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SUMMARY 

Samples of white spruce and jack pine heartwood were incised 
by three different methods on carefully aligned radial and 
tangential surfaces and treated with CCA preservative. The samples 
were subsequently dissected in various planes and macroscopic 
observations were made on the wood tissue damage caused by the 
different incisions and on the extent of penetration of preservative 
in the samples in the lateral and longitudinal directions. 

Thin sections were cut from selected areas adjacent to incisions 
and anatomical details of preservative movement were investigated by 
light microscopy. Details of incision damage were studied with the 
scanning electron microscope and incising methods were evaluated on 
a basis combining penetration gains with damage losses. 

Some preliminary attempts at biological pretreatments were included in 
the studies as were a series of microscopic observations on ACA-
treated spruce and jack pine samples available from previous work. 
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OBJECTIVES 

1. To make detailed anatomical observations on the penetration 
of preservative solutions in the wood surrounding individual 
incisions. 

2. To observe differences in the patterns of penetration 
associated with incisions made with different types and 
orientations of incising teeth or other methods of incising. 

3. To evaluate the influence of wood's tissue systems 
(earlywood, latewood, rays, etc.) on the effectiveness of 
incisions for improving penetration. 

INTRODUCTION 

Considerable portions of our forest resources are excluded from 
the growing markets for preservative-treated wood products 
because they are difficult to penetrate adequately with treating 
solutions. Incising appears to be one of the few techniques that 
can be effective in improving penetration in these refractory 
timbers and therefore warrants closer examination. 

Although timber incising has been carried on for many years, the 
process has tended to remain an emperical one and a great deal of 
information does not appear to be available concerning matters 
such as optimum tooth design, spacing, orientation etc. Some 
information on the spacing of incisions and minimum requirements 
for achieving an acceptable preservative treatment of lodgepole 
pine lumber was reported by Ruddick (1980). In an earlier review 
of incising literature, Perrin (1978) noted that in addition to 
improving penetration and retention of preservative in heartwood 
of some species, incising may also contribute to a reduction in 
serious checking. 

At the present time, mechanical incising represents the best 
known practical approach to achieving penetration requirements in 
such difficult-to-treat material as heartwood of eastern spruces 
and jack pine. When dealing with dimension lumber as opposed to 
large timbers, incisions have a greater weakening effect and it 
becomes increasingly important to minimize the number of 
incisions and to optimize their spacing. To achieve these 
objectives requires basic information on the three dimensional 
spread of preservative in wood of different species related to 
different types of incisions and treatment variables. 

Nowhere is the anisotropic nature of wood more conspicuous than 
in relation to its permeability characteristics. Ratios of 
longitudinal to transverse permeability as high as 10' have been 
reported in some species (Comstock 1970) although values of less 
than 100 are much more common. For wood of European spruce, 
Hackbarth and Liese (1975) reported values of 34 for sapwood and 
18 for heartwood. In the transverse plane, the permeability of 
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softwoods is generally somewhat greater in the radial than in the 
tangential direction (Banks 1970). This is supported by Comstock 
(1970) who cites reports by several investigators that show 
ratios of radial to tangential permeability extending from 5 to 
37 for pines and from 0.04 to 10 for spruces. 

The anisotropy in permeability is related to anatomical 
characteristics of the cell elements involved in the transport of 
preservative chemicals in the different directions. Longitudinal 
and tangential movement involve chiefly the longitudinal 
tracheids and inter-tracheid bordered pits (Wardrop and Davies 
1961, Bailey and Preston 1969, Banks 1970). Pit aspiration 
is therefore a major factor contributing to poor penetration of 
liquids in wood of gymnosperms. Movement in the radial direction 
is facilitated by the rays (Wardrop and Davies 1961, Liese and 
Bauch 1967, Behr et al 1969, Banks 1970). The relative 
effectiveness of the ray tracheids compared with the ray 
parenchyma seems to differ somewhat between species (Wardrop and 
Davies 1961, Behr et al (1969). 

Few investigators have made comparative observations on the 
permeability of earlywood versus latewood in softwoods. Wardrop 
and Davies (1961) and Behr et al (1969) have indicated that 
latewood appears to be more easily penetrated than earlywood. 
Preferential penetration of latewood was reported by Cooper 
(1973) for Douglas-fir and some other species. In amabilis fir, 
however, the earlywood was penetrated much better than the 
latewood. 

In the work described in the present report, we have made 
observations relating to many of these basic points and have 
attempted to clarify them. Our work was carried out with white 
spruce and jack pine mainly heartwood material. We studied the 
penetration of preservative from carefully oriented radial and 
tangential surfaces of test samples as well as the lateral and 
longitudinal penetration associated with tooth and needle 
incisions. The study deals mainly with CCA preservative but some 
observations on ACA penetration are also included. Finally, we 
describe a preliminary investigation of some biological 
pretreatments as a possible approach to improving wood 
permeability. 

STAFF 

c.T. Keith, B.Sc.F., M.s., Ph.D. Research scientist in wood 
anatomy and its relation to properties and uses of wood, wood 
identification and characteristics of native and foreign species, 
wood quality-growth relations. 

MATERIALS AND METHODS 

A. Observations on Spruce and Jack Pine Samples Treated with 
Chromated Copper 

A total of 160 specimens of eastern white spruce (Picea glauca 
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(Moench) Voss) and jack pine (Pinus banksiana Lamb.) were prepared 
from selected mostly heartwood portions of nominal 2" x 4" lumber 
from freshly-felled material obtained from the Maritimes region. 
Some specimen blanks of each species were retained in the green 
condition and some were air-dried at prevailing interior conditions. 

The samples were machined to expose accurately aligned radial and 
tangential surfaces and varied somewhat in size around target 
dimensions of 1 1/2" x 1 1/2" x 16" (38 mm x 38 mm x 406 mm). 
One surface of each sample was selected for accurate alignment in 
either a radial or a tangential plane and was designated as the 
principal incision surface. The samples were numbered in eight 
groups as outlined in Table 1 and both end surfaces of each 
sample were sealed with two coats of resorcinol resin to prevent 
end penetration during preservative treatment. 

Incisions were made with a commercial, modified oyster knife 
tooth and with a #16 steel needle (approx •• 68 mm diameter) to a 
uniform depth of 9.5 mm (Figure 1). Tooth incisions were made 
with the assistance of an arbor press {Figure 2) which held the 
sample firmly during incising. Needle incisions were 
conveniently made by hand (Figure 3). 

Samples were incised on the selected surface-2 tooth incisions 
across-the-grain, 2 along-the-grain and generally 3 needle 
incisions as illustrated in Figure 4. Three needle incisions 
were also made on the bottom or opposite surface in case some of 
the upper ones were affected by their proximity to the edge 
surfaces or to the tooth incisions. 

Samples for Biological Pretreatments: 

A separate group of samples prepared for exposure to biological 
pretreatments were much smaller in size to facilitate incubating 
them with fungal cultures and enzyme systems. These samples 
measured 1" x 1" x 3 1/2" (25 mm x 25 mm x 89 mm) and were 
machined to provide accurately aligned tangential surfaces. A 
total of 32 samples (16 spruce and 16 jack pine) were prepared, 
all from unseasoned material. Sample ends were sealed with epoxy 
resin to prevent end penetration by the fungal enzymes and 
subsequently by the preservative solution. 

These small samples were tooth-incised once along-the-grain on 
one tangential surface and once across-the-grain on the opposite 
tangential surface. Two needle incisions were also made on each 
tangential surface. Prior to preservative treatment, they were 
exposed to the cellulolytic fungus Trichoderma harzianum E58 and 
to its cellulase enzyme under both sterile and non-sterile 
conditions for periods of one and four weeks. Details of these 
treatments are outlined in Table 2. 

The pretreated samples were kept in frozen storage until just 
prior to preservative treatment. 

Preservative Treatment: 
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Table 1 

Test Material for CCA Treatments and Observations 

Sample Moisture _ Surface to be 
Numbers Species Condition Incised 

1-20 w. Spruce Air-Dry Tangential 

21-40 w. Spruce Air-Dry Radial 

41-60 J. Pine Air-Dry Tangential 

61-80 J. Pine Air-Dry Radial 

81-100 w. Spruce Green Tangential 

101-120 w. Spruce Green Radial 

121-140 J. Pine Green Tangential 

141-160 J. Pine Green Radial 
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Figure 1. 
Modified Oyster-Knife Tooth and #16 Steel Needle 
Mounted in Holders for Experimental Incising 
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Figure 2. 
Arbor Press Arrangement used for Making the Tooth 
Incisions 
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Figure 3. 

Procedure for Making Needle Incisions 
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Figure 4. 
Test Specimens Incised on the Radial (Left) and the 
Tangential (Right) Surfaces 
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Table 2 

Details of Biological Pretreatments 

Sample Treatment Sterile Duration Grown on 
No. Conditions (Weeks) 

s 1-2 Fungus mycelium No 1 

p 3-4 Fungus mycelium No 1 

s 5-6 Enzyme Yes 1 Solka Floc 

p 7-8 Enzyme Yes 1 Solka Floc 

s 9-10 Enzyme No 1 Steam-exploded wood 

p 11-12 Enzyme No 1 Steam-exploded wood 

s 13-14 Enzyme No 1 Solka Floc 

p 15-16 Enzyme No 1 Solka Floc 

s 17-18 Enzyme Yes 4 Steam-exploded wood 

p 19-20 Enzyme Yes 4 Steam-exploded wood 

s 21-22 Enzyme Yes 4 Steam-exploded wood 

p 23-24 Enzyme Yes 4 Steam-exploded wood 

s 25-26 Fungus mycelium Yes 4 

p 27-28 Fungus mycelium Yes 4 

s 29-30 Enzyme Yes 4 Solka Floc 

p 31-32 Enzyme Yes 4 Solka Floc 
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A 2.4% oxide solution of CCA was applied in a full cell process. 
A preliminary vacuum (710 mm) was applied for 30 minutes before 
the solution was introduced into the retort. The pressure period 

0 (22 C and 1030 KPa) was 3 hours. No final vacuum was applied. 

Excess CCA was removed from the sample surfaces by blotting prior 
to recording the treated sample weights. Differences in weights 
before and after treatment were used to determine gross 
absorptions of preservative solution. A few samples of each 
species were withheld from preservative treatment and were oven-
dried to provide representative information on wood moisture 
content at this stage. 

Assessment of Penetration Associated with Incisions: 

In order to evaluate preservative penetration, the test samples 
were dissected in various planes and treated with a o.S% solution 
of chrome azurol S to help delineate treated and untreated areas. 

For each of the eight groups of samples defined in Table 1, 
approximately five samples were cross-cut at each incision, 
stained and examined with a stereo microscope having a micrometer 
disc in one of the eyepieces. This arrangement was used to 
measure the maximum depth of penetration and also the lateral 
penetration (radial or tangential as the case may be) at selected 
depths of 6 mm and 9 mm below the surface. 

For samples incised on tangential surfaces, the needle incisions 
were also used to provide comparative data on lateral movement in 
earlywood versus latewood. This was accomplished by noting 
whether the lateral penetration measurement at 9 mm depth applied 
to earlywood or to latewood tissue and obtaining a similar 
measurment in the opposite tissue layer next closest in the 
direction toward the incised surface. 

Longitudinal penetration associated with incisions was measured 
on samples cut longitudinally to expose a surface 9 mm below the 
original incised surface. Measurements were made in one direction 
along the grain from the incision to the extreme point of 
preservative penetration. 

Anatomical Observations on the Penetration of Preservative at the 
Sample Surface and in the Wood Surrounding Incisions: 

Selected areas both adjacent to incisions and to the accurately 
aligned radial and tangential surfaces were prepared for 
sectioning with the sliding microtome. Transverse radial and 
tangential sections were studied during the course of the 
investigation and extensive use was made of the copper - indicator 
stain dithiooxamide al 1959, Yata et al 1979). 

Transverse sections of individual incisions were photographed at 
low magnification with an Olympus Model X stereomicroscope using 
transmitted illumination. More detailed anatomical observations 
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on the penetration of preservative solutions through the various 
wood cells and tissue systems were made with a Reichert Zetopan 
research optical microscope. We also attempted to record 
information on preservative retention in the various cell walls. 

Assessment of Wood Tissue Damage Associated with the Different 
Incisions: 

The type and extent of damage caused by the various kinds of 
incisions was examined at several levels of magnification. 
Useful overall views of damaged areas were recorded with a 35 mm 
reflex camera equipped with a close-up lens. Incisions were 
photographed both in face view (after removal of a 3 mm layer of 
material from the incised surface) and in side view by making 
alongitudinal cut through the sample at right angles to the · 
incised surface. Observations in these planes of the specimens 
also provided supplementary information on CCA movement around 
the incisions. 

Samples exhibiting typical areas of incision damage were mounted 
on metal stubs, coated with a layer of gold and examined with a 
JSM-35 scanning electron microscope. 

As a final point in the assessment of the CCA-treated material, 
measurements and calculations were made to compare the efficiency 
of the different incisions. The method finally adopted was based 
on the ratio of area penetrated with preservative/area of damaged 
tissue. 

B. Observations on Spruce and Jack Pine Lumber Treated with 
Amoniacal Copper 

This part of the work was carried out with air-dry ACA-treated 
pine and spruce samples that were part of a treating 
investigation carried out during 1983-84. Small samples were 
selected for study from areas adjacent to tooth incisions or 
close to radially- or tangentially-aligned original surfaces. 
Some sapwood as well as heartwood samples were examined for 
comparative purposes. 

Microtome sections were cut and stained with dithiooxamide. The 
distribution of preservative in the various cells and tissues and 
the pathways of preservative movement around incisions were 
studied with a Reichert Zetopan research optical microscope. An 
attempt was made to obtain appropriate information on the 
penetration characteristics of the ACA preservative system that 
would facilitate its comparison with the more familiar CCA 
system. 

RESULTS AND DISCUSSION 

A. Quantitative Aspects of Preservative Absorption and 
Penetration 

Gross Absorption: 
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Gross absorption of preservative solution for each sample was 
calculated from the sample weight before and after treatment. 
These data are presented in Table 3 as averages-by groups of 
samples of similar type and pretreatment. As the samples are 
rather small in size (particularly the biological pretreatment 
samples) in relation to the potential for natural variability, we 
have not put much emphasis on this information. On average, the 
absorption of preservative appears to be improved by the 
biological pretreatments, especially when these are compared with 
the other sample groups treated in the green condition. The 
apparently better performance of samples which had a one-week 
biological pretreatment than those which had a 4-week 
pretreatment indicates why we have expressed caution about these 
results. For samples which were not exposed to biological 
pretreatment, those treated air dry generally absorbed more 
preservative solution than those treated green. 

Depth of Penetration: 

Maximum depths of penetration of preservative solution in 
relation to the different types of samples and incising 
procedures are shown in Figures 5-7 and are summarized in Table 
4. For needle incisions and tooth incisions along the grain 
(Figures 5 and 6), preservative penetration is generally somewhat 
greater for incising on a tangential as compared with a radial 
surface. The reason for this, as will be discussed in 
greater detail later, is believed to be the fact that the 
preservative in the wood is able to move more readily in the 
radial than in the tangential direction. For tooth incisions 
across the grain (Figure 7), this relationship probably tends to 
be overshadowed by factors related to the extensive tissue damage 
which characterizes this kind of incising. 

Deeper preservative penetration results from tooth incisions than 
from needle incisions. This again appears to be directly related 
to the relative amounts of tissue damage. For tooth incisions, 
preservative penetration is somewhat better in air dry as 
compared with green-treated samples. This difference is not 
observed with needle-incised material. 

Lateral Penetration: 

Measurements of the lateral movement of preservative from the 
different types of incisions were made on cross-sectional 
surfaces cut through the incisions on representative samples. The 
measurements were made at a depth of 9 mm beneath the incised 
surface. For needle incisions only, separate measurements were 
made in earlywood (EW) and latewood (LW) as outlined previously. 

Results of the lateral penetration measurements for the different 
types of incisions are shown in Figures 8-10 and summarized in 
Table 5. The lateral movement of preservative from the various 
incisions is generally better in the radial than in the 
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Table 3 

Gross Absorption of CCA Preservative 

Species Moisture No. of Incised Biological Gross Absorption 
Condition Samples Face Pretreatment . (Kg/m3 ) 

Spruce Air Dry 20 Tang. No 247.2 

Spruce Air Dry 20 Rad. No 265.6 

J. Pine Air Dry 20 Tang. No 264.3 

J. Pine Air Dry 20 Rad. No 275.0 

Spruce Green 20 Tang. No 194.7 

Spruce Green 20 Rad. No 158.6 

J. Pine Green 20 Tang. No 331.6 

J. Pine Green 20 Rad. No 218.8 

Spruce Green 8 Tang. 1 week 305.4 

J. Pine Green 8 Tang. 1 week 316.7 

Spruce Green 8 Tang. 4 weeks 252.4 

J. Pine Green 8 Tang. 4 weeks 276.8 
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Table 4 

Depth of Penetration of CCA Preservative Associated with Different Types 
of Incisions 

Species Moisture Penetration (nun) Associated with 
Condition Needle Tooth Incisions 

Incisions Along-the-Grain Across-the-Grain 

Spruce Green 10.3 10.7 11.0 

Spruce Air Dry 10.4 10.9 

J. Pine Green 9.9 11.0 10.9 

J. Pine Air Dry 9.9 11.7 11.7 
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Table 5 

Lateral Penetration of CCA Preservative Associated with Different Types 
of Incisions 

Species Moisture Penetration (mm) Associated with 
Condition Needle Tooth Incisions 

Incisions Along-the-Grain Across-the-Grain 

Spruce Green 1.87 3.70 6.05 

Spruce Air Dry 2.63 3.20 8.90 

J. Pine Green 2.07 2.40 6.70 

J. Pine Air Dry 2.42 4.65 10.10 
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tangential direction. Movement in the radial plane is 
facilitated by the ray tissue system while movement in the 
tangential plane appears to depend largely on the bordered pit 
pairs. Unfortunately the bordered-pit system in the heartwood of 
these species is susceptible to some problems (incrustation of 
membranes and/or torus aspiration) which can seriously reduce 
permeability. Calculated ratios of radial:tangential penetration 
(Table 6) are therefore normally higher than unity and frequently 
show radial penetrations more than double their tangential 
counterparts. 

Lateral penetration associated with different incisions is 
generally proportional to the breadth of wood tissue damage that 
occurs. Needle incisions and tooth incisions along the grain 
produce similar results. The significantly greater lateral 
penetrations accomplished by tooth incising across the grain are 
related to the broader zone of tissue damage that occurs with the 
method of incising. Table 5 shows that there is a tendency to 
have somewhat greater lateral penetration in air dry than in 
green-treated samples. 

Biologically Pretreated Material: 

Lateral penetration was also measured at the tooth incisions in 
the small samples exposed to fungus or fungal enzyme 
pretreatments. These results, illustrated in Figures 11 and 12, 
are highly inconsistent and indicate that the effect of stray 
influences is overpowering for the limited sample size of this 
investigation. A few microscopic observations concerning this 
material will be reported later. At present, suffice it to say 
that no improvement in preservative penetration was noticed as a 
result of biological pretreatment. 

Longitudinal Penetration: 

Penetration along the grain associated with the different kinds 
of incisions was measured at a depth of 9 mm beneath the incised 
surface. The measurement was made in one direction along the 
grain starting from the incision. As illustrated in Figure 13, 
tooth incisions (combining both across-the-grain and along-the-
grain orientations) resulted in greater longitudinal flow of 
preservative than did needle incisions. The highest values for 
both species occurred in air-dry tooth-incised samples. In every 
treatment group of samples, the jack pine showed greater 
longitudinal permeability than the spruce. 

B. Penetration of Preservative in Relation to Wood Structure 
and Incision-characteristics 

Radial Movement of Preservative: 

The radial movement of CCA appears to be essentially similar 
whether we are considering preservative penetration from 
unincised portions of a tangential surface of a sample or lateral 
penetration from incisions on a radial surface. The pathways for 
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Table 6 

Ratios of Radial to Tangential Lateral 
Penetration of CCA Preservative 

Type of Incision Spruce J. Pine 
- Green - - Air Dry Green Air Dry 

Needle 1.61 1.36 1.39 2.93 

Tooth (Along-the-Grain) 2.70 1.02 1. 29 2.10 

Tooth (Across-the-Grain) 1. 24 0.97 0.84 1. 20 

Average R/T 1.85 1.12 1.17 2.08 
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radial penetration of CCA in heartwood of either spruce or jack 
pine do not appear to differ greatly between green-treated or 
air-dry-treated material. 

(a) White Spruce 

As shown in plate 1-a,-b and-c, there is good radial 
movement of CCA preservative laterally from incisions 
through earlywood tissue. The earlywood tracheid walls in 
the treated zones are normally uniformly stained with 
dithiooxamide (plate 1-d,-e). The compound middle lamellae 
are also intensely stained. 

As reported widely in the literature (Wardrop and Davies 
1961, Liese and Bauch 1967, Behr et al 1969, Banks 1970), 
ray tissues appear to play an important role in the radial 
transport of preservative and both ray tracheids and ray 
parenchyma cells may be uniformly stained (plate 2-a). The 
horizontal resin canals in fusiform rays also participate in 
preservative movement (plate 2-b), even if they are not very 
numerous. 

Radial movement of CCA is definitely restricted in the 
latewood. Penetration from the surface or lateral spread 
from incisions often stops abruptly at the 
earlywood:latewood boundary (plates 1-b and 2-c). The lack 
of radial transport of preservative through the latewood 
zone results in abrupt phanges in the shape of the treated 
areas associated with incisions (plate 2-d, -e, -f and 3-a). 
Even preservative transport in the rays is halted in the 
dense latewood bands (plate 3-b, -c). 

The latewood cells are often unevenly stained and some 
contain large deposits of preservative in their lumina 
(plate 3-d). Their cell walls are sometimes relatively 
unstained, even if there are deposits of preservative 
available in the lumina of neighbouring tracheids. 
Accumulations of preservative in the cell lumina are often 
observed at the termination points of preservative 
penetration either at the base of incisions or at the 
lateral extremities of preservative movement (plate 4-a, -
b). 

Incisions oriented obliquely in the wood result in 
characteristic patterns of preservative distribution 
reflecting differences in permeability of earlywood and 
latewood tissues (plate 4-c, -d and -e). Abundant deposits 
of preservative are often seen in the latewood cell lumina 
at the terminal point of preservative penetration (plate 4-
d). 

(b) Jack Pine 

Radial movement of CCA in jack pine heartwood was generally 
more erratic than that observed in spruce. Areas close to 
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incisions are characterized by patches of tissue with either 
no staining or with only a pale yellow color (plate 5-a). 
Other areas show good staining of both earlywood and 
latewood cells (plate 5-b). 

As in spruce, the preservative generally moves readily 
through earlywood tissue but movement is greatly restricted 
by the latewood (plate 5-c, -d, -e and 3-c). There was some 
evidence of improved latewood penetration for green-treated 
samples (plate 6-a). 

The latewood tracheids of jack pine often contain large 
concentrations of preservative in their lumina while their 
walls or those of neighbouring tracheids are virtually 
unstained (plate 6-b). 

As in spruce, rays and horizontal resin ducts contribute to 
radial movement of preservative (plate 6-c). However, the 
ray tracheids in pine appear to be much less effective in 
this process than the ray parenchyma (plate 6-d). Ray 
tracheids were nearly always seen to be empty. 

Nearly all jack pine sections show a light yellow staining 
in the peripheral regions around penetrated zones. This 
light staining is also characteristic of areas where 
penetration has become limited. Since the dithiooxamide 
stain is specific for copper, it may be that other 
preservative components (chromium or arsenic) can penetrate 
the jack pine better than copper does. The occurrence of 
these lightly-stained areas (disproportioning of 
preservative) appear to be somewhat more frequent in the 
green-treated samples (plate 7-a). 

Tangential Movement of Preservative: 

Observations on tangential movement of preservative apply equally 
to penetration from unincised radial surfaces as to lateral 
spread of preservative from incisions made on tangential 
surfaces. The extent of tangential movement was observed to be 
generally somewhat less than that of radial movement. This is 
substantiated by the quantitative data that was obtained. 
Differences in preservative transport between earlywood and 
latewood appear to be much less prominent in tangential movement 
than they are in radial movement. Some areas show better 
movement of preservative in latewood (plate 7-b, -c jack pine and 
7-d spruce) while other areas show about equal penetration (plate 
8-a jack pine and 8-b spruce). In both pine and spruce, we also 
had some examples of exceptional extensions of tangential 
penetration in latewood bands. Several investigators have 
reported preferential penetration of preservatives in latewood 
bands (Wardrop and Davies 1961, Behr et al 1969). Cooper (1973) 
found this particularly common in samples but he 
obtained superior earlywood penetration in amabilis fir. 

As noted with radial penetration, tangential penetration appears 
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to be more erratic in pine than in spruce. Examples of very good 
and very poor penetration in pine associated with tooth incisions 
were observed (plate 8-c and 8-d). In well penetrated areas of 
both pine and spruce, the cell walls and compound middle lamellae 
stain deeply with 1% dithiooxamide (plate 9-a, -b). The dark 
staining of intertracheid bordered pit pairs illustrates the 
importance of these structures in tangential movement (plate 9-
c). 

Longitudinal Movement of Preservative: 

Since longitudinal penetrations are greatly in excess of tracheid 
lengths in these species, transfer of preservative solution via 
bordered pit pairs is also involved. There are, however, a . great 
deal fewer pit transfers associated with longitudinal than with 
tangential movement. Although longitudinal penetration was 
generally quite predictable, there were occasional examples of 
erratic penetration in jack pine (plate 5-a). In both species, 
vertical resin ducts assist longitudinal movement of preservative 
(plate 9-d, -e) and are sometimes involved in its transfer to and 
from longitudinal tracheids and rays (plate 9-f and 10-a). 

Penetration in Biologically Pretreated Samples: 

Microscopic observations on samples of heartwood of white spruce 
and jack pine that were exposed to biological pretreatments for 
periods up to 4 weeks did not reveal any significant effects. At 
the macroscopic level, however, a few samples showed areas of 
erratic penetration of preservative associated with tooth 
incisions (plate 10-b, -c) which could be an initial stage in the 
development of improved permeability. Additional exposures 
involving longer periods and perhaps other microorganisms should 
be examined. 

Preservative Penetration of Sapwood: 

Since sapwood was present in occasional parts of some treated 
samples, a few blocks were sectioned and examined microscopically 
to compare details of preservative penetration with heartwood 
material. No incisions were placed in sapwood areas. 

When stained with 1% dithiooxamide, sapwood sections showed 
uniform staining of the cell walls and middle lamellae in both 
latewood and earlywood tissues for both species (plate 10-d and 
11-a). As in heartwood, the transverse system of rays and 
horizontal resins ducts is important in the lateral movement of 
preservative (plate 11-b, -c, -d and -e). Again as in heartwood, 
the preservative is seen more frequently in the ray tracheids in 
spruce (plate 11-b) but, as reported by Wardrop & Davies (1961), 
only rarely in those of pine (plate 11-d, -e). 

Penetration of ACA Preservative: 

Although this investigation was essentially concerned with CCA 
preservative, we thought it would be worthwhile to examine a few 
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specimens of spruce and jack pine lumber that was available from 
a commercial (extended) treatment with ACA preservative carried 
out last year. 

(a) Sapwood 

Sapwood of both species was treated very thoroughly with the 
ACA preservative. Cell walls and compound middle lamellae 
in both earlywood and latewood showed intense staining with 
l% dithiooxamide (plate 12-a, -b). No deposits of excess 
preservative were observed in the lumina. 

(b) Heartwood 

In general, earlywood tracheid walls tended to be more 
intensely stained (better treated) than those of latewood 
(plate 12-c). In well treated areas, both earlywood and 
latewood were deeply stained but preservative deposits were 
often present in cell lumina (plate 12-d). In other areas, some 
latewood cell walls remained untreated, even in areas where 
abundant deposits of preservative were present in cell 
lumina (plate 12-e). 

Preservative deposits indicate that longitudinal transport 
occurs through the vertical resin ducts (plate 13-a). 
Horizontal movement is facilitated by both uniseriate and 
fusiform rays (plate 13-b). An interesting occurrence of 
crystalline deposits in ray tracheids of jack pine was 
frequently observed (plate 13-c, -d) and sometimes also in 
longitudinal tracheids (plate 13-e). The crystallinity of 
these deposits was confirmed by their behaviour under 
polarized light and they do not react with dithiooxamide. 
No such deposits were ever seen in spruce nor in any CCA-
treated material. 

c. Tissue Damage and Lateral Spread of Preservative: 

The fact that lateral measurements of the zone of treated wood 
resulting from different incising methods shows highest values 
for tooth incisions across the grain and lowest values for needle 
incisions comes as no surprise. Lateral spread of preservative 
must obviously be closely related to the breadth of wood tissue 
damaged by the incision. We found that a convenient way to 
demonstrate these relationships was to remove a planer cut of 6 
mm from the incised surface and apply a coat of chrome azurol 
indicator stain to the new surface. Plate 14-a shows the treated 
areas resulting from needle and tooth-along-the-grain incisions 
on a radial surface of a white spruce sample. Plate 14-b shows 
the result of a tooth-across-the-grain incision on a similar 
surface. The extent of lateral spread of preservative resulting 
from the different incisions is clear. 

Our data also showed that lateral spread of preservative tended 
to be somewhat greater in the radial direction than in the 
tangential direction. This tendency is illustrated in plate 14-c 
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and -d. A good deal of our sample material was characterized by 
fairly wide annual layers resulting from a relatively rapid rate 
of growth. The broad bands of earlywood tissue present is such 
material facilitate good lateral movement in the radial direction 
with relatively fewer obstructing bands of latewood than would be 
found in narrower-ringed stock. Hackbarth (1975) reported a 
similar observation with wood of European spruce. 

Needle Incisions: 

Due to their small size and sharply pointed ends, needles offer a 
means of improving preservative penetration at a minimum cost in 
terms of tissue damage. The appearance of needle incisions in 
surface and in side views (plate 14-a and 14-e) bear witness to 
this testimony. 

A few specimens were prepared and studied with the scanning 
electron microscope to observe the incision damage in greater 
detail. A face view of the incision at a depth of 6 mm below the 
original incised surface shows that a minimum number of wood 
cells are actually damaged by the incision (plate 15-a). 
Transverse sections of the wood through the incised area (plate 
15-b, -c) show the minor extent of crushing of soft earlywood 
tissue and a minimum of tangential separation at the annual ring 
boundaries. 

The extent of wood tissue damage associated with needle incisions 
appears to be basically similar in both species and for material 
incised in either green or air-dry condition. 

Tooth Incisions Along the Grain: 

Tooth Incisions along the grain present an intermediate degree of 
wood tissue damage between the needle and the tooth across the 
grain. A surface view of a typical damaged area associated with 
this kind of incision at a depth of 6 mm in the wood is shown in 
plate 15-d. The side view of a complete incision (tooth along 
the grain) shown in plate 16-a provides details of the extent of 
tissue damage and the associated spread of preservative. 

In order to have a closer look at the details of the tissue 
damage, a sample of air-dry white spruce incised along the grain 
on the tangential surface was prepared for examination of its 
transverse surface in the scanning electron microscope (plate 16-
b). Penetration of the incising tooth has resulted in a 
compaction of the earlywood tissue along both sides of the 
incision. A zone of compacted earlywood tissue also develops at 
the base of the incision as can be seen in the close-up view of 
this area shown in plate 16-c. 

Another characteristic feature of tooth incisions penetrating 
from a tangential wood surface that was noted in the scanning 
electron microscope is the development of tangential separations 
between earlywood and latewood at the annual ring boundaries 
(plate 16-b and in closer view, 16-d). The occurrence of 
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earlywood compaction along the sides and at the base of the 
incision together with tangential separations at the ring 
boundaries was approximately the same in green (plate 17-a) as it 
was in air-dry (plate 16-b) samples. 

Tooth Incisions Across the Grain: 

The damage caused by tooth incisions across the grain is very 
significant. In air-dry material, the damage visible on the 
incised surface represents only a fraction of the actual damage 
that takes place in the wood. The tooth appears to be too blunt 
to sever the dry cell walls which buckle under the leading edge 
of the tooth accompanied by extensive tearing along each side 
(plate 17-b and -c). The accumulation of wood tissue in front of 
the tooth makes it more and more blunt so that the width of the 
damaged zone actually increases below the surface (plate 17-c). 
In white spruce (plate 17-d), the situation is similar but 
generally somewhat less severe. 

The damage caused by tooth incising across the grain is much less 
severe in samples incised in the green condition (plate 18-a and 
18-b) as the tracheids appear to sever more readily in this 
condition. Significant stresses are still developed, however, 
and splits occur along the sides of the incision extending 
substantial distances along the grain (plate 18-a). 

Penetration Gains Versus Incision Damage: 

It has been noted previously in this report that the progression 
from a needle incision to a tooth incision, to a tooth incision 
across the grain has the positive effect of increasing 
preservative penetration on the one hand but the negative effect 
of increasing wood tissue damage on the other. A comparison of 
these two effects, therefore seemed a worthwhile approach to 
evaluating the relative merits of the different incising 
procedures. 

The first approach to comparing the incisions was based on 
measurements of lateral spread of preservative and width of 
incision damage made on transverse surfaces of test samples 
produced by cross-cutting through the incisions. All 
measurements were made at a depth of 6 mm below the incised 
surface. When averaged over both species and both moisture 
conditions, the ratios of preservative spread/tissue damage 
were:needle 3.45, tooth along 3.50 and tooth across 1.14. Needle 
incisions and tooth incisions along the grain were essentially 
equivalent while tooth incisions across the grain caused about 
three times as much damage to the wood for a comparable 
preservative treatment. 

On further consideration of this aspect of the study we reached 
the conclusion that it would be more appropriate to base these 
assessments on volume determinations of preservative-treated and 
damaged wood rather than simply on lateral measurements. Since 
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differences in depth penetration were negligible, the 
calculations could reasonably be carried out on the basis of 
treated vs. damaged areas. These calculations were carried out 
using data already available on lateral and longitudinal 
penetration and damage at depths of 9 mm and 6 mm respectively. 
On this basis, average ratios of penetrated/damaged areas were: 
needle 229, tooth along 13 and tooth across a. 

On the basis of this analysis, tooth incisions across the grain 
still provide the smallest amount of treated area per unit of 
wood tissue damage. For an equivalent area of tissue damage, 
tooth incisions along the grain would provide about 1 l/2 times 
the area of treated wood while needle incisions would provide 
almost thirty times the area of treated wood. The superior 
characteristics of needle incising are clearly shown by this 
analysis. 
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PLATES 1-18 



Plate 1-A- Good radial movement of CCA preservative in earlywood. 
Spruce, tooth incised on radial surface1 x6 

-B- Radial movement of preservative is halted abruptly in 
latewood. Spruce, tooth incised on radial surface,x3 

-c- Earlywood cell walls in the treated zone are uniformly 
stained with dithiooxamide. Spruce, tooth incised on 
radial surface, xl60 

-D- As C except needle incised, x40 
-E- As D, xl95 
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2-A- Ray tissue facilitates radial movement of CCA 
preservative. Spruce, xl25 _ 

-B- Radial transport of preservative in horizontal 
resin ducts. Spruce, x300 

-c- Latewood bands are often an obstacle to radial 
movement of preservative. Spruce, tooth incised on 
radial surface, xS 

-D- As C except incised on tangential surface x3 
-E- As D except x20 
-F- As D except tooth incision oriented across the grain1 x3 
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Plate 3-A- Restriction of radial movement of preservative 
at latewood bands. Spruce, needle incised on 
tangential surface1 xl0. 

-B- As A except XBO 
-c- Even ray penetration does not successfully traverse 

the latewood bands. Spruce, tooth incised on tangential 
surface, x80 

-D- Latewood cell walls show uneven treatment with 
deposits of preservative in the cell lumina. Spruce, 
tooth incised on tangential surface, xl60 -
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Plate 4-A- Accumulation of preservative at the base of a needle 
incision. Spruce, needle incised on tangential surface, 
xl60 

-B- As in A except at the lateral extremity of preservative 
penetration, xl60 

-c- Oblique needle incision shows radial penetration 
terminating at a latewood band with accumlation of 
preservative at that point. Spruce, xlS 

-D- As in C except xlOO 
-E- As in C except x40 





Plate 5-A- Area of erratic penetration in jack pine adjacent to an 
incision. Tooth incised on tangential surface, x5 

-B- Region of uniform treatment of earlywood and latewood 
cell walls in tooth-incised jack pine. x50 

-C- Effective radial penetration in earlywood is halted at 
the latewood boundaries. Pine, needle incised on 
radial surface, x5 

-D- As in c, xl2 
-E- As in C but alsonote differences in tangential 

penetration of earlywood and latewood along the treated 
surface (arrows), x7 
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Plate 6 -A- Radial movement in latewood sometimes improved in green-
treated material. Pine, needle incised on radial 
surface, xS 

-B- Uneven treatment of latewood cell walls and deposits of 
preservative in cell lumina. Pine, tooth incised on 
tangential surface, xl25 

-c- Radial movement of preservative in fusiform rays and 
horizontal resin ducts. Pine, needle incised on the 
radial surface, xl60 

-D- Pine ray parenchyma are generally more effective than 
ray tracheids in preservative transport. Pine, x320 





Plate 7-A- Difference in staining reaction for earlywood and 
latewood suggests disproportioning of preservative 
components. Pine, xSO 

-B- Tangential spread of preservative sometimes seems better 
in latewood than in earlywood. Pine, needle incised on 
tangential surface, x6 

-c- As in B. Note how radial penetration from the surface 
stops abruptly in latewood (arrows). Pine, xS. 

-D- As in B except Spruce, x40 
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Plate 8-A- Tangential spread of preservative sometimes differed 
little between earlywood and latewood. Pine, needle 
incised on tangential surface, x6 

-B- As in A except Spruce x6 
-c- Very good penetration of jack pine associated with a 

tooth incision (across the grain) on the radial surface. x3 
-D- Relatively poor penetration of jack pine incised as in 

C. x3 
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Plate 9-A- Well penetrated areas show good staining of tracheid 
walls and compound middle lamellae. Spruce, xl60 

-B- As in A except Pine, xl60 
-c- Dark staining of bordered pit pairs shows the importance 

of these structures in tangential movement of preservative. 
Pine, tangential sectionlx320 

-D- Vertical resin ducts assist in longitudinal movement of 
preservative. Spruce, xl25 

-E- As in D except Pine xl60 
-F- Transfer of preservative from vertical resin ducts to 

surrounding tissue. Spruce, xl25 



----. .. ----

\ 
\ I .. . ): F ' .. ,. 
I . - ..... . 

j .... 
I. 

: 
'\. 1'1 
! .. "> 

1 
l 

.... 



Plate 10-A- Longitudinal movement of preservative through vertical 
resin ducts. Spruce, xl25 

-B- Sample of abnormal penetration in biologically 
pretreated spruce. Tooth incised, xS 

-c- As in B, xS 
-D- Uniform treatment of cell walls in jack pine sapwood. xBO 
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Plate 11-A- Uniform treatment of cell walls in white spruce 
sapwood. x50 

-B- In spruce sapwood, preservative is seen more frequently 
in ray tracheids than in ray parenchyma. x300 

-C- Radial transfer of preservative in horizontal resin 
ducts. Spruce sapwood, x50. 

-D- In jack pine rays, preservative was normally confined 
to ray parenchyma. xl60 

-E- As in D. xl25 
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Plate 12-A- Thorough penetration of ACA preservative in sapwood 
cell walls and compound middle lamellae. Spruce, x80 

-B- As in A except Pine, x320 
-c- In ACA-treated heartwood of jack pine, earlywood cell 

walls stained much darker with dithiooxamide than did 
latewood. xBO 

-D- Treated latewood zones commonly showed deposits of 
preservative in the cell lumina. Pine, ACA treatment, 
x40 

-E- In some latewood areas, tracheid walls were poorly 
stained even though the lumina contained deposits of 
preservative. Pine, ACA treatment, xBO. 
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Plate 13-A- Vertical resin ducts transport ACA preservative 
along the grain. Spruce, xSO 

-B- Horizontal movement of ACA preservative is facilitated by 
both uniseriate and fusiform rays. Pine, x80. 

-C- Crystalline deposits in ray tracheids of ACA-treated 
jack pine. x480 

-D- As in C. x320 
-E- As in C but crystals also in longitudinal tracheids.x80 
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Plate 14-A- Surface view of treated areas resulting from needle(N) 
and tooth (T) incisions on a radial face. Spruce, 
CCA treatment, x0.75 

-B- As above except penetration results from a tooth 
incision oriented across the grain. x0.75 

-C-D- Lateral spread of CCA preservative from a needle 
incision is greater in the radial (R) than in the 
tangential (T) direction. x0.75 

-E- Side view of a needle incision showing the tissue 
damaged and the area treated with preservative. Pine, 
incised on tangential surface, xO.BS 
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Plate 15-A- Surface view of damage caused by needle incising. 
Pine, radial surface, SEM xlOO 

-B- Transverse section of white spruce specimen 
a needle incision. Incised on tangential surface, SEM x20 

-c- As in B except incised on radial surface, SEM x55 
-D- Surface view of tooth incision damage at 6 mm depth. 

Spruce, radial face, x0.75 

.. , 



' . 

D 



Plate 16-A- Longitudinal section through a tooth incision showing 
tissue damage and preservative spread. Spruce, radial 
face, x2 

-B- Transverse section of white spruce specimen through a 
tooth incision. SEM x20 

-c- Compression of wood tissues at the base of the tooth 
incision shown in B. SEM xlOO. 

-D- Enlarged view of tissue separation at the annual ring 
boundary from the tooth incision shown in B. SEM xlOO 

.. • 



0 



Plate 17-A- Lateral compression of wood tissues and separations at 
the ring boundaries associated with tooth incising. 
Spruce, incised on tangential surface, SEM x20. 

-B- Longitudinal section through a tooth incision across 
the grain shows expansion of tissue damage beneath the 
surface. Pine, x2 

-c- Enlarged view of above incision showing the extensive 
danage at the base of the incision. SEM xlO 

-D- Tissue damage from tooth incising across the grain is 
slightly less severe in spruce as compared with pine. 
Spruce, x0.75 
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Plate 18-A- Damage associated with incisions across the grain was 
less severe for green wood than for air-dry wood. 
Spruce, green-incised across the grain, x0.85. 

-B- As in A except Pine, x0.85 
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