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ABSTRACT

This thesis will be a literature review with the purpose of evaluating the impact pre-
commercial thinning (PCT) has on the tree growth response and if it can meet the
objective of profitability in Jack pine (Pinus banksiana Lamb.) stands in Northwestern
Ontario. Timing and thinning intensity have been identified as two major factors which
influence the success of PCT. A general conclusion that can be made from the literature
reviewed is that there is no specific threshold for timing and thinning intensities. Both
are dependent upon the management objective and success can only be attained when
used properly. If the goal is to achieve high-quality logs, then applying PCT at a low
intensity and later in the stand’s development will help meet this goal. However, if the
goal is to produce high volume with the shortest rotation age, then applying PCT at a
high intensity at an early stage in the stand’s development will yield positive results.
Additionally, tree growth response is clearly impacted by PCT. Greater thinning
intensities can cause rapid diameter growth at the cost of increasing the abundance of
more severe defects and reduce the overall quality of wood. When applied appropriately,
PCT was found to decrease the total stand volume however, it can increase the total
merchantable volume. Furthermore, it was estimated that in some cases, PCT can
produce approximately $2,880 more average lumber recovery per hectare when
compared to control stands. From the literature reviewed, it appears that PCT can meet
the objective of profitability in Jack pine stands in Northwestern Ontario when used
correctly.

Key Words: Pre-commercial thinning, tree growth response, profitability, lumber
recovery, total stand volume, merchantable volume
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1.0 INTRODUCTION

Forestry in Northern Ontario is one of the regions’ main industries. However,
despite its economic importance, timber supply is a potential limiting factor for further
economic growth of this industry (Tong et al. 2005, Moulinier et al. 2015, Pacé et al.
2017). Since the low productivity of Northern Ontario’s forests and the high demand for
lumber, pre-commercial thinning (PCT) has been thought to be an appropriate method to
increase productivity by reducing the time it takes trees to reach maturity (Tong et al.
2005). There have been a variety of studies on the positive effects of PCT with regards
to species such as Balsam fir (4bies balsamea), Norway spruce (Picea abies), and Scots
pine (Pinus sylvestris), but few that examine the relationship between PCT and Jack

pine (Pinus banksiana Lamb.) in Northern Ontario.

PCT is a well-established method for promoting the growth of diameter at breast
height (DBH) as well as the overall quality and quantity of merchantable volume within
the tree (Pacé et al. 2017). However, timing and thinning intensity are two main factors
that can contribute to the success or failure when applying PCT (Tong ef al. 2005,
Zhang et al. 2006, Splawinski et al. 2014, Splawinski et al. 2017). Depending on how
these factors are applied, the result for the stand’s lumber quality may be quite different
(Van Damme & McKee 1990, Morris et al. 1994, Zhang et al. 2006). The appropriate
time and intensity to apply PCT are dictated by the goal(s) of the management plan (Van

Damme & McKee 1990). By understanding how timing and thinning intensity affect the



growth of Jack pine, the application of PCT can be used to potentially increase the

productivity in Northern Ontario’s Jack pine stands.

1.1. Objective:

The objective of this thesis is to determine if PCT can be an economically viable
option that can be applied to Jack pine stands in Northwestern Ontario. To achieve this
objective, a review and comparison of relevant literature will be done. The timing,
thinning intensity, and how they affect the growth of Jack pine will be evaluated to

determine a possible conclusion.



2.0. LITERATURE REVIEWED

2.1. Jack pine Silviculture:

Jack pine is a shade-intolerant conifer that is widespread across Canada and is
found in ecoregions 1-5E (typically restricted to plantations in ecoregions 6 & 7E) in
Ontario (See figure 2.2.1. below) (Rudolph and Laidly 1990, OMNRF 2000). Although
they are able to tolerate a variety of sites, they perform best on dry, well-drained sandy

loam with a pH range between 4.5-7.0 (Chrosciewicz 1990, OMNREF 2000.).

Relative Occurence
Low
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i

Figure 1. Density distribution of Jack pine in Ontariol(Government of Ontario 2016)

Jack pine seeds require exposed mineral soil or burned duff for germination to

occur as well as, slight shade and moisture to prevent desiccation (OMNRF 2000,



OMNREF 2015). Jack pine seeds typically require 15 — 60 days to germinate, although
some may take as long as 100 days (Rudolph and Laidly 1990). If conditions are not
suitable for germination, seeds may remain dormant for between 5 — 10 years (OMNRF
2000, OMNREF 2015). In more northern areas of the tree’s range, their serotinus cones
require an approximate temperature of 50° C (122° F) to open (Rudolph and Laidly
1990). This kind of temperature is only achieved through wildfires, although, in Jack
pine’s southern range where cones are partially serotinous, the outside temperature
required to open the cones is only 27° C (80° F) (Rudolph and Laidly 1990). If fire does
not occur in a stand, Jack pine will often struggle to regenerate, and the stand will
transition from Jack pine dominant to a more shade-tolerant species (Chrosciewicz
1990). In Ontario, Jack pine mixed stands typically consist of poplar (Populus spp.),
birch (Betula spp.), and spruce (Picea spp.) species (Rudolph and Laidly 1990, Longpré
et al. 1994, Mann & MacDonald 2015). Unlike pure Jack pine stands, mixedwood
stands create important habitat for a large variety of wildlife through improving soil
quality (Longpré ef al. 1994). Additionally, birch species have been found to increase
the DBH of Jack pine when they are growing in the same stand (Longpré et al. 1994).
However, too much competition in these stands (more than 4,950 trees/ha) will result in

stunted growth for Jack pine (Rudolph and Laidly 1990).

Although Jack pine is shade intolerant, slight shade 1s required to achieve

optimal form, especially at young ages (Rudolph and Laidly 1990, OMNRF 2000,



OMNREF 2015). In the first 20 years of its development, Jack pine is one of the fastest-
growing conifers and along with high initial stand densities, stem exclusion and self-
thinning will result (Rudolph and Laidly 1990, Zhang et al. 2006, OMNREF 2015,
Wisconsin Department of Natural Resources Division of Forestry 2016). Well stocked
stands produce trees with a straight, slender stem profile and a crown cover percentage
ranging between 30 to 45%, while trees in understocked stands are of poor stem form
and display a higher crown cover percentage with branches typically reaching the
ground (Wisconsin Department of Natural Resources Division of Forestry 2016).
However, trees in overstocked stands do not receive enough sunlight and have thinner,
weaker stems than those in understocked and well-stocked stands (Wisconsin

Department of Natural Resources Division of Forestry 2016).

2.2. Aspects of PCT:

Pre-commercial thinning (PCT) is a method of thinning where trees in
overstocked stands are released to stimulate growth and prevent the prolonged
suppression of the target species (Fahlvik 2005, Williams and Harrington 2012, Uotila et
al. 2020, Wotherspoon et al. 2020). PCT is implemented in overstocked stands where
seedlings have not yet reached maturity and have no lumber value associated with them
(Fahlvik 2005, Williams and Harrington 2012). This typically occurs at a mean stand
height of approximately 1.3m (Fahlvik 2005, Williams and Harrington 2012). PCT

reduces the overall competition within the stand and allows for trees to develop a larger



mean diameter (Routa 2020, Wotherspoon et al. 2020). However, despite the decrease
of all the stand’s overall volume, the increase in average DBH and wood quality has the
potential to increase the stand’s value (Fahlvik 2005, Uotila ef al. 2020, Wotherspoon et
al. 2020). Removing trees of poor quality while retaining those of higher quality will
ensure the best-growing stock is available at the final harvest and maximize profit
(Fahlvik 2005, Williams and Harrington 2012). In addition to improving the quality and
merchantable volume of trees within the stand, PCT also produces more vigorous stands
with higher resistance to windfalls and insect outbreaks (Fahlvik 2005, Williams and
Harrington 2012, Watson et al. 2013). In the long term, PCT will create more valuable
stands by increasing the growth rate of the target species as well as increasing vigour
and reduce the length of harvest rotations (Fahlvik 2005, Williams and Harrington 2012,

Uotila et al. 2020, Wotherspoon et al. 2020).

When implementing PCT, the two methods that can be used are chemically and
mechanically (Reukema 1975, Ligné 2005, Williams and Harrington 2012, Routa 2020).
Using herbicides such as Glyphosate for PCT is typically done by manually spraying
undesired seedlings, or, in conditions where seedlings are less than 1m in height, tractors
can be used (Williams and Harrington 2012). Mechanical thinning is a much more
common method and can be done either motor- manually or through mechanized

tending methods (Ligné 2005, Williams and Harrington 2012, Routa 2020).

Mechanized tending is more costly than motor-manual tending and depending

upon the size of the forest’s stands may not be worth the investment (Ligné 2005, Routa



2020). In two separate studies done by Ligné (2005) and Routa (2020), it was found that
over short periods, motor-manual tending is more productive than mechanized tending.
However, it was hypothesized by Routa (2020) that as time spent tending increases, the

efficiency of mechanized tending increases.

2.2.1. PCT effects on wood quality:

While PCT increases the general growth rate and increases tree volume, there are
other indicators of wood quality that can be used to assess the effectiveness of PCT
(Routa 2020, Wotherspoon et al. 2020). Modulus of rupture (MOR), modulus of
elasticity (MOE), and wood density are all important measurements of lumber quality
(Green et al. 1999, Zhang et al. 2006, Fernandes et al. 2017). MOR measures the
maximum load a piece of wood can tolerate before it ruptures (Green et al. 1999, Zhang
et al. 2006, Babiak et al. 2018). This is a useful metric because it allows for an
understanding of the maximum weight a specific species can tolerate before breaking
(Green et al. 1999). MOE measures the wood’s stiffness and its ability to recover from
the stress placed on it (Green ef al. 1999, Zhang et al. 2006, Babiak et al. 2018). Unlike
MOR, a MOE test does not take the wood to its breaking point but rather measures the
maximum weight it can endure while being able to return to its original shape (Green et
al. 1999). Wood density is simply the amount of wood fiber (mass) present in a given
volume and is expressed as kg/m? (Green et al. 1999, Zhang et al. 2006). PCT does,
however, produce a higher percentage of juvenile wood in trees at the time of maturity
(Zobel & Van Buijtenen 1989). Juvenile wood in trees is not as structurally sound as

mature wood and produces structurally inferior lumber (Zobel & Van Buijtenen 1989,



Zhang et al. 2006, Kretschmann & Cramer 2007, Barrios ef al. 2017). Although an
increased growth rate may lead to higher juvenile wood content, less intensive PCT has

been found to have little to no effect on the juvenile wood content in mature trees (Zobel

& Van Buijtenen 1989, Kretschmann & Cramer 2007, Barrios ef al. 2017).

2.3. How Jack pine Stands Respond to PCT:

PCT is used in overstocked stands where trees have a positive response to
release. Jack pine’s shade-intolerance means PCT has the potential to increase the
productivity of Jack pine stands (Tong et al. 2005, Zhang et al. 2006, Splawinski et al.
2014). When applied to Jack pine stands, PCT has shown to provide a consistent
increase in the average diameter of the stand (Tong ef al. 2005, Tong & Zhang 2005,
Zhang et al. 2006, Schneider et al. 2008, Splawinski et al. 2014, Moulinier et al. 2015,
Splawinski et al. 2017). However, when exposed to excess sunlight, and thinned too
early, trees of poorer form tend to arise (Rudolph & Laidly 1990, Splawinski ef al.
2014). Conversely, too little sunlight and the seedlings may not respond to release when
thinned in the future (Morris et al. 1994). DBH growth rate starts to decrease within 6-
12 years after establishment and it is at this time that PCT is normally applied

(Splawinski et al. 2014).

3.0. METHODS



Outlined in the methods are three sections that will be reviewed, and later
evaluated. These sections provide a means to measure and evaluate the effectiveness of

PCT. All three of these sections will be based on a comprehensive review of literature.

1. The effect of different thinning intensities
ii.  The effects timing has on PCT success

iii.  How PCT affects the growth characteristics of Jack pine

The first examines the effects different thinning intensities may provide. A series
of different studies will be analyzed to determine the effects different intensities have on
Jack pine. However, studies strictly pertaining to how varying PCT intensities may
affect Jack pine were relatively uncommon. To provide more insight on the topic,
studies of Scots pine from different regions in Finland were used as a comparison. Both

species share similar silvics and were both grown in similar conditions.

The second section is a review of how the timing of PCT affects Jack pine
stands. Here, literature will be compared to explore how Jack pine react to PCT at
different ages. Studies in this section are from northwest Ontario, north-central Ontario,

northwest Quebec, and northern Michigan.
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The final section analyzes how both timing and thinning intensities affect the
growth of Jack pine. Numerous studies will be used to examine the effects that PCT may
have on DBH, height, modulus of rupture (MOR), modulus of elasticity (MOE), and a
number of notable defects (knots, crook and sweeps, and forks). Studies in this section
are from northwest Ontario, Manitoba, northwest Quebec, eastern New Brunswick, and

northern Michigan.
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4.0. RESULTS:

4.1. The Effects of Different Thinning Intensities:

In summary Table 1 below, the effects of different thinning intensities from

multiple authors are compared.

Table 1. Studies comparing the effects of different thinning intensities of PCT.

Species Study Area Thinning Intensity Results

* PCT stands had a higher average DBH
than control stands,
* Increased thinning intensity showed a
. Northwest significant increase in DBH between control

Jack Pine  Tong et al. (2005) Ontario and PCT stands
* Most intensively thinned stand (1,360
stems/ha) had the greatest difference when
compared to control stand

* Most intensively thinned stand (spacing of
2.13m with a density of 2,212 stems/ha after
thinning and 1,250 stems/ha after 34 years)
had the largest average DBH.

* Most intensively thinned stand had the
greatest amount of merchantable volume
(m3/ha)

New

Jack Pine  Zhang ef al. (2006) Brunswick

eIncreased thinning intensities stands
showed an increase in average DBH as well
as an increased growth rate

Stands thinned to 3X3m had the greatest
growth increase

Northwest

Jack Pine  Morris ef al. (1994) Ontario



Scots
Pine

Scots
Pine

Scots
Pine

Huuskonen &
Hynynen (2006)

Ruha & Varmola
(1997)

Makinen & Isoméki
(2004)

12

Southern
and
Central
Finland.

Lapland,
Finland

Southern
and
Central
Finland.

*Stands thinned at 3m to 3000 stems/ha
allow for the largest merchantable volume
during the first commercial thinnings
*Stands thinned at 3m to a density of 2000
stems/ha have a 30% decrease in volume by
the time of the first commercial thinning

 Late PCT when the dominant tree height is
above 7m and reducing the stand density to
1600 stems/ha could postpone the first
commercial thinning by 5-10 years when
compared to 2500 stems/ha.

* Of all thinning intensities analyzed in this
study, 2500 stems/ha produced the best
wood quality and volume yield.

*Stands thinned to 42% of the basal area of
control stands showed a significant increase
in DBH growth, but not in height

* Merchantable volume of the stand
decreased significantly when thinned to 75-
80% of the basal area of control stands

There are few studies exclusively comparing the effects of thinning intensities on

Jack pine and therefore, the effects of thinning intensities on Scots pine are included in

the table. Both species have similar silviculture and are easily comparable (Egnell 2000,

Qyen et al. 2006). In the studies focused on Jack pine, all three studies found that stands

receiving PCT displayed an increase in DBH growth. The results from these studies

concluded that the most intensively thinned stand produced the most significant DBH

growth. However, there is no specific spacing where the three studies agree PCT is most
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effective. Instead, the most intense spacing in each study was different but displayed the
same overall trend. When compared with the studies on Scots pine, Ruha & Varmola
(1997) found that after reducing a stand to 2500 stems/ha, both wood quality and
merchantable volume were maximized. Stands thinned to a density of 1600 stems/ha
had an increased chance of delaying the first thinning by up to 10 years. Similarly,
Huuskonen & Hynynen (2006) found that stands thinned at 3m to 3000 stems/ha yielded
the largest merchantable volume during the first commercial thinnings. As thinning
intensity increased to a density of 2000 stems/ha, there may be a 30% decrease in
volume by the time of the first commercial thinning. Additionally, Makinen & Isoméki
(2004) reported merchantable stem volume decreased as thinning intensities increased
Stands where thinning intensities exceeding 75-80% of the control stands basal area led

to reduced merchantable volume production.

4.2. The Effects Timing Has on PCT Success:

Summary Table 2 below shows the findings from several studies with regards to

how timing affects jack pine stands.

Table 2. Studies comparing the effects timing of PCT has on Jack pine stands.

Species Study Area Thinning Age Results




Jack Pine

Jack Pine

Jack Pine

Jack Pine

Jack Pine

14

Tong et al. (2005)

Tong & Zhang (2005)

Riley (1973)

Splawinski et al.
(2014)

Splawinski et al.
(2017)

Northwest
Ontario

Northern
Michigan

Northern
Ontario

Northwest
Quebec

Northwest
Quebec

* Stands around the age of
30 displayed a less
significant change in
DBH than those below the
age of 30

* Thinning at 11-12 years
of age yielded the more
significant increases in
average DBH

* Stand thinned at 14
years of age had a
significant increased
growth period of 5 years

Stands thinned at ages 9
and 22 had an increased
growth period of
approximately 20 years

* Stand thinned at age 33
only had an increased
growth period of no
greater than 5 years

* PCT should be done 7-
10 years after
establishment to
maximize growth and
reduce treatment expenses

*Thinning applied to
Individuals between 4 and
9 years of age after
establishment, had a
significantly greater
growth response than
individuals thinned 10+
years after establishment
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From Table 2, it can be seen that all studies display a similar trend where an
increase in age shows a decrease in significant growth. In studies by Tong et al. (2005)
and Splawinski et al. (2014) and (2017), it was observed that when PCT was applied to
stands established at 10-12 years old there was a decrease in responsiveness to the
treatment. Tong & Zhang (2005) had similar findings and determined that a stand
thinned at 14 years of age or later, will only have a significant growth period of 5 years.
However, despite this overall trend, there is no specific age where PCT immediately
becomes ineffective. Riley (1973) found that stands thinned up to age 22 may still have
an increased growth response of up to 20 years (the same as stands thinned at the age of

9).

4.3. How Timing and Thinning Intensities Affect Growth Characteristics of Jack pine

Summary Table 3 below shows the findings from several studies with regards to

how timing and thinning intensity affect Jack pine stands.

Table 3. Studies comparing the effects thinning and thinning intensities of PCT have on
the growth of Jack pine stands

Species Study Area Growth Results




Jack Pine

Jack Pine

Jack Pine

Jack Pine

16

Northwest
Tong et al. (2005) Ontario

New
Zhang et al. (2006) Brunswick

) Northwest

Morris et al. (1994) Ontario
Bella & deFranceschi .
(1974) Manitoba

* A positive increase in DBH
and height for trees in PCT
stands

*Tree height in PCT stands did
not show as significant of an
increase at DBH

* MOE and MOR values
decrease as PCT intensity
increases

* Knots present in the wood
increased with increased
thinning intensity

* Trees of the most intensively
thinned stand (2.13 m) had
larger branches overall than
moderately thinned trees (1.22
and 1.52 m) and those in the
control stand

*PCT stands showed an increase
in average DBH

* There was no clear
relationship between thinning
and height

* Increased thinning intensity
does however lead, to a more
severe taper which may
negatively affect wood quality

*PCT stands showed an increase
in average DBH

 There was no clear
relationship between thinning
and height
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. Northern
Jack Pine Tong & Zhang (2005) Michigan

) . Northwest
Jack Pine Splawinski et al. (2014) Quebec

. o Northwest
Jack Pine Splawinski et al. (2017) Quebec

* PCT applied to Jack pine
showed an increase in DBH and
height compared to denser stand
* Forks on the stems are
reduced in PCT stands when
compared to stands using
increased spacing

* Increased spacing leads to
increased knot sizes in the
lumber

* Sweep and crook was reduced
in PCT stand

* As the height at which stems
were cut increased, so to do the
number of whorls

» Approximately 75% of Jack
pine receiving PCT showed a
positive growth response

In Table 3 above, there are multiple different effects PCT has been shown to

have on Jack pine growth. Splawinski (2017) reported that approximately 75% of Jack

pine receiving PCT showed a positive growth response. The most obvious and

consistent trend is the increase in average DBH. All studies documenting PCT’s effect

on DBH growth reported an increase in DBH when compared to control stands or stands

with denser spacing. Tong et al. (2005), Morris et al. (1994), and Bella & deFranceschi

(1974) all concluded that there is no consistent trend linking PCT to increased height

growth. However, Tong & Zhang (2005) found that there was an increase in average

height with PCT. Although PCT increases DBH, wood quality was not as positively

affected. Zhang et al. (2006) found that both modulus of rupture (MOR) and modulus of
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elasticity (MOE) are lower in PCT stands than control stands. Tong and Zhang (2005)
and Zhang (2006) both found that PCT also affects knot size and abundance. PCT stands
tend to produce trees with more and larger knots than denser stands. PCT stands also
produced trees with a more severe taper as reported by Morris et al. (1994). However,
Tong & Zhang (2005) and Splawinski (2014) found sweep, crooks, and forks were

reduced in PCT stands.
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5.0. DISCUSSION:

5.1. The Effects of Different Thinning Intensities:

Different thinning intensities have a clear impact on PCT stands when compared
to control stands. As seen in the results section, all three of the studies focused on Jack
pine reported that stands with the greatest thinning intensities produced trees with
significantly greater DBH growth than control stands. However, the densities for the
most intensively thinned stands were different across all studies. Tong et al. (2005) and
Zhang et al. (2005) had relatively similar densities of 1,360 stems/ha and 1,250 stems/ha
respectively. The study by Morris ef al. (1994) had a spacing larger than the previous
two studies (at 3x3m) and still reported a significant increase in growth between the
control stand and each thinning intensity. Results from the scots pine studies indicate
that although greater intensities increase tree growth, volume yield decreases. This can
be attributed to the fact that as thinning intensities increase, more volume is removed
from the forest (Huuskonen & Hynynen 2006). A study from Varmola & Salminen
(2004) found that there may be a significant loss in production when a stand is thinned
to 1000 stems/ha. Huuskonen & Hynynen (2006) observed that when stands were
thinned density of 2000 stems/ha, there was a 30% decrease in volume by the time of
the first commercial thinning. Although, stands thinned to a density of 3000 stems/ha
produced the largest amount of merchantable volume by the time of the first commercial
thinnings. Tong et al. (2005) corroborated these findings and determined that PCT may

reduce total tree volume per hectare, although total merchantable stem volume per
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hectare was increased when compared to control stands. While the specific densities
between studies may differ, a report by Van Damme & McKee (1990) suggested that a
suitable density may be chosen based upon the management objectives. For instance, in
pulpwood operation, tree form is less important than in a sawlog operation, and
therefore, it may be more beneficial to use a higher thinning intensity to increase
growth. While a sawlog operation may want to use a less intense thinning to focus more
on reducing defects and producing a clear stem. Morris and Parker (1992) also advised
that an optimal density for Jack pine may not exist. As an alternative, they recommend
that a series of thinnings may be more practical to achieve higher quality lumber.
Additionally, Kojola ef al. (2005) and Nilsson et al. (2010) both confirm that in the
management of Scots pine, as many as three thinning phases may be implemented

before the first commercial harvest.

5.2. The Effects Timing Has on PCT Success:

Similar to thinning intensity, all of the studies examining the effects timing has
on PCT in the results section (Table 2) display a clear trend; with an increase in age
comes a decrease in significant growth. Across all five studies, the age at which
significant growth starts to decrease varies. All studies are within similar latitudinal
coordinates to one another, and site conditions are all relatively similar. However,
because studies were conducted in slightly different manners there is room for variation

in results. The general conclusion that can be made from the results is that when PCT is
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applied to a stand past the age of 14, there is a significant reduction in relative growth.
The lone exception to this conclusion is the study from Riley (1973), which found
stands up to the age of 22 may still experience the same increased growth period as
stands receiving PCT at age 9. As seen with thinning intensity, the report by Van
Damme & McKee (1990) recommends that timing should be determined based upon the
management objectives. An example from Morris et al. (1994) compares how in a
pulpwood operation, Jack pine stands may be thinned at 10 years of age while a stand
aimed at producing sawlogs may receive a thinning at age 25. By applying PCT at an
appropriate time based on management objectives, there is the potential to decrease
treatment costs and increase yield (Riley 1973, Morris ef al. 1994, Tong et al. 2005).
When compared to studies examining the effects of PCT on scots pine in Scandinavia,
Varmola & Salminen (2004) found that stands receiving early PCT (where the average
stand height is 3m) produce the highest standing volume and merchantable wood.
However, they also acknowledge that the timing of PCT should be based on the
management objectives set in place. Early PCT is more beneficial to high volume
growth objectives while late thinnings favour merchantable removal and higher quality
lumber objectives. They also acknowledge that a trade-off scenario (thinning at the
dominant height of 5-6 m) is not an alternative solution for trying to achieve both high

volume production and high wood quality.
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5.3. How Timing and Thinning Intensities Affect Growth Characteristics of Jack pine:

While PCT has proven to be an effective method for increasing the DBH in Jack
pine stands, there is no consistent evidence that shows an increase in height. Tong et al.
(2005) and Tong and Zhang et al. (2005) found a correlation between height and PCT
while the other studies did not. As such, PCT should not be relied upon with the sole
focus of improving tree height. Wood characteristics are also an important aspect that
must be considered when discussing the effects of PCT. MOR and MOE are excellent
indicators of wood strength and are often affected by an increased growth rate (Green et
al. 1999, Zhang et al. 2006, Fernandes et al. 2017). Zhang et al. (2006) found that
increasing PCT intensity will lead to lower MOE and MOR values. A longer rotation
period, although effective for increasing stand volume, produces a higher portion of
juvenile wood within trees. Lower MOE and MOR values in PCT stands can be
attributed to a higher juvenile wood content in trees which produces structurally inferior
wood compared to mature wood (Zobel & Van Buijtenen 1989, Zhang et al. 2006,
Kretschmann & Cramer 2007, Barrios et al. 2017). Although PCT may create a higher
juvenile wood proportion, Ulvcrona & Ulvcrona (2011) found that thinning has little to
no effect on the MOE within the juvenile wood of Scots pine. However, this is on the
assumption that the width of the growth rings within the juvenile wood does not change.
To avoid a higher juvenile wood content, and theoretically achieve higher MOE and
MOR values, an older rotation age should be considered in stands receiving PCT (Zhang
et al. 2006). Tong and Zhang (2005) found that forks in the stems were reduced in

stands receiving PCT. However, this may be because the trees with forks were removed
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during thinning therefore decreasing their abundance. In stands with different spacing,
that did not receive PCT, the number of forked trees did not increase or decrease with
increasing spacing (Tong & Zhang 2005). Tong and Zhang (2005) as well as Zhang et
al. (2006) also observed that increased intensity can lead to a larger number of knots
present in the wood. The size of the knots was also observed to increase with PCT. PCT
has also been found to increase other defects like taper, crook and sweep, and whorls.
To avoid an increase in serious defects, thinning should be carried out at a later stage
rather than earlier (Morris ef al. 1994, Varmola & Salminen 2004, Zhang et al. 2006,
Splawinski et al. 2014). Overall, there is not a specific time, nor intensity, at which PCT
can be applied. Rather, with increased thinning intensities comes accelerated growth, but
at the sacrifice of wood quality. While early thinnings lead to accelerated growth with

decreased wood quality.

5.4. Potential Profitability of PCT in Jack pine Stands:

For PCT to be an economically viable option in northwest Ontario, timing and
thinning intensities must be used in accordance with the management objective. Tong et
al. (2005) determined that PCT in Jack pine stands in northwest Ontario is an
economically viable option. They estimate that stands receiving PCT produced
approximately $2,880 (in the dimension mill) and $1,700 (in the stud mill) more average
lumber recovery per hectare when compared to control stands. They also determined

that PCT stands produced higher economic returns than control stands. The benefit/cost
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ratio increased along with DBH in PCT stands when compared to control stands.
Findings from Riley (1973) and Smith (1984) also suggested that PCT may be an
economically viable option. However, they cautioned that treatment cost may be
significantly increased the older the stand. The lowest age class had an estimated
reduction of $4.29 at harvest while the oldest age class only had a potential reduction
cost of $0.97 at harvest (in 1970 United States dollar value). They also estimated the
cost/acre (in 1970 United States dollar value) for treatment of the youngest stand varied
from $15.92 - $18.38 and $39.64 — $94.99 in stands aged 22 to 33 years old. Within the
youngest stand, brushsaws proved to be the more cost-effective treatment option when
compared to the chainsaws. Splawinski et al. (2014) corroborated these findings and
suggested that thinning 7-10 years after establishment may reduce treatment costs while
maximizing growth. However, if PCT is applied too early, conifer re-growth may occur

which would lead to an additional treatment cost.

PCT has also been found to have financial benefits indirectly related to tree growth.
A study done by Samariks et al. (2020) found that by reducing the number of trees lost
due to windthrow, PCT creates higher stand volumes and increases net present value
(NPV). Furthermore, Watson ef al. (2013) determined that the risk of insect outbreaks
can be greatly reduced by using PCT. Bark beetles (Scolytidae) outbreaks are
particularly affected by PCT. Mountain pine beetles (Dendroctonus ponderosae) have
been known to cause significant damage to lodgepole pine stands (Pinus contorta), a
close relative to Jack pine, in British Columbia, and although not currently in Ontario,

they have been identified as having the potential to move eastward into the boreal forest
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(Bleiker et al. 2019). Using PCT can help to reduce a potential bark beetle outbreak risk
and increased the commercial value of the forest (Watson ef al. 2013, Stewart & Salvail

2017).
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6.0. CONCLUSION:

From the results and discussion sections above, some conclusions that can be

drawn from the results of this study:

First, PCT must be appropriately applied to meet the management objective. If
the goal is to achieve high-quality logs (usually associated with sawlog operations) then
applying PCT at a low intensity and later in the stand’s development will help attain this
goal. However, if the goal is to produce high volume with the shortest rotation age
(usually associated with pulpwood operations), then applying PCT at a high intensity at

an early stage in the stand’s development will yield positive results.

Secondly, PCT has the potential to be an economically viable treatment option
for Jack pine stands in northwest Ontario. Treatment costs have been found to be
significantly less in early stands and may result in increased profit at the time of harvest.
As well, PCT stands can produce a higher average lumber recovery per hectare when
compared to control stands. As mentioned above, only through proper application can

PCT meet the objective of profitability.

Overall, to say PCT can be an economically viable option that can be applied to
Jack pine stands in Northwestern Ontario is too broad a statement. Instead, PCT can be
an economically viable option for Jack pine stands in Northwestern Ontario when

applied in accordance with the management objective.
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