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SUMMARY 

Three strains of Ophiostoma piceae (Miinch) H . & P. Syd. and a mixed bacterial culture were 
studied for their potential to produce in vitro brownstain in sap of amabilis fir, western hemlock 
and lodgepole pine and in western hemlock wood. Several microorganisms increased the pH of 
all sap samples evaluated and a distinct brown discoloration developed in sap of western hemlock 
and amabilis fir over 3 weeks. Although pH shift influenced brown discolorations of sap, nutrient 
status and the extractive composition of the sap appeared to be critical for promoting browning 
of sap. O. piceae strains also produced brown discolorations in sapwood of western hemlock but 
the mixed bacterial culture caused minor brown staining only. While we have demonstrated a 
link between microorganisms and brownstain in liquid culture more research is needed to 
understand susceptibility of amabilis fir and western hemlock lumber to brown discolorations. 
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1.0 OBJECTIVE 

To evaluate the potential of a mixed bacterial culture and three different strains of Ophiostoma 

piceae (Miinch) H . & P. Syd. to produce brownstain in liquid culture and in western hemlock 
wood. 

1.1 O V E R A L L PROJECT OBJECTIVE 

To understand "hemlock brownstain" and propose means for its control. 

2.0 INTRODUCTION 

A range of brovm discolorations is found in western hemlock [Tsuga heterophylla (Raf.) Sarg.] and 
amabilis fir \Abies amabilis (Dougl.) Forbes] lumber. These discolorations, commonly 
referred to as hemlock brownstain, have caused considerable economic losses to the Canadian 
wood industry, and moreover they have recently threatened the continuity of important overseas 
markets (Blake, 1992). Thus a detailed study was initiated to understand the cause(s) of 
"hemlock brownstain" and propose means for its control. 

Past research has been focused on identifying wood extractives of western hemlock with potential 
to be colour precursors to hemlock brownstain (Evans and Halvorson, 1962; Barton and Gardner, 
1966). Thus polymerization of catechin has mainly been believed to produce brownstain in 
western hemlock (Barton, 1968; 1973). A recent study (Hrutfiord et a l , 1985) indicated that 
catechin causes discolourations of western hemlock wood chips as brightness loss was correlated 
with a decline in catechin monomers. Catechins have been demonstrated to form condensed 
tannins leading to brown-coloured polymers and several mechanisms have been proposed 
(Hathway and Seakins, 1957; Haslam, 1989; Hergert, 1989). 

Although particular colour precursors have been suggested as disfiguring hem-fir lumber, other 
unknown factors may also be involved in hemlock brovmstain. One hypothesis, that bacteria 
predispose hem-fir trees to discolourations of lumber produced from them, has not yet been 
proven (Whittaker, 1962). Bacteria have ako been suggested as participating in wetwood 
formation of western hemlock and amabilis fir trees (Ward and Zeikus, 1980). Wetwood of 
western hemlock and amabilis fir trees has been indicated as having a much higher content of 
phenolics than normal wood (Schroeder and Kozlik, 1972; Bauch et a l 1975; Ward and Zeikus, 
1980) and may contribute to hemlock brovmstain. 

Infestation of hem-fir logs or lumber by bacteria or fimgi has also been suggested as a cause of 
discolourations (Evans and Halvorson, 1962; Whittaker, 1962; Barton and Smith, 1971; Smith and 
Spence, 1987). 

However, it is generally believed that particular water soluble wood extractives undergo 
atmospheric oxidation as they are transported to the wood surface and there cause wood 
colourations. Colour precursors to hemlock brownstain, potentially modified by microbial 
infestation or other unknown factors, have been indicated in sap pressed from western hemlock 
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(Barton, 1962; Evans and Halvorson, 1962). 

The purpose of this study was to evaluate the potential of three Ophiostoma piceae H . & P. Syd. 
strains and a mixed bacterial culture a) to produce colour changes in wood juice of western 
hemlock, amabilis fir and lodgepole pine; b) to produce brownstain in sapwood of western 
hemlock. 

3.0 STAFF 

B. Kreber Ph.D. Student, Treated Wood Department 
A Byrne Wood Protection Scientist, Treated Wood Department 
R.S. Smith Manager, Treated Wood Department 

4.0 MATERIAL AND METHODS 

4.1 SAP E X P E R I M E N T 

4.1.1 Wood Specimens Used 

Two freshly sawn boards of western hemlock (hereafter referred to as Hem-1, Hem-2), one of 
amabilis fir and one of lodgepole pine [Pinus contorta (Dougl. ex. Loud.)], were used in this 
study. Visual examination of the boards indicated no signs of brownstain or sapstain, but 
ambrosia beetle infestation was noticed in some regions of Hem-2. Microscopic examinations 
verified the presence of brown discolouration in boards of amabilis fir and western hemlock. 

4.1.2 Microorganisms Used 

A mixed bacterial culture (hereafter referred to as the "Mix-B") isolated from the sap of a board 
of western hemlock which showed brown stain, and three O. piceae strains (WFPL # 3871, WFPL 
# 387K, WFPL # 387T) were used in this study. The Mix-B was maintained on nutrient agar 
(Difco Laboratories, Detroit, MI), and fungi were stored on malt agar (1% malt extract, 1% 
agar) in a refrigerator. 

4.1.3 Sampling of Sap 

Sap pressed from each board using a hydraulic press (Fred Carver Inc., Menomonee Falls, 
Wisconsin) was stored in glass jars in a refiigerator (4''C) for several hours prior to filtration. 
The sap samples were filtered (Whatman # 1 filter paper) twice followed by filter sterilization 
using a 0.2 /im cellulose acetate membrane (Nalge Company, Rochester, New York). Filter 
sterilized sap was stored overnight in a refrigerator (4 'C). 

4.1.4 Preparation of Bacterial and Fungal Inoculum 

O. piceae strains were cultured on malt agar plates for approximately 5 weeks at 25*0. A 



suspension containing spores and mycelial fragments was prepared from each culture by gently 
scraping the culture surface. Mycelial fragments and spores were then washed from the petri 
plates using sterile, distilled water. The crude fungal suspensions were individually blended in a 
Waring blender for 15 seconds and then drained into sterile 16 oz glass jars. Sterile, distilled 
water was added to give approximately 300 ml of fungal suspension. 

The "Mix-B" was cultured in a 250 ml Erlenmeyer flask containing 50 ml of nutrient broth (Difco 
Laboratories, Detroit, MI) for approximately 24 hours. A bacterial suspension was prepared by 
adding about 5 ml of the Mix-B nutrient broth culture to approximately 300 ml of distilled, sterile 
water. 

4.1.5 Inoculation of Filter Sterilized Sap 

Approximately 20 ml of filter sterilized sap was added to a series of sterilized (121 "C , 30 
minutes) 125 ml Erlenmeyer flasks and inoculated wdth 0.5 ml of either bacterial or fungal 
suspension using a sterile pipette tip. One replicate was established for each treatment and for 
each control containing no inoculum. Flasks were stored in a laminar flow hood at room 
temperature for 3 weeks. 

4.1.6 Evaluation of Colour Changes in Inoculated Sap 

Colour changes in inoculated sap were recorded visually over time. In addition a small (0.5 ml) 
amount was withdrawn at different (1, 4, 7, 10, 14 and 21 days) times using a sterile pipette. 
Changes in absorbance were qualitatively measured using a Beckmann Spectrophotometer. A 
spectrum from 360 - 220 nm (U.V.) was scanned (100 nm/min) using a diluted sample (0.1 ml of 
either Hem-1 or Hem-2 in 4 ml of distilled water; 0.2 ml of either amabilis fir or lodgepole pine 
in 4 ml of distilled water) and was compared to a blank (distilled water). 

4.1.7 p H Measurement and H P L C Analysis of Sap 

The pH of filtered sap harvested from three different wood species was measured prior to 
inoculation and again after a 3 week incubation period. Readings were taken while stirring using 
a Metrohm S M Titrometer (Metrohm Ltd., Herisau, Swdtzerland). 

H P L C analysis was conducted as previously described (Kreber and Daniels, 1993). Each 
harvested sap sample was analyzed prior to inoculation, but H P L C analysis was only performed 
on Hem-2 sap after a 3 week incubation time. 

4.2 WOOD E X P E R I M E N T 

4.2.1 Inoculation of Wood 

Small (66 X 18 X 6 mm) sapwood beams of western hemlock were used in this study. These wood 
samples had been cut from the sapwood of a freshly felled western hemlock tree and had been 
frozen within 48 hours of cutting the tree approximately two years prior to this experiment 
(Byrne, 1992). Six wood specimens were employed for each treatment, placed on a mesh in a 
aluminum tray containing 3 sheets of cotton. Distilled water (90 ml) was added to each tray and 
trays were then autoclaved (30 min, 121 "C) prior to inoculation. Each wood sample was dipped 
in inoculum (fungal or bacterial suspension prepared as described) for three seconds prior to 



being placed in the sterile tray. Each tray was sealed in a polyethylene bag to maintain a moist 
environment and stored in room temperature for six weeks. In addition, six wood specimens 
(controls) established as previously described, were dipped in sterile distilled water only. 

4.2.2 Assessment of Brownstain in Inoculated Wood Beams 

Two wood coupons were randomly removed from each treatment after 4 and 6 weeks. A thin 
(15 /im) section was cut using a sliding microtome (American Optical Company, Buffalo, N.Y.). 
Sections were then mounted in lactophenol and the extent of brownstain was qualitatively 
examined with a photomicroscope (Zeiss Microscope, Germany). Sections from treated wood 
specimens were compared to similar ones from control kept at room temperature and to wood 
samples kept in a freezer. 

5.0 RESULTS 

5.1 Colour C H A N G E S IN INOCULATED SAP 

Inoculation of sap harvested from western hemlock, amabilis fir and lodgepole pine produced a 
distinct colour change in wood juice of Hem-2 over the 3 week incubation time. No colour 
changes were recorded in inoculated sap of Hem-1 or lodgepole pine. Sap of amabilis fir aheady 
demonstrated a light brown colour at the time it was pressed, but a brown precipitate was 
noticed in inoculated sap following incubation. 

The colour of inoculated Hem-2 sap was observed to change gradually over time when compared 
to the control. After 3 weeks a brown colour was recorded in inoculated Hem-2 sap independent 
of the inoculum used (Figure 1). Sap of Hem-2 with the bacterial inoculum produced the most 
significant change. Spectrophotometric readings conducted after 3 weeks showed a distinct peak 
at 280 nm and verified that the most notable changes in sap of Hem-2 occurred foUowdng 
inoculation with bacteria (Figure 2). 

The ability of three strains of O. piceae to produce colour changes in sap of Hem-2 indicated a 
variation between isolates. O. piceae strain 3871 demonstrated the highest change in absorbance 
among fungi evaluated after 3 weeks (Figure 2). 

The pH changed in inoculated sap of Hem-2 over time; interestingly a similar shift in p H was 
recorded in each of the treated Hem-2 sap independent of the inoculum used.(Table 1). 

H P L C analysis of Hem-2 sap prior to inoculation indicated numerous phenolic compounds, the 
majority of them being unidentified (Figure 3). After 3 weeks fewer phenolics were detected in 
the control sample (Figure 4). However, a distinct peak observed in the control corresponded to 
hydroxymatairesinol as recently demonstrated (Kreber and Daniels, 1993). Although the control 
sample (uninoculated) of Hem-2 was not discoloured, slight turbulence, possibly caused by 
contamination, was observed. However, higher molecular weight compounds and O H M R were 
not detected in Hem-2 sap following inoculation with microorganisms. Instead much lower 
molecular weight compounds were recorded for all treatments and were thus independent of 
inoculum type (Figure 5, 6). The low molecular weight compounds produced have not yet been 
identified but they appeared to accompany colour changes. 



Table 1 

Changes in pH of sap after 3 weeks of incubation. 

Wood Species 
Treatment 

Amabilis fir Western 
Hem-1 

Western 
Hem-2 

Lodgepole 
pine 

Control* 5.7 5.9 5.2 7.0 
Control 8.4" 8.6« 4.7 7.0 
0.^.<'387I 8.7 8.4 8.2 8.7 
e.g. 387K 8.6 8.1 8.5 8.3 
Q.E. 387T 8.7 8.2 8.4 8.4 
"Mix-B" 8.7 7.5 8.5 8.7 

a = pH-values as recorded prior to inoculation 
b = sap indicated a heavy contamination 
c = sap indicated a slight contamination 
d = Ophiostoma piceae (Miinch) H . & P. Syd. 

Treating inoculated sap vsdth the D M B reagent (Mace and Howell, 1974; Kreber, 1993) and wdth 
the P A reagent (Yazaki and Hillis, 1977) indicated neither catechin or epicatechin type 
compounds nor condensed tannins were present in brownstained Hem-2 sap. In fact, acid 
hydrolysis (PA reagent), which is used as an indicator of condensed tannins in plants 
(Hemingway, 1989), produced a colour change from brown to light yellow in each of the 
inoculated sap samples of Hem-2. When NaOH was added the colour changed to brown again 
in each of the inoculated Hem-2 samples as the pH became alkaline. 

Treated sap of amabilis fir demonstrated some darkening over time, but controls (uninoculated) 
were contaminated and brownstained. Therefore the effect of inoculation on the production of 
colour changes in sap of amabilis fir was inconclusive. However, a brown precipitate was 
observed in amabilis fir sap independent of treatment. Measurements of pH indicated shifts in 
pH similar to those recorded in sap samples of Hem-2 (Table 1). However, adding acid (PA 
reagent) to samples showdng brown precipitates neither decolourized solution nor dissolved the 
precipitates. Sap of amabilis fir kept in a refrigerator (4 'C) showed a brown-coloured solution 
wdth a pH of 5.6, but NaOH treatment immediately produced a brown precipitate. 

Neither sap of Hem-1 and nor sap samples of lodgepole pine incubated with microorganisms 
changed colour. However, changes in absorbance were detected in the sap of lodgepole pine 
inoculated wdth Mix-B indicating a higher content of phenolics after 3 weeks. Interestingly a 
change in the pH of Hem-1 and lodgepole pine sap was also recorded after incubation and again 
this pH shift was independent of treatment (Table 1). 



5.2 MICROSCOPIC FORMATION OF BROWNSTAIN IN I N O C U L A T E D WESTERN 
H E M L O C K 

Generally, wood samples treated with O. piceae strains were covered with mycelium after 4 and 6 
weeks of incubation. While 0. piceae strain #3871 abundantly produced an almost black coloured 
mycelium, the mycelium of strain #387K was a light brown colour and that of isolate #387T was 
grey. However, no macroscopic brownstain was observed in either bacterial or fungal treated 
wood nor in control specimens after 6 weeks. Subsequent heat treatment (103 »C, 2 hours) also 
produced no brown discolourations. 

Microscopic examination of "fresh" western hemlock wood samples which had been kept in a 
freezer for two years provided no evidence of brownstain discolouration. 'However, ray 
parenchyma cells contained oval and round shaped, colourless globules (Figure 7) instead of 
brown chromophores frequently recorded (Kreber, 1993). These colourless structures were 
accumulated in particular ray parenchyma cells while they were not observed in adjacent 
parenchyma cells. Ray tracheids or tracheids did not contain colourless globules. Treatment of 
control sections with 1% dimethoxybenzaldehyde (DMB) (Mace and Howell, 1974; Kreber, 1993) 
produced a very strong D M B reaction (red) in ray parenchyma cells and in tracheids, but 
variations were observed in both cell types. 

Autoclaved, uninoculated western hemlock (control) specimens developed some minor 
discolourations. Examination of thin sections after 4 and 6 weeks demonstrated a few small, 
yellow to light brown structures in ray parenchyma cells, but numerous, small light coloured 
particles were also recorded. light coloured chromophores were recorded in a few ray 
parenchyma cells following autoclaving (121 °C, 30 minutes). Although heating produced some 
coloured globules but atmospheric oxidation was shown to form additional internal 
discolourations. Thus intensity and frequency of coloured chromophores appeared to increase in 
control samples over time when compared to autoclaved specimens. 

Wood inoculated with bacteria demonstrated a few small, hght brown chromophores in ray 
parenchyma cells, but smaller, light brown particles were indicated more frequently than 
observed in controls. It was surprising that bacteria were not recorded in any significant amounts 
in either ray parenchyma cells or in tracheids. 

Specimens inoculated with O. piceae strain 3871 indicated hyphae in the tracheids and in ray 
parenchyma cells after 4 and 6 weeks of incubation. Brovmstain was seen in ray parenchyma 
cells containing hyphae and cells apparently free of hyphae^ but it was not seen in ray tracheids 
or in tracheids (Figure 8). Several axial parenchyma cells also demonstrated brown 
discolourations. A n increase in brown discolouration and numerous small brownish particles 
were seen in ray parenchyma cells when compared to controls after 4 and 6 weeks. In some 
cases Ught brovm stain was noticed in the whole lumen of ray parenchyma cells. 

Western hemlock inoculated with either O. piceae strain 387K or 387T gave results similar to 0. 

piceae strain 3871 infested wood. However, hyphae were less frequently observed in both 
tracheids and ray parenchyma cells. 



6.0 DISCUSSION 

Inoculation of sap pressed from western hemlock, amabilis fir and lodgepole pine indicated that 
bacteria and fungi were capable of growing in sap without further addition of nutrients. Similar 
results were shown in a related study (Schmidt and Mehringer, 1989). It is reasonable to assume 
that microorganisms are capable of inhabiting western hemlock and amabilis fir trees and living 
on their sap providing there is a mechanism for them to invade and their growth is not inhibited 
by the natural defense mechanism of the tree. Bacteria have been identified in standing western 
hemlock trees but have also been isolated fi-om the sap of freshly felled hemlock trees (Evans 
and Halvorson, 1962; Whittaker, 1962). 

Alkalization of treated sap indicated that proteins were utilized independent of both 
microorganisms and source of sap evaluated. Proteins have been known to bind to phenols and 
proanthocyanidins (Hagerman, 1989), a concept long utilized for taiming hides to leather 
(Hergert, 1989). A release of phenols upon utilization of proteins may have contributed to 
observed colour changes in sap of Hem-2. 

Neither glucose nor arabinose was detected in sap of Hem-2 used in this study as verified by 
H P L C and the glucose diagnostic kit from Sigma Co. (Sutcliffe, 1992). Microbial pH-changes in 
sap pressed from freshly felled trees of grand fir [Abies grandis (Dougl.) lindl.], norway spruce 
[Picea abies (L.) Karst.] and poplar [Populus nigra L ] were demonstrated to depend mainly on 
the components present (Schmidt, 1986). The author reported that for these three species sap 
with a high glucose content became acidic, while a low glucose content sap became alkaline upon 
inoculation with bacteria. Thus findings in this study agreed with conclusions drawn by Schmidt 
(1986). 

In this current study microorganisms changed the pH of sap of amabilis fir fi-om pH 5.2 to 8.4-8.7 
contrary to Schmidt's (1986) findings upon inoculation of true fir sap. Wetwood of silver fir 
[Abies amabilis (Dougl.) Forbes] was shown to contain no glucose, while glucose represented 2/3 
of the total sugars in healthy fir (Schmidt, 1986). In contrast, sap of diseased beech trees were 
shown to contain an increased sugar content compared to healthy beech trees (Schmidt and 
Mehringer, 1989). In the current study a high (140%) moisture content were demonstrated in a 
board of amabilis fir used for pressing sap and possibly indicated wetwood. Thus the sap of 
amabilis fir used in the current study may have contained a very low sugar content which, 
according to Schmidt (1986), may have influenced observed pH change. 

There is strong evidence from this study that colour changes of inoculated sap occurred 
independent of microflora used and this observation agreed with previous conclusions (Schmidt, 
1986; Schmidt and Mehringer, 1989). It is reasonable to assume that particular metabolites 
capable of shifting the pH of sap were produced by the microorganisms. Potential microbial 
metabolites were not identified but several related studies have provided information on the 
potential of microbial metabolites to induce wood discolourations in trees or lumber following a 
pH shift in sap (Schmidt and Mehringer, 1989; Schink and Ward, 1984; Ward and Zeikus, 1980; 
Bauch et a l , 1985; Schmidt, 1986). 

Unfortunately, pH measurements of inoculated sap were not continuously conducted over time 
and thus the precise pH at which the colour change started remains unknown. In a recent study 
(Schmidt and Mehringer, 1989) in vitro brown discolourations were recorded in sap of beech 
inoculated with different bacteria at pH 7.3 and above, and ammonia was identified as the 



metabolite shifting the pH. Interestingly, the authors prevented in vitro discolouration of beech 
sap when glucose and fructose were added, thus keeping the pH below 7. 

In this study the P A reagent bleached discoloured sap of Hem-2 but not of amabilis fir. In an 
earlier study acid hydrolysis decolourized a brown-coloured sap of beech, but a brown 
precipitate produced by bacteria was neither solubilized nor hydrolyzed by acid (Schmidt and 
Mehringer, 1989). The authors concluded that phenol oxidation formed a soluble brown 
substance under alkaline conditions, preceded by a condensation process, which produced the 
insoluble compounds. Bacteria were shown to alter the pH of the surface of Ilomba [Pycnanthus 

angolensis Exell.] wood from 5.5 to 7.5, thereby triggering chemical reactions of some accessory 
compounds [Starck et a l , 1984; Bauch et alL, 1985; Yazaki et al, 1985). Interestingly, stabilization 
of the pH of the wood surface of Ilomba with formic acid inhibited discolouration (Bauch, 1986). 
In this context it is also worth mentioning that acidic chemicals have been demonstrated to inhibit 
brownstain in laboratory trials (Barton and Gardner, 1966), while alkaline treatments have been 
thought to intensify hemlock brownstain (Swan, 1984). In another study atmospheric oxidation of 
phenolic solution has been demonstrated to darken under alkaline conditions and this has been 
related to wood discolourations under basic conditions (Sanderman and Liithgens, 1953). There 
is evidence from the current study that phenol oxidation occurred in inoculated sap of Hem-2 but 
condensation happened in inoculated sap of amabilis fir. Alkaline phenol oxidation was indicated 
to be a reversible process but condensation appeared to be irreversible in this study as reported 
by Schmidt and Mehringer (1989). 

Although pH was involved in colour changes of sap in the current study the composition of wood 
extractives was critical. However, "disappearance" of unidentified higher molecular weight 
compounds from inoculated Hem-2 sap might indicate that phenolics were oxidized. These 
oxidized compounds may have become insoluble in sap and then were no longer detected by 
H P L C analysis used in this study. However, modified but still soluble phenolics may have also 
caused the increase of lower molecular weight compounds observed in inoculated Hem-2. 
Bacteria have been shown to discolour solutions of polyphenols by a peroxidase system and also 
in sapwood sawdust upon addition of hydrogen peroxide (Shortle et al.,1978). Evans and 
Halvorson (1962) have speculated that bacterial phenol oxidase caused hemlock brownstain. In 
the present study no attempt was made to verify phenol oxidizing enzymes in inoculated sap. 

The reason for colour changes observed in sap of Hem-2 and in amabilis fir is not yet 
understood. Sap, with the exception of lodgepole pine, was taken from boards indicating 
microscopic brownstain to varying degrees. Furthermore, heating of 1 inch section only produced 
minor discolourations in both western hemlock and amabilis fir boards. However, ambrosia 
beetle infestation, indicated by pinholes and accompanying bluestain fungus in some regions of 
the Hem-2 board, may have predisposed this wood substrate to discolourations. Presence of 
fungi and bacteria in wood of Hem-2 Was not verified, but Whittaker (1962) has reported 
bacteria in insect-damaged trees of western hemlock. Changes in the total phenol content may 
have occurred in insect infested Hem-2 as has been reported in infested cricket bat willow wood 
(Wong and Preece, 1978), in wounded red maple (Shevenell and Shortle, 1986) and in wetwood 
of western hemlock (Schroeder and Kozlik, 1972). If, however, the substrate had indeed been 
predisposed to discolourarion, the incidence of such macroscopic discolouration upon heating was 
still low. 

In vitro production of hemlock brownstain in O. piceae inoculated western hemlock wood samples 
produced a less intense discolouration when compared to similar work reported recently (Smith 
and Spence, 1987). These authors demonstrated a dark brown discolouration upon inoculation 



with O. piceae isolates after 6 weeks of incubation. 

The Mix-B inoculated wood also provided inconclusive results. Brownstain has been transmitted 
from bacterial infested, discoloured western hemlock slabs to sound wood when placed in a pond 
(Evans and Halvorson, 1962; Whittaker, 1962). It is possible that moisture content of autoclaved 
wood specimens used in the current study was too low to allow prolific growth of bacteria. 

No brown discolouration was recorded on heated wood samples used in this study, indicating that 
the substrate was less susceptible to brownstain. Smith and Spence (1987) reported brovm 
endstain on wood used for inoculation and thus they believed that their material was prone to 
brownstaining. On the other hand the sample size of wood used in the current study was also 
considerably smaller than the 2 x 4 inch boards employed by Smith and Spence (1987). Thus 
fewer potential colour precursors might be present in the small samples, or cross-sectional 
variations might also have influenced results obtained herein. 

Autoclaving of wood prior to inoculation may have modified composition of wood extractives, 
thereby reducing the effect of microbial infestation on in vitro production of brovmstain. Heating 
of sap of western hemlock has been indicated to shift the colour (Evans and Halvorson, 1962), 
and a slight discolouration was also microscopically recorded in this study. Wood used by Smith 
and Spence (1987) was not autoclaved prior to inoculation. 

In the current study it was not possible to determine whether enzymes present in living cells are 
able to discolour parenchyma cells since autoclaving may have inactivated enzymes present in 
wood. Enzymes of living cells have been reported to react with accessory compounds causing 
wood discolourations (Bailey, 1911; Hrutfiord and Luthi, 1981; Ota et aL, 1991). Atmospheric 
oxidation was also demonstrated to produce less discolouration than microbial oxidation for 
inoculated beech wood (Schmidt and Mehringer, 1989). 

However, the failure to produce significant in vitro hemlock brownstaining on small wood beams 
underscores our lack of knowledge of substrate susceptibility to hemlock brownstain. 

7.0 CONCLUSIONS 

A nonspecific microflora was demonstrated to shift the pH of sap of amabilis fir, western 
hemlock and lodgepole pine from slightly acidic to slightly basic. Alkaline conditions promoted 
brown discolouration in sap of amabilis fir and western hemlock, but other, unknown factors for 
instance composition of wood extractives, were also implicated. 

In vitro production of brovmstain in sapwood of western hemlock by microorganisms was 
inconclusive and thus underscored our rudimentary knowledge of substrate susceptibility to 
hemlock brownstain. 

Further research is required to clarify whether predisposition of amabilis fir and western hemlock 
trees and logs plays a role in brownstain discolourations of lumber produced from them. 
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Figure 2 U.V. spectrum of filtered Hem-2 sap after 3 weeks of incubation. 
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Figure 3 Qualitative HPLC analysis of filtered Hem-2 sap prior to inoculation. 

Ift5i5. 

Figure 4 Qualitative H P L C analysis of filtered Hem-2 sap (control) after 3 weeks. 



Figure 5 Qualitative HPLC analysis of filtered Hem-2 sap inoculated with O. piceae # 3871 
after 3 weeks of incubation. 

Figure 6 Qualitative H P L C analysis of filtered Hem-2 sap inoculated with "Mix-B" after 3 
weeks of incubation. 



Figure 7 Tsuga heterophylla, radial section. Colourless, globules observed in ray 
parenchyma cells (320 x). 

Figure 8 Tsuga heterophylla, radial section. O. piceae # 3871 recorded in brownstained 
parenchyma cells. (160 x). 


