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Western l a rch (Larix occidentalis Nut t . ) is one of 

three native Larix species i n N o r t h A m e r i c a , besides 

subalpine larch (Larix lyalUi Pari.) a n d tamarack 

(Larix laricina ( D u Roi) K . K o c h ) . It easily reaches 

50 m i n total height . H i g h w o o d densi ty and 

strength usual ly characterize its w o o d . In B r i t i s h 

C o l u m b i a , wes tern la rch represents a m i n o r compo-

nent of the p rov inc ia l t imber supply. Due to extensive 

wes te rn la rch plantat ions i n southeastern B r i t i s h 

C o l u m b i a it promises to become an impor tan t w o o d 

species i n this region. 

Throughout most of wes te rn larch's na tu ra l range, 

ex is t ing stands or iginated f rom natura l regenerat ion 

fo l lowing wi ldf i res , and arc often overstocked. 

Therefore, early reductions of stand densities by 

p recommerc ia l t h i n n i n g became an impor tan t 

management tool to establish s tabi l ized stands a n d 

to concentrate s tand g rowth potent ia l on fewer 

vigorous, we l l - fo rmed trees. This process of m a x i m i z -

ing total s tand value rather than m a x i m i z i n g y ie ld 

can be comple ted by later commerc ia l t h i n n i n g a n d 

ar t i f ic ia l p r un i ng . The intent of this s tudy was to 

provide basic i n fo rma t ion on the re la t ionship be-

tween tree spacing and the two major w o o d qual i ty 

parameters, w o o d densi ty and b ranch size, to support 

stand management decisions. 

F r o m four 43- and 45-year-old western la rch experi-

menta l stands i n nor thwest M o n t a n a , 618 sample 

trees were chosen representing different s tocking 

levels ranging f rom 270 to 4,300 trees per hectare. 

F r o m two pi th- to-bark cores, taken at breast height 

for each tree, densi ty profiles were obta ined us ing 

For in tek 's x-ray densitometer. A d d i t i o n a l l y the 

largest b ranch diameters i n the first 4 m-s tem 

height i n four selected plots on three sites were 

measured and analysed. 

The sample trees showed a strong re la t ionship 

between w i d t h of spacing and tree height and 

diameter breast height . As expected, trees i n the 

widest spaced plots grew the fastest. Despite large 

differences i n diameter g rowth , no significant 

differences i n average w o o d densi ty occurred be-

tween spacings. A second moderate t h i n n i n g on the 

best sites clearly showed that enhanc ing the w o o d 

densi ty of wes te rn l a rch is possible. As expected the 

b ranch diameter increased nearly l inear ly w i t h the 

w i d t h of the i n i t i a l spacing i n western la rch stands. 

But for the most valuable part of the tree, the b ranch 

sizes d i d not exceed 20 m m even w h e n as w ide a 

spacing as 4.6 by 4.6 m is appl ied . The overal l h igh 

relative w o o d densi ty level of about 0.52, w h i c h is 

the highest average w o o d densi ty of any commerc i a l 

sof twood i n N o r t h A m e r i c a , and a reasonable knot 

size c o n f i r m that wes te rn l a rch f rom managed stands 

remains a valuable tree species i n future markets . 
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Larix species are common components of tfie cold 
boreal and subalpine forests of the northern hemi-
sphere. They are well adapted to growth in these 
regions because of their deciduous leaf habit, conical 
crown architecture, high rates of net photosynthesis 
and nitrogen retranslocation, and low water use 
efficiency (Gower and Richards 1990). Tliree species 
of Larix are native to North America: western larch 
{Larixoccidentalis Nutt.), subalpine larch (Larix lyallii 
Pari.) and tamarack (Larixlaricina (Du Roi) K. Koch). 
Western larch, the largest of the three species, occurs 
throughout the Upper Columbia River basin of 
southeastern British Columbia, northwestern Mon-
tana and northern Idaho, and along the east slopes 
of the Cascade Mountains in Washington and 
Oregon (Figure I). 

Western larch is a pioneer species that thrives in 
open-grown full sunlight conditions. It occurs in 
pure or mixed stands on well-drained sites at eleva-
tions from about 600 m to more than 1800 m. It is 
not uncommon for it to reach heights of more than 
50 m on moist sites with rich porous soils in valley 
bottoms and on slopes with northern exposures. In 

British Columbia 

Alberta 

Pinkham Creek 
o Coram 1 

V o Coram 2 

n 
\ o Cottonwood Lakes 

/ Missoula 

Montana: 

Idaho 



the early stages of stand development, height growth 
of western larch is rapid and can easily reach yearly 
height increments of one metre or more. It often 
outgrows associated species for about 90 years after 
which, in mixed stands, more shade tolerant species 
can gain height dominance (Schmidt etal. 1976). The 
stems are mainly straight with a high proportion of 
clear wood, especially when grown in closed stands 
that encourage early self pruning. Since western 
larch is less susceptible to root diseases (mainly 
Armillaria) than most of its coniferous associates 
(Sutherland and Hunt 1990), western larch is of high 
silvicultural interest inside and outside its natural 
range. 

Western larch represents a minor component of the 
B.C. timber supply and annual timber harvest. Its 55 
million m' inventory is mostly immature and repre-
sents less than one percent of the timber inventory in 
provincial Timber Supply Areas (ISA's). Its annual 
harvest is also less than one percent of the B.C. 
provincial timber harvest. Between 1986-1990, the 
average annual volume of western larch processed in 
B.C. was about 550,000 m', or 24% of the total 
western larch volume processed in B.C. and the 

Inland Northwest {Keegan et al. 1995). Nevertheless, 
in the Nelson and Kamloops Forest Regions, western 
larch is a highly valued timber species. By year 2015, 
when most of these immature stands reach 
harvestable age, westem larch is expected to have 
even greater economic and silvicultural importance 
in these regions (B.C. Ministry of Forests 1980; 
Jaquish 1987; Thompson 1995). 

Western larch stands often regenerate naturally 
following disturbances such as wildfire or logging 
and are often overstocked. Therefore, early reduction 
of stand densities through juvenile spacing and 
precommercial thinning has become an important 
management tool to establish stabilized stands and 
to concentrate stand growth potential on fewer 
vigorous, well-formed trees. The process of maximiz-
ing total stand value rather than maximizing total 
yields is often completed later by commercial thin-
ning and pruning. Presently, there are few published 
reports available on the effects of thinning on indi-
vidual tree and stand growth and yield in western 
larch (Schmidt and Seidel 1988), and very little is 
known about its effects on wood relative density and 
branchiness. 



WWestern larch is a highly valued timber species in 
regions where it is marketed as a separate species. Its 
wood is processed into a number of primary products 
including: lumber, plywood, pulp and paper, 
particleboard and fiberboard, house logs, poles, posts 
and pilings, fuelwood and gum (arabinogalactan) 
(Keegan et al. 1995). Western larch wood has high 
relative density and is characterized as very hard, 
durable, usually straight grained and moderately 
resistant to decay (MuUins and McKnight 1981; 
Pechanec 1963; Schmidt etal. 1976). Because of the 
close relationship between wood density and me-
chanical properties, westem larch lumber shows the 
highest strength and stiffness values of all Canadian 
softwoods. 

Knots are an important wood quality aspect of 

lumber that directly affect structural performance 

and product price. In western larch, lumber produced 

from old-growth stands typicaUy contains very small 

and usually tight knots (Keegan et al. 1995). These 

favourable characteristics can be directly attributed 

to western larchs's high potential for self-pruning in 

dense young stands. This combination of high wood 

density and small knots make western larch a 

preferred species for structural purposes among the 

Douglas-firAarch species group. Machine-stress-rated 

(MSR) lumber and glued-laminated beams 

(GLULAM) are valuable western larch products that 

corrmiand premium prices. 

The average green moisture content of western larch 
is 49% (35% for heartwood and 119% for sapwood) 
(Nielson a/. 1985). Unfortunately, this combination 
of high moisture content and high wood density 
makes western larch wood susceptible to shrinkage 
and checking in drying. Jessome (1977) determined 
the average shrinkage from green to ovendry condi-
tion as 4.2% radially, 8.1% tangentially and 13.2% for 
total volume. Compared to other commercial Cana-
dian softwoods these shrinkage values are very high. 

Most available wood density information on North 

American conifers has been determined using wood 

samples taken from old-growth trees. Jozsa and Sen 

(1992) compared relative wood density for several 

commercially important B.C. softwood species 



Figure 2 
Average ring density 
trends of second-
growth woods and 
their old-growth 
resource average 
densities (Jozsa and 
Sen 1992) 
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(Figure 2). They presented average relative wood 

density values for old-growth trees and compared 

them with pith-to-bark density profiles of trees from 

second-growth stands. Among these species, westem 

larch and Douglas-fir had the highest average 

relative wood density (0.45). No differences in 

relative density were detected between old-growth 

westem larch wood and mature wood from second-

growth stands. Jozsa and Sen suggested that western 

larch produced wood structures with juvenile charac-

ter in the first 15 growth rings from the pith. 

Gonzalez (1992) published relative wood density 
values for western larch in B.C. that were statistically 
reliable. These values were determined from two 
increment cores collected at breast height from each 
of 225 trees in the B.C. western larch tree breeding 
program. In this survey, average relative wood 
densities for juvenile wood (the first 15 growth 
rings) and mature wood (ring 16 to the cambium) 
were 0.47 and 0.49, respectively. 

To date, published results of western larch thinning 

studies have focussed on individual tree and stand 

growth and yield. Few studies have focussed directly 

on the impacts of thinning and spacing on important 

wood quality aspects such as wood density and 

branchiness. The only published western larch work 

that focuses on the effect of thinning on relative 
wood density was conducted in a stand in western 
Montana that was thinned at age 50 (Lowery and 
Schmidt 1967). In that study, wood density increased 
slightly in the wider spaced trees. Unfortunately due 
to the advanced stage of stand development, the 
range of stand densities obtained by thinning was 
limited. Moreover, the increment cores used to 
determine wood density were taken 15 years after 
thinning. Therefore, the study design was restricted 
to a mature wood zone encompassing only 15 growth 
rings of the stem cross section. While this was a 
valuable preliminary study, western larch 
silviculturists and researchers generally agree there is 
a need for a westem larch wood quality study based 
on a wider range of stands, site types and tree 
spacings that would allow comprehensive interpreta-
tion of the effects of thinning and spacing strategies 
on wood density 

The objective of this study was to deliver basic 

information on the relationships between tree 

spacing and relative wood density and branch 

development to support future western larch man-

agement. 



The experimental stands were located on four sites 
in western Montana: two at the Coram Experimental 
Forest near Glacier National Park, one at Cottonwood 
Lakes near Missoula, and one at Pinkham Creek near 
Eureka (Figure 1). Stands consisted of 42- and 44-
year-old western larch trees grown under a wide 
range of stand densities. Comparable stands with 
known histories were unavailable in B.C., but there is 
little doubt about the applicability of results to the 
resource in B.C. A l l of the stands originated from 
natural regeneration after clearcutting or seed-tree 
cutting, both even-aged regeneration systems. Seed 
germination occurred at the two Coram sites in 1952, 
and at Pinkham Creek and Cottonwood Lakes in 
1954. Site quality was determined partly by water 
supply during the growing period. Site indices at 50 

years based on locally derived site index curves were 

18 m, 16 m and 21 m for Coram 1 and 2, Cottonwood 

Lakes, and Pinkham Creek, respectively. 

In 1961, seven and nine years after seed germination, 

the four stands were subdivided into 0.4 ha blocks 

and thinned to stocking levels ranging from 270 to 

4,300 stems per hectare (Table 1). A single 0.04 ha 

square growth and yield plot was established at the 

centre of each large block. The remaining trees 

within the block serve as the buffer zone for the 

long-term growth and yield plot. To determine the 

effects of multiple entry thinning on western larch, 

two additional blocks (plots 3 and 7 in Table 1) were 

thinned in two stages. In 1961, these two blocks 

were thinned to 1.5 x 1.5 m and 2.1 x 2.1 m. In 1981, 

20 years later, the two blocks were thinned to final 

spacings of 2.4 x 2.4 m and 3.4 x 3.4 m, respectively 

These two plot types wi l l be henceforth referred to as 

"one-stage" and "two-stage" plots, respectively 

Unthinned plots were included as controls. 

At the time of thinning, individual tree quality took 

precedence over spacing uniformity Only dominant, 

co-dominant, disease-free and injury-free trees were 

left. In each long-term study plot, individual tree 

diameter at breast height (dbh) and total height 

were measured after thinning and every fifth grow-

ing season thereafter. Buffer trees which were used 

in this study were not measured as part of the long-

term growth and yield study. 

Sample size was chosen to target a standard error of 
mean relative wood density of 0.01. Assuming a 
coefficient of variance for relative wood density of 
0.10 and an average relative density of 0.48, the 
sample size was calculated as follows: 

Equation 1 

n = (s / s.e.)2= [(C.V.HM) / s.e.]2 = [(0.1)(0.48) / 0.01]2 = 23 = 25 

Twenty-five trees were sampled from each plot. A l l 

sample trees came from the block buffer zones, but 

showed the same dbh distribution as the trees in the 

long-term study plot. Damaged trees, or those with 

growth abnormalities, were not accepted. In total, 

618 sample trees were randomly chosen from all four 

sites combined. 



Table 1 
stocking levels of sample plots 

Plot No. Year Spacing Stand Density 

Spaced/Thinned (m) (feet) (stems/ha) (stems/acre) 

3* 1961/1981 1.5 X 1.5-̂ 2.4 x 2.4 5 X 5^8 X 8 4,300^1,680 1,740^680 

4 1961 2.4x2.4 8x8 1,680 680 

7* 1961/1981 2.1x2.1^3.4x3.4 7x7^11x11 2,200^900 890^360 

8 1961 3.4 X 3.4 11 X 11 900 360 

12 1961 4.6 X 4.6 15 X 15 500 200 

13** 1961 6.1 X 6.1 20x20 270 110 

14 control (unthinned) < 0.6 X 0.6 < 2x2 > 37,000 > 15,000 

* thinning was carried out in two steps ** at Coram sites 1 and 2 only 

All sample trees were tagged and dbh and tree 

heights were measured on all sites except at 

Cottonwood Lakes where tree heights were esti-

mated from regression equation 2. 

Equation 2 
Tree Height = -0 .0138 (dbh)2+ 0 .9348 (dbh) + 5 .1492 R2 = 0.80 

Equation 2 was derived from data collected at Coram 
1 and 2 and Pinkham Creek (Figure 3). Stem taper in 
cm/m for sample trees at Pinkham Creek, Coram 2 
and Cottonwood Lakes was computed as the differ-
ence between stem diameter at 4 m and dbh divided 
by 2.7 m, the distance from breast height to 4 m. 

From each sample tree, two breast height pith-to-
bark increment cores were extracted 180 degrees 
apart using a 5-mm core borer. All cores were free of 
defects such as knots or compression wood and were 
usually extracted in one piece. The cores were stored 
in air-tight containers and kept frozen until analysed. 
Core sampling was conducted after the 1997 growing 
season (age 43 at Pinkham Creek and Cottonwood 
Lakes, 45 at Coram 1 and 2). 

All of the cores were analysed using standard x-ray 

densitometry developed at Forintek Canada and 

described by Parker et al. (1980) and Jozsa et al. 
(1987). Sample preparation and analysis in this 

study included the following procedures: 

1. Pith-to-bark increment cores were cut to a 

uniform thickness of 1.57 mm on a twin-

blade saw; 

2. Surfaced samples were extracted in a Soxhlet 
apparatus in alcohol-cyclohexene (1:2 by 
volume) for 24 hours, and in hot water for 24 
hours; 

3. Extractive-free samples were air-dried to 
about 12 percent moisture content; 

4. The starting position was marked for x-ray 

scanning; 

5. Pith-to-bark radial ring widths were 
measured with a resolution of 0.024 mm; 

6. Relative wood density values were expressed 
on a green volume (about 30 percent 
moisture content) and oven-dry weight basis 
(throughout the text, wood density refers to 
relative wood density); 

7. Independent of the size of the growth ring, 

100 intra-ring density values were recorded 



for each annual ring. The size of the x-ray 
beam was collimated to 0.1 mm radial width 
and 0.75 mm tangential height. Based on 
these measurements, pith-to-bark relative 
wood density and ring width profiles were 
drawn; and, 

8. The earlywoodAatewood boundary was 
estimated for this study by examining intra-
ring density profiles of randomly chosen 
sample growth rings. The relative wood 
density chosen to delineate earlywood and 
latewood was 0.54. 

The following variables were determined from x-ray 
densitometry: total ring width and density, 
earlywood width and density, latewood width and 

density, and percent latewood. Average breast height 
relative density, ring width, percent latewood, 
earlywood and latewood density, cumulative radial 
growth and cumulative relative density at breast 
height were calculated separately for each tree and 
plot. Breast height relative density was calculated by 
weighting each ring's total density by its horizontal 
cross sectional area. 

Sample trees from four different spacings at 
Pinkham Creek, Coram 2, and Cottonwood Lakes 
were used to determine the influence of site quality 
and spacing on branch development. On each tree, 
the outside bark branch diameter of the largest 
branches between 4 m and 2 m stem height were 
measured. 



Tree Height, Diameter Breast Height 
and Stem Taper 
Average tree age at breast height, dbh, height and 

stem taper were all strongly influenced by site 

quality and spacing (Table 2). At all sites, tree size 

increased with increased spacing; however, the 

largest incremental differences were between the 

unthinned control plots and the 2.4 x 2.4 m plots. 

The differences in the number of measurable growth 

rings (tree age) at breast height illustrated the 

differences in early height growth and stand devel-

opment between sites and spacings. For example, at 

Coram 1 the widest spaced trees (6.1 x 6.1 m) 

reached breast height an average of 6.5 years earlier 

than the unthinned control trees. Similar, but less 

dramatic, age-spacing trends were evident on the 

other three sites. 

Sample tree mean height ranged from 10.7 m in the 

unthinned control plots at Cottonwood Lakes and 

Coram 2, to 21.0 m in the widest spaced plot at 

Table 2 
characteristics of sample trees from one-stage thinned stands at different spacings on four sites (25 trees I plot) 

Spacing (m) Control 2.4x2.4 3.4x3.4 4.6x4.6 6.1 x 6 . r 
Variable Site Mean Mean s.d. Mean s.d. Mean s.d. Mean S . d . 

Breast Pinkham 35.5 0.9 35.6 1.3 36.0 1.6 36.4 1.0 .3 .3 

height Coram 1 32.0 4.0 37.5 1.5 37.9 1.1 37.1 1.1 38.5 1.0 

tree age Coram 2 36.0 4.0 36.8 1.2 37.8 1.1 37.3 1.1 36.6 1.0 

(years) Cottonwood 32.8 0.9 34.6 1.6 34.4 1.5 34.4 1.0 _3 _3 

Pinkham 10.1 2.4 17.2 2.4 20.8 2.8 22.8 2.5 . ! .3 

dbh Coram 1 9.0 2.5 17.4 2.8 21.6 2.1 23.4 2.4 28.3 2.8 

(incl. bark) Coram 2 7.8 2.6 15.0 1.7 18.6 1.5 23.3 2.0 25.6 2.3 

(cm) Cottonwood 6.6 1.4 11.4 2.0 15.6 2.3 18.4 1.5 .3 .3 

Pinkham 13.2 1.2 17.0 1.5 18.3 1.4 17.9 1.2 _3 _3 

Height Coram 1 11.9 1.8 18.0 1.8 19.6 0.8 19.1 1.0 21.0 1.2 

(m) Coram 2 10.7 1.6 15.3 1.1 17.2 0.8 19.9 1.0 19.3 1.2 

Cottonwood 10.7 1.0 13.9 1.2 16.2 1.2 17.6 0.6 _3 _3 

Stem taper^ Pinkham not 0.96 0.2 1.24 0.3 1.21 0.1 _3 _3 

(1.3-4 m) Coram 2 measured 0.77 0.2 0.80 0.2 0.83 0.3 1.14 0.4 

(cm / m) Cottonwood 0.81 0.3 0.90 0.2 0.98 0.3 _3 .3 

') only 18 sample trees on site Coram 2 ') standard deviation ') no spacing 6.1 x 6 .1m available on sites Pinkham Creek 
and Cottonwood Lakes *) not available for Coram I 



Coram 1. The tallest trees at Coram 1 also had the 
largest average dbh (28.3 cm), while the shortest 
trees from Cottonwood Lakes had the smallest 
average dbh (6.6 cm). Figure 3 presents the relation-

ships between tree height and dbh at Coram 1, 
Coram 2 and Pinkham Creek, where all tree heights 
were measured. The two year age difference between 
Pinkham Creek, the site with the highest site index. 

Figure 3 
Tree height versus 
diameter breast height 
for three sites 

I--- Coram!, = 0.78 
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characteristics of one- and two-stage thinned trees at the same two final spacings (25 trees I plot) 

Initial Spacing (m) 1.5x1.5 2Ax2A 2.1x2.1 3.4x3.4 
Final-Spacing (m) 2 .4x2.4 2.4x2.4 3.4x3.4 3.4x3.4 

Variable Site Mean s.d.^ Mean s.d. Mean s.d. Mean s.d. 

Breast Pinkham 36.4 0.9 35.6 1.3 35.8 1.5 36.0 1.6 

height Coram 1 36.6 1.5 37.5 1.5 37.0 1.5 37.9 1.1 

tree age Coram 2 36.1 1.3 36.8 1.2 37.2 L2 37.8 1.1 

(years) Cottonwood 33.7 1.3 34.6 1.6 34.4 1.1 34.4 1.4 

Pinkham 13.4 2.0 17.2 2.4 18.0 3.0 20.8 2.8 

dbh Coram 1 15.0 2.1 17.4 2.8 16.5 2.0 21.6 2.1 

(cm) Coram 2 13.1 2.0 15.0 1.7 17.6 1.1 18.6 1.5 

Cottonwood 9.5 1.5 11.4 2.0 15.1 1.1 15.6 2.3 

Pinkham 16.7 1.3 17.0 1.5 16.8 1.7 18.3 1.4 

Height Coram 1 17.4 1.2 18.0 1.8 16.6 1.3 19.6 0.8 

(m) Coram 2 14.7 1.3 15.3 1.1 18.0 1.2 17.2 0.8 

Cottonwood 12.7 1.0 13.9 1.2 16.1 0.6 16.2 1.2 

') standard deviation 



and Coram 1 and 2 accounts for Pinkham Creek's 
lower average height. An additional two-years height 
growth would also slightly increase average height at 
Cottonwood Lakes. Stem taper also varied among 
sites and generally increased with wider spacing. The 
largest range in stem taper was at Coram 2 (0.77 to 
1.14 cm/m). 

On all sites, tree height, diameter, and therefore, 
stem volume was less under two-stage thinning than 
under one-stage thinning (Table 3). Differences were 
most pronounced on sites with higher site indices 
{i.e., Pinkham Creek, Coram 1 and Coram 2), and at 
the widest final spacing. 

Individual Tree Volume and Stand 
Volume Yield 
Comprehensive results from the long-term growth 

and yield study plots are published elsewhere 

(Schmidt and Seidel 1988). Readers requiring 

information on long-term western larch stand 

development and growth yield should use this 

reference. 

In the present study, which sampled only buffer 
trees, site and spacing strongly influenced volume 
growth (Table 4). Average tree volume ranged from 
0.015 m' in the control plot at Cottonwood Lakes to 
0.485 m' in the widest spaced plot at Coram 1. Stand 
volume ranged from 52 mVha in the control plot at 
Cottonwood Lakes to 296 mVha in the 2.4 x 2.4 m 
spacing at Coram 1. Volume data were determined 
after bark deductions were applied to diameter 
breast height. 

The relationship between spacing and individual tree 
and stand volume is presented in Figure 4. For the 
combined sites, average individual tree volume 
increased linearly from 0.03 m' in the control plots to 
0.42 m' in the widest spaced plots. Stand volume 
reached a maximum of 213 m'/ha at the 2.4 x 2.4 m 
spacing and then decreased dramatically as spacing 
increased. After four decades of development, the 
widest spaced stands at Coram I and 2 had yields of 
132 and 98 mVha, respectively (Table 4). Without 
further thinnings it is expected that differences in 
stand volume will decline until the rotation age of 80 

Table 4 
Average tree volume, stand volume and bark thickness at different spacings on four sites (23 trees I plot) 

Spacing (m) 
Variable Site Control 

1 
2.4x2.4 3.4x3.4 4 .6x4.6 6.1 x6.1 ' 

Pinkham 0.048 0.I6I 0.245 0.281 .2 

Average Coram 1 0.035 0.176 0.271 0.310 0.485 

tree volume Coram 2 0.023 O.IIO 0.I8I 0.320 0.360 

(m) Cottonwood 0.015 0.061 0.128 0.I8I 1 

Pinkham 166 271 218 139 .2 

Stand Coram 1 121 296 241 153 132 

volume Coram 2 80 185 162 . 158 98 

(m /ha) Cottonwood 52 102 114 89 .2 

Pinkham 0.99 1.42 1.66 1.79 .2 

Bark Coram 1 0.92 1.43 1.70 1.83 2.18 

thickness Coram 2 0.84 1.28 1.51 1.82 1.96 

(cm) Cottonwood 0.79 1.06 1.32 1.49 _2 

') only 18 sample trees on site Coram 2 )̂ no spacing 6.1 x 6.1 m available on sites Pinkam Creek and Cottonwood Lakes 



Individual tree volume 
and stand volume yield 

Volume per Hectare 

Average Tree Volume 
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Figure 5 

Demarcation of 
juvenile wood in two 
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to 120 years is reached. At all sites, the smallest 

individual tree and stand volumes were in the 

unthinned plots where numerous very small trees 

contributed very little to volume growth. 

Juvenile-Mature Wood Demarcation 
Juvenile wood has a cellular wood structure that is 
very different from mature wood. In most northern 
softwoods these structural differences can have 
severe negative impacts on end-product quality 
parameters such as wood density, drying behaviour 
and reference strength. Therefore, in commercial 
species it is important to know the proportion of 
juvenile wood in the stem, and how to control this 
proportion to an acceptable level. 

In conifers there are several ways of determining the 

boundary between juvenile and mature wood, but 

this boundary can change depending on the param-

eter used. For example, Yang et al. (1986) used 

tracheid length to differentiate between juvenile and 
mature wood in tamarack. They concluded that at a 
stem height of 1.5 m, the transition from juvenile to 
mature wood occurred at 42 rings from the pith. A 
comprehensive discussion of the methodical back-
ground can be found in Sauter et al. (1999). In the 
present study of western larch, the age of demarca-
tion was visually determined from plots of individual 
tree pith-to-bark mean ring and latewood density 
profiles. The profiles showed a trend of increasing 
ring and latewood density in early growth rings; 
however, distinct break points could be seen on the 
latewood density profiles. The trend of increasing 
latewood density showed obvious break points at 
average age 13 and 23 before becoming relatively 
stable in older growth rings (Figure 5). This can be 
interpreted as an early change from juvenile wood to 
a type of transition wood, and a later change from 
transition wood to mature wood. 



Proportion of juvenile, 
transition and mature 
wood at breast height 

Mature wood 
(>23 years) 

• Transition wood 
(14-23) years) 

• Juvenille wood 
(1-13 years) 

o 

I 

I 
o a. 
S 
Q-

100 

80 i 
CO 

5 
60 ^ ^ ^ ^ 

40 

20 ^ ——, 

0 
100 100 

80 

60 E 
CD 

40 

20 — — 

0 
Control 2.4 x2.4 3.4x3.4 4.6x4.6 6.1 x6.1 Control 2.4x2.4 3.4x 3.4 4.6x4.6 6.1 x6.1 

Spacing (m) 

Demarcation age was used to determine the amount 

of juvenile wood for each sample tree. The proportion 

of juvenile wood was expressed as the ratio of 

juvenile wood basal area, as determined from the 

increment cores, to the basal area of mature wood. 

Mean values for the different spacings and sites arc 

presented in Figure 6. At all sites, the proportion of 

juvenile wood decreased and mature wood increased 

as the spacing became wider. 

The proportion of juvenile wood in the stem was 
inversely related to tree diameter and volume 
growth. On all sites, the proportion of juvenile wood 
decreased from 30 to 40 percent in the unthinned 
plots to less than 20 percent in the widest spaced 
plots (Figure 6). This result suggests that faster 
grown western larch trees had a larger juvenile core 
than slower grown trees, but the core was a much 
smaller proportion of the total stem wood. Statisti-
cally significant differences in the percentage of 
juvenile wood were detected among all but the two 
widest spacings (4.6 x 4.6 m and 6.1 x 6.1 m). 
Similar results were obtained with the proportion of 
transition wood. 

Ring Width 
In tree and stand level wood quality research, ring 

width is the first important wood quality criterion. In 

most conifers, relationships between ring width and 

ring density and other quality criteria are usually 
weak. However, when ring width is plotted from 
pith-to-bark it provides basic information about tree 
growth with respect to its available growing space. It 
also provides a first indication of the extent of the 
tree's juvenile wood. In this study, ring width was 
the most useful indicator of individual tree growth 
conditions with respect to different spacings and site 
quaUty Average ring widths taken from the pith-to-
bark cores ranged from 0.82 mm in the control plot 
at Cottonwood Lakes to 3.10 mm in the 6.1 x 6.1 m 
plot at Coram 1 (Table 5). At all sites, ring width 
increased almost linearly with increased growing 
space. Moreover, average ring width clearly reflected 
the differences in site growth potential. Pinkham 
Creek and Coram 1 had the widest average ring 
width while Cottonwood Lakes had the smallest 
(Table 5). 

Figure 7 presents breast height pith-to-bark trends 

for ring width in all treatment plots on the four study 

sites. In studies such as this, where cambial age and 

calendar year are the same, grouped trees still show 

significant year-to-year variation in ring width due to 

random climatic factors. These chmatic factors were 

ignored in this study. 

In all of the thinned plots, pith-to-bark profiles of 

average ring width showed a rapid increase in the 

first five years to a maximum of 3.5 - 5.0 mm at 



Table 5 
Average ring width at breast height for different spaced sample trees 

Spacing (m) 

Variable Site Control 2.4 X 2.4 3.4 X 3.4 4 .6x4.6 6.1 X 6.1 

Pinkham 1.24 2.14 2.49 2.72 _ i 

Average Coram 1 1.32 2.00 2.40 2.61 3.10 

Ring Width Coram 2 0.96 1.67 2.02 2.60 2.89̂  

(mm) Cottonwood 0.82 1.44 1.89 2.16 .1 

') no spacing 6.1 x 6.1 m available on sites Pinkham Creek and Cottonwood Lakes )̂ only 18 sample trees on site Coram 2 

Figure 7 
Average ring width 
development at breast 
height from pith-to-
bark for different 
spacings at four sites 
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about cambial age 15 (Figure 7). It then declined 
slowly to less than 1 mm at about cambial age 35. 
Conversely, in the unthinned control plots, average 
ring width began with a decreasing growth rate and 
declined nearly linearly to an absolute minimum of 
only 0.2 mm at 38 years. The curves representing the 
different spacings also showed a clear differentiation 
by width of spacing (Figure 7). The widest spacing 
(6.1 x 6.1 m) had the largest growth rings, while the 
closest spacing (2.4 x 2.4 m) had the smallest growth 
rings. Distinct differences among the pith-to-bark 
profiles for the different spacings became obvious 
after an initial period of growth consoUdation near 
the pith. 

Relative Wood Density 
At all sites and spacings, trend lines of mean relative 

wood density and tree age showed a distinct period 

of low ring density in the early or juvenile stage of 

growth (Figure 8). It increased for about ten years 

and stabilized at a value between 0.50 and 0.55. 

Again significant year-to-year variations in ring 

density were caused by cUmatic factors and should be 

ignored. The trend lines also showed that spacing 

had very little effect on wood density At Pinkham 

Creek and Cottonwood Lakes, the heavily smoothed 

trend lines for the unthinned control plots were 

higher than the other trend lines; however, no 

significant differences existed between the spaced 
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Figure 9 
Average breast height 
relative density for 
different spacings on 
four sites 
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plots within a site. Average ring density at 

Cottonwood Lakes was the lowest of the four sites 

and at all spacings appeared to have an extended 

period of juvenile or transition wood formation 

(Figure 8). In the last two decades of growth, ring 

densities at Cottonwood Lakes finally approached 

those of the three better sites. 

The average relative density at breast height across 

the four sites was 0.52, the highest of all commercial 

North American softwoods. Individual site average 

relative density ranged from 0.56 at Coram 2 to 0.50 

at Cottonwood Lakes. Therefore, in western larch 

Table 6 
Two-way analysis of variance for site and spacing effects on 
average breast height relative density (a= 0.05) 

Source of 
Variation 

df MS F p>F 

Site 3 0.039 47.09 0.0001 

Spacing 4 0.005 6.17 0.0001 

Site X Spacing 10 0.004 4.99 0.0001 

Error 425 0.001 



there appears to be a positive relationship between 
site productivity and relative wood density. There 
were no obvious trends between average relative 
density and width of spacing (Figure 9). However, 
the unthinned plots, which contained over 30,000 
small trees per hectare, tended to have higher 
average relative density wood than the thinned plots. 
These small trees in the control plots had very low 
growth rates which tended to keep average density at 
a relatively high level. 

Results from analysis of variance for average breast 
height relative density confirmed the previous 
interpretations. Statistically significant differences 
existed between sites and spacing (Table 6); however, 
multiple range tests indicated that differences were 
only significant between the unthinned control plots 
and the group of spaced plots, regardless of the 
width of spacing. 

C o m p a r i s o n of the Effect of One- and 
Two-Stage Thinning o n Relative 
W o o d Density 
Two-stage thinning resulted in a remarkable increase 
in relative wood density of the trees thinned the 
second time (Table 7). This study included two plots 
that received the first early thinning in 1961 to 
spacings of 1.5 x 1.5 m and 2.1 x 2.1 m, and a second 
thinning in 1981 to a final spacing of 2.4 x 2.4 m and 
3.4 X 3.4 m, respectively (Table 1). 

Given the wide ranging results in other North 
American softwoods, these differences in wood 
density after the second thinning were unexpected. 
In general, thinning provides more growing space for 
the remaining trees and usually results in accelerated 
diameter growth and wider growth rings. Normally 
this additional growth occurs early in the year and 
manifests itself in wider earlywood growth. 
Latewood growth is largely unaffected. 

After the second thinning in the denser plots (i.e., 1.5 
x 1.5 m initial spacing), the ring and latewood width 
of the sample trees in both plots showed almost the 
same diameter growth. Since the sample trees in the 
one-stage thinned plots were larger than the two-
stage plots (Table 3), this result suggests that the 
wider-spaced trees in the one-stage plots responded 
more to the initial thinning than did trees in two-
stage plots. After the second thinning, trees in the 
two plots grew at about the same rate. This result 
must also be considered with the pith-to-bark 
profiles for the same sample trees that are plotted by 
site for mean ring density, latewood density and 
earlywood density in Figure 10. 

With the exception of the Cottonwood Lakes site, 
sample trees from plots with an initial spacing of 1.5 
x 1.5 m and a final spacing of 2.4 x 2.4 m showed an 
increase in latewood density after the second stage 
thinning compared to the one-stage thinned plots 

Table 7 

Average relative density at breast height in two plots thinned in one and two stages to common, spacings on four sites (25 trees I plot) 

Plots P lo t? 

Initial Spacing (m) 
Final Spacing (m) 

1.5x1.5 
2.4x2.4 

2.4x2.4 
2.4x2.4 

2.1 x2.1 
3.4x3.4 

3.4x3.4 
3.4x3.4 

Site Mean s.d. ' Mean s.d. Mean s.d. Mean s.d. 

Pinkham 0.539 0.026 0.513 0.025 0.521 0.018 0.509 0.023 

Coram 1 0.532 0.030 0.520 0.030 0.540 0.023 0.536 0.022 

Coram 2 0.555 0.024 0.528 0.021 0.540 0.019 0.537 0.022 

Cottonwood 0.516 0.022 0.486 0,029 0.525 0.028 0.498 0.016 

') standard deviation 



Pith-to-bark profiles of 
mean ring density, 
latewood density and 
earlywood density in 
one- and two-stage 
thinned plots (vertical 
lines indicate timing of 
the second thinning) 
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(Figure 10). This effect was expressed most dramati-

cally in trees at Coram 2. Therefore, increased 

latewood density was largely responsible for the 

parallel increase in mean ring density over the same 

period. It appears that moderately appKed second-

entry thinning in western larch stands results in 

increased ring relative wood density. 

This unexpected increase in latewood density may be 

interpreted as an effect of the growing season. 

Throughout its natural range, western larch stands 

thrive on mid-to-high elevation sites where annual 

tree growth is often delayed because of long winter 
periods accompanied with high snow packing. In 
western larch this short spring growth period typi-
cally results in very narrow earlywood layers. These 
narrow earlywood layers may not be exceeded 
despite the additional growth potential made avail-
able through reduced competition after thinning. 
Instead, the available growth potential appears to be 
concentrated m the latewood of the annual growth 
ring. In the summer growth period, when latewood 
is created, the growth of the tree crown is largely 
complete. Thus, diameter growth is strongly re-

Figure 11 
Comparison of 
cumulative breast 
height relative densities 
of one- and two-stage 
thinning in 2.4 x 2.4m 
plots on four sites 
(arrows indicate the 
time of the second 
thinning) 
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Largest branch 
diameter (outside 
bark) in 4 m tree 
height at different 
spacings on two sites 
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Two-way analysis of variance for the effects of site and 
thinning modus on average breast height relative density 
(a= 0.05} 

Source of Variation df MS F p>F 

Site 3 0.036 40.42 0.0001 

Thinning Modus 1 0.014 15.61 0.0001 

Site X Thinning 3 0.055 6.14 0.0004 
Modus 

Error 392 0.001 

strictcd due to the physiological needs during this 
period which are directed to stabilization of the stem. 
During this period, the tree creates heavy latewood 
with thick cell walls and small lumina. Therefore, the 
additional growth potential during this period is 
manifested in denser and heavier latewood rather 
than wider latewood. 

Cumulative breast height relative density for the 2.4 

X 2.4 m plots on all four sites showed the differences 

between one- and two-stage thinning more clearly. 

On all four sites, the second thinning, 20 years after 

the initial thinning, resulted in an increase in cumu-

lative breast height density (Figure 11). Differences 

in cumulative breast height density were greatest at 

Cottonwood Lakes and lowest at Coram 1. 

Analysis of variance for average breast height relative 

density revealed statistically significant differences 

among sites and between the two thinning regimes 

(Table 8). Site by thinning modus interaction was 

significant and could be explained by scale effects 

largely due to the Coram 1 site. As in the one-stage 

plots, spacing effects on average breast height 

relative density in the two-stage plots were not 

statistically significant. 

Branch Size 
As expected, branch diameter increased nearly 
linearly with the width of the initial spacing (Figure 
12). At Coram 2, the largest branches (23 mm 
outside bark) were measured in the 6.1 x 6.1 m 
plots; however, up to a spacing of 4.6 x 4.6 m branch 
diameters did not exceed 20 mm. Therefore, accord-
ing to National Lumber Grading Association stand-
ards for Structural Light Framing, lumber manufac-
tured from these plots would easily meet the highest 
grade (Select Structural) for 2x4 inch lumber. 

In general, branch diameter increased with increas-
ing dbh. The regression of branch diameter within 
the first 4 m of tree height on dbh was estimated by 
equation 3: 

Equation 3 

Branch Diameter = 7 . 9 5 1 0 e0°368 dbh R 2 ^ o . 4 4 n = 1 0 6 

Equation 3 provides the general trend in branch 

diameter for four spacings across three sites. It 

shows that branch diameter increases concomitantly 

with the increasing dbh associated with wider 

spacings. 



I his 35-ycar-old experiment established and main-
tained by the U.S.D.A., Forest Service is the oldest 
multisite thinning study on western larch. Over the 
years, it has provided reliable information on the 
effects of regulated spacing on individual tree and 
stand growth, and perturbations such as insect, 
animal, and snow damage. It has now allowed 
determination of the effect of thinning and spacing 
on wood density and branch size, both important 
traits that strongly influence wood quality. 

Tree spacing affected tree size and wood quality in 

many ways. Tree height, breast height diameter and 

stem taper were strongly influenced by site quality 

and spacing. Maximum tree size occurred at 6.1 x 6.1 

m spacing, while maximum volume per ha occurred 

at 2.4 x 2.4 m spacing. Initially, diameter growth 

was faster in the widely spaced trees; however, after 

36 years, diameter growth in the widely spaced trees 

had slowed to approach that of the unthinned 

controls and less widely spaced trees. After this 

period, differentiation between widely spaced and 

unthinned trees, in terms of average ring growth, 

was recognizable, but had decreased to between 0.8 

and 1.5 mm depending on site quality. This is likely 

due to a limit on the benefits of spacing as the trees 

mature and the canopy closes again. Nevertheless, 

the basal area and volume added each year in the 

widely spaced trees was still significantly greater 

than unthinned or closely spaced trees. After 36 

years, trees in stands receiving two light thinnings 20 

years apart were smaller than trees in stands receiv-

ing one thinning to the same final spacing. 

In western larch, the transition from juvenile to 

mature wood measured in terms of wood density 

occurred in two steps. Juvenile wood was produced 

from the pith to about ring 13, while mature wood 

was produced after ring 23. Between ring 13 and 23, 

western larch produced a type of transition wood. In 

all of the unthinned plots, 30-40 percent of the wood 

produced at dbh was juvenile. In the widest spaced 

plots, about 20 percent of the wood produced was 

juvenile. On all four sites, the proportion of juvenile 

wood decreased as spacing increased. 

The average breast height relative density of the 
western larch sample trees was 0.52; the highest of 
all the commercial North American conifers. How-
ever, site quality had a large influence on relative 
density estimates. In general, medium to good 
western larch sites produced high density wood 
while poor sites produced lower density wood. The 
influence of spacing on wood density was also 
largely a function of site quality On medium to good 
sites, spacing increased tree growth but had little 
effect on wood density This trend was clearly evident 
in pith-to-bark profiles of wood density, but was even 
more dramatic when wood density was expressed as 
overall breast height relative density Therefore, if 
high density wood is the production goal, stand 
management should be concentrated on good quality 
sites. 



After the second moderate thinning, average ring 
width was about the same as in trees that received 
only the initial thinning to the final spacing. How-
ever, the second thinning resulted in a remarkable 
increase in ring and overall cumulative relative 
density. This suggests that in western larch, addi-
tional growth potential caused by reduced competi-
tion after light thinning is converted to heavier 
latewood rather than wider growth rings. Therefore, 
it appears that stand thinning can be used as a 
management tool to enhance wood density in 
western larch. As expected, branch diameter in-
creased nearly linearly with the width of initial 
spacing. However, in the most valuable part of the 
tree, branch size did not exceed 20 mm even at a 
relatively wide spacing of 4.6 x 4.6 m. 

The substantial data base on tree size, wood density 
and branch size collected from these stands grown 
on a wide variety of sites and stand densities, 
demonstrate the high wood density and acceptable 
branch size of western larch. These traits combined 
with the species' rapid growth rate and reduced 
susceptablility to damaging agents suggest that 
western larch will remain a preferred commercial 
species in B.C. and the Inland Northwest, and a 
continued source for structural materials in future 
markets. 
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Subject: Preventing bluestain In logs 

Prevention of Bluestain in Lodgepole Pine by Sour Felling 

Two trials were done to determine If delaying the delimbing after trees are felled reduces the incidence of bluestain in the logs 

This summary covers three reports: 
1) Prevention of Bluestain in Lodgepole Pine by Sour Felling:Trial 1 - Final Report (report to CFS); 
2) A trial of "sour" felling to prevent bluestain by depletion of sapwood nutrients (draft publication: International Research Group on 

Wood Presentation Paper); 

3) Prevention of bluestain in lodgepole pine by sour felling: Trial II - Progress report (to CFS). 

Problem/Opportunity 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value products 
from a considerable proportion of the resource every year. When considering bluestain-control strategies that 
could be implemented without disrupting woodlands or mill productivity one of the most promising is sour 
felling. This involves felling the trees and leaving the foliage on for about a month before delimbing. Sour felling 
has been proposed as a method of reducing the moisture content and transportation costs of trees. However, due to 
continued respiration and transpiration the sapwood nutrients are also expected to be somewhat depleted during 
the period in which delimbing is delayed. These nutrients would then not be available for staining fungi. Passing 
comment is made in the literature to bluestain development sometimes being less in sour-felled logs, particularly 
in pine. We therefore focused on sour felling as a possible control measure for stain in lodgepole pine. Sour-
felling is industrially feasible for companies using a feller/buncher for the initial cutting and delimbers to remove 
the branches. This is the most common harvesting method used in the BC interior and Alberta. 

Determine if sour-felling can reduce the nutrient status and/or incidence of stain in lodgepole pine roundwood. 

In June 1999 a project plan was devised in collaboration with a statistician and a Trial 1 of sour felling proceeded 
in Alberta. Trees were felled with mechanical harvesting equipment and either delimbed or left with the limbs 
intact. After six weeks, trees were destructively sampled for measurement of bluestained area and for chemical 
analyses of four classes of wood extractives. The trial was repeated twice again in 2000 (Trials 2a and 2b) but 
wet conditions delayed access and felling, and set-up of the Trial 2a could not be done until June 2000. An 
additional experiment was done alongside Trial 2a, and consisted of forest storage of sour felled trees which had 
none of the bark damage that normally occurs during the process of forwarding the trees to the roadside. Non-
destructive sampling of trees for analysis of nutrient content occurred at 0 and 7 weeks for Trials 2a and 2b and at 
13 weeks for Trial 2a only. Destructive sampling of trees for assessment of stain development was done only for 
Trial 2a at 13 weeks; Trial 2b, which was set up in August, was abandoned at 12 weeks due to cool fall weather 
which was unsuitable for the development of stain. 

Objective 

Approach 



Results 

The 1999 trial (Trial 1) gave indeterminate results because no bluestain appeared in the freshly felled (control) 
trees. However chemical analyses ofthe discs resulted in a body of information about changes in the nutrient 
status of the trees with storage. Starch was the extractive most depleted in both control and sour felled trees 
during the storage period. Measurements of stained area done on the discs from the 2000 Trial 2a indicated that 
there was less stain in the sour-felled logs than in the delimbed trees. However this year was less severe for 
bluestain than normal and the experiment must be repeated to provide industry with sufficient confidence in the 
benefits of changing harvesting practices. 

Implications 

For the first time we have detailed information about the extractive content of lodgepole pine sapwood that 
provide the nutrients for development of bluestain. Based on the reduced amount of stain development in sour-
felled trees in Trial 2a it is planned to re-test the concept by repeating a sour-felling trial in 2001-2. This requires 
extending the project by one more year. 
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Summary 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value 
products from a considerable proportion of the resource every year. Bluestain-control strategies that can 
be implemented without disrupting woodlands or mill productivity are required and one of the most 
promising is sour felling. This involves felling the trees and leaving the foliage on for about a month 
before delimbing. Sour felling has been proposed as a method of reducing the moisture content and 
transportation costs of trees. However, due to continued respiration and transpiration the sapwood 
nutrients are also expected to be somewhat depleted during the period in which delimbing is delayed. 
These nutrients would then not be available for staining fiingi. We therefore focused on sour felling as a 
possible control measure for stain in lodgepole pine and did trials to determine if sour-felling can reduce 
nutrient status and/or incidence of stain in lodgepole pine roundwood. 

In 1999 a trial (Trial 1) of sour felling proceeded in Alberta. Trees were felled with mechanical harvesting 
equipment and either delimbed or left with the limbs intact. After six weeks, trees were desfructively 
sampled for measurement of bluestained area and for chemical analyses of four classes of wood 
extractives. The trial was repeated twice again in 2000 (Trials 2a and 2b) but wet conditions delayed 
access and felling and set-up of the Trial 2a could not be done until June 2000. An additional experiment 
was done alongside Trial 2a, and consisted of forest storage of sour felled frees which had none of the 
bark damage that normally occurs during the process of forwarding the trees to the roadside. Non-
destructive sampling of trees for analysis of nufrient content occurred at 0 and 7 weeks for Trials 2a and 
2b and at 13 weeks for Trial 2a only. Destructive sampling of trees for assessment of stain development 
was done only for Trial 2a at 13 weeks; Trial 2b was abandoned at 12 weeks due to cool fall weather 
which was unsuitable for the development of stain. 

The 1999 trial (Trial 1) gave indeterminate results because no bluestain appeared in the freshly felled 
(control) trees. However chemical analyses of the discs resulted in a body of information about changes 
in the nufrient status of the frees with storage. Starch was the exfractive most depleted during the storage 
period. For the first time we have detailed information about the extractive content of lodgepole pine 
sapwood that provide the nutrients for development of bluestain. 

Measurements of stained area done on the discs from the 2000 Trial 2a indicated that there was less stain 
in the sour-felled logs than in the delimbed trees. However both 1999 and 2000 years were less severe for 
bluestain than normal and the experiment must be repeated to provide industry with sufficient confidence 
in the benefits of changing harvesting practices. It is planned to re-test the concept by repeating a sour-
felling trial in 2001-2. This requires extending the project for an additional year. 

This summary covers three reports: 1) Prevention of Bluestain in Lodgepole Pine by Sour Felling: Trial 1 
- Final report (report to CFS); 2) A trial of "sour"felling to prevent bluestain by depletion of sapwood 
nufrients (draft publication: Intemational Research Group on Wood Preservation Paper); 3) Prevention of 
bluestain in lodgepole pine by sour felling: Trial 2 - Progress report (to CFS) 
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Summary 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value 
products from a considerable proportion of the resource every year. When considering bluestain-control 
strategies that could be implemented without disrupting woodlands or mill productivity one of the most 
promising is sour felling. This involves felling the trees and leaving the foliage on for about a month 
before delimbing. Sour felling has been proposed as a method of reducing the moisture content and 
transportation costs of trees. However, due to continued respiration and transpiration the sapwood 
nutrients are also expected to be somewhat depleted during the period in which delimbing is delayed. 
These nutrients would then not be available for staining fiingi. Passing comment is made in the literature 
to bluestain development sometimes being less in sour-felled logs, particularly in pine. We therefore 
focused on sour felling as a possible control measure for stain in lodgepole pine. Sour-felling is 
industrially feasible for companies using a feller/buncher for the initial cutting and delimbers to remove 
the branches. This is the most common harvesting method used in the BC interior and Alberta. 

The objective of the test was to determine if sour felling can reduce the wood nutrient status and/or 
incidence of bluestain in lodgepole pine roundwood. In late August 1999, near Edson, Alberta, 57 
lodgepole pine (Pinus contorta Dougl.) trees were mechanically felled. Of these, 20 were mechanically 
delimbed controls and 30 were left with their limbs intact (sour-felled). Discs were taken fi-om trees 
growing alongside for chemical analyses of wood extractives in the laboratory. In October, the test site 
was revisited and a second set of samples (six-week samples) taken from the logs. As no bluestain had 
occurred in the logs after six weeks (probably a result of the coolness of the weather) trees from both the 
delimbed and sour-felled piles were removed and sampled as the original sample trees (time-0) had been, 
in order to determine the effect of storage on nufrient status of the sapwood. Chemical analyses were 
done for lipophilic exfractives, phenolics, soluble sugars, starch and total nifrogen concentrations. 

Because the conditions were not suitable for the formation of stain in the delimbed logs the study was 
unable to determine whether sour felling had any effect on the prevention of bluestain during the fall of 
1999. However, the project did provide baseline data on the levels of exfractives known to be nufrients 
for staining fiingi. For frees felled in August 1999, those exfractives occurred in the following order of 
abundance: lipophilic exfractives (24 g/kg); soluble sugars (1.6 g/kg); starch (1.3 g/kg); and nifrogenous 
compounds such as elemental nifrogen (0.45 g/kg). Generally, the viability of ray parenchyma cells, the 
sapwood moisture content and the amounts of nufrients present in the sapwood remained at the same level 
over the six-week storage period, irrespective of whether the logs were from trees that had been delimbed 
or whether the frees sampled had been left in their full lengths with their limbs and foliage intact. Only 
one nutrient, starch, was depleted to 20-30% its original amount over the six-week storage period. 
Pinosylvin, pinobanskin and pinocembrin, which are some of the compounds thought to prevent fiingal 
attack of heartwood, were below detectable levels in most logs sampled. However, some stored logs had 
small amounts of these exfractives present, possibly a response to wounding. 

It is recommended that the test be repeated in a hot summer to determine the maximum possible effect 
that sour felling might have on the prevention of bluestain. 

i 
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1 Introduction 
Bluestain is a discoloration of sapwood caused by fiingi that infect wood with dark coloured hyphae 
(flingal threads). Although the fungus has little or no effect on the wood strength, it leaves a dark colour 
that makes the wood undesirable for markets where appearance is critical. 

In 1998, bluestain was a big problem in central Alberta when a large amount of pine and, to a lesser 
degree spruce, logs developed bluestain. This meant that the lumber from these stained logs could not be 
used to produce "J Grade" lumber for export to Japan, nor could it be employed in added-value end uses 
such as fiimiture. Over the course of that summer, bluestain was estimated to have cost the Alberta 
industry at least $30 million (CAN). Subsequent consideration by Forintek about what might be done to 
mitigate this problem in the fiiture led to the postulation that if the availability of nutrients for fiingi could 
be reduced, perhaps fungal growth would be reduced. 

In considering types of bluestain-confrol sfrategies that might be implemented without disrupting 
woodlands or mill productivity, we focused on the procedure of felling the trees and leaving the foliage 
on for a period before delimbing. This method is known variously as franspirational drying, delayed 
bucking, leaf seasoning, leaf felling, biological drying, crown drying, delayed delimbing or "sour 
felling"- the last being the term used in westem Canada. It has been found to reduce the moisture content 
of wood in some species through the loss of water by transpiration (McMinn 1986). Once felled, the 
crown is severed from its underground water source and franspiration continues until the turgor pressure 
in the stem is reduced. At that point the foliage wilts and the stem "sours". 

Although there are reports in the literature of experiments with transpirational drying, the method does 
not appear to be widely used. However in setting up this project, we made contact with Japanese 
scientists familiar with the method, which they call hagarashi. It is routinely used as a pre-drying 
method for Japanese softwood logs, mainly of sugi, Cryptomeria japonica D. Don. Large reductions in 
sapwood moisture content (MC) for sugi sapwood and smaller reductions in heartwood MC are reported 
using this practice. However, the amount of moisture reduction is reportedly weather-dependent, with 
larger reductions occurring in hot summers (Naohiro Kuroda, personal communication to Tony Byrne). 
Hayashi et al. (1988) reported MC reductions of 25% after three months. According to the Japanese 
Forestry and Forest Products Research Institute (FFPRI), hagarashi is widely used in Japan, especially in 
national forests. The forest agency of Japan sells a log treated by hagarashi under the name of "dry log". 

Sour felling has been proposed in Alberta as a method of reducing the moisture content, therefore 
enabling more logs to be carried on logging tmcks. It has been tested on westem hardwoods (aspen and 
black poplar) and on white spmce by the Forest Engineering Research Institute of Canada, but the MC 
loss was not significant in the one trial done (Forrester 1991). The MC measurements were, however, 
made from increment borings and, because of the way the borer squeezes the cores during exfraction and 
the possibility of moisture evaporation during handling, this would not be a very accurate method. 

The current study was proposed because we assumed that sour-felled trees would continue to respire, 
using up their nutritional resources. Staining fungi have evolved to the point that they are specialized to 
exploit wet, green, nufrient-rich sapwood. Therefore, if this substrate can be changed, there is a 
possibility that the development of bluestain fiangi will be less and the wood less stained. We could find 
only one literature reference to stain reduction associated with sour felling. Visser and Vermaas (1986) 



observed significant weight losses (up to 44% in eight days) and "considerably reduced" bluestain 
development in Pinus radiata in South Africa, but only in the summer months. 

Bluestain in sapwood results from the presence of pigmented fungal hyphae. It is caused mainly by fungi 
of the Ophiostoma and Ceratocystis genera which are among the initial microbial colonizers of wood. 
Specific knowledge of their nutrition, such as which nutrients the staining fungi exploit during their 
development in sapwood, is only now beginning to be understood. Until relatively recently, the 
assumption was that these fiingi use only the sugars and starch present in the ray cells which they colonize 
(Eaton and Hale 1994). Work on the nutritional requirements of staining fungi has been done at the 
University of British Columbia sponsored by Forintek Canada Corp. and this has increased our 
knowledge of their nutrition. For example these fungi require a nitrogen source, and the discovery that 
staining fungi use protease enzymes to break down protein led to the recognition that they are highly 
efficient at scavenging the low levels of nitrogen present (Abraham 1995). It is now known that staining 
fiingi also use triglycerides, fatty acids and other lipophilic tree nutrients as carbon and energy sources to 
support their growth (Chen et al. 1994b). Lipophilics have significantly high potential as an energy 
source because they are present in wood in greater amounts than are soluble sugars and are a more 
concentrated form of energy. Several studies have recently examined lipid consumption in softwoods 
by bluestain fxingi and found these extractives to be readily used by the staining fiingi (Blanchette et al. 
1992, Brush et al 1994, Chen et ai 1994b, Gao et al 1994, Martinez-Inigo et ai 1999). 

There is a shortage of information about the quantities of these fungal nutrients available in sapwood. 
The non-structural components of wood are commonly called wood extractives because they can be 
removed by solvent extraction. However, most chemical analyses of wood extractives have concentrated 
on heartwood extractives which are much more plentiful than sapwood extractives. Heartwood 
extractives are also of particular interest because they convey decay resistance to the wood. Examples of 
these are the phenolics found in pines, such as the stilbene pinosylvin and the flavonoid compounds 
pinobanskin and pinocembrin. These are reported to be produced from stored carbon sources by the tree 
under conditions of stress (such as drought or injury). Pinosylvin, and possibly pinobanskin and 
pinocembrin, are also thought to provide resistance to beetle attack and to be partly responsible for the 
durability of pine heartwood. 

The current project was set up because sour felling could be a method of reducing bluestain problems in 
lodgepole pine. Pines are especially susceptible to bluestain and, in westem Canada, lodgepole pine 
{Pinus contorta Dougl.) is the most commonly harvested tree. Sour felling is industrially feasible for 
companies using a feller̂ uncher for the initial cutting and then delimbers to remove the branches. These 
mechanical harvesting techniques are widely used in the British Columbia interior and Alberta. 

The project was designed to incorporate analyses of sapwood extractives at the beginning of the trial and 
at the end, in order to track changes in the availability of nutrients for fiingi. It also set out to determine 
changes in wood moisture content, viability of parenchyma and the presence or development of phenolic 
extractives. A better understanding of the physiological changes occurring during sour felling and log 
storage might help us understand more about the development of bluestain. 



2 Objective 
To determine if sour felling can reduce the wood nutrient status and/or incidence of bluestain in lodgepole 
pine roundwood. 

3 Staff 
Forintek Canada Corp. 
Kenneth Binnie Wood Protection Technologist 
Tony Byrne Wood Protection Scientist 
Bob Daniels Wood Chemistry Analyst 
Dave Minchin Wood Protection Technologist 
Adnan Uzunovic Mycologist 

Department of Wood Science, Faculty of Forestry, UBC 
Alex Serrequi Research Assistant 
Dominik Domanski Co-op student 
Colette Breuil Professor, Forest Products Biotechnology 

4 IVIateriais and IVIethods 
To ensure valid results, we consulted a statistician and incorporated his comments into the design of the 
project plan. Input from the industrial collaborator was also obtained and incorporated. Because spring 
break up was delayed in 1999, logging operations in the part of Alberta where the test was to be done 
were started late in the year. Logging had to be stopped several times because of the difficulty in 
operating heavy machinery on soft wet soil. By the time the fieldwork was set up, it was too late in the 
season for the original plan of two sequential fellings to be done. 

4.1 Tree Felling and Log Sampling 

On August 31, 1999, near Edson, Alberta, 57 lodgepole pine trees were mechanically harvested with a log 
processor. The trees came from an even aged stand of 85 to 100 years, located in the Brazeau River 
Valley 100 km due south of Edson. The location, at Kilometre 12 on the Owl River Road, was part of 
Sundance Forest Industries' Forest Management Area where active logging was occurring at the time. 
Twenty of the trees were mechanically delimbed by the processor to act as controls. Thirty were left 
with the limbs intact on the stems (sour felling). The average height of the sour-felled trees was 19.2 m, 
with an average length of 10.2 m from the savra butt to the lower portion of the crown. Because of the 
typical growth pattern of lodgepole pine trees, the bottom of the live crown was not well defined. Rather, 
there was a gradation from dead, to almost dead, to live branches on the stem. The average diameter 
(over bark measure) of the sour-felled frees at the sawn butt was 27.8 cm (standard deviation (StDev) of 
4.5 cm). The delimbed frees had an average butt diameter of 26.0 cm (StDev = 5.7 cm). The overall 



height and height to base of crown were similar for the delimbed trees, but could not be measured as the 
trees were processed before such measurements could be made. 

Each set of trees was grouped in a separate pile and left at the roadside. Seven of the trees (referred to as 
time-0 trees) were mechanically delimbed and two adjacent 50-mm discs were taken from two positions 
in each tree, -3.4 m and -7.5 m upwards from ground level the butt. Discs were labelled and individually 
put into polyethylene bags to prevent them from drying. Two "sticky" insect fraps were hung at the 
location and two data loggers were installed to monitor the temperature and relative humidity (RH) at the 
test site. At the time the sour felling was done, logging was on hold because of the wet condition of the 
soil and skid roads. Shortly afterwards, the part of the forest in the block to the south was harvested by 
Sundance Forest Industries. 

In October 1999, the test site was revisited so that a second set of samples (six-week samples) could be 
taken from the logs. During sampling, it became apparent that no bluestain had occurred on the logs after 
six weeks, probably due to the coolness of the weather. Realising at this stage that the primary objective 
of the project (to determine if prevention of bluestain was possible by sour felling) could not be achieved, 
the plan was therefore changed to store trees over the winter. However, at week 6, three from the 
delimbed pile and three trees from the sour-felled pile were removed and sampled, in the same manner as 
the time-0 trees, to determine the effect of the storage on the nutrient status of the sapwood. 

The time-0 discs from seven trees and the six-week discs from six trees were brought back to the 
laboratory and immediately sampled for sapwood analysis. Two adjacent discs were used for the various 
analyses. Sapwood samples from the discs were taken at least five growth rings apart from both the 
heartwood transition zone and the cambial zone. The sapwood was cut into small chips and, using a 
Wiley mill, coarsely ground, with a portion fiirther ground until it passed a 30-mesh screen. The ground 
wood samples were freeze-dried to 98-99% dry weight and stored until the analyses could be done. 

Chemical analyses were done for: a) lipophilic extractives; b) a phenolic extractive fraction (pinosylvin, 
pinobanskin and pinocembrin); c) soluble sugar, starch; and d) total nitrogen concentrations. Analyses 
(a) and (c) were done at UBC's Forest Biotechnology laboratories. The analysis for (b) was done at 
Forintek and the analysis for (d) was contracted out to a Vancouver analytical laboratory. Coarsely 
ground freeze-dried wood was used for the lipophilic extraction and the finely ground (30-mesh) wood 
was used for all the other analyses. Tests were also performed to determine moisture contents (MC) and 
whether or not parenchyma cells were alive in the freshly sampled discs. The methods used in the 
analyses are detailed below. 

4.2.1 Moisture Content 

For MC determination, pieces of sapwood (10 x 10 x 30 mm) were sawn from the sampled discs before 
they could dry. Two pieces were removed from each disc sampled at time-0 and at six-weeks. The 
weight of the fresh sapwood was recorded and then the samples were dried overnight in an oven at I05°C, 
after which time they were reweighed. The MC of the trees in the study was reported on a dry weight 
basis as: 

4.2 Laboratory Testing of Wood Samples 

%MC = 
fresh weight - oven-dry weight x 100 

oven-dry weight 

Corjx 



4.2.2 Viability of Parenchyma 

A test with the vitality stain 2, 3, 5 triphenyl-2H-tetrazolium chloride (TTC) was performed to show the 
live areas of the tree. Wedges that included sapwood, heartwood and the cambial zone were taken from 
the sampled discs, immersed in a 1% aqueous solution of TTC, and left for two days at room temperature. 
The live areas of the tree, mainly the sapwood, were visible by the appearance of a red pigment (Feist et 
al. 1971). 

4.2.3 Lipophilic Extractives 

These extractives are composed of lipids and related compounds such as glycerides, steryl esters, fatty 
acids, resin acids, fatty alcohols, sterols and alkanes (Chen et al. 1994a). Analysis of these components 
used the solid-phase extraction method developed by (Chen et al 1994a). 

Four grams of sawdust were placed in an extraction thimble and extracted with 150 mL of acetone 
overnight (~16 hours) using a Soxhlet extraction apparatus (6 cycles/hour). The extraction solution was 
evaporated to dryness under reduced pressure at 35°C using a TurboVap (Zymark Ltd). The extract was 
redissolved in 6 mL of acetone, loaded onto an anhydrous magnesium sulfate column and eluted through 
to remove trace amounts of water and any solid particles. The eluate was evaporated to dryness under 
nitrogen, freeze-dried overnight to remove any water or solvent still present, and weighed to determine 
the total extractive contents. 

The different lipid classes, contained within the samples of total extractives, were isolated using solid-
phase extraction (SPE). In this method, the total extractives are loaded into Bond Elut aminopropyl silica 
cartridge columns and different fractions are eluted using different solvent systems with a vacuum of 10 
kPa applied by the Vac Elut system (Analytichem Intemational and Varian, Harbor City, CA). 

The total extract was fractionated as follows: 
The Bond Elut cartridge column, conditioned with hexane (3 mL), was loaded with a partial amount 
(-20 mg) of the total extract which was first dissolved in ImL of chloroform. The column was eluted 
as outlined in Figure 1 using the solvents listed in Table 1. 

• Waxes (fatty alcohol esters), steryl esters and triglycerides were recovered in the first fraction (called 
Fraction A) using a chloroform and hexane mixture. The fraction was saved for the next separation 
step. 

• Fraction A was dried under nitrogen and freeze-dried overnight. It was then redissolved in -450 |a,L 
hexane and loaded (-15 mg of dry Fraction A) onto a new hexane-conditioned column. 

• Diglycerides, monoglycerides, sterols and fatty alcohols were eluted with an ether and hexane 
mixture as the second fraction (called Fraction B). 

• The remaining resin acids and fatty acids were eluted with a mixture of ether and acetic acid and 
saved (Fraction C). 

• Waxes and steryl esters were eluted using hexane and collected (Fraction D). 
• The triglycerides were removed from the column using ether and collected (Fraction E). 
• Each fraction was dried under nitrogen, freeze-dried ovemight and weighed to calculate its amount. 

During separation, the composition of each eluted fraction and amount of solvent required to remove 
each fraction was monitored by thin-layer chromatography (TLC) (250 |j,m layer, AL SIL G/UV, 
Whatman Ltd.). The TLC plates were developed in hexane-diethyl ether-acetic acid (70:30:1 v/v/v) 
and the spots were highlighted visually by applying a molybdate oxidizing solution — consisting of 



ammonium molybdate (VI) tetrahydrate (5 g) in sulfuric acid (10 mL) and ethanol (90 mL) — and 
heating the plate at 150°C. 

All samples, two from each tree (3.4 m disc and 7.5 m disc), were analyzed for lipophilics in triplicate. 

Total Extract 
W. SE, TG. DG. 
MG, S. Fal, RA. FA 

Column 1 

Solvent A 

DG 
MG _ 
S FA 
Fal 

i Solvent B 

RA 
FA 

Fraction A / \ W 
SE 
TG 

DG 
MG 
S 
Fal 

Fraction B 

I Solvent D 

Column 2 

TG 

Solvent E 

As A TG 

Fraction D Fraction E 

Solvent C 

RA 
FA 

Fraction C 

Legend: W, wcaes; SE, steryl esters; TG, triglycerides; DG, diglycerides; MG, monoglycerides; 
S, sterols; Fal, fatty alcohols; RA, resin acids; FA, fatty acids 

Figure 1: Solid-phase extraction process used to separate lipid classes from the total acetone 
extract 
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Table 1: Solvents used in the solid-phase extraction and eluted lipid classes 

Fraction Solvent Solvent Ratio 
(V/V) 

Amount of Solvent 
(mL) Lipid Eluted 

A CHCI3: Hexane (1:5) 5 W, SE. TG 

B Ether: Hexane (8:1) 6 DG, MG. S, Fal 

C Ether: AcOH (98:2) 6 FA, RA 

D Hexane 2 SE. W 

E Ether 8 TG 

4.2.4 Soluble Sugars 

A cold water extraction process (Saranpaa and H611 1989) was used to analyze the samples for content of 
five monosaccharides: D-arabinose, D-galactose, D-glucose, D-xylose and D-mannose. 

Freeze-dried wood (100 mg for each analysis), that had been ground to pass a 30-mesh screen, was placed 
in a clean, empty column with a 934-AH Whatman glass filter to prevent sawdust from falling out. Two 
milliliters of nanopure deionized water (dIH20) was placed in the column. The capped column was 
tapped (to ensure that the wood was fiiUy saturated with water) and left at room temperature for 60 min. 
Next, the water was dravra off and collected using a Vac-elute system, the column was rinsed with 0.5 
mL of dIH20 (which was collected), recapped, filled with 2 mL of dIH20 and incubated again for 60 min. 
at room temperature. The solution was again collected as before, combined with the first extract and 
frozen at -80°C. The frozen extract was then freeze-dried until all the water had sublimed (2-3 days). 
The isolated mixture of sugars was re-dissolved in 1.0 mL of L-fiicose (0.1 mg/mL), which was used as 
the internal standard, and the solution filtered through a 0.45-|j.m filter. 

Analyses of the sugar extract solution were done using anion exchange high performance liquid 
chromatography (HPLC) with pulsed amperomefric detection. This method has been found to have 
superior sensitivity and easier sample preparation than other methods (Pettersen and Schwandt 1991). 
The five sugars were analyzed using a column designed for carbohydrate analyses (CarboPac PAl) 
attached to a Dionex LC20 HPLC machine. The mobile phase was nanopure deionized water pumped at 
1 mL/min. by a GP40 gradient pump. The post column, used to enhance detector response and stabilize 
the baseline, was 0.2M NaOH and run at 1.0 mL/min. The signal was detected using an ED40 pulsed 
electrochemical detector. The HPLC machine was attached to a Spectra System AS3500 auto sampler 
and the system was controlled using Dionex PeakNet 5.1 software. A run sequence consisted of sample 
injection, a run of 36 min. with 100% water at ImL/min., 10 min. of column regeneration with 75% water 
and 25% IM NaOH at ImL/min. and 11 min. of equilibration with 100% water at ImL/min. The data 
collection, peak integration and analysis was done using the Dionex PeakNet 5.1 software. 

The internal standard (L-fiicose) was used to correct for errors in the injection. External standards (D-
arabinose, D-galactose, D-glucose, D-xylose and D-mannose) were used to calculate the concenfration for 
the five sugars being analyzed from the response. 

Al l samples were run in triplicate. 

liorp. 



4.2.5 Starch Analysis 

Starch was extracted from the samples using a hot water extraction process. An enzyme was used to 
digest it, and the amount of glucose from the digestion was measured with the HPLC method described 
by Saranpaa and H611 1989. 

Samples of ground freeze-dried wood (50 mg each) were individually boiled at 100°C for 10 min. to 
destroy endogenous enzymes. The starch was then extracted with 1 mL 0.05M citrate buffer at 100°C for 
4 hours. Next, 500 ^L of the supernatant was transferred to a new tube containing 450 JJ.L citrate buffer. 
To that solution, 50 ĵ L of amyloglucosidase (10 mg/mL) (an enzyme derived from Aspergillus niger, 
Boehringer Mannheim GmbH - Germany) was added and the mixture was incubated in a shaker at 37°C 
for 16 hours. 

Samples of 800 p,L of the resulting solution were filtered through a 0.45-p,m filter into HPLC vials and 
100 \xL of L-fiicose (1.0 mg/mL) was added to the vial as the internal standard. The samples were then 
analyzed for D-glucose concentration using HPLC as was done for the soluble sugars analysis. For the 
sour-felled and control samples, it was necessary to extend the column regeneration period to 20 min. 
(with a 5-min. 50% IM NaOH rinse during that time, and a 20-min. equilibration period afterwards), as 
other compounds - possibly hemicellulose - were clogging the column. 

The glucose content measured was a combination of soluble glucose and the glucose derived from the 
starch digestion (starch-bound glucose). The soluble glucose concentration, determined earlier for each 
sample, was subtracted from the glucose concentration observed after the starch extraction and digestion, 
and the amount of starch-bound glucose, were determined. The amount of starch present was then 
reported in units of starch-bound glucose. 

All samples were run in triplicate. 

4.2.6 Total Nitrogen Analysis 

Total nitrogen content estimates the protein and inorganic nitrogen content of the wood, both of which are 
difficult to quantity separately. Freeze-dried finely ground (30 mesh) samples of each disc were sent to 
Pacific Soil Analysis Inc. in Richmond, B.C. to be tested for total nitrogen using the Kjeldahl method. 
All samples were done in duplicate. 

4.2.7 Pinosylvin, Pinobanskin and Pinocembrin Analysis 

Sapwood samples were removed from discs for these analyses as shown in Figure 2. Four samples were 
removed from each disc: samples A and D were removed to include the one or two annual rings of the 
outer sapwood boundary; and samples B and C were removed from the centre of the sapwood zone. The 
discs used for these analyses were taken adjacent to those used for the previously described analyses. The 
moisture content of part of samples A-D therefore had to be determined to enable the concenfrations of 
the phenolic components to be established on an oven-dried weight basis. The MCs were determined as 
described in section 4.2.1. 



Heartwood 

Figure 2: Sampling locations for phenolic extractives 

For the analyses, samples of approximately 500 mg of finely ground (30 mesh) sawdust were weighed to 
the nearest 0.1 mg and extracted with 10 mL of ethanol in 20-mL glass scintillation vials (Wheaton). The 
vials were placed in an ultrasonic bath and extracted for three hours, at which point the temperature had 
risen to 45°C. The extract was then analyzed by HPLC (Thermo Separations) consisting of a P4000 
pump, an AS3500 autosampler and a UV6000LP diode array detector. The ethanol extracts were injected 
(10 liL) on a 4.6 x 150 mm 3|i C18 column (Inertsil) maintained by a thermostat at 50°C. The 
compounds were eluted using a 25-min. linear gradient as follows: 

• TO - 75% water (containing 0.1% phosphoric acid w/v [85%]/0.5% acetonitrile) 
25% acetonitrile 

• T25 - 50% water (containing 0.1% phosphoric acid w/v [85%]/0.5% acetonitrile) 
50%) acetonitrile 

The flow rate was 1.0 mL/min. and the detection wavelength was 300 nm. ChromQuest (Thermo 
Separations) software was used for peak integration and data reduction. 



5 Results and Discussion 
5.1 Observations After Six-Weel( Storage 

As mentioned earlier, no bluestain was visible when the logs were sampled at six weeks. Unfortunately, 
this prevented us from determining whether the sour felling would have prevented the stain's occurrence. 
In sharp contrast to 1998 when bluestain was reported as much more common than normal, in 1999 (the 
year of this test), bluestain was not reported as a problem by sawmills in the part of Alberta where the test 
was done. The reasons for one year showing significantly high incidence of bluestain over another are 
not fully understood. However, they might be expected to include factors such as summer temperature, 
the condition of the trees and the availability of fungal inoculum. 

Staining fungi generally have optimum growth rates at about 20°C and show minimal grovvth below 
10°C. The weather data recorded at the storage site by data loggers for the test period is shown in Figure 
3. Distinct diurnal ranges in ambient RH and temperature are seen with the first frost occurring in late 
September. It is likely that the logs in storage would approximate the average temperatures shown 
because wood has a good thermal insulation effect. The average temperatures are noted to be on the low 
side for rapid fungal growth. 
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Figure 3: Ambient temperature and relative humidity recorded from test set-up to first 
sampling 



Table 2 summarizes the weather data during the test, which was cool and wet in 1999. Comparison of 
1998 and 1999 data for the nearest town and meteorological station (Edson) indicates that the temperature 
during the test period was on average 2°C lower than in the same period in 1998. Additionally, 
September 1998 showed approximately similar average temperatures to those of July and August of that 
year. These high temperatures may have been responsible for 1998 being a year where bluestain growth 
was rampant. 

Table 2: Average temperature and relative humidity at the storage site 

Temperature {°C) Relative Humidity (%) 

Average Daytime 10.6 56% 

Average Nighttime 3.6 81% 

Average Overall 7.2 69% 

Tree condition is probably also a factor in susceptibility of trees developing bluestain, but its role is not 
well understood. Trees have living tissue and therefore defence reactions, such as the ability to produce 
resin around infection sites for a period after being cut down. When the trees are highly stressed, for 
example by drought conditions, disease or heavy insect attack, the defences of the tree would be expected 
to be lowered. In 1998, a record number of hectares of forest burned in central Alberta because 
conditions were so dry. Under these conditions, the trees would be expected to be stressed and have a 
lowered tolerance to attack. The high overall humidity in 1999 ensured that drought stress was not a 
factor that year. 

Staining fungi have been reported to be vectored by insects, but mainly beetles such as bark beetles. 
Although, some beetles are known to have specific associated staining fungi, many beetles are suspected 
to carry spores casually stuck to their exoskeletons as they move about on wood or bark surfaces or as 
they graze on fiingi. In general, beetle populations in the foothills of Alberta do not build up to the kind 
of epidemic levels seen in British Columbia because the Alberta winter is too cold for over-wintering 
broods. Retrieval of the sticky insect traps at six weeks indicated that the insects in the area were mainly 
flies that have not been reported as carrying spores of staining fiingi. No beetles were trapped. A 
relatively low level of fiingal inoculum during this test is therefore indicated. 

5.2 Laboratory Testing of Wood Sampies 

5.2.1 Moisture Content 

As no difference in sapwood MC was observed between the upper and lower part of the trees, all samples 
were pooled and averaged. The mean MC for sapwood of the seven trees sampled at the start of the 
experiment (time-0 trees) was 131% (with standard deviation of 22). At six weeks, the sour-felled trees 
had a mean MC of 121% (StDev 19), while the delimbed (control) logs had an MC of 136% (StDev 18). 
No significant change in MC was therefore found between the sour-felled trees and the delimbed trees, 
nor between time 0 and six weeks. 



5.2.2 Parenchyma Viability 

At both 0 and six weeics, all of the sapwood on all of the trees sampled was found to contain live 
parenchyma, as demonstrated with the TTC test. This indicated that the parenchyma cells would have 
been respiring during the test, using up some of the stored carbohydrates in the process. It also indicated 
that the trees would still have some residual resistance to infection, albeit declining as the trees die. The 
TTC test is not quantitative and it is unknown what proportion of the parenchyma had died. 

5.2.3 Lipophilic Extractives 

Appendix I reports the concentration of the lipophilic extractive (LE) components iri grams per kilogram 
of oven-dried wood, together with within-treatment standard deviations. While between-tree variability 
was relatively high, there was little variability in results between the triplicate samples analysed or 
between the two sampling positions within the tree. In a few trees, triglycerides, resin acids/fatty acids, 
and sometimes diglycerides/monoglycerides/steryls/fatty alcohols showed higher levels at the lower (3.4 
m) sampling point. 

Table 3 and Figure 4 summarise the data for four LE classes. Fraction E (triglycerides) accounted for 65-
70% of the total LE. After 6 weeks there was no significant difference between the control trees and the 
sour-felled trees. However both showed significantly more total acetone extracts than did the time-0 
trees. The triglycerides, resin acids/fatty acids and waxes/steryl esters components were all higher after 6 
weeks and were responsible for the difference in total LE. 

Table 3: Mean concentrations for the lipophilic extract classes 

Time -0 
Six - weelts 

Fraction 
Time -0 

Sour-felled Control 
Fraction 

g/kg" g/kg a g/kg" 
Mean StDev Mean StDev Mean StDev 

Total acetone extract (TAE) 24.40 3.80 33.10 1.50 32.60 5.60 
B) Diglycerides, monoglycerides, 
sterols, fatty alcohols 1.08 0.32 1.83 0.60 1.54 0.39 

C) Resin acids, fatty acids 3.46 0.56 6.16 0.94 5.0 1.1 

D) Waxes, steryl esters 1.72 0.21 2.57 0.55 2.24 0.41 

E)Triglycerides 16.20 2.70 21.40 2.10 23.00 4.70 

Loss/other 1.88 0.79 1.10 1.70 0.80 1.50 

Reported in g/lcg of oven-dried wood. 



Lipid dass 

Figure 4: Mean lipophilic extract classes in the three different treatments 

(See Table 3 for explanation of lipid classes.) 

5.2.4 Soluble Sugars 

As for the lipophilic extractives, the data for soluble sugars showed low variability between replicates of 
the same tree but higher variability between trees in the same treatment. Appendix I gives the 
concentration of the sugars (in g/kg of oven-dried wood) and standard deviations of pooled data. 

A typical chromatogram is shown in Figure 5. The fiicose standard had a retention time of ~6 min., 
galactose ~18 min., glucose ~21 min., xylose ~23 min., and mannose ~32 min. Glucose and mannose 
were the sugars mainly present in the time-0 trees. 

Glucose, mannose and xylose were the main sugars present in the sour-felled and control trees. 
Arabinose was not detected in any of the samples. 
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Figure 5: HPLC chromatogram of soluble sugar extract 

Most of the time-0 trees were found to have higher sugar concentrations in the upper (7.5 m) sample than 
in the lower one. This trend was not observed in the control or sour-felled trees after six weeks' storage, 
where no significant difference in sugar concentration was observed between the two within-tree 
sampling points, upper and lower. 

Table 4 and Figure 6 summarize the mean data. Glucose was the sugar with the highest concentration 
(35-56% of the total), followed by mannose (30-40% of the total). With one exception, there was no 
significant difference between the levels of individual or total sugars in the time-0 sour-felled or control 
samples. The exception was xylose which was significantly higher in the six-week samples than in the 
time-0 samples. 

Table 4: Mean sugar concentrations in sampled discs 

Time - 0 
Six - weeks 

Fraction 
Time - 0 

Sour-felled Control 
Fraction 

g/kg" g/kg" g/kg" 
Mean StDev Mean StDev Mean StDev 

Galactose 0.0007 0.0024 0.030 0.012 0.020 0.015 

Glucose 0.90 0.21 0.87 0.22 0.53 0.30 

Xylose 0.0481 0.086 0.56 0.18 0.45 0.14 

Mannose 0.65 0.13 0.70 0.20 0.45 0.25 

Total 1.60 0.36 2.15 0.57 1.46 0.70 
"Reported in g/lcg of oven-dried wood. 



Figure 6: Comparison of mean sugar concentrations between the three different treatments 
(Error bars are the standard deviation.) 

5.2.5 Starch Analysis 

The starch concentration in the samples is reported as starch-bound glucose in grams per kilogram of 
oven-dried wood. As significant difference in starch content was found between the two sampling 
positions of the tree the data was pooled (Table 5). After six weeks, the starch levels had dropped 
significantly in both the sour-felled and control trees to 32% or 21%), respectively, of the time-0 trees 
(Figure 7). Although the mean starch level appeared to be lower in the controls, the difference was not 
statistically significant. 

Table 5: Mean starch-bound glucose concentrations in the upper, lower and all samples 
at two tree heights 

(Starch-bound glucose g/kg of oven-dried wood) 

Treatment Time - 0 
Six-weeks 

Treatment Time - 0 
Sour-felled Control 

Mean StDev Mean StDev Mean StDev 
Lower (3.4 m) 1.30 0.38 0.45 0.40 0.31 0.10 
Upper (7.5 m) 1.35 0.39 0.38 0.28 0.26 0.10 

All 1.32 0.39 0.42 0.28 0.28 0.10 
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Figure 7: Comparison of mean starch-bound glucose concentrations in the three different 
treatments. 

(Error bars are the standard deviation.) 

5.2.6 Total Nitrogen 

Total nitrogen is reported in % w/w (oven-dried basis). As with the extractives, no difference was found 
between the data from the two sampling points, and, therefore the data was pooled as means (Figure 8). 
There was also no significant difference in the total nitrogen found in the time-0 trees and the sour-felled 
and control logs, with nitrogen levels of 0.0434±0.0022 %, 0.0451±0.0032% and 0.0468±0.0062%, 
respectively. The mean of these similar levels is 0.0451%, or 0.45g/kg, of elemental nitrogen. 
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Figure 8: Mean total nitrogen (%) in the three different treatments 
(Error bars are the standard deviation.) 
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5.2.7 Pinosylvin, Pinobanskin, and Pinocembrin Analyses 

The results of these analyses are given in Appendix 1. Most of the samples analyzed from time 0 and six 
weeks, whether from delimbed control logs pr from sour-felled trees, showed no detectable levels of 
pinosylvin, pinobanskin or pinocembrin. Results were not related to sample location within the sapwood. 
After six weeks of storage, there were more samples with detectable pinosylvin level (up to 144 ppm of 
dry wt) than found at time 0 (up to 2 ppm). Three samples from the sour-felled trees at six weeks 
showed levels of up to 1198 ppm of pinocembrin. This flavonoid was detected more often and at higher 
levels than either pinobanskin or pinosylvin. A typical chromatogram showing clear separation of these 
extractives is shown in Figure 9. 

Results of the MCs determined as part of this analytical process are not reported here, but the data were 
used to calculate the phenolic extractives content. In general, the mean MCs determined, as well as 
within-tree variation, were found to be similar to those previously determined at time 0 and six weeks (see 
5.2.1). 
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Figure 9: Example of an HPLC chromatogram for pinosylvin, pinobanskin and pinocembrin 
from a sour felled tree 
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5.3 General Discussion on Sapwood Nutrient Status 

Because no fungal colonization was visible on the logs or trees in this trial, any physiological changes that 
occurred would be attributed to respiration of parenchyma in the stem and branches or to log aging. 

No change in MC was observed between the time-0 trees and trees (either sour-felled or delimbed 
controls) sampled six weeks later. Sour-felling therefore did not result in increased drying of the stored 
trees. This could have been attributable to the generally cool conditions experienced. In previous work 
on P. radiata, Visser and Vermaas (1986) observed that the highest moisture losses (and greatest 
reduction in stain) occurred in the summer months. The authors suggested that South Africa's warm 
windy climate was well suited to the success of biological drying. 

Considering that the trees studied came from a relatively homogenous, even-aged stand, they showed 
larger than expected between-tree variation in the levels of lipophilic extracts, soluble sugars and starch. 
The concentration and composition of the extractive mixture has been found to vary among wood species, 
within and among trees, depending on tree age and environmental conditions. Our knowledge of within-
tree variation in lodgepole pine extractives is limited to the difference between heartwood and sapwood. 
As might be expected, lodgepole pine heartwood has higher acetone extractive content than does the 
sapwood (Chen et al. 1994b). Fatty and resin acids in softwood species are more abundant in heartwood 
and could in part be responsible for the inability of the heartwood to support growth of bluestain fungi. 
Steryl esters and wax concenfrations in softwoods are similar in heartwood and sapwood. Triglycerides 
are present in higher amounts in the sapwood and are known to be an important fiingal nutrient (Chen et 
al. 1994b). 

Wood resin content is reported to be highest when the trees flush in the spring (Perila and Toivonen 
1958). Studies indicate that the exfractives are highest in the winter/spring and lowest at the end of the 
growing period in August (Mutton 1958). If the sour-felled and confrol frees were still alive, as was 
indicated by the TTC test, they could have been undergoing regular seasonal fluctuation in nutrients, 
which would explain the slight increase in the resin acid/fatty acid, wax/steryl ester and friglyceride 
concenfration in the sour-felled trees. Because the sour-felled frees were left with the foliage on, they 
were possibly better able to detect and respond to changing environmental conditions, and this may have 
resulted in the amounts of some lipophilic extractives amounts increasing with storage. 

As well as being consumed by living tree cells, extractives can undergo volatilization, enzymatic 
hydrolysis and air oxidation during log storage. These reactions are slow, especially in the colder months 
of the year. The overall low temperatures encountered at the site during the storage period could have 
resulted in low metabolic rates for the trees, preventing changes that respiration would have brought in a 
warmer year. 

The levels of lipophilic exfractives detected here confirm other studies which indicate that the lipophilic 
exfractives are a major component of sapwood extractives and, based on their energy rich status, probably 
play an important role in fiingi nufrition and perhaps inhibition. Triglycerides can be hydrolyzed to fatty 
acids by fiingi as they assimilate the glycerol component, or by enzymatic hydrolysis ongoing in the 
parenchyma cells of the wood (Chen et al. 1995). Some fiingal sfrains will metabolize the free fatty acids 
released from the friglycerides (Chen et al. 1994b). The resin acid/fatty acid content in the sour-felled 
trees is the only one that is significantly higher from the time-0 trees. At 0.62%, this is approaching 



levels at which some fungal species are inhibited (-1%). Possibly this increase in resin acid/fatty acid 
content is a result of a defence mechanism in the sour-felled trees. 

Sapwood sugar concentrations change depending on the position within the tree and on the season. The 
highest levels of non-structural storage carbohydrates occur in the youngest, outermost sapwood; the 
lowest occur near the heartwood boundary. Heartwood itself contains no storage material (Magel et al. 
1994). In studies, concentrations of glucose, fructose and sucrose were found to be highest in the outer 
sapwood and these decreased gradually towards the innermost sapwood. On the other hand, the reverse 
pattern has been seen with arabinose, galactose and mannose which showed the greatest amount in the 
inner heartwood (Saranpaa and H611 1989). 

The increase in galactose and xylose in the stored sour-felled trees and control logs (compared with the 
time-0 trees) might have resulted from hydrolysis of hemicelluloses. Some authors have reported 
hemicelluloses being a form of food reserve in trees (Saranpaa and H611 1989). 

As with soluble sugars, starch content has been found to increase from autumn to winter and to decrease 
in early spring. Oligosaccharides have been found to be hydrolyzed to monosaccharides in spring 
(Terziev and Boutelje 1998). Being a storage carbohydrate, starch is held mainly in the sapwood 
decreasing progressively towards the heartwood. The large reduction in starch content between the time-
0 trees and the stored sour-felled and control trees indicates that starch - of all the extractives analyzed in 
this study - is being used as the primary energy source after the tree is cut down. Because it provides an 
energy-rich carbon source, starch can possibly play a role in synthesizing chemicals crucial to the defence 
mechanism of the tree. Like lipids, starch is transported inwards through ray parenchyma cells to provide 
energy for the formation of secondary metabolites in the heartwood. Results from studies performed by 
Magel et al. 1994 indicate that starch is hydrolyzed at the sapwood-heartwood boundary providing a 
major source for synthesis of hydroxycinnamic acid and flavonoids, compounds that inhibit fungal 
growth. 

The increased incidence and level of the phenolic extractives (pinosylvin, pinobanskin and pinocembrin) 
with storage may support the reports that these or similar compounds are produced in response to 
wounding or stress. 

Total nitrogen content did not change during log storage. This supports the findings of other workers 
who found that nitrogen content did not significantly differ from winter to spring (Terziev and Boutelje 
1998). This does not necessarily mean that the protein content remained constant and in this study there 
was a flux between various nitrogen components, but another study showed that certain proteins undergo 
seasonal fluctuations (Baba a/. 1993). 

After a period of six cool fall weeks, sour felling did not result in significant change in the contents of 
most lipophilic extractives, the amount of soluble sugar, or total nitrogen concentration. Significant 
changes were observed in the sour-felled trees as compared with the time-0 trees, but this cannot be 
attributed solely to the fact that the trees were sour-felled. 

Individual trees in the study could have undergone physiological changes that were masked by the fact 
that different trees were used in each treatment, with the accompanying variability that entailed. Given 
the higher than anticipated variability, a solution would be to sample the same trees throughout the study, 
using wood cores taken from same trees at different time intervals — i.e. non-destructive sampling — or 



(given the fact that height within the tree appeared to have little or no effect on the sampling discs) taken 
from close to the bottom of the log. 

6 Conclusions 
Because the conditions were not suitable for the formation of stain in delimbed lodgepole pine logs, this 
study was unable to determine whether sour felling had any effect on the prevention of bluestain during 
the fall of 1999. Weather data could be useful in predicting whether or not stain is likely to be a problem 
in any particular summer. 

The project did produce baseline data on the levels of extractives that are known nutrients for staining 
fungi. The order of nutrient abundance in trees felled in August 1999 was: 

• lipophilic extractives (24 g/kg), with triglycerides>resin acids/fatty acids>waxes/steryl 
esters>diglycerides/monglycerides/sterols/fatty acids 

• soluble sugars (1.6 g/kg), with glucose>mannose>xylose>galactose>arabinose 
• starch (1.3 g/kg) 
• nitrogenous compounds as elemental nitrogen (0.45 g/kg). 

Generally, the viability of parenchyma, the sapwood moisture content, and the amounts of nutrients 
present in the sapwood remained at the same level over the six-week storage period irrespective of 
whether the logs were from trees that had been delimbed or from trees that had been left in their full 
lengths with the limbs and foliage intact. 

One nutrient, starch, was depleted to 20-30% of its original amount over the six-week storage period and 
was probably the major energy source for the dying but respiring parenchyma. Smaller increases in some 
lipoplilic extractives and in the sugars xylose and galactose were observed with storage. 

Contents of pinosylvin, pinobanskin and pinocembrin ( some of the compounds thought to prevent fimgal 
attack of heartwood) were below detectable levels in most logs sampled. However, some stored logs had 
small amounts of these extractives present. 

There was no difference in levels of nutrients, whether the trees were sampled at a height of 3.4 m or 
7.5 m, which was approximately the base of the crown. 

7 Recommendations 
The test should be repeated in a hot summer to determine the maximum possible effect that sour felling 
might have on the prevention of bluestain. 

Given the variability between trees, future samplings for nutrient analysis should be taken from the same 
logs at the start and end of the storage periods. 



The current test should be sampled in spring 2000 and additional, selected analyses done to determine if 
changes in nutrient status occurred during the extended log storage period. 
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Appendix I 

Analytical Data for Laboratory Samples 

• Moisture Content 
• Lipophilic Extractives 
• Soluble Sugars 
• Starch 
• Total Nitrogen 
• Pinosylvin, Pinobanskin and Pinocembrin 



Moisture Content of Green Trees: %ODW 

Time-0 trees Time-6 weeks Time-6 Weeks 
Sour-felled Control 

Sample" %ODW Sample %ODW Sample %ODW 
1-3.4A 109 S32-3.4A 127 C17-3.4A 130 
1-3.4B 124 S32-3.4B 125 C17-3.4B 129 
1-7.5A 140 S32-7.5A 109 C17-7.5A 138 
1-7.5B 123 S327.5B 112 C17-7.5B 148 
2-3.4A 129 S30-3.4A 142 C10-3.4A 91 
2-3.4B 120 S30-3.4B 147 C10-3.4B 149 
2-7.5A 156 S30-7.5A 135 C10-7.5A 131 
2-7.5B 120 S30-7.5B 90 C10-7.5B 141 
3-3.4A 145 S24-3.4A 90 C21-3.4A 147 
3-3.4B 155 S24-3.4B 136 C21-3.4B 135 
3-7.5A 164 S24-7.5A 127 C21-7.5A 167 
3-7.5B 174 S24-7.5B 111 C21-7.5B 127 
4-3.4A 120 
4-3.4B 121 Mean 121 Mean 136 
4-7.5A 117 StDev 19 StDev 18 
4-7.5B 112 
5-3.4A 112 
5-3.4B 125 
5-7.5A 120 
5-7.5B 92 
6-3.4A 160 
6-3.4B 174 
6-7.5A 136 
6-7.5B 152 
7-3.4A 104 
7-3.4B 120 
7-7.5A 138 
7-7.5B 107 

Mean 131 
StDev^ 22 

^ % O D W : moisture percent of oven-dried weight. 

" All samples were done in duplicate. 

The standard deviation was used to show variability in the data. 



Lipophilic Extractives: Time-0 trees 

As g/kg of oven-dried wood^ 
Fraction: TAE" B C D E Loss/Other 

DG, MG, S RA, FA W, SE TG= 
Fa! 

Sample" 
1-3.4A 20.39 0.57 2.91 1.95 .13.28 1.68 
1-3.4B 20.23 0.66 2.88 1.78 13.51 1.41 
1-3.4C 20.46 0.66 2.89 1.74 13.33 1.84 

1-7.5A 20.69 0.99 2.95 1.79 13.92 1.04 
1-7.5B 21.06 0.77 3.48 1.93 13.79 1.09 
1-7.5C 20.93 0.70 3.15 1.85 13.95 1.27 

2-3.4A 25.09 0.99 3.34 1.65 16.98 2.12 
2-3.4B 25.13 1.49 3.79 1.96 16.91 0.97 
2-3.4C 25.20 1.53 3.74 1.44 16.52 1.96 

2-7.5A 25.38 1.37 3.17 1.88 17.58 1.37 
2-7.5B 25.22 1.32 2.95 1.63 17.04 2.27 
2-7.5C 25.07 1.48 2.78 2.02 17.35 1.44 

6-3.4A 31.63 0.82 4.52 1.57 21.57 3.14 
6-3.4B 30.85 1.09 4.39 1.80 21.28 2.29 
6-3.4C 31.61 1.27 4.47 1.37 20.32 4.18 

6-7.5A 23.18 1.40 3.72 1.40 14.74 1.91 
6-7.5B 23.18 1.17 3.58 1.72 14.73 1.99 
6-7.5C 23.02 1.18 3.48 1.37 15.21 1.77 

3.4 m-IMean 25.62 1.01 3.66 1.70 17.08 2.18 
3.4 m-StDev 4.78 0.36 0.69 0.21 3.35 0.96 

7.5 m-Mean 23.08 1.15 3.25 1.73 15.37 1.57 
7.5 m-StDev 1.88 0.28 0.33 0.23 1.54 0.43 

All-Mean 24.35 1.08 3.46 1.72 16.22 1.88 
AII-StDev 3.76 0.32 0.56 0.21 2.68 0.79 

VoTAE' 4.44 14.24 7.23 66.54 7.55 
%TAE-StDev 1.19 1.39 1.55 1.81 2.18 

^ All fractions are reported In g/kg of oven-dried wood. 

" TAE, total acetone extract is fractioned into four classes: B, C, D and E whicfi contain tiie components as described below. 

Abbreviations : DG, diglycerides: MG, monoglycerides; S, sterols; Fal, fatty alcotiols; RA, resin acids; FA, fatty acids; 

W, waxes; SE, steryl esters; TG, triglycerides. 

" Sample code, 1-3.4A means: Tree #1, sampled at 3.4 m from butt of tree, replicate A. Eacti tree was sampled at 

3.4 m and 7.5 m. Each sample was done in triplicate: A, B and 0. 

® StDev: standard deviation Is used to stiow tfie variability in the data. 

* %TAE: each fraction was reported as percent of the total acetone extract. 



Lipophilic Extractives: Time - 6 Weeks Sour-felled trees 

As g/kg of oven-dried wood" 
Fraction: TAE' B C 

DG, MG, S RA, FA 
Fal 

D 
W, SE 

E 
TG'= 

Loss/Other 

Sample" 
S24-3.4A 34.21 3.20 7.57 2.78 21.41 -0.75 
S24-3.4B 33.92 2.85 6.51 2.48 20.51 1.56 
S24-3.4C 33.03 2.44 6.88 2.30 18.66 2.75 

S24-7.5A 31.95 1.93 5.06 2.81 22.58 -0.43 
S24-7.5B 31.71 2.04 4.42 2.89 22.58 -0.21 
S24-7.5C 31.25 1.41 4.06 2.36 20.41 3.01 

S30-3.4A 32.13 1.79 6.28 2.64 18.51 2.90 
S30-3.4B 32.18 1.98 6.35 2.23 20.37 1.25 
S30-3.4C 32.61 1.55 5.86 2.79 19.12 3.30 

S30-7.5A 33.24 0.76 5.79 4.11 21.16 1.42 
S30-7.5B 33.40 1.29 6.50 3.42 22.14 0.06 
S30-7.5C 33.33 1.15 5.83 2.77 18.94 4.64 

S32-3.4A 36.22 1.68 7.66 2.21 26.37 -1.70 
S32-3.4B 35.52 1.39 6.78 1.84 24.28 1.22 
S32-3.4C 35.67 2.07 6.75 1.77 24.75 0.33 

S32-7.5A 31.90 1.31 6.55 2.32 21.17 0.55 
S32-7.5B 31.43 1.93 6.32 2.55 21.34 -0.70 
S32-7.5C 31.89 2.08 5.79 2.08 20.81 1.13 

3.4 m-Mean 33.94 2.11 6.74 2.34 21.55 1.21 
3.4 m-StDev 1.57 0.61 0.58 0.37 2.89 1.69 

7.5 m-Mean 32.23 1.54 5.59 2.81 21.24 1.05 
7.5 m-StDev 0.85 0.47 0.90 0.62 1.15 1.77 

All-Mean 33.09 1.83 6.16 2.57 21.39 1.13 
AII-StDev 1.51 0.60 0.94 0.55 2.14 1.68 

%TAE' 5.52 18.58 7.81 64.62 3.47 
%TAE-StDev 1.78 2.39 1.75 5.07 5.09 

^ All fractions are reported in g/kg of oven-dried wood. 

" TAE, total acetone extract is fractioned Into four classes: B, C, D and E wfiich contain ttie components as described below. 

Abbreviations: DG, diglycerides; MG, monoglycerides; S, sterols; Fal , fatty alcofiols; RA, resin acids; FA, fatty acids; 

W, waxes; SE , steryl esters; TG, triglycerides. 

" Sample code, S24-3.4A means: Sour-felled tree #24, sampled at 3.4 m from butt of tree, replicate A. Each tree 

was sampled at 3.4 m and 7.5 m. Each sample was done in triplicate: A, B and C. 

° StDev: standard deviation is used to show the variability in the data. 

' %TAE, each fraction was reported as percent of the total acetone extract. 



Lipophilic Extractives: Time - 6 Weeks Control (delimbed) trees 

As g/kg of oven-dried wood" 
Fraction: TAE^ B 

DG, MG, S 
Fal 

C 
RA, FA 

D 
W, SE 

E 
TG-̂  

Loss/Other 

Sample" 
C10-3.4A 41.86 2.33 7.33 1.94 32.69 -2.44 
C10-3.4B 41.86 1.92 6.42 2.32 29.74 1.47 
C10-3.4C 41.79 2.23 6.08 1.69 27.94 3.84 

C10-7.5A 37.26 1.39 4.41 2.58 26.82 2.06 
C10-7.5B 37.30 1.68 4.79 2.74 28.91 -0.83 
C10-7.5C 37.46 1.67 5.16 2.36 28.07 0.20 

C17-3.4A 29.40 1.51 4.41 1.65 21.21 0.63 
C17-3.4B 28.78 1.52 4.78 1.70 21.03 -0.24 
C17-3.4C 29.20 1.54 4.64 1.90 20.58 0.54 

C17-7.5A 25.62 1.35 3.62 1.96 18.71 -0.03 
C17-7.5B 25.42 1.27 3.02 2.07 18.28 0.77 
CI 7-7.50 25:76 0.91 2.99 1.84 18.43 1.58 

C21-3.4A 29.84 1.97 5.59 2.82 19.02 0.43 
C21-3.4B 29.17 1.54 5.86 2.46 18.77 0.54 
C21-3.4C 29.76 0.91 4.87 2.79 19.24 1.95 

C21-7.5A 31.69 1.49 5.40 2.47 21.16 1.17 
C21-7.5B 31.89 1.44 5.01 2.25 19.75 3.45 
C21-7.5C 31.98 1.09 5.95 2.84 23.25 -1.14 

3.4m-Mean 33.52 1.72 5.55 2.14 23.36 0.75 
3.4m-StDev' 6.25 0.44 0.97 0.47 5.29 1.69 

7.5m-Mean 31.60 1.37 4.48 2.35 22.60 0.80 
7.5m-StDev 5.09 0.25 1.06 0.35 4.32 1.45 

All-Mean 32.56 1.54 5.02 2.24 22.98 0.78 
AII-StDev 5.61 0.39 1.13 0.41 4.70 1.53 

%TAE' 4.74 15.42 7.04 70.38 2.43 
%TAE-StDev 0.88 2.48 1.54 4.67 4.26 

^ All fractions are reported in g/Kg of oven-dried wood. 

" TAE: total acetone extract is fractioned into four classes: B, C, D and E wtilch contain ttie components as described below. 

Acronyms: DG, diglycerides; MG, monoglycerides; S, sterols; Fal, fatty alcohols; RA, resin acids; FA, fatty acids; 

W, waxes; SE, steryl esters; TG, triglycerides. 

" Sample code, C10-3.4A means: Control (delimbed) tree #10, sampled at 3.4 m from butt of tree, replicate A. Each 

tree was sampled at 3.4 m and 7.5 m. Each sample was done in triplicate: A, B and 0. 

® StDev: standard deviation Is used to show the variability in the data. 

' %TAE: each fraction was reported as percent of the total acetone extract. 



Soluble Sugar Analysis: Time-0 trees 

A s g/kg of oven-dried wood" 

S a m p l e ' Ga lac tose G l u c o s e X y l o s e M a n n o s e Total 

7-7.5C 0 0.764 0 0.539 1.302 

7-7.5B 0 0.787 0 0.561 1.348 

7-7.5A 0 0.789 0 0.563 1.352 

7-3.4C 0 0.741 0 0.553 1.294 

7-3.4B 0 0.781 0 0.573 1.354 

7-3.4A 0 0.797 0 0.589 1.386 

6-7.5C 0 0.748 0.0361 0.550 1.334 

6-7.5B 0 0.768 0.0309 0.578 1.377 

6-7.5A 0 0.738 0.0378 0.554 1.330 

6-3.4C 0 0.851 0 0.641 1.491 

6-3.48 0 0.854 0 0.646 1.501 

6-3.4A 0 0.836 0 0.621 1.457 

5-7.5C 0 0.773 0.1197 0.583 1.476 

5-7.5B 0 0.747 0.1147 0.562 1.423 

5-7.5A 0 0.751 0.1094 .0.563 1.424 

5-3.4C 0.00901 0.723 0 0.525 1.257 

5-3.4B 0.00938 0.713 0 0.520 1.242 

5-3.4A 0.00955 0.705 0 0.521 1.236 

4-7.5C 0 1.048 0 0.757 1.805 

4-7.5B 0 1.039 0 0.767 1.806 

4-7.5A 0 1.059 0 0.777 1.836 

4-3.4C 0 0.761 0 0.596 1.356 

4-3.4B 0 0.753 0 0.598 1.351 

4-3.4A 0 0.742 0 0.565 1.307 

3-12C 0 1.293 0.2691 0.876 2.439 

3-128 0 1.164 0.2510 0.778 2.193 

3-12A 0 1.333 0.2666 0.927 2.526 

3-3.4C 0 1.018 0 0.728 1.747 

3-3.48 0 0.984 0 0.701 1.685 

3-3.4A 0 1.060 0 0.753 1.813 

2-7.5C 0 1.217 0.0425 0.853 2.113 

2-7.58 0 1.309 0.0456 0.905 2.259 

2-7.5A 0 1.240 0.0374 0.846 2.124 

2-3.4C 0 0.680 0.2236 0.497 1,400 

2-3.4B 0 0.690 0.2209 0.503 1.414 

2-3.4A 0 0.683 0.2154 0.494 1.393 

1-7.5C 0 1.230 0 0.858 2.088 

1-7.58 0 0.980 0 0.688 1.668 

1-7.5A 0 1.218 0 0.837 2.055 

1-3.4C 0 1.079 0 0.764 1.843 

1-3.4B 0 0.768 0 0.554 1.321 

1-3.4A 0 0.735 0 0.518 1.253 

3.4 m-Mean 0.0013 0.807 0.0314 0.5934 1.4334 

3.4 m-StDev= 0.0033 0.125 0.0789 0.0845 0.1861 

7.5 m-Mean 0.0000 1.000 0.0648 0.7105 1.7751 

7.5 m-StDev 0.0000 0.228 0.0913 0.1423 0.4072 

Al l -Mean 0.0007 0.903 0.0481 0.6520 1.6042 

AII-StDev 0.0024 0.206 0.0860 0.1299 0.3573 

• / . T S E " 0.0534 56.298 2.7981 40.8507 

% T S E - S t D e v 0.1951 2.853 4.9261 2.3549 

' Amount of eacfi sugar is reported in g/Kg of oven-dried wood. 

" Sample code, eg. 1 -3.4A means tree #1 sampled at 3.4 m from butt of tree, replicate A. Eacti tree 

was sampled at 3.4 m and 7.5 m. Tree #3 was sampled al -12 m, not 7.5 m. Eacti sample was done 

in triplicate: A, B and C. 

° Variability of data was stiown by the standard deviation. 

" %TSE, percent of total sugar extract. 



Soluble Sugar Analysis: Time- 6 Weeks Sour-felled trees 

As g/kg of oven-dried wood^ 

Sample" Galactose Glucose Xylose Mannose Total 
S32-7.5C 0.023 0.601 0.348 0.464 1.436 
S32-7.5B 0 0.624 0.353 0.476 1.454 
S32-7.5A 0 0.620 0.340 0.477 1.437 

S32-3.4C 0.035 0.724 0.440 0.520 1.719 
S32-3.4B 0.028 0.758 0.443 0.538 1.767 
S32-3.4A 0.033 0.707 0.438 0.515 1.693 

S30-7.5C 0.035 0.976 0.569 0.909 2.489 
S30-7.5B 0.038 0.982 0.546 0.887 2.454 
S30-7.5A 0.030 1.006 0.553 0.908 2.497 

S30-3.4C 0.028 0.694 0.445 0.598 1.766 
S30-3.4B 0.031 0.679 0.445 0.591 1.746 
S30-3.4A 0.030 0.684 0.455 0.570 1.738 

S24-7.5C 0.036 0.893 0.852 0.680 2.461 
S24-7.5B 0.042 0.937 0.840 0.723 2.543 
S24-7.5A 0.040 0.922 0.854 0.720 2.537 

S24-3.4C 0.039 1.260 0.726 0.974 3.000 
S24-3.4B 0.036 1.245 0.760 0.974 3.015 
S24-3.4A 0.039 1.256 0.732 1.011 3.037 

3.4m-Mean 0.033 0.890 0.543 0.699 2.165 
3.4m-StDev" 0.004 0.274 0.148 0.218 0.640 

7.5m-Mean 0.027 0.840 0.584 0.694 2.145 
7.5m-StDev 0.016 0.172 0.218 0.187 0.528 

All-Mean 0.030 0.865 0.563 0.696 2.155 
AII-StDev 0.012 0.223 0.182 0.197 0.569 

•/oTSE" 1.383 40.334 25.979 32.304 
%TSE-StDe 0.551 2.219 3.777 2.655 

^ Amount of each sugar is reported in g/Kg of oven-dried wood. 
" Sample code, S24-3.4A means: Sour-felled tree #24 sampled at 3.4 m from butt of tree, replicate A. Each tree 

was sampled at 3.4 m and 7.5 m. Each sample was done in triplicate: A, B and C. 
Variability of data was shown by the standard deviation. 

" %TSE: percent of total sugar extract. 



Soluble Sugar Analysis: Tlme-6 weeks Control (delimbed) trees 

As g/kg of oven-dried wood^ 
Sample" Galactose Glucose Xylose Mannose Total 
C21-7.5C 0 0.144 0.215 0.125 0.485 
C21-7.5B 0 0.155 0.217 0.127 0.499 
C21-7.5A 0 0.162 0.227 0.126 0.515 

C21-3.4C 0 0.207 0.331 0.177 0.716 
C21-3.4B 0 0.214 0.303 0.184 0.701 
C21-3.4A 0 0.208 0.341 0.183 0.732 

C17-7.5C 0.028 0.542 0.562 0.468 1.600 
C17-7.5B 0.029 0.544 0.560 0.466 1.598 
C17-7.5A 0.024 0.534 0.532 0.468 1.558 

C17-3.4C 0.034 0.557 0.487 0.462 1.540 
C17-3.4B 0.030 0.531 0.548 0.447 1.556 
C17-3.4A 0.030 0.559 0.475 0.454 1.517 

•C10-7.5C 0.031 0.996 0.603 0.849 2.480 
C10-7.5B 0.032 0.983 0.667 0.836 2.517 
C10-7.5A . 0.037 1.009 0.609 0.855 2.508 

C10-3.4C 0.032 0.770 0.491 0.648 1.941 
C10-3.4B 0.026 0.730 0.490 0.599 1.845 
C10-3.4A 0.026 0.762 0.471 0.632 1.891 

3.4 m-Mean 0.020 0.504 0.438 0.421 1.382 
3.4 m-StDev'= 0.015 0.238 0.088 0.195 0.523 

7.5 m-Mean 0.020 0.563 0.466 0.480 1.529 
7.5 m-StDev 0.015 0.365 0.188 0.312 0.868 

All-Mean 0.020 0.534 0.452 0.450 1.456 
AII-StDev 0.015 0.301 0.143 0.254 0.699 

•/oTSE" 1.087 34.909 34.572 29.431 
%TSE-StDev 0.827 4.234 8.265 3.472 

^ Amount of each sugar is reported in g/Kg of oven-dried wood. 
^ Sample code C10-3.4A means: Control tree #10 sampled at 3.4 m from butt of tree, replicate A. Each tree 

was sampled at 3.4 m and 7.5 m.Each sample was done in triplicate: A, B and C. 
Variability of data was shown by the standard deviation. 

" %TSE: percent of total sugar extract. 



starch Analysis: Time-0 trees 

starch-bound Glu+Soluble Glu Mean/Sample StdDev^ 
Sample^ g/kg of oven-dried wood" 
St6-7.5C 1.831 
St6-7.5B 1.810 
St6-7.5A 1.847 1.829 0.019 
St6-3.4C 2.423 
St6-3.4B 2.269 
St6-3.4A 2.379 2.357 0.079 
St2-7.5C 2.151 
St2-7.5B 2.507 
St2-7.5A 2.302 2.320 0.179 
St2-3.4C 1.496 
St2-3.4B 1.685 
St2-3.4A 1.458 1.546 0.122 
St1-7.5C 3.254 
St1-7.5B 3.308 
St1-7.5A 2.581 3.048 0.405 
St1-3.4C 2.444 
St1-3.4B 2.301 
St1-3.4A 2.399 2.381 0.073 

Sample Starch-bound Glu+Soluble Glu: Soluble Glu: as g/kg Starch-bound Glu only: 
as g/kg of oven-dried wood of oven-dried wood'' g/kg of oven-dried wood 

1-3.4 2.381 0.860 1.521 
1-7.5 3.048 1.142 1.905 

2-3.4 1.546 0.684 0.862 
2-7.5 2.320 1.255 1.065 

6-3.4 2.357 0.847 1.510 
6-7.5 1.829 0.751 1.078 

3.4 m-Mean 1.298 
StDev 0.377 

7.5 m-Mean 1.349 
StDev 0.481 

All-Mean 1.323 
StDev 0.388 

Sample code St1-3.4A means: Starch analysis for tree #1, sampled at 3.4 m, replicate A. 
Each tree was sampled at 3.4 m and 7.5 m from the butt. Each sample was done in triplicate: 
A, B and C. 
Starch analysis provided numbers for the amount of starch bound glucose plus the free 
soluble glucose and is reported in g/Kg of oven-dried wood. 
Standard deviation was used to show variability in the data. 

" Soluble free glucose amounts were taken from the soluble sugar analysis. 



starch Analysis: Tinie-6 Weeks Sour-felled trees 

Starch-bound Glu+Soluble Glu Mean/Sample StdDev" 
Sample^ as g/kg of oven-dried wood'' 
S32-7.5CSt 0.8831 
S32-7.5BSt 0.8513 
S32-7.5ASt 0.8233 0.8526 0.0299 
S32-3.4CSt 0.9116 
S32-3.4BSt 0.9079 
S32-3.4ASt 1.0366 0.9520 0.0733 
S30-7.5CSt 1.2943 
S30-7.5BSt 1.2925 
S30-7.5ASt 1.2497 1.2788 0.0253 
S30-3.4CSt 0.9076 
S30-3.4BSt 0.8944 
S30-3.4ASt 0.9178 0.9066 0.0117 
S24-7.5CSt 1.5369 
S24-7.5BSt 1.4967 
S24-7.5ASt 1.5754 1.5363 0.0394 
S24-3.4CSt 2.1780 
S24-3.4BSt 2.0557 
S24-3.4ASt 2.2466 2.1601 0.0967 

Sample Starch-bound Glu+Soluble Glu: Soluble Glu: as g/kg Starch-bound Glu only: 
as g/kg of oven-dried wood of oven-dried wood" as g/kg of oven-dried wood 

S24-3.4 2.160 1.254 0.906 
824-7.5 1.536 0.917 0.619 

S30-3.4 0.907 0.686 0.221 
S30-7.5 1.279 0.988 0.291 

S32-3.4 0.952 0.730 0.222 
S32-7.5 0.853 0.615 0.237 

3.4 m-Mean 0.450 
StDev 0.395 

7.5 m-Mean 0.382 
StDev 0.207 

All-Mean 0.416 
StDev 0.285 

^ Sample code S24-3.4ASt means: Sour-felled tree #24, sampled at 3.4m, replicate A, starcti analysis. 
Eacti tree was sampled at 3.4 m and 7.5 m from the butt. Each sample was done in triplicate: 
A, B and C. 

" Starch analysis provided numbers for the amount of starch-bound glucose plus the free 
soluble glucose and is reported in g/Kg of oven-dried wood. 

° Standard deviation was used to show variability in the data. 
" Soluble free glucose amounts were taken from the soluble sugar analysis. 



starch Analysis: Time-6 Weeks Control (delimbed) trees 

Starch-bound Glu+Soluble Glu Mean/Sample StdDev" 
Sample' g/kg of oven-dried wood" 
C21-7.5C 0.2917 
C21-7.5B 0.2617 
C21-7.5A 0.2950 0.2828 0.0184 
C21-3.4C 0.4225 
C21-3.4B 0.4001 
C21-3.4A 0.3953 0.4060 0.0145 
C17-7.50 0.9122 
C17-7.5B 0.9635 
C17-7.5A 0.8513 0.9090 0.0562 
017-3.40 0.9414 
017-3.4B 0.9630 
C17-3.4A 0.9280 0.9441 0.0176 
010-7.50 1.2746 
O10-7.5B 1.2372 
O10-7.5A 1.2817 1.2645 0.0239 
C10-3.4C 1.0547 
O10-3.4B 1.1426 
O10-3.4A 1.0415 1.0796 0.0549 

Sample Starch bound Glu+Soluble Glu: Soluble Glu: g/kg Starch bound Glu only: 
g/kg of oven-dried wood of oven-dried wood" g/kg of oven-dried wood 

010-3.4 1.080 0.754 0.326 
O10-7.5 1.265 0.996 0.269 

017-3.4 0.944 0.549 0.395 
017-7.5 0.909 0.540 0.369 

021-3.4 0.406 0.210 0.196 
021-7.5 0.283 0.154 0.129 

3.4m-Mean 0.306 
StDev 0.101 

7.5m-Mean 0.256 
StDev 0.120 

All-Mean 0.281 
StDev 0.103 

' Sample code C10-3.4A means: Starch analysis for control tree #10, sampled at 3.4 m, replicate A. 
Each tree was sampled at 3.4 m and 7.5 m from the butt. Each sample was done in triplicate: 
A, B and 0. 

" Starch analysis provided numbers for the amount of starch-bound glucose plus the free 
soluble glucose and is reported in g/Kg of oven-dried wood. 

" Standard deviation was used to show variability in the data. 
Soluble free glucose amounts were taken from the soluble sugar analysis. 



Total Nitrogen' 

Time-0 trees Time-6 Weeks Time-6 Weeks 
Sour-felled trees Control (delimbed) trees 

Sample" Total N (%) Sample Total N(%) Sample Total N (%) 
1-3.4A 0.04 S24-3.4A 0.045 C10-3.4A 0.053 
1-3.4B 0.043 S24-3.4B 0.049 C10-3.4B 0.053 
1-7.5A 0.043 S24-7.5A 0.045 C10-7.5A 0.053 
1-7.5B 0.043 S24-7.5B 0.045 C10-7.58 0.049 
2-3.4A 0.045 S30-3.4A 0.045 C17-3.4A 0.041 
2-3.4B 0.043 S30-3.48 0.045 C17-3.48 0.045 
2-7.5A 0.048 S30-7.5A 0.049 C17-7.5A 0.034 
2-7.58 0.043 S30-7.5B 0.049 017-7.58 0.049 
6-3.4A 0.045 S32-3.4A 0.041 C21-3.4A 0.038 
6-3.48 0.045 S32-3.48 0.038 C21-3.4B 0.049 
6-7.5A 0.043 S32-7.5A 0.045 C21-7.5A 0.049 
6-7.58 0.04 S32-7.5B 0.045 C21-7.5B 0.049 

Mean 0.0434 0.0451 0.0468 
StDev^ 0.0022 0.0032 0.0062 

^ Total nitrogen analysis was performed by Pacific Soil Analysis Inc., Ricfimond, B.C., using 
ttie Kjeldahl method. 

" All trees were sampled at two locations, 3.4m and 7.5m from the butt. Each sample was done in duplicate:,A and B. 
Sample code 1-3.4A means: tree #1 sampled at 3.4 m, replicate A. 
The standard deviation was used to show data variability. 



Pinosylvins, Pinobanskin and Pinocembrin: Time - 0 trees .-"^ ^ 

Sample # Disk I.D. Weight g % Solids (/100) Cphcehtratioh:Mg/ml Concentration Mg/g!P.D.Wood (ppm) 
Pinobanikin Pinosylvin Pinocembrin Pinobanskin Pinosylvin Plnocem1>rin 

1 V 1 A 0.9091 0.44 0.00 0.00 0.00 0.00 0.00 0.00 
2 B 0.9086 0.50 0.00 0.00 0.00 0.00 0.00 0.00 
3 C 1.0220 0.55 0.42 0.12 0.00 7.49 2.06 0.00 
4 D 1.1328 0.51 0.57 0.00 0.00 9.91 0.00 0.00 
5 1 2 A 1.1029 0.38 0.00 0.00 0.00 0.00 0.00 0.00 
6 B 0.8969 0.41 0.00 0.00 0.00 0.00 0.00 0.00 
7 C 1.0192 0.45 0.00 0.00 0.00 0.00 0.00 0.00 
8 D 1.0907 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
9 2 1 A 1.1134 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
10 B 1.0565 0.49 0.22 0.00 0.00 4.15 0.00 0.00 
11 C 0.8427 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
12 D 1.0334 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
13 2 2 A 0.7477 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
14 B 0.8327 0.45 0.00 0.00 0.00 0.00 0.00 0.00 
15 C 1.0095 0.46 0.00 p.oo 0.00 0.00 0.00 0.00 
16 D 1.2708 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
17 3 2 A 1.1280 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
18 B 0.8847 0.36 0.00 0.00 0.00 0.00 0.00 0.00 
19 C 1.0566 0.38 0.00 0.00 0.00 0.00 0.00 0.00 
20 D 1.0341 0.37 0.00 0.00 0.00 0.00 0.00 0.00 
21 4 1 A 0.9681 0.37 0.00 0.00 0.00 0.00 0.00 0.00 
22 B 1.0402 0.47 0.00 0.00 0.88 0.00 0.00 17.98 
23 C 1.1882 0.47 0.00 0.00 0.00 0.00 0.00 0.00 
24 D 0.9985 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
25 4 2 A 1.0814 0.42 0.00 0.00 0.00 0.00 0.00 0.00 
26 B 0.8566 0.49 0.00 0.00 0.00 0.00 0.00 0.00 
27 C 1.2739 0.48 0.26 0.00 0.00 4.23 0.00 0.00 
28 D 1.1944 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
29 5 1 A 1.0149 0.36 0.00 0.00 0.00 0.00 0.00 0.00 
30 B 0.9408 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
31 C 1.0982 0.49 0.00 0.00 0.00 0.00 0.00 0.00 
32 D 0.9074 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
33 6 1 A 1.2717 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
34 B 0.8902 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
35 C 1.0270 0.44 0.00 0.10 0.00 0.00 2.21 0.00 
36 D 1.0360 0.41 0.00 0.00 0.00 0.00 0.00 0.00 
37 6 2 A 1.0545 0.38 0.00 0.00 0.00 0.00 0.00 0.00 
38 B 1.2177 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
39 C 0.8446 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
40 D 1.2068 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
41 B6 1 A 1.1580 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
42 B 0.9891 0.46 0.00 0.00 0.68 0.00 0.00 14.87 
43 C 1.2484 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
44 D 1.1031 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
45 7 1 A 1.0444 0.47 0.00 0.00 0.00 0.00 0.00 0.00 
46 B 0.7705 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
47 C 1.0325 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
48 D 0.8847 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
49 7 2 A 1.1032 0.39 0.00 0.00 0.00 
50 B 1.1048 0.44 0.00 0.00 0.00 
51 C 0.9137 0.38 0.00 0.00 0.00 
52 D 1.0754 0.47 0.00 0.00 0.00 



PInosylvins, Pinobanskin and Pinocembrin: Time - 6 weeks Sour-felied trees Time - 0 trees Sour-feiied trees 

Sampie # Disk i.D. Weight g % Solids (/100) Concentration pg/ml Concentration |ig/g O.D.Wood (ppm) 

53 S 24 a A 0.9861 0.45 0.26 0.00 0.00 5.77 • 0.00 0.00 
54 B 1.1627 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
55 C 0.9723 0.47 0.00 0.00 0.00 0.00 0.00 0.00 
56 D 1.191 0.39 0.00 0.00 0.46 0.00 0.00 9.91 
57 S 24 b A 1.111 0.39 0.00 0.00 2.04 0.00 0.00 46.91 
58 B 1.0331 0.44 0.22 0.00 0.38 4.72 0.00 8.16 
59 C 1.1792 0.44 0.00 0.00 0.00 0.00 0.00 0.00 
60 D 1.0014 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
61 S 28 a A 0.8618 0.45 0.00 0.00 0.00 aoo 0.00 aoo 
62 B 0.912 0.54 0.00 0.00 0.00 0.00 0.00 0.00 
63 C 1.2071 0.54 0.00 0.00 0.00 0.00 0.00 0.00 
64 D 1.2176 0.46 0.00 0.00 0.00 •0.00 0.00 0.00 
65 S 28 b A 1.002 0.44 0.00 0.00 0.00 0.00 0.00 0.00 
66 B 0.9998 0.53 0.00 0.00 0.00 0.00 0.00 0.00 
67 C 0.9791 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
68 D 1.1806 0.45 0.00 0.00 0.00 0.00 0.00 0.00 
69 S 30 a A 0.8805 0.39 0.00 0.00 0.00 0.00 aoo 0.00 
70 B 0.787 0.44 0.00 0.00 0.24 0.00 0.00 7.04 
71 C 0.8224 0.54 0.00 0.00 0.00 0.00 0.00 0.00 
72 D 0.8747 0.58 0.00 0.00 0.00 0.00 0.00 0.00 
73 S 30 b A 0.9306 0.40 0.00 0.08 4.30 0.00 2.18 114.63 
74 B 1.0151 0.40 0.00 0.00 1.63 0.00 aoo 37.80 
75 C 0.8491 0.58 0.00 0.00 0.24 0.00 0.00 4.76 
76 D 0.7713 0.55 0.00 0.00 0.00 0.00 0.00 0.00 
77 S 21 a A 0.9245 0.39 0.00 0.00 0.24 0.00 0.00 6.77 
78 B 0.8369 0.41 0.00 0.00 0.00 0.00 aoo 0.00 
79 C 1.1358 0.51 0.00 0.00 0.00 0.00 0.00 0.00 
80 D 0.9737 0.41 0.00 0.00 0.00 0.00 aoo 0.00 
81 S 21 b A 0.9385 0.48 0.00 0.00 0.00 0.00 aoo 0.00 
82 B 0.9799 0.61 0.21 0.00 0.00 3.43 0.00 aoo 
83 C 0.9801 0.39 0.00 0.00 0.00 0.00 aoo 0.00 
B4 D 1.0929 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
85 S 22 a A 1.2223 0.47 0.00 0.00 0.00 0.00 0.00 0.00 
86 B 1.0048 0.56 0.00 0.00 0.00 0.00 0.00 0.00 
87 C 0.9753 0.50 0.00 0.00 0.36 0.00 0.00 7.41 
88 D 1.062 0.42 0.00 0.00 0.00 0.00 0.00 0.00 
89 S 22 b A 1.2457 0.42 0.00 0.00 0.00 0.00 0.00 0.00 
90 B 0.9427 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
91 C 1.0928 0.46 0.00 0.00 0.00 0.00 0.00 0.00 
92 D 1.2171 0.41 0.28 0.10 2.23 5.64 2.08 44.49 
93 S 25 a A 1.0638 0.52 0.00 0.00 0.00 0.00 0.00 0.00 
94 B 1.0065 0.54 0.00 0.00 0.00 0.00 0.00 0.00 
95 C 1.0477 0.59 1.57 0.16 0.31 25.56 2.67 5.02 
96 D 1.0371 0.56 1.21 0.12 0.44 20.72 1.97 7.44 
97 S 25 b A 1.1575 0.52 0.72 0.00 0.00 12.09 0.00 0.00 
98 B 0.9367 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
99 C 0.8503 0.42 0.00 0.00 0.00 0.00 aoo 0.00 

100 D 0.9053 0.39 0.00 0.00 0.00 0.00 0.00 aoo 
101 S 27 a A 0.7691 0.46 0.00 0.00 0.00 0.00 0.00 aoo 
102 B 0.7483 0.50 0.00 0.00 0.00 0.00 aoo 0.00 
103 C 0.7595 0.33 0.00 0.00 0.22 0.00 0.00 8.74 
104 D 0.8228 0.37 0.00 0.00 0.00 0.00 aoo 0.00 
105 S 27 b A 1.1344 0.48 0.00 0.00 0.00 0.00 0.00 0.00 
106 B 0.9841 0.54 0.00 0.00 0.00 0.00 0.00 0.00 
107 C 0.9508 0.56 0.00 0.00 0.00 0.00 0.00 0.00 
108 D 0.8345 0.45 0.00 0.00 1.03 0.00 0.00 27.40 
109 S 29 a A 0.9059 0.48 0.00 0.00 0.00 0.00 0.00 aoo 
110 B 0.7551 0.55 3.16 1.78 18.76 76.61 43.20 455.24 
111 C 0.896 0.50 0.00 0.00 0.00 0.00 aoo 0.00 
112 D 1.2287 0.40 0.00 0.00 0.00 0.00 aoo 0.00 
113 S 29 b A 1.264 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
114 B 1.0344 0.44 0.00 0.00 0.00 0.00 aoo 0.00 
115 C 1.1568 0.58 0.25 0.00 0.00 3.77 aoo aoo 
116 D 1.013 0.62 0.52 0.13 0.00 8.22 1.98 0.00 
117 S 31 a A 1.0748 0.44 0.00 0.00 0.31 0.00 0.00 6.49 
118 B 0.7459 0.46 0.00 0.00 0.00 0.00 0.00 0.00 
119 C 1.1056 0.61 0.00 0.00 0.00 0.00 aoo 0.00 
120 D 1.2295 0.47 0.00 0.00 0.00 0.00 0.00 0.00 
121 S 31 b A 0.9642 0.45 0.00 0.00 0.00 0.00 0.00 0.00 
122 B 1.017 0.66 0.00 0.00 0.00 0.00 aoo 0.00 
123 C 0.9114 0.44 0.00 0.00 0.00 0.00 aoo 0.00 
124 , D 1.0208 0.42 0.00 0.00 0.00 0.00 0.00 0.00 
125 S 32 a A 0.6772 0.44 4.27 1.48 36.84 142.73 49.52 1198.35 
126 B 1.0137 0.75 2.74 10.97 85.82 36.03 144.10 1127.29 
127 C 0.8038 0.46 0.00 0.00 0.00 0.00 0.00 0.00 
128 D 1.2276 0.40 0.00 0.00 0.00 0.00 aoo 0.00 
129 S 32 b A 1.0327 0.44 0.00 0.00 0.00 0.00 0.00 0.00 
130 B 1.0543 0.49 0.00 0.00 0.25 0.00 0.00 4.79 
131 C 1.1945 0.51 0.00 0.00 0.32 0.00 0.00 5.25 
132 D 1.1389 0.46 0.00 0.00 0.00 0.00 0.00 0.00 



Pinosylv lns, Pinobanskin and Pinocembrin: Time • 6 weeks Control (delimbed) trees 

Sample # Disk I.D. Weight g % Solids (/100) Concentration pg/ml Concentrat ion |ig/g O.D.Wood (ppm) 
Pinosylvin Pinocnbdn nno»l«ln 

133 C 1 a A 1.1771 0.47 0.24 0,00 3,78 4.34 0.00 68,96 

134 B 0.8614 0.42 0.00 0.00 4,58 0.00 0.00 127,18 

135 C 0.8061 0.49 3.85 0,08 1,18 96.94 2.12 29,74 

136 D 1.1303 0.50 0.44 0.00 1.37 7.76 0.00 24,35 

137 0 1 b A 0.8671 0.41 0.00 0.00 0,00 0.00 0.00 0,00 

138 B 1.0987 0.42 0.00 0.00 0,00 0.00 0.00 0,00 

139 C 1.2121 0.50 0.00 0.00 0,00 0.00 0,00 0,00 

140 D 1.1871 0.45 0.00 0.00 0,00 0,00 0.00 0,00 

141 C 3 a A 1.1011 0.43 0.00 0.00 0,00 0.00 0,00 0.00 

142 B 0.7311 0.50 0.00 0.00 0.00 0.00 0.00 0.00 

143 C 0.7565 0.49 0.00 0.00 0.20 , 0.00 0.00 5.50 

144 D 1.0512 0.45 0.00 0.00 0.21 0.00 0.00 4,46 

145 C 3 b A 1.0288 0.43 0.00 0,00 0.89 0.00 0.00 19.99 

146 B 0.9341 0.49 0.00 0,00 0.00 0,00 0,00 0,00 

147 C 1.0877 0.29 0.00 0,00 0.00 0.00 0,00 0.00 

148 D 1.1112 0.43 0,00 0.00 0.00 0,00 0.00 0,00 

149 C 6 a A 1.2677 0.51 0.00 0.00 0,33 0.00 0.00 5.07 

150 B 0.7245 0.57 0.00 0.00 0,00 0,00 0.00 0,00 

151 C 0.9080 0.57 0.00 0.00 0,23 0,00 0.00 4.55 

152 D 0.8910 0.54 0.00 0,33 1,07 0.00 6.73 22,24 

153 C 6 b A 1.1819 0.50 0.00 0,00 0.26 0.00 0,00 4.49 

154 B 0.9271 0.56 0.00 0.00 0,00 0,00 0.00 0.00 

155 C 1.3193 0.75 0.00 0,00 0,00 0,00 0,00 0.00 

156 D 1.0483 0.42 0.00 0.00 0.00 0,00 0.00 0.00 

157 C 9 a A 1.1427 0.42 0.00 0.00 0.00 0.00 0,00 0,00 

158 B 1.0669 0.42 0.00 0.00 0.52 0.00 0.00 11.49 

159 C 0.7345 0.49 0.00 0.00 0,35 0.00 0,00 9.62 

160 D 0.8946 0.51 0.00 0.00 0.83 0,00 0.00 18.32 

161 C 9 b A 1.2118 0.45 0.00 0,00 2,32 0,00 0.00 42.56 

162 B 1.2317 0.47 0.00 0.00 0,20 0,00 0.00 3.44 

163 C 0.9970 0.75 0.00 0.00 0.00 0,00 0.00 0.00 

164 D 0.9915 0.28 0.00 0.00 0.00 0.00 0.00 0.00 

165 C 10 a A 0.8215 0.46 0.00 0.00 0.00 0,00 0,00 0.00 

166 B 1.0338 0.45 0.00 0.00 0,00 0.00 0.00 0.00 

167 C 0.9838 0.42 0.00 0.00 0.58 0,00 0,00 14.17 

168 D 1.2280 0.40 0.00 0.00 1.05 0.00 0.00 21.53 

169 C 10 b A 1.0956 0.40 0.00 0.00 0.49 0.00 0.00 11.16 

170 B 1.1959 0.42 0.00 0,00 0,00 0.00 0.00 0.00 

171 C 1.0413 0.42 0.00 0.00 0.23 0.00 0,00 5.17 

172 D 1.3786 0.38 0.00 0.00 0,54 0.00 0.00 10.34 

173 C 17 a A 1.0492 0.43 0.00 0.00 1.27 0.00 0.00 28.07 

174 B 1.0627 . 0.46 0.00 0.00 0.00 0.00 0.00 0.00 

175 C 0.8069 0.43 0,00 0.00 0.00 0.00 0.00 0.00 

176 D 1.0807 0.30 0.00 0.00 0.00 0.00 0.00 0.00 

177 C 17 b A 1.0758 0.40 0.00 0.00 0.00 0,00 0,00 0.00 

178 B 1.1369 0.40 0.00 0.00 0.00 0.00 0.00 0.00 

179 C 1.1793 0.47 0.00 0.00 0.00 0,00 0,00 0,00 

180 D 1.0275 0.55 0.00 0.19 0.82 0.00 3,46 14.54 

181 C 19 a A 0.8064 0.44 0,00 0,00 0.00 0.00 0,00 0.00 

182 B 0.7991 0.43 0.00 0.00 0,00 0.00 0.00 0.00 

183 C 1.2398 0.42 0.29 0.00 0,43 5.51 0.00 8.19 

184 D 0.8667 0.39 0.50 0.08 1.43 14,79 2.29 42.56 

185 C 19 b A 0.9905 0.44 0.27 0.00 0.56 6,19 0.00 12.73 

186 B 1.0156 0.47 0.00 0.00 0,00 0.00 0.00 0,00 

187 C 0.9317 0.43 0.00 0.00 1.31 0,00 0.00 32.85 

188 D 1.0651 0.38 0.51 0.09 2,92 12.62 2.30 72.97 

189 C 20 a A 0.8202 0.48 0.34 3.44 3.47 8,58 87.51 88.42 

190 B 1.0006 0.41 0,00 0.00 0.59 0,00 0,00 14.32 

191 C 0.9809 0.49 0.00 0,00 0,00 0,00 0,00 0.00 

192 D 0.9294 0.43 0,00 0.00 0,00 0.00 0,00 0.00 

193 C 20 b A 1.0557 0.42 0.00 0,00 0,24 0,00 0,00 5.31 

194 B 0.8534 0.47 0.00 0.00 0,00 0.00 0,00 0.00 

195 C 1.1263 0.46 0,00 0.00 0,43 0,00 0,00 8.41 

196 D 0.8879 0.49 0,00 0,00 0.00 0,00 0.00 0,00 

197 C 21 a A 1.0249 0.38 0,00 0.00 0.00 0,00 0,00 0.00 

198 B 0.9785 0.42 0,00 0,00 0.00 0.00 0,00 0.00 

199 C 1.0016 0.34 0.00 0,00 0,00 0,00 0,00 0.00 

200 D 0.8560 0.41 0,00 0.00 0,24 0.00 0,00 6.91 

201 C 21 b A 1.0037 0.42 0.00 0,00 0,00 0,00 0.00 0.00 

202 B 0.8415 0.41 0,00 0,00 0,00 0.00 0,00 0.00 

203 0 1.0658 0.50 0,00 0,00 0,00 0,00 0,00 0.00 

204 D 1.0771 0.35 0,00 0,00 0,00 0,00 0.00 0.00 
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ABSTRACT 

Discoloration of conifer wood caused by bluestain causes large economic losses in Canada. 
Most deep stain develops in the log stage during storage or transport. In a search for control 
strategies that will not disrupt woodlands productivity we tested "sour" felling, termed 
"hagarashi" in Japan. The practice involves delaying the delimbing of freshly harvested trees. 
The tree continues to transpire and to respire. This could result in partial drying of the wood 
and/or faster depletion of sapwood nutrients needed for the growth of bluestain fungi. 

Field experiments were done compared sour-felled trees with ones immediately processed by a 
harvester/delimber. We examined the development of stain and also analyzed sapwood 
nutrients. The latter included lipophilic extractives, phenolics, soluble sugars, starch and total 
nitrogen. There was no stain in both sets of trees, attributable to unfavourably cool weather. The 
viability of ray parenchyma cells and the moisture content remained similar in both sets of trees. 
Despite being unable to show a benefit in reduced stain this work provided baseline data for the 
levels of the extractives in fresh and stored lodgepole pine trees. Starch was depleted to 20-30% 
of its original amount over the six week period, presumably as it was used by the dying tree. 
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1 INTRODUCTION 

Bluestain in Canadian softwoods is caused mainly by fiangi of the Ophiostoma and Ceratocystis 
genera which infest wood in various stages (harvesting, storage, transport) before it reaches its 
potential customer (Uzunovic et al. 1999). Until relatively recently the assvmiption was that 
bluestain fimgi utilise only the sugars and starch present in the ray cells which they colonize 
(Eaton and Hale 1994). More recent work, however has shown that they also require a nitrogen 
source and are highly efficient at scavenging the low levels of nitrogen present (Abraham 1995). 
It is now also known that staining fimgi use triglycerides, fatty acids and other lipophilic tree 
nutrients as carbon and energy sources to support their growth (Chen et al 1994b, Blanchette et 
al 1992, Brush et al 1994, Chen et al 1994b, Gao et al 1994, Martinez-Inigo et al 1999). There 
is however little information about the quantities of these fimgal nutrients available in sapwood. 

In determining bluestain-control strategies which might be implemented without disrupting 
woodlands, or mill, productivity one possibility is felling the trees and leaving the foliage on for 
a period before delimbing. This method is known as either transpirational drying, delayed 
bucking, leaf seasoning, leaf felling, biological drying, delayed delimbing or sour felling. It has 
been found to reduce the moisture content of wood in some species through the loss of water by 
transpiration (McMiim 1986). This method, known as "hagarashi", is widely used in Japan as a 
pre-drying method for Japanese softwood logs, mainly of sugi, Cryptomeria japonica D. Don. 

Once felled the tree is severed from its vmderground water source and active transpiration 
continues but only until the turgor pressure in the stem is reduced. At that point the foliage wilts 
and the stem "sours". Sour felling has been proposed in Alberta as a method of reducing the 
moisture content, thereby enabling more logs to be carried on logging trucks. It has been tested 
on hardwoods (aspen and black poplar) and on white spruce (Forrester, 1991). We assume that 
sour felled trees continue to respire, using up their nutritional resources. Staining fungi have 
evolved to enable them to exploit wet, green, sapwood which is rich in nutrients. Therefore if 
this substrate can be changed there is a possibility that bluestain fungi will not be able to flourish. 
Visser and Vermaas (1986) linked drying through sour felling with bluestain prevention. They 
observed both significant weight losses (up to 44% in 8 days) and considerably reduced bluestain 
development in sour felled Pinus radiata in South Afiica, but only in the summer months. 

The project was set up to determine whether sour felling could be a method of reducing bluestain 
problems in lodgepole pine (Pinus contorta Dougl.), westem Canada's most conmionly harvested 
tree. The project was designed to incorporate analyses of sapwood extractives at the begiiming 
of the trial, and at the end, in order to track changes in the availability of nutrients for fimgi. It 
was also planned to determine changes in wood moisture content, viability of parenchyma and 
the presence or development of phenolic extractives. 



2 METHODS 

2.1 Preparation and Treatment 

2.1.1 Tree Felling and Log Sampling 

On August 31, 1999, near Edson, Alberta 57 lodgepole pine {Pinus contorta Dougl.) trees 85 to 
100 years old and from the same stand were mechanically harvested. Twenty of the trees were 
delimbed by the processor to act as controls. Thirty were left with the limbs intact on the stems 
(sour-felled). The two sets of trees were piled separately and left at the roadside. Seven of the 
trees (referred to as time-0 trees) were mechanically delimbed and two adjacent 50 mm discs 
were taken from two positions in each tree, ~3.4 m and -7.5 m up from ground level. Discs were 
labeled and individually put into polyethylene bags to prevent them fi-om drying. Two data 
loggers were installed into piles to monitor the temperature and relative humidity (RH) at the test 
site. 

In October 1999 the test site was revisited in order to take the second set of samples (6 week 
samples) ft'om the logs. During sampling it became apparent that no bluestain had occurred on 
the logs after six weeks, probably due to the coolness of the weather. Realizing at this stage that 
the primary objective of the project (to determine if prevention of bluestain was possible by sour 
felling) could not be achieved we abandoned the remaining trees. However, at week 6, three 
trees from the delimbed pile and three trees from the sour-felled pile were removed and sampled, 
in the same maimer as the time-0 trees, in order to determine the effect of the storage on the 
nutrient status of the sapwood. 

2.2 Laboratory Testing of Wood Samples 

The time-0 discs from seven trees and the 6-week discs from six trees were brought back to the 
laboratory and immediately sampled. Two samples were taken from each disc, separated 
radially by at least five growth rings, representing the inner and outer sapwood. The sapwood 
was cut into small chips and, using a Wiley mill, coarsely ground with a portion further ground 
until it passed a 30-mesh screen. The ground wood samples were freeze-dried to 98-99% dry 
weight and stored until the analyses could be done. 

The following chemical analyses were done: 

a) Lipophilic extractives: These extractives are composed of lipids and related compounds such 
as glycerides, steryl esters, fatty acids, resin acids, fatty alcohols, sterols, and alkanes (Chen 
et al, 1994a). Analysis of these components used the solid-phase extraction method 
developed by Chen e^/. 1994a. 

b) Soluble sugars and starch: A cold water extraction process (Saranpaa and Holl 1989) was 
used to analyze the samples for content of five monosaccharides: D-arabinose, D-galactose, 
D-glucose, D-xylose and D-mannose. All samples were nm in triplicate. Starch was extracted 
from the samples using a hot water extraction process, it was then digested using an enzyme, 



and the amount of glucose from the digestion was measured using the HPLC method 
described by Saranpaa and Holl 1989. All samples were run in triplicate. 

c) Total nitrogen concentrations: Total nitrogen content estimates the protein and inorganic 
nitrogen content of the wood which are difficult to quantify separately. Samples of each disc 
were tested for total nitrogen using the Kjeldahl method. All samples were done in duplicate. 

d) Phenolic extractive fraction (pinosylvin, pinobanksin, pinocembrin): We used an HPLC 
analytical method developed at Forintek. Four additional sapwood samples were removed 
from each disc for these analyses. The samples were from opposite sides of the discs 
including two of outer and two from the centre of the sapwood zone. 

Analyses a) and b) were done at UBC's Forest Biotechnology laboratories. The analyses for 
phenolics were done at Forintek and total nitrogen analyses were contracted out to a Vancouver 
BC analytical laboratory. Coarsely ground freeze-dried wood was used for the lipophilic 
extractions and finely ground (30 mesh) wood was used for all the other analyses. Tests were 
also performed to determine moisture contents (MC) and whether parenchyma cells were alive 
in the freshly sampled discs using 2, 3, 5 triphenyl-2H-tetrazolium chloride (TTC) staining 
method. Wedges which included sapwood, heartwood and the cambial zone were taken from the 
discs and were immersed in a 1% aqueous solution of TTC and left for two days at room 
temperature. The live areas of the tree, mainly the sapwood, were visually detected by the 
appearance of a red pigment (Feist et al 1971). 

3 RESULTS AND DISCUSSION 

3.1 Field Observations 

The average height of the trees used in this trial was 19.23 m, with an average live crown length 
of approximately 9 m. The average diameter (over bark) of the sour felled trees at the butt was 
27.8 cm (sd 4.5). The delimbed trees had an average butt diameter of 26.0 cm (sd 5.7). 

There was no bluestain visible in any of the logs at 6 weeks. Unfortunately this stopped us from 
determining whether the sour felling would have prevented the occurrence of bluestain. In sharp 
contrast to 1998 when bluestain was an important problem, in 1999 bluestain was not common in 
the part of Alberta where the test was done. Staining fungi generally have optimum growth rates 
at about 20°C and show minimal growth below 10°C. The weather data recorded at the storage 
site by data loggers showed distinct diurnal ranges in ambient RH and temperature with the first 
frost occurring in late September. Table 1 summarises the weather data during the test. The 
temperature during the test period was on average 2°C lower than the same period in 1998. 

Table 1: Average temperature and relative humidity at the storage site 

Temperature {°C) Relative Humidity (%) 
Average Day Time 10.6 56% 

Average Night Time 3.6 81% 
Average Overall 7.2 69% 



In previous work on P. radiata Visser and Vermaas (1986) observed that the highest moisture 
losses (and greatest reduction in stain) occurred in the summer months. The authors suggested 
that South Africa's warm windy climate was well suited to the success of biological drying. 

3.2 Laboratory Testing of Wood Samples 

3.2.1 Moisture Content 

No difference in sapwood MC was observed between the upper and lower part of the trees 
therefore all samples were pooled and averaged. The mean MC for sapwood of the seven trees 
sampled at the start of the experiment (Time-0 trees) was 131% (sd 22%). At 6 weeks the sour-
felled trees had a mean MC of 121% (sd 19%) while the delimbed (control) logs had a MC of 
136%) (sd 18%). No significant change in MC was therefore found between the sour-felled trees 
and the delimbed trees nor between time 0 and 6 weeks. 

3.2.2 Parenchyma Viability 

At both 0 and 6 weeks all of the sapwood of all trees sampled contained live parenchyma as 
demonstrated with the TTC test. This indicated that the parenchyma cells would have been 
respiring during the trial, using up stored carbohydrates in the process. It also indicated that the 
logs/trees would still have some residual resistance to infection, albeit declining as the tree dies. 
Because the TTC test is not quantitative it is unknown how much of the parenchyma had died. 

3.2.3 Lipophilic Extractives 

While between-tree variability was relatively high, there was little variability in results both 
between the triplicate samples analysed and between the two sampling positions within the tree. 
In a few trees, triglycerides and resin acids/fatty acids, and sometimes diglycerides/ 
monoglycerides/sterols/fatty alcohols showed higher levels at the lower (3.4 m) sampling point. 

Table 2 summarises the data for four Lipophilic Extractives (LE) classes. Fraction E 
(triglycerides) accoimted for 65-70%) of the total LE. After 6 weeks there was no significant 
difference between the control trees and the sour-felled trees. However both showed 
significantly more total acetone extracts than did the time-0 trees. The triglycerides, resin 
acids/fatty acids and waxes/steryl esters components were all higher after 6 weeks and were 
responsible for the difference in total LE. 



Table 2: Mean concentrations for the lipophilic extract classes 

Time 0 
6 - weeks 

Fraction 
Time 0 Sour-felled Control 

Fraction 
g/kg g/kg g/kg 

IMean StDev Mean StDev Mean StDev 
Total Acetone Extract 24.40 3.80 33.10 1.50 32.60 5.60 
B - Diglycerides, Monoglycerides, 

Sterols; Fatty Alcotiols 1.08 0.32 1.83 0.60 1.54 0.39 

C - Resin Acids, Fatty Acids 3.46 0.56 6.16 0.94 5.0 1.1 
D - Waxes; Steryl esters 1.72 0.21 2.57 0.55 2.24 0.41 
E - Triglycerides 16.20 2.70 21.40 2.10 23.00 4.70 
Loss/Other 1.88 0.79 1.10 1.70 0.80 1.50 

3.2.4 Soluble Sugars 

Data for soluble sugars also showed low variability between replicates of the same tree but 
higher variability between trees in the same treatment. A typical chromatogram is shown in 
Figure 1. The fiicose standard had a retention time of ~6 min., galactose ~18 min., glucose ~21 
min., xylose ~23 min. and mannose -32 min. Glucose and maimose were the sugars mainly 
present in the time-0 trees. 

Glucose, mannose and xylose were the main sugars present in the sour-felled and control trees. 
Arabinose was not detected in any of the samples. Most of the time-0 trees had higher sugar 
concentrations in the upper (7.5 m) sample. This trend was not observed in the control or sour-
felled trees after six weeks storage where no significant difference in sugar concentration was 
observed between the two within-tree sampling points upper and lower samples. 

2 - Fuc 

1 
1 

4 - Glu 
Is-Xyl 
A 1 

6 - h/tan 

1 

3 - Gal ll 1 

1 \ k . 

1 

A 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1——r 
10.00 20.00 

^yfnutes 
30.00 

Figure 1: HPLC chromatogram of soluble sugar extract 



Table 3 summarises the data. Glucose was the sugar with the highest concentration (35-56% of 
the total) followed by mannose (30-40% of the total). With one exception, there was no 
significant difference between the levels of individual or total sugars between the time-O/sour-
felled/control samples. The exception was xylose which was significantly higher in the 6 week 
samples than in the time-0 samples. 

Table 3: Mean sugar concentrations in sampled discs 

Time 0 
6 - weeks 

Fraction 
Time 0 

Sour-felled Control 
Fraction 

g/Kg* g/Kg* g/Kg* 
Mean StDev Mean StDev Mean StDev 

Galactose 0.0007 0.0024 0.030 0.012 0.020 0.015 
Glucose 0.90 0.21 0.87 0.22 0.53 0.30 
Xylose 0.0481 0.086 0.56 0.18 0.45 0.14 
Mannose 0.65 0.13 0.70 0.20 0.45 0.25 
Total 1.60 0.36 2.15 0.57 1.46 0.70 

3.2.5 Starch Analysis 

The starch concentration in the samples is reported as starch-bound glucose in g/Kg of oven-
dried wood. No significant difference in starch content was foimd between the two sampling 
positions of the tree and so the data were pooled (Table 4). After six weeks the starch levels had 
dropped significantly in both the sour-felled and control trees, to 32%) or 21% respectively of the 
time-0 trees. Although the mean starch level appeared lower in the controls, the difference was 
not statistically significant. 

Table 4: Mean starch-bound glucose concentrations in the upper, lower and all samples at two 
tree heights. 

Treatment 

(Starch-bound glucose g/Kg of oven-dried wood) 

Treatment Time - 0 
6-weeks 

Treatment Time - 0 
Sour-felled Control Treatment 

Mean StDev Mean StDev Mean StDev 

Lower (3.4m) 1.30 0.38 0.45 0.40 0.31 0.10 
Upper (7.5m) 1.35 0.39 0.38 0.28 0.26 0.10 

All 1.32 0.39 0.42 0.28 0.28 0.10 

3.2.6 Total Nitrogen 

Total nitrogen is reported in % w/w (oven dried basis). As with the extractives there was no 
difference between the data from the two sampling points and the data were pooled as means. 
There was also no significant difference between total nitrogen in the time-0 trees, sour-felled 
and control logs with nitrogen levels of 0.043±0.002 %, 0.045±0.003% and 0.047±0.006%, 
respectively (mean of 0.045% or 0.45 g/Kg of elemental nitrogen). 



3.2.7 Pinosylvin, Pinobanskin and Pinocembrin Analyses 

Only seven out of the 52 samples analysed from time-0 showed detectable amounts of 
pinosylvin, pinobanskin or pinocembrin and the maximum amount detected was 18ppm of dry 
wt. After 6 weeks, 25 (out of 80) samples analysed from sour felled trees and 25 (out of 80) 
samples from delimbed control logs showed detectable amounts of the same. Results were not 
related to sample location within the sapwood nor to treatment. After 6 weeks detectable levels 
of pinosylvin and pinobanskin were higher (both up to 144 ppm of dry wt.) than found at time 0 
(up to 10 and 2 ppm respectively). The sour felled trees at 6 weeks showed levels of up to 1198 
ppm of pinocembrin vs 18ppm at time-0. This flavonoid was detected more often and at higher 
levels than either pinobanskin or pinosylvin. A chromatogram showing clear separation of these 
extractives is shown in Figure 2. 
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Figure 2: HPL C chromatogram for Pinosylvin, Pinobanskin and Pinocembrin 

3.3 General Discussion on Nutrient Status 

After six, cool, fall weeks, sour-felling did not result in significant change in content of most 
lipophilic extractives, soluble sugar, and total nitrogen concentration. Considering that the trees 
studied came from a relatively homogenous, even-aged stand they showed larger than expected 
between-tree variation in the levels of lipophilic extracts, soluble sugars and starch. The 
concentration and composition of the extractive mixture has been found to vary among wood 
species, within- and among-trees, depending on tree age and environmental conditions. 
Previously our knowledge of within-tree variation in lodgepole pine extractives was limited to 
the difference between heartwood and sapwood. Given the high variability, future work should 
use the same trees throughout the study using wood cores taken from same trees at different time 
intervals, or, given the fact that height within the tree appeared to have little or no effect, 
sequentially sample discs taken from close to the log butt. 



The levels of lipophilics detected here confirm other studies which indicate that these are a major 
component of sapwood extractives. Sugar concentrations change depending on position within 
the tree and on the season (Magel et al. 1994). The increase in galactose and xylose in the stored 
sour-felled trees and control logs (compared with the time-0 trees) might have resulted from 
hydrolysis of hemicelluloses. Some authors have reported hemicelluloses being a form of food 
reserve in trees (Saranpaa and Holl, 1989). 

As with soluble sugars, starch content has been found to be highest in autumn /winter and to 
decrease in early spring as it is hydrolyzed to monosaccharides (Terziev and Boutelje, 1998). 
The large reduction in starch content between the time-0 trees and the stored, sour-felled and 
control trees indicates that starch is used as the primary energy source after the tree is cut down. 
The increased incidence and level of the phenolic extractives pinosylvin, pinobanskin and 
pinocembrin with storage may support the reports that these compotmds are produced in 
response to wounding or stress. 

Total nitrogen content did not change during log storage. This supports the findings of other 
workers who found that nitrogen content in winter and spring was not significantly different 
(Terziev and Boutelje, 1998). This does not necessarily mean that the protein content remained 
constant because there is a flux between various nitrogen components; another study showed that 
certain proteins undergo seasonal fluctuations (Baba et al, 1992) 

4 CONCLUSIONS 

Because the conditions were not suitable for the formation of stain in delimbed lodgepole pine 
logs this study was tmable to determine whether sour felling had any effect on the prevention of 
bluestain during the fall of 1999. 

The project did result in baseline data for the levels of extractives which are known nutrients for 
staining fungi. The order of abundance in trees felled in August 1999 was: 

• lipophilic extractives (24 g/Kg), with triglycerides>resin acids/fatty acids>waxes/steryl 
esters>diglycerides/monglycerides/sterols/fatty acids 

• soluble sugars (1.6 g/Kg), with glucose>maimose>xylose>galactose>arabinose. 
• starch (1.3 g/Kg) 
• nitrogenous, compounds as elemental nitrogen (0.45 g/Kg). 

Generally the viability of parenchyma, the sapwood moisture content and amounts of nutrients 
present in the sapwood remained at the same level over the six week storage period irrespective 
of whether the logs were from trees which had been delimbed or whether the trees sampled had 
been left in their full lengths with the limbs and foliage intact. 

Starch was depleted to 20 - 30% of its original amount over the six week storage period and was 
probably the major energy source for the dying but respiring parenchyma. Smaller increases in 
some lipophlilic extractives and in the sugars xylose and galactose were observed with storage. 



Contents of pinosylvin, pinobanskin and pinocembrin were below detectable levels in most logs 
sampled. However, some stored logs had small amounts of these extractives present. 

There was no difference in levels of nutrients, whether the trees were sampled at a height of 
3.4 m, or 7.5 m. 
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Long Term Goals / Strategies 
• Add value at the resource by providing strategies to prevent degrade of logs due to staining. 
• Increase the amount of high-value appearance grade wood for secondary manufacturing both at home and 

overseas 

Key Objectives 
To determine if sour felling can reduce nutrient status and/or incidence of stain in lodgepole pine roundwood 

Key Actions and Deliverables 

Deliverable Expected Delivery Date 
Interim report on sour-felling as a way of reducing bluestain in freshly felled pine logs March 31 2000 

Final report on sour felling and its effect in reducmg nutrient status of logs and bluestain December 2000 

Partners 
Alberta Innovation and Science 
Sundance Forest Industries Ltd. 
University of BC Forest Products Biotechnology 

Rationale and Potential Impact 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value 
products from a considerable proportion of the resource every year. When considering bluestain-control 
strategies that could be implemented without disrupting woodlands or mill productivity one of the most 
promising is sour felling. This involves felling the trees and leaving the foliage on for about a month before 
delimbing. Sour felling has been proposed as a method of reducing the moisture content and transportation 
costs of trees. However, due to continued respiration and transpiration the sapwood nutrients are also expected 
to be somewhat depleted during the period in which delimbing is delayed. These nutrients would then not be 
available for staining fungi. Passing comment is made in the literature to bluestain development sometimes 
being less in sour-felled logs, particularly in pine. We therefore focused on sour felling as a possible control 
measure for stain in lodgepole pine. Sour-felling is industrially feasible for companies using a feller̂ uncher 
for the initial cutting and delimbers to remove the branches. This is the most common harvesting method used 
in the BC interior and Alberta. 

Status Summary at March 30,2001 
In June 1999 a project plan was devised in collaboration with a statistician and a Trial 1 of sour felling 
proceeded in Alberta. Trees were felled with mechanical harvesting equipment and either delimbed or left with 
the limbs intact. After six weeks trees were destructively sampled for measurement of bluestained area and for 
chemical analyses of four classes of wood extractives. A final report on Trial 1 has been prepared and a 
summary of the work has been submitted as a draft publication (as an Intemational Research Group on Wood 
Preservation Research Paper). The trial was repeated twice again in 2000 (Trials 2a and 2b) but wet 
conditions, delayed access and felling and set-up of the Trial 2a could not be done until June 2000. An 



additional experiment was done alongside Trial 2a, and consisted of forest storage of sour felled trees which 
had none of the bark damage that normally occurs during the process of forwarding the trees to the roadside. 
Non-destructive sampling of trees for analysis of nutrient content occurred at 0 and 7 weeks for Trials 2a and 
2b and at 13 weeks for Trial 2a only. Destructive sampling of trees for assessment of stain development was 
done only for Trial 2a at 13 weeks; Trial 2b was abandoned at 12 weeks due to cool fall weather which was 
unsuitable for the development of stain. Because of fieldwork delays, the samples for nutrient analyses were 
stored in the freezer and will be analysed at UBC in summer 2001. The delay in this assessment will result in 
the final report being completed in December 2001. 

Work Completed This Fiscal Year 
The experimental protocol was modified for this year's tests (Trial 2) based on the experience gained and 
results obtained from last year's test (Trial 1). In Trial 1, individual trees in the groups of sour-felled or 
delimbed trees were sacrificially sampled at the time of felling and after six weeks. Trees were cut to analyse 
wood samples removed fi"om the stem at breast height and from within the crown. Results between individual 
trees had been too variable to show statistically significant differences between sour-felled and delimbed trees, 
either at the time of felling or after six weeks of storage. Results were consistent between samples taken from 
the stem of each tree at breast height and within the crown. Due to the extreme variability of nutrient levels 
between individual trees seen last year, but with similar results at the two sampling locations within each tree, 
it was decided to modify the protocol for Trial 2 to non-destructively sample individual trees through the 
duration of the test. 

This year, two separate trials (2a and 2b) were set up south of Edson with the assistance of Sundance Forest 
Industries. To reduce project costs and minimize interruption of logging operations and time commitments of 
mill personnel, field trips were co-ordinated with another project conducted at the same logging site. Trial 2a 
was delayed from spring due in part to wet conditions in the forest and in part to obtaining permits to proceed 
with the other project. 

Trial 2a was set up in June 2000. This consisted of 40 freshly-felled trees, 10 being delimbed at the time of 
felling, and the remaining 30 trees left with limbs on (sour felled). After felling/delimbing the trees were 
forwarded to a roadside landing following normal practices. From each of the 40 trees, a 5-cm thick disc was 
removed from within 30 cm of the falling cut. The discs were wrapped in polyethylene bags and returned to 
the laboratory, where they were frozen for fijture nutrient analyses and moisture content determinations. Each 
tree was measured for total and crown length. All trees were then piled together and the pile was covered with 
other (non-test) trees which had been fi-eshly-felled and the limbs had been left intact. An additional 
experiment was set up at the same time and consisted of nine freshly felled trees with the limbs left intact (sour 
felled). These trees were piled at the edge of the cut block where they were felled so as to avoid the type of 
bark damage that occurs while forwarding to the roadside. 

In August, Trial 2b was set up. This was a repeat of Trial 2a with 40 trees freshly felled, 10 delimbed and 30 
left with limbs on. Samples were removed about 30 cm from the falling cut, and the trees were piled with a 
covering of non-test trees. Also at this time, all trees in Trial 2a were non-destructively sampled by removing 
a disc for nutrient analyses about 30 cm from the butt end. Ten of the sour felled trees in Trial 2a were 
delimbed before re-piling, leaving 20 delimbed trees and 20 sour felled trees. 

In October, the 40 trees in the Trial 2b were sampled for nutrient analyses by removing a sample disc about 30 
cm from the butt end. Following the same procedure used for Trial 2a, 10 of the sour felled trees were 
delimbed before re-piling, leaving 20 delimbed trees and 20 sour felled trees. Because stain had developed 
during 13 weeks of storage, and because temperatures were not expected to be favourable for additional 
development of stain it was decided to sacrificially sample all the trees in Trial 2a.. From each tree, a 5-cm 
disc was removed at 80 cm intervals along the length of the tree and returned to the laboratory for assessment 
of stain. Additional samples were taken for moisture content determinations and analyses at about 30 cm from 
the butt end. 



The planned trip to sample trees of Trial 2b was cancelled; despite clear labelling the trees were unfortunately 
delimbed by the logging contractor and cut to length, leaving the logs untraceable and unidentifiable as to 
original tree. Again, the weather had not been conducive to growth of staining fungi anyway. 

In the laboratory the discs removed at 80 cm intervals in trees from Trial 2a were assessed for the extent of 
stain development. There was less extensive staining of sour-felled trees but the data is currently undergoing 
statistical analyses.. Analytical work will be done at UBC in the summer of 2001 on discs currently wrapped 
in plastic and stored in a freezer. 

In addition to the field and laboratory work a final report was written on Trial 1 and this was summarised and 
submitted as a draft publication as an Intemational Research Group on Wood Preservation Research Paper. 

Publications 
A Trial of "Sour" Felling to Prevent Bluestain by Depletion of Sapwood Nutrients {draft publication: 
International Research Group on Wood Preservation paper) 


