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ABSTRACT

Site specific growth data for the 3 years
following fertilization and thinning are given for the
Shawnigan research plots. The data base is docu
mented and gross and merchantable volume, and
cumulative dbh and height increments are given.
Evaluation of treatment response is investigated
using individual tree increments (dbh, ba, height
and gross volume), stand structure analysis and crop
tree analysis.

Significant early treatment responses are
shown. By using covariance analysis with the 618
largest trees/ha as the crop trees, the percent gain in
gross volume increment over the adjusted control
treatment was 54, 110 and 188, respectively, for
heavy thinning without fertilization, heavy ferti
lization with no thinning, and heavy thinning and
heavy fertilization combined.

The analytical approaches used are com
pared and reader feed-back is solicited.

Key words: 3-year growth, individual trees, stand
structure, crop trees, Pseudotsuga
menziesii
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RESUME

Les parcelles de recherche aShawnigan ant
fourni des donnees specifiques de croissance sur des
stations pour les 3 annees qui ont suivi leur ferti
lisation et leur eclaircie. Le fichier central est (hoffe
et indique I'accroissement des volumes brut et mar
chand, du dhp cumulatif et de la hauteur des arbres.
Les auteurs evaluent les facteurs de la reponse aux
traitements en utilisant les accroissements chez
chaque arbre (du dhp. de la surface terriere, de la
hauteur et du volume brut), I'analyse de la structure
du peuplement et I'analyse des arbres du peuplement
final.

Des reponses significatives et rap ides sont
ici presentees. En utilisant une analyse de covariance
des 618 plus gros arbres par hectare comme arbres
du peuplement final, Ie gain en pourcentage d'accrois·
sement du volume brut par rapport aux arb res temoins
(dont les caracteristiques avaient ete ajustees) fut de
54,110 et 188 respectivement pour les parcelles tres
eclaircies sans fertilisation, fertilisation pronounce
sans eclaircies et un traitment combine des parcelles
tres fertilisees et tres eclaircies.

On fait une comparaison des methodes
d'analyse, et a ce sujet les observations du lecteur
seront appreciees.
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1.0 Introduction

Interest in forest fertilization and thinning is
high in the Pacific Northwest. How best to measure
and evaluate treatment response in the most
"uniform" of heterogeneous forests is still an open
question. Attention has recently been focussed on
the development of procedures for handling variation
in response (Anon, 1975), and on reporting gross
volume growth (Miller and Pienaar, 1973), Early
responses reported have been significant and the data
produced will be invaluable as input into decision
making models for forest management. As research
progresses, the need for regionally accepted analysis
procedures will become important if results are to be
readi Iy interpreted.

Details of the site, experimental basis, and the
multidisciplinary nature of the project at Shawnigan
Lake, B.C. have been previously reported (Crown,
Brett et ai., 1975). The study area was established
in 1970 in a young 24-year-old Douglas-fir stand, at
335 m elevation, on shallow, coarse textured soils
(Orthic Dystric BrunisolsL Site index was 21 m at
50 years. The basic experiment consisted of a 3 x 3

completely randomized factorial design comprising
3 levels of nitrogen fertilization [0 (FO), 224 IF1)
and 448 IF2). kg N per ha as urea) applied in the
spring, and 3 levels of thinning in which zero (TO),
and about 1/3 (Tl) and 2/3 IT21 of the basal area
was removed. Treatments were replicated twice
in each of 2 years (1971 and 19721 in plots of 0.04
ha surrounded by 10-m·wide buffer zones.

This report is based on only 3 years of growth
following fertilization and thinning and results are
site specific. Emphasis, therefore, is placed on the
discussion of analysis procedures rather than on
absolute response values. The report documents
the data base, gives gross and merchantable volume
growth on an area basis, cumulative increments for
dbh and height, growth of individual trees in respect
to dbh, ba, height, and gross volume, and results
from individual trees. Stand Structure (Anon, 1975)
and "Crop Tree" analyses are discussed. Many
questions on analysis procedure are unanswered and
reader feed-back is solicited.

2.0 Documentation
of the data base

Data and analyses included in this report
are based on measurements taken at the time of
installation establishment and for the 3 years follow
ing treatment. It is recognized that 3-year results
will give only initial treatment response. Reporting
planned for 6, 9, 12 and 15 years' post treatment
(coincid ing with the measurement schedule in
Appendix I) will provide increasingly more reliable
estimations of the total response to fertilization
and thinning. Analysis showed no significant
difference between the response for the 1971 and
1972 installations and hence the data were pooled,
giving 9 treatments each with 4 replications.

A number of initial analyses were also con
ducted using Canadian yard/pound measures.

The measurement of trees involved two dis
tinct strategies, a plot basis and an individual tree
basis.

units. In conversion to metric
unconventional sizes exist.

i) plot size is 0.0404 ha (1/10 acre).
ii) breast height was defined as 1.372 m

(4.5 ftl
iii) taper steps were at 2.54 cm dob (1 inch)

intervals.
ivl diameter class intervals were 2.5 cm

(approximately)
v) equations for dbh, basal area, height,

height increment, gross volume and mer
chantable volume use Canadian yard/
pound measures.

Canadian yard/pound
units, some rather
Examples are:

Units of Measurement2.1

At the time of inception of this study, metric
conversion appeared to be far in the future; conse
quently, the installation was established using

2.2 Measurements on a plot basis

The plot basis is used to evaluate initial plot



condition and to monitor changes at fixed time
intervals through the course of the experiment.

The kind and frequency of measurements
taken are:

aJ dbh over bark (ob) and tree condition
for all plot and buffer trees were recorded
at the time of establishment and annually
for the succeeding 3 years; future record
ings wi II be at 3·year intervals; was mea
sured using dbh tapes;

b) height of all plot trees and thinned buffer
trees was measured with height poles at
the time of plot establishment. Height of
plot trees will be measured at 3·year
intervals;

6

as defined by Competitive Stress Index (CSll.

Measurements taken were:-

a) dbhob initially and annually thereafter.

b) total height annually from 3 years preced
ing establishment.

e) dob at 0.305 m and at 2.54 em (approx)

stem diameter taper steps measured to a
7.62 em minimum dob for larger trees
and to half height above dbh for the
smaller trees; these measurements were
taken 3 years after treatment and will
be taken at 3-year intervals until the con
clusion of the study.

2.4 Volume determination
c) height to live crown was measured with

height poles at the time of establishment;
subsequent measurement will be made at 6
years following establishment and at
3-year intervals thereafter;

d) all plot and buffer trees were stem mapped
at the time of establishment (prior to
thinning). Tree locations were originally
mapped using the azimuth-distance method
and later checked using right angled
prisms and tapes (now the preferred pro
cedure); and

eJ Competitive Stress Index at dbh (Arney,
1973) was calculated for all plot trees
from dbh measurements and stem maps.

The total number of trees in all plots at plot
establishment was 13,273. The number of plot trees
currently being measured is 3,951.

To determine initial individual tree and initial
plot volumes, a local volume equation was developed
for the site. It was derived prior to metrification and
hence is in Canadian yard/pound measures. One
hundred and five healthy Douglas-fir trees, selected
to cover the observed range of dbh (2.5 - 32.0 em).

were felled or climbed and measured for dob at
2.54-cm taper steps from the butt. Segment volumes
were calculated using Newton's formula (Chapman
and Meyer, 1949), A regression using dbh and height
as independent variables and measured volume as
the dependent variable was fitted, giving the following
volume equation:

log V = -2.48036 + 1.95882 log D +0.971352
log H

where: V = volume in cu ft
D = dbhob in inches
H = total height in It

2.3 Measurements on an individual tree basis
R2 = 0.999 SEE = 0.031 eu It; No. of obser

vations= 105

Measurements, taken on an individual tree
basis, are designed to provide yearly trends in incre·
ment, estimates of volume and form changes and
to provide a data base for related investigations.

Individual trees (volume sample trees), 231
and 233 for the 1971 and 1972 plots. respectively.

were selected 3 years after treatment on the basis of
initial dbh and competitive position in the stand

This equation was used to determine individual tree
volumes at the time of establishment. However, in
the case of the 1972 plots where tree heights were
not available, it was necessary to estimate initial
tree height from data collected on the thinned 1972
plot trees.

The regression selected for estimating initial
tree height was:
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Height" -14.9985 - 3.27337 0 +

31.152115
where 0 " dbhob

where: H = Initial height in feet
This relationship was derived for Douglas-fir,

western red cedar, western hemlock, balsam, western

white pine and lodgepole pine (Appendix III).
0= Initial dbhob in inches

R2 = 0.918, SEE" 2.90 It; No. olobserva
tions" 1636

2.5 Data recorded for all plot trees

The data recorded are as follows:

Height increment by treatment was estimated
from "1971 plot data. This estimate of height incre

ment was based on regression analysis of height
increment against initial height, initial dbh, and dbh

increment. The regression form selected was:

i) plot and tree number

ij) X and Y coordinates
iii) species

iv) treatment

Treatment codes used are;

where a,b, ,b2,b3,b4 and b5 are regression
coefficients

o = Initial dbhob in inches.

/). 0 = Dbh increment in inches.

Ii H = Height increment in feet.
H = Initial height in feet.

Regressions were derived for each of the 9

treatments in the 1971 plot series and applied to the
corresponding treatments for the 1972 plot series.
The equations derived are given in Appendix II.

TOFO - CONTROL - No thinning, no fertili-

zation

TOF 1 - No thinning, 224 kg Nlha (urea)

TOF2- No thinning, 448 kg Nlha (urea)

T 1FO - Intermediate thinning, no fertilizer

T1F 1 - Intermediate thinning, 224 kg Nlha
(urea)

T1 F2- Intermed iate thinning, 448 kg Nlha
(urea)

T 2FO - Heavy thinning, no fertilizer

Diameter class Class mid point (cm) Range cm

Diameter classes used in the analyses are as
follows:

T2F1 - Heavy thinning, 224 kg Nlha (urea)

T 2F2 - Heavy thinning, 448 kg Nlha (urea)

2.50·4.99
5.00 - 7.49
7.50 - 9.99

10.00 - 12.49
12.50 - 14.99
15.00 - 17.49

17.50 - 19.99

3.75
6.25
8.75

11.25
13.75
16.25

18.75

1
2
3
4

5
6
7

v) mortality index records thinned trees,
mortality, damage, or disease

vi) CSI at time of establishment, after thinning

and thereafter at 3-year intervals

vii) total height at establishment and thereafter

at 3-year intervals
viii) dbhob at treatment, annually for 3 years

and thereafter at 3-year intervals

To determine tree volume 3 years after treat·
ment, it was decided that if no significant change in
form quat ient occurred between treatments, the

initial condition volume equation would be used.

The data used to test this hypothesis were taken from
the detailed measurement of the volume sample trees
for both the 1971 and 1972 plots. Analysis of variance

and paired t tests failed to show any significant
differences between form quotients for the different

treatments. Consequently, the initial volume equation
was applied to estimate total tree volume 3 years

after treatment.

Merchantab Ie Factor" a+b lID + b2
loge 0 + b30

Merchantable tree volume (close utilization)
was derived from merchantable volume curves devel·

oped by the B.C. Forest Service (unpublished).
Regressions were fitted to these curves to facilitate

determination of merchantable volume values "for

each individual tree. This procedure avoids the

unrealistic merchantable volume increases that occur

when dbh class values are applied to individual

trees, especially where stands are just reaching mer·
chantable sizes. Form of the regressions used was;
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ix) gross and merchantable volume at estab
lishment and thereafter at 3-year intervals

xl height to base of live CrOwn at establish
ment

xi) stem maps before thinning, after thinning
and every 3 years thereafter

3.0 3 - year growth
response

and 3).

3.1 Volumes per hectare produced in the first
3 years following treatment

The data presented in this section are based
on the mean treatment response per plot (4 replica·
tions per treatment) converted to a per hectare basis.

Gross Volume

Gross volume (G. Vol) and merchantable
volume (M. Vol) per hectare are reported along with
cumulative increment for dbh and height (Figs. 1,2

The 3-year gross volume and the percent gain
or loss in 3-year increment compared to control are
given in Fig. 1a. The maximum 3-year gross volume
increment of 70.67 m3/ha occurred with the TOF2

a) Gross volume

'00

:3 YR. GROSS VOL.
GROWTH FOLLOWING
TREATMENT

GROSS VOL.
AT TREATMENT

} TREATMENTS
--T2-

Fa FI F2

43

b-il3+-~"...-+;,<,/--~.••.••.3.••.6,.-- ~"--~ _-+-_~_i_iA_WT_~_~E_R~_~_HL_L_~_~L_'N_Gm MERCH.VOL
AT TREATMENT

--T,-

Fa FJ F2

80
58l\< 54

--To-
Fa F1 F2

o

50

50

50

c
~,
~

E

w 100

":::>..J
0
>

'50

50

o

b) Merchantable volume
- percentage gain or loss over control

Figure 1. Gross and merchantable volume per hectare by treatments.



Figure 2. Cumulative
dbh increment by treat
ments for dbh class 4.
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4.0 Analysis of
growth response of
individual trees

The PAl for control trees is compared to
that of treated trees which had the same initial dbh
(Figs. 4 through 7). Within treatments, trees of differ
ing initial dbh are compared to provide some
insight into changes in stand dynamics associated
with treatment.

Examination of the gain in dbh increment
over that of the control indicates that increasing
the levels of both fertilization and thinning resulted
in increased increment (Fig. 4 and Appendix VII).
In general, the greatest response for each fertilization
level was associated with the heavy thinning treat
ments.

In this analysis, individual tree Periodic
Annual increment (PAl) Of is used throughout.
Comparison of the growth responses of individual
trees between and within treatments provides a good
basis for the evaluation of response to fertilization
and thinning. It provides for a better understanding of
plot response data and is input data for stand models.
To make the comparisons, regressions using healthy
Douglas-fir trees were fitted for dbh, ba, height
and gross volume increment against initial dbh
(Appendix V). These equations were solved for 6.25,
8.75. 11.25 and 13.75 em initial dbh, the midpoints
of the dbh classes 2 through 5. Insufficient data
precluded use of dbh classes 1 and 6 through 11.

Dbh increment (em/a)4.1

treatment, and the smallest increment of 22.20m 3/ha
occurred with the T2FO treatment (Appendix IV).
Fertilization has given a marked increase in Gross
Volume increment. As might be expected, thinning
alone has reduced the Gross Volume but this incre·
ment has accrued on a smaller number of larger
trees. Fertilization with thinning has offset the volume
increment reduction that resulted from thinning.

Merchantable Volume

Fertilization increased growth at all thinning
levels (Fig. 1bl. Thinning alone reduced the response
due to the reduction in number of trees. Fertilization
of intermediate thinnings compensated for the incre
ment reduction associated with thinning and resulted
in increments similar to the unthinned treatments.
Fertilization of heavy thinning treatments resulted in
a substantial increase in increment that more· than
compensated for the thinning effect.

Initial stand differences (Appendix VI and
Fig. 1) have profound and confounding effects on
growth response. For example, the marked difference
in number of trees and dbh distribution in the
unthinned plots explains the higher initial volumes
in the TOFO (Control) as compared to the TOF2
treatment. Also, the higher initial merchantable
volume of the TOF 1 treatment results from the
presence of a few larger trees (see Table 11.

The maximum 3-year merchantable volume
increment of 58.81 m3/ha occurred in the T lF2
treatment, and the smallest increment of 20.76 m3/ha
occurred with the T2FO treatment (Appendix IVI.

3.2 Cumulative increment for dbh and height

Graphs of cumulative dbh and height incre
ment against years since treatment are given for
dbh class 4 to provide insight into annual changes
in response (Figs. 2 and 3). These data were taken
from the volume sample trees and hence do not
coincide exactly with individual tree response deter
mined by regression (Figs. 4 and 5).

Comparisons of response to fertilization and
thinning indicate a positive treatment interaction.
For example, in dbh class 4, the dbh increment
for control (TOFOI was 0.39 em. The gain above
control for heavy fertilization alone (TOF2) was 0.38
cm; for heavy thinning alone (T2FO) was 0.25 cm,
and for heavy fertilization and thinning combined
(T2F2) was 0.83, indicating a positive interaction
of 0.20 em.

The similarity of the dbh growth trends for
the T2F2 and T2F, treatments after 3 years is
worthy of note, and future trends for these treat
ments will be of considerable interest. 0 ivergence
of height increment between fertilized and unfer
tilized treatments in these early measurements is
very distinct and will be monitored closely in future.

In all cases, total dbh increment for a given
treatment increased with increasing initial dbh
(Appendix VII). When examining gain over control
increment for a given treatment, the small dbh

* For the first 3 years following treatment.
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classes occasionally exhibit a greater gain than the
large dbh classes (i.e., T lFOI and with little or no
difference between classes 4 and 5.
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(T 2F2) was 0.0127 m3, indicating a positive inter
action of 0.0047 m3.

Sa response is essentially identical to dbh
response (Fig. 5 and Appendix VillI. The only
marked difference is that there is a more consistent
increase in ba gain with increasing initial dbh. Treat·
ment responses for dbh class 4 are as follows: Sa
increment for control 1TOFOI was 7.19 cm2 The
gain above control for heavy fertilization alone (TOF2)
was 7.66 cm 2; for heavy thinning alone (T2FOI was
4.95 cm2, and for heavy fertilization and heavy
thinning oombined was 17.75 cm2, indicating a
positive treatment interaction of 5.14 cm 2.

4.2

4.3

Sa increment (cm 2/a)

Height increment (m/a)

Total volume increment and increment gain
above control increased markedly for a given treat
ment with increasing initial tree size. However, it is
interesting to note that gain above control expressed
as a percentage of control growth for a given dbh
class is inversely related to tree size, as shown by the
percentage values in Fig. 7.

5.0 Methods of
evaluating treat
ment response on a
per hectare basis

Height increment response differs markedly
from dbh and ba response. The most striking
feature was the decrease in height increment associated
with increasing thinning intensity when no fertilizer
was added. This is commonly termed "thinning shock"
and is well illustrated in Fig. 6.

Fig. 6 and Appendix IX show that:

1) for those treatments having no fertilizer
application, the periodic annual increment
in height was less than that of the control,
and decreased as thinning intensity increased

(T 1FO, T 2FOI
2) for those treatments having no thinning,

the periodic annual increment in height
increased with fertilization (TOF1' TOF21.

3) fertilization reduces the degree of thinning
shock; the heavier the fertilizer applica·
tion, the less the shock.

4.4 Gross volume increment (m3/a)

The gain in gross volume increment over that
of the control provides the measure of the effect
of fertilization and thinning. Increasing levels of
both fertilization and thinning increased volume gain
for all dbh classes (Fig. 7 and Appendix XI.

Comparison of the volume increment response
indicates a positive treatment interaction. For
example, in dbh class 4, volume increment for control
(TOFOI was 0.0071 m3. Gain above control for heavy

fertilization alone (T OF21 was 0.0062 m3; for heavy
thinning alone (T2F01 was 0.001S m3; and for
heavy fertilization and heavy thinning combined

How best to evaluate treatment response on
a per hectare basis is still an open question. The very
marked variation in the response of trees of different
dbh class within treatments (F ig. 7) points up the
importance of tree frequency distribution by dbh
class when per hectare response is being considered.

Gross differences in tree frequency distribu
tion result from the removal of trees in thinning.
Other less obvious but important tree frequency
distribution differences within thinning treatments
result from variations in site, initial stand condition
and mortality. The effect of the tree frequency
distribution differences on the evaluation of treat
ment response (fha) can be demonstrated, in
general, by comparing the actual 3-year volume
increment given in Fig. 1 with the results of the
individual tree PAl for gross volume in Fig. 7.
In Fig. 1, thinning within fertilization treatments
shows a loss in 3·year volume increment, whereas
in Fig. 7, a net gain in gross volume increment is
shown. The large differences in tree frequency
distribution created by the removal of trees in
thinning (Appendix VI) mask the treatment
response on a per hectare basis. Therefore, to
evaluate treatment response, these important tree
frequency distribution differences must be accounted
for.

Two approaches are examined: 1) stand
structure analysis, and 2) crop tree analysis.



Stand structure analysis was used on the
Shawnigan Lake data to evaluate gross volume
response to treatment. The concept was described
by the Regional Forest Nutrition Research Project
(Anon., 1975).

5.1 Stand structure analysis

14

mined (3) to the dbh frequency distri·

but ions for each treatment (2)
5) the difference between the total gross

volume increment and the gross volume
increment for control image (41 was taken

to represent treatment response
6) treatment response was then expressed as

a percentage of the control image

Treatment responses were calculated as

follows:

1) total gross volume increment was deter
mined for each treatment

2) dbh frequency distributions were deter
mined for each treatment

3) gross volume increments were determined
for midpoints of each dbh class for control
treatment

4) a 'control image' was created by applying
control gross volume increments deter-

Regression equations on healthy Douglas-fir
(Appendix V) were used to define the control and
treatment increment values for dbh classes 1-7. Classes
8 through 11 were not included because, in the initial
stand condition, these dbh classes were not represen
ted in all treatments. Using the tree frequency distri
bution for the healthy Douglas-fir as they exist for
each treatment, the percentage of gain or loss in gross
volume increment by treatment was calculated and is
given in Fig. 8. Results from stand structure analysis

can be compared to Fig. 8.
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Figure 8. Calculated PAl for gross volume of healthy Douglas-fir on a per hectare basis.
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The concept was applied using three sets of
frequency distributions by dbh class as follows:

ments.

1) Actual tree frequency distributions

1) The actual tree frequency distributions
by treatments as they occurred (Appendix
Xla).

2) The mean tree frequency distribution for
each thinning level (Appendix Xl b).

3) A hypothetical tree frequency distribu
tion equivalent to the individual plot
that had the smallest number of trees
after thinning (Appendix X1c).

The last two were tested in order to remove
stand structure differences among thinning treat-

In this analysis, comparisons were made using
the actual tree frequency distributions as they
occurred.

Figure 9 shows the treatment response (volume
increment gain above control image) determined by
stand structure analysis. This method of analysis
gives a good estimation of both fertilization and
thinning response. However, evaluation of the results
is still confounded by different numbers of trees,
both within and between thinning levels.
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0 :~:a:: ,
'" 5 ,,,,

'" {
a. ,.,

::
:::;,

10
,,,,,

Figure 9. Treatment response by stand structure analysis using actual tree frequency
distributions.
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2) Mean tree frequency distribution for each
thinning level

was applied to a hypothetical distribution which
coincided with that of the individual plot having the
least number of trees (F ig. 11).

The use of mean tree frequency distribution
calculated for each thinning level removes differences
and gives a better basis for the evaluation of fenilizer
effects within thinning levels (Fig. 10). This treatment
of the data made little or no difference to the per·
centage calculations. However, it did affect treatment
response; e.g. positive adjustment of the control
image for the TOF2 treatment caused an increase in
the treatment response.

Use of the hypothetical distribution has the
advantage of removing stand structure differences
associated with thinning effects and initial stand
conditions. The order of treatment response dupli·
cates that found for individual tree gross volume
gain (Fig. 7). The order of response, from highest

to lowest, was as follows: T2F2' T2Fl' T1F2' TOF2'
T 1F1, TOF 1, T2FO' T1FO and TOFO'

3) Hypothetical tree frequency distribution

To oompare results of both thinning and fer·
tilization on the same basis, stand structure analysis

While the stand structure analysis provides
a good base for evaluating response, it is somewhat
limited in that it is not possible to include the larger
trees because they do not exist in all treatments.
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bution for each thinning level.
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Table 1 - Initial mean dbh and height for the 395 and 618 largest trees per hectare.

Treatment

TOFO TOF 1 TOF2 T1 FO T 1F1 T 1F2 T2 FO T2F1 T2F2 General
Mean

lal 395 largest trees/ha.

Initial
dbh(eml 13.40 14.76 12.53 13.49 13.50 13.19 12.56 12.40 12.65 13.16

Initial
height (m) 12.03 12.30 11.02 11.92 11.62 11.40 10.99 11.31 11.11 11.52

(b) 618 largest trees/ha

Initial
dbh (em) 12.74 13.67 11.93 12.70 12.76 12.48 11.59 11.62 11.71 12.36

Initial
height (ml 11.77 11.83 10.70 11.54 11.36 11.03 10.60 10.98 10.67 11.16

Table 2· Table of significance for fertilization, thinning and interaction using the 395 largest trees per

hectare

395 largest trees/ha

618 largest trees/ha

Dbh Sa Height Volume

Thinning •• • ••• ns •••
Fertilization *... ••• ••• •••
Interaction •• * • ••• •

Thinning ••• ••• ns •••
Fertilization ••• ••• ••• •••
Interaction • • •• ns

where ,.. = significant at the 5 percent level

** = significant at the 1 percent level
,..,..,.. = sign ificant at the 0.1 percent level

and os = non significant.



5.2 Crop tree analysis
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using:

The primary management objective in ferti·
lizing and thinning is to speed up the growth of the
crop trees. Therefore, evaluation of treatment response
of the potential crop trees would seem to be a logical
analytical approach that would probably appeal to
practicing foresters and that would appear to have
some distinct advantages, e.g.:

1) the analysis is not complicated by the
many small tfees that will have little or
no merchantable value.

2) it eliminates the problems associated
with the variation in stand structure.

3) the analysis is based on trees that have a
high probability of being harvested.

The 395 and 618 largest trees per hectare
(160 and 250 trees per acre, respectively) were
selected as representing the lower and upper limits
of the range of density of potential crop trees (com
mercial thinning and final crop) for managed stands
on sites similar to Shawnigan Lake. The response is
similar to that shown for individual trees and stand
structure, except where the trees are considerably
smaller or larger than the general mean T 2FO and
TOF1 treatments (Table 1, Fig. 12),

The difference in initial mean dbh and height
necessitated the use of covariance analysis to evaluate
the differences in response to fertilization and thin
ning. The analysis was based on individual trees,
using initial dbh and initial height as covariates.

The results of the analyses (Fig. 12 and
Appendix XII) generally confirm the results obtained
from the individual tree and stand structure analyses.

The parameters showing statistical significance
over control for fertilization and thinning and their
interaction are given in Table 2.

6.0 Comparison of
analytical
approaches

The response of Douglas-fir at Shawnigan
Lake to fertilization and thinning has been evaluated

1) response on hectare basis; 2) growth
response of individual trees; 3) stand structure
analysis, and 4) crop tree analysis.

With the exception of the response on a
hectare basis, the analyses gave generally similar
results. However, we feel that all of the approaches
have application, albeit for different purposes. Some
of the potentials and limitations of the approaches
are listed below:

1) Response on a Hectare Basis

al Potentials

i) provides a real measure of total
volume and volume increment.

bl Limitations

i) growth response is confounded by
differing number of stems within
dbh classes, especially among thin
ning treatments.

2) Growth Response of Individual Trees

a) Potentials

i) provides a basis for elucidating
stand dynamics and evaluating the
effects of competition.

H) allows comparison of growth re
sponse of essentially identical in
dividual trees.

iii) provides an excellent basis for
input into stand models.

b) Limitations

j) does not provide information on
total stand response (area response)

unless used in conjunction with the
stand table, as in stand structure
analysis.

3) Stand Structure Analysis

a) Potentials

i) has the greatest potential for deter

mining response to thinning and fert

lization in the mid-range diameters.



iil is easily adaptable for application in
developing managed stand tables.

iii) provides an excellent base forevaluat
ing fertilization effects within (or in
the absence of) thinning treatments.

b) Limitations

i) it is of restricted value at the upper
and lower diameter limits because
of few or missing trees.

4) Crop Trees Analysis

a) Potentials

il has the g-eatest potential appli·
cation for forest management, we
believe, as it relates to that part
of the stand that is of the greatest
economic importance.

b) Limitations

i) ignores the large component of
small trees.

7.0 Summary

The principal purpose of this paper is to
present the 3-year fertilization and thinning response
of a young stand of Douglas-fir at Shawnigan Lake
and to compare analytical approaches to the evalua
tion of response.

The study area and experimental layout are
described briefly and a detailed description of the
data base, including the units of measurement,
measurement on a plot basis, measurement on an
individual tree basis and a description of the data
currently being recorded, is given.

Regression equations are derived to estimate
total tree volume and merchantable volume and
initial height and dbh, ba, height and gross volume
increment by treatments. Analysis of form quotient
showed no significant differences between treatments.

3-year-treatment response is reported in
terms of:

20

1) volume increment (gross and merchantable)
on a hectare basis

2) cumulative increment for dbh and height
3) growth response of individual trees (dbh,

ba, height and volume)
4) stand structure analysis using three dbh

frequency distributions
5) crop tree response for the 395 and 618

largest trees per hectare (160 and 250
largest trees per acre).

1) Evaluation of treatment response, using
volume increment on a per hectare basis indicated
that fertilization within thinning levels resulted in
increased increment, while thinning caused a reduc
tion in increment. The reduction in response asso
ciated with thinning is attributable to fewer numbers
of trees on the thinned plots. The different numbers
of trees within thinning treatments distorted the
magnitude of response to fertilization. The use of
volume response on a per hectare basis is thought
to be unsatisfactory for determining both the mag
nitude and order of response, because of differences
in initial stand condition and differences in the tree
frequency distributions by dbh class.

2) Examination of annual dbh and height
increment trends provided some interesting indica
tions of response. Obh increment responded well
to both fertilization and thinning over the 3-year
period and appears to be maintaining the differen
tial rates of increment. The similarity of growth
response to the T2F2 and T 2F 1 treatments should
be of special interest to the forest manager because
of the high cost of fertilizer. The differential rates
of height increment also appear to be continuing.

3) Both fertilization and thinning resulted
in increased PAl for dbh, ba and volume on individ·
ual trees. Fertilization caused an increase in height
increment regardless of thinning level, while
increased levels of thinning reduced height incre·
ment. While the analysis of individual tree response
cannot be used directly in determining response on a
hectare basis, it provides a good basis for comparison
of treatment response by diameter classes and has
considerable promise for application in modelling.

4) The stand structure approach provided
an excellent base for determining response to fer
tilization and thinning in the mid-range diameters,
but has limited application for projecting final crop
volumes because it is not possible to include the very



large trees.

5) The crop tree approach, which evaluates
treatment response on the potential crop trees, is
probably the most appealing to practicing foresters.
However, it ignores a large component of small trees.

On the basis of the analyses conducted, it
would appear that the magnitude of response recor
ded for fertilization and thinning depends to a large
degree on the type of analysis used. Our intent has
been to present a number of differing procedures
and to solicit reader response to their application.
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10.0 Appendices

Appendix I. Plot Measurement Schedule

Date to be Kind of measurement

measured 1971 plots 1972 plots

Spring '76 3

Fall '76 1,3& 4 2&5

Fall '77 2&5 1,3& 4

Fall '78 2&5 2 & 5

Fall '79 1,3& 4 2 & 5

Fall '80 2&5 1,3& 4

Fall '81 2&5 2&5

Fall '82 1,3& 4 2&5

Fall '83 2&5 1,3& 4

Fall '84 2&5 2& 5

Fall '85 1,3& 4 2& 5

Fall '86 1,3& 4

Kind of measurement:

1 = Dbh all trees in the plots.

2 = Dbh all volume sample trees.

3 = Original height or height every 3 years on all trees in the plots.

4 = Volume sample tree measurement (dbh, dab at taper steps, and height).

5 = Dbh all trees used in study PC·23·006 not measured in 1 or 2.
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Appendix VI. Dbh frequency distributions by treatments showing initial condition and number of
trees lost through thinning and mortality (cross hatched).
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