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ABSTRACT

Growth response to ferti}iiation and thinning

treatments of Mature black spruce (Picea mariana’

were investigated in two sites in Northern Manitoba. One
site near Sipiwesk Lake had plots treated in the spring of
1748 with-uahious levels of urea and super triplephosphate
fertilizer. The other study site near the town of Wanless
had simitar fertilization treatmentes plus extra plots
treated with urea fertilizer and thinned to é1 X of their
original stem number. The latter site, however, had
fertilizer treatmente applied in the fall 1948, Ana!ysfs of
data determined volume change between treatments, ring
increment response, and stand structure changes. The best
signiticant growth response occcurred in the SipiweskK spring
application of 280 kg ha of urea. Fall application of‘
fertilizer without thinning showed poor results. The
thinning with fertilization treatments at Wanless, however,
had good growth response, with best respanse being é
combination of thinning and 84 kg ha of urea. The
application of phosphorue in the form of super
triplephosphaterhad only a modest influence on growth
response, The most important change in stand structure was
an increased in the mortality of trees inlone of the llanless
fertilization treatments. The amount of tree mortality in

all of the Sipiwesk treatments were found to be similar.
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CHAPTER ONE
INTRODUCTION

1.1 Background

In 1976 it was estimated that Canada would harvest
about 127 million cubic metres of wood annually, and that by
the year 2000 this removal would increase to about 215
million cubic metres (Stanton, 19?6);'E810w1y, because of
this intensive harvesting, the stockéxﬁf merchantable wood
in Canada are dwindling. Similtar problems have occurred in
Sweden, and have been overcome by several forest.management
practices. Sweden’s most successful management technique
has been forest fertilization (Holmen, 1949).

.‘ In Canada two methods are being investigated to see if
they can increase the merchantable supplies of wood. These
me thods are fertilization and thinning. Experiments with
nitrogen and nitrogen/phosphorus fertilizers have resulted
in substantial increases in growth for many species of young
trees fStanton, 1976). However, the use of fertilizers as a
means of increasing yield in semi—-mature forest has been
delayed by the simple procedure of cutting down more trees
(Stanton, 1978). Several programs of forest fertilization
began in Canada around 1962. The largest fertilization
trials were in British Columbia, where 25,000 hectares of

Douglas—fir (Pseudotsuga menziesii) forest had been

fertilized with urea by the end of 1978 (Pang and



McCullough, 1982).

Little commercial thinning is practiced in Canada.
There have, however, been developmemts in pre—-commercial
thinning, sometimes refered to as spacing (Stanton, 1974).
Most pre-commercial thinning occurs in sites where the trees
are between twenty to thirty years old. It is at this age
that nutrient, moisture, and light resources become limiting
to growth because of overcrowding. Competition forvthese
resources causes the gradual demise ofhweak individuals in
the forest community. Thinning causé;'the removal of these
weak or suppressed trees before competition for resources
occurs, and therefore increases the 9mounts of nutrients
available for the trees that are leff. The removal of
suppressed trees over dominants is commonly refered to as
’;elective thinning”.

In Manitoba, the Department of Natural Resources has
expressed interest in the possibility of increasing

merchantable yields of black spruce (Picea mariana)l

in the boreal forest (Rowe, 1972) by the application of
fertilizers, or by implementing selective thinning. As a
response to this need the Canadian Forestry Service
established two demonstration areas in Northern Manitoba in
1948 (Nairn, 1970>. The first demonstration near Sipiwesk
Lake, approximately 11.2 Kilometers southeast of Wabowden
(Figure 1), was established in the early spring 1948, and
contained nitrogen/phosphorus fertilization trials. The

fertilizers at the Sipiwesk site were applied during the
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1ast week of May. The second demonstration, approximately
4.8 Kilometers south.of Wanless (Figure 1), contained both
thinning and nitrogen/phosphorus fertilization trials. The
fertilizers in these plots were applied dhring the period
October 15-18, 1948. In both areas nitrogen was applied in
the form of urea, and phosphorus as triple superphosphate.
After fifteen years of growth the black spruce that
survived in the Wanless and Sipiwesk demonstration plots
were examined for growth response duélto‘thinning and/or
fertilization. During the spriné o?yi983 sampling of data
from these demonstrations was undertaken by a crew of five
(which included myself) Canadian Forgstry Service workers,
The sampling was designed and organized by myself. The
sampling took eight days to complete, and inc]udegvarious
measurements of diameter at breast height (DBH), height, and
ring increment growth of éhe treated black spruce. From the
fall of 1983 to the spring of 1984 the collected samples
were further analyzed for growth responses in the laboratory
at the University of Winnipeg. Conclusions as to the growth
responses within the treatments were finished by the summer

of 1984 after computer analyses of the collected data.

1.2 Objectives

Hany researchers believe that fertilization and/or
thinning may be used to increase the merchantable yields of

wood in the Canadian boreal forest (Steward et al., 1948;



and Stanton, 1976). Studies sfmilar to the Wanless and
Sipiwesk demonstrations have concluded that fertilization
and/or thinning can increase yields (Krause, 1973; Weetman
and Algar, 1974; Weetman, 1975; Gagnon et al., 1976;
Morrison et al., 1976 and 1977; Van Cleve et al., 1976;
Kingston et al., 1978; Morrison and Foster, 197%; Van
Nostrand, 1979; Krause, 1981; Morrison et al., 1981;
Steinbrenner, 1981; Barclay et al., 1982; and Krause et
al., 1982>. However, the amount ofvin;rease in the
merchantable volume is controlled by"%%e rate of
fertilization, type of soil, prevailing climate, and other
environmental limiting factors that ?ay cause or relieve
growth stress (Kozlowski, 1979).

The purpose of this study is to investigate the growth

response of the black spruce in the Sipiwesk and Wanless

demonstration areas to fertilization and selective thinning.

Also, to acquire information on site conditions and relate
this data to the observed growth response. This site
information may then be used to determine fertilization or
thinning rates in other similar site locations in Northern
Manitoba. Specific objectives include: 1) determining the
volume change between treatments with the aid of DBH
measurements and a volume/DBH curve, 2) determining the
increment growth change in the rings after treatment as
compared to the increment growth prior to treatment, 3
identify changes in the stand structure cause by the

treatments, and 4) determining if the time of application



changes the resulting volume increase for identical
treatments (Wanless, fall application; Sipiwesk, spring

application).

1.3 Study Area and Site Description

The Sipiwesk fertilization demonstration site is
located in section 15, township 48, range 7, along the north
side of the Sipiwesk Lake road. This area is a dry upland
site with a well drained Orthic Gray Luvisol soil developed
on lacustrine clay. The soil has a well-developed Ae and Bt
horizons and a thin organic surface horizon. The pH was
measured in the field just below the soil surface at 5.2
(Nairn, 12700. The forest stand in 1948 consisted of
90 % black spruce, 7 % trembling aspen (Populus

tremuloides)>, and 3 X% Jjack pine (Pinus

banksiana) (Narin, 1970>. The stand was of fire origin
with the average age of the black spruce being approximately
70 years in 1968.

The Wanless demonstration is located in section 31,
township 59, range 26, along the east side of highway 10.
The demonstration is located on an imperfectly drained
Gleyed Solonetzic Gray Luvisol soil developed on glacial
till., These soils have the properties specified for the
Luvisolic order, but differ by having either distinct
mottles indicative of gleying within 50 c¢cm of the mineral

surface or prominent mottles at depths of 50-100 cm (Canada



Soil Survey Committee, 1978). fhe soil had a relatively
thin LFH lYayer and a pH of about 5.4 just below the soil
surface (Nairn, 1970). The stand in 19468 consisted of &35 “«
black spruce, 28 X jacK pine, and 7 7% trembling aspen
(Nairn, 1970). The trees were of fire origin with an
average age of the black spruce being approximately 73 years

in 1948.

1.4 Literature Review

1.4.1 Forest Nutrient Cycling

a

In order to understand fertiliiation in forest
ecosystems it is best to first review the literature on
fofest nutrient cycling. Nutrients circulate in a forest
ecosystem in a cyclical pattern similar to what is shown in
Figure 2. Patterns of nutrient circulation almost alwayrs
contain five important recognizable components. These
components are the atmospheric input, weathering input, soil
nutrient store, organic cycling and store, and leaching loss
(Trudgill, 1977>. The main factor which controls the
functioning of each of these components is climate (Weetman
and Timmer, 1967; and Weber and Van Cleve, 1984). Climate
fuels the catalysts which control the rate at which a
component functions. Climate is especially important to
organic cycling, because precipitation and temperature

control effectively the amount of phytomass that can
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accumulate through forest growth.

Each nutrient has variations in its absolute
quantities, rate of transfer, and method of transfer.
Differences between are due to their specific natures, their
physiochemical properties, and the way they are used in that
particular ecosystem under investigation. In nutrient
cycling there are ¢ major elements (hydrogen, calcium,
magnesium, potassium, carbon, oxygen, nitrogen, phosphorus,
and sulphur), and 10 minor elements_(ifon, maganese, boron,
mol ybdenum, copper, zinc, chloriﬁe, éaibalt, sodium and
silicon). This study is primarily interested in the two
major elements nitrogen and phosphorgs, because these
nutrients were used in the fertilizafion experiments,

The accumultation of nutrients in trees generally
increases with biomass production. Nutrient distribution
patterns in the tree usually are in the order of foliage >
bark > bole > roots (Curlin, 19270). However, this is a
generalized statement of nutrient distribution as a whole.
Individual nutrients such as nitrogen, calcium, phosphorus
and potassium may have quite different sequential patterns
(Curlin, 1970). Switzer and Nelson (1972) found that the
quantity of nutrients involved in accumulation within the
plant system varies with its annual cycle of growth. They
also found that the nutrients greatest in demand are those
present in the greatest quantity within the plant. The
measurement of nutrient accumulation, especially in the

foliage, is important in forest fertilization because the
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measurements may determine nutfient deficiencies in the soil
(Steward and Swan, 1968; Pidwirny, 1982; and Timmer, 197%9).
These deficiencies may then be removed through the addition
of the appropriate nutrients by fertilization.

Nutrient return to the forest floor may occur from
three forest ecosystem processes. Firstly, nutrients may be
returned to the forest floor through foliar leaching.
Secondly, nutients may be returned by the decomposition of
foliage, branches, roots, and stems. Finally, nutrients may
be added to the forest ecosystem by organisms which are able
to accumulate nutients from the atmosphere, rock weathering,
or some other process. Alban (1982)/f0und that nutrient
accumulation rates vary with stand aée, and that for most
stands maximum rate of accumulation is at 20 to 30 years.

He also discovered that the amounts of nutrients which
accumulate seems to be directiy related to the amount of
litterfall.

Plants utilize soil nutrients for growth and
development. Scil nutrients can be stored in the form of
cations or as solutes in the soil water (Trudgill, 1977).
Cation nutrients are usually held on by clay—-humus
complexes, and are not readily lost in the soil system by
leaching. Nutrients held in soil solution, however, can be
quite readily lost by leaching. Plants in most cases
receive their nutrient requirements from the soil solution,
which is later replenished by the various nutrient inputs,

The science of nutrient cycling is still young and
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full of many problems in understanding the various
pbocesses. The following points will summarize some of the
problems:

(1). Assessing the soil nutrient regime is difficult
to determine because the nutritional requirements for many
of the various tree species is not yet Known (Foster and
Morrison, 1980).

~€{2), Leaf (1987) has suggested that researcher§ have
not developed adequate extractants gnd‘procedures to measure
the available soil nutrients.

(3>, The heterogeneity of forest soils and the complex
rooting systems of trees causes problems with respect to
selecting samples of soil for analysis (Foster and Morrison,
19805 .

{(4). Forests have a very long litfe, and therefore it
is not possible to measure the past nutrient regimes.

(5). The cycle of nutrients between forest trees and
s0il is usually very close, and any release of nutrients
from any component of the cycle may add considerable mineral
nutrition (Miller et al., 1979>. Nitrogen and phosphorus
are good examples of tight cycling nutrients which are
generally released very gradually from slowly decomposing
humus. However, a forest fire will release these nutrients
very quickly upon burning the humus layer of forest soils.

(6). Uptake of some nurients (phosphorus) into trees

must be facilitated by mycorrhizal associations with the

tree. This type of symbiosie is very difficult to measure
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(Foster and Morrison, 1980).

(7). It is very hard to measure the important role of
mosses in the nutrition of trees (Weetman and Timmer, 1967;
Weetman, 1948; and Foster and Morrison, 1980). Mosses can
intercept nutrients from rainfall and dust, and offer these
nutrients to advantageous rooting systems. This is

especially true of shallow rooting tree species such as

black spruce.

1.4.2 Nitrogen Cycle

In most boreal forest ecosystems the nutrient which
most limits the growth of trees has been found to be
nitrogen (Foster and Morrison, 1980). Nitrogen is available
and stored in the soil in many forms (Figure 3). Nitrogen
income in a forest ecosystem is derived from organic matter
decomposition, nonsymbiotic and symbiotic nitrogen fixation,
and ammonium and nitrate salts brought down by
precipitation. Loss of nitrogen can occur because of
leaching and volatitization. 1In this study nitrogen is
added to the forest—soil internal nutrient cycle by the
application of urea fertilizer. The following review will
summarize the major findings on nitrogen transformations in
the forest floor and soil with and without fertilization.

Much of the nitrogen in soils is immobilized in
complex organic molecules, and is not available for plant

nutrition or may be lost through leaching and volatilization
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14

(Brady, 1974; and Keeney, 1980)>. Certain microorganisms,
hbwever, can mineralize this organic nitrogen into inorganic
forms, which then can be used by plants. In forest
ecosystems some authors have noted that very little
immobilization occurs after urea-N was added to a black
spruce forest (Roberge and Knowles, 19868). Other data,
however, suggest that there can be an increase in the
immobilization of exchangeable ammonium when urea feftilizer
is added (Salonius, 1972). This incpegse in immobilization,
though, is probably related to a laréé“increase in pH which
had not been observed in the Roberge and Knowles study.
Salonius (1972) also found that if you fertilize with
ammonium salts instead of urea the amount of nitrogen lost
to immobilization will be reduced because it does not raise
the pH of forest soils.

Mineralization usually increases with urea
fertilization, because of the accelerated decomposition of
litter due to the addition of nitrogen. Researchers have
discovered that with the addition of urea substantial
increases in the numbers of soil flora and fauna occur
(Roberge et al., 1970). These organisms are responsible for
the release of several nutrient elements through
mineralization, including nitrogen, phosphorus, and sulphur
(Brady, 1974).

Nitrification is a process of enzymic oxidation which
chemically changes ammonium salts into nitrites, and

nitrites into nitrates (Brady, 1974). 1t is brought about
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by special purpose bacteria, likKe nitrifiers, which live in
the soil. In forest soils the organic and upper mineral
layers are not conducive to auvtotrophic nitrification
(Keeney, 1980). Rice and Pancholy (1972) found that the
numbers of nitrifiers decreases with the successional
movement of ecosystems to climax. They hypothesized that
many soils under climax vegetation are low in nitrate, due
to an inhibition of nitrification by climax plant spécies.
Many worKers have discovered little or no nitrification in
samples of non-N-treated forest soils (Roberge and Knowles,
1966; Heilman, 1974; Mahendrappa, 1978; and Mahendrappa and
Salonius, 1982). However, the addition of urea, which
causes an increase in soil pH, generally increases the
nitrification rate for a short period of time (Heilman,
1974; Otchere-Boateng and Ballard, 1978; Mahendrappa, 1978;
Mahendrappa and Salonius, 1982; Pang and McCullough, 1982;
and Nyborg, 1983)>. Otchere-Boateng and Ballard (1978 found
that nitrate concentrations peaked at least 3 months after
fertilization with urea at the rate of 448 Kg/N/ha. Other
researchers have concluded that in forest ecosystems
temperature and precipitation, in concert, regulate the
amount of microbial activity in the forest floor, and
therefore nutient transformation and cycling (Weetman and
Timmer, 1947; Cowling and MaclLean, 12813 and Weber and Van
Cleve, 1984).

Very little information is available on the amount of

denitrification, the production of nitrogen dioxide and
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gaseous oxides of nitrogen, which might occur in forest
soils (Keeney, 1980). Denitrification usually takes place
in anoxic, warm, neutral soils that contain plenty of
soluble organic matter. . Forest soils do tontain soluble
organic matter, but are not, generally, neutral in pH or
anoxic, and contain little nitrate for denitrification.
Significant amounts of nitrogen are lost iﬁ
urea—treated forest soils by way of ammonia volatiliﬁation
(Holmen, 1949; Baker, 1970; Watkins et al., 19272;
Mahendrappa and Ogden, 1973; Nommik, 15?3; Keeney, 1980; and
Craig and Wollum, 1982). Maximum rates of ammonia
volatilization have been observed 3 to 4 days after urea
fertilizer application (Mahendrappa and Ogden, 1973).
Howeuer, sudden increases were also observed in the same
study on several occasions during the next 3é days
immediately after rainfall. Nommik (1973) found greatest
ammonia losses occurred during the spring and summer months.
Craig and Wollum (1982), however, found that volatilization
of ammonia from urea appeared to depend more on moisture in
the soil, and time and amount of precipitation after
fertilization application, then on season of application.
Other research has included air movement as a factor that
may increase ammonia loss (WatKins et al., 1972,
Mahendrappa and Ogden (1973b) believe that volatilized
ammonia may not be entirely lost to the atmosphere, because

some soils have been found to absorb considerable quantities

of ammonia from the air. Some researchers suggest that
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ammonium nitrate should be appfied instead of urea to reduce
volatilization loss (Holmen, 194%; Braastat et al., 1974;
and Weetman and Algar, 1974), or that you add ammonium
chloride with the urea to buffer volatilization reactions
(Watkins et al., 1972).

Nitrogen may be added to forest ecosystems by
symbiotic and nonsymbiotic nitrogen fixation (Brady, 1974;
and Keeney, 1980). Bormann et al. (1977) found that.
nonsymbiotic nitrogen fixation may be’important in some
forested ecosystems. Symbiotic hitrbéén fixation, however,
tends to be minimal, except in forest stands where alder is
common (Keeney, 1980)>. The atmosphece input of nitrogen
from precipitation is often equal tovthe nitrogen lost
through leaching (Bormann et al., 1977). This makes all

other inputs of nitrogen a net gain to the forest ecosystem.

1.4.3 Phosphorus Cycle

Phosphorus is considered to be the second most
important nutrient in plant growth (Brady, 1974). This
nutrient is extremely important in plant metabolic plant
processes and functions, such as cell division, flowering
and fruiting, root development and seed formation (Brady,
1974>. Phosphorus exists in the soil in both organic and
inorganic forms. In its inorganic form it is usually bonded
to other elements liKe calcium, iron, and aluminum. There

are three main types of organic phosphorus found in plant
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structures and decaying litter; These types of organic
phosphorus are phytin and phytin derivatives, nucleic acids,
and phospholipids (Brady, 1974). Inorganic phosporus
availability is largely determined by soil pH, decomposition
level of organic matter, and microorganism activity.

Organic phosphorus, in some cases, can be directly absorbed
by the plant, however, in other cases the organic molecule
which houses the element must be decomposed in orderbto
facilitate absorption.

Research has shown that phosphofus deficiencies in the
soil may cause a reduction in the growth rate of
nitrite-oxidizers upon nitrogen fert}lization (Purchase,
1274, A lack of these organisms wobld limit the amount of
nitrification that could occur. Other research has shown
that the addition of phosphorus fertilizer reduces the
amount of nitrogen leached in forest soils (Kelly and
Henderson, 1978; and Mahendrappa, 1978)>. This reduction in
leaching is caused by the increased availability of calcium
for incorporation into insoluble calcium ammonium phosphate.
Mahendrappa (1978) has shown that the addition of phosphorus
increases organic matter decomposition. However, the rate
of decomposition caused by phosphorus is not as great as

with nitrogen.

1.49.4 Fertilization and Growth

There are basically three advantages to using urea as
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a source of nitrogen (Gasser, i964). Firstly, urea has a
very high nitrogen content (457X N), which lessens transport
and spreading costs. Secondly, urea is very soluble and
becomes incorporated into the soil very quickly. Finally,
hydrolysis of urea in forest soils almost always increases
pH, and thus increases the soils cation exchange capacity
(Gonzalez and Plamendon, 1978). Urea, however, also has
some disadvantages as a fertilizer. Such disadvantaées as
the presence of toxic buiret as an impurity in processing,
damage to germinating seeds and young“;lants due to ammonia
toxicity, and loss of nitrogen as ammonia gas when surface
applied (Gasser, 1944). ;
Nitrogen in the form of urea h;s been used in forest
fertilization in Canada since 19482 (Stanton, 1974). Many of
thé studies that have used urea to increase growth have
shown good results to fertilization (Truong and Gagnon,
192735; Weetman, 1975; Van Cleve and Zasada, 1974; Morrison
and Foster, 1979; Van Nostrand, 1979; Krause, 1981; Morrison

et al., 1981; and Krause et al., 1982). Conversely, though,

some studies have shown only a small response to urea

fertilization (Gagnon et al., 1974; and Morrison et al.,.,
1976). One conclusion that has become evident is that the
fertilization studies have not determined proper application
rates for a specific growth increase on the many soil types
of the Canadian boreal forest (Baker, 1972; and Krause et
al., 1982). This inability to prescribe application rates

may be due to the complexities in establishing what are the
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nutrient quantities within forést soils, and what are the
nutitional requirements of the various boreal tree species.
This problem ,however, may be reduced through foliar
analysis (Steward and Swan, 1948; and Timmer, 1979),

Urea fertilization can also cause changes in stand
structure, The most obvious change is increased mortality
(Barclay et al., 1982; and Krause et al., 1982). Mortality
may be caused by increased competition, or ammonia tﬁxicity.
However, the decline that occurs in the number of stems per
hectare does not usually cause a decbggsé in total volume
when compared to control., The net increase in volume due to
urea fertilization usually compénsatgs for the volume lost
due to death. The trees that usually die are those that are
quite small in relation to the other members in the stand.
Aﬁﬁther study involving Douglas-fir investigated whether
urea fertilization causes changes in the distribution of
area increment over the tree’s bole (Mitchell and Kellogg,
1972). Their results concluded that fertilization did not
significantly affect tree form in the codominant and
intermediate tree classes. However, the dominant tree class
displayed growth response in the central third of the stem
that was significantly less than the control.

Phosphorus fertilizer has been used in Canadian
forestry for many years. In a study that examined triple
superphosphate, ground rock phosphate, and basic slag on the

growth of sitka spruce (Picea sitchensis),

superphosphate was found to be most effective (Dickson,
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1971). However, the use of phésphorus is usually most
effective in forested ecosystems which lack available
phosphorus, like trees growing on deep ombrogenous peat
(Dickson, 1971)>. In systems which contain available
phosphorus for growth, the addition of triple superphosphate
may not increase the growth of the fertilized trees
(Morrison et al., 1974; Morrison et al., 1977; Morrison and
Foster, 1979; Van Nostrand, 1979; Krause, 1981; Morr}son et
al., 1981; Steinbrenner, 1981; Krause et al., 1982; and
Mahendrappa and Salonius, 1982). Morrison and Foster (1979
actually found that too much phosphorus reduced growth.
However, other researchers have repo;ted growth responses to
single applications of phosphorus (Krause, 19733 and Van

Nostrand and Bhure, 1973).

1.4.5 Thinning and Growth

Thinning increases the growth response of trees by
removing a parficular percentage of the members in a stand

causing a reduction in intraspecific competition. This

reduction in tree numbers provides more nutrients for the
remaining trees through re—-distribution. Researchers have
also found that thinning can cause other changes in the
stand. In particular, thinning causes improved moisture
content of the soils, increased light penetration, and
better soil temperature regimes (Van Cleve and Zasada,

1974, In most cases the growth reponse to thinning is
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rapid, increasing volume increments on an individual tree
basis. Best results, however, seem to be produced with a
combined effect of thinning and fertilization (Weetman,
1975; Van Cleve and Zasada, 1976; and Barclay et al., 1982),
Growth response to this type of treatment is usually visible
for quite a few years, because of the reduction in

competition.
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CHAPTER TWO
METHODS

2.1 Research Design _and Treatments

The design of the Sipiwesk fertilization demonstration
consisted of 20 plots in a randomized block (see Freese,
1947 for information on block design plots). The bfock
contained five fertilization treatments each being
replicated four times (Figure 4). Each plot consisted of a
treated area 24.4 x 24.4 metres, which was surrounded by a 3
metre buffer zone to protect the plo}s from contamination.
Figure 5 displays a typical view ofAEhe black spruce stand.
The study area, where the trees were examined for response,
cbhsisted of a inner study plot measuring 12.2 x 12.2
metres. Before fertilization, all the living trees in the
plot were measured for DBH with a metal DBH measuring tape
(Figure 8). Fertilizers were spread evenly with a heavy
duty cyclone seeder.

The design of the Wanless fertilization demonstration
consisted of 28 plots in a randomized block (Figure 7).
Eight extra plots were constructed in this block in order to
select 20 treatment plots because of frequently occurring
openings in the stand. The size of the plots and treatment
amounts were exactly the same as the Sipiwesk demonstration.
The Wanless thinning and fertilization demonstration

consisted of one block of & plots. Treatments (thinned,
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Figure 4. Sipiwesk fertilization demonstration plot design.
Urea and triple superphosphate fertilizers were applied in
these plots in the following amounts; control (ON), 84 kg/ha
N (84N>, 168 Kg/ha N (148N>, 280 kg/ha N (280N), and 148
Kg/ha N + 112 kg/ha P (148N, 112P).
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The trees
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Urea and triple superphosphate fertilizers were applied in
these plots in the following amounts; control (ON)>, 84 Kg/ha

N (84N), 168 kg/ha N (148N>, 280 Kg/ha N (2B0N), and 148
Kg/ha N + 112 Kg/ha P (168N, 112P).
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thinned + 84 kg/ha N, and thinned + 1468 kg/ha N) were
replicated twice in a random pattern in plots of the same
size as the fertilization treatments. 1In the thinning plots
stem number was reduced by 41 % (Nairn, 1970). The
construction and initial measurements of all the plots were
performed under the supervision of L. Nairn, forest research
officer for theFCanadian Forestry Service. Initial DBH
measurements for all Wanless plots were done in the fall of
19248 just prior to treatment. The~8ipiwesk plot DBH
measurements were done in the sprih; of 1948 prior to
treatment.

/

2.2 Data Collection and Pregaratfon

- 2.2.1 Sipiwesk

During the period June 4 to &, 1983 the fertilization
plots at Sipiwesk were revisited for the collection of data
to determine growth response. From the time of initail
fertilization to measurement, 15 years of growth had taken
place. The first series of remeasurements included the DBH
measurement of all blackK spruce trees in the various
treatment plots. These measurements were made with a meta)
tape at the prescribed height of 1.3 metres (Metric
Commission Sector Committee 8.1-Forestry, 1974). For the
second series of measurements 5 sample trees were cut down

in each plot at both fertilization demonstrations. These



29

trees were then measured fof height to the nearest 10th of a
metre (Figure 8>, and sectioned with a chainsaw at every 1.3
metres until the crown was reached. At these cuts
cross~sections approximately 3 cm thick where cut out for
analysis of increment response to treatment along the tree’s
bole, and for the calculation of the tree’s total volume
(Figure 9). Each section was coded with the necessary plot,

treatment, and height up bole data, using a felt tip marker.

2.2.2 Wanless

During the period between May 31 and June 3, 1983 the
fertilization and thinning plots ;t the Wanless site were
revisited for the collection of data. From the time of
initial treatment to measurement, 14 years of growth had
taken place. The measurements were exactly the same as that
done at Sipiwesk. However, obvious changes in the
undergrowth were apparent in some of the treatments. The
mosses usally found in the treatment plots were absent in
the 280 kKg/ha N and and 148 Kg/ha N + 112 Kg/ha P treatments
(Figure 10>, What remained on the forest floor of these

plots was the dead aerial leaf parts of the mosses, which

were slowly decomposing.

2.3 Methods of Analysis

2.3.1 Volume/DBH Curve
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ight measurement of a felled tree.

He

Figure 8.



Figure 9. Cutting of tree croscs-sections for use in

laboratory to determine ring
analyses,

increment response and

the
volume
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Figure 10,

This picture
the forest floor in the 280N treatment plot at Wanless.

displays the absence of mosses on



33

A volume/DBH curve had to be constructed in order to
determine the volume of a tree from a DBH measurement. Five
trees in each fertilization treatment plot in both Sipiwesk
and Wanless were selected for the measurement of raw data
for the curve. Each tree was cut down by chainsaw and then
measured for height and DBH. UVolume measurement required
the cross-sectioning of the bole at 1.3 metre intervals.

The number of cross—sections were determined by the height
of the tree, and ease of cutting thﬁough smaller portions of
the bole with the chainsaw. Volume determination of the
sampled trees were obtained through mathematical
manipulation. This manipulation ;sed diameter measurements
obtained in the laboratory from the sections cut from the
felled trees, and the overall tree height measurement in the

following equation:

CLCAL1D/4 + (A1+1)/41°  x 3.1415927 x 51.181102) + ([(A2)/4 +
(A2+15/41°  x 3.1415927 x 51.1811023 +......+ ([(An-1)>/4 +
(An>/41°  x 3.145927 x 51.181102) + {(1/30¢An>/21° «x

3.145927 x HY = VOLUME in cubic inches

Where; A = diameter of section from the bole in inches (Al
and A2 is the diameter of the first section, A3 is the
diameter of the second measurement at 2.6 metres height,
etc., and An is the last section measurement). Al was given

the same value as A2, because no diameter measurements were
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taken at the tree base. This measurement, however, should
be quite accurate because of consistency; 51.181102 = the
distance in inches between the section cutsy; H = the
measurement difference between the tree height and the
height of the last section cut; and 3.14153927 = Pi. This
equation was constructed from a synthesis of many other
formulae used to determine tree volume (Husch et al., 1972;
Evert, 1974; Barclay et al., 1982; Evert, 1983; and Singh,
1984)>, and should contain less estimate error then a
generalized equation (Meng, 1972); ﬁ

The volume measurements from this formula were
regressed against the field DBH data using the SPSS computer
program "bivariate correlation anglysis" (Nie et al., 1975).
Both variables were entered into regression nomally and
transformed. The transformation that was performed was that
of a log 10 function.v~Séparate models were made for each

location so as to provide the most accurate model estimate

of volume.

2.3.2 Treatment Yolume Calculations

Volume calculations for all the treatments in each of
the two demonstrations were accomplished with the volume/DBH
models created in the prior section. These models only
require field DBH measurements for total volume estimates.
Actual calculations were done with the help of a

microcomputer. Calculations were done for the years 1948
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and 1983 to determine the growth response of the various
treatments. Plot volume estimates were calculated for all
trees in the plot, and only those trees that had a DBH
measurement greater than 6.35 cm. The latter calculation
was performed in order to exclude small stems that usually
perish with the development of the stand. Tests of
significance were performed on the calculated volumes for
each plot using the Student’s t-test (Freese, 19467). This
test determines the statistical differehce between the
treatment means as calculated from the four replications.
Comparisons between treatments were then made to see if
there was a difference in growth presponse. Calculations
were also made to determine the percentage of mortality from
1948 to 1983, and their statistical significance between

treatments.

2.3.3 Ring Increment Response

The tree sections were taken to a laboratory at the
University of Winnipeg where they were prepared for ring
increment analysis. The sections were first routered to
provide better definition of the rings. The router line ran
through the centre of the section at approximately the
average diameter of the section. This router line was then
sanded with a file, and oiled to bring out the grain.
Measurements were performed with a microscope, which

measured the rings to an accuracy of 1/10 of a millimetre.
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Rings were measured in S year increments for consistency,
and ease of measurement. The Sipiwesk sections had
increment measurements 5 years before fertilization, and 15
years after fertilization. The Nanlesé sections had
increment measurements 5 years before, and only 10 vears
after fertilization. These plots had only experienced {4
vears of growth since treatment because of their fall
application. Analysis of the Wanless thinned and fertilized
treatments was not possible because no samples were taken at
this demonstration due to time resfraints.

Response of the tree rings to treatment were measured
by the relative comparison of the,S-year increment ring
growth prior to fertilization to the increment ring growth
1-5, 6-10 and 11-15 years after fertilization. The
increment ring growth was calculated by the addition of the
measured samples divided by the number of samples. The
number of measured samples varied because of poor ring
definition in some of the sections. Measurements of
response were determined in percentage increase over the
increment period pridr to treatment. Equal growth response
to the prior increment period would measure 100 . The
response was measured at 7 different bole positions in order
to determine if growth response was equal at different
heights on the stem. The height of the 7 bole positions
were, 1.3, 2.6, 3.9, 5.2, 4.5, 7.8, and 9.1 metres.

Statistical significance of the increment response

between treatments was not measured for the following
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reason. The collecting of samples which would be
statistically comparable involves a much more precise means
of increment measurement. Discussions with scientists at
the Northern Forest Research Centre concluded that this
would involve increment measurements based on a minimum of 4
axes, because of the common irregularities in the increment
of the yearly rings. This type of sampiing would have been
far to time consuming for the benefit it would »ield.
Therefore, the sections were analyzed as described by
comparing growth increments to an équal increment prior to
treatment.

,

2.3.4 Stand Characteristic Chanqges

Several calculations were performed to measure the
changes in stand DBH after fertilization. Simple statistics
(Freese, 1967), such as means, standard deviation, and
variance, were calculated for plot DBH measurements in all
the treatments in the two demonstrations. These simple
calculations were done with the help of a microcomputer.
Statistical formulae were taken from the book "Elementary
Statistical Methods for Foresters" (Freese, 1987). To test
the differences in the measured variance from 1948 to 1983
for the treatments a Fmax—test was performed (Sokal and
Rohif, 1969). The test determines whether the variances of
the samples are significantly heterogeneous.

Changes in the cumulative percent of trees in specific
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DBH classes before and after fertilization for control and
280N treatments were also analyzed for both demonstrations.
This analysis involved the calculation of the cumulative
percent change in the tree numbers in the DBH classes from
1948 to 1983. The analysis was performed on the treatment
level to increase accuracy. Plot analysis would have been
fruitless and crude, because of low sample numbers. The DBH
classes selected were, 0-2.54 cms (1), 2.55-5.08 cms (2),
5.09-7.62 cms (3), 7.63-10.16 cms”{ﬁ), 10.17-12.70 cms (),
12.71-15.24 cms (4>, 15.25-17.78 Eﬁs (7>, 17.79-20.32 cms

(8>, 20.32-22.86 cms (?), and 22.87-25.40 cms (10).
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CHAPTER THREE
RESULTS

3.1 Volume/DBH Curve -

—

The Sipiwesk volume/DBH curve was based on 100
samples. The best regression was that of log transformed
volume and log transformed DBH data. The calculated
correlation coefficient was .?8358, with a significance
better than .01 (Fiqure 11)>. The équation for the line of

the best fit was:

Log 10 Y = 2.05%942 + 2.338%90 (Log 10 X).

Where ; a = 2.05%942, and b = 2.338%0.

The Wanless volume/DBH curve was based on 99 samples.
One sample was omitted from analysis because of missing
cross—-sections. The best regression was, again, that.o{ log
transformed volume and log transformed DBH data. The
calculated correlation coefficient was .?2763, with
significance better than .01 (Figure 12). The equation for

the line of the best fit was:

Log 10 Y = 2.08844 + 2.30916 (Log 10 X).

Where ;3 a = 2.08844, and b = 2.30916.

The slopes of the regression lines for the two sites
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Figure 11. Sipiwesk volume/DBH curve. This curve was
constructed with 100 samples of volume and DBH data (see
Appendix 1).
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Fiqure 12. Wanless volume/DBH curve. This curve was
constructed with 99 samples of volume and DBH data (see
Appendix 2).
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are almost identical. This probably indicates that the

sites do not differ greatly in their growth potential.

3.2 Treatment Yolume Calculations

Volume calculations for all the treatments were done
with a microcomputer using the volume/DBH models. For
Sipiwesk the equation for calculating tree volume was:

VOLUME (Y) = 114.64213 x DBH ¢ |

Table 1| summarizes the volume calculations for Sipiwesk, for
all the trees in each plot. This table presents data on
volume estimates for 1948 and 1983, volume change from 1948
to 1983, percent increase in volume, and percent mortality.
Variability between similar treatment plots in the relative
percent increase in volume from 1948 to 1983 is noticeable.
This variability is probably the result of the small sample
size (Freese, 19462), or dynamic changes within the stand due
to mortality. However, the average of the four replications
may be a more precise estimate of the volume change. The
highest average change in volume occurred in the 280N
treatment, gaining 50.15 cubic mefres of wood per hectare
over 15 years. The lowest average change in volume occurred
in the control (ON), gaining only 29.26 cubic metres per
hectare of wood over 15 years. Figure 13 represents the

average percent change in volume for the treatments from
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Table 1. Volume calculations for Sipiwesk fertilization
plots. All trees in the plot are included (for raw data see
Appendices 3 and 4).

) VOLUME RESPONSE
Treatment Plot {m3/ha) Percent Percent
1968 1983 Change Increase Mortality

oN 3 196.26 227.76 31.50 14.0 38.5
1) 217.93 239.749 21.81 10.0 40.0

13 234.08 276.91 40.84 17.3 38.4

19 239.71 262.38 22.87 ?.5 32.0

AVERAGES 222.50 251 .76 29.246 13,29 36.0
8TD. DEV. +/- 19.92 22.14 8.84 4.0 3.3
84N 5 294.09 315.60 21 .51 7.3 27.4
8 292 .49 318.20 25.71 8.8 38.1

i1 268.82 327.35 58.73 21.8 34.1

14 148.81 208.48 39.67 23.5 24.2

AVERAGES 2546.05 292.46 1/36.41 15.4¢% 31.0
STD. DEV. +/- 52.30 54.22 16.79 8.2 6.3
148N 2 2461.21 263.94 2.73 1.0 42.8
9@ 197.05 227.12 30.70 15.3 43.3

12 232.07 286.06 53.99 23.3 33.7

20 152.68 . 198.75 36.07 30.2 41 .0

AVERAGES 203.10 243.97 30.87 17.5 40.2
8STD. DEV. +/- 44.76 38.73 21.29 12.5 4.4
280N 4 278.22 302.%94 26.72 10.4 3%.6
10 194.16 271.80 77.44 40.0 34.9

15 184.01 234.80 48.79 26.2 32.8

18 210.%0 258.33 47 .43 22.5 33.3

AVERAGES 2146.82 266 .97 50.15 24.82 35.7
STD. DEV., +/- 40.93 28.44 20.93 12.2 2.9
168N 1 198.24 238.39 &0.19 30.3 15.1
+ 7 200.19 230.33 30.14 15.1 51.1
112P 14 241 .93 286.10 44 .17 18.3 44 .2
17 135.08 159.460 24.52 18.1 32.4

AVERAGES 193.86 233.61 39.795 20.5°9 42.9
STD. DEV. +/- 44 .06 54.33 15.92 5.7 16.1

——- . S . e S S G D D AR T " A S T — T — T Y W o Gl GO M G VABD S WU A S S ST SN S M B s AR L G S D (TS T e S i e S s et e

Note: Corresponding letters indicate significant (3 %)
differences between means of treatments (Student’/s t-test).
[ a=0N; b= 84N; c = 168N; d = 280N; and e = 168N + 112P1.
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Figure 13. Average change in volume from 1948 to 1%¥83 for
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19248 to 1983 graphically. The highest average percent
chanbe occurs in the ZBON treatment at 24.8 . This change
is approximately 88 ¥ greater than the volume change
experienced by the control (13.2 %). In general, it is
obvious from thie graph that the addition of fertilizer
causes a proportional increase in stand volume.

Statistically, the Student‘s t-test analrvsis
determined that there were differences bestween the means of
several of the treatments at the 5 X level for percent
increase in volume (Table 1). Specifically, the ON and 84N
treatment means were found to be statistically different
from the means of the 280N and 188N + 11ZP treatments.

- Thie result concludes that there was a positive growth
response due to fertilization. There were, however, no
statistical difference between the percent mortality means
of the treatments,

It ie clear from the raw data (Appendices 3 and 4
that most of the trees below &4.35 cms diameter perished
after 15 vears of growth. These trees may be disguising the
true change in volume due to treatment and perhaps should be
excluded. & new series of calculations was performed and
shows & much greater increase in volume for all treatmente
(Table 2). Thie volume change, however, is similar to that
shown in Table 1. What is interesting is that the aveﬁage
percent mortality for the treatments is approximately the
same, unlike the values given in Table 1. Figure 14 depicts

the percent volume change from 1948 to 1983. Here, like in
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Table 2, Volume calculationg for Sipiwesk fertilization
plots. Only trees with diameters greater than 6.35 cm are
included in these calculations (for raw data see fAppendices
3 and 4).

- o S O ek s oAy S T S O N IO S D A O S St St Gy ke e e e (s S G e I AW AT OO M Y e BNy S GOR T Sukd S Ty e S WIS S D WSy A S S PR ST e SR SO

VOLUME RESPONSE
Treatment Plot (m3/ha) Percent Percent
19468 1983 Change Increase Mortality

oM 2 187.88 225,25 37.40 19.9 14.0
é 207 .40 235.22 27.82 13.4 18.4

13 213.%96 2486 .40 52.44 24.5 4.9

19 230.21 257.06 26.85 11.7 18.9

AVERAGES 209,86 245.%98 34.18 17.4¢ 14.5
STD. DEV. +/- 17.583 19.02 i1.87 5.% 5.7
S4N 05 285,28 310.92 25.464 @.0 18.9
g8 274.88 313.56 38.48 14.1 15.7

i1 251 .48 318.16 &6 .68 28,5 i0.8

16 1646.80 206.68 39.88 23.9 12.0

AVERAGES 244,61 287 .38 42.72 18,49 14.4
STD. DEV. +/~ 52.76 53.85 17.23 8.2 3.7
1 68N 2z 248.42 259 .94 i1.52 4,46 18.%
& 187.41 224 .84 37.43 20.0 15.4

12 215.249 278.09 &2.81 29.2 7.0

20 138.95 192.02 53.07 38.2 i0.3

AVERAGES 197.51 238.71 41 .20 23.0 12.%
STD. DEV. +/- 46 .32 38.17 22.38 14.3 5.3
280N 4 257.13 301.588 44,42 17.3 15.%
10 177.85 261 .51 83.66 47.0 0.0

15 175.88 228.63 52.78 30.0 15.2

18 192.85 244.9%0 52.08 27.0 16.4

AVERAGES 200.93 259.15 58.22 30,32 11.9
STD. DEV. +/- 38.23 31.29 17.37 12.4 7.9
1 68N i igz.74 2546.03 73.29 40.1 4.3
+ 7 188.45 228.70 40.25 21.4 18.4

112P i4 221.195 282.16 é&1.01 27.4 2.3
17 131.97 158.464 26,67 ° 20.2 17.%

AVERAGES 181.08 231.38 50.30 27.3% 12.3
STD. DEV, +/~ 36.88 53.18 20.84 .1 5.9

. ————— —————— > Ao S Ly ) e e s e e M i DA V> S SONT B MY WS P A WU A S e e A S AR S e L el YO A G GRS T MY T o O S D -

Note: Corresponding letters indicate significant (8 X
differences between means of treatments (Student’s t—-test).
[ a = ON; b= 8aN; ¢ = 148Ny d = 280N; and e = 148N + 112P],
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Figure 14. Average change in volume from (%48 to 1983 for
the Sipiwesk fertilization treatments. Only trees with
diameters greater than 6.35 cm are included in this graph.
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Figure 13, the highest average percent change in volume
occurs in the 280N treatment at 30.3 X. This change is
approximately 74 ¥ greater than the volume change
experienced by the control. Statistically, Table 2 is
identical to Table 1| showing the same significant (3 X)
differences between the percent incfease meang, and no
statistical differences between ﬁortality means for the
treatments.

The equation for calculating tree volume for Wanless

was:

2.30916

VOLUME (YY) = 122.5857 x DBH XD .

Table 3 summarizes the volume calculations for the Wanless
fertilization plots. Variability between similar treatment
plote in the relative change of volume from 1968 to 1983 is
again noticeable. The highest average percent change in
volume, unlike the Sipiwesk plots, occurred in the 168N
treatment at 16.0 %. This increase, however, does not
differ that much with the control treatment (135.0 X). The
loweet percent increase in volume was in the 2ZEON treatment
(4.3 ¥%), which is completely the opposite to the Sipiwesk
demonstration. Graphically displayved (Figure 135) there does
not seem to be any appreciable increase iﬁ volume due to
fertilization.

Statistically, the Student‘s t-test analrsis

determined that there were differences between the means of
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Table 3. Volume calculations for Wanless fertilization
plots., All trees in the plot are included (for raw data see
Appendices S and &).

e - YR - A M Yy M G Shn = D SOh ST S WS S WE e SaC S e e G Gl M M4 SN €U SN S WU ST M G WS OTUD MM GRS OW06 G Wk S ey ) D G W e T A G e SO S N

VOLUME RESPONSE
Treatment Plot (m3/ha) \ Percent Percent
1948 1983 Change Increase Mortality
ON 7 173.07 208.85 25,78 20,7 33.3
i0 189.06 223.951 34.45 18.2 34.8
14 225.83 z238.17 12.34 5.9 38.7
29 219.36 253.18 33.82 i5.49 31.9
AVERAGES 201.83 230.93 z29.10 15.09 34.7°
STD. DEV., 4/~ 24,99 19.048 11.20 6.7 2.9
84N & 220.76 270.43 4% .87 22.6 20.0
8 180.44 Z20%9.73 29.27 16.2 25.9
? 191.62 230,32 as.70 0 20.2 &.7
21 149 .90 143.04 -5.86 -4 .6 30.0
AVERAGES 185.69 213.43 27.74 13.49 - 20,7 3cde
STD. DEV, +/- 29 .29 53.31 24.0% 12.4 10.2
1681 S 129.25 168.64 39.39 30.5 25.0
23 $3.94 ?9.36 5.42 5.8 S52.9
25 226.01 2464 .88 20.89 .2 32.7
28 148,99 176.78 27.79 ig.é 36.8
AUVERAGES 149.55 172.91 23.36 16.09 37.1°
8TD. DEV. +/- 55.83 &0 .31 14.20 11.1 ii.?7
280N 13 201.54 198.79 -2.75 -1.4 S51.5
19 1928.10 209.95 11.85 é.0 33.3
20 ?7.33 100.06 2.73 2.8 40.0
27 157.22 172.71 1i5.49 10.0 27 .4
AVERAGES 163.55 170,38 &.83 4 ,3abce g §b
STD. DEV., +/- - 48.32 49 .41 8.34 4.8 10.32
168N ] 190.66 202.465 i1.99 é.3 39.5
+ 12 z2468.54 293.38 25.04 .3 25.0
112P 15 148.49 1465.25 16.76 11.3 36.0
26 160.43 184.11 23.68 14.7 34.6
AVERAGES 192.03 211.40 19.37 10.4%¢ 33.8°
STD. DEV. +/- 54.01 56.88 .11 3.5 6.2

s s s S e VS e R U S YD N AN S S EET G W K D R W W A T e s s A RS VIR I Y S S WY WO KN D) S G ARG D IS Ware AR W T W AR R S e T e Wi R ks

Note: Corresponding letters indicate significant (35 X
differences between means of treatments (Student’s t-test).
[ a = 0ON; b= 84N; ¢ = 148N; d = 280N; and e = 148N + 112P],
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several of the treatments at the 5 % level for percent
increase in volume (Table 3). Specifically, the 280N
treatment mean was found to be statistically different from
the means of the ON, 84N, 168N and 148N + 112P treatments.
The 168N + 112P treatment mean was also found to be
statistically different from the mean of the ON treatment.
Both of these results indicate that the application of
fertilizer to the 280N and 148N + 112P treatments cause a
significant decrease in the percent increase in volume when
compared to the control. There were-also statistical
differences between the percent mortality means of the
treatments. Specifically, the mean of the 84N treatment was
significantly lower than the means of the other treatments.

Table 4, which excludes some of the error due to
mortality, displays relatively similar results as Table 3.
From this table it is quite apparent that the 280N treatment
caused increase tree mortality with stems whose diameters
were greater than 6.35 cm. Figure 16 displays the percent
volume change f#om 1948 to 1983 for trees with diameters
greater than 6.35 cm. This graph is almost identical to the
graph in Figure 15.

Table 4 had several statistical differences from Table
3. Firstly, there was no statistical difference between the
means of the ON and 168N + {12P treatments in percent
increase in volume. Secondly, the treatment that was
statistically different from the other treatments in percent

mortality had changed. In this table the mean of the 280N
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Table 4. Volume calculations for Wanless fertilization
plots. Only trees with diameters greater than 6.35 cm are
included in these calculations (for raw data see Appendices
S and 6.

— - — s m S S N AL S S T T R AR AR SED S T e S S G S S M G S B G O S N WA S S S S S e S - — T G S S T S S A D S T

VOLUME RESPONSE
Treatment Plot (m3/ha) Percent Percent
1968 1983 Change Increase Mortality
ON 7 154.56 199.46 44,90 29.0 0.0
10 177.14 210.95 33.81 19.1 7.1
14 218.42 237.15 18.73 8.6 21.1
29 205.46 249 .72 44 .26 21.95 6.9
AVERAGES 188.90 224 .32 35.42 19.49 8.7¢
STD. DEV. +/~ 28.8695 23.194 12.24 8.4 8.9
84N é 210.03 265.83 55.80 286.6 0.0
8 144.46%9 203.64 38.95 23.7 0.0
? 183.74 228.956 44,80 24.4 0.0
21 143.71 140.42 -3.29 -2.3 16.7
AVERAGES 175.53 209.61 34.06 18.19 4,24
STD. DEV., +/- 28.21 52.73 25.846 13.7 8.4
1 68N S 120.48 1647.14 44 .66 38.7 6.0
23 139.90 144.17 24.27 17.4 18.8
29 141 .00 173.81 32.81 23.4 0.0
28 /88.36 ?4.88 8.52 e.7 8.3
AVERAGES 122.44 150.50 28.046 22.3¢ é.84
STD. DEV. +/- 24.59 35.97 15.97 12.3 8.9
280N 13 181.81 196.94 15.13 8.3 21 .1
19 - 190 .69 205.035 14.36& 7.9 20.0
20 923.12 ?8.79 5.67 é.1 20.8
27 146.88 148.31 21 .43 14.6 ?.1
AVERAGES 153.13 167.27 14.14 @, 1abce 17 .gobce
STD, DEV. +/- 44 .25 48.30 é6.48 3.8 5.8
148N i 175.82 19¢.39 23.597 13.4 17.2
+ 12 258.97 289.47 30.30 11.8 12.3
112P 15 139.90 164.23 24.33 17.4 11.4
26 146,67 178.26 31.59 21.5 0.0
AVERAGES 180.34 207.84 27.50 14.0¢ 10,29
STD. DEV. +/- 54.69 546.31 4.13 4.3 7.3

——— . Y — S — T W= S PO S ™ S et bt e WA SO Sk e G S G o VD S i (. e e AR S U YOS O S G s ek ) U St TEOE U T S Gy i Sasy MRS e S Gt ca

Note: Corresponding letters indicate significant (35 A
differences between means of treatments (Student’s t-test).
{ a=0N; b= 84N; ¢ = 168N; d = 280N; and e = 168N + 112P].
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Figure 1é4. Average change in volume from 1948 to 1983 for
the Wanless fertilization treatments. Only trees with
diameters greater than 4.35 cm are included in this graph.
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treatment in percent mortality was significantly higher than
the means of the other treatments.

Table 5 summarizes the volume calculations for the
Wanless thinning and fertilization treatments. It is
obvious from this table that there was little difference
between different fertilizer treatments with respect to
thinning. The highest average percent change in volume
occurred in the thinned + 84N treatment (27.35 X“). The
lowest average percent change in volume occurred in thinned
+ ON treatment (24.5 X>. When graphed (Figure 17> with the
control response from Table 3, the thinned + 84N treatment
shows a 83 % gain in volume over the control. However, the
addition of 84 Kg/ha of N with thinning only increases the
net volume over thinning alone by 20 X. There were no
statisical differences between means for percent increase in

volume or percenf mortality.

3.3 Ring Increment Response

The purpose of the ring increment analysis was to
measure increment change as a response to fertilizer
treatments. Ring increment analysis was performed only on
the Sipiwesk fertilization data, because of restraints in
time. Figures 18 to 24 display the response of the tree
rings to treatment in S year increments at 7 bole positions
relative to the S year growth increment prior to

fertilization. Minimum response usually occurred in the ON
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Table S. Volume calculations for Wanless thinning and
fertilization plots. All trees in the plot are included
(for raw data see Appendices 7 and 8).

VOLUME RESPONSE
Treatment Plot (m3/ha) Percent Percent
1748 1983 Change Increase Mortality
THINNED 2 143.73 171.93 28.20 19.6 11.5
+ ON ) 190.22 246.19 55.97 29.4 6.7
AVERAGES 166.98 209.06 42.08 24.9 ?.1
sTD. DEV. +/- 32.87 92.51 19.44 7.3 3.4
THINNED 3 185.11 223.35 38.24 20.7 10.3
+ 84N é 177.83 238.99 41.16 34.4 7.9
AVERAGES 181 .47 231.17 49 .70 27 .3 8.9
STD. DEV., +/- S5.14 11.06 16.21 .7 2.0
THINNED i 194.91 2146.96 22.05 11.3 28.6
+ 168N 3 118.01 ‘145.88 47 .87 40.46 3.8
AVERAGES 156.44 191 .42 34.96 25.46 16,2
STD. DEV. +/- 54.38 36.12 18.26 20.7 17.5

o v S " S Py v S G S T G i A O T iR A R S S S RS A T e e (e P L G G GUD S A VALS RO ST SN D SAMIS D S T G S0 S S SSA S GMED ST S P G e s

Note: Corresponding letters indicate significant (3 )
differences between means of treatments (Student’s t-test).
[ a =0N; b= 84N; c = 168N; d = 280N; and e = 168N + 112P1.
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Figure 17. Average change in volume from 1948 to 1983 for
the Wanless thinning and fertilization treatments. Included
in this graph is the average change in volume for the

control (ON) from Table 3.
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Figure 18. Sipiwesk ring increment growth response at the

1.3 metre bole position (see Appendix ¢ for raw data).
S5-yvear increment periods were measured relative to the
S-year growth increment prior to treatment.
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Figure 19. Sipiwesk ring increment growth response at the
2.6 metre bole position (see Appendix ¢ for raw data). The
S-year increment periods were measured relative to the
S-year qrowth increment prior to treatment.
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Fiqure 22. Sipiwesk ring increment growth response at the

4.5 metre bole position (see Appendix ? for raw data).
S-year increment periods were measured relative to the

S-year growth

increment prior to treatment.
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Figure 23. Sipiwesk ring increment growth response at the

7.8 metre bole position (see Appendix ¢ for raw data).
S-year increment periods were measured relative to the
S-year growth increment prior to treatment.
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Figure 24,
?.1 metre bole position (see Appendix 9 for raw data’.
increment periods were measured relative to the
increment prior to treatment.
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and 84N treatments in all graphs. Maximum responcse tends to
occcur in the 280N and 168N + 112P treatments. The graphs in
these fiqures also show that the growth response with
treatment tends to decrease steadily after the first 5 year
increment.

Figures 25 to 29 display the effect of treatment on
area increment over 7 positions on the bole. The increment
measurement presented in these graphs is for the first S
vears of growth after treatment as compared to the prior 35
vears before treatment. The graphs show a steady
proagression of increased growth with treatment. Maximum
increment (Figure 27) occurred with the 280N treatment.
Minimum increment occurred with the control (ON)> treatment

(Figure 24).

3.4 Stand Characteristic Chanqes

Tables &, 7, and 8 present simple statistics for all
the treatments'fn the two demonstrations. The most
interesting feature of the Sipiwesk data (Table é> is the
Change in variance and standard deviation from 1948 to 1783
in the various treatments. Treatments such as ON, 84N, and
168N + 112P show a decrease in variance and standard
deviation with time. Treatments such as 148N and 280N show
a net gain in variance and standard deviation, which may
indicate a positive growth response. However, these

differences are small, and may be due to statistical chance.
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Table 6. Simple statistical features of the Sipiwesk
fertilization treatments (raw data Appendices 3 and 4).

—— - — - T 18— - . - o TS > s o0 S VD U P T TR Y P W o Sy o v S G T W Gt S T it Y W S T o A S o S . S o — n o —

Treatment Year Samples Mean Variance Standard Average

DBH Deviation Tree
cm Age *
ON 1948 334 8.10 16.597 4.074
1983 213 11.02 16.0464 4.008 70,7
84N 1948 334 8.76 16.451 4,056
1983 224 11.66 14.961 3.868 73.4
168N 1948 332 7.77 17.901 4.231
1983 200 11.12 18.011 4,244 77.3
280N 1948 244 7.80 17.181 4.145
1983 220 10.90 20.376 4.314 71.6
168N + 1948 323 7.62 17.289 4.158
112P 1983 179 11.68 15.398 3.9249 71.6

¥ Average age was measured from the 20 felled trees for exach
treatment. The measurement took place 1.3 metres from
ground level. Thus the averages presented here are probably
10-15 years too young.

Note: There were no statistical differences (5 %) in
measured variance from 1948 to 1983 for the treatments
(Fmax—test).
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Table 7. Simple statistical features of the Wanless
fertilization treatments (raw data Appendices 5 and é).

- T — ——— - - W . SR AR S S N G S S T T (e G B et e o e S o e S S G AR G S S W G T () e WS SN W S T S G W o Gt e ey e S

Treatment Year Samples Mean Variance Standard Average

DBH Deviation Tree
cm Age *
ON 1948 309 8.14 13.823 3.718
1983 202 11.10 10.024 3.164 75.4
84N 1948 245 8.83 13.444 3.694
1983 192 10.849 11.499 3.371 79.0
168N 1948 226 8.08 15.319 3.914
1983 145 11.23 11.903 3.450 75.4
280N 1948 254 8.19 12.257 3.501
1983 153 10.96 2.841 3.137 76.0
188N + 1948 306 8.25 10.58¢9 3.254
112P 1983 206 10,63 8.703 2.950 77.6

——— - . S T . . T T v — — T S V" S 4l B S Po T P Sk o s s S TS S S Akl Gl YRS TS GO T (AR SOUR GArds SOV S G e S, G G S A G T M ) i Gl Ot sttt

*# Average age was measured from the 20 felled trees for each
treatment. The measurement took place 1.3 metres from
ground level. Thus the averages presented here are probably
10-15 years too young.

Note: There were no statistcal differences (5 %) in measured
variance from 1948 to 1983 for the treatments (Fmax-test).
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Table 8., Simple statistical features of the Wanless
thinning and fertilization plots (raw data Appendices 7 and
g8r.
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Treatment Year Samples tMean Variance Standard

' DBH Deviation
cm

THINNED 1948 71 11.35 8.271 2.87¢6

+ ON 1983 &5 12.93 12.255 3.515

THINNED 1948 e2 10.449 4£.533 2,556

+ 84N 1983 g4 12.31 4.548 2.55%9

THINNED 1968 48 11.30 7.198 2.688

+ 148N 1#83 35 13.57 9.236 3.03%

S s S W W i VT A ——— " S i A S S tin e i A aS AN EEE S e fmbe i Bam W GO G SOR WS Y A T M P SER) Gee0 W s Sl Sk S R S oy

Note}-There-were no stétistical differences (5 X)) in
measured variance from 1%48 toc 1983 for the treatments
(Fmax-test).
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The Fmax—test indicated that there were no statistical
differences (5 %) in measured variance from 1948 to 1983 for
the treatments.

Table 7 presents the simple statistical calculations
of the Wanless fertilization treatments. In this table
every treatment shows a decline in variance and standard
deviation. Statistically the Fmax—-test indicated that there
were no differences in the variance of the treatments.

Table 8 exhibits the simple statistical features of
the Wanless thinning and fertilization treatments. 1In this
table all treatments show a net increase in variance and
standard deviation. This increase is surprising since the
small trees were removed. These variance increases,
however, were not statistically different.

Fiqures 30 to 33 display the change in the cumulative
percent of trees/in specific DBH classes before and after
fertilization for control and 280N treatments for both
Sipiwesk and Wanless. By comparing Figqures 30 and 31 one
can see that tHé-Sipiwesk 280N treatment shows a net gain in
tree numbers in the 5, &, and 7 DBH classes when compared to
the control. This same feature, however, is not evident in
comparing the control and 280N treatments in Wanless
(Figures 32 and 33)>. What is evident at Wanless is that
there is a net reduction in tree numbers in DBH classes 4

and &, and only a modest increase in DBH class 3.
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Figure 30. Cumulative percent change in tree numbers from
1948 to 1983 for specific DBH classes. This graph displayrs
the change in the control (ON) treatment at Sipiwesk (for

raw data see Appendices 3 and 4).
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Fiqure 31. Cumulative percent change in tree numbers from
1968 to 1983 for specific DBH classes. This graph displars
the change in the 280N treatment at Sipiwesk (for raw data
see Appendices 3 and 4.
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Fiqure 32. Cumulative percent change in tree numbers from
1948 to 1983 for specific DBH classes. This graph displays
the change in the control (ON> treatment at Wanless (for raw

data see Appendices 5 and &).
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Figure 33. Cumulative percent change in tree numbers from
1968 to 1983 for specific DBH classes. This graph displays
the change in the 280N treatment at Wanless (for raw data
see Appendices 3 and &).
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CHAPTER FOUR
’ DISCUSSION

4.1 VolumesDBH Curve

Both the Sipiwesk and Wanless volume/DBH curves
(Figures 11 and 12) express an exponential relationship
between tree DBH and total volume. More specifically, a
linear increase in the tree’s DBH cause an exponential
increase in its volume (Husch et al. 1%72). Both models
have excellent correlation with DBH and volume (Sipiwesk r =
.?858, and Wanless r = .,9763). These models may be used by
foresters in Manitoba for detemining the volume of black
sprucé individuals and stands. Similarities in the s]cpe‘o¥
the regression line of the two models indicate that the two
stands show almost identical growth response to their
particular sites. WVisually when working in the two stands

it was hard to determine particular site difterences,

4.2 Treatment Volume Calcuiations

The results obtained from the fertilizétion of fhe
Sipiwesk plots are very promising. They indicate thaf
volumes of timber can be increased by the‘addition of
fertilizer., The 280N and 168N + 112P treatments were
found to significantly increase the percent change in Qolume

over control (Table 1. However, this study was unable to
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determine statistically which one of these treatments had
the best growth response. Figure 34 provides a graphic
display of the percent change in volume, relative to the
control, with the various treatments. From this graph best
results seemed to be obtained with the 280N treatment, which
caused a 88 % increase in wood volume increment over the
control. The 148N treatment caused a 32 X increase in
volume over 15 years. The addition of 112 kg/ha of P with
the 148N treatment increased volume another 23 Z. The 84N
treatment produced the lowest volume increase over the
control (17 %), and was found not to be statistically
different from the control (Table 1).

Direct comparisons between this study and other

fertilization studies are difficult because of differences
in the study species, age of the treated trees, soil tybe,
prevailing c]imafé, and means of volume estimation. Several
studies, however, may provide a standard for comparison.
Krause et al. (1982) examined the fertilizer response in 5
black spruce st#nds from Manitoba and SaskKatchewan, which
included a wide range of tree age and site conditions.
Their most successful growth response was a 20 X increase in
volume increment over the control using 224 kg/ha of urea N.
The time for response, however, was only § years as compared
to 15 vears for this study. Mahendrappa and Salonius (1982
measured growth response to treatments in 10 year basal area
increments before and after fertilization. In their study

the application of 336 Kg/ha urea N caused a 26 % increase



80

168 —
_ b;' Sadae f,n;’;‘ o -')S“
S
PERCENT ~ }
INCRERSE 56— | : ”‘“ﬁ%
T
} t.ziz:
— A x {:’5&} }:
FER 3 *:::':, ...*:::'
e
LY .\.\.s\.sg;?}... rtoteds .‘%.}?}. babels

4N 168N 28BN 188N+11Z
~ TREATMENTS (kg-hal

Figure 34. Percent change in volume relative to the control
treatment, Sipiwesk plots.
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in basal area increment over control. Many other studies
use similar means of measurement of response (Morrison et
al., 1976; 1977; and 1981). These measurements,
nonetheless, do not give any indication of the percent
increase in volume because of treatment.

Percent increase in volume was measured in a study by
Barclay et al. (1982), which involved the fertilization of
Douglas-fir. Urea fertilizers were applied in this study at
the rates of 0, 224, and 448 Kg/ha of urea N. Growth
response was measured for 9 years. The net gain in volume
for the 224N treatment was 41 %, while the 448N treatment
caused a 110 % increase in volume over control. If these
responses can be assumed linear the percent increase in
volume for a 280N treatment would be about &3 X, which is
quite similar to the results obtained in this studyr.

Some researchers have noted that urea fertilization,
especially at high rates of application, causes increased
mortality in the stand (Krause, 1%981; and Barclay et al.,
1982). Kingst&ﬁ;ef al. (1978), however, have observed
highest mortality‘in their fertilization trials of jackKk pine
in the control. These contradictory results may be
explained by the particular soil-fertilizer response, stand
structure differences between plots, or by some hidden
tactor such_as insect or disease infestation.

The Wanless demonstration displayed a poor response to
fertilization (Table 3 and 4>. Statistically none of the

treatments displayved an increase in percent volume over the
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control. One cause of this poor response was the increase
in mortality of trees with diameters greater than 6.35 cm in
the 280N treatment plots (Table 4). The percent mortality
in these plots was found to be statistically (5 X) different
from the mortality in the other plots (Student’s t-test).
The mortality in this treatment was double the mortality in
the control. The other fertilization plots (especially
148N, and 148N + 112P), however, did not show the same
increase in mortality.

Poor growth response may also be caused by the same
factor that Killed many of the mosses in the heavily
fertilized plots. The moss die-back in the fertilized plots
may have been caused by ammonia toxicity (Gasser, 1964).
Because the fertilizers were applied in the late fall the
usual immediate release of ammonia gas to the atmosphere
could have been rfeduced by a blanket of snow. This would
then result in a concentration of ammonia at the soil
surface, which would have poisoned the ground vegetation and
surface soil oﬁganisms. The removal of these two important
organisms may have then affected the pattern of putrient
cycling by increasing nutrient loss and reducing nutrient
stores. Some research has suggested that mosses play an
important role in forest nutrition by intercepting nutrients
from rainfall (Weetman and Timmer, 19467; Weetman, 1968; and
Foster and Morrison, 1980». Soil organisms such as
mycorrhizae form important associations with tree roots,

which facilitates the uptake of important nutrients. Gill



83

and Lavender (1983) have found that urea fertilization can
cause significant changes in total numbers of mycorrhizae.
They noted that a reduction in the numbers of these soil
organisms, because of urea fertilization, caused primary
root mortality in the higher vegetation that the soil
suppor ted.

Several studies have shown that thinning, alone or in
combination with fertilizers, can cause substantial
increases in tree growth (Weetman, 1975; Steinbrenner, 1981
and Barclay et al., 1982). In this study similar results
were found (Table S). Thinning, at a rate of 40 A trees
removed, with no fertilization caused an increase in tree
volume, relative to control, of &3 X. In combination with
fertilization (84 Kg/ha N), thinning resulted in an increase
of 83 ¥%. The thinning + 168N treatment did not increase
volume as much ag thinning + 84N. Statistically, however,
the differences between the means of the treatments were not
significaﬁt, and therefore indicate that the fall
application ofyger%ilizer did not increase the growth

response over thinning alone.

4,3 Ring Increment Response

The ring increment analysis was performed to determine
increment change due to treatment, time length of the
treatment’s affect, and whether the growth response occurs

evenly at different heights along the bole. Generally, the
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treatments indicate there was an increase in growth reponse
with the level of fertilization. However, this result could
not be statistically analyzed. In Figures 18 to 24 all
fertilization treatments show a decrease in the growth
response in S-year increments with time. This result was
expected because many studies have found that fertilizers
are generally absent from the soils in which they were
applied after one year (Morrison and Foster, 1977;
Mahendrappa, 1978; Mahendrappa and Salonius, 1982; and Pang
and McCulliough, 1982).

Figures 25 to 29 display the effect of treatment on
area increment over 7 positions on the bole. The results
from this analysis are quite different from other similar
research (Mitchell and Kellogg, 1972>. Mitchell and Kellogg
(1972) studied the distribution of ring growth increment at
é points up the étem of Douglas—fir trees 5 years after urea
fertilization. Their results indicated that there was no
change in the tree form because of fertilization. They
found that the growth increment of the rings generally
decreased the higher up the stem one went until the crown
was reached, even when the trees were fertilized. The
Sipiwesk study results do display the similar reduction in
growth response with increasing height in the caontrol.
However, in the fertilized treatments the data indicated an
increasing growth response with amount of fertilizer
applied, and a general leveling of growth response in the

last 5 to é bole positions. These results greatly differ
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with the results obtained by Mitchell and Kellogg. One
reason for this difference may be that black spruce react
differently to fertilization than do Douglas-fir.
Nonetheless, the results presented here indicate that volume
increment growth, because of fertilization, does not only
occur in the first few metres of stem, but equally up the

stem to a height of 9.1 metres.

4.4 Stand Characteristic Changes

The data presented in Tables 6,7, and 8 offer no
clarification of the growth response results already
obtained. It was hypothesized that differences in variance
of plot DBHs from 1948 to 1983 may occur due to
fertilization. The Fmax-test, however, indicated that there
were no statistical differences in the measured variances
from 1968 to 1983 for the treatments.

Gagnon et al. (1974) studied the growth response
following fert?{jzéﬁ application of 35 year old white
spruce. In their analysis they measured the cumulative
percent change in number of tree stems in particular DBH
classes in 1982, and control and fertilized trees 10 years
later. Their analysis indicated that the cumulative percent
of trees decreased in all DBH classes for both control and
fertilized treatments. The fertilized treatment, however,
showed a greater decrease in cumulative percent of trees for

all DBH classes when compared to the control. This result
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indicated a movement of more trees into higher DBH classes
as a result of fertilization.

Simitar analysis was performed in this study for the
Sipiwesk and Wanless control and 280N treatments. The
Sipiwesk 280N treatment (Figure 31) showed a net gain in
tree numbers in the 5,6, and 7 DBH classes when compared to
the control (Figure 30)>. The Wanless 280N treatment (Figure
33) when compared to the control (Figure 32) shows a net
reduction in DBH classes 4 and é, and only a small increase
in class 5. These results indic#te the difference in growth
response between the two demonstrations. The Sipiwesk
analysis shows a positive growth response, while the Wanless
analysis shows a negative growth response. The positive
response in the Sipiwesk analysis indicates the movement of
more individual trees intc higher DBH classes. The negative
result in the Wadless analysis probably indicates
stagnation, or no movement of individuals into higher DBH
classes. Both of these results are concurrent with the

results obtainéd»ih the ather analyses.
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CHAPTER FIVE
SUMMARY AND CONCLUSIONS

5.1 Summary

The purpose of this thesis has been to determine the
growth response of mature black spruce to thinning and
fertilization treatments in Northern Manitoba. aAnalysis of
collected data determined, volume change between treatments,
ring increment response, stand structure changes, and the
best time for treatment application. All analyses provided
information on the effectiveness of the treatments. This
information can now be used in the implementation of these
forest management techniques in similar sites in Nor thern
Mani toba.

Fertilization treatment volume calculations indicated
promising results. The Sipiwesk spring application
indicated best gbowth response with the 280 kg/ha of urea N
treatment. Incﬁeases in volume in this treatment were 88 X%
higher than the control. The Wanless fall fertilizer
épplication had poor results, which may be caused by the
timing of the application. The Wanless thinning and
fertilization demonstration, however, showed promising
results. Thinning in combination with 84 Kg/ha urea N
resulted in a 83 X increase in growth over the control.
However, statistical analysis was unable to detect a

significant growth response due just to the fertilizer in
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the thinning and fertilization combination treatments.

The ring increment response analysis measured the same
variable as the treatment volume calculiations. Results,
however, were a little less rigorous because of the method
used to obtain samples. Nonetheless, this analysis
determined that again the best growth response was in the
280N treatment at Sipiwesk. The ring increment analysis
also determined the distribution of ring growth increment at
7 positions up the bole of the black spruce. These results
indicated an increasing growth response at all bole
positions with the amount of fertilizer applied.

The analysis of stand characteristic changes measured
several statistical features of the population of black
spruce in the various treatments. The features measured in
this analysis were mean, standard deviation, and variance of
the tree DBHs in’all the treatments. Generally, this
analysis provided information on the change of these
characteristics from 1968 to 1983.

A final aﬁalysis was performed to measure the
cumulative percent change in number of stems by DBH class
before and after fertilization. Analysis indicated a net
gain in tree numbers after 15 years in the Sipiwesk 280N
treatment in three DBH classes when compared ta control.
The Wanless 280N treatment when compared to the control
showed & net reduction after 14 years in two DBH classes,

and only a small increase in one class.
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5.2 Conclusions

-

The application of uresx fertiliier to Northern
Mani toba mature black spruce can increase growth respone,
Best'application time from the results in this study was in
the spring. The fall application of urea fertilizer caused
a poor growth response. The addition of super
triplephosphate to the urea did not appreciably increase
growth response. It may be cancluded that the particular
soils of the study sites are not lacking in this nutrient.
Thinning was also found to be a way of increasing growth -
response. However, the addition of urea with thinning did
not greatly increase growth response. This lack of response

ma)y be caused by the same factors that reduced response in

the fall application of the fertilizers.
The impact of fertilizers and thinning on growth
response requires further study. The results presented here

onlty provide information on one tree species and two sites.,
Many other tree species and sites exist in Manitoba, and
should be investigated for the usefulness of these
management practices in increasing gowth response.

My analysis supports the hypothesis that fertilization
or thinning can be used to increase tree volumes. Howewver,
certain data suggeste that caution must be taken in
application rates, and time of treatment. What is needed is
increased research into fertilization and thinning to

establish management programmes on a more scientific basis.
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Appendix 1. Sipiwesk volume and DBH data for Volume/DBH

curve (volume = inches cubed, DBH = inches *).

Tree # DBH Volume Tree # DBH Volume
1 &.4 10503.1 51 4.2 7358.7
2 4.8 4840.0 52 5.6 &£292.7
3 4.5 2714.3 53 &.7 2921 .4
4 5.9 79573.9 =T 4.7 4039.8
S 4,3 3704.5 Sa 4.6 3892.46
& 5.3 6227 .3 56 5.1 4834.7
7 7.8 15103.1 57 4.9 10480.0
8 4.7 4386.8 58 5.9 7851.3
2 5.3 7455.4 59 5.7 6573.3

10 6.4 ?291.7 &0 5.9 7397.1
i1 4.9 4729 .6 &1 4.4 3408.5
12 6.9 115546.4 62 6.2 8066.9
13 4.8 4993.2 &3 3.9 28621.3
14 6.1 8224.8 &4 6.0 6602.6
15 5.6 &709.¢9 &35 5.6 7025.1
16 6.4 2444 .9 &6 7.6 11822.2
17 4.1 7245.4 67 7.0 112466.4
18 4.7 10567.3 48 3.4 2101.7
1% 4.7 4172.8 &9 4.4 3448.5
20 4.9 4926.3 70 5.3 4086.4
21 7.3 13014.5 71 8.1 13592.5
22 5.0 5250.4 72 6.1 7267.0
23 &.0 8037.1 73 8.4 15972.0
24 6.3 8597.4 74 6.9 10204.4
25 4.8 44638.7 73 5.6 46639.9
24 5.4 6231 .1 76 9.0 20678.2
27 4.3 3104.2 77 4.2 g8532.1
28 5.8 &395.2 78 ?.0 18599 .8
29 é&.7 8518.7 7% 8.1 14996.7
30 5.1 4701 .1 80 8.2 14933.1
31 7.4 12443.3 g1 4.6 ?500.3
32 5.6 6144.0 82 5.0 3591 .4
a3 4.3 3023.8 83 &.2 7956.3
34 6.3 8025.7 84 7.9 14173.0
35 &.0 &407.8 a5 é&.0 7227.3
36 3.5 6343.2 846 6.9 9294.9
a7z 4.2 #518.4 87 4.9 4823.4&
38 5.6 464%96.3 88 4.2 3402.8
39 5.5 5323.1 g% 4.1 2%17.0
40 6.9 ?784.4 20 4.7 4227 .6
41 g.8 19323.2 21 6.8 ?&78.0
42 5.7 6800.8 : 2 6.1 8577.2
43 7.1 117277.9 ?3 2.3 21781 .4
44 5.6 7008.6 ?4 5.9 7492.5
45 &.1 80g88.2 99 3.2 218z.0
44 7.8 14449.5 P8 6.7 11343.9
47 7.9 14254.5 @7 4,7 4048.5



48 4.0 7470.3
49 2.9 7423. 4
50 7.0 11744.6

3922.3
&7048.7
2942.4

99

¥ Data was transformed to metric

computer.
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Appendix 2. Wanless volume and DBH data for Volume/DBH curve

(volume = inches cubed, DBH = inches *),.

Tree # DBH Volume Tree # DBH Volume
i 5.1 4744.% 31 4.9 4244.5
2 4.5 3844.7 52 6.8 10138.%
3 4.2 4988.8 a3 7.0 11731.4
4 5.8 6605.9% 34 5.3 6368.1
S 6.2 71192.5 29 4.9 8294.6
é 7.4 14924.9 56 6.5 8708.0
7 4.8 8924.8 57 S.4 4£378.8
8 é.1 8796.3 58 5.1 5505.4
g 9.3 5438.2 a¢ S.7 6324.4

10 5.8 7’54%.7 60 7.0 10578.9
i1 4.3 8573.2 &1 S.4 6411.1
12 6.9 ?796.3 62 5.7 7055.2
13 6.3 8440.¢ 63 7.8 13170.1
14 3.6 &6815.2 &4 3.0 4461 .1
15 6.4 g301.2 65 4.1 g191.0
14 4,7 4329.8 &6 5.9 46882.8
17 5.0 5058.8 &7 5.8 7038.4
18 5.1 4325.1 48 6.8 10599.1
1% 4.8 4278. 4 &9 5.0 5195.9
20 4.4 4215.% 70 6.8 10263.46
21 S.1 5519.4 71 7.0 11741 .6
22 5.0 4884.9 72 6.0 74675.0
23 5.9 5810.0 73 7.2 11488.4
24 5.6 5450.0 74 7.9 13623.1
25 S.é 4884.3 75 4.3 3746.9%
246 7.0 11751.2 76 7.9 14245.1
27 4.2 87%97.6 rard 5.3 9492.2
28 6.9 ?003.5 78 6.0 7134.7
29 é6.2 7782.0 79 4.1 8288.¢%
30 6.5 10897.8 80 6.9 11110.4
31 7.1 10543.3 81 5.3 5983.4
3z 4.5 4128.5 82 5.9 8214.1
33 5.2 5211.8 83 6.1 7837.4
34 &.7 8927.5 84 4.6 418%.1
- 325 4.3 7290.8 85 6.2 7352.7
36 5.6 6402.5 8é 5.8 7407.7
37 4,4 4373.7 a7z 5.6 99954.9
38 5.9 46819.9 88 6.4 8445.9
3¢ 7.0 11055.2 89 4.0 2922.4
40 &.1 7893.95 20 6.2 ?363.4
41 4.3 3550.4 21 7.0 10842.0
42 4.4 3406.1 e2 3.7 7495.7
43 6.0 8605.1 ¢3 4.5 4402.0
44 4.9 3197.4 ?4 6.4 10241.5
45 6.9 102246.8 29 6.6 29461 .1
44 5.4 9973.7 ?4 4.7 4777 .6
47 o.1 9392.6 9?7 4.5 4122.4
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48 6.3 8995.2 28 4.8 414%9.5
4% 4.5 3950.3 79 4.9 110%96.2
50 6.0 8198.1

¥ Data was transformed to metric in computer.
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Appendix 3. Plot DBH measurements for Sipiwesk 1968 (measured

inches).
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Appendix 4. Plot DBH measurements for Sipiwesk 1983 (measured

in

inches).
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.2, 2.0, 1.6, 5.9, 2.3, 2.6, 3.3, 4.5, 5.8, 2.2, 3.8, 4.6,
7
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Appendix 3. Plot DBH measurements for Wanless 1948 (measured

in

inches).
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Plot Number 26 (168N + 112P)
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Plot DBH measurements for Wanless 1983 (measured

Appendix 6.

inches).
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at Wanless 1948 {(measurements
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g and
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Appendix 8. Plot DBH measurements for thinnin
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Appendix 9. Sipiwesk 5 year ring increment treatment
response calculations for 7 bole positions. Response was
calculated relative to the 5 year period prior to treatment,
and is presented here as a percent (100 X = identical growth
ta 5 year period prior to treatment).

- — — - — - G —— — D S S T o (o oy Ty S AR Y S G D S WP s D Al NS A P ST e i S T S G S R At S Skl e St (e e T GO G L S S RS R B e i T

Bole Treatment Years After Fertilization
Position 1-5 6—-10 11-15
1.3 metres ON 107.7 7.0 84.2
84N 109.1 88.5 9.5
148N 128.3 ?1.7 72.9
280N 1346.4 ins.4 79.4
168N + 112P 132.9 114.1 8.7
2.4 metres ON 101.8 9.7 76.3
84N 114.9 79.5 6.4
148N 123.9 84.2 73.3
280N 123.1 5.9 70.8
148N + 112P 125.9 2.9 ?2.6
3.9 metres ON 100.8 77.8 69.3
84N 104.4 74.8 é4.6
168N 121.7 83.5 70.0
280N 125.0 ?24.8 72.3
168N + 112P 121.7 ?5.9 86.7
5.2 metres ON 7.2 74.7 70.0
84N 105.0 71.4 é4.4
168N 123.2 82.5 6%.1
280N 128.1 ¢2.2 73.46
168N + 112P 124.3 ?1.4 82.9
6.3 metres ON ?4.9 72.8 72.5
84N 102.8 8.7 5é.6
148N 122.1 79.4 70.1
280N 125.95 ?1.6 69.95
168N + 112P 120.2 846.0 79.1
7.8 metres ON 88.8 66.3 é63.8
84N 102.3 48.0 7.2
148N 119.9 78.2 8.7
280N 123.8 88.8 646.0
168N + 112P 118.3 83.9% 75.9
?.1 metres ON 86.9 &63.0 54.9
84N 103.4 63.49 54.0
148N 121.0 78.6 &64.9
280N 120.4 82.9 é62.4
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