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BIODETERIORATION SOCIETY NEWSLETTER 

Elections 1973 

In accordance with paragraph 4.6 
of the constitution of the Biodet
erioration Society, nominations 
are invited for the following posts 
on the Council of the Society: 

President 

Hon. Secretary 

Hon. Treasurer 

plus three Ordinary members. 

The present Hon. Secretary and 
Hon. Treasurer are eligible and 
willing to stand for re-election. 

The present President will con
tinue as a Vice President for a 
further 2 years. 

Nominations must be accom
panied by signatures of two mem
bers, together with a declaration of 
agreement to stand for election, 
signed by the nominee. 

Nominations must be returned 
to the Hon. Secretary by 31st 
December 1972. 

D. Allsopp 
cfo Biodeterioration Information 
Centre, 
80 Coleshil/ Street, 
Birmingham B4 ?PF, 
England. 

Society Meeting 23rd February 
1973 

"Biodeterioration of non-food 
Products of Animal Origin" 

Imperial College of Science and 
Technology, London. 

The Programme Secretary invites 
offers of papers for this meeting. 
Provisional titles should be sent to 
Mr. A. 0. Lloyd, 90, Handside 
Lane, Welwyn Garden City, Herts, 
as soon as possible. 

Telephone: Welwyn Garden City 
24728. 

Report on Joint Symposium with 
the British Mycological Society on 
"Deterioration caused by Fungi" 
at the Natural History Musemn on 
Friday, 22nd September 1972. 

This was an encouraging start 
to what has the prospect of being a 
mutually beneficial relationship 
between the two societies. More 
than 70 people heard a variety of 
interesting papers, ranging from 
philosophy to topics as specific as 
combatting possible biodeteriora
tion within the fuel tanks of the 
Concorde. 

The morning session was opened 
and chaired by the President of the 
British Mycological Society, Dr. 
Lucas of Rothamstead Experi
mental Station, and the afternoon 
session was chaired and the final 
summing-up given by our own 
President, Dr. H. J. Hueck of 
T.N.O., Delft. 

He also gave the first paper 
under the changed title of "Con
cepts in the Biodeterioration of 
Materials", in which he drew an 
interesting comparison between 
symptoms, systematics and the 
other aspects of Biodeterioration 
and Pathology-human, animal 
and plant. 

Hill and Christie contributed a 
lively account of the work at 
Cardiff on deterioration of cutting, 
lubricating and fuel oils, and 
described conditions responsible 
for condensation of dissolved 
water in aircraft fuel which pro
moted growth of organisms. A 
variant of Aspergillus fumigatus 
was capable of withstanding the 
extremely high and low tempera
tures in the fuel tanks of the 
Concorde. 

Clarke's paper on fungal spoil
age of grain clearly described the 
nature and extent of damage and 
its control by temperature, air and 
propionic acid and compared the 
behaviour of the field fungi with 
storage fungi. 

In Levy's paper we expected 
and experienced the unsurpassed 
standard of excellence in the des
cription and illustration by S.E.M. 
of the processes of invasion and 
disintegration of wood by fungi, 
and look forward to further instal
ments on this subject, which he 
has made so fascinating. 
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Much of Selby's work at Shirley 
Institute is already familiar. It 
was good to be brought up to 
date in the advances which have 
since been made in studies of the 
enzymic digestion of cellulose, 
against the background of the 
overall picture which he presented. 

The various approaches which 
Hughes described in his "paper on 
paper" were all extremely practi
cal ones, and of particular value 
in guiding those unfamiliar with 
the techniques of evaluating 
fungal resistance for the purposes 
of a particular end usage of the 
paper and board. 

Bravery's contribution to the 
elucidation of preservative action, 
in particular of T.B.T.O., to 
Polystictus versicolor broke new 
ground in a field which he demon
strated was in need of much more 
work of this kind. It complemented 
Levy's more general paper in a 
most interesting way. 

Because of the time factor, 
discussion of the papers was 
somewhat limited in some cases 
but there is no doubt that they 
were all well received. A.O.L. 

Dutch Pest Control Association 
Formed 

A national Pest Control Associ
ation has been farmed by represen
tative companies of the pest con
trol industry in the Netherlands. 

The idea of a Dutch Pest Con
trol Association originated at the 
Third British Pest Control Confer
ence on Jersey in October 1971 in 
discussions between Mr. Zand
bergen of Schurmann (Nederland) 
N.V., Mr. Ries Hom of Rentokil 
Chemic N.V. and the then Presi
dent of the British Pest Control 
Association, Mr Mcintosh. 

A Code of Practice has been 
drawn up and the Executive 
Committee has already formed a 
Technical Committee and a Press 
and Publicity Committee. 

Secretary of the Association is 
John Uding, General Manager of 
Rentokil Chemie N. V., Volmer
laan 9, Rijswijk (Z.H.), Holland. 



FEBS Special Meeting 
The Federation of European Bio
chemical Societies is holding a 
Special Meeting on Industrial 
Aspects of Biochemistry at Uni
versity College, Dublin, Ireland 
from 15th to 19th April 1973. 

The programme covers the fol
lowing topics: 
A. Enzymes 

I. Production of enzymes 
2. Isolation and purification 
3. Applications in industry and 

medicine 

B. Biological syntheses 
I. Brewing 
2. Other fermentations 
3. New protein sources 

C. Biochemistry and the environ
ment 

I. Disposal of industrial 
effiuents 

2. Biodeterioration 
3. Biodegradation 
4. Standards 

D. Mode of action of drugs 
I. Antibiotics 
2. Other drugs 

E. Pharmaceutical and fine 
chemicals 

F. Food and bulk materials 

G. Analytical techniques 
Further information can be ob
tained from FEES Special Meeting, 
!MA Conference Centre, 10 Fitz
william Place, Dublin 2, Ireland. 
Telephone 62087/62550. 

Survey of Rodent damage to 
Growing Crops and in Farm and 
Village Storage 

Relatively little effort has been 
devoted to research into rodents 

as agricultural pests, especially 
when compared for example with 
insects or weeds. In many parts 
of the world some work has been 
done in the past, but this has been 
confined mainly to emergency 
situations such as sudden rodent 
population explosions, or when 
serious damage is caused to 
specialised crops (e.g. sugarcane). 
In recent years, however, aware
ness of rodent damage in rural 
areas has been increasing; more 
papers on the subject have ap
peared in the scientific press and 
more requests for technical assist
ance have been received. 

Knowledge of the status of 
rodents as agricultural pests is still 
inadequate. A great deal remains 
unknown about the best methods 
of prevention and control, the 
environmental factors favouring 
rodent increase, the amount of 
damage caused and even the 
species involved. Until some esti
mate can be made of their world
wide importance it is impossible 
to assign them a proper priority 
in the research and control effort 
directed towards crop protection. 
The Centre for Overseas Pest 
Research together with the Tropi
cal Stored Products Centre of the 
Tropical Products Institute is there
fore undertaking a major survey 
of rodent damage in the tropics and 
subtropics. The results of this 
survey should help these organisa
tions in the formulation of long
term research policy, and should 
also provide useful information 
for many scientists and administ
rators concerned with pest control 
throughout the world. WHO and 
FAO (which now has a specialist 
on its permanent Headquarters 
staff to deal with the Organisations' 

steeply increasing involvement in 
agricultural rodent control) are 
collaborating in the project and it 
is hoped that other organisations 
will also assist. 

The survey takes the form of a 
questionnaire designed to elicit 
information on the rodent species 
involved, the crops affected, stor
age methods on farms and in 
villages which are subject to 
rodent attack, the control measures 
practised, their effectiveness and 
cost, and the unsolved problems 
in control which still require 
attention. The survey does not at 
present cover problems in large
scale storage, in urban situations 
or in public health. 

It is not possible for COPR to 
discover the names and addresses 
of all those who might be able to 
contribute and the purpose of this 
notice is to bring the survey to the 
attention of as many as possible 
of our colleagues concerned with 
crop protection. Anyone with in
formation on rodent problems in 
their area is therefore asked to 
write to the coordinator of the 
project: 

Dr. H. S. Hopf, Centre for Over
seas Pest Research, College 
House, Wrights Lane, London, 
W8 5SJ, England. 

Dr. Hopf will send them a copy 
of the questionnaire and it should 
be returned to him when comple
ted. All co-operators will receive 
copies of the survey results and 
their contributors will be acknow
ledged in any subsequent publica
tion as well as directly on receipt. 

INDUSTRY AND COMMERCE 

Testing of wood finishes 
The Paint Research Association 

is currently offering facilities for 
the rapid evaluation of softwood 
treatments and finishes. The range 
of tests consists of: 

I. A Spray Cycle Test for asses
sing the water barrier proper
ties of paints and wood treat
ments in which the test pieces 
are exposed to alternate wet and 
dry periods. 

2. A drastic natural weathering 
test in which the performance 
of the paint is assessed on 
timber of the same type as it 
will be employed on in practice. 
The test panels contain typical 
joinery danger features such as 
exposed end grain, water traps 
and sharp edges. 

3. The performance of complete 
systems may be assessed on 
small glazed window frames 
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under conditions simulating 
severe domestic exposure. 

4. The determination of water 
permeability, both liquid and 
vapour, on paint films by the 
Payne Cup method. 

For those wishing to undertake 
their own testing the Paint R.A. 
can normally supply permeability 
graded softwood (pine) and mach
ined panels for the natural weather. 
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BETWEEN SCYLLA AND CHARYBDIS: 
THE ROLE OF BIODETERIORATION IN 

ENVIRONMENTAL STUDIES1 

H. J. Hueck2 

Entre Scylla et Cbarybde: le role de Ia biodeterioration 
dans les etudes de l'environement. 

Zwischen Scylla und Charybdis: die Rolle der biolo
giscben Zerstiirung in Umweltuntersucbungen. 

:IJ:ntre Scylla y Charybdis: el papel desempeiiado por Ia 
biodeterioracion en los estndios del medio ambiente. 

"Could I not somehow steer clear of the terrors of 
Charybdis, yet tackle Scylla when she comes at my 
crew'?" 

Homer. The Odyssey, Book XII, Translation E. V. 
Rieu. 

At one of the meetings of this Society some time ago, 
I had the opportunity (Hueck, 1971) to discuss the 
relationship between biodeterioration and environ
mental pollution. The tenor of my remarks was that 
biodeterioration is that part of the natural process of 
biodegradation which leads to undesirable loss of 
biodegradable materials. Tinkering with this funda
mental process may easily lead to environmental 
consequences, such as follow from the production of 
non-biodegradable commodities and the release of 
toxic substances into the environment, e.g. through 
the use of material-protectants containing heavy 
metals or persistent pesticides. I concluded that it was 
advisable not to overshoot our mark as biodeteriora
tionists and to limit protective measures to temporary 
ones covering only the functional life of the commodi
ties of which we avail ourselves. 

Today I should like to express some thoughts on the 
difficulties confronting us if we are to make "functional 
life" an element in our recommendations. Functional 
life is not the same as the useful life of a commodity. 
Functional life may outlast useful life, as it does in 
no-return bottles. In other instances we would try to 
prolong functional life by means of preservation 
methods, because a longer useful life would seem 
desirable. But even when we redefine functional life 
as useful life we are still in trouble. To whom must it 
be useful? What parameters can we attach to the 
notion "useful"? In the past it was easy to say that 
something is useful when it has a value for its user. 
This is an economic approach, typical of a society 
stressing individual rights. Such one-sidedness, how-

e, 

ever, is certainly wrong. As ecologists we must be 
aware that individuals belong to species, that species 
live in the biosphere, and that the biosphere is part of 
the space-ship Earth. These relationships are essential 
for life. The same reasoning applies to the economic 
point of view. If we take no heed of wider implications, 
something will in the long run stop us. Without 
wanting to be prophets of doom, we must admit that 
Meadows in the M.I.T. report The limits of growth has 
provided us with convincing arguments that a one
sided approach will lead us to disaster. In his world 
system he considers five main factors, viz. natural 
resources, industrial production per capita, food 
production per capita, population and pollution. 
Among these interdependent factors, the natural 
resources form a special case, because the available 
amount can only diminish (with the exception of 
natural materials from primary production). In any 
possible constellation of factors, therefore, economy 
in the spending of these resources is important. In 
attaining such economy the study of biodeterioration 
may be of some help, as its primary goal is to prevent 
losses of biodegradable materials. It will be clear, 
however, that ~·usefulness" in this context means 
usefulness to mankind as a whole. Another factor of 
the world system, viz. pollution, is also of direct 
concern to biodeteriorationists, as we have already 
pointed out. 

Are there ways to escape the Charybdis of the 
exhaustion of natural resources without yielding to the 
Scylla of pollution? I would not venture to suggest a 
general solution of this problem. To say that we need 
an integrated approach to it would be a gratuitous 
statement. But its intricacies stand out clearly if we 
limit ourselves to requirements for production, use 
and waste removal of individual commodities. In the 
Dutch journal Plastica Schuur (1972) gives an interest
ing example of this by drawing up a "balance of 
waste" for packaging materials for I litre of liquid. 
The immediate motive for his investigation was the 
popular issue of whether returnable or non-returnable 
packages should be used considering their potential 
to contaminate the environment. 

Schuur (1972) compares a glass milk bottle and a 
polythene bag. He is of the opinion that all phases of 
production, use and removal may give rise to environ
mental consequences. He reasons that glass bottles 

I Presidential Address to the Annual General Meeting of the Biodeterioration Society, 23 June 1972, Manchester, 
England. 

2Centraal Laboratorium TNO, Postbox 217, Delft, Netherlands. 
(Copy received July, 1972) 
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can be used about 25 times, but if this is done, they 
have to be cleaned, and so the environmental stress 
due to the cleaning fluid must be taken into account. 
His balance is shown in Table I. 

TABLE 1-Balance of waste of two packaging types 
per 25 trips. 

glass polythcne 
item unit bottle bag 

1 litre 1 litre 

Raw material gramme 700 186 

Water for cleaning litre 50 I -
Caustic soda gramme 20 -

Sodium silicate gramme 4 -

Phosphates as P 20~ gramme 0.75 

Additives (surfactants, anti-
foam chemicals, chlorine) p.m. -
Dirt from bottles p.m. -
Energy Kcal. 2000 -

Material remaining after 
burning for waste disposal gramme 700 trace 

Schuur's conclusion is that when we use glass bottles 
we must take into account eutrophication risks from 
the cleaning fluid, and some thermal pollution. 
Polythene, on the other hand, does not give rise to 
these types of pollution. But this rather optimistic 
view in favour of plastic packaging is too limited. 
Other factors that are less easily quantifiable should 
be taken into account. In a further table the author 
gives qualitative data on the environmental implica
tions of the manufacture disposal and littering prob
lems of these packaging materials. I for one am of the 
opinion that this interesting effort to provide an 
overall balance should be supplemented with consider
ations about the natural resources needed for the 
production of these commodities. It is evident from 
Meadows (1972) and from the report Resources and 
Man, that the world's resources are finite. Not all 
materials, however, are equally rare. Metals are much 
nearer to becoming exhausted than the silicates which 
go into the production of glass. One type of material 
has a very special position in this respect, and it is for 
this very type of material that the study of biodeterior
ation is of importance. 

Whereas with mineral resources we are draining 
available reserves which can only diminish, those 
materials which we owe to biological primary produc
tion (e.g. wood, cotton, rubber and all of our food) 
are being continually renewed. 

So long as we try to live within the limits set by the 
primary production of the biosphere, we shall have 
natural resources lasting as long as the sun will provide 
us with energy. By their very nature these resources 
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are biodegradable. If we want to manage these 
resources wisely, we find ourselves forced to take 
measures against their biodeterioration, i.e., we must 
protect our crops from pests, our food from fouling 
and those materials used for technical purposes from 
biotic attack. 

In the example given by Schuur (1972) of packaging 
materials for fluids like milk, beer, wine etc. many 
materials may be used, of very different availability, 
having greatly diverging biodeterioration properties 
and posing different pollution problems. I can mention 
tins of coated iron or coated aluminium, bottles 
returnable and non-returnable, packages of cardboard 
(coated) and plastic bags or packages (polythene or 
PVC). My colleagues of the Plastics and Rubber 
Institute TNO have provided me with some data on 
the manufacture of these commodities. 

We shall further consider the demands they make 
on resources, their biodeterioration properties and the 
pollution problems they pose once they have become 
waste or litter. 

Let us first consider the availability of iron, alumi
nium, glass, cardboard (made from wood) and plastics 
manufactured from mineral oil. 

As we have already seen wood is a special case, 
because it is renewable. The annual production of the 
total land area is 1.8 to 2.6 x JOl7 Kcal or 2.2 to 
3.2 x 1010 tons of carbon (Kormondy, 1969). A part 
of this goes into the production of wood, as shown in 
Table 2. 

TABLE 2 Forest and wood statistics 

Forest Growing Estimated Removal 
area stock annual toa m3 

105 ha w~ m3 incrcmcnt1
) annual 

10' m3 average 
(1963) (1963) (1960·1962} 

Conifers 1216 114.000 1000·2000 930 

Non· 
conifers 2488 124.000 1200-2400 970 

World 
total 3704 238.000 22004400 1900 

Data from FAO. World Forest Inventory (1963) and 
FAO. Wood: World trends and prospects (1967). 

l)Annual increment in main production areas amounts 
to 1-2% of growing stock. 

According to FAO. statistics, the available data are 
insufficient for world estimates. The data given must 
therefore be considered as providing only an indica
tion of the order of magnitude. 
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Wood pulp used for the manufacturing of cardboard 
mainly comes from conifers. In the same period as 
covered by the statistics in Table 2, 260 X 106 m3 of 
wood was used annually for paper making. We 
observe that in general the consumption of wood is 
still within the limits set by the natural increment of 
stock. As a rule of thumb we may further say that 
I m3 of wood weighs 700 kg, and yields 300-350 kg 
of paper, and so, allowing for some increase, we can 
estimate that 100.106 tons of paper products may be 
safely consumed annually. If we consider this as a 2% 
stock interest, the capital would be 50 x 100.106 tons 
= 50.10• tons. 

With the exhaustible stock of metals and mineral 
oils we are on less solid ground. From different 
sources in the literature, Meadows (1972) extracted 
estimates of known stock and annual consumption. 
If consumption remains the same (which it will not) 
aluminium, iron and mineral oil will last respectively 
100, 240 and 31 years. However, the bulk of mineral 
oil is consumed as fuel. If oil should become rare, a 
greater part of it would be used for making petro
chemicals. 

These materials are not used for packaging only. 
To arrive at a reasonable figure, we might assume for 
the time being that 1/1000 of known stock could be 
allowed for this purpose. The result is given in Table 3. 

TABLE 3. Availability of some raw materials. 

Material Basis of estimate Amounts {10 1 tons) 

Aluminium O.l % of known stock 1.2 

Iron 
" 

100 

Mineral oil 65 

Paper interest of stock 100 

(renewable) stock 5000 

In the manufacture of the commodities mentioned 
auxiliary materials must be taken into account. Glass 
is manufactured from sand and caustic soda, and the 
supply of both is practically unlimited. 

Iron tins are lined with tin (a metal in short supply) 
or with plastic (polyethylene). The chlorine used in 
the manufacture of PVC, is produced by the electroly
sis of sodium chloride. Since there is no lack of salt, 
chlorine production is mainly an energy problem. 

Though in the long run we shall need a full balance 
for every commodity, we shall today restrict ourselves 
to the fate of the materials mentioned in Table 3. 
Calculating how much of each material is used for 
the packaging of !litre of fluid, we arrive at an availa
bility index: 

available stock 

material used 
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TABLE 4. Drain of natural resources by packaging 
materials. 

Amount used Availability index: 
Type of material grammes X 1Q.12 

Aluminium') (tins) 160 0.008 

Iron (tins) 150 0.7 

Glass (bottles) 1/25 X 700 = 28 00 

PVC (bottles) 40 1.6 

Polythene (bags) 6 II 

Carboard (packs) 20 5 (interest basis) 

250 (capital basis) 

I) 2 X ! litre tins (!litre tins not available) 

It is evident that we should waste as little aluminium 
as we can. 

The other side of the coin, at which we want to take 
a look today, is the (bio)degradability of the different 
materials, in relation to their potential environmental 
pollution. 

Packaging materials are mainly a problem as litter. 
The usual methods of waste treatment, if properly 
applied, should be enough to dispose of it (Staudinger, 
1970). Litter can be degraded by actinic degradation, 
corrosion or biodegradation. What we wish to know 
is the resistance of the materials to these processes. 
An experimental approach to this is the old stand-by 
of the biodeteriorationist, viz. the soil burial test. In 
this test, corrosion and biodegradation are directly 
estimated in combination. The efficacy of actinic 
degradation can be estimated separately in an aging 
procedure (Hueck 1969). What we must determine is 
the half-life of the material under investigation. Expres
sing this as a number of days, we have a useful para
meter for persistence. A further refinement is that we 
take the logarithm of this number to the base 10. Thus, 
half-life of 100 days = 102 days gives a persistence 
coefficient of 2. Though experimental figures for this 
persistence coefficient are not at hand, we can make a 
guess based on previous experience. 

TABLE 5. Persistence of materials in soil burial test. 

Material 

Aluminium 

Iron 

Glass 

PVC 

Polythene 

Cardboard 

Persistence coefficient 

3 

2 

>4 

>4 

>3 
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Comparing Tables 4 and 5, we find that cardboard 
containers obviously have very desirable properties. 
On the other hand, aluminium is not to be recommen
ded and the plastics, though readily available, should 
be improved as to degradability. This of course is 
nothing new, but we shall leave it for today. The 
situation with regard to cardboard, however, is not 
as favourable as we would wish it to be. Though the 
basic material complies with the properties outlined 
above, it is not used as such for milk packages and the 
like. For that purpose it is either impregnated or 
covered with paraffin, or lined with polyethylene. 
The thin layer of the latter spoils the picture, though 
the nuisance should be less than that caused by a 
package consisting of polyethylene only. Nevertheless, 
these considerations may give us a clue where to look 
for improvement. 

It is well-known that cellulose can be modified 
chemically. Some of these modifications, such as 
cellulose acetate, are as persistent as hydrocarbon
based plastics but others, such as cellophane, are still 
biodegradable and they have considerable merit as 
packaging foils, though I should not like to buy my 
beer and carry it home in cellophane bags. Yet further 
research in cellulose-plastics may lead to some reason
able balance between degradability and functional 
properties. Then we could escape the Charybdis of 
the exhaustion of resources, and yet avoid falling into 
the hands of the Scylla of environmental nuisance 
arising from undesirable persistence. 
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THE ROLE OF MICRO-ORGANISMS IN THE BIODEGRADATION 
OF FARM ANIMAL WASTES WITH PARTICULAR REFERENCE 

TO INTENSIVELY PRODUCED WASTES. A REVIEW 
K. J. Seal I and H. 0. W. Egginsl 

Summary. The role of fungi, bacteria and actinomycetes in 
the biodegradation of farm animal wastes is discussed. This is 
prececdcd by a short discussion on the need to elucidate the 
role. Emphasis is laid on the fact that the intensification of 
livestock units will mean that treatment processes will have to 
be designed, and thus knowledge of the micro-organism, which 
could play a vital role, is important. 

Le r6Ie des micro-organismes dans 1a biodfgradation des dkhets 
des nnimaux de fenne, avec reference spkiale aux dechets inten· 
sivement produits; une revue. Discussion du rOle des mycoses, 
des bacteries et des actinomyd:tes. precedee d'un discours bref 
sur le besoin d'eciaircir ce rOle. On souligne l'importance de se 
rendre compte que l'intensificati6n de Ia production des unites 
de betail fera naitre Ia necessite de designer les precedes du 
traitcment, et aussi !'importance de reconnaitre les micro~ 
organismcs qui pourraient jouer un rOle influent. 

Introduction 

Wherever farm animals have been kept a variety of 
waste products, either direct or indirect animal hi
products, have accumulated. Because systems of 
husbandry include the grazing of animals on meadow 
or fallow land, their wastes can be passively absorbed 

· . into the soil where they act as a non-specific fertiliser 
or soil improver. The wastes are also deposited'•in 
relatively low concentrations over the land as a whole. 
This means that the animals provide a cheap and 
convenient method of waste removal and disposal and, 
because of the low concentrations, tbe soil structure, 
and its general condition are not affected, and there 
are no worries of pollution or any health hazards. 

The application of animal manures is still considered 
to be important for the improvement of soils. In 
addition to providing a nitrogen and carbon source 
the manures are biodegraded in the soil to form a fine 
black material known as 'humus'. 'Humus' will 
maintain the water holding capacity, the permeability 
of the soil to water, its aeration and its temperature 
properties (Millar, Turk and Foth, 1958). It is thus 
important for plant growth, providing conditions 
which artificial fertilisers do no:. 

Where animals are grazed on pasture land tbe 
problem of manure distribution and disposal does not 
exist, but where livestock intensification has taken 
place the demand for the waste has, at most, probably 
remained constant, whereas tbe production of the 
waste has increased. Because the use of artificial 
fertilisers has increased (fable I), the problem of 
removal and disposal of the livestock waste is in-

Die Rolle dcr Mikroorganismen in der biologischen Zersetzung 
l·on tierischcn Abfallprodukten in der Landwirtschaft mit beson
dcrcr Bcriicksichtigung der lntensivierung der Tierhaltung. Eine 
Obcrsicht Die Rolle von Pilzen, Bakterien und Actinomyceten 
wird besprochen im Anschluss an cine kurze ErOrterung der 
Notwendigkeit, deren Rolle zu kHiren. Die Tatsache wird 
unterstrichen, dass bei Intensivierung der Tierhaltung geeignete 
Behandlungsverfahren entwickelt werden mfissen und dass die 
Kenntnis der Mikroorganismen, die eine bedeutende Rolle 
spielen kOnnten, wichtig ist. 
El papel desempciiado por los microorganisrnos en Ia biodegrada
ci6n de los desperdicios de los animales de las granias con referenda 
especial a los desperidicios intensamente producldos; wm reseiia. 
Se discute el paper de los bongos, bacterios y actinomice[t:S, 
todo esto preccdido por una breve discusi6n sobre Ia necesidad 
de dilucidar este papel. Se subraya el heche que la intensificaci6n 
de las unidades de ganado han\ preciso que se proyecten proce
dimientos de tratamiento. Asi importa adquirir conocimientos 
de los microorganismos que pudieran jugar un papel esencial. 

creasing. The amalgamation of farms into large mono
culture systems demands that for a constant quality 
crop or an improvement in the quality of the crop, a 
defined fertiliser is used. Large farming units utilise 
many acres of land and dress them with artificial 
fertiliser. Thus, it would be expected that the avail
ability of land for natural manures has decreased. 

TABLE I 

Nitrogen content (tons)* 

1952-53t 1960-61 1969-70 

Compound fertiliser 125,228 272,488 359,521 

*The figures are from MAFF statistics tables calculated from 
subsidies paid in by farmers in Great Britain. 

tThe year runs from 1st June to 31st May. 

In the last twenty years livestock rearing has in
creased in efficiency, and this efficiency has been 
reflected in new methods, most of which involve 
mechanisation (Mortimer, 1964) and an increase in 
the number of animals per acre of grazing land. 
Taken to its ultimate conclusion intensive units have 
arisen where the animals are kept in covered rearing 
sheds, all their feed and milking requirements being 
controlled by mechanised systems. The use of this 
type of confined rearing and fattening leads to a 
rapid build-up of animal wastes, together with 
bedding waste, dairy waste (wash-water, whey and 
other creamery effiuents), and waste water produced 
from cleaning the sheds and from rain guttering. All 
of these are a potential health hazard-more so in 
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confined areas-and must be disposed of safely, 
quickly and cheaply. The siting of intensive units near 
suburban settlements (Teller, 1970) because of the 
availability of services and marketing outlets empha
sizes this need for the efficient removal of the wastes. 
Laws have been introduced (Bartrop, 1970; Fish, 1970) 
to protect the public from odours, public health 
hazards and pollution of waters, and the intensive 
units must adhere to these. 

Biodegradation defined 

Biodegradation, as opposed to biodeterioration, can 
be defined as the useful breakdown or conversion of 
materials, (usually waste products) to a higher nutri
tive value, an economically enhanced or a more 
aesthetically pleasing product, and in this connection 
it may be termed as a pragmatically positive action of 
organisms. The process may remove pollutants, 
odours or simply reduce the final bulk of the material. 

Animal wastes contain potential biodegradable 
matter. This is in the form of cellulose fibre from the 
feedstuff, bedding and faeces, and organic and in
organic nitrogen and phosphorus from the faeces and 
urine. Non•biodegradable substances will also be 
present, such as antibiotics and copper compounds 
used as antimicrobial and fattening agents in the 
feeds. These non-biodegradable compounds will be 
antagonistic to the bacteria, fungi and actinomycetes 
which biodegrade the waste. Disease organisms are 
also present which constitute a public health hazard 
in water systems. In the same way, the biodegradable 
constituents will affect the quality of water systems 
by having a high oxygen demand and removing all the 
available oxygen from the water, causing eutrophica
tion and stagnation. 

The flora present in the waste can be controlled 
because, like all living systems, it is subject to certain 
tolerance limits of temperature, pH and oxygen 
requirement. Certain species of bacteria and fungi 
will then preferentially biodegrade the waste by 
utilising it as an energy and nitrogen source. Much 
work has been done on the rapid conversion of 
cellulose (Callihan and Dunlap, 1969) oil (Shacklady, 
1970) and other industrial wastes by micro-organisms 
to potential food sources or innocuous products 
acceptable to the environment. The useful application 
of micro-organisms to the biodegradation of farm 
animal wastes will become evident from the review 
below. 

The role of micro-orgaoisms in the biodegradation of 
farm wastes 

The isolation of fungi and actinomycetes in mouldy 
self-heated hay and various manures has led to the 
conclusion that fungi, and in particular thermophilic 
fungi, play an important role in the breakdown of 
animal wastes (Cooney and Emerson, 1964). Rege 
(1927) first studied the role of thermophilic fungi in 
the breakdown of cellulosic material. Waksman, 
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Umbreit and Cordon (1939) found that a culture of 
what was probably Hwnico/a insolens removed nearly 
40% of the dry matter in stable manure and reduced 
the cellulose content from 19.7% to 12.6% at 50'C 
in 42 days. Waksman and Cordon (1939) obtained 
similar results with straw and alfalfa decomposition, 
and a third paper (Waksman, Cordon and Hulpoi, 
1939) suggested that the composting temperature was 
one of the most important factors in the decomposition 
rate, 50'C being the optimum for thermophilic fungi 
and actinomycetes. 

Using horse dung, organic compost, various "muck 
soils" and composted mint hay Crisan (1959) isolated 
four thermophilic fungi and the thermotolerant 
Aspergillus fumigatus. His species were confined to the 
genera Mucor, Malbranchea and Monotospora (Humi
cola). This was probably because the isolation tempera
tures ( 40 or 45'C) would select out the above species, 
and also because only one isolation media was finally 
chosen. 

Even though the first isolation of Mucor miehei in 
self-heated hay by Miehe (Cooney and Emerson, 1964) 
was at the turn of the century it was not until 1964 
that Cooney and Emerson (1964) published the first 
book on the thermophilic fungi. The book states that 
little work has been done on the physiology and role 
of the thermophiles in thermophilic composting. In 
this book they define a thermophilic fungus as "that 
which has a maximum temperature for growth at or 
above 50'C and a minimum temperature for growth at 
orabove20'C". Since the work by Cooney and Emerson 
(1964) workers have attempted to determine physio
logical and biochemical activities of the thermophiles. 

Fergus {1964) investigated the thermophilic and 
thermotolerant actinomycetes and fungi found in 
'Phase II' (controlled temperature of 50-60'C) of the 
composting of horse manure for mushroom produc
tion. His investigation was qualitative, isolating eleven 
thermophilic actinomycetes, nine of which had 
optimum growth temperatures of between 55'C and 
60'C. Eight thermophilic fungi were isolated, including 
a new species Stilbel/a thermoplti/a Fergus sp. nov. 
The strongly cellulolytic Humico/a and Chaetomium 
species and the thermotolerant Aspergillus fumigatus 
constituted five of the eight fungi isolated. On the 
whole it was found that the actinomycetes isolated 
were able to grow at a higher temperature (55-60'C) 
than the fungi (50-55'C) isolated. In 1969 Fergus 
further determined the cellulolytic activities of the 
thermophilic fungi but not in terms of the ability to 
degrade native cellulose; only the Cx activity was 
tested using filter paper and carboxymethylcellulose. 

Chang and Hudson (1967), however, studied wheat 
straw composts. They made ecological studies of the 
occurrence of thermotolerant and thermophilic fungi 
in the compost and related this to the variations in 
temperature. They thus determined a succession 
pattern consisting of three groups. The first group 
consisted of those fungi found on the straw after 
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harvesting and up to about two days after the beginning 
of composting. By this time the temperature had 
reached about 40'C. Most of these fungi were primary 
sugar utilisers which are replaced by other fungi when 
the simple sugars are exhausted. Group 2 consisted 
of the thermophilic species and these were dominant 
when the compost reached its plateau of about 50'C 
(this occurred after a maximum of about 70'C was 
reached in the centre of the compost, killing off most 
of the viable population). Thermophilic temperatures 
persisted until about 28 days after the beginning of 
composting. As the temperature began to drop the 
group 3 fungi began to appear beginning with two 
thermophilic fungi at the end of the plateau and then 
the mesophilic species. Though not viable the group 
two fungi were still present. 

The biochemical studies of Chang (1967) showed 
that the three groups defined above were responsible 
for the degradation of different substrates within the 
compost. The Group I fungi utilised all the soluble 
sugar, Group 2 were responsible for the cellulose and 
hemicellulose utilisation and Group 3 utilised cellulose 
to a small extent but also the soluble sugars produced 
by Group 2 fungi. Gollmich (1967) working with 
chopped plant material, also determined three groups 
of fungi based on their cellulolytic activity. 

Malik (1970) has isolated eleven thermophilic fungi 
and the thermotolerant Aspergillus fumigatus from 
pasture land soil using soil enrichment and perfusion 
techniques (Malik and Eggins, 1969). Using the 
perfusion technique he has been able to determine 
patterns of colonisation, optimum pH values and 
cellulolytic activities of the isolated fungi on cellulose 
paper strips. Optimum pH values for the thermophilic 
cellulolytic fungi were found to be between 6 and 7 
when measured as the extent of the biodetcrioration of 
a cellulose strip by weight loss. The patterns of coloni
sation elucidated cellulolytic fungi as primary coloni
scrs followed by the "secondary sugar fungi" (Garrett, 
1963) such as Humico/a lanuginosa which are thought 
to utilise the simple sugars produced from the break
down of the cellulose (Chang, 1967). Cellulolytic 
activities were also found to be at their optima between 
pH 5 and 7. The work of Malik has provided much 
information on the growth parameters for the thermo
philic fungi, particularly the cellulolytic species, and 
this information may well be important in the con
sideration of animal waste biodegradation at thermo
philic temperatures. 

Cooke and Matsura (1969) isolated 212 species of 
mesophilic fungi and yeasts from a human waste 
stabilisation pond. They found that fungi and yeasts 
were abundant in number in the raw sewage, increasing 
in number as the waste was left. Most of the fungi 
and yeasts initiated from the surrounding soil and 
air. 

The presence of actinomycetes in farm wastes was 
first shown by Tsiklinsky (Cross, Walker and Gould; 
1968). She isolated a thermophilic actinomycete from 

97 

decaying straw and manure and named it Thermo
actinomyces vulgaris. Waksman, Umbreit and Cordon 
(1939) isolated a similar actinomycete and named it 
Micromonospora vulgaris. However, it is now known 
that these actinomycetes were both the same, being 
T. vulgaris and having the ability to withstand boiling 
and high temperatures by forming endospores very 
similar to the family Bacillaceae (Cross, Walker and 
Gould, 1968). Waksman et al. (1939) also isolated 
actinomycetes from horse manure and soils. Corbaz, 
Gregory and Lacey (1963) isolated eight species of 
actinomycetes at 40'C and 60'C from mouldy hay. 
The incidence of up to J09 spores per gram hay had 
previously been determined by Gregory and Lacey 
(1963). Fergus (1964) isolated eleven species of actino
mycetes from mushroom compost at its peak tempera
ture and followed this up (Fergus, 1969) by the deter
mination of the cellulolytic activity of thermophilic 
actinomycetes. He concluded by saying that the 
actinomycetes were much less capable of degrading 
cellulose than the thermophilic fungi. Williams (1966) 
considers the competitive ability of the actinomycetes. 
He states that they grow slower than fungi and do not 
reproduce as quickly as bacteria. However, their 
ability to produce antibiotics, to colonise complex 
compounds, and to penetrate difficult substrates such 
as wood using the combined characteristics of high 
cellulolytic enzyme production with much thinner 
hyphae gives them an advantage in natural substrates. 
Fergus (1967) also tested the thermodurability of 
thermophilic actinomycetes and found that their range 
of resistance at IOO'C in sucrose solution was from 
10 minutes (Pseudonocardia thermophila) to 4 hours 
(Thermoactinomyces vulgaris and Thermomonospora 
curvata). The resistance to dry heat at IOO'C was 
longer-6 hours for all species excepting F. thermo phi/a. 
This work is in agreement with Erikson (1955) who 
found that T. vulgaris could survive up to 4 hours at 
lOO'C. 

Malik (1970) isolated thermophilic actinomycetes 
from soil using the antifungal antibiotic pimafucin 
which was unaffected in its activity at 50'C. Penicillin 
and streptomycin were used as antibacterial antibiotics. 
When these antibiotics were incorporated into the 
isolation medium maximum isolations of actinomyce
tes were obtained as adverse competition from fast 
growing fungi and bacteria was eliminated. Four 
cellulolytic species were identified by the method of 
Cross and Maciver (1966) and their cellulolytic 
activity determined using the perfusion technique. 
Maximum percentage weight loss of the cellulose 
strip of 33% was obtained after four weeks. Thus, 
even in pure culture the activities of the thermophilic 
cellulolytic actinomycetes were relatively slow. 

The importance of actinomycetes in farm waste 
disposal, especially the thermophilic group, is shown 
by their range of occurrence and ability to utilise 
cellulose as a pure substrate and in the form of hay 
and straw. They have also been shown to be able to 
grow at higher temperatures and may be of use where 
temperatures of between 50'C and 60'C may be 
required for removal of pathogens. 
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Sie, Sobotka and Baker (1961) found that the 
factor determining thermophilism in bacteria could 
be transferred from thermophilic to mesophilic 
bacteria. When the mesophilic bacterium Bacillus 
sphaerius was added to fresh culture medium contain
ing the thermophilic spore-forming aerobic bacterium 
B. stearothermophilus the latter could transfer its 
thermophily, allowing B. sphaerius to grow at 55'C. 
It is thought that the transferred material is nucleo
protein. Work on anaerobic cellulose fermenting 
bacteria (McBee, 1948) showed that the products of 
fermentation were carbon dioxide, hydrogen, ethanol, 
formic acid, acetic acid, lactic acid, succinic acid and 
glycerol. Some hydrolysis of cellulose to cellobiose 
and glucose was also noted. Russian workers (Logi
nova, Golovacheva and Shcherbakov, 1966) have 
found that anaerobic thermophilic bacteria will break 
down cellulose to a greater extent when in a symbiotic 
relationship with aerobic thermophilic bacteria. It is 
thought that this enhancement is due to the produc
tion of vitamins, complex nitrogenous compounds 
and the removal of the products of fermentation of 
cellulose. 

The role of bacteria in the biodegradation of farm 
wastes is difficult to elucidate. Miiller (1964) believes 
that self-ignition of hay is caused by B. subtilis and 
B. stearothermophi/us. The odours from farm wastes 
(Stephens, 1971) are usually due to bacteria which are 
able to anaerobically reduce urea to ammonia and its 
amine derivatives, and proteins to hydrogen sulphide 
and thio alcohols. These bacteria are usually undesir
able and can be inhibited by aerobiosis. Another 
group of bacteria present will be the potential patho
gens such as those excreted in the faeces and those 
which find the waste a suitable environment. These 
are more difficult to control, although the use of 
antibiotics in feedstuffs may reduce their numbers. 
The third group of bacteria which are found in farm 
wastes are those which are able to decompose the 
waste plant material which forms the bulk of the 
farm waste. These will be present in the environment 
and on straw and bedding. McCoy (1966) working 
with bovine manure from a lagoon found a significant 
number of pectolytic and cellulolytic bacteria, but a 
predominance of proteolytic, nitrate reducing and 
lactic acid producing bacteria. All her counts were 
based on the Most Probable Number technique 
carried out at 30'C aerobically and anaerobically. 

The bacterium Cel/ulomonas isolated by Han and 
Srinivasan (1968) has been used in the production of 
protein from waste bagasse (Callihan and Dunlap, 
1969). The process has reached plant scale and an 
economic evaluation of the process has shown it to 
be a viable proposition. Newman (1959) reported the 
isolation of a thermophilic cellulolytic bacterium from 
composting refuse; and Stutzenberger, Kaufman and 
Lossin (1970) determined the cellulolytic activity of 
the indigenous flora in municipal waste composting. 
They isolated Aspergillus fumigatus, Thermoactino
myces sp. and Bacillus sp. The actinomycete isolated 
was shown to be active on cellulose agar at 60'C. 
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The incidence of pathogens in animal wastes is of 
considerable importance when consideration is made 
of treatment and disposal methods. If the treatments 
lead to the production of a feedstuff then pathogens 
must be removed at an early stage. Composting has 
been found to effectively inhibit growth of pathogens 
(Jalal, 1969) but it is likely that the spore formers will 
be able to survive the maximum temperature recorded. 
It is fortunate, however, that spore forming bacteria 
are only found in the Bacillaceae. This group consists 
of two genera Bacillus and Clostridium, both capable 
of a wide variety of diseases in man. When considering 
the precautions necessary for the production of a 
feedstuff it is important that control measures regard
ing the output of pathogens is restricted to prevention 
of normal enteric pathogens which may cause, not 
a fatal or near fatal reaction in the animal to which 
they are given, but will be transferred to humans via 
the meat they eat. Outbreaks of animal diseases which 
can be diagnosed are controllable at the animal level 
with total destruction of the wastes. The transferrance 
of enteric bacteria to humans from food has received 
much attention (Bower, 1970) since the introduction of 
antibiotics in animal feeds in 1953 (HMSO 1969) for 
use as fattening enhancement agents (Braude, Towns
end, Harrington and Powell, 1962), and disease 
controlling factors. Strains of antibiotic resistant 
organisms have developed in the animals, and these 
have been transferred to humans where they are able 
to transfer their resistance to susceptible bacteria 
(Williams Smith, 1969) thus making the use of normal 
doses of antibiotics ineffective. The Swann Report 
(HMSO, 1969) condemned the use of antibiotics for 
this reason and suggested that control methods be 
instituted. 

The role that the three main groups of thermophilic 
micro-organisms-fungi, bacteria and actinomycetes
play in the breakdown of a variety of substrates shows 
that the possibility of their controlled use in the 
treatment of animal wastes is desirable. Some species 
of the thermophilic fungi, in particular, have been 
shown to degrade cellulose very quickly. The advant
ages of a thermophilic stage are many; the removal of 
pathogens has been shown to occur between 50'C and 
60'C and the number of species of micro•organisms 
able to grow is drastically reduced, making the process 
controllable from an ecological viewpoint. The need 
for a mesophilic and thermophilic stage which norm
ally occurs in natural composts has not been elucidated, 
but it has certainly been found that composting is 
speeded up by using a continuous thermophilic stage. 
Certainly vant Hoff's law that the rate of a reaction 
approximately doubles or trebles for every lO'C rise 
up to its optimum may be important in considering 
the economics of a mesophilic and thermophilic stage. 
The populations of thermophilic organisms need to 
be considered if the breakdown is to be efficient. The 
presence of primary sugar fungi and cellulose decom
posers is a necessity for a complete breakdown. The 
addition of inocula has been considered by Golueke, 
Card and McGanhay (1954). They tested the effects 
of the addition of fresh material, horse manure, 
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bacteria and soil on the temperature, increase in ash 
and decrease in carbon in a municipal refuse compost. 
The inocula additions made no difference to these 
parameters and it was suggested that an adequate 
bacterial population was already present in the 
compost. 

The effect of antibiotics and copper compounds as 
fattening agents has been found to have not only an 
adverse effect on the resistance of pathogens but also 
on the organisms which naturally degrade the waste. 
Robinson, Draper and Gelman (1971) have found 
that 500 parts per million (ppm) of copper in aerated 
pig urine will inhibit all microbial breakdown of 
soluble nitrogen compounds. They have found that 
pig wastes can contain up to 750 ppm copper. The 
effects of antibiotics will probably parallel this observa
tion. It is thus important that for fast and efficient 
treatment of farm animal wastes antibiotic and copper 
contents should be kept to a non-toxic level. 

It seems clear from the above review that much 
more needs to be done to elucidate the role of fungi, 
actinomycetes and bacteria in the biodegradation of 
farm wastes. Assumptions from work done on munici
pal composting and sewage treatment, as well as with 
just plant material composts carry very little validity 
when applied to farm wastes, particularly those of 
animal origin. Municipal refuse with its high paper 
content of up to 54% (Higginson, 1965) is of a different 
composition from farm waste. This is true also of 
straw and plant material composts of an artificial 
composition. However, techniques and guidelines in 
research provided by these studies may be used to 
reveal colonisation patterns, biochemical activities, and 
processes which will combine the results from these 
studies to enable us to actively biodegrade animal 
wastes and remove an ever increasing pollution 
problem. 
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WEED DAMAGE TO MATERIALS AND STRUCTURES1 

G. G. Fisher 

Summary. The requirement and characteristics of herbaceous 
higher plants as biodeteriogens are briefly outlined and the 
ways in which damage can be caused by weeds is discussed. 

Les dommages occasionnes parIes mauvai.ses hcrbes aux materinux 
et aux structures. Un apercu court des caracteristiques neces
saires dans les plantes herbacees superieures pour les rendre 
biodeteri ogenes, et une description des manit~res par Iesquelles 
Jes mauvaises herbes peuvent occasionner les dommages. 

Weeds cause most damage by competing with food 
crops or as the enemy of the gardener. They do this by 
taking space and light, by depleting the soil of water 
and nutrients, or as hosts for plant pests and diseases. 
Elsewhere the same plant species may exist in harmony 
with other vegetation and so are no longer classed as 
weeds; in fact they may be cherished as valuable parts 
of the natural environment. 

Apart from their competition or association with 
other plant life, weeds can adversely effect our econo
my when they grow on roads, railways, on industrial 
sites or in water. They may be directly responsible for 
damage to materials and structures, but more often 
give predisposing conditions for deterioration by 
other organisms. 

Requirements 

Herbaceous plants have requirements which define 
and limit their capacity to cause damage. Once out of 
the seed or resting stage they must have a rooting 
medium containing sufficient water and nutrients, and 
light and space in which to develop. Their growth is 
seasonal and they are suceptible to climatic extremes. 
If for any reason the stand of weeds is reduced re
growth may start immediately, but always takes many 
months and sometimes years to build up to the former 
proportions. At the same time any check to growth 
will act selectively on the species present causing a 
shift in species content when growth returns. 

Mobility 

On the other hand, as befits the higher plants, they 
display variety and ingenuity in obtaining essential 
requirements. In the resting stages as seeds or special
ised vegetative parts they have the ability to traverse 
great distances, often aided by animals or by man and 
his transport systems. 

In the dominant growing stages they are confined 
by roots but may achieve local mobility above and 
below ground in pursuit of requirements. For penetra-

Unkrautschiiden an :Materialien und Gebiiudcn. Die Eigenschaften 
von krautartigen hOheren Pflanzen und Voraussetzungen fUr 
ihre ZerstOrungstiitigkeit werden kurz umrissen, und MOglich
keiten besprochen, wie Schiiden durch Unkraut entstehen 
kOnncn. 

Daiios hechose por las mnlas nicrbas a las mntcrias y a las 
estructuras. Se indican en breve los requerimientos y los rasgos 
caracteristicos de las plantas herbciceas mas evolucionadas 
como biodeteriogenes. y se discuten las maneras de las que se 
pueden ocasionar daf.10s. 

ting obstacles below ground the growing point may 
be tough and sharp as in couch grass (Agropyron 
repens), where the cuticle of the growing plant has a 
high silica content, enabling it to penetrate materials 
such as timber, soft rock, or even each other. Quite 
different mechanisms seem to be involved where 
plants with relatively soft growing points such as 
dandelion (Taraxacum officina/e), field bindweed 
(Convolvulus arvensis), or Polygonum cuspidatum are 
able to push their way through asphalt or brickwork. 
Weeds may use climbing stems in search of light and 
sunshine, or creeping stolons to traverse barren areas, 
and will put down adventitious roots where a more 
favourable medium has been found. 

Consideration of this local mobility of plants makes 
it clear that they can draw sustenance at a point well 
removed from where the damaging effect occurs. 

Type of Damage 

Physical and visual obstruction 

The mere presence of weeds can cause physical and 
visual obstruction in a number of ways. On railways 
they make track inspections more difficult, obstruct 
signals and points, and in yards make working condi
tions difficult and dangerous. On highways they block 
drains, overgrow kerbs, reduce visibility on bends and 
make painting and other maintenance of fences and 
crash barriers much more difficult. In drains and water 
courses they retard the water flow and cause silting, 
and are a prime cause of extensive cleaning pro
grammes. 

Mechanical penetration 

Weeds are adapted to the penetration of compact 
soil or even rock and use this to good advantage when 
they find themselves held back by artificial surfaces 
such as asphalt. Underground rootstocks of dandelion 
(Taraxacum ojficinale ), and other Compositae remaining 
after construction will send shoots directly to the 
surface through the asphalt making the broken 
surface a starting point for further frost and mechani-

!Paper presented to the one day Symposium on "Biodeterioration:- The Role of Higher Organisms", held at the 
University of Aston in Birmingham on Friday, 25th February 1972. 
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cal damage. Many miles of rural footpaths are evi
dence of this plus the effects of other species which 
spread laterally underground, drawing sustenance 
from soil beneath the adjoining verge, but appearing 
above ground through the paved surface. Bindweed 
(Convolvulus arvensis), and grasses like Agropyra 
repens and Poa pratensis are common examples of 
this. Such weeds will find and exploit a surface weak
ness such as the expansion joints left between concrete. 
The foliage of such weeds provides a trap for wind
blown soil and seeds making the deterioration accumu
lative. 

Combustion 

I am not aware of any measured weights of herbage 
produced by weeds on waste land, however by compari
son with figures for agricultural grassland, which 
range up to 6 tons of dry matter per acre annually, 
production of about 5,000 lbs. per acre on waste land 
may be estimated. Much of this accumulates from year 
to year especially under acid conditions. When dry 
the dead foliage and fibrous surface mat provide a 
serious fire hazard around stores of oil, gas, timber, 
ammunition and other inflammable or explosive 
materials. 

Micro-climate 

Probably the chief role that weeds play in bio
deterioration is in producing a local envirionment in 
which materials will readily corrode and rot. They do 
so by affecting components of the micro-climate, 
mainly light, radiation, temperature, humidity and 
wind. 

Obviously, light is reduced and plant cover will 
reduce the surface albedo compared with bare soils, 
and more so with most other surfaces. At ground 
level the diurnal fluctuation of temperature is reduced 
either due to retention of heat by the plant cover, or 
by direct addition of heat to the air space amongst the 
plants by means of radiation absorbed by leaves, 
stalks etc. In dense stands at ground level the day 
time temperatures (Germany) may be 3 degrees 
Centigrade lower than one metre above ground, 
reversing the temperature gradient over bare soil. 
Relatively high temperatures occur one to two milli
meters above most surfaces. 

Weeds have marked effect on humidity. They retard 
the removal of water vapour given off by the soil, but 
more important is the continual transpiration by 
living plants. Stocker in a grass meadow in Germany 
noted relative humidity readings of 96 per cent, 78 
per cent and 57 per cent at heights above the ground of 
2, 13 and 100 ems. This stratification of humidity as 
a whole remains constant, with a considerable current 
of water vapour passing upwards from the ground 
which increases with the density of plant cover. The 
relative humidity along with the current of water 
vapour increases with the density of plant cover at 
least in temperate climates. 
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Further work by Stocker showed that under storm 
conditions over Calluna heath at 180 em. above 
ground the wind speed was 9.3 metres per second; at 
50 em. in the tops of the highest Calluna branches the 
speed was 3. 7 metres per second; at the tops of the 
lower branches it was 1.4 metres per second, and only 
I metre per second at 10 em. above the soil. In fact 
it is concluded that most weedy plants are never 
subjected to winds higher than I metre per second, 
and normally not more than 0.1 metres per second. 

The conditions of still humid air enhance corrsion 
of metals and rotting of timber. 

Increase of soil moisture 

Weeds can radically alter the physical conditions of 
the surface in which they are growing. Apart from 
mechanical disturbance and gradual fouling with 
organic material, there is an increase in water content. 
Railway tracks are particularly prone to damage in 
this way where the increased water content due to 
weeds will reduce the load bearing capacity of the 
ballast, and in cold weather cause frost heave and 
track distortion. 

Shelter 

Unrestricted weed growth provides shelter for 
harmful insects and rodents in addition to micro
organisms. 

Untidiness 

Weeds around buildings and industrial sites are 
untidy and convey an impression of inefficiency. As 
such they are bad for public relations. 

The extent of weed damage 

No figures are available on the amount of damage 
caused by weeds but it is estimated that some 2! 
million pounds are spent annually on controlling 
terrestrial weeds, mainly with herbicides. The full 
value of damage, to include corrosion, rotting, fire, 
accidents and impaired working conditions could be 
many times this figure. In addition there is over 
one million pounds spent annually on controlling 
aquatic weeds mainly by River Boards, Drainage 
Boards and by British Waterways. (U.K. figures). 

Fortunately there are now improved means of 
controlling weeds which are acceptable in most 
situations. Herbicides predominate with continued 
development of new chemicals and application 
techniques. Mechanical methods are mainly limited 
to cutting off stems, must be repeated at frequent 
intervals, and never eliminate the problem, although 
they may keep it within acceptable bounds and can 
serve other purposes such as a pleasing appearance 
or protection from surface erosion. 
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Figure 2 Weed growth through an asphalt 
pathway only 6 weeks after resurfacing. 
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Figure 1 Weed growth between paving 
stones on a footpath. 

Figure 3 Weed growth on a railway 
line. The area to the right of the 
wooden sleeper has been treated 

with herbicide 3 weeks previously. 
The area to the left is untreated. 

(Photographs by 
Chipman Chemical Co. Ltd.) 
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A COMPARISON BETWEEN CELLULOLYTIC BACTERIA OF THE 
TERMITES COPTOTERMES FORMOSANUS SHIRAKI AND 

RETICULITERMES VIRGINICUS (BANKS.) 
R. Mannesmann 1 

Summary. Comparative microbiological tests were made to 
evaluate some aspects of the physiological background of 
C. formosanus which invaded southern parts of the United 
States. Four different media were used to cultivate cellulolytic 
hindgut bacteria of both tennite species. Bacteria grew better 
in all media under aerobic conditions. The difference in cellulose 
decay was slightly, but significantly higher in bacteria cultures 
of C. formosanus than of R. virginicus. Bacterial attack of 
cellulose is one part of the total cellulose decay in the hindgut 
of both termite species. 

Une comparaison entre lcs bacterics cellulolytiques des tennites 
Coptotermes formosanus Shiraki ct Reticultermes virginicus 
(Banks). An moyen des cssais comparatifs microbiologiques, 
on evaluait quelques aspects du fond physiologique de C. 
formosanus qui a envahi des rCgions m6ridionales des Etats 
Unis. On employait 4 milieus diffCrents d'arrii::re-bovau de 
toutes les deux especes de termites. Dans tous les milieus, les 
bactCries croissaient d'une fa9on plus forte sous des conditions 
aCrobiques. La difference observee dans Ia pourriture de Ia 
cellulose Ctait un peu, mais notamment, plus haute dans lcs 
cultures des bactCries de C. formosanus que dans celles de 
R. virgi'nicus. L'attaque bactc!:rialc de Ia cellulose forme une 
partie de Ia decomposition totale de Ia cellulose dans I 'arriere
boyau de toutes les deux espCces de tennites. 

Introduction 

Several attempts to evaluate the ability of termite 
bacteria to degrade cellulose have been made. The 
results are quite controversial. Depending on many 
factors, such as termite species, methods of isolation, 
and testing, both cellulolytic and noncellulolytic 
activity of hindgut-bacteria has been found (Beckwith 
and Rose, 1929; Hungate, 1946; Mannesmann, 1969; 
Misra and Ranganathan, 1954; Ritter, 1955; Trager, 
1934). It should be pointed out that in many termite 
species the symbiotic protozoa are the main cellulose 
fermenters. However, there are indications that 
bacteria in some species of the genus Reticulitermes 
are able to produce cellulases (Mannesmann, 1969; 
Ritter, 1955; Tetrault and Weis, 1937). As yet, this has 
not been shown with the bacteria living in the aliment
ary tract of the Formosan termite. 

Since 1965, Coptotermes formosanus has invaded 
areas in Louisiana, Texas, and other parts of the United 
States. The question of why this species causes more 
damage than the native subterranean termite led to an 
evaluation of certain physiological and ecological 
characteristics of this invader (Mannesmann, 1972; 
Smythe and Carter, 1970). 

The purpose of this study was to cultivate the hind
gut bacteria of both termites and to compare qualita
tively the cellulolytic activity by feeding pure filter paper. 

Ein Vergleich zwischen cellulolytischen Bakterien der Tenniten 
Coptolermes formosanus Shiraki und Reticulitermes virginicus 
(Banks). Vergleichende mikrobiologische Vcrsuche wurden 
zur Kl1irung einiger physiologischer Fragen in bczug auf C. 
formosanus durchgefUhrt, einer Art, die sich im siidlichen Teil 
der USA verbreitet hat. Vier verschiedene Medien wurdcn zur 
Kultivierung ceilulolytischer Dannbakterien beider Termitcn
Arten benutzt. Die Bakterien wuchsen in allen Medien besscr 
unter aerobcn Bcdingungen. Der Unterschied in der Cellulose
Zersetzung war gering, doch deutlich hOher bei den Bakterien
kulturen von C. formosanus als von R. virginicus. Bakterieller 
Angriff von Cellulose ist ein Teil der gesamten Cellulose-Zerset· 
rung im Enddarm bcidcr Termitcn-Arten. 

Una comparaci6n entre los bactcrios ccluloliticos de los termites 
Copto/ermes formosanus Shiraki y Reticulitermes virginicus 
(Banks). Pruebas comparativas microbioiOgicas se hicieron para 
evaluar algunos aspectos de fondo fisiol6gico de C. formosanus 
que invadi6 unas partes meridionales de los Estados Unidos. 
Se emplearon cuatro medias distintos para cultivar bacterios 
celuloliticos de intestine trasero de ambos especies de termites. 
Los bacterios crecieron mejor en todos los medics bajo condi
ciones aer6bicas. La diferencia en el descaccimicnto celuloso 
era un poco mlis alta, pero de manera significativa, en las 
culturas de bacterios de C. formosanus que en las de R. 
virginicus. El ataque los bacterios celulosos forma parte del 
descaecimiento celuloso total en el intestino trasero de ambos 
especies de tormites. 

Investigation of gut content. 

The hindgut-paunch of workers of both termite 
species are inhabited by a variety of different organisms 
of which the protozoa are most well known. Protozoa, 
spirochaetes and several kinds of bacteria can be 
observed, but it is difficult to identify fungal spores. 
Within this group, we find bacteria living both intra
cellular (within protozoa) and free in the gut"fluid. 
While the free-living bacteria are easy to recognize 
under a microscope, intracellular living bacteria can 
be examined only after osmotic or mechanical 
disintegration of the protozoa body itself. These 
bacteria are very small (0.2 to 0.5fL dia.) and mostly 
coccus-shaped (e.g. in Trichonympha agi/is from 
R. virginicus). 

Four different kinds of free living bacteria species 
in R. virginicus have identified as follows: 

a) short rods in single forms (sometimes as twin 
forms), motile, gram positive and negative (lfL by 
5fL); 

b) short comma-shaped rods in single forms, motile, 
gram negative (lfL by 5fL); 

c) very small comma-shaped rods, motile, gram 
negative (0.5-lfL by 2-3fL); 

!Texas Forest Products Laboratory, P.O.B. 310, Lufkin, Texas 75901, U.S.A. Present address: 61 Darmstadt, 
Nieder-Ramstiidterstr. 152, Germany. (Copy first received April 1972, final version received September 1972). 
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d) cocci in single forms, gram positive (few negative), 
(0.51'- to 11'-)· 

Other types of bacteria may live in this termite gut, 
however, none were found (Ritter, 1955). 

The bacteria in C.formosanus were generally smaller 
than those of R. virginicus. Four or five different kinds 
of free-living forms were identified: 

a) rods, immobile (IlL by 4-6!'-), gram negative 

b) short rods, motile (If' by 2-31"), gram negative 

c) very small comma-shaped rods, motile (0.51'- by 
1-21'-), gram negative 

d) very small cocci (0.51'- dia.), gram positive 

e) cocci (21' to 31' dia.), gram negative. 

It is possible that kinds a) and b) are similar. There may 
also be additional types of short rods (positive gram 
stain in a few cases). 

Materials and Methods 

C. formosanus were obtained from a swamp area 
near Lake Charles, Louisiana. Large colonies have 
been kept in aluminium containers at the Texas Forest 
Products Laboratory since June, 1971. R. virginicus 
were obtained from pine logs in a forest area in Lufkin, 
Texas. In all tests individuals of the workers' caste 
were used. 

Bacteria cultures were made with four different 
liquid media as cited below: 

I) -BR-: K2HP04, lg; Mg S04, lg; Na2 C03, lg; 
(NH4)2 S04, 2g; Ca C03, 2g; Redistil
led water, IL (Beckwith and Rose, 
1929; Mannesmann, 1969) 

2) -BA-: Mg S04, 0.5g; KCI, 0.5g; Fe S04, 0.5g; 
(NH4h H P04, 2.5g; trace of yeast
extract; Redistilled water, IL (Mannes
mann, 1969) 

3) -TB-: NaNH. H P04 · 4H20, 2g; KH2 P04, 
lg; MgS04 · 7H20, 0.3g; Ca Cl2, O.lg; 
Ca C03, 20.0g; Peptone, 5.0g; Re
distilled water, IL (Siu, 1951) 

4) -CG-: (NH4)2 H P04, 2.5g; Mg S04 · 7 H20, 
0.5g; Fe S04 · 7 H20, O.Olg; Ca Cl2, 
0.02g; Mn S04 · 4 H20, O.OO!g; KCI, 
0.5g; Redistilled water, IL (Siu, 1951). 

Five by 1 em strips of filter paper (Whatrnan No. 42) 
were used as the cellulose source. They were placed in 
30 ml test-tubes with 10 ml of salt solution. The tubes 
were then sterilized in an autoclave for 45 minutes at 
125'C. 

One of the major problems in culturing hindgut
bacteria of termites is the sterilization of the hosts' 
body surface. Thus far, many techniques have been 
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used (Arndt, 1967; Beckwith and Rose, 1929; Mannes
mann, 1969; Ritter, 1955; and others). Our method 
consisted of the following combination of different 
surface sterilizations: 

Living insects were: I. submerged in I %Hg Ci2 
solution for 3-5 minutes, 

2. washed in iodide-solution for 10-15 
seconds, 

3. washed in 50% ethanol solution for 
I 0-15 seconds, 

4. rinsed in a sterilized culture"solution. 

Immediately after this procedure, the guts were re
moved in an inoculation chamber by using tweezers. 
Next they were opened on a sterilized slide and washed 
quickly into a culture-tube. When needed, 1.5 to 2 em 
of sterilized paraffin-oil on top of the salt solution 
provided anaerobic conditions. Even though Farrel 
and Rose (1967) have found that large numbers of 
microorganisms grow and reproduce at temperatures 
far below their optima, our cultures were exposed to 
the host's optimum feeding temperature: 

R. virginicus 27'C. 

C. formosanus 30'C. 

A few C.formosanus cultures were placed at R. virgini
cus, optimum temperature and vice versa. No mechani
cal shakers were used. 

Each of all combinations of the variables (termite 
species, salt solutions, anaerobic/aerobic condition) 
was replicated 5 times. Three controls each were made 
from all variables of: 

a) salt solution with cellulose and without termite gut 
contents-aerobic 

b) salt solution with cellulose and without termite gut 
contents-anaerobic 

c) salt solution without cellulose but with gut contents 
-aerobic 

d) salt solution without cellulose but with gut contents 
-anaerobic. 

Therefore, in each test series, 152 test tubes were pre
pared. 

Visual inspection of both cultures and controls were 
made weekly by checking the filterpaper and solution 
with a low-powered microscope. Two weeks after 
inoculation, sub-cultures were made of those cultures 
which showed a definite presence of bacteria and 
cellulose attack. The subcultures were maintained at 
the previously described conditions. Periodically during 
the 10 week test period, gram stains of different selec
ted cultures and microscopic inspections were made. 
After the ten weeks, all tubes were opened and the 
contents were checked as follows: 
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I. pH of solution Results 

2. shape and grade of attack on the cellulose source The final results are summarized in Tables 1-4. A 
legend (p.l08) explains the abbreviations used in the 
tables. Inoculating the entire termite hindgut allows 
all organisms living in it to multiply, provided that the 
media and other environmental conditions are suitable. 
Although the four solutions were specialized for 
cellulose decomposing bacteria, the results were differ
ent for each solution. 

3. gram stain 

4. morphological characteristics of the living bacterial 
forms 

5. primary location of the bacteria mass 

6. fungus infection in culture. 

TABLE 1-Results of Bacteria Growth in Culture Medium BR. 

R. virginicus C. formosanus 

aerobic anaerobic obic aer anaerboic 

No of cultures infected 5 5 5 5 

B 
A 

Kind of bacteria sr, sr, sr, sr/r, sr/c sr, sr, sr, sr, sr/c -s r- -sr-

c Grade of growth -++- -a:)- - co- -a:)-

T 
E Location of bacteria c/s, c/s, c/s, c, c, 
R 

-<;fs- Is--<; _,,,_ 
I Gram stain -negative- -negative- -ne gative- -negative-
A 

Spores - -
Cellulose decay 1, 1/2, 2, 3/4, 4 0/1, 1, 1, 1/2, 2 - 3- -2/3-

No. of cultures infected 4 0 0 0 
F 
u Gmde of growth -++- -
N 
G Location of mycelium -<;- - -<;-

I 
Spores - - -yes?-

Culture medium 
pH before/after test 8.5/6.5 8.5/6.5-7 8.5 /6.5 8.5/6.5-7 

TALBE 2-Results of Bacteria Growth in Culture Medium BA. 

R. virginicus C. formosanus 

aerobic anaerobic obic aer anaerobic 

No. of cultures infected 5 5 5 5 

B Kind of bacteria -sr- sr, sr, sr/c, sr{c, sr/c sr, sr, sr, sr/c, sr/c sr, sr, sr, sr/c, c 
A 
c Grade of growth -++/a:J- -++/a:J- - a:J- -a:J-
T 
E Location of bacteria -<;fs 
R 

- -"Is-
_,, s- -<;fs-

I Gram stain -negative-
A 

-negative- -ne gative- -negative-

Spores - -
Cellulose decay 1, I, 1/2, 2, 3 -1/2-- 1, 1/2, 1/2, 2/3, 3 -1/2--

F No. of cultures infected 0 1 2 0 
u 
N Grade of growth - + + 
G 
I Location of mycelium - s s 

Spores - - -yes ?-

Culture medium 
pH before/after test 7/6.5 7/6.5-7 7/ 6.5 1/6.5 
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TABLE 3--Results of Bacteria Growth in Culture Medium TB. 

R. virginicus C. formosanus 
aerobic anaerobic aerobic anaerobic 

No. of cultures infected 5 5 5 5 
B 
A Kind of bacteria -srfc- sr, sr, sr, sr/c, sr/c r/sr/ki/c, r/sr/ki/c, -sr/kr/c-
c 
T 

sr/c, sr/c, r/c 

E Grade of growth -00- -co- -co- -co-
R 
I Location of bacteria -<;/s-
A 

-<;/s- -;;fs- _,,,_ 
Gram stain -negative- -negative- -negative- -negative-

Spores 

Cellulose decay -I- -I- I, 1/2, 1/2, l/2, 4 -1/2-

No. of cultures infected 2 I? 
F 
u Grade of growth -+- + + 
N 
G Location of mycelium t, t c ? 
I 

Spores -yes?-

Culture medium 
pH before/after test 7.3/7.5-8 7.3/7.3 7.3/8 7.3/7.3 

TABLE 4-Results of Bacteria Growth in Culture Medium CG. 

R. virginicus C. formosamts 

aerobic anaerobic aerobic anaerobic 

No. of cultures infected 5 5 5 5 

B Kind of bacteria -sr- -sr- sr, sr/kr, sr/kr, -sr-
A sr/kr, sr/c 
c 
T Grade of growth +!++,+!++,++leo +. +. +. ++. 00 ++, ++. ++. 00,00 ++. ++. ++. ++. 
E ++/co, ++/oo co 
R 
I Location of bacteria -<;- -<;- _,,,_ -<;/s-
A 

Gram stain negative (I cult. +/co) negative negative negative 

Spores - - - -
Cellulose decay I, I, 1/2, 1/2, 2 0/1,/01, 0/1, 0/1, 1/2 -2/3- I, 1/2 1/2, 2, 2/3 

No. of cultures infected 0 
F 
u Gmde of growth -
N 
G Location of mycelium -
I 

Spores -

Culture medium 
p H before/after test 7.8/6.5-7 

In all the solutions, hindgut bacteria grew. They 
were predominately short rod forms (Fig. 1), similar 
in size to those forms found in the guts of Reticulitermes 
and Coptotermes. It is possible that the longer rods 
and the comma-shaped rods are the same. Coccus
shaped forms also grew frequently in the solution 
(Fig. 1). In almost all cases, gram stains found in 
the gut inspections were negative (see also Ritter, 

2 0 0 

-+- - -
-c- - -
- - -

7.8/6.5 7.8/6.5 7.8/6.5 
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1955). Neither spores of bacteria nor spores of fungi 
were visible. However, in four cases (once in BR/C. 
formosanusfanaerobic, twice in BA/C. formosanusf 
aerobic, and once in TB/C. formosanusfanaerboic) 
fungus spores may have been present. The placing of 
test-tubes with bacteria from C. formosanus in 26' 
C. and from R. virginicus in 30'C. did not significantly 
affect the cultures' growth. 
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Legend for Tables t-4 

Kind of bacteria: 

sr 

kr 

c 

rods 

short rods 

comma shaped rods 

cocci 

Location of bacteria mass : c primarily between cellulose fibers 

s primarily in solution 

Location of mycelium c primarily between cellulose fibers 

primarily in solution 

Growth rate of bacteria / 
mycelium 

Rate of cellulose decay: 

on culture surface 

slight 

moderate 

cc heavy 

0 no decay 

slight (edge attacked, paper swollen) 

2 moderate (paper in layers all edges attacked partial ly dispersed) 

3 heavy (filter paper without strength) 

4 failure (filter paper totally dispersed) 

Figure I. Short rods and cocci of Reticulitermes 
virginicus. Anaerobic in-vitro culture. 

Protozoa and spirochaetes were not able to multiply 
in al l culture media. Consequently, bacteria and 
fungi were responsible for cellulose decay. 

The controls showed different results. Jn very few 
samples did controls without gut inoculations become 
infected during the ten weeks. H owever, in controls 
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with gut-inoculations and no cellulose bacteria and 
fungi grew in the following tubes: 

fungi 

aerobic: 

( l of BA ICoptotermes 
~ 2 of BR/Coptotermes 
l 2 of TB/Coptotermes 

{

all of TB/Coptotermes 
and Reticulitermes 

bacteria 3 of BR/ Reticulitermes 
l ot BA /Coptotermes 
l of BA/ Reticuliterme.1· 

anaerobic : 

None 

I of TB/Coplotermes 

I of TB/Reticulitermes 

It should be noted that very small numbers of bacteria 
were present. Also, the mycelium of fungi in aerobic 
controls was found only in small balls on the guts. 
Furthermore, infections in controls occurred only 
within the last two weeks of the teo week period. 
However, it showed that solution TB was not only 
successful in allowing the growth of cellulase-producing 
bacteria, but also a variety of other microorganisms. 
It indicates that isolation of cellu lolytic bacteria is not 
possible in this solution . 

Cellulose decay was found in almost all cultures. 
Most aerobic cultures showed higher decay-rates than 
anaerobic cultures. Fungus infections in BR/R. 
virginicusfaerobic and BA/ C.formosanusfaerobic might 
have reinforced the decay rate caused by the cellulo
lytic bacteria. In microscopic inspections of the 
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cellu lo~c source, several ob ervat ion~ wen: made; loo e 
and i olated cellule e fibers from the surface and 
around the edges of the paper strips were observed. 
The fibers were split intl) smal l units (Fig. 2) and 
ma:-.scs or bacteria were located primarily between 
the fibers. Simi lar results were found wrth bacteria of 
R. santonensis (Mannc\man n, 1969). ln many ca:.es, 
the paper :.trip lo~t it -; ~t rength and folded up on the 
bottom of the test tube. Some of the strips were 
a lmost completely di per::.ed rnto i ~o lated tiber and 
fiber egments. 

Figure 2. Bacteria o f CopuHermes ,(ormusanu.1· he
tween deteriorated ~::ellulose fiber:, of filter-paper . 
Aerobic in-1•irro culture. 

An i ncrea~e 111 metabolic end-produ<.:t s from cellu
lose decay was indicated by the change in solution~. 
pH . Except in TB. a ~ignilkant drop in pH occurred. 
The pH increase in rB (Table 3) cannot be explained. 
Howe,·er. accordrng to Hungate ( 1944), Shcherbakov 
(J96g). Siu (1951) and others. it can be concluded that 
the p H decrea e in the other so lution ~ was induced 
basically by low molecular fatty acids such as acetic 
and propionic acrd. These compounds together with 
H~ and C02 are formed by enzymat ic decompmrtion 
of cellulose in the termite hindgut (J lungate, 1938; 
Noirot and Noirot-Timothee. 1967. 1969 ; Kovoor. 
1966). 

Jn each salt solution, there was a difference between 
the cellul olytic act ivi ty of bacteria from each termite 
species. On the average. all bacteria cultures of C. 
formosanus were more active in cellula ~c-product i on 
than those of R. virginirus. Also, the rate of reprod uc
ti on (growth or culture) was generally higher in 
bacteria cultures from C. lormo.mnus. However. the 
di!Terencc in cellulolytic activi ty. as well as in growth 
rate. was not highly :.ignill~::ant. 

Although it ha:. been repon ed (H ungatc, 1944; 
Tet rault and Wcis. 1937 and others) that termite 
bacteria arc !.trictly anaerobr t·, our tests did not 
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ubstan uate this. Bacteria of both termites grew be~t 
under aerobic conditiom. Srmrlar resu lts were found 
wrth bacteria of Nawtitrrmes nigriceps (Ha ldemann). 
N. peruanus (Holmgren) and Reliculitermes santonensi.1· 
(Feytaud) (.\IIanne mann. 1969). Thr · indicates that 
not all termite hindgut bacteria which attack ccllulo ·e 
prefer anaerobic condrtron . However. ba<.:teria of the 
same type gn:w under aerobic and anaerobic contl i
tions proving tha t they are not neccs arily obligate 
aerobic organism . The aforementioned dill'ercnces 
between cu ltures in the four solutions were srgnificant. 
For example. the growth rate of the culture after 
inoculation was different. Shortly after inoculation 
large arnounh of bacteria were found in Tll. CG. and 
UR whrlc grov. th in 13A was limited. Al:.t>. there was 
a slight difference in the forms of bacteria multiplying 
in each :.oluuon. However. thi:. driTercnce was not 
related to the termite specie:.. 

l"hc sub-cultures. which were made from 16 original 
culture (5 repli~::as or each), showed almo t the same 
result a~ the original cu ltu re:.. After the same time 
periotl. cellulose decay was oh<,crved and the same 
bat:tcria forms were found in the tube:.. The rate of 
cellulose decay. a~ well as the rate of bacterra repro
duction, was gcncrally lower than in the origr nal 
inoculations. It is possible that the absence of t:ertain 
gut-fluid ~ompounds cau!>cd thi · red uction. 

Discussion 

Dickman (193 1). Hungate (1944 ) and others have 
previously di~cusscd the problem of i'olating cellulose
degrading bacteria. Although our result. arc by no 
means com plete. they <;how. even wt thout pure 
bacteria cul tures. that the bacteria living in the 
termite hrndgut may ta ke part in cellulose degradation. 
This upports the earlier work from lla ldacci and 
Verona ( 1940). Beckwith and Rose (1929). Tetrault 
and Hurwitz (1 937). f'etrault and Weis (1 937). as well 
as later resu l t~ from Mannesmann ( 1969). Misra and 
Ranganathan ( 1954). RillL:r (1955) and others. In 
Prerantoni's (1951 ) opinion, there i~ 110 doubt that 
:-.ome kinds of term ite hindgut bacteria play an active 
role in the decomposition of ccllulol)c. Furthermore, 
it can be w ncluded that at least some of these bacteria 
arc typically cellulolyt rc and not p:.cudoccllulolytic 
(Wood. 1969). 

It must be pointed out that Honigbcrg t 1970) by 
citing several findings of Cleveland, Trager and other:. 
negated the cellulolytic role of termrtc bacteria. A:. 
yet, there is till act ive discus ion wncerning thc,e 
controver al results. The possibility remains that there 
may be a wider variety in cellulose decomposition by 
tcrmllcs than previou ly thought. 

In relation to the objective of our tests, two question:-. 
ari e: 

I. 1-; the light diiTcrcncc in bacteria-activi ty between 
R. l'irf:inicus and C. formosanus cultures significant 
enough to eAplain the higher damage rate of C..formo
samt.\ ( \1anncsmann and Weldon. 1971) ? 
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2. In general, does the decomposition of cellulose by 
termite bacteria play an important role? 

The low decay rate of the cellulose source in our 
ten week tests might answer the last question. How
ever, it should be remembered that the amount of 
cellulose in a given filter paper strip is quite high in 
comparison to the amount of cellulose in a termite gut. 
Also, according to Siu (1951) cellulolytic bacteria 
have more difficulty attacking filter paper than other 
cellulose products. This explains that even under a 
higher growth rate of bacteria in an in-vitro culture 
the grade of cellulose attack is more extensive than 
it appears. The decrease of the solutions pH after 
ten week also indicates this. 

Infections of fungi in some cultures may have 
re-inforced the cellulose attack. This, indeed, must have 
been the case in at least two or three cultures {TB/C. 
formosanusfaerobic; BRfR. virginicusfaerobic). In 
general, these fungal infections illustrate the conflicting 
problem between an extended test period and the 
high chance of unwanted infections. However, even 
under more sterile conditions, it would be difficult to 
prevent the growth of fungi present in a termite hindgut 
when it is placed in a culture medium. The controls 
demonstrated that nearly all of the infections found 
were caused in this manner. 

A comparison of R. virginicus and C. Jormosanus 
cultures points out the possibility that at least one or 
two bacteria forms (short rods and cocci) are common 
to both termite species. Furthermore, the short rods, 
which were the most numerous in nearly all cultures, 
seem to be the main cellulase producers. This, however, 
and the question of whether the other hindgut bacteria 
(cocci, long rods, etc.) are cellulolytic or pseudocellu
lolyticcan be evaluated only with pure in-vitro cultures. 

Although it is obvious that the Formosan termite 
must have a higher cellulose metabolism than the 
subterranean termite (Mannesmann and Weldon, 
1971; Mannesmann, 1972; Smythe and Carter, 1970), 
the activity of the hindgut bacteria gives only a partial 
explanation. The slightly higher decay of cellulose by 
in-vitro culture of C. formosanus bacteria may be one 
reason for the higher damage rate of this termite. 
Our results need to be supported by an evaluation of 
the cellulolytic activity of the hindgut-protozoa 
and by performing further bacterial studies using 
cellulose sources other than filter paper. 
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PRELIMINARY STAGES IN THE DEVELOPMENT OF A PROCESS 
FOR THE MICROBIAL UPGRADING OF WASTE PAPER 

T. G. Barnes', H. 0. W. Eggins' and E. L. Smith2 

Summary. A process of solid substrate fermentation for the 
microbial upgrading of waste paper by a thermophilic fungus is 
described. The effects of the moisture content of the substrate 
on fungal growth in this process are assessed. 

Lcs iitages prtliminaires dans le dCveloppcment d'un procCdC pour 
Ia conversiOn micr6biale du papier de rebut. On decrit un 
precede de fermentation du substrate solide, pour Ia conversion 
microbiale du papier de rebut, par l'emploi d'un mycose 
thermophilique. Evaluation des cffets produits sur Ja croissance 
fongueuse en ce precede, a cause du contenu de moiteur dans 
Je substrate. 

Introduction 

For the past thirty-years the paper content of 
refuse in this country has increased steadily until it 
now constitutes 50% of the total weight of refuse in 
the larger cities. (Porteous 1971) During the next ten 
years it has been forecast that the paper content of 
refuse could increase by as much as 30 %- (Dept. of 
the Environment 1971). This situation coupled with 
the prolonged slump in the British waste paper re
utilisation industry (Anonymous 1972) has meant 
that substantial quantities of a potentially valuable 
raw material are available for any project capable of 
utilising it. 

There is now general agreement that the world's 
most serious nutritional problem is a deficiency of 
protein, (Gray et a] 1966, Scrimshaw 1969, Snyder 
1970 and Han et a! 1971), there being theoretically at 
least sufficient resources of fats and carbohydrates to 
meet demand. Cellulose is the most abundant of all 
the naturally occurring organic compounds, (Han et 
al 1971) and significant quantities of it in the form of 
waste paper are removed from the relevant cycles in 
nature by incineration instead of being more con
structively utilised to alleviate a deficiency of protein. 

Previous attempts have been made to ferment 
cellulosic substrates but these have usually involved 
expensive and complex steps of hydrolysis and 
neutralisation before the actual fermentation could 
take place, and this is probably why such processes 
have failed to establish themselves in an open economy 
(Dunlap and Clayton 1969). This study reports an 
alternative approach involving solid substrate fermen
tation of paper by a thermophilic fungns to produce 
an easily digestible, proteinaceous and vitamin 

Vorliiulige Stufen in der Entwicklung eincs Prozcsscs fUr die 
mikrobiele Bekehrung von Abfallpapier. Ein Prozess von solider 
Substratgtirung filr die mikrobiele Bckchrung von Abfallpapier, 
indem man einen warmeliebenden Pilz gebraucht, wird bcschrie
ben. Die Wirkungen der Feuchtigkeitsinhalt des Substrats auf 
Pilzwuchs in diesem Prozess werden geschli.tzt. 

Etapas preliminarcs en el desarrollo de un procedimiento para 
Ia comersiOn microbica del papel de dcsecho. Se describe un 
procedimiento de fennentaci6n del substrate s61ido para la 
conversiOn micr6bica del papel de desecho por medio de un 
bongo termofilico. Se evahian los efectos en este procedimiento 
del contenido de humedad del substrate en el crecimiento de 
los bongos. 

enriched animal feed stuff. The fermentation relies on 
the ecological competitiveness of a heavy starting 
inoculum to suppress any undesired contaminants; 
conditions of absolute sterility are not required. 

This method is analagous to that used in the Indo
nesian processes for soya-bean or ground nut press 
cake fermentations in the production of tempeh and 
ontjom. Further advances with this type of process 
were made at the Tropical Products Institute by 
Stanton and Wallbridge (1969) in the fermentation of 
cassava. 

Materials 

In the initial stages of the project it became apparent 
that a standard form of waste paper would be needed 
for the consistency required by all experimental 
purposes. Newsprint was chosen as that standard for 
the reasons stated below. 

In Britain and the U.S.A. there is little demand for 
waste newsprint by the waste paper industries. At the 
present time manufacturers prefer to use virgin pulp 
of which there is currently a surplus (Hanlon 1971). 

Newsprint is available from several different 
sources, for example, undistributed and recollected 
newspapers. Previous recycling programmes have 
shown that it is the form of paper which is most 
easily kept apart from refuse and for local authorities 
it is easy to collect separately. 

Newsprint consists of ground and pulped softwoods 
having essentially the same composition as woods of 
this type, i.e. 40-50% cellulose, 15-35% lignin and 
25-35% hemi-celluloses (Wenzl 1970). It is therefore 

1 Biodeterioration Information Centre, Department of Biological Sciences, University of Aston in Birmingham, 
80 Coleshill Street, Birmingham, England, B4 7PF. 

2Department of Chemical Engineering, University of Aston in Birmingham, Gosta Green, Birmingham, England, 
B4 7ET. 
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free from additives and fillers commonly as ociated 
with higher qual ity papers and which could possibly 
prove to be toxic to livestock e.g. barium and cadmium 
sulphatcs and :z inc and titanium pigments. 

Printed newsprint has an ink content of less than 
I 0 , of it's total weight (Din ius and Oltjen 1971). 
The in k usually consists of a mixture of mineral oil 
86%, carbon-black 13 / 0 and toners I ~u (Casey 1960 
and Askew 1969). A resin may also be present in 
~ma ll quantities as a wetting agent for the mineral oi l. 

Feeding trial have already been carri~.:d out using 
new print in substantial amounts in the diets of beef 
and dairy catt le. These trials have show n that the 
newsprint is non-toxic and nutritious. not adversley 

affecting the yields of beef or milk respectively 
(Dinius and Oltjen 1971. Anonymous 1971). 

For all experimental purposes ink-free newsprint 
of a consistent chemical composition was used. 

Process 

With a process of solid substrate fermentation it is 
desirable to expose the maximum possible surface 
area of the substrate to microbial attack. On the 
laboratory scale this condition i achieved by shred
ding, pulping (in a Wanng Blendor). drying and 
finally grinding dry (in the coffee grinding attachment 
of a an ordinary domestic grinder). This procedure 

11 3 

has the effect of breaking down the pap~.:r int o a 
woolly fibrous mass as illustrated in Fig. I . 

After the newsprint has been prepared in this 
manner it is pastuerised at toocc for 24 hours after 
which time the appropriate nutrients and inm:ulum 
are mixed into it. The resultant mixtu re is incubated 
at 48°C in a small Lray fermenter (capacity 30gms dry 
weight) which consists of a small aluminium tray 
with a false bottom of stainless steel to give increased 
aera tion. Fig. 2. 

The nutrients are the same as those used by Eggin~ 
and Pugh (1962) for their cellulose agar. The concen
tration of the nutrients and resultant volume of the 
solution are calculated to give a suitable C:N ratio 

CLASS COVER 

Figure 1. 

F ibrous mass 

of paper before 

addition of 

nutrients and 

inoculum. 

FERMF.NTl NG PAP 

ALUM!NlL'M TRIIY PERFORATED STAINLESS STEEL 

Figure 2. A tray fermenter. 
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(in this case 20: I was found to give good growth) and 
moisture content for the quantity of newsprint used. 
The pH of the nutrients was adjusted to 5.6-5.8. 

The organism used in this process is a variety of the 
thermophilic fungus Sporotrichum thermophile. Inocula 
are prepared by taking the mycelium from 7-10 day 
old cultures grown on YPSS agar (Cooney and 
Emmerson 1964) and breaking it up in the nutrient 
solution in a 'Waring Blendor'. This gives an inoculum 
with a large number of growing points. The level of 
inoculation used is at the present time an arbitrary 
one. 

Experimental work 

Using the small tray fermenter the effect of the 
moisture content of the substrate on the fermentation 
has been studied. 

The increase of fungal mycelium in the newsprint 
during the fermentation was quantitatively estimated 
by determining the nitrogen content with the method 
ofmicro-Kjeldahl. The residual nitrogeneous nutrients 
were removed by washing with distilled water, the 
newsprint then being dried to constant weight. 

The percentage of protein present in the total dry 
weight was estimated on the basis of N(Kjeldahl 
nitrogen) x 6.25 (constant for nitrogen content of 
proteins). 

Results 

The results showing the effect of the initial moisture 
content of the newsprint on the growth of Sporotrichum 
thermophile are presented in Fig. 3. Each point on the 
graph represents the mean of the results obtained 
from three separate fermentation trays. 

X PROTEIN 
7.0 

5.0 

4.0 

3.0 

2.0 

1.0 

D--0 400t MOISTURE CONTENT 

a-a 35ot 

X~ 300X. 

11-A 2501. 

DAYS OF INCUBATION 

Figure 3. Effect of moisture content of the substrate. 
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In all cases very little growth occnred during the 
first two days, none being visibly detectable. 

I 
At 4 days growth was clearly visible in all the 

fermentations with a moisture content of 300% or 
more. Growth was still not visible in the fermentation 
with a moisture content of 250 %, the protein content 
only increasing marginally during this period. 

! 

Mter 4 days the protein content of the fermentation 
with moisture contents of 300 and 350% continued 
to increase reaching their maximum level at 6 days. 
The maximum protein content was in fact 6.5% of 
the total dry weight and was achieved in the fermen
tation with a moisture content of 300%. 

During the same period of time i.e. between 4-6 
days the protein content of the newsprint with a 
moisture content of 400%. only showed a slight 
increase. 

In all cases maximum growth based on protein 
content was· attained after 6 days and decreased 
gradually from this point onwards. The dense growth 
of fungal mycelium which was typical at 6 days in 
fermentation with moisture contents of 300% is 
illustrated in Fig. 4. 

Control fermentations which were set up without 
inoculation gave nitrogen contents identical with 
those from unfermented newsprint showing that all 
the nitrogeneous nutrients were removed by washing. 

Conclusions 

With the process outlined above it has been possible 
to upgrade newsprint increasing the protein content 
from 0 to 6.5% of the total dry weight in 6 days. · 
Weight losses from the newsprint of 25-30% were 
typical at the end of this period. 

The optimum moisture content for the growth of 
Sporotrichum thermophile in the tray system on the 
scale previously outlined is between 300 and 350% 
(measured on a dry weight basis). 

Discussion 

The results of this study indicate the importance of 
the effect of moisture content on the physical form 
of the substrate and hence the fermentation process 
itself. When materials similar to paper are used in this 
type of fermentation their moisture content could 
prove to be one of the most critical factors affecting 
aerobic growth. 

Adding the nutrient solution to the fibrous mass of 
newsprint caused it to form small spherical particles 
which if the volume of solution used was correct, had 
sufficient interstitial air spaces between them to allow 
good aerobic growth. When an excess of the solution 
was used then the particles formed tended to adhere 
to one another, effectively closing these interstitial 
air spaces and resulting in conditions of anaerobiosis. 



Preliminary stages in the development of a process for the microbial upgrading of waste paper. 
T. G. Barnes, H . 0 . W. Eggins and E. L. Smith . 

Therefore if good aerobic growt h is to be obta ined 
with this method only a limited amou nt of water can 
be u~ed in which to di~sol vc the required nutnent~. 
This give., n~c to a nutrient solution which is much 
more concent rated than those used in submerged 
fermentation . Such concentrated olutions are neces
sary in thi ~ procc s of solH..I sub~trate fermentati on to 
give the appropriate balances of nut rient!> e.g. C :N. 
The effect of such nutrient solutions on the growt h 
of Sporolrichum thermophile are not yet known. 

The confinement or Infection. a characteri-,t ic l)f 
olid ubstrate wa noted by Meyrath (1965) as o ne 

of the advantages of this type of fermentation . Thi~ 
charaderi tic el iminate~ the need for absolute ... tt:riltty 
in the fe rmentation which relics instead on the hca\ y 
sta rting inoculum and the thermophilic temperature 
of 48-50 C to suppres<; the growth of contami nants. 

The re ult<; so far obtained show promi e for the 
fulllre. Ne~ sprint. a form of paper which because of 
its high lrgnin content is resistant to mi<.;ro bial attad. 
ha. been succc~~fully upgraded to a proteinaceous and 
a lmo t certainly vitamin enriched feedstuff. ew print 
and other forms of waste paper have attracted a tten
tion a. feedstuffs in their own right. (Dinius and 
Oltjen. 1971. Anderson 1970 and Anonymous 1971 ). 
A process which could make these materials more 
palatable, digestible and nutrit ious should have " 
valid contribution in the development of animal 
feedstu ffs in the future. 

li S 

Figure 4. 

Growth of 

Sporotrichum 

thermophile on 

newsprint after 

6 days of 

incubation at 

48 c. 

Feeding tria ls have yet to be undertaken ~ ith the 
product obtained from the fermentation of newsprint 
by Sporotrichum tlu!mwphile. A fced~tuO' produ<Xc.J 
from straw upgraded by another !>pecres of the thermo
philic fu ngi has however proved non-toxic and nutri
tious (Bery 1972). These finding are supported by the 
re ults ach1eved with a process developed in Germany 
\\ hrch util ises the activities of the thermophilic fungi 
f'or the 'moulding' of fodder (Cooney and Emmerson 
1964). This 'moulding' proces ha~ the effect of 
producing a feed that is better utili~cd and yicld!
largt.:r ;~nc.J healthier antmals than the controls which 
were fed on the norma I fodder. 

The yield of protein and hence the breakdow n of 
paper :.houl<.l be improved when the cfTct.:ts of tempera
turt.:. hum idrty. pH, rate of aeration. level of inot.:ula
tton. composi tion and co ncentration of nutrie nts and 
agitation are better known , Using a small scale 
laboratory fermenter where the:.e encct:, arc better 
under:.tood Chaetomium thermophile rar dissitum 
grown on a suspen!>mn of ballmilkd newsprint ha~ 
given ytdd~ or 20u u crudt.: protein in le~s than 24 
hours (Barnc!> and Eggins 1972). Thee results hO\\ 
that pccic of the thermophilic fungi by virture of 
their rapid growth rate cou ld have a ~igntllcant 
contribution in the upgrading of cellu losic wastes. 
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ing test. Their Microbiology Sec
tion can also offer an evaluation 
service for fungicides. 

Test instruments available from 
the Paint R.A. include a Porosity 
Meter for determining the perme
ability of wood and other materials 
and fungal and algal test cabinets. 

contamination in a variety of 
industrial systems, including cutt
ing oil emulsions, emulsion paints, 
paper coating baths and adhesives. 

and non•ionic formulations called 
Infrafresh-N and Infrafresh-N2 
respectively. As well as textiles 
the product can be used to protect 
a wide a variety of products against 
fungal and bacterial attack, includ
ing lubricants, cutting oils, paints, 
rubber, plastics, leather, timber 
and concrete. 

Further details may be obtained 
from Paint Research Association, 
Waldegrave Road, Teddington,Mid
dlesex, England, TWll 8LD. Tele
phone 01-977 4427. 

Glokill77 
Glokill 77 is a non surface active 

biocide for controlling microbial 

Glokill 77 is a mixture of linear 
and cyclic hydroxyalkylamines and 
is now being manufactured in 
bulk in the United Kingdom by 
Glovers (Chemicals), Wortley Low 
Mills, Whitehall Road, Leeds. 

Infra fresh 

A new antimicrobial product of 
low mammalian toxicity is now 
available for the protection of 
textiles. It is available in cationic 
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Further information can be 
obtained from Europa Chemical 
Co., 55-65 Whitfield Street, London, 
England, WlA 2BX. Telephone 
01-580 8755. Telex. 25894. 
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