to 1.2%
of the total of 16 million tons of collected refuse and
is likely to correspond to 4.5-6.5% of the refuse
produced by 1980 if present trends continue. An
analysis of the plastics waste in Birmingham refuse
revealed that 54.5% was polyolefin, 7.35% P.V.C.,
14.75% polystyrene and 23.4% miscellaneous plastics
such as the thermosetting plastics and the cellulose
plastics. With increased usage of plastics replacing
more traditional materials such as paper, glass and
metals in the packaging industries, it is predicted that
by 1980, 1.15 - 1.45 million tons of plastic waste will
be produced per year of which more than a half will
be polyolefin and about one fifth P.V.C., the high
proportion of P.V.C. being composed of "non-retunrable" bottles.

The first two chapters deal with autotrophic microorganisms. Vera Collins has prepared a comprehensive
account of autotrophic bacteria, where they are to be
found and how they are isolated and cultivated in the
laboratory. The tabulated presentation of a wealth of
compositional and methodological data follows the
excellent precedent set in the preceding volume. Carr's
chapter concentrates on photosynthetic microorganisms and is read usefully in conjunction with his contribution to Volume 2 on the production and measurement of photosynthetically useful light. The algae,
particularly the eukaryotic groups, are given a valuable
and succinct treatment by Droop. In addition to
describing the essential isolation and cultivation procedures, Droop also introduces the reader to the
benefits of investigating steady state and synchronised
cultures of algae. One small point: the grouping of
Droop's contribution-it comes almost at the end of
the book-with those of Collins and Carr would have
added significantly to the general arrangement of the
volume. This inconsistency is surprising in the light of
the disucssions of anaerobiosis which are grouped into
four successive chapters. The conventional treatment
of anaerobic spore-forming bacteria by Willis is
useful but its restriction to medical clostridia is
disappointing and lacks the comprehensiveness of
those chapters on autotrophs. Hungate's chapter
discusses in details one technique for culturing strict
anaerobes, the roll tube method. This elegantly written
piece is prefaced by a few pages of theoretical background information on redox potentials and arguments for making the roll tube the preferred method
of culture. Chapters on rumen bacteria (Hobson) and
Gram negative anaerobes such as Fusobacterium,
Bacteroides and Sphaerophorus (Ella Barnes) conclude
the discussion of anaerobic methods. At first sight,

The report then deals with the problems of disposal
of plastic waste with a review of disposal processes
such as tipping, pulverisation, composting and incineration. Useful data is presented on the behaviour
of plastics upon incineration with emphasis upon
corrosion and atmospheric pollution.
The final three chapters are concerned with the
salvaging of plastics and associated economic aspects;
the biodegradation of plastics in which it appears
that the majority of the polymeric constituents are
resistant to microbial destruction; and the problem of
plastic litter with a plea to the authorities to stop the
"litterbugs" by persuasion, education, financial sanction or by enforcable legislative measures. Several
suggestions are put forward for the chemical industries
to produce a "self-destructable" plastic which would
disappear by physical, chemical or biological means
upon becoming litter.
This monograph, expertly compiled by Dr. Staudinger, should be of interest not only to those in the
plastics industry but also to municipal engineers and
all who are concerned with the problems of waste and
waste disposal. It represents excellent value at £2
(hardback) or £1 (softback).
J. Mills.
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the treatment of psychrophiles and thermophiles by
Brock and Rose gives the impression of superficiality
and lack of detail. However, this brief chapter contains
numerous practical hints which will be invaluable to
the newcomer to these organisms and, even if the
solutions are not always presented, the problems of
handling low and high temperature requiring microbes
are clearly stated and made plain to the uninitiated.
Gibbons makes the reader aware of the peculiar
practical requirements necessary for the study of
halophiles; his admonition "to think 'salt' at all
times" in any work on extreme halophiles carries a
much wider message to all of us who may be concerned
with ecological problems. The three remaining contributions are devoted to myxobacteria, mycoplasmas
and bacteriophages. I was pleased especially to find
that the editors had solicited an excellent practical
account of myxobacteria. These widespread yet neglected group of bacteria offer much scope for studies of
differentiation and biodegradation; Peterson's article,
replete as it is with critical experimental details, should
be an ideal starting point for those who wish to get
first hand acquaintance with these exotic organisms.
Whilst the mycoplasmas (Fallon and Whittlestone)
and bacteriophages (Eve Billing) are outside the scope
of this reviewer's experience, they appear to be treated
very competently and the general desideratum for
practical information is upheld admirably by the
respective authors.

covers a wide range of aspects of the continuous
culture of microorganisms. Early chapters cover
theoretical aspects of the topic leading naturally onto
chapters covering a diversity of continuous culture
techniques and finally onto a series of practical
applications.

Methods in Microbiology is acquiring very quickly
the status and the indispensibility of an earlier compendium of this ilk, namely Methods in Enzymology.
The scope of contemporary microbiology is so vast
that much practical information, of which the microbiologist should be aware, remains obscure in the
primary literature. Indeed, the broad terms of reference
of the subject are reflected in the size of the task which
the editors have mapped out in their seven volumes.
Drs. Norris and Ribbons are to be congratulated and
thanked for the remarkable success of the volumes so
far published: Volume 3B is an excellent advertisement
for the aims and achievements of the series.

The following two chapters serve to link the overall
theoretical background to particular practical aspects
by their discussion of the basic techniques in this field.

The range of organisms mentioned on the contents
page quickly reveals that the scope of this publication
is indeed wide; the more specific applied chapters
dealing with algae, animal cells, fungi and bacteria.
A very substantial chapter deals with aspects of
industrial fermentations and this and other chapters
are followed by detailed reference lists.
The introductory chapter covers the role and study
of continuous processes and traces their development
together with an exposition on the advantages of
continuous culture systems.
More detailed aspects of various systems are covered
in the next chapter where the characteristics of various
types of continuous culture techniques are explained.
A theoretical and mathematical analysis of continuous
systems is then made.
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Chapter five, split into eight sections, includes
applied aspects of experimental application of the
continuous cultivation of microorganisms, bacterial
mutation, culture of pathogens, algae and animal
cells, and the application of continuous culture methods to soil microbiology.
The book concludes with the most well known
types of continuous culture, those of industrial
continuous fermentations.

Alan T. Bull.
THEORETICAL AND METHODOLOGICAL
BASIS OF CONTINUOUS CULTURE OF
MICROORGANISMS
Edited by Ivan Malek and Zdenek Fencl.
Academic Press, New York, 1965. 655pp.
Price $16.00.

The general format of this book is that of a collection of papers or symposium proceedings. It represents
a treatment in depth of many aspects of this topic
and should prove highly stimulating and informative
to the serious worker.
D. Allsopp.

This publication by ten Czechoslovak contributors
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69/1· GRAY, T. R. G. & BAXBY, P.
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Transactions British Mycological Society, 51 (2):
293-309, (1968).
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6729

ANDERSEN, J. E.; HERWIG, G. L. &
MOFFITT, R. B.
Australian Mining, 35-39, (15 April1966).
Heap leaching at Rum Jungle, [Copper. Thiobacil/us.]

Chitin decomposition of soil. II. The ecology of
chitinoclastic micro-organisms in forest soil.
[Fungi. Bacteria. Actinomycetes.]
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Biodetcrioration in the leather industry. [Fungi.]

IVERSON, W. P.
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phosphide by Desulfovibrio desu/furicans.
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