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ABSTRACT 

The dcology of fungi on birch (Bet#ula sp.) and Scots pine (Plnus 
c.2.nce 

srlvestris L.) vas studied. Techniques for obtaining isolates in the field 

from the surface and known depths of the posts were developed. Fungal 

colonization on the surface and at 5,.25 and 45 mm depths of the posts in 

relation to time of exposure was described and a number of factors relating 

to the establishment of Basidiomycetes were discussed. The pattern of 

fungal succession was postulated for three zones, (a) at ground line, (b) 

18 inches above ground line, and (c) six inches below the top of the post. 

Interactions between certain fungi isolated during this study were 

testedl  by inoculating the test fungi (Trichoderma viride, Botryodiplodia sp, 

and Polystictus versicolor) in birch and Scots pine blocks in succession in 

different sequences. It was found that the sapstain fungus Botryodiplodia  

sp. was able to overcome the inhibitory effect of Trichoderma viride in the 

establishment of Polystictus versicolor. Interactions between several 

other fungi were tested in malt agar Medium and their possible role in 

fungal succession was discussed. 

In the soft—rot ability test certain fungi isolated from the posts 

were found to produce soft—rot cavities in hardwood but did not produce 

cavities in soft-wood. Chaetomium globosum a soft—rot fungus when 

subcultured several times in Abrams medium with Whatmans cellulose powder 

before testing for soft—rot ability was found to produce different types of 

degrade of cell wall in Scots pine and several types of cavities in birch. 
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SECTION I 

Seasonal distribution and Succession of fungi on  

birch and Scots pine fence posts  

Introduction  

The project was undertaken to study the distribution and variation 

of fungi colonizing birch and Scots pine posts at different regionsof the 

post, and to investigate the pattern of succession leading to the 

establishment of decay fungi inside the wood. Vriona interactions between 

fungi were encountered during their isolation, and a few of these were 

examined in the laboratory. An attempt has been made to correlate their 

effect on the general pattern of distribution and succession. In the course 

of these studies observations were made on the possible impact of the 

seasonal variation of air borne spores on the wood surface flora. 

Information available on the distribution and succession of fungi 

on debarked wood especially from the surface to the inside is severely 

lacking. The little that is known on the subject is based on isolations 

from the sub—surface layer, and this may include only those fungi which 

have survived the first phase of succession, namely active competition 

in the surface flora and have then entered the second phase by penetration 

inside the wood. The present work suggests that the surface colonizers 

may have an important role in wood decay. It may be that the surface 

colonizers have a significance and that the sequence of succession and the 

colonization of decay fungi inside the wood is determined by the competition, 

interaction and synergism between the fungi' colonizing the surface of the 

wood. 

Several schemes of fungal succession on different substrates have 

been postulated in the last thirty years and some of these are discussed 

in the following pages. The colonization and succession will no doubt 

differ in different wood substrates and in different environments, yet it 

would be worthwhile comparing the present results with the existing knowledge 

on the subject. 
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Several early workers have isolated fungi from the wood by removing 

periodically a number of stakes or posts to the laboratory, assuming that 

the fungal succession followed the same pattern in subsequent samples. In 

this experiment this has been avoided as far as possible and the series of 

periodic isolations have been made from a number of posts with the minimum 

disturbance of the environment and the process of succession in progress. 

The sampling technique developed was only partially destructive, and made 

it possible to keep the posts undisturbed in the ground and yet enabled 

samples to be taken periodically from both the surface layers and in depth. 

As will be discussed ,  later there are clearly a number of problems 

to be overcome, such as air-borne contamination at the time of making the 

inoculations and the opening up of the inside of the post to chance 

infection in the bore hole which could seriously affect the results of 

subsequent samplings. Evidence will be presented to show that neither of 

'these theoretical sources of error are at all serious if proper precautions 

arOaken. 



Literature Survey. 

The ecology of fungi has received considerable attention in the 

last few decades. Some of the early workers laid stress on the study of 

distribution of fungi related to the habitat, season or plant communities. 

The subject has been reviewed by Cooke (1948 & 1953).. The published 

literature on the colonization and succession of fungi mainly associated 

with wood as a substrate is briefly discussed here. 

In a survey of interaction between fungi D'Aeth (1939) has pointed 

out that "successional diseases may occur on the living host through the 

action of one fungus in developing a subetrate which is more favourable for 

a second fungus, a process comparable to the successive metabolic stages 

of decay under natural conditions". A year later Findlay (1940) recorded a 

sequence of species at various stages in decay in logs after felling. In 
he 

birch loga/oited that the min-decay fungi such as Bispora sp• and 

Lasidsphaera api and the Hymenomytete Stereum purpureum were the pioneer 

invaders and these were followed by other wood-rotting Hymenomycetes. In 

coniferous wood sap-staining fungi appeared first and these were followed 

by wood rotting fungi. He concluded that the first organisms to appear were 

those which feed on sugar and starch, and were followed by true wood-

rotting fungi. If the log has been attacked by white-rot a single species 

could cause complete decomposition but if a brown-rot fungus had attacked 

the log then the thirty percent of the material which was left after decay 

would be decomposed by soil micro-organisms. In his paper he put forward 

some interesting questions as a guide to 	future workers on the subject, 

"How far succession is accidental and dependent merely on the intensity 

of spore infection of the different species and the rapidity with which 

they develop, and how far it is true succession conditioned by slowly 

changing chemical composition of the substratum are matters of interest". 

The succession of fungi on wood remained a neglected subject for 

a long period. The more intensive study on fungal succession started 

after the remark Cheaters (1949) made "Have we given enough thought to what 

goes on above the soil in relation to what we are striving to examine within 

the soil". 



Cheaters (1950) reported that Ascomycetes were the main primary 

and secondary colonizers on fallen logs and branches of birch and beech, 

but many Basidiomycetes especially Polystictus versicolor and Stereum hirsutum 

were also primary colonizers. The primary colonizers attacked the bark 

and surface layer of the wood. Once the primary phase of colonization was 

well advanced, succession depended on internal and external factors. He 

pointed out that after decortication the exposed wood could then be 

colonized by the original primary colonists of the bark which could continue 

to grow with secondary colonists of the bark along with a few other fungi 

which colonised the debarked wood directly. He noticed some peculiar 

associations between the colonizers in the secondary stages of colonization, 

and mentioned that a number of species of wood inhabiting fungi were 

associated with the sdecession of fungi on birch and beech logs. 

The most detailed study of succession of fungi on lignicolous 

substrates was made byMangenot (1952). He studied the decomposition of 

trunks of some hard woods and suggested the following stages of 

decomposition; 

1. Phellinus stage: which included a list of Basidiomycetes most 

of which were parasitic and same bark—inhabiting Ascomycetes. 

2. Phialophora fastigiata stage: in this stage the surface of the wood 

was invaded by "sugar fungi" which did not penetrate deeply into the wood. 

Cladosporiumharbarunwas one of the first fungi to appear on the surface. 

3. Melanomma stage: this included several Ascomycetes and Fungi 

Imperfeoti which colonized the wood where bark has been removed. 

4. Mortierella ramandana stage: This was the first stage of decomposition 

of wood which included Chaatomium, Ftsarium, Cylindrocarpon app. and two 

species of Mortierella. 

5. Leptoporus stage: This included some species of Basidiomycetel  

which were responsible for the decay. 

6. Mollisia stage: This phase included those fungi which colonized 

the trunk in advance stage of decay. 



7. 	Bisnoromyces stages 	This was the final phase of colonization 

and included the species of fungi which often developed on the remains 

of other fungi. 

The sequence of these stages depended on the presence and absence 

of stage 1., and the superficial humidity of the wood. 

Another succession pattern with similar trends was given by 

Meredith (1959)  1960) on freshly cut pine stumps. He found that several 

Basidiomycetes and Ceratocystis spp.)  were the primary colonizers and 

these were followed by several other agarics and polypores. Eggrik and 

Rennerfelt (1957) also claimed that the primary colonizers were Basidiomycetes 

along with several species of Fungi Imperfecti. They mentioned that the 

number of non-Basidiomycetes increased with the age of spruce and pine 

stumps. 

A similar but more extended sequence of succession has been pointed 

out by Findlay (1966). The sap-staining moulds and Badidiomyeetes are ihe 

pioneer colonizers and these are followed by cellulose and lignin decomp- 

osing fungi and finally succeeded by Lycoperdon pyreforme and Myxomycetes 

capable of living on partially decomposed cell wall and on residues of 

earlier colonizers. He has also mentioned that "it is often a matter 

of chance which fungus succeeded in establishing itself first in a stump 

and this may determine the subsequent succession of fungi that colonise 

it. The survival of the infection would depend on its tolerance to the 

seasonal variation of moisture content". 

Basidiomycetes have not been found as the primary colonizer 

on logs and branches in many of the recent works. Etheridge (1961) found 

working with dead aspen branches that the primary invaders were bacteria 

followed by non-decay fungi and then by decay fungi. In the succession 

of fungi on felled beech logs Ueyama (196) reported that the sap-stain 

fungus Oeratocystisi maailiforme  was the early colonizer. This was followed 

by Appergillus  app.)  Penicillium app.)  and Trichoderma app. and then the 

logs were colonized by wood-rotting fungi. A similar finding has been 



recorded by Shigo (1962) on cut ends of hard wood bolts but the species 

of fungi involved were different. On unpeeled pulpwood logs of birch and 

aspen Rennin/goon (1967b, 1967c) found that the fungi' with low wood—

destroying activity were the early invaders and severe wood—destroyers 

appeared much later. A number of non—Basidiomycetes and bacteria were 

found to have invaded the stored logs in addition to decay fungi. He also 

mentioned that almost all decay fungi isolated were white rot fungi. 

More recently Maloy and Robinson (1968) suggested that the 

bacteria were the initial colonizers followed by Fkingi Imperfeeti which 

probably invade in some order of succession. Basidioriycetes either 

followed Fungi Imperfecti and bacteria or appeared concurrently in fir. 

Good, Basham and Kadzielawa (1968) from their study of the decay process 

in maple also reported that the initial invasion was by Fungi Imperfecti 

and bacteria and not Basidiomycetes. 

Several interesting papers have been published by Oarretton the 

sequence of micro—organisms in plant root diseases and in the utilization 

of plant debris. Garrett(1950) pointed out that the root parasites were the 

primary colonizers and with the progressive lowering of host resistance 

the active colonisation of the parasite in the host tissues might be 

shortened by the extensive invasion of secondary micro—organisms. A 

similar pattern of succession has been recorded by Plshibeth(1950) in 

pine roots in which Fames annosus is replaced by Trichoderma viride and 

Peniophora giganteas  

On injured, moribund and dead tissues Garrett(1951 Et 1956) suggested 

that the saprophytic "sugar fungi" representing some members of Phycomycetes 

were the pioneer colonizers but were the first to disappear during 

decomposition. Rapid germination and growth were the reasons for their 

success as pioneer colonizers. However, the sequence of colonization by 

micro—organisms on a substrate must be determined by the nature of the 

substrate and by the micro—habitat (Garrett 1955). The question Garrett 

(1955) raised that "the colonies of fungi developing on the isolation 



plate may have come either from the currently active mycelium or from 

resting bodies produced by fungi active during an earlier stage of this 

succession" poses a complicated problem. This can probably be evaded 

if the emphasis is mainly laid on the total number of fungi involved in the 

succession and the sequence with which they appear on the substrate. 

However, the period for which the primary colonizers persist in an active 

state may have some significance in determining the succession and therefore 

should not be neglected though it may not be possible to trace this period 

experimentally. 

A very generalized pattern of fungal succession on dead plant tissue 

within or upon the soil was proposed by Garrett(1965). He postulated that 

the primary saprophytic "sugar fungi" appear in the first stage of decay 

followed by the cellulose decomposers and associated secondary saprophytic 

"sugar fungi". Finally the lignin decomposers and associated fungi colonise 

the substrate. The present resulth presented on the succession of fungi 

on fence posts will be discussed later on the lines of Garrett's propubed 

scheme. 
of 

It would be worthwhile to mention some of the investigations/the 

succession of fungi in discoloration and decay in wood of living trees and 

trees killed by various agents. Good a: Nelson (1962) found a large number 

of fungi associated with Pones Windom in decay of living poplar. They 

concluded that wood in which F, igniazius grows has in moat cases, already 

been colonized by other organisms. These primary colonizers included a 

number of moulds, sap-stain and soft-rot fungi which were thought of as 

saprophytes rather than as initial invaders of living woody tissues. Shigo 

(1965) made similar observations in several living hardwood trees. He 
that 

found,/several bacteria, Ascomycetes and Fungi tmperfecti which were 

associated with discoloration were the first to invade the wood of living 

trees. "Hymenomyeetes did not always follow these organisms, but these 

organisms always preceded the invasion by Bymenomycetes". Shigo (1969) 

recently pointed out that the bacteria and non-decay fungi are the first 

organisms to inhabit the injured tissues of the tree, which are followed by 



decay fungi in the formation of cankers. That sap stain fungi preceded 

invasion by Baeidiomycetes was also reported by Basham (1957, 1958, 1959) 

in trees killed by fire or spruce bud worms. In jack pine Basham (1966) 

found that non—decay fungi preceded Peniophora pseudo—pini and Fomes pini, 

and with increasing host age P. pseudo—pini was progressively replaced 

by other fungi notably Pones pini. 

Some interesting work has been done on the succession of fungi 

on herbaceous stems. Webster (1956, 1957) and Hudson and Webster (1958) 

found different courses of succession on the three upper and the three 

lower internodes of grasses. In dicotyledonous herbaceous shootsYadav 

(1960) recorded that the upper internodes of the shootswere colonized 
the 

first and/lower internodes were colonized subsequently. 

The distribution and succession of fungi in debarked timber has 

received far less attention especially fol. timber in contact with soil. The 

fungal succession on wood block); submerged in the sea has been discussed 

by Jones (1963). He found that Fungi Inperfecti were the early colonizers 

in 	submerged wood and these were followed by Ascomycetes. He and others 

have published several papers on the distribution of marine fungi in wood. 

Corbett and Levy (1963) were probably the first to study in detail the 

distribution and succession of fungi on untreated and debarked wood in 

contact with soil. This work was briefly mentioned earlier by Levy (1962) 

and he suggested that the moulds and other fungi growing on the surface are 

important precursors in the initiation of decay. They based their results 

on the periodic isolation of fungi from fence posts of birch and Scots pine 

at a depth of 5 MC6 from the surface. The distribution of fungi on the 

posts situated in three different environments was compared and a pattern 

of succession was postulated. They recorded that moulds such as 

Trichoderma viride, Penicillium app. and Botrytis sp., were the early 

colonizers which were followed by several soft—rot fungi belonging to the 

Sphaeropsidales. Sore of the species of Moeiliales such as Fusarium spp., 

Gliocladiopsis sp,, Cylindrocarpon sp., Memnoniellc sp, and Streptomyces sp., 

appeared later in the succession following the soft—rot fungi. The decay— 



fungi Ouch as Coprinus and unidentified species of Basidiomycetes were 

late colonizers and were isolated from the centre of birch posts after 

about 18 months exposure. 

A similar pattern of succession of moulds — soft—rot — decay 

fungi has been described on pine stakes by Merrill and French (1966). 

Fusarium solani, T. viride, Aspernillus ustus and Penicillium spp., which 

accounted for 92 per cent of all isolates were the early colonizers. They 

recorded that soft—rot was visible in sections of the wood with polarized 

light after 6 weeks exposure and after 10 weeks small pockets of brown—

rot were visible. 

The distribution of fungi throughout the sub—surface zones of birch 

and Scots pine was described by Greaves (1966). He divided the post into 

nine zones (three above the ground line and six below the ground line); and 

isolated fungi from 5 mm. below the surface from each of the nine zones. 

Some of these fungi were tested for their cellulolytic and lignolytic 

activity and also for soft—rot ability. 

The succession of fungi on pine and spruce poles in contact with 

soil was studied by Kaarik (1967, 1968). He found that in six months 

the posts were colonised by a large number of Asconycetes and Fungi 

Imperfecti and attacked by different Basidionycetes in localised patches. 

There was no change in the next six winter months. After 18 months the 

non—basidiomycetes fungi on the posts were different from those which had 

colonized earlier and Basidiomycetes e.g. Peniophora xigantea,, 

Polyporus 120Pialie and Stereum sanguinolentum occurred in high frequency 

in some poles, and was distributed over large areas of the pole. 

An investigation in the succession of fungi on untreated stakes of 

Pima radiate was carried out by Butcher (1968a, 1968b). He isolated fungi 

from just beneath the surface of the wood from several zones at regular 

intervals. In above—ground zones the succession did not advance further 

than the mould stage. At the ground line Fusariun spp. and Eaicoccum nigrum 

were the primary colonizers followed by T. viride and a few other noulds. 
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Basidiomyeetes appeared after the stakes had been exposed for 3 months 

but were not encountered after nine months of exposure. Be also mentioned 

that white-rot fungi may precede brown-rot fungi. More recently Levy (1968) 

raised a new aspect of the problem in his statement that "clearly there is a 

complex of organisms present, and the indications are that the succession or 

the association of certain organisms nay either inhibit or stimulate decay". 

The ecology of fungi on treated wood has also received little 

attention. A number of fungi associated with treated timber were isolated 

by Greaves & Savory (1965) and the pattern of succession of fungi on 

treated wood was investigated by Butcher (1968a, 1968b). bap■awd Fuller 

(1969) isolated and identified several species of moulds, sap-stain and soft-

rot fungi from treated stakes from the Ivory Coast. The breakdown of 

preservatives by fungi has been investigated by several workers and 

relevant literature has been cited elsewhere, along with the literature on the 

interaction and antagonism between the fungi. (0./: Seeiions II add III) 

Recently the subject has been reviewed by Shigo (1967) and Hudson 

(1968). Shigo discussed the succession of organisms in discoloration 

and decay of wood, in living trees, trees killed by various agents, in 

pulp wood, and in wood products. Be suggested that bacteria and non-

hymenocycetes are the early colonizers and Basidiomycetes usually follow these 

organisms in decay. In conclusion he stated that "in nature many organisms 

are involved in the processes that begin with infection and end in total 

decomposition. Through an understanding of succession, the process perhaps 

can be regulated to suit our needs". 

Hudson (1968) published a review on succession of micro-fungi on 

plant remains above the soil surface. He compared the schemes postulated 

by Cheaters, Garrett,Mangenot: and others on succession of micro-organisms 

on lignicolous substrates. He suggested that the effect of competition 

and synergism must be considered in the further development of the ecology 

of fungi on plant remains above the soil. 

A few of those fungi isolated from the fence post were tested 

in the laboratory for their soft-rot ability. They were grouped into 
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soft-rot fungi on the basis of available lists of those organisms from 

the literature (Savory, 1954; Duncan, 1960; Duncan and rislyn, 1966; 

Greaves; 19660Gambetta & Orlandi, 1967; and liZsch & Liese, 1968.) 

From the authors cited there would appear to be conflict between 

those who claim that wood-rotting Basidiomycetes are primary colonisers 

and those who say that these organisms only occur after a succession of other 

fungi. If, however, one thinks in terms of the condition of the woody 

substrate at the tine of sampling this conflict can be resolved. Blebbeth 

& Garrettwere working on tree stumps and roots, Cheaters and others on 

felled logs and branches complete with bark, in the forest floor in an 

environment of active Basidiomycete soil flora. Shigo and others worked 

on living trees which had been infected from above ground. Corbett, and 

others were using clear, sound timbers erected in an environment which did 

not nedesSarily contain a large flora of active wood-decaying organisms; 

since the amount of woody material in the litter and upper layers of the 

soil was very much less than that likely to be found in a forest or 

woodland. As will be discussed later the fungi likely to be found on a wood 

substrate in each of these environments is likely to depend initially 

on either the local soil flora or on the organisms already present in the 

wood. 
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Material and Methods 

Initial test's were made to establish the isolation techniques to 

be used. Untreated Birch (Betula sp.) and Scots pine,(Pinus sylvestris*  L.) 

posts erected on the site in 1961 were used and a series of isolations 

were made over a period of five months to determine the effectiveness of the 

existing procedures, and make modifications where necessary; to decide 

the most useful isolation media; and to see how far it was possible to 

carry out this work on site so that the posts could be sampled without 

removing them from the field to the laboratory. This would have meant that 

the successive isolations would have had to be carried out on different 

posts rather than taking a series of isolations successively from the 

same post. It was also necessary to determine the maximum number of isolates 

that could be handled and processed at any one time and the minimum time 

that would be required between each sampling date. 

Asmah (1967) had shown that it was possible to make isolationsfram 

both the surface of a standing post and at various depths beneath the 

surface, but it was not known whether the chance contamination likely to 

occur as a result of opening petri dishes in the open air would be so great 

as to mask the fungal species likely to be isolated from the wood, nor 

was it known whether infection in the sampling bore holes would readily 

take place, and if this occurred whether the resulting fungal growth would 

seriously affect the results in succession from subsequent samplings. 

As a result of these initial tests a technique was evolved which 

made it possible to check the contamination from air-borne spores and at 

the same time keep the petri dishes used for isolating the fungi from the 

posts free from chance contamination to a remarkably high degree, certainly 

greater than with the other suppling techniques. 

New untreated half round stobs of birch and Scots pine with a top 

diameter of 5 inches, a len th of about 5 feet 6 inches and pointed at one 
-g,IAtim*nmasT.4.46.4&*,401F-- - 

end wereklriven vertically nto the soil to_ a dep h of approximately 
1;.. 

18 inches. These were erected in the fie d/at the fari1 site (described 

later) and set up in a row some six inches apart parallel to the original 
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raw of posts and some four feet from them. They were sampled at 

monthly intervalsfor over ten months. 

Field Site: The posts were set up at the farm site of the Imperial College 

Field Station, (Silwood Park, Sunninghill). The posts of birch and Scots 

pine were set up randomly in the row instead of placing the posts of the same 

species of wood together or arranging them alternatively. The soil in the 

farm site is usually wet. Grass surrounds the base of the posts to a 

depth varying from 3 inches to 2 feet (according to the season of the 

year) above ground level. These are exposed to the South-east, but are 

sheltered on the opposite side y rising ground covered with bracken and 

scrub which provides a wind break and some degree of shelter (Levy 1965, 

Corbett and Levy 1963). 

Sampling procedure: 

Each post was divided into three zones and samples were taken at 

four depths in each zone (Figi 104 

Each zone represents a particular environment in the post, based 

chiefly on the difference in the moisture content of the post at different 

points along its length (Corbett and Levy 1963, Levy 1965). 

Zone 1 comprised the top six inches of the post. Here the moisture 

content varied both from one season of the year to another and during a 

particular day. Rain or dew or frost would be deposited on the cut end 

surface and water would soak into the wood along the grain. In sunny 

weather this end grain would dry out rapidly and after repeated wettings 

and dryings checks and splits were observed - in this zone. Spores 

deposited either from the air-borne flora or by insects or birds undoubtedly 

penetrated these checks and splits, drawn in with the deposited water. It 

was therefore decided that a fair sample of this flora could be obtained 

by making isolations at about six inches from the top of the post. 

Zone II comprised the region between zone I and a point near the 

ground line where the surrounding vegetation night bring about an 

environment of high local humidity. Penetration of water across the grain 



EXTERNAL ENVIRONMENT 	ORGANISMS ISOLATED AND  
STATE OF DECAY 

Moulds, bluestain and soft rot fungi PENETRATION OF INCIDENT 
RAIN 

Rays picked out by bluestain 
fungi 

Surface growth of moulds 
in damp weather 

Stripping of surface layer by 
wasps on posts weathered 
to a grey colour 

Wood rotting fungi. Fruit bodes on 
surface,atgae sometimes present 

Moulds, bluestain and soft rot fungi 
and Basidiomycetes 
Greatest decay by fungi, wood very 
friable. Usual point of 	failure 
Surface decay by soft rot fungi 

No decay 

OIL URFAC 	Gr un 	vel) 

Absorption of water and salts 

EXPOSURE TO WEATHERING 

EVAPORATION OF WATER 

HIGH HUMIDITYI I I I II 
GRASS AND HERBACEOUS sk 

ISOLATIONS WERE MADE AT THE POINTS MARKED 1X2 and0 

Fig. I. Fence post, shutting ecological regions and type of decay. 

(Levy — 1968) 

Fig. 1B — From left to right, (a) Surface grinder 

(b) Calibrated grinder bit for sampling base 

of hole, (c) Calibrated twist drill for 
boring hole. 
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is known to be much less than that along the grain and since vertical surfaces 

only were present, there was a much smaller chance of lodgement of air— 

borne spores. This was borne out by the subsequent isolations which 

showed a markedly smaller fungal flora present in this region, particularly 

inside the post. The moisture content of this region was low due to the 

poor penetration of water across the grain of the wood and the rapid 

drying effect of the wind. Samples were taken at 18 inches above the soil 

level. 

Zone III comprised the region at the ground line and just below 

the surface of the soil. Here the moisture content was always high — the 

soil acting as •a constant reservoir of water which was readily picked up 

by the wood. In addition the surfacer of the post Was-  in direct contact 

with the soil flora which consisted not only of spores, but of actiVely' 

growing mycelium It is in this region of the post that the most active 

decay usually occurs— which will ultimately caade the post io fail by 

breaking off at the ground line or just below. 

Two newly installed posts, one each of birch and Scots pine were 

sampled each month for a period of ten months. The samples of wood particles 

were taken from the surface and at 5 mm, 25 mm and 45 mm depth at each 

zone and were inoculated in the field to four or five nutrient media in 

petri dishes. (Details of these techniques are given later). 

It was not possible to sample a post for more than three or four 

consecutive months (depending on the diameter of the post), therefore, when 

one post was fully sampled the subsequent samples were taken from another 
the 

post of/same species of wood (which was selected at random). Each zone 

was sampled successively at the same horizontal line leaving approximately 

inch gap between the sampling areae,in order to avoid sampling the area 

where the fungal flora might have been disturbed during the previous 

operation. (Care was taken not to touch the samprangarea which could 

very much alter the results). It was decided not to sample from above 

or below thepreviously sampled area especially at ground line because the 
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fungal flora might significantly differ at slightly above or below the 

ground line. Greaves (1966) and Butcher (1968a, 1968b, 19091 	have 

shown that the fungal flora on the post or stake may be significantly 

different, a few inches above the ground line, at the ground line and a 

few inches below the ground line. c.f. Figaawhich shawsthe infection 

of the ,post and the vertical and horizontal spread of that infection 

after 18 months. 

Three posts of each wood species were sampled during the experiment 

to study the succession of fungi and a fourth post was sampled every 

three months to study the variation in the fungal flora in two different 
the 

posts of/same wood species, sampled at the same time. In the results and 

discussion all the posts have been considered as a part of a unit, assuming 

that the succession of fungi have been initiated stmultaneously and proceeded 

in an identical pattern in each species of wood. 	This is the assumption 
11,12. 

that most wvrkers in this type of problem have made. (See Tableslifhpages74:0) 

During the time of sampling the open petri dishes with different 

media (the types used for inoculation) were placed on the top of other posts 

near the one which was being sampled, as freely exposed traps for collecting 
to 

the air—borne spores. These petri dishes are referreditn the text as 

control plates. All the control plates were changed every 15 minutes. A 

very large number of fungi, mostly belonging to Fungi Imperfecti and several 

Phycomycetes were trapped, which helped in finding out some of the possible 

contamination by air..borne spores in the petri dishes inoculated with the 

wood particles. One species of Basidiomycetes was once isolated from 

the control plates. Hirst (1953) has also reported that in freely exposed 

traps for collecting air—borne spores the "hyaline basidiomycetea" are 

rarely isolated. This method for trapping the air—borne spores is not 

as efficient as the modern apparatus for collecting spores. Gregory (1950) 

pointed out "the trap efficiency varies with conditions, sometimes widely 

enough to make a direct interpretation misleading". But perhaps for 

checking the contamination of air—borne spores during inoculation of the 

samples in the field this simple method for spore trapping could serve a 



-17- 

Fig. 2B — Birch post cut vertically 
to show plugged hole after 
boring. Note no fungal 
stain from hole indicating 
no contamination due to 
sampling 

Fig• 2A Birch post out vertically 
to show discolouration and 
zonation by fungi inside 
the post. Arrow indicates 
the direction of sampling 
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the 
useful purpose since the main point for contamination was/open petri dishes 

at the time the inoculations were made. Considering the volume of work 

involved in this study an elaborate method for spore analysis was barely 

possible. 

After each sampling the hole made for collecting samples from 
a 	a 

different depths was plugged by/sterilized Wooden peg or/sterilized cotton 

wool plug and sealed with molten wax to prevent any contamination entering 

the wood. Special precautions were taken as far as possible not to 

interferlicil4he area around the holes  and have proved effective (Fig 2b). 

Technique for extracting samples: Sevaral techniques have been used for 

extracting small size samplee from the decayed wood to be used as inocula 

for isolating fungi. The different techniques used have been described 

by Levy (1962, 1967, 1968), Corbett and levy (196,), Greaves and Savory 

(1965), Shigo (1965), Gkeaves (1966a), Oicigbo (1966), Asmah (1967), 

Eggrik (1967), Butcher (1968a, 1468b, 1969), and Grant and savory (1968). 

The techniques are briefly described below: 

1. The Pressler Increment Borer: With the borer a plug is removed from 

the wood core and all or part of this is planted in the medium 

as inoculurn (Corbett and Levy 1963, Butcher 1969). 

2. The Two Chisel Technique: With one sterilized chisel the superficial 

layer of decayed wood is removed and with the other sterilized chisel 

the samples are taken from the underlying wood and they may be split 

into small segments before planting on the medium. (Greaves & 

Savory, 1965; Greaves, 1966a; Butcher, 1968a, 1968b). 

3. The Cut-Block System: A small block is removed from the wood which 

is then split into smaller blocks for planting in the medium 

(Corbett & Levy, 1963). Eggrik (1967) has sawn out a disc from the 
it 

pole, split/into small blocks and planted then on the medium. 
the 

4. The Split-Billet Techniques Samples are cut from/freshly split 

surface of decayed wood and are planted on the medium (Shigo, 1965, 

Basham, 1958). 

5. The Saw-Cut Technique: The material being sampled is cut by a 
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hack-saw blade and the saw-dust is allowed to fall on the Petri 

dishes with media (Greaves & Savory, 1965; Greaves, 1966a). 

6, 	The Drill Technique: This technique was earlier developed in this 

laboratory (Okigbo 1966, Asmah 1967, Levy 1967, 1968) and it has been 

used in the present investigation with certain modifications. 

"The drill technique involved the preparation of fine particles of 

wood produced at known depths and at particular places on the material to be 

sampled" (Levy 1967). Okigbo (1966) used a metal drill, I inch diameter, 

fitted to the standard carpenter's brace for boring through wood. The size 

of the particles produced depended on the speed of cut and the pressure 

applied to the brace, slaw drilling with light pressure produced very small 

particles and fast drilling with heavy pressure produced large chips. To 

drill at known depth a rubber band was slipped on the neck of the drill as 

marker. The drill was sterilized and a bore hole of required depth was 

made. The bore-hole was then flamed, and small particles of wood were 

produced by inserting the flame sterilized drill and giving a few slow 

turns. The wood particles were then plated out with a pair of sterile 

forceps. Asmah (1967) modified the technique and used grinding bite 

of j  inch and inch diameter, with a serrated and surface for extracting 

the wood particles from the hole. Okigbo and Asmah had shown that this 

method could be used for extracting the wood particles in the field for 

isolation of fungi from the decayed post. 

In the present study, a surface grinder of inch diameter 

with a serrated surface has been used for extracting surface samples, 

The subsequent depths below the surface have been obtained using a I inch 

diameter twist drill, calibrated to show the required depths, and the 

samples taken with a 4  inch grinding tool with a serrated end surface 

(See Figure lb). A detailed description of the technique used in the 

present experiment is given in the following paragraphs. 

Small particles of decayed wood samples were extracted first from 

the surface of the post and subsequently from 5, 25 and 45 m depths. These 

were aseptically planted as inocula on different media in platee•in.the field. 
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The surface grinder inserted in a carpenter's brace was sterilized 

by dipping in ethanol and flaming lightly. It was then softly pressed 

against the surface and rotated slowly, the samples collected on the gtinder 

head were evenly spread on the media with a sterilized needle or a pair of 

forceps. The surface was then cleaned with sterilized cotton wool swab 

and at the sane place a 5 mm deep hole was bored with the sterilized 

inch twist drill fitted in the brace. The hole was cleaned thoroughly 

with sterilized cotton wool swabs and the samples were 	extracted with 

the sterilized grinding tool and were evenly planted on different media 

with a sterilized needle. The same procedure was followed for extracting 

samples from 25 and 45 era depth. Dry swabbingwith sterile cotton wool was 
out 

carried/with several changed of swab in an attempt to remove any air— 

borne fungal spores or loose wood particles from the bored hole. Samples 

were collected three or four times from each depth to inoculate the full 

series of petri dishes with different media. The chances of isolating 

all the fungi from a sampling area would probably be greater if the samples 

are collected several times for the inoculation, instead of inoculating 

several petri dishes from one sample. 

The inocula were plated out in petri dishes. To reduce 

contamination a portable formica covered picnic table was used as a bench 

and swabbed down regularly with !ethanol. The table was set up close to 

the line of posts and up—wind to avoid, as far as possible, small particles 

of wood being blown onto it during the drilling operation. This was thought 

to be the weakest part of the technique from the point of view of chance 

contamination, but, as will be seen from the results, it proved to be 

highly successful in as much as the petri dishes containing inocula from 

the inner regions of the posts showed a complete absence of fungal growth 

from any source in the great majority of the plates in the first few 

samplings. Even in the later samplings in both wood species there were 

no fungi present in zone II at 25 and 45 mm depth. 

The semicircular shape of the post made it necessary to drill 



- 21 - 

where there was less possibility of penetrating beyond the middle of the 

post, in order to avoid sampling from an area colonized by fungi which 

night have entered from the other side of the post. The maximum width 

of the post was about 4i inches therefore the first hole at the centre 

of the post was drilled straight but the subsequent holes were made at an 

angle. At the ground line the drill was inserted at approximately 30°  angle 

pointing downwards, to sample the area which would possibly cover the ground 

line and a few millimeters below the ground line. The drill was inserted 

for the sampling from sapwood to heartwood along the rays in a radial direction. 

In the course of study it was found that the drill technique for 

extracting samples from the desirable depth could be gainfully used where 

a series of samples were to be taken periodically from the same post without 

disturbing the existing ecological conditions to which the post had been 

subjected. 	The sample extraction and inoculation in the field could be 

done with this technique, in much less time than by those used earlier4 
that 

The other advantage vas,/samples of various particle sizes could be 

obtained easily by controlling the pressure and speed of rotation of the 

drill. Small size wood particles were used in this experiment in the 

hope (Greaves 1966) that the smaller the particle the greater the chance 

of there being only one fungal species present. This was found especially 

necessary for the isolation from surface where several fungi might be present 

in a very small area. 

The other techniques for extracting samples, which had been mentioned 

before, were not used in the present work. With the saw-scut technique and 

the method Eggrik (1967) used, it might be possible to obtain samples from a 

known depth but the post had to be removed for sampling and could not be 

used for subsequent samplings. With two-chisel and"cut-blockftechniques 

sampling at four different known depths from the same point was not 

practicable. The Pressler borer can be used far extracting a long plug 

from the wood then cutting out small discs from the desired depths, the 

discs are then split into small particles and planted on the medium 

(Butcher, 1969). This is 
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too long a procedure with little advantage over the drill technique which 

is perhaps the most convenient method for sampling from several known 

depths wothout removing the post from the ground. 

The sampling and inoculation were done very carefully to minimize 

the chance contamination of petri dishes by air—borne spores. However, the 

results have shown that the contamination was too insignificant to pose any 

serious problem in the experiment. From a survey of the literature this 

appears to be the first time in the study of ecology of fungi on wood that 

a successful attempt has been made to extract and inoculate the samples 

in the field. 

Media used: 

Four or five different media were used during each sampling in order 

to isolate as many of the fungi as possible which have inhabited the 

sampled area. Bight. different media were tried out during the experiment. 

They are as follows: 

1. Malt agar medium: 2.5 % malt extract and 1.5 % of agar in 

distilled water was autoclaved at about 10 p.s.i., for 30 minutes, 

before pouring in the petri dishes, This was the most suitable 

medium. At 3.5 or 4 pH the medium was found to eliminate some 

of the bacteria without effecting the fungal growth. The bacterial 

growth often created problemsin the isolation of fungi. 

2. Malt agar, rose bengal and totrentomycint In 2.5 % malt agar 

medium, 1:100 dilution of rose bengal was added at the rate of 1 m14/ 

100 ml of medium. The mixture WAS autoclaved at 10 	for 

30 minutes. In the cooled liquid medium streptomycin was added 

in a proportion of 30 pea., before pouring the plates. (Martin — 

1950 used rose bengal and streptomycin in a medium with peptone, 

dextrose, agar and mineral salts to exclude most bacteria). 

This medium was used especially for isolating fungi from the 

zone III surface which was often found to be heavily infested 

with bacteria. The bacterial growth was suppressed and the fungal 
also 	on 

growth watt/retarded/this medium. It could he used as an additional 
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medium for isolation from zone III. 

3. 	Czapek—Dox Agar mediums (Johnson- et al 1959) 

(Agar — 15.0 g., NaNO3  — 2.0 gm, K28PO4  — 1.0 gm, MgSO4.7)120 — 

0.5 gm, PC1 — 0.5 gm, FeSO4.7%0 — 0.01 gm, Sucrose — 30 gm and 

distilled water 1000 ml. The mixture was sterilized at 10 p.s.i. for 30 

minutes). 

In this medium bacterial growth was retarded and the fungi 

sporulated early which helped in quick identification. The fungal 

colonies were conveniently picked up for subculturing due to the 

slow mycelial growth in this medium, but it appeared to be more 

selective. This could be used as an additional medium. 

* 	4. 	Abrams medium  (Abrans1948) (win, e_titt4fosL thmooter) 

(m11003  — 3.0 gm, E2111,04  2.0 gm, E3i2PO4  - 2.5 gm, MgSO4.7112 

2.0 gm, 10 gm cellulose powder, Agar — 15 gm, tap water 1 litre; 

the mixture was. autoclaved at 15 p.s.i. for 15 minutes). 

The medium was not found very suitable for this work. The growth 

of fungi was very slow and often it was found difficult to group 

then on culture characters and identify before the next sampling date. 

This medium was found very suitable for testing the soft—rot ability of 

certain fungi. 

5. Whatman cellulose medium; (Greaves 1966a): 

(12 gm cellulose powder, 4 gm. yeast extract, 20 gm agar and 

1 litre distilled water; autoclaved at 15 p.s.i. for 15 minutes). 

This medium was not found suitable for the work. 

6. Malt afar and Diphenyl (Russe111956): 	(0.05 gm 

0..dipbonyl phenol was added to 2.5 % malt agar medium and 

autoclaved). This is a suitable medium for isolating Basidiomycetes, 

but the growth of most fungi was suppressed. A lower strength 

of Dtphenyl might be more suitable for the isolation of fungi. 

7. Samples were collected in empty petri dishes and after about 

18 hours 2.5 % cooled liquid malt agar was poured into the plates. 

This method prevented bacterial growth but the samples formed 

(With Whatmants cellulose powder added) 
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the 
lumps when/medium was poured and the isolation of fungi was 

unsatisfactory. 

8. 	Eggins & Pugh medium (1962) - (modified by Bravery 1968) 

was used for testingcellulolytic activity and soft-rot ability 

of certain fungi isolated from the fence posts. 

It appeared that malt agar medium is by far the best for 

isolating the majority of fungi from the decayed wood, but it may 

be necessary to use in addition a few different media to be sure 

of isolating all the organisms present. Some of the fungi grow very 

fast in malt and are often found to suppress the slow growing ones. 

The malt agar medium of lower strength than 2.5 % may give better 

results in certain cases (Hudson 1969, Butcher 1969). 

Isolation of fungi: 

the petri dishes with inoculated samples from the field were 

incubated at 25°C. After about 48 hours the plates were examined and the 

young colonies were punched out with specially designed cutters of various 

diameters (this can also be done with a cork borer). The colony was lifted 

with a sharp arrow-head needle and transferred to another plate containing a 

similar medium from which it was taken. The fungi were isolated from 

the sample plates for about 15 days. The subcultured fungi were then grouped 

according to their culture characters and the characters visible within 

40 times magnification under a stereoscopic microscope. A few cultures 

representing each group were finally sub-cultured in 2.5 % malt agar 

medium. and were identified from their microscopic characters. (The cutter 

and needle were flame sterilized each tine before using). 

Identification: 

In the ecological study of fungi the number of isolates reaches such 

large figures that the identification of each with microscopic characters 

becomes almost impossible. It was observed that in most cases several 

of the culture characteristics of a fungus were constant and did not vary 

with the source of isolate or time of sampling. With the help of such 



characters of a fungus which has been already identified, it is generally 

possible to reach generic identification of subsequent colonies of the same 

fungus without going into microscopic details. The identification of wood 

inhabiting fungi (belonging to Fungi Imperfecti) with their culture 

characters and some of the easily discernible microscopic characters, 

has been attempted. 

The identification of wood—rotting Basidiomycetes based on the 

culture characters, temperature and oxidase reactions and reactions to 

certain chemical tests, and the microscopic characters has received 

considerable attention (Cartwright & Findlay 1958; Nobles 1948, 1958a, 

1958b, 1965). The identification of the members of Fungi Imperfecti by 

culture characters has received far less attention although perhaps more 

than 90 $ of the fungi which colonize exposed wood belong to this group. The 

limperfectsi have been identified with the help of published works of 

Clements& Shear (1931), Ainsworth a Bisby (1954), Oilman (1959), Barnett 

(1960), Bessey (1950), Grove (1935, 1937) and several other publications 

on taxonomy. Before being able to consult this literature profitably, 

a good working knowledge of taxonomy has to be acquired and a lot more time 

is needed to make the suitable preparations for the microscopic studies. 

Even after making the necessary mounts some of the more important diagnostic 

features are often difficult to see under the microscope; . such as 

attachment of conidia inside the pycnidium, the endoconidia of Chalara, 

paired conidia at the end of the conidiophore in Bisporomyces,, the 

attachment of conidia to the phialides or conidiophores of many fungi 

and several other diagnostic characters. 

Levy (1967, 1968) has pointed out the difficulties involved in the 

identification and classification of these organisms. Levy (1967) also 

stressed the need for developing a method of spot identification of 

fungi encountered during ecological studies, based on the characters 

exhibited by the fungal culture, otherwise the collection of isolates in 

periodic sampling could reach such an astronomical number that it would be 

impossible to deal with them in the end. Asmah (1967) described in detail 
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the culture characters he used in developing the punch card technique for 

identification of fungi. He has shown the possibility of using the punch 

card system for 	identification. In the present work many of the 

characters included are taken from those described by Asmah, and Cartwright 

& Findlay (1958). The generic classification of fungi is based on Barnettts 

(1960) Iilustratedftenera of Imperfect' Fungi. 

It is necessary to mention that to give a fool—proof system for 

identification of Fungi Imperfecti by this method is extremely difficult. 

The lImperfectst which include asexual stages of many fungi known to produce 

perfect stages are a complicated group. Many minor or variable characters are 

arbitrarily used to separate some of the genera. It is important to select 

the characters for identification very carefully and their variations within 

a genus should be thoroughly studied before a technique for quick 

identification of wood inhabiting "Imperfecte can be deveIoped,(Pindlay 1968) 

The fungi isolated from treated and untreated exposed timbers, 

dead trees and fallen branches, by Corbett& Levy (1963), Greaves & Savory 

(1965), Butcher (1968a, 1968b), Basham (1958), Cheaters (1950), Duncan 

& Eslyn (1966), Gembetta & Orlandi (1967), Greaves (1966a) and the 

present work,showed that they belong to about 50 genera of Fungi Imperfecti. 

Perhaps it is possible to make a key for the identification of the common 

wood—inhabiting Fungi Imperfecti with a more intensive study on the subject 

and thus attract many students to the study of fungal ecology who otherwise 

might not be prepared to go through the ordeal of acquiring a good working 

knowledge of taxonomy before studying any ecological problem. 

The characters exhibited by fungi growing on 2.5 % malt agar plates 

incubated at 25°0 were used as diagnostic features for identification. The 

characters are grouped as follows : 

A. 	Culture Characters: 

Colony colour (in one week old culture): 0 Hyaline, 0 Milk white, 

(5) 'White, (S) Yelloiflorange/cream, (!) Fawn, 0 Black/very dark, 

(2) Green/yellow—green/dark greenAlue—green, (g) Red/dark brown, 

() Pink/light brown, 	Grey. 
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Change in colour of the colony with aginc (in 2 — 3 week old colony): 

(g) Hyaline, (ID Milk white, (I3) White, Ch)  Yellow/orange/ creams  

C. Fawn, 	Black/very darks  7 Green/yellow—green/dark green/ 

blue—green, (ID Red/dark browns  (0 Pink/light brown, (0) Grey, 

(4) No change in colour. 

Uniformity in colony colour (in one to two week old culture): 

Uniform, 	Varied (mixed colour or significantly different 

shades of the same colour) 
a 

The colour of the colony can be/distinguishing feature for 

grouping the fungi, if an easily available standard colour chart is 

used for the comparison, otherwise it nay lead to serious errors. 

If the colour scheme is narrowed down to a few broad based colour 

groups this will perhaps eliminate to a considerable extent the 

chance of error, especially when the standard colour chart is not 

available. However, if the colour is used as the first character 

to group the fungi then it may be advisable not to lay much stress 

on the intermediate shades. 

Outline of the colony (shape or form): 	circular/nearly circular, 

25 Irregular. 

The outline was observed from the third day of inoculation 

for one week. It was found difficult to study the outline of a 

fast growing fungus. 

Elevations 26 Submerged/appressed, 27 Flat Flat (slightly above the 

surface of the medium), (1j) Raised. 

Texture: (E) Powdery/granular, C)  cottony/woolly, 	Felty/ 
an 

velvety, (g) Smooth (to describe the texture of/appressd colony). 

Margins (in three days culture): (55) Even/entire, 	Filamentous, 

(5) Wavy, (5?) Irregular. 

Rate of growth (mean diameter of the colony from four measurements 

taken from the reverse side of petri dish): (ii) Fast growing> 7.5 

GD Moderate — 4.5 to 7.5 cm, (2) Slow — 2 to 4.5 cm, (2) Very 

slow <2 cm. 

cm, 
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Change in colour of the mediums 0) No change, (ii) Discolouration, 

 

(g) Black/dark, 44 Pink/red/brown, (iD Yellow/yellowish white. 

The colour of the medium may often be due to the growth and colour 

of the mycelium. 

The odour' as an identifying character for lower fungi was not 

included because it was not distinctive. 

B. Microscopic characters:  

Conidia and conidiophore: (::) Absent, e Visible, (:) Inside 

pycnidium, (g) Inside acervulus. 

Pycnidiums (50) ostiolate, (51 	without ostiole, (E) separate, 

(55) clustered, (5) Erupment, (5) Superficial. 

Hyaline, 

:; () 59 Hyaline, 

Number of cells in the 

Dark, 

(ED Dark. 

spores: 0!) One, (g Two, (0) Many. 

Hyphae: 

Spores: 

For detailed microscopic examination hyphae with conidia and 

conidiophores were removed by placing a small strip of adhesive sellotape 

over the fungus and mounting in lactophenol or aniline blue in lactophenol. 

Fruiting bodies were also mounted by removing them with pointed glass needles 

(made by drawing the thin glass rod on the flame). Pycnidia were 

dissected under a stereoscopic binocular microscope to examine the type 

of attachment of conidia and conidiophores. 

The shape and size of the spores can also be included in the key 

for the identification. From the observations it appears that if these 

two characters are divided into broad sub—groups, they can be used as 

diagnostic characters for generic identification. 

This punch card system for the description of cultures was an 

attempt to find out a suitable means for quick generic identification of 

the wood—inhabiting Fungi Imperfecti. The result is based on 116 cultures 

grown on 2.5 % malt agar and incubated at 25°C. (The results have been given in 

Appendix I). This number is not adequate enough to know the range of 

variations of these characters within a genus. However, from the 



information available from the trial run it appears that this system 

is workable. The order in which the characters have been described 

earlier may need some alteration, and needs further investigation. 

The system described here is basically meant for the 

identification of wood inhabiting Fungi Iriperfecti and therefore several 

diagnostic characters for the identification of Basidiomycetes included 

by Cartwright and Findlay (1958) were omitted here. It is suggested 

that a detailed work with a larger number of cultures could produce a 

more acurate system with wider application. 

It has to be borne in mind that if sampling, isolation, sub-

culturing, classification and identifications have to be done in a month 

before proceeding to the next series of sampling, it is very necessary 

to develop and use more convenient techniques to cope with the work. 

It would be clearly valuable to have some idea of the numbers of 

organisms involved and discussions were held with a view to planning the 

experiments so that they could be analysed statistically and possibly even 

written up as a Computers programme. The advice received from the Computer 

Centre was that this could be done provided a suitably large number of 

samples were taken each time. With one person involved in the work this 

was simply not possible. Each sampling involved the isolation of fungi on 
130 

to some VW petri dishes initially. The subsequent processing, screening 

and subculturing of the isolations involved on the average another large number 
of 

/Petri dishes each month, all of which had to be examined and some attempt 

made at identification of the fungi present. The tenfold increase 

required by the statisticians made this beyond the capabilities of one man. 

Recently an attempt has been made to tackle this problem in a 

manner similar to that used bybigher-plant ecologists (Butcher 1969) and 

the results of this are awaited with interest. 
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tesul 
Seasonal distribution of fungi on birch and Scots 

pine posts  

The seasonal distribution of fungi in the posts at different zones 

and depths is described in this chapter. The sequence of colonization 

by fungi has been critically analysed with respect to the factors which 

could affect the distribution. The effects of some of these factors have 

not been examined experimentally; The conclusions arrived at being based 

on keen observations and information available from published work. Finally, 

a comparison has been made on the distribution of fungi between the zones 

in each pest and between the posts of different wood species; 

The distribution of fungi is based on their presence and absence. 

It ha. been mentioned earlier that the number of isolates obtained from 

about 130 plates at each sampling in each series, was eo high that the 

frequency count of the fungal colonies became physically impossible to 

cope with and was therefore abandoned later. In the trial run on fence 

posts erected in 1961, an attempt was made to find the possibility of 
the 

studying the distribution of fungi in/light of frequency counts of fungal 

colonies. 

The questions can be raised that the fungi represented in the 

present distribution may be from spores which are just chance contaminants 

on the wood and not actual colonizers, or they nay be the resting spores 

or dormant mycelia of some of the early colonizers. Some logical arguments 

based on the data of distribution of fungi have been given in answer to this• 

question . It has been shown that there is a progressive increase and 

subsequent decline in the number of different species of fungi which 

colonized the post from the time it was first exposed to the end of nine 

months exposure. The composition of the flora thus showed a definite 

pattern . Had these fungi been just chance contaminants it is likely that 

they Would bare shown a random curve in the graph instead of the present 
3 

definite pattern ( Fig. a.). For example, in zone III of birch, when the 



post was later colonized by the cellulose decomposers no new mould was 

found to colonize, although several mould fungi were abundant in the 

aerospora throughout the year. It was also evident from the distribution 

tables that several fungi persisted for a very long period and others for 

short duration. It is difficult to accept that the chance contaminants 

appeared persistently in such a way to give the present distribution pattern. 

It has been assumed therefore that the species of fungi isolated were those 

which colonized the post. 

The factors which may affect the colonization of fungi on the 

surface and inside the wood are the moisture` content of the post, the rate 

of sporulation, spore germination and growths  the interaction and contention 

initially between fungi and bacteria and subsequently between fungus and 

fungus, the secretion of antibiotics, toxic and stimulatory substances, 

space available in which to grow and suitable nutritional requirements. The 

three zones of the post selected for study represent three different 

environments. This has been discussed earlier. The moisture content on 

the surface and below varies considerably between the zones (Corbett & Levy 

1963). 	The post above the ground is air dry timber with a normal moisture 

conteabef14 — 20 % which is generally not very suitable for fungal growth 

but under certain seasonal conditions the moisture content may reach an 

acceptable level for a sufficient period to support the life of some fungi. 

In zone I the moisture content may be higher than zone II especially below 

the surface due to the penetration of water from the top of the post 

along the grain. Therefore it may be expected that a few fungi would be 

able to penetrate into the wood especially the spores of those which could 

be washed in from the top along with the rain water or dew when this soaks• 

into the end grain of the wood. In zone II the moisture content below the 

surface remains too low throughout the year to support the life of any fungus. 

In the surface layers of zone I and II there may be much fluctuation in the 

moisture content depending on the dry and wet spells of the weather. 



Therefore the fungi which are more tolerant to loci moisture content or to 

fluctuations in moisture content may have some advantage over others in 

colonization and survival in these zones. In zone III. the moisture content 

remains near optimum through the year and in consequence the fungal flora 

may be different from the other two zones. The aeration which is inversely 

proportional to the moisture gradient may also be an important factor 

affecting the distribution of fungi; Temperature may be a major factor: 

especially in^the colonization of surface layers of the post. The influence 

of this factor hasinet been examined, and it needs further investigation. 

The high rate of spore germination of some fungi may give them a better 

opportanity to colonize and become established earlier than those fungi 

which have a slower rate of germination. This factor nay play an 

important role in the success of, establishment of early colonizers. The 

growth rate of these fungi may effect the distribution in that certain 

species may overgrow the slow growing species or, by occupying space, prevent 

several other fungi colonizing. 

The interaction between fungi may affect the fungal flora both on 

the surface and below. One fungni may suppress another and may 

consequently pave the way for a more virulent species. The effect of 

antagonism on the distribution of fungi based on the experimental evidence 

has been discussed in Sections II and III. 

Similarly, the antibiotic and toxic substances secreted by one 

fungus may prevent a second fungus from colonizing, but later it may be 

suppressed by a third fungus which is more tolerant to the particular 

substances present. Theearly colonizers may leave behind some toxins 

or stimulatory substances which may either inhibit or accelerate the 

growth of the other fungi which follow, or the early colonizers may have 

no effect on subsequent colonizers. 

The lack of space for germination of spores in an area where earlier 

fungi are growing luxuriantly may prevent the germination of certain fungi 



- 33 - 

with greater decay capability. 

Availability of food is also one of the important factors 

to affect distribution. In zone I and II the surface colonizers are 

entirely dependent on the food available on the surface of the post, 

therefore when the nutrients are depleted the fungal flora on the post is 

likely to change. Sone members of the existing flora which are capable 

of adapting to the change may continue to survive, but most of the existing 

flora is likely to be replaced by other species. The colonies formed 

from the spores on the surface of zone III nay depend primarily on the 

food available on the post, but mycelia of the other fungi which colonized 

the post from the soil have an alternative source of nutrients in the soil 

substrate and may not be entirely dependent on the food from surface 

of the post. Therefore, the depletion of nutrients from the surfabe may have 

a more severe effect on the distribution of air borne fungi which colonized 
the post rather than on the fungi which colonize by hyphal contact. 

The fungi which have penetrated the wood are probably not 

affected by the depletion of nutrients from the surface because of their 

alternative source of energy from the cell wall components or from the 

cell contents of the parenchyma. 

The other factors which can also affect the distribution of fungi 

are the pH, the anatomical features of the wood and the increase in 

permeability due to the colonization by a certain fungal type, The p!1 which 

is about the same throughout the wood nay not be a critical factor but the 

anatomical features may be of greater importance in the distribution of 

fungi. Several saprophytic fungi are selective to the wood species and 

consequently the difference between the soft wood and hard wood may affect 

the fungal flora on Scots pine and birch. The change in the physical 

characteristics by the colonization of a fungus type may also affect the 

distribution. A sap—stain fungus by penetrating into the wood may increase 

the moisture content by bringing about a change in the permeability of the 
(Vivwci(ay 19s9) 

timberAand consequently may allow other fungi to penetrate into the wood. 

Greaves (1966) has shown an increase in the permeability of the wood by the 
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presence of bacteria and certain fungi. 

The ecological studies involve many complexities. Several variable 

factors can affect the distribution of fungi and therefore it may be difficult 

to draw any definite conclusion. However, an attempt has been made to 

interpret the sequence in which the fungi have appeared on the post and the 

significance of various fungi leading to the establishment of decay fungi in 

the wood. 

Relationship between the flora of the post surface and the aerospora (Table 7 ak8) 

The study of fungal colonization on the surface with nonv.destructive 

type of samplings, poses a much greater problem than in a similar study of 

colonization below the surface. It has been mentioned before that open 

plate spore traps were set up during each sampling to evaluate the 

relationship of the aerospora to the surface colonization. The possible 

drawbacks of this spore trapping method have already been discussed. In 

the following paragraphs the correlation between surface colonization in 

three zones of birch and Scots pine and the aerospora is briefly discussed. 

Several common moulds, e.g. Mucor sp., Penicillium spp., Fusarium app., 

Cladosporium herbarum and Botrytis sp. were isolated throughout the year 

from the control plates which were set up as spore traps. P. varioti, 

Cephalosporium ep., 1picoosum sp.. Aureobasidium pullnllans, Verticillium spp., 

Aspergillus sp., Gliocladium sp., and Geotrichum sp. were isolated very 

frequently from the air, Several other species of identified fungi and 

about 7 unidentified fungi were isolated very rarely. The data on fungi 

in the air is insufficient to draw any definite conclusion'on the 

seasonal variations in aerospora. However it appears that the number 

of species of fangi present in the air increases during September and 

October and remains fairly constant throughout the rest of the year. 

About 50% of the fungi from zone I and II, and 35% fram zone III 

appeared at the same time, both in air and on the surface of the posts. 

Several other fungi were either isolated first from the air and later from 

the posts, or were isolated from the post first and later picked up from air. 
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A number of fungi present in the air did not colonize the post and a few 

fungi from the posts were not picked up from air. Details are given in 

Tables 1 — 12, and Figure 3. 

The distribution of fungi in the air poses a great problem to 

interpret the results of surface isolations e.g. Fusarium app., C. herbarum 

and Penicillium spp. were isolated each month from the air, but these 

fungi also appear to have dominated zonesI and II for a considerable length 

of time. Whether dominance of these fungi is due to their adaptability to 

the conditions existing in the post or due to the repeated recolonization 

or due to both raises an important question. It will be worthwhile 

discussing this question by taking the example of Fusariem app. which 

dominated zone I and II for a very long period but were replaced very 

early from zone III. During the period Fusarium spp. were dominant on 

the posts, several other mould fungi (which were constantly isolated from the 

air) might have also been deposited in the same place. The successful 

recolonization of Fusarium app, in competition with other fungi may be 

due to their adaptibility to live in a condition not suitable for the 

development of other fungi. In zone III Fusarium app, were replaced 

because 	the condition existing in this zone was favourable for the 

growth of other more competitive fungi which resulted in their replacement. 

This suggests that the successful colonization by Fusarium app. in above 
more 

ground line zones is probably due /to their adaptibility to the conditions 

that" due to recolonization. 

Contrary to the example cited above where Fusarium app. were 

dominant in both air and on the posts, C. piceae. Phialophora app., 

Stysanus sp. and T. viride the dominant fungi in zone Ilia birch or 

Scots pine were very rarely isolated from air. From a comparative study 

on the surface flora and aerospora, it appears that the colonization 

may be affected by the aerospora but the establishment of fungi would 

mainly depend on several other factors. 
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The seasonal distribution of fungi on birch poste in zone I (Table 1) 

Surface 

The early colobizers on the surface of the post were Paecilomyces  

varioti, Penicillium app., and Cladosporiun herbarum. These fungi 

were followed by Fusarium spp., and Cephalosporium sp.P. varioti was isolated 

intermittently but C. herbarum and Fusarium app. remained as dominant members 

of the flora throughout the year. Penicillium app. persisted on the 

surface of the wood for about six months after exposure and were later 

replaced by other fuidgii The main soft—rot fungi Which remained for a long 

period as surface colonists were Cephalosporium ap., and Dactylosporium sp. 

These two soft—rot fungi were present en the post at different times of the 

year and Dactyloaporium sp. colonized the post shortly after Cephalosporium sp. 

disappeared. A few other moulds, sap—stain and soft—rot fungi, including 

a few pycnidial fungi were isolated from the post from the third month. 

These fungi stayed for a very short period and did not appear to have 

affected the dominance of the early colonizers. 

5 mm depth 

The samples from below the surface were observed (by the reaction 

of the drill) to be very dry. Three fungi P. varioti, C. herbarum and 

Cephalosporium sp. were isolated from 5 mm depth but no fungus was isolated 

from 25 mm and 45 mm depth. The first fungus to penetrate into the wood 

was C. hOrbarum which was followed by Cephalosporium sp. and P. varioti. 

The presence of C. harbarum was recorded but it was later replaced by 

P. varioti.  Cephalosporium sp., persisted for a short period but was 

not isolated after P. varioti was well established. in the wood. 

P. varioti was the only fungus which remained in the wood for the later 

part of the year. 

The low moisture content of the wood below the surface layer 

might be the main factor inhibiting the growth of the other fungi into the 

wood. 
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Table 1  

Sequence of colonization of fungal species in zone I of birch posts in 

relation to exposure months 

1 2 3 4 5 6 7 8 9 10 

On the surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Paecilomyces varioti 	X 	X 

Penicillium spp. 	X 	X 	X 	X 	X X 

Cladosporium herbarum X X X X X X 	X 	X 

Fusarium spp. 	X X X X X X X 	X 

Cephalosporium sp. 	X 	X 	X 

Phoma sp. 	 X 

Trichoderma viride 	 X 

Verticillium sp. 	 X 

Dactylosporium sp. 	 X 	X 	X 	X 

Alternaria sp. 	 X 

Aposphaeria 	 X 

At 5 mm depth  

C. herbarum  

Cephalosporium sp. 

Paecilomyces varioti  

X X X X X 

X X 

X X X X 
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Although the top of the post may be susceptible to wetting 

by the soaking of rain along the grain of the wood, it is equally susceptible 

to drying out. End splitting of the posts would increase the rapidity of 

wetting and drying. P. varioti may therefore survive by being able to 

cope with this changeable environment. 

Analysis of the results: 

It is difficult to distinguish a definite pattern of succession 

of fungi but it may be possible to discuss the sequence in which the 

fungi were isolated from the post. On the surface of the post the moulds 

were the early colonizers which were shortly followed by sap—stain and soft— 

rot fungi. These fungi were then succeeded by several other moulds, a 

pycnidial fungus and another soft—rot fungus and then again by new sap— 

stain, soft—rot and pycnidial fungi. 

The moulds and sap—stain fungus which colonized the post earlier 

remained as dominant members of the flora throughout the year. This nay be 

due to their ability to stand the seasonal variation in moisture content 

and also to their high rate of sporulation and spore germination. That 

the soft—rot fungi did not have much success in the build up might be due 

to the low moisture content. The inability of the subsequent fungi to 

persist might be due to depletion of nutrients, lack of space to develop, 

suppression by already existing fungi, or to the inability to adapt 

to the seasonal changes. These factors might be operating individually 

Or in combination. 

The trend of fungal succession on the surface can be summarized 

as follows : Moulds (Penicillium app and Pusarium spp.) -----4 Sap—stain 

fungus (c. herbarum 	Soft—rot fungi (Cephalosporium  sp. and 

Dactylosporium sp.) The fungi included in the scheme are only those which 

were isolated repeatedly for a long tine. The soft-rot fungi were later 

completely replaced by moulds, therefore it has been suggested that the 
the 

succession did not reach beyond/mould stage. 
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At 5 mm depth the sequence in which C. herbarum, Cenhalosnorium sp. 

and P. varioti appeared on the post can be explained in the following way. 

C. herbarum living on cell content established first. This was followed 

by soft—rot fungus Cephalosporium  sp. which could not successfully develop 

and grow due to inadequate moisture content. P. varioti which colonized 

the post later, eliminated the other two fungi. The reasona for this 

could not be determined but would be most interesting to know. .The 

penetration of C. herbarum with the consequent increase of the permeability 

of the wood (Findlay, 1959) 	might well have brought about a 

change in the moisture content of the area which helped the penetration 

of both the later colonizers. 

Dactylosporium sp. which persisted on the surface for long 

period, and other cellulose decomposers which appeared later on the 

surface, were unable to penetrate into the wood possibly due to the 

'presence of P. varioti. However, P. Varioti by its ability to utilize 

cellulose from the cell wall and presumably to live at a low moisture 

content level might have had the advantage over the other cellulose 

decomposers and therefore remained the dominant fungus. 

The competition and interaction between the fungi on the surface 

and the ecological conditions may have bn affect in determining the species 

of fungi to colonize below the surface. 

The succession of fungi in this zone did not reach beyond the 

second mould stage, and could be summarized as the primary saprophytic 

"sugar fungi" being followed by the cellulose deomposers, this may be 

compared with Garrett's (1963) stage I and II in the general trend of 

fungal succession. 

The succession of fungi below the surface can be summarized as 

follows: Sap—stain fungus (C. herbarum) 	Moulds (P. varioti) 

The scheme includes only those fungi which have been isolated repeatedly 

for long time. 
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Seasonal distribution of fungi on birch post in zone II (Table 2) 

The early colonizers on the surface were Penicillium app. and 

Cladosporiun herbarum and these were shortly followed by Fusarium  app., 

Cephalosporium sp. and Dactyloaporium sp. None of these early colonizers 
and Penicilliui 

persisted for more than two months. C. herbarum/re—appeared for a short 

period after a gap of a few months but was not encountered in thelater-months 

On second and third month Botrytis sp., Alternaria sp. 

Aposphaeria sp. and P. varioti were isolated from the post and it appeared 

that these fungi had almost eliminated the primary colonizers from the 

surface. A few of the secondary colonizers persisted for a longer period 

and Alternaria sp.and Aposphaeria re—appeared later. 

several other moulds, sap-stain, 	soft—rot and pycnidial 

fungi were isolated from the third month onwards but none of these fungi 
about 

remained long except Chaetoriium dolichotrichuri which was present for/two months 

Fusarium spp., which re—appeared in the fifth month remained as the 

dominant colonizer for the rest of the year. No fungus was isolated from 

below the surface layer (Table 2.) probably the wood below the surface was 

too dry to support the life of any of these surface colonizers. 

Analysis of the results 

The moulds and sap-stain fungus were the first colonizers and there 

were followed by soft—rot fungi. Then several other moulds sap—stain, soft—

rot and pycnidial fungi appeared on the surface. There was no definite 

pattern with which these later fungi appeared. A few of these fungi 

remained longer and the others were present for a shorter period. The soft—

rot fungi and other cellulose decomposers could not establish, possibly 

because the very low moisture content below the surface of the wood 

prevented their penetration and/or survival.. 

Several moulds persisted for a longer period than the other groups 

of fungi. Fusarium app. were among the most successful colonizers and 

remained' throughout the later part of the year, this might possibly be 

because of their tolerance to the low moisture content and the seasonal 
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Table 2 

Sequence of colonization of fungal species in zone II of birch posts in 

relation to exposure months 

On surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Penicillium spp. 	X 	X 	X 

Cladosporium herbarwn X 	X X 	X X 

Pusarium spp, 	X 	X X X 	X 

Ceoholosoorium sp. 	X 	X 

DactYlqsporium sp. 

Botrytis sp. 	X 	X 

Aiternaria sp. 	X 	X 

Aposyhaeria sp. 	X 	X 

Paecilomyces varioti 
	

X 	X 

EOicoccum sp. 	X 	X 

Phoma sp. 	 X 

Trichoderma viride 	X 

Aureobasidium pullulans 	X 

Ohaetomiwn dolichotrichum 	X 	X 

ChaetoRhoma sp. 	 X 
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variation and/Or the high rate of growth and germination, This 

genus formed encrustations on the surface of both Scots pine and birch 

posts. 

In the early stage there is a trend in colonization from primary 

saprophytic "sugar fungi" to soft—rot fungi; but because this zone 

of the post was not suitable for the growth of most of the fungi the 

succession did not reach beyond mould stage. 

Seasonal distribution of fungi on birch post in Zone III (Table 3)  

Surface 

Bacteria, FUsarium spp. and Botrytis sp. were isolated from 

the surface of the post one week after it had been exposed. In 

the first isolation the bacterial colonies were found to develop from 

most of the samples and only a few colonies of fungi were isolated. 

In the subsequent isolation the number of bacterial colonies decreased 

and after about two months bacteria were seldom encountered. It is 

therefore suggested that the bacteria were probably the early 

colonizers followed by moulds. 

One month after exposure the post was colonized for a short 

period by Penicillium app.;  C. herbarum and Aureobasidium pullulans. 

These fungi were replaced in the third month by Mucor and Cephalosporium 

Geotrichum sp.;  Phialophora sp. and Ceratocystis piceae, From 

the third month onward the post was colonized by several other sap—

stain and 
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Table 3  

Sequence of colonization of fungal species in zone III of birch posts in 

relation to exposure months 

On surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

FUsarium spp. 	X 	X X 	X 	X X 

Botrytis  sp. 	X 	X 

Cladosporium herbarum 	X 	X 

Aureobasidium pullulans 	X 

Penicillium  spp. 	X 	X 

Mucor sp. 	X 	X 

deratocystis ptoeae 	X X 	X 	X X 	X 

Cephalosporium  sp. 	X 

Phialophora  spp. 	X 	X 	X 	X 	X 

Geotrichum  sp. 	X 	X 

Alternaria  sp. 	X 

Dactylosporium  sp. 	X 

Aposphaeria  sp. 	X 

Discula yinicula 	X 	X 

Stysanus  sp. 	 X 	X 	X 

Chaetomium deolichotrichum 	X 	X 

Chaetophoma  sp. 	 X 

Pestalotia  sp. 	 X 	X 

Trichoderma viride 	 X 	X 

Coniothyrium fuckelii 	 X 	X 

contd.../ 
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211212J(contd,) 

Sequence of colonization of fungal species in zone III of birch posts 

in relation to exposure months 

At 5 mm depth 	Jun Jul Aug Sep Oct Nov Dec Jan Feb 1.1ar 

Cladosporium herbarum 	X X 

preobasidium pullulans 	X X 

Sporotrichum  sp. 	X 	X 

Geotrichum  ap. 	X 	X 
	

X 

Aiternat.ia  sp* 	 X 

CeratodystiS piceae 	X 	X 	X 	X 	X 	X 

Cephalosporium  sp. 	X 	X 	X 

Phialophora  sp. 	X 	X 	X 	X 	X 	X 

Polystictus  sp. 	 X 	X 

Unidentified Basidiomycetes species 	X 

Pestalotia sp. 	 X 

Coniotherium  sp. 	 X 

At 25 mm depth  

Geotrichum  sp. 	X 

Phialophora  sp. 	X X 	X X X 	X 

Ceratocystis piceae 	X 	X 	X 

Polystictus  ap. 	 X 	X 	X 	X 

Unidentified Basidiomycetes species 	X 	X 

At 45 mm depth  

Phialophora  sp. 

Oeratocystis piceae  

Polystictus  sp. 

Unidentified Basidiomycetes species  

X x 

X X X 

X X X X 

X X 
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softi-rot fungi from Moniliaceae, Bematiaceae and Sphaeropsidales.  

of Fungi Imperfecti and a member of Ascomycetes Chaetomium dolichotrichum sp. 

However, C. piceae, Phialophora  spp, remained dominant throughout the 

period of investigation. Stysanus sp. was the only fungi among the late 

colonizers which persisted for a few months. 

5 mm depth. 

C. herbarum and A. pullulans penetrated into the wood first 

but were not isolated from beyond 5 mm depth. These fungi were present 

in the wood for a short period (not more than 3 months) and were 

replaced by Sporotrichum sp: and Geotrichum sp. Three months after the 

exposure Ci piceae and Phialophora sp. penetrated the wood followed by 

Basidiomycetes app. The last three fungi mentioned remained as dominant 
the 

members of the flora for/rest of the year. A few other fungi e:g. 

Alternaria sp., Cephalosporium sp., Pestalotia spa and Coniothyrium fuckelii 

were isolated from the wood at this depth but did not become established. 

Baaidioc►ycetes app. whichwere isolated after four months of exposure 

were successively isolated from the seventh month, 

25 mm depth. 

A very few fungi were able to penetrate to 25 mm depth. 

Phialophora sp. which penetrated first along with Geotrichum sp. remained 

for four months but Phialophora sp. reappeared later. C. piceae and 

Basidiomycetes spp. appeared shortly after Phialophora sp. had 

established itself. Basidiomycetes spp. were not isolated for a short 

period but later became dominant. 	C. pioeae grew for a short 

   

period but later completely disappeared once the Basidiomycetes were well 

established. 

45 mm depth.  
first 

Phialophora sp. was the/fungus to penetrate to 45 mm. depth 

and was followed by C. piceae and Basidiomycetes spp. Phialophora  sp. 
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remained for a very short period but was again isolated during the last 

sampling. C. piceae also colonized the wood for a short period and the 

Basidiomycetes app. remained the only dominant group for the rest of the 
The 

year.pasidiomytete species isolated were DolystictuS spa and an 

unidentified species. 

Analysis of the results:  

In zone III the conditions in the post were near optimum throughout 

the year for favourable growth of many saprophytic fungi. The competition 

was therefore between a large number of fungi both on the surface and below. 

Several fungi were eliminated in the competition at each depth and a limited 

number penetrated to 25 mm and 45 mm depth. The sequence in which the 

fungi colonized the post is discussed here: 

The fungal flora in zone III comprises a large number of soil fungi. 

The initial colonization on the surface was by air-borno spores of moulds. 

Thesubsequent colonization was by soil fungi probably by direct contact 

with mycelium. The competition on the surface was between germinating 

air—borne spores of fungi living on the available nutrition on the 

surface and the mycelium of soil fungi deriving nutrition from the post 

as well as the soil substrate. With the gradual depletion of nutrients 

from the surface those fungi (including most of the initial colonists) 

which depended only on this source of supply of food were eliminated. 

The depletion of surface nutrients probably did not affect so severely 

those members of the fungal flora with an alternative source of nutrition 

in the soil substrate. This may be one of the reasons for the isolation 

of more soil fungi than air—borne species from the surface in zone III. 

The aerospora may consist of a very large percentage of spores 

of moulds and C. herbarum, but (after 2 months of exposure) none of these 

fungi were found to re—colonize the surface after having been eliminated. 

The spores of these fungi gave rise to fungal colonies in the exposed 

"control" plates at all isolations, and were therefore probably deposited 

constantly on the surface but since they might not have got adequate 
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space for germination did not colonize. The depletion of nutrients from 

the surface layers may also inhibit the germination and growth of air—

borne spores which are deposited at late stages of colonization. Therefore 

several fungi which colonize the substrate by air—borne spores may be 

eliminated from the succession, although they may have a potential decay 

ability. 

The high moisture content in zone III enables many of the soft—

rot fungi to become established on the surface. The cellulose decomposers 

which have become established below the sul4ace continued as dominant 

surface flora throughout the yeari Even after the depletion of nutrients 

from the surface they probably surviVed due to the constant supply of 

energy from the breakdown of the cellulose by their hyphae below the 

surface. These fungi in turn may be able to eliminate those which are 

depending on the nutrition from soil substrate because the ageing of 

the mycelia of the latter may hamper the supply of nutritiont leading to 

their disappearance. The successful colonization of fungi on the surface 

may therefore also depend on their build up below the surface. This may 

be one of the reasons for the dominance of C. piceae and  Phialophora sp. 

on the surface of the post. 

It appears that the species of fungi involved in the succession 

may depend more on the soil micro—flora of the region than that of the 

air. The species of fungi which dominate the surface flora may eventually 

depend on their ability to become established below the surface and 

maintain a constant supply of nutrition to their growing mycelium on 

the surface. 

The succesion of fungi on the surface of the post may be summarized 

as being from moulds to sap—stain and soft—rot (these also exhibiting 
fungi) 

characteristics of sapstain / to soft—rot fungi. The fungi involved in 

the succession were Moulds (Fusarium spp. and Mucor sp.) —) Sapstain 

and soft—rot fungi (C. piceae and Phialophora sp.) Soft—rot fungus 

(Chaetomium dolichotrichum). 

At 5 mm depth only about half the number of species of fungi 
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which inhabited the surface were isolated and the rest of the fungi 

were either eliminated or remained confined to the surface. Penetration 

of fungi into the wood might depend on several factors including 

inocuIum potential of the fungi on the surface and their ability to 
and 

utilize the nutrients in the cell wall/contents below the surface. Several 

sap—stain, soft—rot and decay fungi colonized at 5 rim depth but only a 

few became dominant. The sequence in which the fungi appeared at this 

depth could be summarized as follows : Sap—stain to soft—rot fungi, 

followed by other soft-rot fungi (with sapstain characteristics) and 

decay fungi. 

C. piceae and Phialophora sp. were the only fungi except 

Basidionyettes spp., which appeared to have dominated below the surface. 

It is suggested that the reasons for their success are : (a) these fungi 

developed sufficient inoculum potential due to their long stay on the 
al; VN 

surface, (b) their 1560 mime et cellulose decomposition and timidity 

to utilize the cell contents provided sufficient energy for rapid 

colonization (Findlay Er Levy, 1969, Findlay 1969 have shown that 

Phialophora sp. formed soft—rot cavities in birch and beech within 2 
in the tests) 

weeks of exposure, (C. piceae and Phialophora also formdd cavities,/(c) the 

growth rate of these fungi within the wood and (d) possible inhibitory 

effects of C. piceae (this fungus has shown mutual antagonism with 

Discula pinicala which has been found to be antagonistic to several fungi 

in the laboratory test (see p.144 and Fig.17 ) 

The further penetration of the fungi to 25 mm and 45 mm depth 

might depend on the build up at 5 mm depth, the ability to utilize 

the substrate, and the mechanism of penetration. C. piceae and 

Phialophora sp. penetrated to 25 mm and 45 mm depth probably due to 

their build up nearer the surface but pasidiomycetes spp. appeared to 

have penetrated solely due to their ability to bore through the cell 

wall. Basidiomycetes did notbecomedominant at the surface but dominated 

the flora at 25 mm and 45 mm depths earlier than at 5 mm even though they 

were first isolated from all three depths at the same time. The former two 



— 49 — 

fungi remained sub—dominant for a short period but were later eliminated 

by decay fungi. 

In the distribution of 13asidiomycetes certain interesting features 

were noticed which are discussed here, 	These fungi were never isolated 
in culture 

from the surface, probably because their slow growth rate/prevented them 

competing against the existing fast growing species of Fungi Imperfecti 

i-Y1 11;702- Wr-". Also the earlier colonization by cellulose decomposersi 
Fa C. tor% 13e 1T- 2 S (AA&C ko-yt ; 

had left insufficient nutrients for the decay fungi', thus inducing them 

to penetrate to deeper regions. The brown—rot fungi might possibly have 

very little chance to become established within one or two millimetres 

from the surface (probable depth for the surface samples) against several 

cellulose decomposers which had colonized earlier and utilized the cellulose. 

The white—rot fungi could possibly colonize depending on the available space 

and the ability to live in presence ()tiler fungi 	— though in this 

experiment none were isolated from the surface. 

A question could be raised that Basidiomycetes were present on 

the surface but were not isolated from the plates with samples of several 

other fast grown species, as the former were overgrown by the latter 

group; This does not seem to be very probable because Basidiomycetes 

'ere isolated several times from the plates with mixed fungal cultures, and 

also special isolation media were used to inhibit the growth of moulds and 

other lower fungi. 	Basidiomycetes were first isolated from 5 mm 

to 45 mm depth, then for a certain period from 25 mm and 45 mm depth and 

later from all the three depths. This might be just a chance isolation 

with no significance or it might be the general trend and could be 

interpreted in the following way. The presence of several other fungi 

at 5 mm depth probably posed difficulties for the decay fungi and prevented 

their establishment in this over populated area. Because of their ability to 

penetrate further inside where competititors were far less in numbers than 
they 

at 5 mm depth/Were able to colonize better at greater depths. Later with 

sufficient build up they migrated again towards the surface. 

(After about 18 months of exposure the surface in zone III of Scots pine 
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was covered by T.enioptera sp• and in birch fruit bodies of Polystictue sp. 

were formed). 

The Basidiomycetes app. were found to follow closely the 

colonization of C. plceae from the surface of the post to 45 mm depth, 

but when Basidiomvcetes app. were established at 25 rim and 45 mm depth, 

C. piceae disappeared from the area. The disappearance of C. pieeae  

might be due to the Parasitism by BasidionyceteS app!  on this fungus. 

Shigo (1967) quoting Griffith (1964) has mentioned that "endoconidia of 

Ceratocystis spp. were highly susceptible to attack by certain Basidiomycetes". 

It is suggested that the initial growth of Basidiomycetes app. may be 

accelerated due to their parasitism on certain early colonizers. This may 

also be the reason for the disappearance of other members of the fungal 

flora after the attack by certain decay fungi (see Figure If 	and page (33 ). 

The presence of a sap-stain fungus Discula penicnla on the surface 

of the post before the attack of Basidiomycetes spp. might be of some 

significance. This fungus was found to be antagonistic to several other 

fungi but was suppressed by Polyatictus versicolor in malt-agar plate. 

The presence of such antagonistic fungi on the surface of the post may 

pave the way for decay fungi by suppressing other fungi which could have 

prevented their entry. 	(Discussed in detail in 5ectio}r III). 

The species of Basidionycetes isolated from the post were very 

often found to suppress the growth of other fungi including Penicillium app., 

C. herbarum and P. varioti, in the plates during isolation (see page 142. ). 

It is therefore suggested that the first decay fungi to attack the post 

nay be those which have the ability to compete successfully with other 

fungi and these may be followed by less aggressive species of Basidiomycetes, 

(a similar suggestion was made by D'Aeth 1939) for the entrance of more 

virulent parasite following the attack by another pathogen. 

It would appear that the successful colonization of Basidiomycetes 

in exposed timber in ground contact is a more complex phenomenon involving 

a wider range of factors than has previously been imagined. 
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After about 16 months the fruit 'body4 of une species of 

Basidiomycetes appeared on birch posts. the species vas Polystictus sp. 

An unidentified Basidioriycetes species (culture No. IC 101)was also isolated. 

The succession of fungi below the surface nan be summarized 

as follows: Sapstain (A4 pullulans) 	Sapstain and soft—rot 

(C. piceae  and Phialophora sp.) -----4 Basidiomycetes (Polystictus sp. 

and an unidentified species) 

Acolparative account of the distribution of fungi in three zones of 

birch post (Table 7 
	
) 

Fungi belonging to 13 genera were isolateci from zone i, 16 from 

tone II and 23 genera from zone III. The fungi which were isolated from 

all three zones were Penicilliun  spp., Fusarium  app., T. viride, 

C. herbarum,Alternori&Etp•Aposphaeria sp., Cephalosporium sp. and 

Dac)lylosporium sp. The other fungi common to different zones were, Phoma sp. 

and P. varioti in zones I and II; Botrytis sp., Chaetophoma sp. and 

Chaetomiur► sp. in zones II and III. Although several species of fungi 

were common to all the zones yet the difference between the fungal flora 

of each zone was quite clear. The fungi which colonized the post at the 

ground line and above ground line were very different, and this is 

probably due to the difference in the moisture content and the colonization 

of soil fungi at ground line. 

In each zone the surface was heavily colonized by a number of 

fungi but below the surface the colonization was very variable, therefore, 

the comparison has been confined to the surface flora of the three zones. 

In all the zones the primary colonizers on the surface were moulds but 

the species involved were different. Penicillium spp. were among the first 

fungi to appear in zones I and II, but appeared with the second flush of 

colonizers in zone III. There were marked differences in the periods for 

which Penicillium persisted in different cones, in zone I they remained 
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as dominant fungi for a very long period, in zone II they stayed for a 

short period but in zone III these were only isolated a* dive;y1 earl 

sampling operationi,. The distribution of C. herbarum was found to be 

similar to Penicillium with a slight difference in the period during 

which these fungi persisted on the post. Fusariun app. on the other 

hand were the first fungi (along with Botrytis sp.) to colonize zone III 

but appeared with the second flush of fungi in zone t and II. 

It would be interesting to discuss the question as to whether 

distribution is merely a reflection of the random deposition of spores or 

is related to the different conditions.  prevailing at each zone. Among the 

moulds Fusarium app. and Botrytis sp. were often found as first colonizers 

in zone III and Penicillium spp. in zones I and II. Is this distribution 

due to random deposition of spores or has it another significance ? The 

spores of these fungi are always present in abundance in air, they might 

have been also present on all the zones of the posts when these were 

erected, but their germination and first appearance would depend on the 

suitability of the substrate. 

In zone III which was heavily infected with bacteria,Penicillium spp. 

with closely appressed or submerged :my0.1 probablyvereunable to grow in 

presence of bacteria, but Fusarium and Botrytis with their profuse aerial 

mycelium grew happily over the bacteria, eventually suppressing them, 

opening the way for the future colonizers. These two fungi were the first 

to colonize zone III, not only because the spores were deposited there by 

chance, but also because of their ability to grow on a substrate infested 

with bacteria. 

In zone I and II Penicillium appeared first along with Paecilomyces  

and Cladosporium, probably because the rate of germination of their spores 

was higher than that of Fusarium, so that if spores of Fusarium and 

Penicillium were present in similar condition to zone I and II, 
tak-e r- 

Penicillium might colonize first butLthe aerial mycelium of Fusarium  

would limier suppress these fungi. 
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Penicillium and CladosporiuM persisted for a long period in zone I 

and II, tecause the other fungi Colonizing the area did not have normal 

vegetatiVe groWth due to the low moisture content. In zone III they 

were almost immediately suppressed by other fungi with rapidly growing 

aerial mycelium.. 

Several other fungi were also isolated from the three zones 
s. 

at different times of the year.ititernaria/an
p
d Aposphaeria sp. were 

isolated from zone II and IIIafter a few 	months of exposure 

but they appeared during the seventh month in zone I. Dactylosporium sp. 

also colonized zone. IX and IIlearlier than zone I. The type of 

distribution where fungi first colonize the lower region on the post and 

later colonize the upper region (zone I) of the post may be due to the 

following reasons: Some of the soil fungi probably do not produce large 

numbers of spores when growing in the soil or heavy spores do not migrate 

long distance. The mycelium of such fungi may colonize the post near the 

soil and produce spores which migrate to zone II and later to zone I. 

It is also possible that insects such as Collonbola which are known to 

feed on fungi carry spores on their bodies to different parts of the post or 

deposit both spores and mycelium in their faecal pellets (Coto and Levy 

(1955) unpublished data). 

The distribution of T. viride and P. varioti was of a different 

.type. T. viride appeared very early in zone I and II but appeared much 
P. varioti 

later in zone IIIAICIEWTIsolated from zone I and II several tines was 

never isolated from zone III. These fungi probably could not colonize in 

zone III at the early stage due to the presence of bacteria (as described 

earlier for Penicillium) and later because of the competition for space 

and nutrients from the already established fungi. 

A very striking difference between the fungal flora of the 

ground line and above ground line of the post was the presence of a 

larger number of soft—rot species in zone III than in other zones. Dominant 

fungi in zone III were soft—rot fungi with sapstain characteristics, whereas 

moulds were the dominant members of the flora in zones I and II. 



On the surface of zones I and TT the macceasion of fungi did 

not reach beyond mould stage but in zone III the succession reached 

to the soft—rot stage. The reasons for this haVe already been discussed. 

At 5 mm depth eleven species of fungi were isolated from zone 

three Species from zone I and none from zone II. C. herbarum persisted for 

a long period in zone I probably because of less severe competition but in 

zone III it was eliminated by soft—rot fungi within two months. P. varioti  

which was not isolated from any depth in zone III was the only fungus to 

persist through the latter half of the year in zone I. Several fungi 

colonized at 25 mm and 45 mm depths in zone III but none were isolated 

from other zones. 



— 55 -6  

Seasonal2  distribution of fungi en Sciots pine post in zone I  

(Table 4)  

Surface 

On the surfaCe of the post Penicillium spp. and T. viride  

were the pioneer colonizers and a few bacterial colonies were also isolated. 

Both bacteria and Penicillium  spp. did not persist for long but T; viride  

was more regularly isolated in the later series of isolations. In the 

second flush of invasion) Fusarium app., Epicoccup  sp., C. herbarum and 

CenhalosPortdm sp. appehred on the post. Fusarium spp. and C. herbarum  

were the only two fungi which dominated the flora throughout the year along 

with T. viride, the others were eliminated after a short period. After 

the post had been exposed for two months, Botrytis sp. and Botryodiplodia sp. 

were the only new isolates. Both Botryodiplodia and Botrytis  spi were 

regularly isolated for about five months from the time of their colonization . 

The last major invasion of fresh colonizers was after the posts were 

exposed for four months (which included Mucor sp., P. varioti, Alternaria sp. 

and Aposphaeria sp.) and there after Dactylosporium sp. was the only new 

inclusion in the flora. However all the fungi which appeared from the 

third month onwards colonized the post for a very short period and had 

no impact on the fungi which were already established. 

At 5cadepth:  C. herbarum was the first fungdsisolated from below 

the surface — and -was soon followed by T. viride and later by Botryodiplodia 

sp. All these fungi were isolated regularly in subsequent isolations. 

P. varioti was the only other fungus which later penetrated into the post 

but could not become established. 

e.tAy12 u5 

At 25 mm depth: C. herbarum was the fiestlisolatedfrom this depth. 

It was later followed by T. viride and Botryodiplodia. These fungi 

were not isolated in the last three or four series of isolations. 



- 56- 

Table 4  

Sequence of colonization of fungal species in zone I of Scots pine posts in 

relation to exposure months 

On surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Penicillium spp. 	X 	X 

Trichoderma viride 	X X 	X X X 	X 	X 

Fusarium spp. 	X X X X X X X 	X 

Epicoccum  Spi 	X 	X 

Cladosporium herbarum 	X X X X X X X 	X 

Cephalosporium sp. 	X 	X 

Botrytis sp. 	X 	X 	X 

Botryodiplodia sp. 	X 	X 	X 	X 

Aspergillus sp. 	X 

Mucor sp. 	 X 	X 

Paecilomyces varioti  

Alternaria sp. 	 X 	X 

Aposphaeria sp. 	 X 

Dactylosporium sp. 	 X 

At 5 mm depth  

C. herbarum 	X X X 	X 

T. viride 	X X X X X X 	X 

Botryodiplodia sp. 	X X X X 	X X 	X 

P. varioti 	 X X 

At 25 mm depth  

O. herbarum 	X 	1C 	X 

T. viride 
	

X 	X X X 

Botryodiplodia sp. 	 X 	X 
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At 45 mm depth: No fungus was isolated from this depth. 

Analysis of the. results:  

Fourteen fungi were isolated from the surface but only three of 

these remained dominant throughout the year. It is difficult to say 

whether T. viride which colonized the post first inhibited the growth 

of other colonizers. However Fusarium spp, C. herbarum and Botryodiplodia sp. 

were not affected by the antagonistic action of P. viri.de  and remained 

dominant'. The colonization on the surface of the posts did not follow 

any definite sequence and the succession of fungi did not proceed here 

beyond the mould stage, although several soft rot fungi (Cephalosporium sp. 

Alternaria sp., Dactylosporium sp.) and a pycnidial fungus (Aposphaeria sp.) 

appeared later for a short period. The peculiar sequence of fungi could 

be due to season variation. That the soft—rot fungi were unable to establish 

on the post was perhaps due to the low moisture content and the competition 

from moulds. The dominance of T. viride, C. herbarum and Botryodiplodia sp. 

on the surface was probably because these fungi were able to draw 

sufficient nutrients from inside the post to support their mycelial growth 

on the surfaces  Other fungi were eliminated probably due to the depletion of 

nutrients on the surface. The presence of Fusarium spp. on the post for 

long period may be due to their low nutrition requirements and adaptability 

to dry and wet spells. 

T. viride, Botryodiplodia sp. and C. herbarum were the only colonizers 

below the surface layers. The successful colonization of these fungi is 

probably due to their close mutual association. The increase in 

permeability of wood in the presence of sapstain fungi (Findlay 1950, may 

increase the moisture content and thus the growth of T. viride. 

Seasonal distribution of fungi in zone II (Table 3 )  

Surface: C. herbarum was the first fungus isolated from the surface 

layers. A few bacterial colonies were also found on the petri dishes 
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Table  

Sequence of colonization of fungal species in zone II of Scots pine posts 

in relation  to exposure months 

On surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Cladosporium herbarumXXXXX 

Cephalosyorium  sp. 	X 	X 

Fusarium  spp. 	X X X X 	X 	X 

Alternaria  sp. 	X 	X 	 X 

Aspergillus  sp. 	X 

Botryodiplodia  sp. 	X 	X 	X 

Aureobasidium pullulans 	X 	X 

Phoma sp. 	 X 

Penicillium  spp. 	 X 	X 

Trichoderma viride 	X 	X 	X 

Aposphaeria  sp. 	 X 

Dactylosyorium  sp. 	 X 

Discula pinicola 	 X 

J3otrytis  sp. 	 X 
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with wood samples. In each subsequent isolation a few fresh fungal 

species were added to the flora on the post almost throughout the period of 

investigation. A few of the important fungi which later colonized the 

post are mentioned here. The early colonizers were followed by 

Cephalosporium sp., Fusarium spp. and Alternaria sp. within two months 

of exposure. Bacteria and the fungi mentioned above, except Fusarium  app. 

were not isolated after the posts had been in the ground for four months. 

Fusarium spp. were the only fungi isolated regularly throughout the 

period of investigation. The posts were later colonized by several other 

moulds, sapstain tsoft—rot and pycnidial fungi. None of these fungi stayed 

long on the post except BczotryodiRlodia sp. and T. viride which were 

isolated from several subsequent isolation series. 

At 25 mm to 45 mm depth: 	From these depths no fungus was isolated 

during the investigation. 

Analysis of the ;results.  

The moisture content on the surface of the post probably varied very 

sharply during the year, remaining ht a low level for most of the year. 

This fungi which colonized the post in zone II, did not persist for any length 

of time probably because of their inability to live under such sharp seasonal 

changes. Fusarium spp. were the fungi isolated most regularly and were 

often found to encrust the surface in this zone. 

The post inside was very dry and none of the surface colonizers 

penetrated the wood below the surface layers. A few fungi, e.g. C. herbarum  

Botryodiplodia sp. and T. viride, which persisted longer than their 

competitirs were later eliminated. from the surface layers or :due to seaeonal change 

or both 	 The number of species of fungi in the 

surface flora reached a maximum within about four or five months of 

exposure and then the numbers declined in the subsequent months. This 

reduction in number of species in the flora of the post suggests that the 

depletion of nutrients or the temperature' variation may be the cause of 

elimination of most of the 
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existing fungi. 

Colonization by fungi in zone II did not follow any definite 

pattern. Fresh colonizers were isolated contiuously from the posts for 

about 6 to 7 months of exposure. The succession of fungi did not proceed 
beyond mould stage. 

Seasonal distribution of fungi on Scots pine Rost in zone III  

CL02120. 

Surface: 

The post was first colonized by bacteria and moulds (Botrytis sp., 

Fusarium sppp., and C. herbarum) 	Both bacteria and moulds were isolated at 

thissame time, but the presence of a very large number of bacterial 

colonies in the first isolation and decline in number in subsequent 

isolations after the establishment of the fungi suggests that the moulds 

may have followed bacteria in the succession. The primary colonizers were 

followed by a large number of other moulds,sapstaia, soft—rot and 

pycnidial fungi within a period of four or five months. Most of these fungi 

remained on the post for a very short tine. The important fungi which 

dominated the surface flora for a longer period were Fusarium spp., T. viride, 
C. piceae, A. pullulans, Botryodiplodia sp., Phialophora app. and 

Geotrichum sp.. Fusarium app. were the first members among the dominant 

groups of fungi to be eliminated from the flora and later T. viride was 

also eliminated. C. piceae and Phialophora spp. were isolated regularly 

in most subsequent series of isolations. 

The last flush of invasion by other fungi was after nine months of 

exposure and these included Dactylosporium sp., Alternaria, Dendrophoma  sp. 

and Aposphaeria sp. These fungi were very rarely isolated from the air in 

the control plates. It is therefore assumed that these soil microfungi 

probably colonized the post from the soil by hyphal contact. 
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At 5 mm depth: Bacteria were not isolated from below the surface layers. 

Twenty three fungi colonized the surface and out of those only eleven 

fungi penetrated below the surface. The firstisolateswere a mixed group 

of fungi belonging to moulds, pycnidial and soft—rot fungi. These early 

colonizers were very soon eliminated by the secondary colonizers which 

included C. piceae,,  Phialophora sp., Botryodiplodia sp., Sporotrichum sp., 

GeotrichuM sp., T. viride  t  Chaetomium globosumand Gliomastix sp. 

Many of the secondary colonizers persisted for a few months but in the 

last few isolation series C. .piceae and Phialophora sp. were the only 

fungi isolated along with Basidiomycetes (Peniophora sp.).ABasidiomycete 

species was first isolated from the posts after these had beep in the ground 

for about seven months. 

first 
At 25 mm depth; C. piceae was th9/fungus to penetrate to this depth. 

This fungus was followed by Phialophora sp.'and Gliomastix sp., and later 

by Peniophora sp. Both C. piceae and Phialophora sp. were isolated along 

with Peniophora sp. until the end of the investigation. Gliomastix sp. 

was not isolated later when C. piceae and Phialophora sp. were well 

established. 

At 45 mm depth: Fungi which colonized at 25 mm also penetrated to 

45 mm depth of the posts but, there is some difference in the order of 

colonization. At 45 mm depth C. piceae colonized first, followed by 

Giiomastix sp. Both these fungi were replaced very early by Phialophora sp. 

and later by Basidiomycetes. 



— 62 — 

Table 6 

Sequence of colonization of fungal species in zone III of Scots pine posts 

in relation to exposure months 

On surface layer 	Jun Jul Aug Sep Oct Nov Dec Jan ireb Mar 

Botrytis  sp. 	X 	X 

Fusarium  app. 	X X X X 

Cladosporium  sp. 	X 	X 

Penicillium  app. 	X 

Mucor sp. 	X X X 

gephalosporium  sp. 	X 

Chaetophpma  sp; 	X 	X 

Trichoderma viride 	X 	X 	X 

Ceratocystisyaceae 	X X ic 	X 

Cytospora  sp: 	X 	X 

Aureobasidium pullulans 	X 	X 	X 

Verticillium  app. 	X 

Botryodiplodia  sp. 	X 	X 

Phialophora  spp. 	 X 	X 

Sporotrichum  sp. 	 X 	X 

Paecilomyces varioti  

Gliomastix  sp. 	 X 	x 

Geotrichum  sp. 	 X 	x 

Chaetomium globosum 
	 X 	x 

Chaetomium dolichotrichum 

Pestalotia  sp. 	 X 	X 

Aspergillus  sp. 	 X 

Dactylosporium  sp. 	 X 

Alternaria  sp. 	 X 

Dendrophoma  sp. 

Aposphaeria  sp. 	 X 
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Table 6  (contd.) 

At 5 mm depth 	Jun Jul Aug Sep Oct Nov Bee Jan Feb Mar 

Botrytis  sp. 	X X X 

Chaetophoma  sp. 	X 	X 

Cephalosporium  sp. 	X 	X 	X 

Cylindrophora sp. 	X 

Ceratocystia piceae 	X 	X X X X 	X 

Phialophora  sp. 	 X 	X 	X 	X 	X 

Botryodiplodia  sp. 	X 

sporotrichum  sp. 	X 

Geotrichum  sp. 	 X X 	X 

Trichoderma viride 	X 	X 

Chaetomium globosum 	X 	X 

Gliomastix  sp. 	 X 	X 	X 	X 

Peniophora  sp. 	 X 	X 

At 25 mm depth 

Ceratocystis_piceae 	X X X X 	X 

Phialophora  sp. 	 X 	X 	X 	7 

Gliomastix  sp. 	 X 	X 

Peniophora  sp. 	 X 	X 

At 45 mm depth  

Ceratocystis _piceae 	X 	X 

Gliomastix  sp. 	 X 

Phialophora sp. 	 X 	X 	X 

Peniophora  sp. 	 X 	X 
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Analysis:  

This series of isolations revealed a pattern of succession of fungi. 

In suggesting the pattern of succession only the fungi which were isolated 

for several consecutive months were taken into account, leaving out 

several of those which were thought to be 	chance colonizers. 

The succession on the surface and at different 

depths is dealt with separately. On the surface the succession of fungi 

begins with bacteria and ends with soft—rot fungi; following the sequence:—) 

Baeteila 	Moulds —4 Sapstains -4 Sapstaining and soft—rot fungi 

The fungi representing the groups are: in Moulds 

Botrytis sp., Fusarium spn., Mucor sp: and T. viride; and injiapatainrand 

soft-rot fungi - C. piceae, dOMMEJONOW and Phialophora app;. 

The fungi mentioned above remained on the surfaces as dominant 

colonizers for a considerable length of time. These were eight of.  a 

total of twenty three fungi which colonized the surface in zone III at 

some time or other. Dominance of these dungi on the surfaceles probably 

due to their growth below the surface of the post, from where the 

necessary nutrition came when the nutrients on the surface were depleted. 

The fungi which did not penetrate inside were eventually eliminated from 

the surface by depletion of nutrients. For example, C. piceae and 

Phialophora sp. remained on the surface as dominant colonizers due to their 

heavy mycelia' growth below the surface. 

The role of Fusarium app. and Botrytis sp. on the surface of 

the post infested with bacteria is of great significance in succession of 
probably 

fungi. These fungi by overgrowing bacteria on the surface layers/pave the 

way for several subsequent colonizers, which otherwise might not have 

grown in the presence of bacteria. 

T. viride a dominant member of the surface flora for several 

months, did not affect the growth of several other fungi which later 

colonized and survived for a considerable length of time. This suggests 

that the interaction between T. viride and several fungi is not very effective 
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when a number of fungi grow together on the surface layers of fence posts. 

The record of surface colonization shows that the fresh colonizers were 

added to the flora regularly for about five months and, thereafter no 
of 

significant addition took place to the list/species of fungi. It is 

therefore suggested that once the colonization reaches the climax, within 

a period of four or five months, the subsequent random deposition of 

air—borne spores does not result in colonization, due to the lack of space 

and nutrients.Even among the existing fungi the severe competition for 

food and space appeared to have resulted in the elimination of some of 

these fungi. The activity of fungi on surface is probably lower at this 

stage than it ever had been before. It is therefore thought that 

Basidiomycetes may have a better chance of penetrating the wood after the 

fungal activity on the surface 'lab declined due to the depletion of 

nutrients than at any time before this stage. The isolation of 

Basidiomycetes from the posts in most cases after 4 or 5 months exposure 

is supporting evidence of this view. 

The succession of fungi below the surface layers is very similar 

at each depth, when only dominant species of fungi are considered. Below 

the surface layers of the posts fungal succession was sapstain and soft—rot 

fungi --4-9001•Noce4•10empi 	r Basidiomycetes. The fungi included in the 

sequence were as follows: Sapstain and soft—rot group — C. pieeae  

and Phialophora sp.; 	 and in Basidiomycetes 

Peniophora sp. A fruit body of this fungus was formed on the surface of 

the post. 

A comparative account of distribution of fungi (in three zones) in 

Scots pine 

 

Table 8 

   

   

The fungal flora in zone I falls into about 14 genera, in zone 11)15 

genera and in zone IIT,about 23 genera. Fungi belonging to 9 genera were 

common to all the three zones, which includes five common moulds, a 

pycnidial fungus and three soft—rot fungi. Isolation of a largernumber 
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of fungi from zone III than other two zones indicates that the conditions 

here are more favourable for fungal growth. This also indicates that the 

number of fungi involved in the colonization in zone IItis more than in other 

zones because it is exposed to both airborne spores and mycelium of fungi 

living in the soil substrate. 

Certain striking variations in the tine of colonization of fungi 

common to all the zones are briefly discussed here. T. viride was the first 

fungusto colonize the surface layers of posts in zone I, but it was a very 

late colonizer in other zones. Another example is Fusarium spp. which 

was among the first colonizers in zone III but was a secondary colonizer 

in other zones. However both these fungi were isolated very regularly 

throughout the period of investigation. In zone III they were replaced by 

other Colonizers which were possibly more efficient cellulose decomposers. 

the survival of these two fungi for a greater length of time in zone I and II 

may be due to the lack of competition from any efficient cellulose 

decomposers which failed to grow at the low moisture content level of these 

zones. 

The species of fungi from the first isolation were significantly 

different in three zones. Fusarium spp. and Botrytis sp. were the early 

colonizers in zone III which was heavily covered with bacteria, where other 

moulds had far less chance of growth. In zone I and II, bacterial 

infection was very slight and the early colonizers were Penicillium spp., 

T. viride or C. herbarum. This suggests that the distribution of fungi is 

not always due to the random deposition of spores but the conditions 

prevailing on the substrate may be an important factor which would determine 

the distribution of species of fungi on the fence posts. 

Fresh colonizers were continuously isolated from the surface 

layers of zone I and III until about four months of exposure but were 

isolated continuously in zone II until about seven months from the date 

the posts were set up. The sharp change in moisture content in zone II 

may have so greatly reduced the activity of the existing fungi, that 

sufficient nutrients are left for a greater length of time for the growth of 
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fresh colonizers. In zone I and III the conditions on the surface 

of the posts being more favourable for the growth and activity of fungi, 

the surface nutrients are depleted very early, thus the chances for growth 

and development of freshly deposited spores are greatly reduced after about 

4 to 5 months. 

After the depletion of nutrients from the surface layers in zone III 

there are three alternative possibilities for colonization: (1) Myxomycetes 

and other fungi capable of living on partially decomposed cell wall and on 

residues of earlier colonizers (Findlay 1940, others) (2) Fungi which were 

now established below the surface may reappear, (3) soil-microfungi may 

colonize through hyphal contact. 

This suggests that the active phase of succession of fungi on the 

surface layers, where both air-borne spores and mycelium of the soil 

fungi are involved probably ends within a few months with the depletion 

of nutrients. After this stage the fungi involved in the succession may 

be those which are able to colonize the post through hyphal contact and 

their success may primarily depend on their inoculun potential and their 

mycelial growth in the soil. It has been noticed that in zone III the fungi 

which colonizeithe surface during the last few series of samplings might 

have colonized the post by hyphal contact. The spores of these fungi 

were rarely isolated from the air. The succession of'dungi did not proceed 

beyond the mould stage in zone I and II, but it is more pronounced and 

showed a definite pattern in zone III. 

A comparative study of fungal colonization in birch and Scots pine  

(Tables 7, 8, 9, 10) 
In the present investigation two different wood species, one 

hard wood (birch) and one soft wood (Scots pine), were selected to 

examine the possible effect of wood species on the fungal colonization. 

It has been mentioned before that each zone of a post is exposed to 

different ecological conditions. It is assumed that the conditions 

prevailing in the same zone of birch and Scots pine posts would be very 

similar. The distribution of fungi on each zone is therefore compared 
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separately in the text, assuming that other external factors item 

similar, the difference in the distribution of fungi if any, would be 

• due to the difference in wood species. . 

Species isolated: 

In general fungal species isolated from both birch and Scots pine were 

similar. Most of the fungi were common to both wood species but certain 

fungi, e.g. Botryodiplodia sp., Cytospora sp., Chaetomium globosum., 

Gliomastix sp., and Peniophora sp. were isolated only from Scots pine, 

and 	. Stysanus sp., Coniothyrium fuckelii, Polvstictus  

sp. and an unidentified Basidiomycetes species were isolated only from 

birch. The fungal flora in a zone is very similar in two wood species 

but several fungi were isolated either from birch or Scots pine. There is 

a marked difference in the order of Colonization of common fungi in both 

wood species. A very large number of common fungi in a zone were isolated 

at 	different times of the year from two wood species. The difference 

in the time of isolation of a fungus from different wood may be 1 to 5 

months within a zone, but between the zone the time of isolation of a fungus 

may vary from 1 to 8 months. (Tables 1 to 6) 

Colonization on the surface. 

In sone I Fusarium spp. and C. herbarum were common dominant 

fungi both in birch and Scots pine. Other dominant or sub—dominant fungi 

in birch were Penicillium spp., Cephalosporium sp. and Dactylosporium sp. 

in Scots pine — T. viride and Botryodiplodia sp. In Scots pine T. viride  

was the first colonizer but this fungus appeared very late in birch. 

Nost of the species of fungi isolated were common to both but a few fungi, 

were present either in birch or Scots pine. 

In zone II a few dominant and sub—dominant fungi were common to 

both wood species, but among the sub—dominant groups of fungi, birch was 

colonized by Penicillium spp., Botrytis sp. and P. varioti, and Scots pine 

was colonized by T. viride and Botryodiplodia.  
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In zone III the important dominant fungi were common to both 

but among the sub-dominant groups of fungi, birch was colonized by 

Stysanus sp. 	 and Scots pine by T. viride, 

pullulans and Geotrichum. 

Colonization in depth  

In zone I - the fungal colonization in birch did not proceed beyond 

5 mm., but in Scots pine a few fungi were isolated from 25 mm depth. 
T. viride and Botryodiplodia were the dominant fungi in Scots pine but they 

were not isolated from birch. P. varioti a dominant fungus in birch was 

was present only for a very short period in Scots pine. 

In zone II - the fungi did not colonize the posts below the surface 

in both birch and Scots pine. 

In zone III - the difference in the fungal flora below the surface 

is more pronounded than it was on the surface. The common dominant 

fungi in both birch and Scots pine were C. piceae and Phialophora sp. 

In birch the only other dominant fungi were Basidiomycetes - Polystictus sp. 

and an unidentified species, but in Scots pine Geotrichum and Gliomastix were 

sub-dominant fungi along with the Basidiomycete 	Peniophora sp. The 

birch posts were attacked by Basidiomycetes much earlier than Scots pine. 

The Succession of fungi: 

The pattern of succession of fungi is very similar in both birch 

and Scots pine, but the fungi involved in the succession were different. 

For example T. viride, Botryodiplodia and A. pullulans were among the 

dominant fungi in the early stage of succession of organisms in Scots pine 

and Peniophora sp. was dominant in the later stage of succession, but in 

birch these fungi persisted for a very short period (Peniophora sp. 

was not isolated from birch posts). In zone I and II the succession did 

not proceed beyond mould stage bat in zone III the succession of 

organisms was more complete. 
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Influence of Seasonal factors on the fungal colonization 

on birch and Scots pine posts. 

It is very difficult to correlate the influence of taerosporalpylet 

temperature Or any other physical factors with fungal colonization on the 

posts. The laerospornImentioned in the text represent the fungi obtained 

by open plate spore trap method. It has been mentioned earlier about the 

drawbacks of this spore trap method. Spore trapping for a few hours during 

each isolation may not give a correct picture of the actual seasonal 

variation in I. aerosporat.It is therefore not possible to genralize the 

influence of laerosporaton  fungal colonization in the posts. It is also very 

difficult to comrelate the influence of temperature on fungal colonization 

on fence posts. This involves soil temperature, atmospheric temperature, 

adequate knowledge on adaptibility of the fungi isolated from the posts to the 

sharp variation in temperature, and several other allied problems.. It is 

therefore not possible to give any conclusive suggestion on the influence 

of seasonal factors. However a short discussion on the subject based on the 

results is given here. 

Total number of fungal species isolated from the postsi4,aerotspora5 

and temperature in centegrade is plotted in the figure against time of 

exposure (Fig. 3 ). (Although several species of Penicillium, Fusarium 

and Verticilllium and Phialophora  were isolated, in the figure each of these 

genera represent. one unit.) In describing fungal distribution only the 

identified species have been included in the text. Fungal species isolated 

only from the air are shown in table 13. Seven species of unidentified 

fungi which produced sterile mycelium with considerable variation in colour 

and form have been omitted from the text. The results showed a rise in 

the number of fungal species on the posts between June and August when both 

temperature and number of species in the air were nearly constant. A further 

rise in number of fungi on the post was observed between AugustandSeptember 

or October which corresponded with the rise in number of species in air, 

but during the same period a fall in temperature was observed. The maximum 
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number of fungi on the posts was during September and October. Wilkins 

and Harris (1946) also observed similar trend in the distribution of higher 

fungi in two different localities. A sharp fall in the number of species 

isolated from the posts was observed from October to December which 

corresponded favourably with the fall in temperature, but during the same 

period the number of species in air did not fall so sharply. Again between 

December and January when there was a rise in temperature the number of fungal 

species in Scots pine post continued to fall whereas in birch there was a rise 

which shows that temperature may have certain influence in this case. 

However, the data are not sufficient to draw any inference from these results. 

It would be interesting to investigate the influence pthat the time of 

erection of the posts may have on the fungal colonization. It is therefore 

suggested that in further investigation if posts are erected in September 

when temperature begins to fall and laerosporatnearly reaches the maximum 

number then it may be possible to know more about their influence on fungal 

colonization. If the number of fungi on the posts shows a rising trend 

between September and December when both temperature and laerosporatfall 

from their maximum value to minimum, then probably the influence of 

nutrients can be established. A further critical investigation on fungal 

colonisation from March to July may more clearly establish which of these 

factors have greater influence. 
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Table 13  

Fungal species isolated from the air which did not colonize the posts  

Jun Jul Aug Sep Oct Nov Dec- Jan Feb Mar 

Number of Fungi isolated 
from the posts and air 
(included in the 
tables (1 — 10) 	9 	10 10 13 15 11 12 11 	11 

Fungi isolated only from the air 

Phycomycetes  

Cunninghamella  sp. 	X 

Moniliaceae  

Camarosporium  sp. 	X 	X 	X 

Candida  ep. 	X 	X 	X 	X 

Cylindronhora  sp. 	X X 

Rhinotrichum 	X 

snedonium  sp. 	X 	X 

Spicaria  sp. 	X 	X 	X 	X 

Streptomyces  sp. 	X 	X 	X 

Demateaceae  

Bispora.  sp. 	X 	X 

Bisporomyces  sp. 

Catenularia  sp. 	 X 

PiricaudaAoniothecium  sp. X 	 X 	X 

Stachybotrys  sp. 	X 	X 	X 

Stachylidium  sp. 

Streptothrix  sp. 	X 	X 

Torula sp. 	X 	 X 

Sphaeropeidales  

Coreothyriella  sp. 	X 

Diplodia  sp. 	 X 

Wiens  (mexicana) 	X 	X 

Pyrenochaeta  sp. 	X 	 X 

Basidiomycetes  (unidientified) 	X 

Total number of fungi isolated 
from the air 	15 16 16 18 19 16 15 16 	15 
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Discussion 

The seasonal distribution and fungal succession already described 

have been based on the results of periodic isolation of fungi from birch 

(Betula  sp.) and Scots pine (Pines sylvestris)  fence posts. Theldrill 

technique' (Asmah 1965) was used to obtain samples of infected wood 

particles from the surface layers and at three different depths (5 mm., 

25 mm., 45 mm.) from a standing fence post. The wood particles were 

obtained from about 6 inches below the top of the posts. (*one I), 

from 18 inches above ground line (zone II), and at the ground line (zone III), 

to investigate the distribution and succession of fungi in three ecological 

zones with respect to hvironmental conditions prevailing at different 

zones of the posts (see p. 13 ). The isolation techniques used by the 

previous workers have been described by Greaves and Savory (1965) and Grant 

and Savory (1968) (see p. 18 ). To isolate fungi from the infected wood 

particles obtained from the posts several different media were used. The 
that 

influence/culture media have on the number and type of fungi isolated has 

been discussed by Warcup (1960) Greaves and Savory (1965). Further findings 

on the suitability of media for similar ecological study have been discussed 

earlier (see p. 22 ). 

In discussing the results of the investigation it should be mentioned 

that it cannot be assumed that all the fungi which colonized the posts were 

isolated. It is also possible that some of the isolates may have been 

obtained from spores or resting bodies produced by fungi which were active 

during the early stage of succession (Garrett 1955), and in particular 

some of the isolates obtained from the surface zones may in faoetetve 

arisen from spores. The fungal colonies isolated from the wood were not 

counted so no figures were produced on their relative frequency of 

occurrence. The IdrilLtechniquel used in this investigation for obtaining 

inocula from the posts is not very suitable for studying frequency of 

occurrence. With this technique a very large number of isolates are 
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obtained in each petri dish which make a colony count very difficult. 

However, it is a very suitable technique for a qualitative study of the 

ecology of fungi. Several other advantages of this technique are discussed 

later in the text. In the study of the succession of fungi the importance 

and feasibility of using relative frequencies of occurrence of fungi as 

a criterion of studying the quantitative aspect of fungal colonization 

is under investigation at the present time (Butcher 1969). 

The early workers concerned with the succession of fungi have 

generally removed the post to the laboratory for sampling. In the present 

investigation 3 to 4 periodic isolations were carried out on a post without 

disturbing its existing environment. In the non—destructive type of 

sampling (where posts are not removed from the groand), theldrill technique' 

is a very satisfactory method for obtaining isolates, both from the surface 

layers and at different depths. Sampling a post for several consecutive 

months has given some information on the progressive colonization by fungi 

from the time of their appearance on the surface to theirstablisbmeent into 

the post. It ha,d been thought that in the case of isolations carried 

out in the open air, a large number of contaminants from air—borne spores 

might render difficulties. In fact these were surprisingly few in number 

and the complete absence of fungal colonies at 25 mm and 45 mm in the early 

stages of those studies clearly shows that it is a negligible factor. The 

fungi which colonized the post at 5 am depth were often isolated one or 

two months earlier from the surface. The colonization of fungi beneath 5 mm 

depth may also depend on their ability to penetrate through the wood 

tissues. For example Phialophora sp., Geotrichum sp., Gliomastix sp. 

and the species of Basidiomyeetes were isolated from 25 mm and 45 mm depth 

during the same period that they first appeared at 5 mm depth, but C. piceae  

was isolated from 45 mm depth on the third month after it had appeared 

at 5 mm depth. The results have also shown that the initial hyphal 

penetration is mostly in the radial direction from sapwood to heartwood, 

This was confirmed when after 18 months exposure the posts cut into several 

vertical sections showed a shallower penetration from heartwood 
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side and major white—rot pockets in the centre which spread towards the 

surface in zone III. 

It has been observed that the fungi isolated from greater than 

25 mm depths have invariably colonized the intervening area between that 

point and the surface layers. This shows that the fungal colonization 

is unidirectional and progresses from the surface layers to the centre of 

the post. It also indicates that even if there were vertical migration 

of fungi from below ground line to ground line zone no new fungus was 

added to the existing flora at 25 mm and 45 mm depth. Butcher (1968) 

has suggested that there may be a migration of Basidiomytetes from the 

ground line to areas below the ground line, No isolations were made below 

the ground line in these investigations. 

The isolation of fungi from surface to subsequent known depths 

has opened new Concepts in the field of study of fungal ecology♦ It is 

now possible to examine the following aspects of fungal colonization on a 

fence post: (1) at what stages and depths certain fungi are eliminated, 

(2) the fungal flora at different depths, (3) the fungi which commonly 
a 

do not penetrate below a certain depth but may have/high intensity of 

fungal growth nearest to the surface and are likely to be included among 

the dominant fungi in a grouped sampling, (4) the fungi which are 

associated with the colonization by Basidiomycetes and other fungi at 

different stages, (5) those fungi capable of penetrating beneath the 

surface and the possible associations of the surface flora which make this 

possible. The gradual decrease in the number of fungal species from 

surface to subsequent depths suggests that competition, interaction 

and association may be involved in this process. As the number of fungal 

species in a post forms the basis for interpreting succession of fungi, 

therefore it appears that the fungal succession is also influenced by 

competition, interaction and association. A similar suggestion was also 

given by D'Aeth (1939), Bash= (1959), Garrett (1963), Findlay (1966) 

and Hudson (1968). The colonization by fungi at 5 mm depth may be highly 

influenced by the competition and interaction between the fungi on the 
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surface layers of the post. The colonization at 25 mm depth may be 

influenced by the competition and interaction at 5 mm depth, but for the 

colonization at 45 mm depth the competition at 25 mm depth does not appear 

to be of any great significance. However, regarding the establishment of 

decay fungi their association with the sapstain fungi may be one of the 

most influential factors. This is discussed later in detail. 

In interpreting the succession of fungi based on the results of 

periodic isolation two very debatable questions arise: (1) 	a few 

hyphae of a fungal species which may have penetrated the wood through ray 

cells are likely to be isolated repeatedly from below the surface layers and 

thugs can assume the position of dominant colonizers although they in.. fact 

may not be so, (2) the physiologically inactive hyphae represented by 

resting bodies of an early Colonizerare also likely to be isolated 

repeatedly and ban be erroneousiy included in the results among the 

currently active and dominant fungi. The influence of these factors in 

interpreting the fungal succession based on the results of periodic 

isolations is very difficult to disregard completely. However, from the 

present results it appears that these factors may not be always very 

critical when the criterion for selecting dominant species istheirability 

to colonize at depth coupled with repeated isolation for a considerable 

length of time. The arguments with evidence, are given here to support this 

view. A very few fungi were in fact isolated repeatedly for a 

considerable length of time and still fewer fungi entered to 25 mm and 

45 mm depth. Ceratocystis piceae and Phialophora sp. were the main fungi 

isolated from 25 mm and 45 mm depth along with a few species of 

Basidiomycetes. These microfungi have always preceded Basidiomycetes 

in the sequence of colonization, and were concurrently isolated with 

Basidiomycetes for several consecutive months. However, the microfungi were 

eliminated first from 45 mm depth and later in birch from 25 mm depth with 

the establishment of Basidiomycetes (white—rot fungi) and the advancement 

of the decayed area towards the surface. Shigo (1965) also reported that 



column of decay caused byliymenomyeetesin living trees were always 

bordered by discoloured tissues that yielded 	bacteria, non —hymenomyretes 

or both. Both C. piceae and Phialophora sp. being essentially sapstain 

fungi might have colonized the rays along with other cells in the wood, as 

has been shown to happen in the test blocks in vitro. In the presence of 

white—rot fungi sapstain fungi might have autolysed or due to their 

parasitism by white—rot fungi have been eliminated. (Another sapstain 

fungus Botryodiplodia sp. showed similar probabilities which have been 

discussed in Section II,). 	It can therefore be assumed that 

C. piceae and Phialophora sp. were isolated from the posts as long as 

they were actively present. There were many other sapstain fungi which 

colonized the post on the surface and immediately below but did not 

penetrate further into the wood. After eighteen months of exposure when 

these posts were cut into several vertical sections no stain was noticed 

in the area colonized by white—rot fungi. Similar results were found 

in the test blocks with Botryodiplodia sp. and Polystictus versicolor  

The above evidence supports the view that there is small 

chance of isolating any odd pieces of old fungal hyphae repeatedly. 

Further support to this view was given by the fact that after eighteen months, 

from the same posts, Butcher (1969) 	isolated a similar flora from 

below the surface layers by random sampling above and below the ground 

line (zone III), using a more sophisticated sampling technique for 

quantitative analysis. 

It is difficult to assemble any evidence to show whether the 

presence of residual spores in the wood cells or live hyphae is the usual 

form of the fungus isolated. Certain interesting observations were made 

during the course of the laboratory tests oA succession of fungi. Spores 

of Botryodiplodia sp. (the first fungus in the sequence) were normally 

present throughout the blooks of both Scots pine and birch. After 

colonisation by Polystictus versicolor for six weeks these spores were no 

longer observed. Griffith (1964) recorded similar observations, when he 

showed that the endoconidia of Ceratocystis spp. were highly susceptible to 



.85— 

attack by certain Basidiomycetes. However, immediately below the 

surface the intense fungal colonization may result in a very high population 

of spores of several fungal species. This can make a significant difference 

if the pattern of fungal succession is described from results of isolations 

made from various depths beneath the surface layers, Species very common 

in the superficial regions may be assigned greater importance than is 

warranted since these fungi are present in fact as dormant spores rather 

than actively growing mycelium. 

It is therefore suggested that some of the factors influencing 

the isolation of fungi can be avoided by developing some suitable techniques. 

Butcher (1969) is presently engaged in an intensive study on fungal succession 

and his findings may help in understanding some of these problems. 

The distribution and succession of fungi cal debarked wood has been 

described by early workers on the results of periodic isolation of fungi 

from below the surface layers of the posts (Corbett and Levy 1963; Merril 

and French 1966; Greaves 1966; EZrik 1967, 1968; Butcher 1968). 

Butcher (1968) in a more elaborate study on fungal succession isolated 

fungi from the sap wood stales of Pinus radiata D. Don, after cleaning 

the surface with ethanol. This isolation from near the surface may include 

several surface colonizers but he did not make any distinction between 

superficial and internal series of isolations. In the present 

investigation fungal succession has been interpreted on the results of 

periodic isolations from the surface layers of the post and at three known 

depths (5 mm, 25 mm, 45 mm). The establishment of decay fungi below the 

surface layers has been assumed as the important stage in the succession 

of wood-opiiimg fungi. These fungi having been able to establish themselves 

first in the superficial layers have later been able to go further into 

the wood. Clearly this is not possible for the great majority of the 

surface flora isolated. 

The variations in the succession of fungi is not only confined to 

different zones of a post but is also shown in the different depths in a 

zone. For example on the surface layers bacteria are the pioneer 
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colonizers and the sequence of colonization ends with the establishment 

of moulds and sapstain, but at 45 mm depth in the ground line zone the 

succession of fungi begins with sapstain stage and reaches to Basidiomycetes 

stage. The sequence of colonization in other intermediate depths also 

shows a little variation.The detailed information received on fungal 

colonization by using the technique to isolate fungi from different depths 

has given wider scope to interpret fungal succession from different points 

of view and to assess the phenomenon more accurately. Corbett and Levy 

(1963) earlier suggested the scope of studying the fungal distribution on 

fence posts with respect to depth from the surface and time of exposure. 

The !two—chisel,  technique has been used for obtaining isolates from a 

block of wood from immediately below the surface to an unknown depth by 

Greaves and Savory (1965), Butcher (1968). In this sampling procedure 

several fungi which are not dapabie of penetrating the wood beneath a few 

millimeters from the surface against the competition from other fungi 

or even certain other fungi with strong soft—rot ability which did not 

penetrate to any significant depth, receive almost similar attention in a 

grouped sample to a few dominant decay fungi and their associates which 

dominated near the centre of a post. It may be possible that a few 

moulds which penetrated to a depth very near the surface may get highly 

represented in the flora, if spores happen to be there. These fungi 

may be very different from those obtained from sampling at different 

depths. The results have shown that very few fungi actually become 

dominant colonizers and probably these fungi are more actively involved in 

the process of succession leading to the establishment of Basidiomycetes. 

The pattern that emerges is that of a large mass of fungi colonising 

the surface and superficial layers. After a time a smaller number of 

fungi are able to penetrate beyond 5 mm depth. Once these fungi have made 

the initial break—through, the Basidiomycetes appear and seem able to 

make a rapid development in the centre of the wood. 

Surface layers  

The succession of fungi on surface is discussed separately from the 
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succession below the surface. There is not much information available 

on the surface colonization on debarked wood. Some of the early work on 

logs and tree trunks routed to the problem and the work done by Corbett 

and Levy (1963) on fungal colonization on fence posts nearest to the 

surface layers has been included in the disdussion of the present results 

on surface colonization. The succession of organisms in the surface 

layers in all three zones is bacteria - mould - sapstain fungi. Several 

workers have suggested that bacteria are the primary colonizers followed 

by Fungi Imperfecti or non-Rymenomycetes (Etheridge 1961; Henning4n 1967; 

Maloy and Robinson 1968; Goods et al. 1968 and Shigo 1969). Corbett and 

Levy (1963) recorded the presence of bacterial slime along with moulds or 

soft-rot fungi in the initial infection on the fence posts. The fungi 

which dominated the flora were Penicilliam  app., Trichoderma viride and 

Fusarium app. Among the moulds, Cladosporium herbarum a sapstain 

fungus was present in all zones of the posts, but C. piceae and Phialophora 

sp., the other two dominant sapstain fungi, were present only at the ground 

line zone. These two fungi are essentially sapstain fungi but also 

produce soft-rot in hardwoods (Roach and Liese 1968, Findlay and Levy 1969, 

Findlay 1969),In laboratory tests with theseftgiooft-rot was found very 

near the surface and mostly confined to the end surfaces of the blocks. 

These fungi havebeen included in the results as sapstain/Soft-rot fungi 

to separate them from other typically sapataining or soft-rot organisms, 

but in the following text they are included among the sapstain fungi to 

interpret fungal succession based on groups of microorganisms, since they 

only act in this way in softwoods. 

On the surface layers fungi belonging to 26 genera colonized 

the posts during 10 months exposure but fungi from 20 genera persisted 

for less than 4 months Aich include 11 genera isolated for one or two 

months only., Several potential soft-rot fungi were amongst those 

isolated which did not persist for any appreciable length of time and 

could not be considered even as sub-dominant fungi. The failure of 
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several potential soft—rot fungi to make any appreciable progress even 
potential 

in the ground line zone is possibly because of lack df inoculum/and this 

leads to their replacement by 'sugar fungi'. The soft—rot that is seen in 

the surface layers under microscope may be due to the effect of several 

soft—rot fungi even with very low soft—rot ability which colonized the 

post in no definite sequence. The influence of soft—rot in the fungal 

succession is discussed later. Moulds remained as dominant fungi in above 

ground zones throughout the period of investigation but were replaced by 

sapstain fungi in the ground line zone probably due to the near optimum 

conditions which favoured the growth of some stronger competitors. rattily 

colonization by moulds is likely to be due to the intensity of infection 

by spores and the rate of germination (Findlay 1940). Their prolonged 

dominance may depend on the following factors (1) their antagonistic 

action resulting in the inhibition of other fungi, (2) utilisation of the 

simple carbohydrates which may reduce the capacity of the surface layers 

to support the life of new colonizers (Garrett 1955), (3) they may 

initially utilize simple carbohydrates but later due to their cellulolytic 

activity may persist for a longer period (Hudson 1968) which is an 

advantage over many trneusugar fungi", (4) their possible reinfection from 

existing spores, (5) their tolerance to seasonal variations of temperatures 

and moisture content (Findlay 1966) and (6) probably due to their development 

in the superficial layers immediately below the surface. However, if the 

number of fungi which could fulfil most of these conditions are listed 

since Ward (1898) reported that Penicillium could bore through cellulose 

membranes and their spores were highly resistant to temperatures, the list 

Nuoldlinclude most of the wood—inhabiting fungi, yet very few fungi are• 

isolated in any one mont;i0 	suggosts that available space, competition 

between the fungi and several other factors may also be involved in the 

prolonged dominaxioc o: sertain fungi mar the surface layers. 

It may be of some interest to know whether the colonization of 

fungi on the surface layers is influenced by the micro—organisms already 

present there, by the presence or absence of surface nutrients, interactions 
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between fungi and host-fungus relation. 

The first species of fungi to colonize the surface layers following 

bacteria can be influenced by the intensity of bacterial attack. In the 

zones above ground of both birch and Scots pine where bacterial attack was 

considerably less, the fungi which followed bacteria were Penicillium sp., 

Paecilomyces varioti and C. herbarum and later by Fusarium spp. At the 
Fusarium app. and 

ground line zone / 	Botrytis sp. were the first fungi to colonize 

surface layers, probably because their feltrwoolly aerial mycelium enables 

them to grow over bacterial slime. Fusarium spp. later became established 

on the surface layers at the tones above the gtound whilst other fungi 

except C. herbarum did not persist for any appreciable length of time, 

possibly due to the competition for space and nutrients. However in 

zone III where several fungi colonized through hyphal contact, these 

may have greater inoculum potential and are not influenced by the presence 

of Fusariun spp. Levy (1962) suggested that the moulds and other fungi 

growing on the surface are important precursors in the initiation of decay. 

The influence of interaction between fungi on the fungal colonization 

is very difficult to assess especially on the surface layers where several 

fungi are involved in it. T. viride is known to inhibit the growth of 

several fungi including Basidiomycetes, but did not prevent the growth 

of certain fungi which later dominated the flora on the surface layers 

of Scots pine posts. However the influence of T. viride on growth of 

those fungi which were eliminated during its presence cannot be fully 

ascertained. For example Cytospora sp., C. globosum and a few other 

fungi which colonized Scots pine post immediately after T. viride were 

eliminated within a short period. Whether this is entirely due to the 

antagonism of T. viride or not is difficult to assess. However if it is 

assumed that these fungi have been eliminated due to the interaction 

of T. viride, then the influence gl±lspora and C. globosum could have 

exerted on the subsequent colonizers were made ineffective by their 

elimination. Shigo(1965)reported that Cytospora dicipiens restricted 

the growth of some non-Bymenomycetes and also some Hymenomycetes, and 
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0. globosum a soft-rot fungus can facilitate the entry of Basidiomycetes 

(Duncan 1960). This underlines the point that the influence of 

interaction between fungi needs more attention (Levy 1968). 

The presence or absence of surface nutrients appears to be a 

critical factor which can considerably affect the colonization on the 

surface and eventually below the surface layers of the posts. A gradual 

increase in the number of fungal species on the surface layers was 

observed during the first few months of exposure which was followed by a 

fall in subsequent months. The fungal colonization represented by the number 

of species present reached a climax within 4 to 5 months of exposure, but 

afterwards the new species of fungi or even the old species eliminated 

earlier were very rarely isolated. Butcher (1968) made a very similar 

observation with the fungal isolates obtained from below the surface layers 

in pine stakes. In the present investigation a few new species of fungi 

were isolated at ground line zone towards the end of isolation series, 

e.g. Pestalotia Dactylosporium, Alternaria  Dendrophoma and Aposphaeria 

species from birch and Chaetophoma, Pestalotia, Trichoderma viride, 

Coniothyrium fuckellii from Scots pine posts. All these fungi were very 

rarely isolated from laerosroraland it has been assumed that most of them 

have colonized the posts through hyphal contact. 

It,therefore,appears that fungal activity on the surface layers may 

reach a climax within a few months of exposure, and with depletion of 

nutrients not only the activity of existing fungi is greatly curtailed 

but also the surface layers are rendered uninhabitable for new fungi which 

generally colonize by deposition of spores. Garrett (1955) made a similar 

suggestion that "the succession of organisms does not improve rather 

depletes the capacity of the habitat to support further plant life, so 

that the end point of a succession of micro-organisms on a substrate 

is not a persisting climax association, but zero ft. - It is therefore 

suggested that there are probably two phases in fungal colonization at 

ground line zone. In the first phase fungi developing both from air-borne 

spores andthrougihyphal contact from the soil are involved in the 
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colonization. During this phase the surface layer probably has the 

greatest fungal activity, heavy colonization, intense competition and may 

provide severe resistance to many other colonizers. The results of growth 

and competition between fungi may lead to the establishment of a few 

species and to the elimination of others and eventually to the depletion 

of nutrients from surface layers. Second phase of fungal colonization 

begins probably with depletion of surface nutrients and with the decline 

in fungal activity. In this phase fungi involved in the succession are 

mainly those which probably colonize the surface layers through hyphal 

contact. The success of these fungi may greatly depend on their inoculum 

potential. It is in the second phase that decay fungi, enter into wood. 

It is thought that the depletion of nutrients on the surface layers nay 

render greater difficulties for germination of spores of Dasidiomycetes 

and the development of inoculum potential, and therefore there is the 

possibility that the infection of decay fungi cohld be through hyphal 

contact. However Findlay (1966) suggested that the greater number of 

infections in a post at ground line arise from spores. First isolation 

of decay fungi from birch after 4 months and from Scots pine after 6 months 

of exposure when the fungal activity on posts was very low, suggests that 

surface nutrients have very great influence on the fungal colonization 

and succession of fungi. 

the colonization on the posts may also depend on the host—fungus 

relationship. Several fungi were only isolated from one of the two wood 

species, e.g. from birch. 	Coniothyrium fuckelii  

Stysanus sp. and Polystictus sp.; and from Scots pine Gliomastix, 

Chaetomium globosum, Botryodiplodia sp. and Peniophora sp. It cannot 

be said with any certainty that these fungi would always colonize the 

same wood species. Corbett and Levy (1963) also isolated Stysanus  sp. 

only from birch and C. fuckelii from both birch and Scots pine. In the 

present work T. viride was among the dominant fungi in all the three zones 

of Scots pine but it was present for only a very short tine in birch posts. 
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Corbett and Levy (1963) made a very similar observation, and Butcher 

(1968) using only pine stakes found T. viride as a 
	

dominant fungus. 

It is therefore suggested that if T. viride,  an antagonist to several 

other fungi, and Stysanus sp., which could cause considerable weight 

loss due to soft—rot activity (Roach and Liese, 1968), had any influence 

on the subsequent colonization of fungi. on wood it nay be very selective 

to one wood species only. Tiresterdijk (1949) suggested that substrates 

were selective and that this selectivity depended upon their chemical and 

physical properties. 

Beneath the surface  

The succession of fungi below the surface is different in the 

zones above ground and the ground line zone and also very different at 

5 mm and 45 mm depths. The sequence of fungal colonization below the 

surface layers at the ground line and in zones above the ground line is 

discussed separately in the following pages. 

Fungal colonization at depth occurred only near the top of the 

posts in zone I. In the middle of the post (zone II) fungi were not 

isolated from below the surface. Corbett and Levy (1963) also reported 

that zone II in contrast to the other two zones proved to be most 

unfavourable for fungal growth. The succession of fungi in zone I was from 

sapstain to moulds and very few fungi colonized below the surface layers. 

A similar pattern of succession in above ground zones was suggested by 

Corbett and Levy (1963) and Butcher (1968). A soft—rot fungus 

Cephalosporium sp. colonized the birch post for a short period. The 

presence of this fungus was also recorded by Corbett and Levy (1963) from 

birch fence posts and by Shigo (1962) from the cut ends of hardwood bolts. 

The soft—rot fungi were not isolated from Scots pine posts. Butcher 

(1968) made a similar observation on Pinus radiate. Although a few 

soft—rot fungi including Cephalosporium sp. colonized the surface of both 

species of post none of the soft—rot fungi was isolated from below the 

surface layers except Cephalosporium. 

Corbett and Levy (1963) recorded very similar moisture contents below 
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the surface layers in both birch and Scots pine during the month of August. 

It was in the month of August that Cephalosporium sp. was isolated 

during the present series. The posts below the surface were too dry for 

the establishment of soft—rot fungi but for the penetration of some 

of these fungi into the wood, the structures of the timber nay also be a 

limiting factor. 

The succession of fungi at the ground line was more complete than 

it was in the above ground zones and it reached the Basidionycete phase. 

With the present results the pattern of fungal succession can be 

suggested in two ways: a) based on the dominant fungi which were 

repeatedly isolated for a considerable length of time, b) based on 

both dominant and also sub —domiant groupsof fungi isolated for a short 

petiod. C.. ,piceae and Phiplophpra sp. were the most dominant fungi on 

the post along with Basidiomycetes. Both these fungi not ohly dominated 

immediately below the surface but were the main fungi isolated along 

with decay fungi in the still deeper regions of the posts. These are 

mainly sapstain fungi but were also found to produce soft—rot cavities 

in birch blocks nearest to the surface layers. The soft—rot activity of 

these fungi have been reported earlier by Rosch and Liese (1968), 

Findlay and Levy (1969) and Findlay (1969).. 	These fungi have been 

regarded in the text as sapstain fungi (cf. page 87 ). 

Taking into account only the dominant fungi, the succession of fungi 

below the surface in the ground line zone was sapstain to Basidionyvetes, 

but from the surface to the centre of the post the pattern of succession was 

from bacteria-'mould—sapstain 	Basidiomycetes. A similar pattern of 

fungal succession was suggested by Basham (1957, 58, 59 and 66), Shigo 

(1965, 1969), Good et al (1968), Maloy and Robinson (1968). The main 

sapstain fungi Ceratocystis piceae and Phialophora sp. preceded 

Basidiomycetes in both birch and Scots pine posts. A close association 

between these genera and Basidiomycetes in the fungal succession was also 

observed by several authors (Meredith 1959, 1960, Ueyama 1961, Shigo 1962, 

1965). A succession pattern in which sapstain fungi preceded Basidiomycetes 



has also been suggested by Findlay (1940, 1966). Mangenot (1952) in his 

studies on succession also placed the Phialophora fastigiata stage and the 

Melanoma stage which included Ceratocystis app., before Leptoporus  

stage which included the Bymenomycetes. Be also included Phialophora app. 

among the fungi which often developed on the remains of other fungi. 

Phialophora sp. remained a dominant fungus on the surface layers in zone III 

throughout the period of investigation, which may 'also be due to its.  ability 
the 

to develop on/remains of other fungi as suggested by Mangenot (1952). 

Karkanis (1964) following up published work of Krapivina (1960) 

examined a number of staining fungi and found that C. piceae and 

Phialophora fastigiata were capable of causing stain in both softwoods and 

hardwoods, but could in addition produce soft-rot caveties in hardwoods. It 

is therefore likely that those fungi which can find a secondary source of 

nutrition such as Phialophora in birch can continue tovolonise the wood 

after the nutrients are depleted and it can no longer act as a "sugar fungus". 

Fuller (194) 	has isolated a species of Phialophora from soft-

rotted hardwood stakes treated with a wood preservative (chrome-Fluor,-

Arsenate) from graveyard tests in West Africa. 

In taking into account several sub-dominant fungi the pattern of 

fungal succession below the surface in Scots pine was moulds —3 sapstain 

soft-rot ---A Basidiomycetes. In birch the pattern of succession 

of fungi was very similar to Scots pine except no mould fungi were 

isolated before the sapstain fungi. In Scots pine the fungi included in 

the scheme are Botrytis, sp., followed by C. piceae and Phialophora  sp. 

among the sapstain fungi, Chaetomium globosum the soft-rot fungus and 

Peniophora sp. in Basidiomycete. In birch the sequence included the sap-

stain fungi Aureobasidiun pullulans,  C. piceae and Phialophora sp. 
the soft-rot fungus Cephalosporium sp. and Basidionycetes - Polystictus ap. 

and an unidentified species. 

This succession pattern falls more in line with the pattern suggested 

by Corbett and Levy (1963), Merrifland French (1966) and Butcher (1968), 

except that they did not give any significance to staining fungi. 
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Corbett and Levy (1963) isolated several staining fungi from the posts 

but their order of appearance in relation to soft—rot fungi was a little 

different, and they concluded that the position of staining fungi was not 

clear. Butcher (1968) also isolated several sapstain fungi from the pine 

stakes but as their mean frequency values were very low he did not include 

the staining fungi in his suggested pattern of succession. Merril and 

French (1966) isolated Alternaria humicola the staining fungus among the 

early colonizers but did not isolate it in later isolation series. 

In Scots pine certain moulds were also isolated along with the soft—

rot fungus as secondary colonizers. Butcher (1968) and Corbett and Levy 

(1963) also made similar observations. Corbett and Levy (1963) proposed 

the following general pattern of colonization: Moniliales group I 

	 spp., Trichoderma viride, Botrytis sp.) ----) Sphaeropsidales 

(soft-rot fungi) 	Moniliales group II (Gliocladiopsis sp., Cylindrocarpon 

sp.i Mennoniella sp.)----10Basidionycetes (Coprinus sp. and unidentified 

species), In their proposed scheme of succession they also isolated certain 

moulds after the soft—rot stage but the species of moulds isolated during 

the present studies were very different. In birch moulds were not isolated 

after the colonization by soft—rot fungi. Corbett and Levy (1963) reported 

that Cephalosporium sp. and pycnidial fungi were isolated often on the same 

occasion. In the present study a similar association between Cephalosporium  

sp. and pycnidial fungi was observed, The fungal flora in both birch 

and Scots pine posts show some remarkable similarities with that 

described by Corbett and Levy (1963). 

The suggested pattern of succession of fungi on living trees, 

trees killed by various agents, fallen branches, logs, pulpwood bolts and 

debarked wood, falls mainly into two school of thought, (a) the primary 

colonizers are Basidionycetes and these are followed by non 	enomyeetes 

and other Basidionycetes (Findlay 1940, 1966; Cheaters 1950, Mangenot 
nn 

1952; Meredith 1959, 1960; Kaarik and Rennerfelt 1957). (b) Non—

BYmenomyretes especially Fungi Imperfecti are the pioneer colonizers 

probably associated with bacteria and lymenomyeetes follow these micro— 
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organisms (Etheridge 1961, Shigo 1962, 1965, Corbett and Levy 1963, 

Butcher 1968 and several others). The results of the present investigation 

support the latter suggestion on the pattern of succession of micro—

organisms. In this also there are two schools of thought: several 

authors believe that soft—rot fungi are the precursors of Basidiomycetes 

in the fungal succession and others hold the view that the staining fungi 

precede Hymenomycetes in fungal colonization. 

There is a good deal of controversy regarding Basidiomycetes 

as primary colonizers in logs and fallen branches. In a living tree 

parasitic Basidiorrycetes can be the early colonizers. The subsequent 

sequence of colonization by non—hymenomycetes may only occur when the 

tree trunks are killed by these primary colonizers (Mangenot 1952). 

In fallen branches and logs Basidiomycetes can also be the primary 

colonizers (Findlay 1940, 1966; Cheaters 1950 and others). In logs and 

fallen branches the hyphae or the spores of certain Basidiomycetes 

nay reach the wood through cracks in bark (Findlay 1966) and grow under a 

protective shield where competition from non—hymenomycetes is of little 

significance.• These Basidiomycetes might have been included among the 

primary colonizers when the bark falls off. It may also be possible that 

certain parasitic Basidiomycetes which were already present may survive as 

saprophytes or the primary colonizers on bark may continue as secondary 

colonists in the wood (Cheaters 1950). In debarked wood the possibility of 

primary colonization by Basidiomycetes is very doubtful unless there is 

recolonization by the dormant parasitic Basidiomycetes which had been 

already present in the timber. Walchli (1968) working on the distribution 

of fungi on avalanche fences in Switzerland reported that isolates of 

wood from various areas and heights up the mountains showed similar 

flora. Levy questioned that this may be due to the same fungi being 

present in the timber though in a dormant stage, the infection having been 

introduced with the timber. The isolation of fungi from Tywarnhals mine 

has also shown that fungal infection of timber is largely due to the 
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fungus being present when the wood is taken underground. The present 

work suggests wig* mei eimmisimOr that non-Hymenomycetes are the early 

colonizers and these are followed by Hymenomycetes. 

The dominance of C. piceae and Phialophora sp. from the • 

surface into the wood in all the depths, their presence along with 

Basidionycetes, their colonization immediately before the decay fungi, 

and finally the presence of certain soft-rot fungi for a very short 

period posed the questions whether soft-rot fungi have any great 

significance in the fungal succession or whether the present techniques 

are suitable for their isolation from the wood. 

Duncan (1960) has suggested that the various fungi capable of 

producing soft-rot were the pioneer colonizers on preservative treated 

poles and piling. These fungi do not cause any loss in strength but 

are believed to facilitate the entry of decay fungi. Several other 

authors have noticed the presence of certain soft-rot organisms on 

untreated wood prior to the colonization by Balddionycetes (Mangenot 1952, 

Shigo 1962, Corbett and Levy 1963, Butcher 1968, Merrilland French 1966,) 

and was also noticed here 	However, none of the authors have clearly 

mentioned 	the dominance of soft-rot organisms at any stage of fungal 

succession. Mangenot (1952) mentioned in his proposed sequence of colon-

ization of fungi the presence of Chaetomium in Mortierella ramanniana stage 

which preceded Hymenomycetes, but in Mortierella stage the main fungi 

mentioned were Phyconycetes and moulds. 

Merrill and French (1966) observed soft-rot under polarized light 

in pine stakes after 6 weeks of exposure but their isolates accounted for 

92% mould fungi. Butcher (1968) isolated Streptonyces sp. the only 

soft-rot fungus among the dominant fungi isolated from ground line zone in 

pine stakes. In his 54 weeks record of periodic isolation this fungus 

was present for about 12 weeks, and its frequency of isolation was the 

lowest : compared to other fungi isolated during the same period. In 

the present investigation the proved soft-rot fungi which were isolated 

both from the surface and immediately below the surface, persisted for a 
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very short time. If it is assumed that the soft—rot fungi were rarely 

isolated not due to faults in technique but because they were not there, 

any great significance of soft—rot fungi in the fungal succession 

is not very convincing. There can be no doubt that soft—rot fungi occur 

on the surface of posts in ground contact, but their role in facilitating 

the entry of decay fungi is debatable. However, it has to be borne in 

mind that when fungi are not always isolated it is no proof that these 

organisms are not involved in the process of succession. 

If the change in the substiute brought about by the presence of 

soft—rot fungi is of much significance in permitting the entry of decay fungi 

into the posts, the question then posed is what factors are involved in 

this process. In spite of this the position of soft—rot still presents 

a considerable problem. On the sane site as the test posts there has 

been a long term trial of preservative treated fence posts since 1958, 

Levy (1965). Corbett (1963) observed soft—rot in the Scots pine posts up 
the 

to 10 cells belaVsurface and in the birch posts up to 30 cells below the 

surface in untreated controls after 8 months exposure. 

These posts failed after 3 — 5 years exposure and in each case the 

decay was presumably due to a Basidiomycete. In a series of posts treated 

with an experimental fluorchrome salt mixture the birch posts failed 

within three years by primarily soft—rot attack which had rotted the wood 

through to the centre. Similar examples of hardwoods treated with 

similar chemical mixtures have been shown to fail from through and through 

soft—rot attack in Germany (Becker 1968), West Africa (Fuller 1969). 

and New Zealand (Belford 1963). 

This suggests that soft—rot fungi need a stimulus for growth 

which nay be provided by the chemical salts. Alternatively they may 

normally be im inhibited from further development by (1) interactions with 

other fungi or (2) the faster growing 'sugar fungi! which remove surplus 

nutrients, and the. faster growing Basidiomycetes which utilize the cell 

wall materials. This is clearly an aspect of fungal succession that 

required further investigation and until this is done it is premature to 
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assign any great significance to a possible role they may play in fungal 

succession. 

The results of this investigation Have shown that several factors 

are involved in the colonization of Basidiomycetes in fence posts which 

may either act jointly or separately depending on the existing conditions. 

These factors are as follows: 

1• 	The decay fungi may enter the posts when fungal activity on the 

surface of the post has declined with the depletion of nutrients in the 

surface layers. It has been mentioned earlier that after about 4 or 5 

months of exposure the surface layers of the posts are seldom colonized 

by any fresh fungal spores probably due to the depletion of nutrients on the 

surface. Basidiomycetes were isolated from the post during this time. It 

appears therefore that during this period when the resistance from the 

surface colonizers is at its lowest level the decay fungi may get easy 

access to the wood below the surface layers. Butcher (1968) isolated 

Basidiomycetes from 	stakes after 4 to 6 months of exposure. Be 

suggested that Basidiomycetes invadolthe wood when soft—rot activity 

had declined but the activity of other fungi was at its greatest. The 

colonization by Baaidiomycetes in Scots pine was observed in the present 

experiment after the posts had been in the ground for 6 months and 

during this time fungal activity was at its lowest. 

2. 	The association between sapstain fungi and Basidiomycetes may be an 

important factor for the colonization by Basidiomycetes but it may not be 

possible to generalize this association due to lack of sufficient data. 

Findlay (1966) also mentioned that "the sapstaining fungi include such a 

range of species that generalisations about their ecology are difficult". 

However, Basidiomycetes were isolated immediately following the colonization 

of p. piceae and Phialophora sp. It has been mentioned before that 

several workers have isolated these staining fungi and other sapstain 

fungi either along with or before the colonization by decay fungi — 

(Findlay 1940; Meredith 1959, 1960; Ubyama 1961; Shigo 1962, 1965). 

However, Radvan (1951) mentioned that Pine sapwood with living 

Ceratocystis sp., was more resistant to decay than clean wood (quoted 

from Findlay 1959). 
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3. The colonization by C. piceae and Phialophora sp. followed by 

Basidiomycetes may lower the pH of the substrate and thus make it 

unsuitable for the growth of other fungi (Mangenot 1954), and may permit 

the colonization by Basidiomycetes. Several fungi (11 to 13 in number) 

colonized immediately below the surface layers of the posts but only a 

very few fungi (4) colonized at 25 mm and 45 mm depths, suggesting that 

probably the change in pH of the substrate has eliminated the competitors of 

Basidiomycetes by inhibiting their growth. Butcher (1968) has also shown 

that the mean valuesof pH decrease in untreated pine stakes from below 

ground zones during 12 months of exposure. This is clearly a matter 

requiring further investigation. 

4. The presence of staining fungi may provide an extra source of 

nitrogen for the increased growth of Basidiomycetes. Aureobasidium  

pullulans,a staining fungus has been shown to scavenge nitrogen from the 

substrate and also atmospheric nitrogen (Milbank 1969). Increased 

hyphal growth of Polystictus versicolor a white—rot fungus, has been shown 

in the presence of Botryodiplodia sp. a sapstain fungus (see p. 119). 

The parasitism of staining fungi by Basidiomycetes may also be a 

source of certain nutrients for the rapid growth and colonization by 

Basidiomycetes. The presence of P. versicolor inside the cells of 

Botryodiplodia has been observed (Fig. 11 p. 133) which suggests possible 

parasitism or saprophytism by P. versicolor. Similar suggestionsof 

parasitism by wood—rotting Basidiomycetes of other wood inhabiting fungi 

came from Barnett (1964). Griffith (1964) also stated that endoconidia of 

Ceratocystis spp. were highly susceptible to 	attack by certain 

Basidiomycetes. 

Basidiomycetes first colonized the centre of the post and then 

migrated back towards the surface. Corbett and Levy (1963) also made a 

similar observation. C. piceae and Phialophora sp. were isolated 

concurrently with Basidiomycetes for the same period but in the later 

series of isolations the staining fungi were not isolated from the centre 

of the post. Six months later the posts were cut vertically, and white. 

4 	• 	• 
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rot was seen in the centrepand stain towards the surface. A similar 

effect was also seen in blocks of wood during the laboratory test of 

succession with Botryodiplodia sp. and P. versicolor. This also suggests 

a possible parasitism by Basidiomycetes of staining fungi 

5. The development of linoculum potential' in the soil substrate 

near the post may also be an important factor responsible for the 

penetration of decay fungi into the wood. It has been discussed earlier 

that when the nutrients from the surface layers are depleted the fungal 

attack on the post is only through hyphal contact. A decay fungus growing 

near the post may have a better chance of colonizing the post first 

provided it has the'inoculum potential'. Corbett and Levy (1963) also 

suggested that Basidiomycetes present in the soil at the base of a post 

at the time of its insertion in the groundwerethe early colonizers of 

ground level wood. 

6. Interaction and antagonism between the fungi can also lead to 

penetration of wood by Basidiomycetes, or certain antagonistic fungi may 

affect their colonization. A sapstain Discula pinicola was isolated 

from the surface layers of birch posts at the same time that Polystictus  

sp. and an unidentified species of Basidiomycetes were isolated from below 

the surface. This fungus was found to be antagonistic to several other 

fungi but was overgrown by P. versicolor (see p.3.42 ). The fungi which are 

antagonistic to other fungi but not to Basidiomycetes, can facilitate the 

entry of Basidiomycetes by inhibiting the growth of several fungi which 

otherwise might have inhibited the growth of decay fungi. 

It has been extensively reported in the literature that certain 

antagonistic fungi can inhibit the entry and growth of Basidiomycetes in 

the wood(Rishbeth 1952, 1959; Lindgren & ilarvey 1952; Etheridge 1957; 

Bourchier 1961; Whittaker 1962; Shields & Atwell 1963; Basham 1966; 

Shields 1968; Scheffer 1969). In the laboratory test a similar effect 

was also noticed, in which Trichoderma viride inhibited the entry of 

P. versicolor in birch and Scots pine blocks. However, in the fence posts 

a similar action of T. viride was not confirmed. This may be because 
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interaction between a large number of fungi on the surface layers may 

neutralize the effect of certain inhibitors. The presence of antagonistic 

fungi may delay the entry of Basidiomycetes into the posts, but it has 

not been possible to confirm this effect under field conditions. Butcher 

(1968) has suggested that T. viride inhibits the growth of certain other 

fungi but he has also not mentioned its effect on the entry of Basidiomycetes 

into the wood. It has been observed that several fungi are eliminated 

from the flora when certain other fungi begin to dominate the tissues of 

the wood. The effect of interactions and competition between fungi on the 
not 

succession is however/clearly understood and may be difficult to assess 

but its significance in the colonization of subsequent fungi cannot be 

denied and it requires further investigation. 

7. 	Certain Basidiomycetes able to suppress the growth of other fungi 

both on the surface and immediately below the surface can possibly enter the 

wood without much difficulty. Polystictus sp. isolated from birch posts 

suppressed several moulds and Discola pinicola an antagonist to certain 

moulds, sapstain and soft—rot fungi(c.f. Sectio 	his nay, in part, 

explain its ability to colonize the post earlier than other decay 

fungi. For entry into the wood Basidiomycetes capable of suppressing the 

growth of other fungi may not depend very much on the level of fungal 

activity on the surface layer of the post. Butcher (1968) also isolated 

an unidentified Basidiomycete which was antagonistic to other fungi. He 

suggested that this fungus was able to compete favourably with other 

organisms due to its antagonistic action. His earlier suggestion that 

Basidiomycetes invade the wood when the fungal activity is at its greatest, 

was probably based on the isolation of this antagonistic fungus at the 

tine of greatest fungal activity. It appears therefore that the entry 

of decay fungi into the wood and their colonization may also significantly 

depend on their physiology. 

The isolation of Basidiomycetes is a difficult problem in this 

work. The medium suggested by Russell(1956) was found very satisfactory 

for this isolation. The identification of these fungi poses much greater 



- 103 - 

problems. Two species were identified from their fruit bodies formed 

on the posts after abouteighteenaniths. Peniophora sp: was isolated 

from Scots pine and Polystictus sp. and an unidentified Basidiomycetes 

Culture No. IC 101) from birch posts. All the decay fungi isolated 
1111 

from the posts produced white-rot,Kaarik (1967) isolated 26 species of 

Basidiomycetes from spruce and pine posts and most of these were white-rot 

fungi. Butcher (1968) isolated five species of Basidiomycetes of which four 

were white-rot fungi. Corbett and Levy (1963) isolated two species of 

Basidiomycetes from a birch post situated in the same experimental plot 

as the present workl 	Brown-rot fungi were not isolated from the posts. 

Butcher (1968) also made a similar observation that white-rot fungi were the 

early colonizers amongst Basidiomycetes and suggested that white-rot fungi 

generally precede brown-rot fungi. 

The isolation of a very large number of species of Basidiomycetes by 

Kaarik (1967) from spruce and pine posts situated in three different 

localities shows that probably the sequence of colonization by Basidio-

mycetes is a complicated process. However, the present investigation and 

the information available from the earlier works (Findlay 1940, Mangenot 

1952, Corbett and Levy 1963, Shigo 1965, Butcher 1968 and others) reveals 

that very few species of Basidiomycetes are generally involved in 

succession of fungi in any one locality. Findlay (1966) has suggested 

that several species of Basidiomycetes may grow in the same log but rarely 

more than one species of Basidiomycetes is isolated from the same area 

in a piece of wood. 

The general conclusions drawn on the basis of results and discussion 

are given later. 
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S1CTION II  

The effect of the interaction between Trichoderma viride and 

Botryodiplodia sp. on the decay of Scots pine and birch wood by 

Polystictus versicolor  

Introduction: 

In the study of the distribution and succession of fungi on 

Scots pine and birch fence posts, interactions between certain micro— 

fungi and Basidiomycetes were occasionally observed in agar plate culture. 

The effect of theseinteractions either leads to the inhibition or 

establishment of the Basidiomycetes. T. 'iride and Botiyodiplodia sp. 

were frequently isolated together from different regions of the posts. 

Their presence was confirmed from examination of sections cut from wood below 

the surface of Scots pine posts. The association between T. viride and 

Botryodiplodia sp. may affect the establishment of Basidiomycetes in the 

post and the present experiment was designed to determine whether this was 

the case. 

Several authors have reported that the growth of Basidiomycetes 

is inhabited by T. viride. In the present ecological studies it was 

observed that the succession of fungi in Scots pine usually followed the 

course—T. viride to a sapstain fungus to Basidiomycetes sp. To study the 

effect of this prior infection on the establishment of Basidiomycetes a 

test model was studied in the laboratory using isolates of T, viride, 

Botryodiplodia sp. and P. versicolor (a white rot fungus); all of which 

had been found on the posts., 

There are many limitations in such laboratory tests. The conditions 

under which fungi are exposed with test blocks can never directly simulate 

field conditions. In the laboratory the moisture content and temperature 

of the wood can he kept constant, fungi are grown on artificial media, 

and most important the influence of other organisms is absent under these 

conditions. The lack of knowledge of the organisms and their effects 

rendaiiit impossible to be sure of achieving the natural balance with mixed 
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cultures. 

The following experiments city help us to gain an understanding 

of how interactions between certain fungi may pave the' way for the 

establishment of Basidiomycetes since, without these interactions 

Basidiomycetes may not invade the wood. 

Literature: 

Interactions and associations between fungi have received 

considerable attention in the last few decades. D'Aeth (1939) surveyed 

the previous literature and classified the principal types of interactions 

as occurring, (a) in the soil, (b) on or in a host plant, and (c) on 

artificial media. The soil interaction is more complex where numerous 

micro-organisms may interact in various ways and the interaction nay have 

a depressing effect on certain fungi through the secretion of specific 

inhibitory or toxic substances by other fungi. On the other hand, 

interaction may be beneficial, through the interlocking of metabolic 

requirements or the secretion of stimulatory substances. In the case of 

a host plant attack by one pathogen may allow the entrance of more virulent 

parasite, which could not by itself have initiated the attack. 

Findlay (1939) found that the rate of decay caused by Basidiomycetes 

in stained pine wood was slightly greater than that of unstained wood, but 

the difference was not of any significance. Barlund (1950) studied 

the interaction of decay fungi on wood blocks in the laboratory and pointed 

out that when certain wood-inhabiting organisms invade the wood first they 

may prevent others from invading by removing from the wood substances 

necessary for growth. Dedham (1959) suggested that more than one fungus 

could be involved in the course of decay of balsam fir trees killed by 

spruce budworm disease, and pointed out that the interaction may be the 

rule rather than the exception in such diseases. 
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Several authors have reported interactions between Basidiomyeetes 

and other fungi. Whittaker (1962) recorded significantly lowered weight 

losses (hie to three Basidiomycetes in the presence of Coryne,sarcoides; 

StillWell (1966) had shown that the growth of 31 species of Basidionycetes 

were inhibited in the presence of Crvptosporiopsis sp. A strong antagonism 

of. Scytalidium sp. to PoAa carbonica on malt extract agar was shown by 

Ricard & Walter (1968) and they attributed this partly 	to the 

production of an antibiotic substance by Saytalidium sp. Bourchier (1961) 

had shown that the presence of Petinocyclus abietis in the wood block 

increased the rate of decay by Stereum pini but when Tympanis hypopodia  

and Coryne sarcoides were initially inoculated to the blocks the growth of 

S. pini was inhibited. 

The interaction between Trichoderma sp. and certain pathogenic 

fungi and wood rotting Basidiomycetes has received considerable attention. 

Weindling (1934) and Weindling and Emerson (1936) isolated a substance 

gliotoxin from T. viride which was found to be highly toxic to the other 

fungi, later another fungistatic substance viridin was isolated from 

T. viride by Brian et al.(1946). These toxic substances could be 
et al. 

inactivated by other substances of metabolic importance (Brian/1946, Cavallito 

and Bailey, 1944). The metabolic detoxification of Dinitrophenol 

intreated fence posts by Fusarium oxysporum which thereby permitted the 

growth of Coprinus sp. was reported by Madhosingh (1961). Duncan and 

Deverall (1964) listed several non Basidiomycetes capable of decomposing 

wood preservatives. Biological control of diseases in plants and protection 

of timbers in storage has been suggested by several authors. *aines (1937) 

(recorded by Wood & Tveit, 1955) has shown that the antagonistic effect of 

Trichoderma reduces potato scab caused by Actinomyees scabies if added as 

a suspension in developing tubers.11ishbeth (1952)  has shown that the 

development of Fomes annosus may be checked or entirely prevented if the 

living tissues of the cut stump are first invaded by Trichoderma or 

Peniophora ninantea.Bishbeth (1959) has also shown that the treatment of 
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stump surfaces with amMonium sulphamate favours the growth of T. viride  

and Petiicillium spp., which tend to suppress colonization by Fomes annosus. 

He pointed out that in formalin—treated stumps "blue stain" fungi were 

dominant often in close association with T. viride. Shields and Atwell 

(1963) found that when T. viride was allowed to become established in 

sodium—fluoride treated birch blocks, no decay was caused by Polyporus  

adustus, P. nirsutus, P. versicolor (syn. Polystictus versicolor) or 

Stereum purpureum. Shields (1968) and Scheffer (1969) have found that 

by inducing Trichoderma growth on freshly cut rough bolts (by spraying'  

four per cent water solution of sodium fluoride or five per cent ammonium 

bifluoride) decay is often reduced in bolts during storage. 

The inhibitory effect of T. viride on several other fungi, including 

a few sapstain fungi (Ceratocystis,Aureobasidium pullulans and Discula  

pinicola) was recently reported by Vasibev (1969). 

The studies mentioned above were mostly concerned with testing 

interactions between an antagonist and individuals of a range of fungi 

(plant pathogens, wood destroying fungi, sapstain fungi). On an exposed 

fence post several fungi may interact (or influence) each other. The 

antibiotics or toxins from one fungus may be inactivated or detoxified by 

the secretion from another, thereby opening the way for a third fungus. 

The detoxification of toxic substances from one fungus by the action 

of another fungus which succeeds the first has received very little attention. 

Glasert et al (1961) experimented with Discula brunneo—tingens, Stereum  

Sanguinolentum and Trichoderma lignorum  (syn. T. viride). The wood 

samples infected with each species were subjected to the action of the other 

two and weight losses occurring in the samples were recorded. Results 

showed that (a) the sterilization of wood samples infected with any 

one species had no inhibiting effect on the subsequent activity of the 

other species, (b) the presence of live T. lignorum did not prevent slight 

discolouration by D. brunneo—tingens but did prevent decay by S. sanguinolentum 

and (c) the wad infected with live D. brunneo—tingens mycelium did not 

prevent the activity of other two species. 
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In the present experiment an attempt has been made to study 

the process of succession of fungi leading to the establishment of ---

BasidiomyeeteS, in the laboratory with special attention given to the 

effect of interaction between the test fungi. The results do not entirely 

agree with Glasert et al. (1961) 

Materials and Methods  

One centimetre orientated cubes (Greaves & Levy 1965) of birch 

and Scots pine were exposed in succession to monocultures of T. viride, 

Botryodiplodia sp. and P. versicolor, in 2.5 % malt agar plates. The 

cubes were placed with transverse face in contact with the medium. 

T. viride and Botryodiplodia sp. were isolated from Scots pine fence post 

and P. Uersicolor obtained from Forest Product Research Laboratory 

(eultdre No. FPRL 28A). A species of Polystictus had been isolated from 

the posts and this particular culture appeared to be similar to the 

culture obtained from F.P.R.L. Sterilization of the blocks was carried 

out with propylene oxide using the technique described by Greaves (1966). 

The experiment consisted of two parts. In part A birch and Scots 

pine blocks were used, which had no previous infection. In part B, the 

blocks used were cut from a Scots pine post which had already been infected 

naturally by T. viride  and Botryodiplodia sp. in the field. In both parts 

of the experiment two replicate sets of 5 blocks each were used for 

determining the average rate of decay in each exposure.sequence. Here—

after a set of 5 blocks will be mentioned as ',sets! or set of blocks in the 

text. The rate of decay was measured by a loss in dry weight of each set. 

This was determined by keeping the set for 24 hrs., at 107°C. before 

weighing. The five blocks in each set were weighed together because in 

a preliminary control where blocks were weighed individually and also 

together no significant difference in the average weight losses was found. 

However it is more accurate to weigh individual blocks. 

In part A of the experiment the oven dry weight of each set was 

first measured before exposing to the fungi. But in part B, the blocks 
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with naturally infected fungi were placed on the medium as inocula, 

therefore oven dry weight of these test blocks could not be determined 

prior to the inoculation. In order to calculate the actual weight loSs 

in each set due to the fungal decay, the mean initial moisture content 

was determined with a matched replicate set of blocks. 

Part A:  

The sets of birch and Scots pine blocks were exposed to the 

successive fungi in two serieti in Series I: T4 Viride  —4 Botryodiplodia 

sp. 	versieolor; and in Series II: Botryodiplodia sp. —4 

T. viride 	P. versicolor. For each wood species 14 sets were used 
in each series of exposure. 

Series I: 14 sets of sterilized blocks of each wood species were 

exposed to T. viride for 3 weeks:  After 3 weeks, 2 sets were used to 

measure the rate of decay by T. viride,  6 sets were sterilized and exposed 

to Botryodiplodia sp. for 3 weeks and the other 6 sets were exposed to 

Botryodiplodia sp. for 3 weeks without being sterilized. After 3 weeks 

exposure to Botryodiplodia sp. 2 sets from each subseries (sterilized 

and unsterilized) were removed to measure the rate of decay, 2 sets 

from each subseries were sterilized and exposed to P. versicolor for 

6 weeks and the other two sets from each of the subseries were exposed 
to P. versicolor for the same period without being sterilized, After 

6 weeks exposure to P. versicolor the rate of decay was measured for 

each set and the average decay rate was calculated from two replicates in 

each exposure sequence. (see Table 14 ). 

Series II: 14 sets of sterilized blocks from each epeoies of 

wood were exposed to successive fungi in a similar manner to those in 

series I but they were exposed in the sequence Botryodiplodia  —4 

T. viride 	P. versicolor. 

Control The sterilized sets of blocks from each wood species were 

placed on the medium without any fungal inoculum. Three replicate sets 
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Table 14 

Exposure temiente of the blocks of birch and Scots pine  

on T. viride, Botryodiplodia sp. and P. versicolor  

Series I '4 	Exposed to Ti, viride for 3 weeks 

    

1 

Unsterilized and exposed to 
Botryodiplodia for 3 weeks 

    

Sterilized and exposed to 
Botryodiplodia for 3 weeks 

 

     

Sterilized and exposed unsterilized and Sterilized and unsterilized 
to P. versicolor for exposed to exposed to and exposed 
6 weeks P. versicolor for P. versicolor to P.versi- 

6 weeks for 6 weeks color for 
Z17/3as 

Sequence 1 Sequence 2 Sequence 3 Sequence 4 

Series II 	Exposed to Botryodiplodia for 3 weeks 

Sterilized and exposed to T. viride 	Unsterilized and exposed to 
for 3 weeks 	 T. viride for 3 weeks 

1 

Sterilized and 
exposed to 
P. versicolor 

Unsterilized and 
exposed to 
P. versicolor 

Sterilized and 
exposed to 
P. versicolor 

f 

Unsterilized and 
exposed to 
P. versicolor 

for 6 weeks 

Sequence 5 

for 6 weeks 

Sequence 6 

for 6 weeks 

Sequence 7 

for 6 weeks 

Sequence 8 
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were removed at weekly intervals for 6 weeks and the difference in the 

oven dry weight was measured. 

The various sequences of fungus exposure to which the sets of 

blocks of both timbers were subjected are summarized in Table 114.  

The numbers 1 to 8 represent the end of each exposure sequence 

after the sets have been finally exposed to P. versicolor for 6 weeks. 

(The sequence numbers are referred to in the results). 

Part B: 

It has been mentioned earlier that in this part of the experiment 

the blocks used were cut from a natural infected Scots pine post obtained 

from the experimental plot; The sets of blocks with live T. viride 

And Botryodiplodia sp. were exposed to P. versicolor in the following 

series and the results are based on two replicate sets. 

Series 1: 6 sets of blocks were placed on malt agar for 6 weeks. After 

six weeks 2 sets removed to determine the weight loss, two sets were 

sterilized and exposed to P. versicolor for 6 weeks and two sets were 

exposed to P. versicolor for 6 weeks without sterilization and the weight 

losses were determined. 

Series 2: Three sets of blocks were sterilized and placed directly over 

P. versicolor for 6 weeks and another three sets were exposed to the fungus 

for the same period without prior sterilization. 

Series 3:  Mean percentage of moisture content for a set was determined 

by weighing individually 6 sets of replicates and re weighing after 

keeping in the oven for 24 hrs, at 107°C. The mean percentage of 

moisture content per set was subtracted from the results of weight losses 

in series 1 and 2 to get the actual approximate rate of decay. 

Series 4: In the course of the investigation the blocks in certain 

sequences showed increase in dry weight due to the salt uptake. This 
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led to studies to determine the mean increase in dry weight of the 

sets of blocks to incorporate the necessary correction in the weight loss 

values, and to find out how far the presence of T. viride and the sapstain 

fungus could alter this increase in weight. 

The naturally infected unsterilized and sterilized blocks'of Scots 

pine, and the blocks of soots pine and birch without any previous infection 

were used to determine the increase in weight. The blocks were placed on 

malt agar and the increase in dry weight was calculated each week from three 

replicate sets of blocks for about 8 weeks. 

Preparation of slides for microscopic examination: 

Sections were cut from some blocks of all sequences in Parts A 

and B (described previously) using a sledge microteme. Sections were 

examined to study the distribution of fungi id the blocks and degradation 

of walls. 

Transverse and longitudinal (RLS & TLS) sections about 10 micron 

thick were stained in safranin and picro—aniline blue (Cartwright 1929) and 

mounted in Euparal or Canada balsam. The staining procedure was very 

slightly modified from the method recommended by Cartwright. The sections 

were stained in 0.5 % aqueous safranin for about 5 mina. and in picro—

aniline blue the sections were heated gently to the point of simmering for 

about 3 mins., and left to cool down for some time before washing in water. 

The sections were then washed quickly in 30, 501  70 and 90 % ethanol, and 

de}ydrated in absolute alcohol. 

Photomicrographs were taken to show details of cell wall degradation 

and distribution of fungi in order that a comparative study could be made 

of blocks from all exposure sequences. Microscopic examination of sections 

was carried out using bright field illuminations, polarized light and 

phase contrast. 
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RESULTS 

Part A 

Series I: The mean losses of weight in birch blocks after incubation 

with the fungi in the various exposure sequences are shown below :- 

Sequence 1: 	T. viride  +-14 Botryodiplodia sp. 213 P. versicolor 21.85  

Sequence 2: 	T. viride  24Botryodiplodia 	:-§4 sp. 	P. versicolor 21.50 % 

Sequence 3: 	T. viride =S4 Botryodiplodia sp. 4-1--) P. versicolor 	9.25 

--1-3 Sequence 4: 	T. viride :4Botryodiplodia sp. 	P. versicolor 	Nil 

Sequence 5: Botryodiplodia sp, +S)T. viride 	IL). 	P. versicolor 	8.95 % 

Sequence 6: Botryodiplodia  sp. +S
)
T. viride :§4 P. versicolor 	Nil  

Sequence 7: Botryodiplodia sp. -S)T. viride 	_LS.54 	P. versicolor  11.0 % 
Sequence 8: Botryodiplodia sp. -S)T. viride :-,2 P. versicolor 	0.90 $ 

Control: 	Sterilized Sets of blocks 	) 	P. versicolor 35.0 

Summary of the results:  

The results show that in control blocks when P. versicolor was 

the only fungus present, the rate of decay had been 35 % 	which was higher 

than in any other sequence. In the sequences where T. viride was sterilized 

and followed by Botryodiplodia sp, 	5 P. versicolor the rate 

of decay was about 22 %, which was about 13 % less than the control, or 63 % 

of the normal rate of decay wheb the rate of decay in control blocks was 

taken as standard. In the sequences where T. viride was sterilized 

immediately before the exposure to P. versicolor the rate of decay was 

10 % which was 25 % less than the control, or 29 % of normal rate of 

decay. In the sequences where P. versicolor followed T. viride without 

any sterilization between the exposure there was no decay. This indicates 

that the introduction of_Botryodiplodia after sterilization of T. viride  

doubled ' the rate of decay by P. versicolor 	over 	that when it is 

not introduced. 

Series II: The mean losses in weight in Scots pine blocks after 

incubation with the fungi in the various sequences are shown below :- 
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Sequence 1: 	T. viride  

Sequence 2: 	T. viride  

Sequence 3: 	T. viride  

Sequence 4: 	T. viride  

Sequence 5: Botryodiplodia  sp. 

Sequence 6: 

Sequence 7: 

Sequence 8: 

Control: 	Sterilized sets of  

Botryodiplodia  sp. 1 4 P. versicolori  7.58 % 

Botryodiplodia  sp. 	P. versicolor: 	7.13 % 

Botryodiplodia  sp. 214 P. versicolor:  3.9 

Botryodiplodia  sp. :=.64 P. versicolor:  Nil 

T. viride 	P. P. versicolor: 	3.5 % 

T. viride 	P. versicolor:  Nil 

T. viride  -t-S5 P. versicolor: 	4.05 % 

T. viride 	P. versicolor:  Nil 

blocks -4 P. versicolor: 	13.25 % 

WSJ  

Botryodiplodia  sp. 

Botryodiplodia  sp. 

Botryodiplodia  sp. 

Summary of the results: 

For Scots pine blocks the trend of the results was same as in 

birch but the weight loss was much reduced. 

Note: (a) The sign--P--4 indicates that sets were sterilized prior to 

exposure to successive fungi, and the sign 	stands for the sets 

not sterilized between the exposure. 

(b) In both series neither T. viride  nor Botryodiplodia  sp. 

caused any loss of weight in test blocks regardless of their exposure 

sequence. Losses of weight were recorded only after exposure of blocks 

with P. versicolor. 

(c) The loss of weight in each sequence after 3 weeks exposure 

to P. versicolor  was also determined, but as the trend of weight losses 

were the same as after 6 weeks exposure (except that they were not as great) 

the results have not been included in the text. 

Part B 

The blocks from old Scots pine fence post with live T. viride  and 

Botryodiplodia  sp. were very dry. The mean moisture content of the blocks at 

the time of starting the experiment was 10 %. When the blocks were placed 

on moist cotton wool, they first turned bluish in colour and later 
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became very dark. A few clusters of T. viride spores appeared after 

sone tine. It appears that the fungi were in a dormant state and their 

activity was revived with the increase in moisture content. However, 

when several blocks (15 to 20 in number and not sterilized) were placed 

on malt agar Botryodiplodia sp. was more often found to grow first and 

partially suppress T. viride, but in several other plates T. viride  

was found to suppress Botryodiplodia sp. It is therefore suggested that 

after the dormant period when the resting stage of both these fungi regain 

their activity due to the changedconditions Botryodiplodia sp; can grow 

earlier than T. viride and may partially suppress the growth of T. viride4(pigA 

The mean losses in weight in Scots pine blocks (naturally infected 

with T. viride and Botryodiplodia sp) after 6 weeks exposure to P. versicolor  

in different sequences are shown below : 

Series 1  

a) Set of blocks placed on the medium for 6 weeks 	P. versicolor: 154 % 

b) Sets of blocks placed on the medium for 6 weeks 4P. versicolor: 0.90 

Series 2  

a). Sets of sterilized blocks placed directly —) P. versicolor: 	7.3 

b) Sets of unsterilized blocks placed directly -4 P. versicolor: 	12.64% 

No significant weight loss was found when the unsterilized blocks 

were placed on the medium as inocula for 6 weeks. The loss in weight was 

only due to P. versicolor. 

The results show that when the blocks (naturally infected) were 

sterilized and exposed to P. versicolor the loss of weight was 7 

which was about 50 % lower than the normal rate of decay (15.25 %, 

mentioned before) in Scots pine blocks which had no previous infection 

before exposure to P. versicolor, In the sequences where unsterilized 

blocks were placed on P. versicolor directly (Series 2b) or after being first 

on the medium for 6 weeks then sterilized and placed on P. versicolorl(Series la 
was 

the lossesof weightwere near normal. The weight loss bery greatly reduced 

in the sequence where the blocks were first placed on the medium and then 
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Fig. 4 - A, B & D. Blocks of Scots pine naturally infected 
by Botryodiplodia sp. and T. viride, kept on malt 
agar for 3 weeyRiwid then exposed to P. versicolor.  
The figure shoWi ihat after 8 days the blocks 
where T. viride beveloped i rst P. versicolor was 
suppressed but in the blodZkwhere Botryodiplodia sp. 
has grown first these blocks were attacked by 
P. versicolor.  

C - Naturally infected blocks exposed directly to P. 
P. versicolor after 8 days the blocks are fully 
attacked by P. versicolor. 

E - Naturally infected blocks were sterilized and exposed 
to P. versicolor, after 4 days the blocks were 
attacked by P. versicolor  
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exposed to P. versicolor without being sterilized between the exposures. 

It appears that when T. viride and Botryodiplodia SD. regain their 

activity the interaction between them increased the rate of decay by 

P. versicolor in certain conditions and decreased in others. 

A dimilar trend in the resultSwith reduced value was obtained in the 

exposure sequences of 3 weeks duration. 

Series 5  

The mean moisture content of the test blocks was 10.1 % by Weight. 

Series 4  

Vile increase in dry weight due to salt uptake in unsterilized Scots 

pine blocks (naturally infected) was 4.25 % after one week and it gradually 

decreased to 1.14 % at the end of 8 weeks (Fig, 5 	). In the sterilized 

blocks both, naturally infected and without previous infection the increase 

in weight ranged between 3.0 to 4.5 % and remained fairly constant for 

8 weeks. In birch blocks there was no increase in weight throughout the 

same period. 

It was earlier mentioned that in birch blocks there was no change 

in dry weight in presence of T. viride and 73otryodiplodia sp. and there 

was no loss in weight in Scots pine blocks in presence of these fengi. 

The increase in weight in Scots pine block was possibly due to the salt 

uptake by capillary action. The gradual decrease from the gained weight 

in the unsterilized Scots pine was probably due to the utilization of these 

salts.by  the fungi. This is worthy of further investigation. 

Microscopic study of the interaction of Botryodiplodia sp., T. viride  

and P. versicolor on birch and Scots pine 

The sections cut from the blocks of each sequence, the preparation 

of which has already been described (see page 112 ) were examined under 

the light microscope using bright field, phase contrast and polarized light 

illumination. 
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FIG 5. COMPARISON O THE ME;. .%1 DRY WEIGHTS OF 
INFECTED AND UNINFECTED SCOTS PINE BLOCKS 
ON 2.-5 % MALT AGAR WITH TIME. 
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Colonization of fungi  

In sequence 4, 6 and 8 in which P. versicolor followed live T. viride  

there was no attack by the decay fungus. 

In sequence 1 and 2 where blocks were first exposed to T. viride followed 

by Botrzodiplodia after sterilization the weight loss by P. versicolor  

was similar. In sequence 2 where P. versicolor followed live Botrzodiplodia  

without being sterilized between the inoculation there were more hyphae present 

in the sections and these were much more evenly distributed than in sequence 

1i wnere there was a patchy distribution of the hyphae present, in birch 

and fewer hyphae in Scots pine. In both eases P. versicolor hyphae were 

present throughout the blocks. The colonization was mainly in fibre cells 

and ray—parenchyma in birch. In Scots pine the distribution of hyphae on the 

longitudinal surface was restricted mainly to ray—parenchyma and springwood 

tracheids but in the transverse surface of the blocks from sequence 2, the 

summerwood tracheids were also colonized. 

In sequences 3 and 7 where T. viride and Botryodiplodia were not sterilized 

between the inoculation, but sterilized only before exposure to P. versicolor 

the weight loss was similar in both cases, but much lower than in sequences 

1 and 2. The colonization in the surface layers was very dense (even more 

than in sequences 1 and 2, and in the control blocks) and was not only 

confined to fibres and ray parenchyma but in birch several vessels were 

also heavily colonized. The fungus did not penetrate to any depth. The 

colonization only took place near the surfaces and radial and tangential 

sections taken from near the centre of the blocks showed little penetration 

of hyphae, even though the transverse face was presented to the fungus. 

In sequence 5 where the blocks were sterilized between each inoculation the 

colonization by P. versicolor was in patches and very much restricted 

to ray—parenchyma in the tangential sections. In transverse sections both 

fibres and rays were colonized in birch, and parenchyma and springwood 

tracheids in Scota pine. 
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Decay of blocks by P. versicolor. 

T. viride  

surfaces but did 

p. versicolor. 

and Botryodiplodia colonized the blocks mainly near the 

not cause any significant decay. Decay was only due to 

There was a difference in the degree of deday in each 

  

sequence but the decay pattern was very similar in all and could be 

compared favourably with the decay in control blocks which were exposed direct-

ly to P. versicolor. 

In sequences 1 and 2 the birch blocks showed a very great 

disintegration of ray-parenchyma, vessels and S1  and S2  layers of fibre 

cell walls within about 50 jp, from the surface. Decay was much less in the 

centre of the blocks. The blocks from sequence 2 ye-revery severely decayed 

especially at the longitudinal edges where the primary wall and even middle 

lamella were also disintegrated. In control blocks the disintegration of 

primary wall and middle lamella was found widespread in very large number 

of cells. Decay was spread more uniformly in sequence 2 than in sequence 1 

where there was severe decay in patches. In Scots pine decay of cell wall was 
a.ss 

emit in both the sequences and was restricted to ray-parenchyma and 

springwood tracheids. ha 	segmemesow. In the transverse sections of 

the block from sequence 2 the colonization was found in summerwood tracheids 

also. 

In sequences 3 and 7 the decay was only found on the surface layers. 

Severe disintegration of cells was found along the edges in birch blocks 

but elsewhere only the S2  layers of the fibres were slightly affected. 

In sequence 5 the cells were disintegrated only at the edges of the blocks 

but in the rest of the blocks a very little decay was noticed. 

In Scots pine the decay was not of any significance in sequences 3, 

5 and 7. Avery few ray-parenchyma cells on the surface layers were slightly 

decayed and rest of the cells were sound. A large number of bore holes were 

noticed in the radial and tangential sections. 

The bore holes formed by P. versicolor in both birch and Scots 

pine blocks were larger in diameter in sequence 2, than in the blocks from 

other sequences or even in the control blocks. Several of these bore holes 
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in thick walled tracheids of Scots pine crossed the entire tracheid wall 

in radial section, passing through the S2  layer. (Fig, 6 ). The bore 

holes are 2 to 3 times larger in diameter than the width of the penetrating 

hyphae. Several bordered pits in the summerwood tracheids of Scots pine 

were completely decayed in the blocks from sequence 2. Similar features 

were not noticed in the blocks from other sequences. The pit membranes in 

the thin walled tracheids were often found to decay after siX weeks 

exposure to p. versicolor  but rarely in the case of the pits from thick 

walled tracheids (Fig. 7 ) 

The effect of P. versicolor on the distribution of Botryodiplodia in the 

blocks. 
.1111•••••••.•••••••••••• 

The hyphae of Botryodiplodia was widely distributed in the cells 

of the blocks as separate hyphae when it was the only fungus growing in the 

blocks or as densely packed mycelia. There was no significant change in the 

distribution of this fungus in the blocks from sequences 1 to 8 except in 

the'sequence 2. The blocks from this sequence (T. viride  +8.j Botryodiplodia 

--- -) P. versicolor) were destained throughout except the face which was 

in contact with the medium. The hyphae of Botryodiplodia were absent from the 

radial and tangential sections except near the face which was in contact with 

the medium. In presence of P. versicolor these hyphae were either destained, 

or disintegrated or were found to anastamose to form a pseudo—parenchyma. 

These pseudo—parenchyma were more prominent near the rays (Fig. 8 

It is difficult to give a precise reason for the formation of pseudo—

parenchyma other than the presence of P. versicolor. It might be due to the 

presence of enzymes from P. versicolor or it could be a physical effect due 

to the overcrowding of hyphae in the cells. 

The disappearance of most of the pigmented hyphae from the section 

might be due to autolysis of the fungus together with the "bleaching" 

in presence of P. versicolor. 



— 122 — 

The cells which were colonized by Botryodiplodia were not attacked 

by P. versicolor but the neighbouring cells were severely decayed (Fig.9 
	
) 

In presence of live Botryodiplodia sp. a very unusual type of attack by 

P. versicolor was noticed in the radial sections of birch blocks. A row 

of very closely formed bore holes were found on either side of the hyphae 

of Botryodiplodia, almost throughout the hyphal length of this fungds. In 

the adjacent fibre cells of the wood where this fungus was absent bore holes 

were scattered (Fig. 10 ). The other interesting feature noticed was the 

presence of P. versicolor hyphae inside the hyphae of Botryodiplodia (Fig. 11 ) 

In several cases the hyphae of P. versicolor passed through six or seven 

cells of the host hyphae. This may be due to the development of a 

parasitic or saprophytic habit of P. versicolor in the blocks. Host 

probably the hyphae of P. versicolor migrated through the hyphae of 

Botryodiplodia when the latter was encountered by chance. However parasitism 

by P. versicolor can also be possible (Griffith 1964). 

Discussion  

Botryodiplodia sp. and T. viride were together isolated from the 

fence posts. Microscopic examination of the sections prepared from blocks 

of old Scots pine post also revealed an association between these fungi. 

A similar association between T. viride and a sapstain fungus has been 

reported by Ilishbeth(1959). In the laboratory tests it was shown that the 

presence of actively growing T. viride inhibited P. versicolor whether it 

preceded or was succeeded by Botryodiplodia. A similar observation was 

made by Glasert et al (1959) using different fungi in the sequence. That 

actively growing T. viride inhibits the growth of Basidiomycetes has been also 

reported by nishheth(19521 1959), Shield and Atwell (1963), Shield (1968) 

and Scheffer (1969). From the present results it appears that the 

antibiotics of T. viride left in the wood can also greatly reduce the decay 

by Basidiomycetes even if T. viride has been killed, provided the antibiotics 

have not been inactivated by another fungus before the attack by Basidiomycetes. 

The results of the present work have been discussed here. The figures for 
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rate of decay have been quoted from the results obtained with birch blocks. 

In Scots pine the trend in rate of decay was the same with reduced values. 

In sequences 3, 5 and 7 when T. viride was grown in the blocks 

in association with or after sterilization of Botryodiplodia and was 

subsequently sterilized before exposure with P. versicolor, the rate of decay 

wasabdut9%whenthe standardlratede" 
 
was 35 %. Microscopic examination of 

the sections from these blocks had also shown that the decay was confined 

to the surface of the biocksii. From thii it could be inferred that the 

antibiotics produced by T. viride in wood remained effective even after 

the fungus was dead, and were able to reduce the activity of P. versicolor  

and in consequence the decay. Other possible reasons for the slow rate of 

decay such as depletion of certain nutrients from the substrate (Bar lured' 

1950) or a partial mechanical barrier by dead mycelium of the earlier 

colonist or the change in pH of the substrate, did not appear to be of 

any significance on the light of subsequent results. 

In sequences 1 and 2 (the blocks infected with T. viride were 

sterilized and then exposed to Botryodiplodia followed by P. versicolor) — 

the rate of decay in birch was about 21 %. When the results of sequences 

1 and 2 are compared with the results of sequences 3, 5 and 7, it appears 

that in sequences 1 and 2, the introduction of Botryodiplodia in the 

succession after T. viride was sterilized, had increased the rate of decay 

by over 125 % as compared to the rate of decay value obtained in sequences 

3, 5 and 7, in which Botryodiplodia was not introduced in the succession 

after T. viride was sterilized. The microscopic examination of the sections 

from the blocks of these sequences also reveals the fact that in sequences 

1 and 2 decay of cell wall is much greater than sequences 3, 5 and 7. Glasert 

et al (1959) using different species of fungi and wood — suggested that the 

sterilization of wood samples infected with one species had no inhibiting 

effect on the subsequent activity of the other species. 
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This suggests that certain substances secreted by Botryodiplodia sp. 

have detoxified the antibiotics of T. viride which were left by this fungus 

before it was killed. This detoxification may have paved the way for the 

growth of P. versicolor and thus resulted in the increase in rate of decay. 

This increase in rate of decay would not have been possible otherwise. The 

inactivation of toxic substances from T. viride was also suggested by Cavallito 

pnd Bailey (1944) and Brian (1946). The detoxification of several wood 

preservatives by non—Basidiomycetes has also been suggested by Madhosingh 

(1961) and Duncan and Deverall (1964). However, very little information is 

available on the detoxification of toxic substances from one fungus by another 

pingus, which might be involved in several interactions between fungi resulting 

in the establishment of more virulent pathogens or decay fungi (D'Aeth, 1939, 

Basham 1959). 

It may be also possible that Botryodiplodia had stimulated the 

development of P. versicolor either by producing certain stimulatory 

substances or by removing certain substances froM the wood, as Bourchier 

(1961) had shown an increased rate of decay by $tereum pini in presence of 

petinocyclus abietis. However it has been mentioned earlier that the presence 

of Botryodiplodia in association with live T. viride does not have any 

considerable effect on the rate of decay by P. versicolor. Findlay (1939) 

reported that the presence of sapstain fungus does not significantly increase 

the rate of decay in pine by Basidiomycetes. liAdvan (1951) found that Pine 

sapwood with living Ceratocystis sp. was more resistant and with dead sap—

stain fungus less resistant to decay than clean wood. 

Botryodiplodia may provide some extra nitrogen to P. versicolor  when 

poth the fungi are growing together. This may increase the mycelial growth of 

P. versicolor and eventually the rate of decay. This would be similar to the 

reported , action of Aureobasidium pullulans (Millbank 1969) as a scavenger of 

nitrogen and possibly even a fixer of atmospheric nitrogen. The presence of 

P. versicolor hyphae inside the cells of Botryodiplodia, suggests that P. 

versicolor may utilize the hyphal content of Botryodiplodia, In sequence 2 

where P. versicolor followed live BotEyodiplodia the mycelial growth was more 

than in the blocks from sequence 1$  probably because ofnths autolysis of 

Botryodiplodia in the sequence 2. Although mycelial grawt4 



in sequence 2 was more than in 	sequence 1, the rate of decay was similar 

in both the sequences. This suggests that the mycelia' growth may not be 

directly proportional to the enzyme production in P. versicolor. There 

is certain biochemical evidence to suggest that it is not (King 1969). 

The interaction between the fungi could play an important role 

in fungal succession. T. viride and Botryodiplodia sp. colonize the Scots 

pine posts much earlier than Basidiomycetes. One can postulate that T. viride  

may prevent the entry of Basidiomycetes as long as it is active in 

production of antibiotics. However if the growfh of T. viride slows down 

or stops due to the depletion of nutrients on the surface of the fence posts, 

an increased growth of Botryodiplodia sp. or some other sapstain fungus 

may make the entry of Basidiomycetes possible. These suggestions are based 

on the results of Part B of the experiment with natural infected blocks. 

In these blocks T. viride and Botryodiplodia sp. were probably in an in-

-fictive stage due to the low moisture content. When the activity was induced 

by supplying water and nutrients, there seemed to be an almost equal chance 

for one fungus to regain activity earlier than the other and partially 

suppress it. 

The rate of decay (in Series 2a of Part B, see p. 115 ) where the 

natural infected blocks were sterilized and exposed to P. versicolor  

for 6 weeks, had been taken as standard. A very low rate of decay in these 

blocks might be due to the presence of the antibiotics which had been secreted 

earlier by T. viride (although the fungus might have been inactive for a 
when 

long time). In the Series (b),Ahe blocks were first kept for 6 weeks 

on the medium as inocula, then sterilized and transferred to P, versicolor  

for the same length of time, the rate of decay was increased. This 

increase may be due to the detoxification of the antibiotics by Botryodiplodia 

which has probably grown more vigorously than T. viride. A similar 

increase in the rate of decay was found when the blocks were exposed to 

P. versicolor without prior sterilization (Series 2b). 

It has been suggested by several authors that Trichoderma and a 

few other fungi can be used as biological control (Daines 1957,114shbeth 1952, 
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1959, Shield 1968, Scheffer 1969). Several other species of fungi were 

also found to inhibit the growth of Basidiomycetes (Whittaker 1962, 

Stillwell 1966, Picard and Walter 1968). It may be interesting to know more 

on the effect of certain sapstain fungi on those antagonistic fungi which 

inhibit the growth of Basidiomycetes. However, more thorough investigation 

on the interaction of fungi is necessary to understand various problems 

related to the ecology of fungi on wood. 



Fig. 6A — RIS Scots pine showing P. versicolor hypha crossing 
the entire width of the two adjacent tracheid wall —
Sequence 2 — 500 X 

Fig. 6B — RIS Scots pine showing P. versicolor migrating 
through the tracheid wall — Sequence 2 — 500 X 
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Fig. 6C — RLS Scots pine showing bore hole formation 
by a hypha of P. versicolor — Sequence 2 — 500 X 
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Pig. 7A — RIB Scots pine showing large bore holes formed 
from bordered pit by P. versicolor in thick 
walled tracheids — Sequence 2 — 320 X 

Fig. 7B — MS Scots pine showing normal bordered pits 
penetrated by P. versicolor hyphae — Sequence 
1 — 787 X 
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Fig. 8A (above) RLS Birch showing disintegration of hyphae 
8B (below) 	of Botryodiplodia  sp. which leads to the 

formation of pseudoparenchyma. Sequence 2 —
500 X 
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Fig. 8C — RLS Birch showing pseudoparenchyma like structure. 
Sequence 2 — 500 X 



Pig. 9 TS Birch showing cells colonized by (sterilized) 
hyphae of Botryodiplodia sp. are not attacked by 
P. versicolor. Note the degradation of wall in 
other cells. Sequence 1 — 500 X 

Fig. 10 — RLS Birch showing bore holes in rows formed by 
P. versicolor on both the sides of the lumen 
with live Botryodiplodia sp. Sequence 2 — 500 X 
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41% 

111111.00 onale 
Fig. 11A — RIS Birch showing P. versicolor hypha inside the 

hypha of Botryodiplodia sp. Sequence 2 — 720 X 

Fig. 11B — PIS Birch showing the penetration of P. versicolor  
hypha into Botryodiplodia. Sequence 2 — 1250 X 



Fig. 11C — PIS Birch showing Botryodiplodia hypha surrounded by 
the hyphae of r. versicolor. Sequence 2 — 787 X 

I 

Fig. 11D — P. versicolor hyphae growing over the colony 
of Botryodiplodia sp. 3 weeks old culture 
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SECTION III  

Interaction and antagonism between some fungi isolated 

from birch and Scots pine fence posts'  

Introduction  

The phenomenon of antagonism and interaction between fungi has 

received much attention during the last three decades. D'Aeth (1939) 

stressed the need for a uniform terminology and suggested that the word 

"interaction" should include all the possible effects peculiar to a 

mixture of micro-organisms. "Antagonism" could be reserved for the type 

of interaction in which one fungus in the mixture would exert an adverse 

influence on the other. The term "association" should be applied 'when 

fungi existed together without exerting any harmful mutual influence. 

Be further pointed out that as the succession continued repeated associations 

and interactions of organisms occur. The antagonistic effect of micro-

organisms was earlier reviewed by.  Wake (1937 and 1941). 

,Wood and Tveit (1955) reviewed the work done on antagonism between 

antagonists and pathogens and the use of antagonistic fungi in the control 

of•diseases. They stated that it was unlikely that these methods of 

cohtrolling diseases by direct use of an antagonist would compete with 

ordinary fungicidal treatments except in isolated cases under special 

conditions. Several workers have demonstrated the possibility of biological 

control of wood inhabiting fungi. Garrett(1950) mentioned that "the 

saprophytic survival of a root inhabiting fungus in dead infected host 

tissue is curtailed by the competition and antagonism of associated 

saprophytes". The replacement of romes annosus from the root and stump 

of pine by Trichoderma viride has been reported by Rishbeth(1950). The 

possibility of protectint freshly cut stumps and logs against attack from 

certain wood-rotting Basidiomycetes, by allowing the prior growth of 

Trichoderma on the wood has been reported by Risbbbth(1952, 1959), 

Lindgren and Harvey (1952), Shields and Atwell (1963), Shields (1968) and 

Scheffer (1969). The Forestry Commission in the U.K. has developed Hishbethts 
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work and made further investigations on Peniophora sp. on pine stumps 

as a fungus likely to compete with and suppress Fomes annosus. A 

technique has been evolved to infect pine stumps with Pesdophora sp. 

and an extensive trial is being made of its effectiveness as a practical 

method of controlling Fomes annosus in the forest. 

Several other fungi which inhibit the growth of wood—rotting 

Basidiomycetes have been extensively studied by several workers. Etheridge 

(1957), Bourchier (1961), Whittaker (1962) and Basham (1966) have reported 

that Coryne sarcoides, which produces an antibiotic, can inhibit the 

development of several species of wood—rotting fungi. Certain other 

members of Fungi Imperfecti, such as Cryptosporiopsis sp. and Scytalidium  

epp., have been mentioned by Stillwell (1966), Elingst4m and Beyer (1965), 

and Picard and Walters (1968) as inhibiting the growth of several 

Basidiomycetes. Henningeson(1967a) has pointed out that temperature had a 

decisive effect on the development of interaction phenomena between decay 

fungi. 

These studies have shown that certain members of lower fungi can 

inhibit the growth of several wood—rotting Basidiomycetes. In earlier 

work the antagonistic reaction of the lower fungi -vas tested mostly 

against Basidiomycetes. However, not much attention has been paid to 

determining the effect of antagonists on a range of wood inhabiting fungi 

(from moulds to Basidiomycetes) with a view to correlating their role in 

the succession of fungi. 

During isolation of fungi from birch and Scots pine fence posts 

different types of interaction were often observed between the numerous 

isolates occurring in the original isolation plates from the many particles 

of wood present. These interactions ranged from suppression of one or 

several fungi by another fungus to antagonism in which inhibition zones 

formed around the antagonist. The interactions were either of short 

duration where eventually one fungus was found to overgrow the others or 

the interactions were found to persist throughout the entire life of the 

interacting fungi, keeping a permanent demarcation zone between them. 
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Antagonism between bacteria and fungi was very often observed but no 

detailed study of such antagonism was undertaken. Discula pinicola  

(Naoum) Petr., and some other fungi which showed strong antagonism to 

various members of the wood flora, were tested against the common 

representatives of mould, staining fungi, soft—rot and white—rot fungi 

in pure culture, with a view to studying the effect of this phenomenon 

in the succession. The test fungi were all originally isolated from the 

posts. 

Method: 

Antagonism of Discula pinicola was tested against pure cultures of 

Trichoderma virile, Paecilomyces varioti, Fusarium sp., Ceratocystis piceae, 

Chaetomium globosum, Botryodiplodia sp. and Polystictus sp. These fungi 

were isolated either from Scots pine or birch posts, and were grown on 2i5 % 

malt agar and incubated at 25°C. 

In the first series of tests a petri dish was inoculated in the 

centre with D. pinicola and the test fungus at four points to the side. 

In the second series the antagonist and the test fungus were inoculated 

opposite to each other. The cultures were incubated at 25°C and observed 

regularly for two weeks and then occasionally for about 6 weeks. The tests 

were repeated. Temperature and pH of the medium were kept constant. The 
mow der 

experiment was also attempted on Abrams medium with 10 gm of cellulose/per 

litre, but was not successful because D. pinicola did not grow appreciably 

in this medium►. 

The antagonist, being a very slow growing fungus, was grown for five 

days before the inoculation of test fungi. When inocula of both 

antagonist and test fungi were plated simultaneously, the test fungi were 

often found to over—grow the antagonist. Perhaps the antagonistic reaction 

of D. pinicola is shown only after the build up of sufficient inoculum 

potential. 
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Result 

The cultural characteristics of p. pinicola compared favourably 

with the description given by Lagerberg et al (1927) for the same species. 

They reported that this fungus caused blue stain in pine and spruce. 

However. the staining reaction of this strain was tested on orientated 

blocks of birch and Scots pine and found to cause very little stain in 

6 weeks. 

D. pinicola was found to be antagonistic to all the test fungi 

except Polystictus sp. which on the other hand grew over the antagonist 

within two weeks (Figs. 12 	). The antagonistic reaction between 

D. pinicola and other fungi persisted throughout the life of the fungi 

leaving a permanent demarcation zone between the antagonist and test fungi, 

where the hyphae of test fungi did not penetrate. I,r1 V1,e_ 

demarcation zone varied between 0.4 to 1.2 cm in different species except 

for Fusarium sp. where it was even less than 0.4 cm. The zone separating 

the two fungi was established within about two weeks from the time of 

inoculation and no significant change was observed later. (Fig: 16). 

A mutual antagonism was observed between p6 pinicola and C. Oideae. 

The margin of both the approaching colonies became flat along the 

demarcation zone. (Fig. 17 ). It appeared that growth of these fungi 

retarded on reaching the area where the secretion from both might 

have mixed in the medium. A more pronounced mutual antagonism between 

D. pinicola and an unidentified very slow growing fungus (culture No. 10102 ) 

wat also observed. In this case it appeared that probably the antagonistic 

action of the unidentified fungus was more than that of D. pinicola.  

Rbwever, it was difficult to comment definitely on which fungus was more 

antagonistic (Fig. 18 ). 

The interaction between D._einicola and T. viride was different 

from the other interactions. No fungal hyphae or germinating spores were 

observed in the zone separating the two fungi, but Triehoderma spores 

were found to be produced all over the colony of the antagonist after 

about two or three weeks (Fig. 16 ). The possible explanation for this 
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phenomenon could be that T. viride spores deposited over the colorOrof 

D. pinicola germinated and later suppressed the growth of D. pinicola. 

Germination of T. viride spores on the colony of D. pinicola might be due to 

the lack of any antagonistic substance in the medium under the D. pinicola  

colony (secretion of antagonistic substances might be limited to young 

hyphae from where they diffuse into the medium around the colony) or 

to T. viride being parasitic on D. pinicola. Parasitic behaviour of T. viride 

has been earlier reported by Garrett(1958). However D. pinicola was 

antagonistic to the original colony of Ti viride but new colonies of 

Triehoderma developing from spores on the mycelium of D. pinicola  

could possibly inhibit the growth of the latter. The inhibitory effect 

of T. viride on the growth of D. pinicola was also reported by Vasil6v (1969). 

Detailed work on the antagonism between bacteria and fungi was not 

attempted, but certain observations made oil such antagonism are recorded 

here. In the plates inoculated with the wood samples from the field, 

colonies of bacteria and several different fungi generally develop in the 

same plate. In the plates with heavy bacterial infection very few fungal 

colonies were formed, but in the plates with few bacterial colonies 

antagonism between bacteria and certain fungi were often observed. Two 

interesting antagonisms were between bacteria and Cytospora sp., and 

bacteria and Alternaria sp. However, the demarcation zone between these 

fungi and bacteria was very narrow and was never crossed by these fungi. 

Bacteria were often overgrown by Fusarium spp., Botrytis sp. and several 

other moulds. The fruit bodies of Cytospora sp. were formed more 

abundantly and earlier along the demarcation zone between the fungus and the 

bacteria than in the rest of the fungal colony. (Fig. 19 ). There was 

profuse mycelia' growth of Alternaria sp. along the demarcation zone but 

as the hyphae could not cross the zone, the mycelia' mat became dense 

and high. Fig. 20). 
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Discussion: 

The antagonistic action of several fungi inhibiting the growth 

of pathogens and wood-rotting fungi hall been extensively discussed by Wood 

and Tveit (1955), Etheridge (1957), Bourchier (1961), Henningssen(1967) 

and several others. In most of these cited instances the inhibitory fungi 

were antagonistic to Basidiomycetes. D. pinicola on the contrary was not 

antagonistic to Basidiomycetes but showed antagonise towards several other 

fungi, many of which could have inhibited the growth of Basidiomycetes. 

The presence of such types of antagonistic fungi in the wood flora could 

possibly facilitate the entry of Basidiomycetes by eliminating some of 

their competitors, where otherwise Basidionycetes had less chances of 

colonization. D'Aeth (1939) cited similar instances where one parasite 

by its prior attack on a plant allowed the entrance of a more virulent 

parasite, which could not by itself have initiated the attack. The fungi 

producing antibiotics and toxic substances which could inhibit the growth 

of Basidiomycetes, when eliminated fron the wood flora by the antagonistic 

fungi, might pave the way for the entry of Basidionycetes in the wood in a 

manner similar to that of Fusarium and other non -Basidionycetes in 

reducing the toxic component of wood preservatives in a substrate, thus 

enabling the Basidiomycetes to cause substantial decay (Madhosingb1961; 

Duncan and Devimmdl 1964, Shields 1967). 

However, it is suggested that the fungi which could inhibit the 

growth of organisms antagonistic to Basidiomycetes and which have no 

influence on Basidiomycetes themselves, could possibly affect the pattern 

of succession of fungi in exposed timber. The role of antagonism between 

the fungi in the succession has been pointed out by Macauley and Thrower 

(1966). They suggested that the replacement of Mucorales and Penicilliuri spp. 

on leaf litter might not 'oe due to the nutritional requirements but due to 

antagonism. Hudson (1968) has discussed the association of several fungi 

in the process of fungal succession in the substrate other than wood. The 

association of Fungi Imperfecti with the colonization by Hymenomycetes on 

wood and the fungi associated with the detoxification of preservatives 
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have received some attention in recent years. To understand many complex 

phenomena involved in the succession of fungi adequate knowledge of 

antagonism and interactions between wood—inhabiting fungi is necessary. 

The effect of antagonism and interaction on fungal succession nay be 

difficult to assess but oust be considered in the further development of 

the ecology of fungi on wood in soil contact. 

In many instances nutrient atrailability and space to grow appear 

to be the most important factors in succession, but clearly the disappearance 

of certain species and replacement by others must have been brought about 

by other means. It is in this field of investigation that further knowledge 

of interaction and antagonisms is necessary to explain the observed changes in 

the flora. 



Fig. 12A — Polystictus sp. 
growing over the colony of 
D. pinicola which is in 
the centre of the plate —
2 weeks old culture 

Fig. 12B — Polystictus sp. 
growing over the colonies 
of Penicillium spp., 

varioti and C. herbarum  
in malt agar medium - 
3 weeks old culture. (Dark 
spots and very light coloured 
area the colonies of non— 
Basidiomycetes. 

Fig. 13 — Antagonism between 
	

Fig. 14 — Antagonism between 
D. pinicola (in the centre) 

	
D. pinicola (in the centre) 

and P. varioti — 4 weeks 	and C._gybosum — 4 weeks 
old culture 	 old culture 
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Fig. 15 — Antagonisms 
between D. pinicola and 
Botryodiplodia sp. —
4 weeks old culture 

Fig. 16. Left — Antagonism between D. pinicola and 
T. viride. Right — Antagonism betweeniusaNiwnisi)  
D. pinicola. 4 weeks old culture 



Fig. 17 — Showing mutual 
antagonism between 
D. pinicola  and C. piceae.  
(The colony of C. piceae  
is pointed with arrow). 

Fig. 18 — Antagonism of 
an unidentified fungus 
(small colony) and 
D. pinicola (large colony) 

Fig. 19 — Antagonism between 
bacteria and Cytospora sp. 
(darker colony). More fruit 
bodies are formed along the 
zone near the bacterial 
colony. 

Fig. 20 — Antagonism between 
the bacteria growing below 
the medium and Alternaria  
sp. growing over the medium. 



— 145 — 

Section IV 

Decay capability tests of some fungal species  

Introduction  

This section deals with the tests done in the laboratory to 

examine the cellulolytic and soft—rot ability of some of the fungal 

isolates obtained during the ecological study on the fence posts. A 

comparative decay of the sapwood of Scots pine (Finns sylvestris) and 

birch (Betula sp.) by the fungi causing white—rot (Polystictus versicolor), 

brown—rot (Coniophora cerebella) and soft—rot fungi (Chaetomium globosum) 

was also studied. The results obtained in the study of comparative decay, 

being very similar to those described earlier by several authors, have not 

been included in the text. The soft—rot fungus C. globosum showed some 

interesting patternsof attack, and is therefore briefly discussed in this 

section. Wood decay by soft—rot, white—rot and brown—rot fungi but been 

extensively discussed in the literature by Bailey & Vestal 1937, Savory 1954, 

Cartwright & Findlay, l958 Corbett and Levy, 1963, Levy 1965, Greaves 1966, 

Wilcox 1968 and several others. Findlay (1956) reviewed the work on the 

problems of timber decay since 1942. 

Material and Method  

The cellulolytic activity as assessed by the formation of a clearing 

zone in the medium, was tested for several fungi isolated from the fence 

posts during the ecological studies. The fungi were inoculated in petri—

dishes containing Abrams medium to which 10 gm. of Whatman cellulose powder 

per litre of solution were added, and observations were recorded after 

one week of inoculation. Soft—rot ability of these fungi was tested by 

exposing for 15 weeks, the orientated centimetre cube blocks of birch and 

Scots pine to test fungi grown in the 	medium described above1  

The transverse facesof the blocks were in contact with the medium. Radial 

longitudinal sections nearest to the surface layer of these blocks were 

prepared, and examined under polarized light. In the investigation on 

comparative decay the birch and Scots pine blocks were exposed to 
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P. versicolor (F.P.R.L. No, 28A), C. cerebella (F.P.R.L. 11E) and 

C. globosum (I.C. 81), grown on 2,5% malt agar medium for 1, 3, 6 and 

12 weeks. Preparations Mere made of stained (staining procedure — Cartwright 

1929) and unstained, transverse, radial and tangential longitudinal sections, 

and were examined under microscope. C.  globosum did not produce any decay 

in the blocks in malt agar medium. C. globosum was later subcultured on 
w.EevvwQs 

Abrams medium with added cellulose powder for 4 consecutive timesjbefore 

the blocks were exposed to the fungus. Fuller (1969) suggested that this 

fungus would probably produce more cellulase enzyme and thus greater decay 

if the soft—rot ability of this fungus was tested from the culture 

previously grown on a cellulose rich medium. This led to the examination of 

the behaviour of this fungus in wood decay by subculturing it several times 

in cellulose rich medium before the test for its soft—rot ability. 

Results  

The results of cellulolytic and soft—rot ability tests and sap 

staining ability of the fungi grown on Abrams medium with cellulose powder 

are summarized in the following table. The table also includes the staining 

reaction of the fungi in 2.5% malt agar medium. 

Soft—rot 
cavity 

Spine 

Staining 
effectiln 
(AC) 

Birch S.pine 

Staining 
effectan 

malt 

Birch S.pine 

Aposphaeria ap. 

Alternaria (tenuis) 
Cephalosporium sp. 

Ceratocystis 

Chaetomium dolichotrichum 

Chaetomium globosum 

Coniothyriun fuckellii 

Dactylosporium sp. 

Gliomastix sp. 

Pestalotia (funeria) 

tiltqaptilam  (fastigiate) 
Phialophora sp. 

Note 1. AC m Abrams medium with added cellulose; 

(—)m absent; (?) m negligible 

04* 

OOP 

MOW 

(+) m present; 

Birch 

Cella° — 
lytic 
activity 

••• 

IMO 
	 SOO 

Ora 
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The mean weight losses in birch and Scots pine blocks in sit weeks 

exposure to Chaetomium globosum in 2.5% malt agar medium and Abrams medium 

with 10 gm. Whatmans cellulose powder, are given below. The weight losses for 

similar exposure to Polystictus versicolor in malt agar medium are also given 

as a comparison. The loss in dry weight was determined with five replicate 

sets and in each set five blocks were weighed together. The results are as 

follows: 

Fungus 	Medium used 	Weight loss in 	Weight loss in 
Scots pine blocks birch blocks 

C. globosum 

 

2.5% malt 	Nil 

Abram6 4. cellulose 	2.6% 

2.5% Malt 	13.3% 

0.7% 

P. versicolor 
27.2% 

35% 

    

The morphological structures of C. globosum did not show any 

change after being subcultured four times in Abrams with cellulose medium. 

Results of microscopic examination of comparative decay: 

C. globosum in malt agar medium did not degrade the ,  cell wall of 

birch and Scots pine, but in Abrams cellulose medium, the S1  and S2  

layers of fibre wall in birch were completely decomposed (Fig. 21 ). In 

Scots pine the S2  layer of a few tracheide Was attacked. 

versicolor heavily degraded the cell wall of fibres in birch. 

Near the surface layers and especially towards the edges of the blocks 

some of the fibre cells lost the primary wall and middle lamella. In 

Scots pine some of the spring wood tracheids were heavily decomposed but 

in the summer wood tracheids uniform thinning of cell walls occurred near 

the surface layers. 

C. cerebella caused very little decay in Scots pine. In several 

springwood tracheids and also in some summerwood tracheids the lamination 

effect (as shown by Greaves 1966 in Scots pine due to C. globosum) was 

observed, but in the present work it was not known wtether this effect was 

due to a fault in sectioning. The wall degradation in birch was also 
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very little. The main reason for little decay in the blocks could be due 

to waterlogging as the blocks were in contact with the medium. however, the 

colonization in the blocks was very heavy. 

The cell wall degradation in birch by C. globosun was almost of 

similar intensity to that of P. versicolor except that the primary wall 

and middle lamella were not attacked by C. globosum.  

Microscopic examination of decay due to C. globosum: 

These are the results of3&6weeks exposure cf birch and Scots pine 

blocks on C. globosum after the fungus was subcultured four times in Abrams 

medium with cellulose powder. 

In birchlin 3 weeks the Si  and S2  layers of fibre cells were 

completely decomposed very near the surface layers and in 6 weeks the 

decay proceeded towards the centre of the block (Corbett 1963 — type I decay) 

(Fig. 21 ). In addition the erosion of cell wall proceeded from the 

lumen towards the primary wall (Corbett 1963 — type II decay) (Fig. 22 ). 

This fungus also formed a very different type of cavity in the present test. 

Some of the cavities formed are diamond shaped (Fig. 25 ), a similar type of 

cavity was noticed in Phialophora sp. (probably P. fastigiata) isolated 

from the fence post which is similar to observation made earlier by Findlay 

and Levy (1969). The fungus also produced elongated cavities (Fig. 24 ) 

the shape of which were comparable to the cavities noticed in Phialophora sp. 

isolated from the fence posts. 

In Scots pine cell wall degradation by C. globosumt was very little. 

The cavities were elongated and the younger cavities were formed along 

with the migration of the hypha (Fig. 25 ). Another type of structure 

which was comparable to the cavity was often noticed (Fig. 26). These 

structures could also be erosion of S
2 
layer in the area where the fungus 

was lodged. C. globosum formedIT! branches (Corbett and Levy 1963, Levy 

1965) in the S2  layer of the tracheid wall. The fungal hypha from near 

the S3  layer crossed the lumen of the cell and formed theIT) branch in S2  

layer (Fig. 27). In this test an interesting feature was noticed that C. 

blobosun hyphae often migrate through the primary wall and middle lamella 
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region (Fig. 28 ). The fungal hyphae then enter the S2  layers of 

the wall adjacent tracheid and form a pair of cavities opposite each 

other (Fig. 29). It also appeared that the fungal hypha migrating through 

the S2 layer of the cell wall formed a branch (liketTtbranch) which crossed 

through the middle lamella, primary wall and Silayer of the adjacent cell and 
a 

formed/cavity like structure in the S2 layer nearer the S3 
layer of the 

cell wall (Fig. 30 ). Another type of degradation of cell wall was noticed 

where the fungus was found to attack the S2  layer of the cell near the S3  

layer but without affecting the 53  layer in the beginning (Fig. 31 ). 

Discussion: 

The results on the pattern of degradation of cell wall by 

Chaetomium klobosum when the fungus was subcultured several times in a 

cellulose rich medium shows that although the general morphology of the 

fungus does not change in the treatment this treatnent can bring some change 

in the physiology which may result in 	abnormal behaviour in the cell wall. 

It is too premature to draw any concluiion from the results except to say 

that this fungus can pumemisigt produce different types of cell wall 

degradationvitilthis -treintrte.nt.It would be interesting to investigate the 

effect of preconditioning the fungi to different types of culture medium 

(with a stimulation of different enzyme systems), on the degradation of 

cell wall by some soft-rot organisms. The soft-rot cavities formed by 

the test fungi are under investigation. 
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Fig. 21 — T.S. Birch showing heavily degraded secondary 
wall layers by C. globosum in 3 weeks — 500 X 

Fig. 22 — BIS Birch showing lumen erosion by C. globosum 
in 3 weeks — 500 X 



Fig. 23 PSIS 3irch showing diamond shaped cavities formed 
by C. globosums  in 3 weeks — 787 X 
(Polarized light) 



- I 	- 

Fig. 24A.— RLS Birch showing chain of elongated and small 
cavities formed by C. globosum in 3 weeks — 500 X 
(Polarized light) 

vow dimg alkiWiet-1‘ 
	 4141111111111  

4116*--41111m. 
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Fig. 24B — RIS Birch showing cavities of different shape 
formed by C. globosum in 3 weeks — 500 X 
(Polarized tight) 
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Fig. 25A — PIS Scots pine shoving developing cavities formed 
by C. globosum in 6 weeks — 1250 X 

Fig. 25B — RLS Scots pine showing developing cavities 
formed by C. globosum in 6 weeks — 1250 X 
(Polarized light) 
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Fig. 26 — RIS Scots pine showing cavities 
formed by C. globosum in 6 weeks — 500 X 

Fig. 27 — RLS Scots pine showing 'T—branch' formed by 
C. globosum in 6 weeks — 787 X 



• 
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Fig. 28 — BIS Scots pine showing hyphae of C. globosum  
in the middle lamella and primary wall region — 
6 weeks — 500 X 



Fig. 29A — TS Scots pine showing colonization by C. globosum in 
the middle lamella and primary wall region, and forming, 
cavities opposite to each other in the adjacent tracheid 
walls — 6 weeks — 320 X 

Fig. 29B — TS Scots pine showing cavities opposite to each other 
in the adjacent tracheid walls — 6 weeks — 787 X 
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Fig. 30 — MS Scots pine showing migration of hypha of C. globosum 
through S2  layer, and the branch given off from this 
hypha forming cavity like structure — 6 weeks — 1250 X 

Fig. 31 — TS Scots pine showing degradation of cell wall by 
C. globosum in 6 weeks — 500 X 
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General discussion and conclusions  

The work was undertaken at the end of 1967. Until then very 

little information was available on the seasonal distribution and succession 

of fungi on debarked wood. Corbett and Levy (1963) gave some general 

information on the distribution of fungi in fence posts situated in three 

different environments and suggested a pattern of succession of fungi. 

Further information was added after Butcher published his papers in 1968. 

The present project was planned to study several aspects of the successional 

colonization of fence posts by fungi. The results have been discussed 

earlier in four different sections: I — seasonal distribution of fungi 

and fungal succession on birch and Scots pine fence posts, II — laboratory 

tests of fungal succession, III — interactionsbetween the fungi which 

could affect the fungal colonization, and IV — wood destroying ability 

of certain fungi associated with the fungal succession. From the current 

investigation the following general conclusions can be drawn : 

1. A technique has been established that is suitable for isolating 

fungi in depth from a post in the field. 

2. The isolation can be carried out in the open air with very little 

evidence of chance contamination from air—borne spores. 

3. Most of the fungi colonizing the superficial layers of the post do 

not penetrate below the surface. The general pattern that emerges 

is that a large number of fungi colonize the surface and superficial 

layers, and after a time a smaller number of fungi are able to 

penetrate beyond 5 mm. depth. Once these fungi have made the 
initial break—through, the Basidiomycetes appear and seem capable 

of developing rapidly in the centre of the post, where competition 

is low. Later the Basidiomycetes migrate towards the surface 

layers. 

4. The establishment of fungi on the surface and immediately beneath 

the surface layers is highly influenced by the competition and 

interaction between the fungi, but at 25 mm and 45 mm depths 
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association between the fungi is of greater significance and 

competition is largely absent. 
- 

5. The intensity of bacterial 	 on the surface layers of the 

posts has some apparent effect on the subsequent colonization by 

certain species of fungi. 

6. The succession of fungi does not reach beyond the mould and sapstain 

stage in above ground zones, but it reaches the Basidiomycete• stage 

in the ground line zone. The pattern of fungal succession at the 

ground line zone from the surface to the centre of the post is 

bacteria — mould — sapstain — soft—rot — Basidiomycetes, although 

the position of the soft—rot fungi in this sequence is of some doubt. 

7. The fungal activity is very high on the surface layer for the first 

4 or 5 months of exposure, When the number of species reaches a 

climax. After 5 months the number of species declines and 

colonization by fresh fungal species including those which had been 

already eliminated from the post is very rare. It is therefore 

suggested that the succession of fungi occurs in two phases. In 

the first phase both airborne spores and fungal hyphae from the soil 

are involved in succession. The second phase begins with the 

depletion of surface nutrients and the fungal coloniscktion may be 

mainly through hyphal contact. The surface layers in this phase are 

probably not very suitable for the growth of fungi developing from 

spores. 

8. Basidiomycetes usually enter the wood in the second phase of succession 

when the number of other fungi on the surface layers is greatly 

reduced. The entry by Basidiomycetes into the wood during the first 

phase of susoession when there is intense activity on the surface, 

may depend on the ability of the decay fungus to suppress other 

fungi by its antagonism or by the interaction between the non—

Hymenomycetes. 

9. The colonization and development of Basidiomycetes is associated 

with the presence of the sapstaining fungi Ceratocystis piceae and 
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Phialophora sp. Parasitism and saprophytism of these organisms 

by Basidiomycetes appears to be involved in their development, 

With the establishment of decay fungi most of the non-Hymenomycetes 

are eliminated from the zone. 

10. Certain sapstaining fungi which are also able to decompose cellulose 

have a greater chance of persisting for longer periods than many other 

non-Hymenomycetes and these staining fungi can have some significant 

role in the fungal succession. 

11. There is some evidence that interaction and association influences the 

fungal succession but it is difficult to assess this clearly. 

For example, in a test Discula pinicola was found to be antagonistic 

to several fungi but not to P. versicolor. Interaction of D. pinicola 

with other fungi may facilitate the entry of P. versicolor by 

suppressing the growth of those fungi which could have inhibited the 

colonization by P. versicolor.  

	

12, 	Tests of fungal interaction have shown that T viride when growing 

actively inhibits the growth of  P. versicolor but not Botr,rodiplodia  

and when T. viride was killed the antibiotics left in the blocks 

retarded the growth of P. versicolor to a very great extent. However, 

when Botryodiplodia was introduced after T. viride was killed, the 

growth and rate of decay by P. versicolor was much higher than in 

the sequence where the sapstain fungus was not introduced. This shows 

that Botryodiplodia by its metabolic activity can possibly inactivate 

the antibiotics of T. viride when the latter fungus is either killed 

or inactive. The presence of sapstaining fungi may be one of the 

factors influencing the entry of Basidiomycetes in a post colonized 

by T. viride.  

	

13. 	The colonization by fungi depends on (1) the intensity of spores 

present and their rate of germination and (2) the mycelium contact. 

Their establishment as dominant fungi would depend on several factors 

including their interactions and association,, 	t .  



161 - 

14. 	Chaetomium globosum produced much greater weight loss when it was 

grown on a cellulose medium and was subcultured successively for 

4 to 6 times at weekly intervals in the cellulose rich medium, 

before finally testing its soft—rot ability. The pattern of attack, 

the cavities formed and the decay in the cell wall show some 

considerable difference when the fungus was tested with and without 

being subjected to subculture. The general morphology of the fungus 

does not change in the treatment. Hyphae of the fungus which has been 

subcultured several times often migrate through the middle lamella 

and primary wall region and later attack the S1  and S2  layers of 

fibres and tracheids. The fungus forms characteristic 'T' branching 

in Scots pine. In birch the cell wall decomposition was very heavy 

and the loss in weight due to decay was very high. 



— 162 » 

SUMMARY 

The investigation of fungal ecology on birch (Betula sp.) and Scots 

pine (Pinus sylvestris) fence posts revealed that the fungal colonization 

followed a definite sequence. The establishment of fungi in the posts 

was influenced by several factors. To study this aspect of fungal ecology 

techniques were developed to obtain fungal isolates in the field from the 

surface layers and known depths of the posts. The isolation of small 

particles of decayed wood and their inoculation in the petri dishes 

containing different media was carried out in the field. The periodic 

isolations of fungi from the surface and at 5, 25 and 45 mm depth have shown 

that a very large number of fungi colonized the surface layers of the post 

and at 5 mm depth but very few fungi penetrated beyond 5 mm. The 

competition and interactions between the fungi were near the surface 

layers and beyond that the association between fungi was of greater 

significance in the establishment of Basidiomycetes. The pattern 

of fungal succession was postulated for three zones, (a) at ground line, 

(b) 18 inches above ground line, and (c) six inches below the top of the 

post. A punch card for the description of cultures of wood inhabiting 

Fungi Imperfecti was evolved. 

Interactions between certain fungi isolated from the posts during 

this study were tested. In one of the tests where the blocks of wood were 

exposed to Botryodiplodia sp., Trichoderma viride  and Polystictus vercicolor 

in succession in different sequences showed that Botryodiplodia sp. 

was able to overcome the inhibitory effect of T. viride in the establishment 

of P, versicolor. In another test on interactions a sapstain fungus 

Discula pinicola was found antagonistic to some moulds, sapstain and soft—

rot fungi but was overgrown by Polystictus sp. The influence of interactions 

between fungi in the fungal succession is discussed in the text. 



— 163 — 

In the soft—rot ability test of some of the fungi isolated from 

the posts it was found that several test fungi produced soft—rot 

cavities in hardwood but the same fungi did not form any soft—rot 

cavities in soft—wood. The soft—rot ability of Chaetomium globosum When 

tested after the fungus hod been subcultured several times in Abrams 

medium with 10 gm. of Whatman cellulose added was found to produce 

different types of cavities and degradation of cell wall in birch and 

Scots pine. 
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APPENDIX I  

An attempt was made to develop a punch card system for generic 

identification of the common wood inhabiting fungi, based on some of the 

gross culture characters, and the physiological 	and microscopic 

characters. The characters used in describing the cultures of Fungi 

Imperfecti have been mentioned earlier (c.f. p. 24 ). A description 

of the culture characters of some fungi isolated during the ecological 

studies is given in the following pages. It can be seen from the 

descriptions that certain fungi showed very significant variations in 

the gross culture characters e.g. Fusarium app. and Cephalosporium sp., 

but many other fungi showed greater consistency within the genus. It 

appears from the results that it is possible to develop the punch card for 

description of cultures of wood inhabiting Fungi Imperfecti on a similar 

pattern to that described for the cultures of wood—rotting Basidiomycetes 

by Cartwright and Findlay (1958). However, a further investigation is needed 

in this work before a card for the description of wood inhabiting Fungi 

Imperfecti can be fully devised. 



-r 

5-6 

5-6 
56 
5-G 
6-6 
.5-6 
5-4 

54 

SG 

5-6* 

6-6 

5-6 
54 

57 
S7 
57 
S7 

57 

57 
5/ 60 1 

57 	60 	61 

57 Co 2- 

.57 	to 	41 

57 to .0 

S7 6e b 

S7 to 

69 (,3 

59 45 
5--9 %3 

5-9 43 
5-9 C3 

5-9 4, 
.5-9

3 

59 61 

5-9 '41 

5-9 6 1 

59 61 
5-9  Cl 
59 61 

Co 63 
C o 63 

Co 63 

Co 43 
60 63 
Co 63 

Co 63 

Co 41 

DECcRIPTION OF CULTURE CHAR.ReTE-Rs OF 

OF 	ON61 IMPE-RECTI 

a 0 	7 	us W 	0 

	

04 	ul cl EA 	z 	i."-- 	<4 
cs. - : 'oW 5 	sz 	a 

	

; o 	,- 0 	u.- 	 t-- 
: _i 	c• _s 	- 	i- 	‘1$ 	oc 

	

0 	-,- - 0 	Z cc 	D 	...1 i.1.2 

	

,,t) 	;3 V - j,) 	0 	uy, 

- 
1 - 

4 	gi 	231 	24, .2%, 	30 	34 i k4 
  

1 7 	114 	23 	2.4 	,.2.6 	30 	314 	136. 	441 

5 	19 	21 1 	.24 - At, 	301 	35- * b7 	ily 	47: 

3 	19 I 	.231-T9-/-1 laS 	 30 	ST 	j 37 	44: 
1-1--121 	.2 	241 	2s 	30 	31;, .!35' 	L 	! 47 

3 	1() 	P.31 	.24 	gi 	- 32. 	 33 	137, 	til-( 	!1471 _ 
• 3 	231_ P4 __,,28, • 	3 o' 	. 35 	1 37 	Li ii 	47i 

(APPEN.Dix -1. 

FUSAR‘OVIsp 

cu5 ARIUri 

ICUSAR‘Vtt 

SOME oc -rvAE MEMI3ER.S 

	

c2,1 	 all a7 a9 33 37 4,s1 147 

	• .21 	 027- 	P-L1 	2-7 	-7-9 	33 	37 tt5" 	147, 

	

12_1 	22-  214 	 .72 	.29 	33 	37 	45! 
4 74 

	

gl 	c>22. 	.21 	 , 33 	L15 	47 

r7   ‘ 1., 	2.4 - 18 	31 	3s 	36! 	43, 	47 

• .1.7 	,g1 	22 	ALI 	2.8 	31 	35 	3C1 	1431 	11-17 
et_tA Dos PORI t.) kvl 	I 	al 	2_21_, ail 	a& 	31 	33 	34 

	

4-1 ti a1bA RUr/ • L7+ 	x'1.1 	al- 	OS 	At 	31 	35 	3-4 	11.3 	47 
71 al ,/S 31. 33 .1 371 1131 1147. 

	

'7 I 	21 	p:2-1 	9,-16, 	31j-_.33 	371 	47. 

PfkECIi-otiYe G3 	 t4 
VARtoll 

P ,11c..11.L1u 4..j 7.  

7 
7 

PE NIell-L1U1-1S17.l. 

1a1 22 .24 27 	0.9 33 37 45 ca. 
,21 	2z 	2-4 	P-7 	at) 	34-1 	37 	451 	47. 

I - 

• 

_ 
1-T ERNA al 	3 	(6  XII 	2S; 	36 	34 	3s", __ 	47 

____,  
fAuckoRssibium '7 1)6 22 24 1 
PULLULA4,s 	- 7 . 	t 6 	, 22- 	alil 

7 	, t 6 	.1- 	Ali' 
r 	, 

() 1S?CoR1) SV 	3 	14 	A3 

) 	
, 

4 10 • !ai 

PI-It A 1.. o P IA oR.A 	10Al 1 -  
I 

si,. 0. ai 
16" 

at 37- 33 36 4 
24 132- ,i31i 	3.51 43, 47 

g6 	3o 	34 ' 	3.61 	43, 

30 31~ LfI IIII 47 

.3.5 43 147 
3s ,43 147 
39 1-13 47 
4 0 	43 47 

As 

az ;•-ti as 30 33' 

ar -a4 A7 31 	33 

36 "33 
,P,t1 	AS 	'31 -_ 3 



to 	A5 	,225  30  31t 37 41 47, 
.2 ,23 Ati ----- 	147 

aY , ALI 	30 	3'5 	tie), 	14 

.7.3 as-  tag 37, 35 4o t in Lfs 10  

118 So 

S 515  

49 

	

S3 Ss S7 	S-9 	GI 

	

S*3 ST S7 	S-S 	(s! 
54 59 6)  

	

Cc 52  SY 3- 7 	D 	0-63 

CEPIACkLosPoRtum '3 21 A7- 09-41 fg".6 32- 33 '34 41 
51).    9 Al- 	 As AC 32.. 53 

' 9 	la' 	Al- 	As- 	.2,6 	3D1 	35' 	 '31  _41 __ 	 --1 

	

S _ jai 	 c27- 	Act 	,A 1 	3o 	1 34 	.3.6 	.41 
r   11 - 	2.3- 	,./4 	,-.1.4 1 	 3 2- -  33, 	37 	41 
• _3_ 	t.9_ 	A7- 	 AA; 	A‘ 	 31- 	 33 • 34 	 141 

C-EPHALosPRtu
v-  

5 	A.1 i 1,,nj 	xi 	At 	32_, 134  , 35  
s 

to 

a5 	3o 	'31f • 37 	41 	47 

	

.3 hi Z2-  1211 at 30 	31 41 

	 (21 	02.2.  Alt A71  

	

7 at 	Alf 	 g7 

1 31 133 38 G3 . 
31 133 1313 1113 

f5oTRNcrt $ 

TRtcHo3,E RmIA 
P.) E  

C RT ENUI-A RTh 

117 __ 

L17 

• 

A-9 34 3s-  ,1-1 

3D 	 34 	39 	14 

1 
.1>f c̀ b4°Plic"1  --qs. to _At 	.21.- : PS"— 	. 343 	q 	39 	113 	103 5o 

37 	41 47, 

47 

47

47 

	

6-6 	s-9 	6 t 

	

56 	59 	6I 

s2„ 55 7 	5-9 	6 2- 

	

SY 57 	S-9 	4.1  

APPENDI X T CCANTiNtieb)  

2 
7.5." 

: 
2; 

• 1.• 	7  aI 

• LL, 
o 	1.4.3 1- 

PAGE- Itt 

0.- 0 I  2: _ 

59 CI 
59 4) 
S 9 61 

- s 61 

S9 4; 

S5 
S9 61 

s-g 1 
S-9 6; 

5-9 6 t 5-6 

6( 

57 	59 	6 r 
S7 S9 6? 

5-9 	6; 

3 10 

C11 

—r 

—r 

A (Jos P 1-i n-  GRIA 	to 	0.21 	.2.2- 	as- 	30 	'33 	40 	43 

10 Al A3 2C As 30  34 401  

EeliE Li s 	NA) B 	 asH 	30 	34 	37 	zis_ 

PtY RoNE- 1- 1-fi E A 

 

	

S. 7 	AI 	021-1 'ac6 30 34- 3S 43 



.167- 

ACKNOWLEDGEMENT  

I am very grateful to Mr. J.F. Levy for his kind help and 

encouragement throughout the period of this study. 

I wish to express my sincere thanks to Dr. J.A. Butcher for his 

valuable suggestions and guidance in writing the thesis. I am also very 

grateful to my colleagues Messrs. G.W.D. Findlay, B.B. Fuller and 

A.F. Bravery for their willingness to discuss various problems as they 

arose and to provide technical help at certain tines. 

I also wish to thank various technicians of the Department for 

their assistance and special thanks are due to Mr. C. Sawyer for taking 

some of the photographs of cultures, and Mr. R. Baker for assisting in 

many ways. 

I an grateful to the British Council for a grant to academic 

fees in the last year of my studies and to the Forestry Commission for 

supplying the fence posts. I must express my gratitude to 

Mrs. J. Cheston for typing and preparing the thesis and to my wife for 

her understanding and encouragement throughout. 



-168 

REFERENCES  

Abrams, E. (1948). Microbiological deterioration of organic materials: 
Its prevention and method of tests. U.S. Dept. coMm. Nat. Bureau of 
Standards, Misc. Publ. 188. 

Ainsworth, G.C. and G.R. Bisby (1954). A Dictionary of the Fungi: Comm. 
Mycol. Inst. 4th edition. 

 

Asmah, J. (1967). Methods of isolation and identification of fungi from 
wooden fence posts. M.Sc. Thesis, Univ. of London. 

Bailey, I.W. and M.R. Vestal (1937). namsignificance of certain wood-
destroying fungi in the study 4/ enzymatic hydrolysis of cellulose. 
J. Arnold Arb., 18; 196 - 205. 

Barlund, U. (1950)A  LaboratoricforsOk betrgffande rotsvamparnas inbOrdes 
Konkurrensformaga. Karstenia 1, 60 - 72. 

Barnett H.L. (1960). 'illustrated genera of Imperfect Fungi. 2nd edition. 

Barnett, H.L. (1964). Mycoparasitism. Mycologia 56, 1- 19. 

Basham, J.T. (1957). The deterioration by fungi of jaok, red and white 
pine killed by fire in Ontario. Can. J. Bot. 35, 155 - 172. 

Basham, J.T. (1958). Decay of trembling aspen. Can: J. Bot. 36, 491 - 505. 

Basham, J.T. (1959). Investigations of the pathological deterioration in 
killed balsam fir. Can. J. Bot. 37; 291 - 326. 

Basham, JiT. (1966). The oceUrrence of Basidiomyce-ies and microfungi 
in defective and normal heartwood of living jatk pine; Can. J. 
Bot. 44, 275 - 295. 

Becker, G. (1968). (personal communication to J.F. Levy). 

Belford, D.S. (1963). (personal communication to J.F. Levy). 

Bessey, E.A. (1950). Morphology and taxonomy of fungi. The Blakiston 
Company, 1950. 

Bourchier, R.J. (1961). Laboratory Studies on microfungi isolated from 
the stems of living lodgepole pine Pinus contorta Dougl. 
Can. J. Bat. 39, 1373 - 1385. 

Bravery, A.F. (1968). Microbiological breakdown of cellulose in the 
presence of alternative carbon sources. J. Sci. Fd. Agric, 19, 
133 - 135. 

Brian, P.W., P.J. Curtis, H.G. Hemming and J.C. McGowan (1946). The 
production of Viridin by pigment-forming strains of 
Trichoderma viride. Ann. Appl. Biol. 33; 190 - 200. 

Brian, P.W. (1951). Antibiotics produced by Fungi. Bot. Rev. 17, 
357 - 430. 

Brian, P.W. (1957). The ecological significance of antibiotic production 
Microbiol 'geology. Seventh Symp. Soc. Gen. Microbiol. 
Cambridge Univ. Press. 



169 — 

Butcher, %LA,. (1968 a). The ecology of fungi infecting untreated and 
preservative—treated sapwood of Pinus radiata w Biodeterioration 
of Materials. Int, Symp,,Southampton, 1968, 444 — 459. 

Butcher) J.A. (1968 b). The ecology of fungi infecting untreated 
sapwood of Pinus radiata, Can. J. Rot. 46 (12), 1577 — 1589. 

Butcher, J.A. (1969). personal communication. 

Cartwright, E. St. G. (19/9) 	A satisfactory method of staining fungal 
mycelium in wood sections, Ann. Bot. 43; 412 — 413. 

Cartwright K. St. G., and W.P.K. Findlay 	(1958), Decay of Timber 
and its prevention. London: H.M.S.0., 2nd Ed. 

Cavallito, C.J. and J.H. Bailey (1944). Preliminary note on the inactivation 
of antibiotics. Science, 100, 390, 

Chesters, C.G.C. (1949), Concerning the fungi inhabiting the soil. 
Trans. Br. Mycol. Soc. 32, 197 — 216. 

Chester; CAM. (1950). On the succession of microfungi associated with 
the decay of logs and branches. Lina. Nat. Union; 12; 3; 129 — 135. 

Clements) F.E. and C.L.,Shear (1931). The Genera of Fungi. H.W. Wilson 
Company, New York; 

Cooke WO. (1948). A survey of literature on fungus sociology and ecology. 
Ecology) 29, 376 — 382. 

Cooke, W.B. (1953). A survey of literature on fungus sociology and ecology. 
Ecology, 34, 211 222. 

Corbett, N.H. (1963). Ph.D. Thesis, 	Univ. of London. 

Corbett, N.H. and J.F. Levy (1963). Ecological studies on fungi associated 
with wooden fence posts. B.W.P.A. News Sheet No. 27: 1 — 3; 
No. 28: 1 — 10. 

Corbett, N.H. and J.F. Levy (1963). Penetration of tracheid walls of 
Pinus sylvestris L. 	(Scots pine) by Chaetomium globosum Kunz. 
Nature, 198, 4887, 1322 — 1323. 

D'Aoth, H.R.X. (1939). A survey of interaction between fungi. Biol. Rev. 
14, 105 — 131, 

Daines R.H. (1937). Antagonistic action of Trichoderma on Actinomyces  
scabies and /thizoctonia solani. Amer. Potato Jour. 14, 85 — 93. 
Recorded by Wood and Tveit 1955). 

Duncan, C.O. (1960). Wood attacking capacities and physiology of soft—rot 
fungi. U.S. Dept. Agric. Forest Products Laboratory Report No. 
2173. 

Duncan, C.O. (1960). Soft—rot in wood and toxicity studies on causal 
fungi. Amer. Wood Pres.. Assn. 

Duncan, C.O. and F.J. Deverall (1964). Degradation of wood preservatives 
by fungi. J. &ppl. Microbiol. 12, 57 — 62. 

Duncan, C.O. and W.V. Eslyn (1966). Wood decaying Ascomycetes and Fungi 
Imperfecti. Mycologia 58, 642 — 645, 



- 170 - 

Etheridge, D.E. (1957). Comparative studies of Coryne sarcoides  (Jacq.) 
Tul. and two species of wood destroying fungi. Can. J. Bot. 
35, 595 — 603. 

Etheridge, D.E. (1961). Factors affecting branch infebtion in aspen. 
Can. J. Bot., 39, 799 — 816..  

Findlay, G.W.D. and J.F. Levy (1969). Scanning electron microscopy as an 
aid to the study of wood anatomy and decay, J. Inst. Wood Sc. 
Nb. 23, July. 57 — 63. 

Findlay, G.W.D. (1969). Personal communication. 

Findlay, W.P.K. (1939),I.Effect of sapstain on the properties of timber. 
II. Effect of sapstain on the decay resistance of pine sapwood. 
Forestry, 13; 61 = 67. 

Findlay, W.P.K. (1940). Studies in the physiology of wood destroying fungi 
III.Progress of decay under natural and under controlled conditions. 
Ann. Bot. (N.S.) 4# 701 — 712. 

Findlayi W.P.K. and J.G, Savory (1950). Breakdown of timber in water 
cooling towers. Proc. VII. Int. Bot. Congr., 315. 

Findlay, W.P.K. (1956). Timber decay — a Survey of recent work. For. 
Abst. 17, 317 — 327 and 477 — 486. 

Findlay, W.P.K. (1959). Sapstain of timber. For. Abstr. 207, 1 — 7, 
167 — 174. 

Findlay, W.P.K. (1966). Ecology of wood destroying and wood inhabiting 
fungi, Holz and Organismen, Internationales Symposium Berlin — 
Dahlem pp. 199 — 211. 

Findlay, W.P.K. (1968). Personal communication. 

Fuller, D.B. 	(1969). Personal communication. 

Gambetta, A.M. and E. Orlandi (1967). Studi sully carie soffice — I: Su 
alcuni Ascomiceti a Deuteromiceti reperiti su legno a contatto con 
it suolo. Contributi Scientifico Pratice Migl. Conosc. Util. Legno, 
7; 39 — 48. 

Garrett, S.D. (1950). Ecology of the root inhabiting fungi. Biol. Rev. 25, 
220 — 254. 

Garrett, S.D. (1951). Ecological groups of soil fungi: A survey of 
substrate relationship's .New Phytol., 50, 149 — 166. 

Garrett, S.D. (1956). Biology of root infecting fungi. Cambridge. 

Garrett, S.D. 
Nyco).* 

Garrett, S.D. 
action 
Trans. 

(1955). Microbial ecology of the Soil". Trans. Brit. 
Soc., 38, 1 — 9. 

(1958). Inoculum potential as a factor limiting lethal 
by  richoderma viride  Fr. on Armillaria raellea  (Fr.) Quel. 
Brit. Mycol. Soc. 41 (2), 157 — 144. 



- 171 - 

Garrett, S.D. (1963). Soil Fungi and Soil Fertility. Pergamon Press, 
Oxford. 

Gilman 

Glaser 

J.C. (1959). A manual of soil fungi. Constable and Co. Ltd., 
London, 2nd Ed. 

,T., E. Tarocinski and J. Bauza (1959), Study of the interaction 
of Discula brunneo-tingens and the most important fungi accompanying 
it in the coffee brown discoloration of pine saw logs: Prate. 
Inst. Tech. Drewna 6 (2), 45 — 58. (English summary in For. Abstracts 
22, 654, 1961). 

Good, H.M. and J.I. Nelson (1962). Fungi associated with Fomes  
var. populinus in living poplar trees and their probable 
significance in decay. Can. J. Bot. 40, 615 - 624. 

Good, BA., 	Basham and S.D. Kadzielawa (1968). Respiratory activity 
of fungal associations in zones of heart rot and stain in sugar 
Maple. Cana; 3. Bet. 46 - 1; 27 - 36. 

Goto, H.E. and J.F. Levy (1955). Unpublished data. 

Grant, C‘ and J.G. Savory (1968). Methods for isolation and identification 
of fungi on wood. Ministry of Technology, P.P.R.L., Princes 
Risborough, 

Greaves, H. and J.G. Savory (1965). Studies on the microfungi attacking 
preservative treated timber with particular reference to their method 
of isolation. J. Inst. Wood W.., 15, 45 - 50. 

Greaves, H. (1966). New concepts of decay of timber by micro-organisms with 
reference to the long term durability of wood from archaeological 
sites. Ph.D. Thesis, Univ. of London. 

Gregory, P.H. (1950). Deposition of air-borne particles on trap surfaces. 
Nature, Lond. 166, 487 - 488. 

Griffith, N.T. (1964). Destructive Mycoparasitism by Basidiomycetes in 
culture. 91 pp. M.Sc. thesis, Library, West Virginia Univ. 
(Shigo, A.L. 	Int. Rev. For. nos. 2, 237 - 299 - 1967). 

Grove, W.B. (1935 - 1937). British stem and leaf fungi (Coelomyeetes). 
Vol. I and II, Camb. Univ. Press. 

Henningsson.B. (1967 a). Interactions between micro-organisms found in 
birch and aspen pulpwood. Studia For. Suecica, NR. 53. 

Henningsson.B. (1967 b). Microbial decomposition of unpeeled birch 
and aspen pulpwoods during storage. Studia Forestalia Suecica, 54, 32 
Pp. 

HenningEssm.B. (1967 c). The physiology inter-relationships and effects 
on the wood of fungi which attack birch and aspen pulpwood. Inst. Virk 
Skogshtogskolan, Res. notes Nr.IT19, 10 pp. 

Hirst, J.M. (1953). Changes in the atmospheric spore content: diurnal 
periodicity and the effects of weather, Trans. Brit. Mycol. Soc. 
36, 375 — 393. 

Hudson, H.J. and J. Webster (1958). Succession of fungi on decaying 
stems of Agropyron repens. Trans. Brit. mycol. Soc. 41 (2), 165 - 177. 

igniarius 



-172- 

Hudson, H.J. (1962). Succession of microfungi onagfing leaves of 
Saccharum officinarum.  Trans. Br. mycol. Soc.45, 395 - 423. 

Hudson, H.J. (1968). The ecology of fungi on plant remains above the soil. 
New Phytol, 67; 837 - 874. 

Hudson, H.J. (1969). Personal communication. 

Johnson, L.P., E.A. Curl, J.H. Bond and H.A. Fribourg (1959). Methods for 
studying "soil microflora - plant disease relationships". 
Burgess Publishing Co., Minneapolis 15, Min. 

Jones E.B.G. (1963). Observations on the fungal succession on Wood Test 
Blocks submerged in the sea. Jour. Inst. Wood Sc. 11; 14 - 23. 

nn 
Eaarlk, A. and E. Rennerfelt. (1957). Investigations on the fungal flora of 

spruce and pine stumps. Meddn St. Skogsforsk Inst., 47, 7 

Eggrik, A (1967). Colonization of pine and spruce poles by soil fungi after 
6 months. Material und Organismen 2 (2), 97 - 108. 

Kggrik, A. (1968). Colonization of pine and spruce poles by soil fungi 
after twelve and eighteen months. Material und Organismen 3 (3) 
185 - 198. 

Karkanis, 	(1964). gtdining fungi in wood. M.Sc. Thesis, Univ. Lond. 

ElingstrOm, A. and L. Beyer (1965). Two new species of Scytalidium with 
antagonistic properties to Fomes annosus (Fr.) Cke. Svensk. Bot. 
Tidskr., 59, 1. 

King, N. (1969). Personal communication. 

Lagerberg, T., G. Lundberg, and E. Melin (1928). Biological and practical 
researches into blueing in pine and spruce. Svenska Skogsvards-
fgreningens Tidskrift, vol. 25: 145 - 272 and 561 - 691. 

Lehmann, K.B. an4 B. Scheible (1923). quantitative Unterseehungoilbvis 
Holzzerstorung durch Pilze. Arch. Hyg., Berl. 92, 39 - 108. 

Levi, M.P. and R.D. Preston (1965). A chemical and microscopic 
examination of the action of the soft-rot fungus Chaetomium globosum 
on Itteechwood (Pogue sylv.) Holzforschung, 19, 183 - 190. 

J.F. (1962). Studies on fungi attacking underground mining timbers 
and fence posts. Pee. Annn. Cony. B.W.P.A. 3 - 13. 

Levy, J.F. (1965). Field trials of treated fence posts. Wood, June. 

Levy, J.F. (1965). The soft-rot fungi and their mode of entry into wood 
and woody cell walls. Holz und Organismen, 55 - 60. 

Levy, J.F. (1965). The soft-rot fungi. Their mode of action and 
significance in the degradation in wood. Advance in Dot. Bee. 2, 
323 - 357. 

Levy, 

LeVI 

J.F. (1967). Necessity of developing reliable techniques for the 
isolation and identification of fungi from wood. Wood, June. 

J.F. (1968). Studies on the ecology of fungi in wooden fence posts. 
Biodeterioration of mterials Proc. Int. Symp. Southampton. 
Elsevier Press, London. 424 - 428. 

Levy, 



- 173 - 
Lindgren, R.M. and G.M. Harvey (1952). Decay control and increased 

permeability in Southern pine sprayed with fluoride solution. 
Jour. For. Prod. Res. Soc. 5: 250 - 256. 

Macauley, B.J. and L.B. Thrower (1966). Succession of fungi in leaf 
litter of Eucalyptus regnans. Trans. Br. myco1. Soc. 49 (3): 
509 - 520. 

Madhosingh, C. (1961). The metabolic detoxicatiOn of 2, 4 -Dinitrophenol 
by Fusarium oxysporum. Can. J. Microbial., 7, 553 - 567. 

Mangenot, M.F. (1952). Researches methodiques sur les champignons de 
certains bois en decomposition. Revue gen. Dot., 59, 381.(Hudson, H.J. 

1968). 
Mangenot, M.F. (1954). Acidite ionique et populations fongiques des bois 

Rev. gen. Bot. 61, 133 - 153. (Shigo, A.L. 1967). 

Maloy, 0.C. and V.S. Robinson (1968). Micro-organisms associated with 
heart-rot in young Grand Fir. Canad, J. Bot. 46; 306 - 309. 

Martin, J.P. (1950). Use of acid, rose bengal and streptomycin in the plate 
method for estimating soil fungi. Soil Sci. 69: 215 - 233: 

Meredith, D.S. (1959). The infection of pine stumps by Fomes annosus  
and other fungi. Ann. Hot., 23, 455 - 476. 

Meredith, D.S. (1960). Further observations on fungi inhabiting pine 
stumps. Ann. Bot. 24, 63 - 78. 

Merrill, W. and D.W. French (1966). Colonization of wood by soil fungi. 
Phytopathology, 56 (3): 301 - 303. 

Milbank, J.W. (1969). Nitrogen fixation in moulds and yeast - a reappraisal. 
Arch. Mikrobiol. 68, 32 - 39. 

Nobles, M.K. (1948). Studies in forest pathology - Identification of cultures 
of wood-rotting fungi. Can. J. Res. 26, 281 - 431. 

Nobles, M.R. (1958 a). A rapid test for extra cellular oxidase in cultures 
of wood inhabiting Hymenomycetes. Can. J. Rot. 36, 91 - 99., 

Nobles, M.K. (1958 b). Cultural characters as a guide to the taxonomy 
and phytogeny of the Polyporaceae. Can. J. Rot., 36, 883 - 926. 

Nobles, M.K. (1965). Identification of cultures of wood inhabiting 
Hymenomycetes. Can: J. Rot. 43, 1097 1139. 

Okigbo, L.C. (1966). Techniques for the isolation of microfungi from wooden 
structures. M.Sc. 2hesis, Univ. of London. 

Picard, J.L. and W.B. Bollen. (1968). Inhibition of Poria carbonica by 
Seytalidium sp. an  imperfect fungus isolated from Douglas fir poles. 
Canad. J. Bat., Vol. 46, 643 - 647. 

Bishbeth, J. (1950). Observations on the biology of Fomes annosus, 
with particular reference to East Anglican Pine plantations. Ann. 
Bot. N.S. 14, 365 - 383. 

Rishbeth, J. (1952). Control of Fames annosus Fr. Forestry 25, 41 - 50. 

Rishbeth, J. (1959). Stump protection against Fames annosus. 2. 
Treatment with substances other than creosite. Ann. Appl. Biol. 
47, 529 - 541. 

Radvan, R. (1951). Effect of Ceratostomella pilifera on the decomposition 
of lignocellulosic membranes (cell walls) by wood destroying fungi - 
Spisy Vydavnne Prirodovedeckou Fakuliou Masarykovy Univ., Brno - 
No. K3/326 (79-96)(Quoted by Findlay, W.P.K. - 1959). 



-174- 

Bosch, R. and W. Liese (1968). List of fungi tested for soft-rot 
activity. O.E.C.D. 27/DASASI/4/559. Paris. 

Russell, P. (1956). A selective medium for the isolation of Basidiomycetes. 
Nature: 177, 1038 - 39. 
a, 

Savory, J.E. (1954). Breakdown of timber by Ascomycetes and Fungi 
Imperfecti. Ann. Appi. Biol. 41, 336 - 347. 

Scheffer, T.C. (1969). Protecting stored logs and pulpwood in North 
America. IUFRO Symp. Lond. pp. 40, For Prod. Lab. Madison, U.S. 

Shields, J.K. and E.A. Atwell (1963). Effect of mould Trichoderma viride  
on decay of birch by four storage-rot fungi. For. Prod. J., 13. 

Shields, J.K. (1967). Effect of Fusarium oxysporum  growth on the decay of 
birch wood by Caprinus micaceus.  Bi-.monthly Res. Notes. Dept. For. 
Can. 23 (2), 12 - 13. 

Shields, J.K. (1968). Role of Trichoderma viride  in reducing storage decay 
of birch logs. Can. Dep. For. Rural Devi, Bimonthly Res. Notes 
24 (1)i 9 - 10. 

A.L. (1962). Observation on succession of fungi on hardwood pulpwood 
bolts. Plant Dis. Reptr:, 46 (5)i 379 - 380. 

A.L. (1965). The pattern of decay and discolorations in northern 
hardwoods. Phytopathology, 55, 648 - 652. 

Shigo, A.L. (1967). Succession of organisms in discoloration and decay 6f 
wood. International Review of Forestry Research 2, 237 - 299. 

A.L. (1969). How Poria oblieua  and Polyporus glomerutus  incite 
cankers. Phytopathology: 59: 1164 - 65. 

Spaulding, P. and 	Hansbrough (1944). Decay of logging slash in the 
North east. Tech. Bull. U.S. Dep. Agric., 876, 22 p. 

Stillwell, M.A. (1966). A growth inhibitor produced by Cryptosporio.tats  
sp., an imperfect fungus isolated from yellow birch, Betula 
alleghaniensie  Britt. Can. J. Bot. 44, 259 - 267. 

Ueyama, A. (1961). A fundamental studies on fungal disorganization of 
wood (in Japanese). Contribution from the laboratory of Phytopathology, 
Kyoto University, Kyoto Special report No. 11, 1 - 186.(Ueyama, A-1966) 

Ueyama, A. (1966). Studies on the succession of higher fungi on felled 
beech logs (Fagus crenata)  in Japan. Holz and Organismen, 
Internationales Symposium, Berlin-Dahlem 325 - 332. 

Vasilev, O.A. (1969).; Using the antagonism of fungi and bacteria in wood 
protection. Nauc. Trud. Leningr. Lesoteh. Akad. No. 110, 28 - 33. 
1968, (For. Abstr. 30.2, 3179). 

Waksman, S.A. (1937). Associative and antagonistic effect of micro-
organisms Historical review of antagonistic relationship. Soil Sci. 
43, 51. 

Wakeman, S.A. (1941). Antagonistic relations of micro-organisms. Bact. Rev. 
5, 231. 

Walchli, 	(1968). Paper prepared for O.E.C.D., Wood Preservation Group. 
(personal communication, J.F. Levy). 

Shigo, 

Shigo, 

Shigo, 



-175- 
Warcup, J.H. (1960). Methods for isolation and estimation of activity 

of fungi in soil. In Tie Ecology of Soil P'ungi (ed. by D. Parkinson 
and J.S. Wald), Liverpool Univ. Press. 

Ward, M. (1898). Penicillium as a wood rotting fungus. Ann. Dot. XII, 
565 — 566. 

Webster, J. (1956). Succession of fungi on decaying cocksfoot calms. 
I. J. Ecol. 44, 517 — 544. 

Webster, J. (1957). Succession of fungi on decaying cocksfoot culms II. 
J. Ecol. 45, 1 — 30. 

Weindling, R. (1934). Various fungi recently'found to be parasitic on 
Rhizoctonia solani. Phytopathology 24, 1141. 

Weindling, R. and O.H. Emerson (1956). The isolation of a toxic substance 
from the culture filtrate of Trichoderma. Phytopathology 26, 
1068 — 1070. 

Wsterdijk, J. (1949),The concept orassociation" in mycology. Antonio van 
Leeuwenhoek, 15, 187. (Quoted by H.J. Hudson, 1968). 

Whittaker, E.I. (1962). The interaction of Coryne sarcoides and fungi 
associated with red heart in lodge pole pine. Can. J. Bot., 40, 
255 — 256. 

Wilcox, W. (1968). Changes in wood microstructure through progressive 
changes of decay. U.S. For. Serv. Res. paper. FPL. 70. 

Wilkins, W.H. and G.C.M. Harris (1946). The ecology of the larger fungi. 
V. An investigation into the influence of rainfall and temperature 
on the seasonal production of fungi on beechwood and a pine wood. 
Ann. Appl. Biol. 33, 179 - 188. 

Wood, R.K.S. and M. Tveit (1955). Control of plant diseases by use of 
antagonistic organisms. Bot. Rev. 21, 441 — 492, 

Yadav, A.S., (1960), A study of the fungi associated with the natural decay 
of the stems of Urtica dioicia L, and Ieracleum sphondylium L., 
and of their succession. Ph.D. Thesisl-Univ. of London. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179

