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A B S T R A C T 

Mechanical tree harvesters damage the exterior of freshly felled logs, loosening and removing 
bark, and producing punctures and indentations up to several centimeters deep. Damaged logs 
are susceptible to invasion by a plethora of wood inhabiting fungi. In this study, we investigated 
the role of tree harvesters in disseminating fungi, particularly wood-discoloring fungi, or 
inoculating Canadian lodgepole pine and New Zealand radiata pine logs. 

In the study reported here wood decaying fungi, staining fungi and moulds were isolated from a 
harvester head and the bark of standing lodgepole pine trees. This microflora may be translocated 
into the sub-surface regions of log during the harvesting process. In Canada, Aureobasidium 
pullulans was the most frequently isolated staining fungus followed by Ophiostoma minus and 
Leptographium sp. A l l were isolated from stained areas associated with damage sites. 
Sphaeropsis sapinea was the most prominent species in New Zealand. Tree harvesters clearly 
play a role in the dissemination of wood degrading fungi into freshly felled conifer logs. 

I N T R O D U C T I O N 

Canada and New Zealand are large exporters of softwoods such as Douglas-fir, lodgepole pine, 
radiata pine, spruces and westem hemlock to global markets (Ministry of Agriculture and 
Forestry, 2002; Council of Forest Industries, COFI (www.cofi.org/reports/factbooks.htm). 
Common to these commercially important Canadian and New Zealand softwood species is that 
their unseasoned sapwood is highly susceptible to fungal infections following tree felling. This is 
to a large extent because bark damage and removal occurs during tree harvesting leaving nutrient 
rich wood surfaces exposed and unprotected to invasion by wood inhabiting fungi (Butcher, 
1968; Wakeling, 1997, Uzunovic et al., 1998, 1999a). Also, insects and mites are known to visit 
exposed log surfaces transmitting fungal inocula (Leach et al, 1934; Dowding, 1984; Powell et al, 
1995). Under suitable temperature and moisture conditions fungi rapidly colonize and penetrate 
unseasoned sapwood resulting in degrade during downstream processing. Buyers of softwoods 
however, demand clean wood and failure to comply with the customers' expectations can result 
in substantial loss in revenues, and potentially loss of markets in a competitive, global 
environment. > 

Principles for controlling fungal degrade in unseasoned wood have long been established, namely 
keeping wood water-saturated through ponding or sprinkling, or fast processing from green to 
kiln dried wood and maintaining the moisture content below 18% (Scheffer and Lindgren, 1940, 
Clifton, 1978; Zabel and Morrell, 1992; Wakeling et al, 1998). When ponding or drying is not 
feasible an antisapstain treatment containing fungicide(s), can be applied to logs and lumber to 
provide protection from wood degrading fungi (Byrne, 1991; Wakeling, 1997). Physical methods 
of retaining the moisture in the log have also been used experimentally (Wakeling et al., 1998). 

Research in Canada and New Zealand has recently identified the dominant fungal species that 
colonise freshly felled conifer logs using classical taxonomy and molecular techniques (Farrell et 
al, 1997; Kay et al, 1998; Uzunovic et al, 1999 b; Yang and Beauregard, 2000). We now better 
understand the diversity and frequency of stain fungi associated with fresh sapwood and their 
different biology (Uzunovic and Webber, 1998; Farrell, University of Waikatp, pers. comm.). 
With increased emphasis on extracting maximum value from forests a thorough knowledge of the 



biology of sapstain fungi is potentially an important step in developing effective and 
environmentally acceptable protection strategies that maximize downstream value of solid wood 
products. 

A key knowledge gap is the exact source of fungal inoculum and the significance of the different 
ways of dissemination. Insects, for example bark beetles, and mites, are well known vectors of 
staining fungi although the significance of different species as vectors is not well understood 
(Suckling et al, 1999). Water splash has also been reported to trigger dissemination of fungi 
(Dowding, 1969). Additionally, we have an incomplete understanding of the extent of stain 
inocula that is already on the tree, especially the bark, or in forest litter, and how and if these 
fungal inocula get into fresh sapwood. A possibility is that mechanical harvesters transmit fungi 
during tree felling (Jakobsson, 1976).' 

Mechanical harvesters have become the preferred method for felling and delimbing of trees 
where terrain allows (Uzunovic et al, 1999a). For example in New Zealand approximately 30% 
of the total volume of radiata pine is harvested mechanically (Parker, Forest Research, pers. 
comm.). Mechanized tree harvesters however, can cause extensive damage to the surface of logs 
including loosening and removal of bark (Lee and Gibbs, 1996; Wakeling, 1997), compared to 
manual chain saw felling. Uzunovic et al. (1998) have demonstrated lower incidence of sapstain 
on felled logs containing undamaged bark. In addition to bark damage mechanized harvesters 
can produce sapwood indentations up to several centimeters deep due to theh feed rollers 
(Jakobsson, 1976; Wakeling, 1997). Uzunovic et al. (1999a) reported that mechanically harvested 
Scots pine {Pinus sylvestris L.) is more susceptible to fungal attack than pines manually felled 
with a chainsaw, and that extensive bluestain can develop around the whole log circumference 
starting from the damage site. These researchers however, did not determine the exact mechanism 
for increased susceiptibility to sapstain in mechanically harvested Scots pine. We hypothesized 
that fungi, driven into the wood by the thumbnail or spiked rollers of mechanized harvesters, play 
a role in causing degrade during downstream processing of softwoods. In this paper we report on 
joint research by Forintek Canada Corp. and Forest Research to determine the role of mechanical 
tree harvesters on the dissemination of fungal inoculum into Canadian and New Zealand conifer 
logs. 

M A T E R I A L A N D M E T H O D S 

Wood species and tree harvesters 

In Canada we sampled lodgepole pine {Pinus contorta var latifolia), the most commonly 
harvested conifer in Western Canada, a species that is highly susceptible to stain development. 
Trees were felled in 60 - 80 year old stands in Alberta, and processed by a Timber Jack harvester 
equipped with rubber rollers with chains or by a Limmit delimber equipped with modified spiked 
rollers (Figure 1). In New Zealand, 12-15-year-old radiata pine (Pinus radiata D. Don) from 
Kaingaroa Forest in the Central North Island was used. Felling of radiata pine was performed 
using Waratah harvesters equipped with thumbnail rollers, bar rollers or spike rollers. 

Sampling for fungi 

The Canadian survey was performed in summer (July) 2001 when fresh logs are most susceptible 
to stain. The four-season New Zealand survey was undertaken in February (summer). May 



(autumn), August (winter) and October (spring) of 2001. At each sampling, several 0.5 - Im-long 
log billets were cut from freshly harvested trees without allowing them to touch the ground 
during harvesting. The samples were individually sealed in plastic bags, and then transported 
back to our laboratories. At the laboratory, one 30cm-long section (labeled A) was cut off each 
log billet. Cut ends of all A sections of lodgepole pine were sealed with bitumen to prevent 
moisture loss. The A sections were wrapped in brown Kraft paper and placed in a growth 
chamber or in plastic containers with the lid loosened to allow air movement. After four weeks 
incubation, each section was cross-cut into several disks. These were visually examined for 
development of discoloration and then fungal isolations were attempted to determine which fungi 
were associated with stained sapwood. 

The remainder of each log billet (hereafter referred to as B section) was more extensively 
sampled (Figure 2) using a sterile scalpel from: 
• Outer bark, concentrating on regions of bark that were crushed by the harvester (Ba); 
• Underneath the crushed bark, including the phloem around wounds (where the color had 

changed from light green to light brown) and outer surface of sapwood (Bb) 
• From within the harvester indentations (Be) 

In the Canadian research additional fungal isolations were attempted directly from harvester head 
chains and spikes by pressing agar plates against these parts and bark of 11 standing trees was 
also sampled. One 20x20 cm square of bark was carefully stripped off each standing tree at breast 
height, individually wrapped in a bag and brought back to the laboratory. Each square was 
sampled at 16 equidistant sites and bark splinters cultured on Petri dishes containing two different 
nutrient media (see below). We also sampled pine cones by pressing the surface of 10 cones 
against nutrient media. Isolation attempts were similarly made from splinters of twigs and needles 
of several trees. After inoculation Petri dishes produced multiple colonies and the fiangi were 
assessed under the microscope or sub-cultured for identification. In the autumn, winter and spring 
trials in New Zealand, eight swabs were taken from knives, feed rollers, and the saw of the 
harvester to collect fungi and these swabs were immediately placed on agar plates. 

Media and culturing of fungal isolates 

Two types of nutrient media were used in parallel for culturing from samples: 2% malt extract 
agar (MEA) augmented with 250(a,g/ml streptomycin sulphate (SMEA) and 2% M E A augmented 
with 250fxg/ml streptomycin sulphate and 100|a,g/ml cycloheximide (SCMEA). Streptomycin 
reduces bacterial growth whereas cycloheximide augmented media selects for members of the 
order Ophiostomatales where most stain fungi are placed (Harrington 1981). The bluestain genera 
Ceratocystis and Sphaeropsis are not tolerant to cycloheximide and are therefore unable to grow 
on the S C M E A . Petri dishes were incubated at ambient room temperature, frequently examined 
for fungal growth and different colonies sub-cultured before they became overgrown by other 
fungi. In the Canadian study, fungi were divided into the following groups.- Aureobasidium 
pullulans-like, Ophiostoma minus-Vike, Cladosporium/Penicillium-\ike, and other fungi. In New 
Zealand, purified fungal isolates were grouped into decay fungi, mould and staining fungi based 
on their morphology on M E A media. Some of the staining fungi were later identified to species. 



R E S U L T S 

Canadian survey 

Fungi were commonly isolated from the surface and sub-surface of harvester-damaged logs, from 
the bark of standing trees, cones and twigs and from harvester heads (Fig 3). The number of 
fungal colonies cultured from harvester heads was small (0-12) compared to the number of 
colonies from a single cone (16-47). The fungi cultured from harvester heads were mould genera 
including Penicillium, Mucor and Cladosporium but some bacteria and several Ophiostoma 
minus isolates were also recovered. 

The total of 176 isolation attempts taken from 11 bark squares yielded 509 Aureobasidium-\ike 
strains. Further 488 Penicillium/Cladosporium strains were recovered from cycloheximide and 
407 from cycloheximide-free Petri dish cultures. There were also 220 and 321 other fungi from 
both types of plates, some identified as species of Botrytis, Alternaria, Mucor and Trichoderma. 
There was only one O. minus isolate. 

In the log sampling, the prevailing fungi were A. pullulans followed by 
Cladosporium/Penicillium sp. and O. minus. Table 1 shows the frequency of different fungi 
isolated from B sections of four different lodgepole pine billets in July 2001. In our study, 
individual wood chips sometimes yielded several species of fungi and/or different strains of the 
same species (especially for A. pullulans), and all these strains were enumerated to indicate the 
potential inoculum for different fungal groups (see agar plate on Fig 3). 

A summary of the isolates found in Ba/Bb/Bc sample areas of all four lodgepole pine billets is 
presented in Table 2 as the amount of viable strains of each fungal group that were isolated 
followed by the total number of plated samples in brackets. For the A. pullulans-group, we have 
taken into consideration only plates without cycloheximide as this fungal group cannot grow on 
media augmented with cycloheximide. Other fungi, for example Penicillium and Ophiostoma 
spp., can initiate growth or grow in the presence of cycloheximide, therefore the total number of 
viable isolations represents both types of plates. 

Most isolates of A. pullulans were from the outer bark (68 isolates out of 39 plated chips) often 
yielding several strains per isolation attempt. This demonstrated a large inoculum potential for A. 
pullulans. Cladosporium, Penicillium and other fungi were also frequently found in areas of 
crushed bark or from within indentations where bark had been pushed into the sapwood by 
harvester rollers. O. minus was most commonly isolated from within indentations. 

After four-weeks incubation of A-sections, an average 14 % of sapwood was stained, ranging 
from 5% to 22.5 % of the cross section (Fig 3). The fungi predominating in the stained areas of 
A-sections of three billets were O. minus and Leptographium sp. while A. pullulans was 
infrequently isolated (Table 3). Billet 4 was contaminated with moulds, predominantly 
Trichoderma sp, and from 34 isolation attempts 29 strains of Trichoderma sp., 1 Mucor sp and 3 
Leptographium sp. were recovered. 



New Zealand survey 

The diversity of fungal groups isolated from mechanically harvested radiata pine is summarized 
in Figure 4. Generally, decay fungi, mould and staining fungi were isolated from all sampled 
regions of logs billets (a-c) showing harvester damage irrespective of the season of the year. Also, 
an inoculum potential gradient was noted from crushed bark regions, where the number of 
isolations was highest, to the bottom of indentations where the number was lowest (Table 4). 
Nonetheless more than 10% of all fungi isolated came from within indentations of log billets. 

Among the staining fungi identified in all four seasons S. sapinea was most frequently isolated 
from crushed bark regions (Ba) but also from phloem/outer sapwood and indentations. We also 
isolated Aureobasidium sp. in all seasons except summer. Aureobasidium sp. was mainly isolated 
from phloem/sapwood regions (Bb) but not from crushed bark (Ba). Among the decay fungi 
isolated, Phlebiopsis gigantea was tentatively identified based on its growth morphology on 
M E A . Trichoderma sp. was the dominant mould genus isolated from the 3 areas sampled (Ba-
Bc) and was found in logs felled in winter and spring but not in summer and autumn. 

Swabs taken from various parts of mechanised harvesters at three different seasons yielded decay 
fungi, moulds and staining fungi (Table 4). Pigmented fungi identified from swabs were 
Aureobasidium sp. and S. sapinea and P. gigantea was one wood decay fungus tentatively 
identified. , 

After four-week-long incubation of " A sections" extensive growth of mould {Trichoderma sp. 
and/or Penicillium sp.) was observed on the outside of the wood. Cross-cutting of these " A 
sections" into disks revealed various degrees of penetrating sapstain (Fig. 5). However, attempts 
to isolate stain fungi from chips taken from discolored wood areas proved unsuccessful as they 
largely yielded moulds. 

DISCUSSION 

A plethora of fungal inoculum is likely to be found in the forest, in the air, soil and forest debris, 
on trees and insects, and other living organisms. Stain inoculum is a fraction of this general 
inoculum source. The results of the present research showed a large inoculum potential, including 
known staining fungi, present on the bark and slash of pine trees and this inoculum can be 
introduced directly into the wood during harvesting. 

The New Zealand survey showed that 5. sapinea was present in large quantity in the forest. S. 
sapinea is a cosmopolitan plant pathogen causing considerable damage to conifers, including 
many pine species, throughout the world, producing crown wilt, shoot blight and cankers, in 
nurseries, ornamental and forest stands (Celimene et al, 2001, Chou, 1984, Swart and Wingfield, 
1991). A recent survey showed that S. sapinea is the dominant staining fungus observed in New 
2fealand radiata pine plantations (Farrell et al, 1998; Thwaites and Farrell, 1999). This fungus 
fruits prolifically on radiata pine slash and cones, producing large numbers of asexual spores 
which are believed to be dispersed by rain splash throughout the year (Chou, 1984). A dark 
discoloration can sometimes develop in the sapwood of standing trees following invasion by S. 
sapinea, for example through branch stubs (Chow, 1984). S. sapinea is an economically 
important staining fungus found colonizing unseasoned radiata pine logs (Birch, 1936; Butcher, 
1966; Keirle, 1980; Drysdale at al, 1986). Any disturbance of the natural bark protection opens 



up pathways for S. sapinea to penetrate into fresh wood. The present work has clearly shown that 
S. sapinea is easily introduced into the sapwood during mechanized harvesting via spores and/or 
mycelial fragments which are pushed deep into nutrient rich regions of radiata pine logs. The 
prevalence of S. sapinea in radiata pine is not only due to its vigorous growth rate, but also 
because of its tolerance of high wood moisture levels and residual host defense mechanisms. 
Therefore it often outgrows competing fungi in the early stages of wood colonization. In this 
survey other Ophiostomatoid fungi were infrequently encountered indicating that these fungi are 
less able to compete with S. sapinea during the early stages of fungal invasion of freshly felled 
radiata pine. 

Further, the New Zealand survey suggested that decay fungi are common in freshly felled radiata 
pine logs and also on the mechanized harvesters, for example the harvester head. A decay fungus 
commonly isolated from radiata pine logs and timber is P. gigantea which has been shown to 
invade untreated sapwood within the first 3-4 weeks of seasoning (Butcher, 1966). Other work 
on Australian radiata pine showed that P. gigantea was present at least 50 mm beneath the 
surface of logs with bark present, while it was isolated from the core of other debarked logs after 
six weeks of storage in the forest (Keirle, 1980). In the present study, P. gigantea was tentatively 
identified to occur on surfaces of logs and mechanized harvesters but this observation warrant 
further research. 

A similar survey on occurrence of bluestain fungi in a harvesting site in Canada has not been 
executed previously. Our survey, described in this paper, has shown that A, pullulans is 
frequently encountered in large numbers on different substrates including bark of trees, cones, 
twigs and branches. This fungus is known to be common in soil, plant material, wood chips, 
pulp, on paints and plastics (Wang and Zabel, 1990). A. pullulans appears to have a similar 
distribution on Canadian lodgepole pine to that of S. sapinea on New Zealand radiata pine. 
However, while A^ pullulans is pushed into the log during harvesting the results from four-week-
old discs (A sections) showed that A. pullulans was not the major species causing stain . This is 
not surprising because A. pullulans is slower growing and is not reported to cause deep bluestain 
in fresh logs but produces superficial discoloration on paints, plywood and wood in service 
(Kaarik, 1980). Other fungi, for example O. minus and genera of Leptographium and Ceratocystis 
are the most commonly reported to cause deep bluestain in Canadian logs (Uzunovic et al., 
1999b). We have often encountered O. minus inoculum on bark and phloem and have isolated O. 
minus from bluestained areas. Leptographium sp. was also found but less frequently than O. 
minus. Ceratocystis spp. were not encountered in this study and their occurrence and inoculum 
source in the forest sites still remains unclear. Ceratocystis spp. are generally difficult to isolate 
into pure culture probably because of extensive competition by other fast growing moulds on 
Petri dishes and due to a lack of selective media favoring this species. 

This work has shown that fungal inoculation can occur in the very early stages of tree harvesting, 
and depending on the susceptibility of substrate, micro and macro environmental conditions and 
type of inoculum present, different species will colonize exposed wood. Bluestain fungi are 
known as primary colonizers of unseasoned wood and are tolerant to the residual defense 
mechanisms of the host. Thus they often grow preferentially into green wood while most moulds 
are often found on the exposed wood surface. Bluestain fungi that are pushed into, or below the 
surface of, logs by mechanical tree harvesters can get a head start over other competing 
organisms. This is clearly the case with S. sapinea in New Zealand and O. minus in Canada. 
However, other bluestain fungi will subsequently be transmitted to freshly felled logs via insects 
with varying abilities to compete with established fungi. Because 5. sapinea inoculum is 
omnipresent in New Zealand and also fast growing, under favorable temperature and humidity 
conditions, it usually is the dominant deep-bluestain fungus found in radiata pine logs. In 



contrast O. minus is slower growing especially compared to some Leptographium or Ceratocystis 
species which might be introduced later, thus O. minus might not be predominant bluestain 
fungus in bluestained Canadian logs (Uzunovic and Webber, 1998, Uzunovic et al, 1999b). 

Mechanized harvesters and delimbers, which increase forest worker safety and reduce harvesting 
unit cost, will continue to increase in popularity despite increased bark/wood damage and 
increased susceptibility to bluestain. Some Canadian logging companies however, have switched 
from metal spiked rollers to rubber feed rollers to reduce fibre damage (Canadian Forest 
Industries, May 1998). Although rubber feed rollers reduce log surface damage some bark and 
wood damage is inevitable using mechanized harvesters, especially in the spring and summer 
when cambial activity is high and bark readily peels off the log. 

Since staining of logs is linked to environmental conditions it is important to manipulate or 
antisapstain treat logs as soon as possible, especially during periods when the staining hazard is 
high. Clearly, in Canada, there appears to be more room for log manipulation because the 
staining fungi encountered in this study are less aggressive bluestain fungi than S. sapinea in New 
Zealand. Also New Zealand's year-round mild climate means the hazard of fungal stain 
development generally is higher than in Canada. Additionally fast-grown radiata pine has a 
relatively large sapwood band so more of the total stem is susceptible to bluestain. Recent 
approaches using albino bluestain fungi, sprayed on logs immediately after felling, showed 
potential to control bluestain development (Farrell et al, 1998; Uzunovic et al, 1999c). If albino 
fungi are applied in an appropriate dose and are aggressive enough to quickly colonize the 
substrate they can directly compete with harvester inoculated fungi keeping the wood stain-free. 
In New Zealand export logs are commonly treated with antisapstain products, a trend expected to 
continue in the foreseeable future. Clearly, minimizing delay between tree felling and 
antisapstain treatment of logs is critical for keeping wood clean during subsequent storage and 
transport (Eden et al, 1997). In New Zealand, mobile antisapstain chemicals are available to 
control fungal stain providing the treatment is applied within 3-4 days of tree felling (Kreber et 
al, 2001). However, with future tree harvest coming increasingly from hilly and inaccessible 
regions of New Zealand, the challenge lies in developing protection systems that can prevent 
potentially deep-seated fungal infections in logs that can take 2 or 3 weeks before antisapstain can 
be practically applied. 

C O N C L U S I O N 

This work has demonstrated that damaged freshly felled logs are susceptible to invasion by 
number of different wood inhabiting fungi and harvesters are actively involved in disseminating 
fungal inoculum during harvesting process. Fungal inoculum has been found on pine trees slash 
and bark and was isolated directly from harvester heads and included mold, stain and decay fungi. 
Stain fungi are most likely to colonize deeply in the fresh substrate as they are tolerant to high 
moisture content and residual host defense mechanisms in the pine trees. It is thus challenging to 
control stain as their colonization has to be prevented immediately after felling, otherwise, with 
the delay, we would need to develop protection systems that will be able to arrest deep seated 
fungal infection and that can pose quite a challenge. 
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Table 1: Frequency of Aureobasidium pullulans, Ophiostoma minus and 
Cladosporium/Penicillum isolated from areas of four Pinus contorta log 
billets showing harvester damage. 

Sample Malt Extract 
Agar 

Wood/bark 
Chips 
Plated 

Number of fungal Isolates by type 
area 

Malt Extract 
Agar 

Wood/bark 
Chips 
Plated 

A. 
pullulans 

0. minus Cladosporlu 
m/Penicillium 

Other 
fungi 

Billet 1 
(Ba) 

SCMEA^ 
SMEA" 

12 
12 

0 
21 

6 
2 

18 
19 

5 
8 

Billet 1 SCMEA 9 0 1 0 0 
(Bb) SMEA 9 11 4 0 0 
Billet 1 SCMEA 57 0 23 16 26 
(Bo) SMEA 57 52 6 16 30 
Billet 2 SCMEA 6 0 0 1 4 

(Ba) SMEA 6 13 0 1 6 
Billet 2 SCMEA N/A N/A N/A N/A N/A 
(Bb) SMEA N/A N/A N/A N/A N/A 
Billet 2 SCMEA 66 0 13 5 11 
(Be) SMEA 66 20 4 16 28 
Billet 3 

(Ba) 
SCMEA 
SMEA 

21 
21 

0 
34 

0 
0 

3 
5 

4 
18 

Billet 3 SCMEA 27 0 0 2 0 
(Bb) SMEA 27 2 0 0 8 
Billet 3 SCMEA , 60 0 10 2. 2 

(Be) SMEA 60 9 8 3 22 
Billet 4*= SCMEA 69 0 22 8 6 

(Be) SMEA 69 21 13 5 23 
^2%Malt Extract Agar augmented with streptomycin and cycloheximide 
^2% Malt Extract agar augmented with streptomycin only 
"Billet 4 did not have any bark and sampling was done only from within indentations 



Table 2: Relative frequency of fungal groups isolated from different sample area of 
four Pinus contorta log billets. 

Sample area Number of isolated fungal strains Sample area 
A. pullulans 0. minus Ciadosporium/Penicillium Otfier fungi 

Bark (Ba) 68 (39)^ 8 (78) 47 (78) 45 (78) 
Phloem (Bb) 13(36) 5(72) 2(72) 8(72) 
Indentations 

(Be) 
a 1 • 1 

102 (252) 99 (504) 71 (504) 148 (504) 

" = number in brackets is the total number of isolation attempts 

I 

I 



Table 3: Number of fungi isolated from discs cut from three billets (A sections) 
after four weeks of incubation. 

Sample area 
Number of 

Wood/bark Chips 
Cultured 

Number of fungal isolates 
Sample area 

Number of 
Wood/bark Chips 

Cultured A. pullulans 0. minus Leptographium spp 0. piceae 

Billet 1 (A) 76 3 62 4 0 
Billet 2 (A) 46 3 21 22 0 
Billet 3 (A) 36 2 12 1 1 



Table 4: Number of isolates of several fungal groups isolated from different regions 
of two sections showing log surface damage caused by mechanized 
harvesters. 

Season Sample area Stain Decay Mould Unknown Total fungi isolated 

Summer Ba 14 38 10 9 71 
Bb 5 17 6 3 31 
Be 3 20 2 4 29 

Total 22 75 18 16 131 

Autumn Ba 2 40 29 22 93 
Bb 2 15 5 16 38 
Be 0 12 0 13 25 

Total 4 67 34 51 156 

Winter Ba 8 64 48 12 132 
0 16 19 4 39 

Be 1 29 7 15 52 
Total 9 109 74 31 223 

Spring Ba 8 41 51 4 104 
Bb 1 11 18 6 36 
Be 3 30 30 15 78 

Total 12 82 99 25 218 
I 



Table 5: Number of isolates of different fungal groups yielded from swabs 
taken from different parts of mechanised tree harvesters. 

Season Decay IVIould Stain Ottiers Total 
Autumn 6 1 3 5 15 
Winter 9 4 2 3 18 
Spring 9 2 1 11 23 



List of Captions 

Figure 1: Chain rollers (top left) and spiked rollers modified with welded strips (top right) 
on mechanized tree harvesters and typical patters of log surface damage (bottom) 
resulting from their use. 

Figure 2: Sampling of surface and sub-surface regions from a representative B section. 

Figure 3: Fungal colonies grown from wood chips taken from within indentations (left) and 
stain development on wood discs from section A after four weeks incubation. 

Figure 4: Diversity of fungal groups isolated over four seasons from mechanicplly 
harvested radiata pine logs. ' 

Figure 5: Sapstain in discs cut from mechanically harvested log billets following 4-week 
incubation. 
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