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1. INTRODUCTION

1.1 Aims
The aim of this project is to ascertain the variation in height growth,
diameter growth and crown development, between individual stems in young

stands of Sitka Spruce (Picea sitchensis (Beng) Carr) up to canopy closure,

to elucidate the development of the storied structure of the canopy, found at
the time of first thinning, The variation in height, diameter, branchlet number
and dry weight of root, shoot and needles of planting stock will be analysed.
Similar measurements of height, height increment, diameter and branchlet
number will be obtained in the 15 33 6é-and 9-year old stands to assess the
effect of transplant size on establishment and subsequent growth, At each age
the height range will be divided into four equal vigour classes and the processes
associated with the development of dominance will be examined. The spatial
distribution of individuals of each vigour class will be analysed to determine
whether the distribution is random or clumped.
1.2 General

The study originated from an interest in general stand development from
time of planting to maturity, in relation to the effects of spacing and
different grades of thinning, on the composition and performance of the
vigour classes constituting the stand. Due to the time available, the study
has been restricted to the determination of the variability within planting
stock and its effect on establishment, subsequent growth and differentiation
into vigour classes, within young stands up to time of canopy closure. It
was decided to teminate the study at canepy closure, because the additional

factors of crown and root competition which then become important, would
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constitute a separate study.

In order to reduce the variation from climatic and site factors, the
areas of study were restricted to one general soil type, Peaty Gley, with
a similar vegetation. To reduce altitudinal variation sites between 900-

1100 feet were chosen in the Wauchope Forest in the Scottish Borders.
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REVIEW OF PREVIOUS WOREK

2.1.1 Outline
In reviewing the literature, the canopy structure found at a time just
prior to first thinning will be described. Factors affecting height growth,
diameter growth, crown development and differentiation into vigour classes
of the stand will be discussed. Observations on the performance of the
different vigour classes and the problems of division will be pointed out.
Having described the range of vigour which is developed a short time
after canopy closure, it is proposed to examine the past history of the
stand, starting in the nursery, to try and elucidate the origins of this
variation. The possible variation due to genetic factors, nursery treatments,
planting techniques, and their influence on survival and growth in the

subsequent stand will be discussed.

2,2 Post Canopy Closure

2.2,1 General

Althouéh a large proportion of all silvicultural investigations in
established stands have been concerned with the effects of thinning, spacing
and crown development on the volume production of whole stands,‘only some
of these studies have investigated the volume contribution of the different
canopy components (i.e. vigour classes) within the stand in a satisfactory
manner,

2.,2.2 Height Growth

Mean height growth increases with site quality for a given species

over a given area. This relationship forms the basis of the Management



Tables compiled by Johnson and Bradley (1963). Hummel (1955) calculated
General Volume tables for a number of species using the Volume Basal area
line which depends on the regression of Volume over basal area being
linear for trees within certain height limits.

Within an area of uniform site gquality, mean height is little
affected by spacing in the initial period of growth (Stiell 1964) or where
regular thinning is carried out (Kramer 1965).

Cromer and Pawsey (1957) working with Rinus radiata planted at 6

spacings ranging from 6’x 6“to 11”x 11/found that up to 15 years of age
no significant differences in Mean height growth occurred, but after this
age the average Predominant Height became linearly related to spacing at
the 5% level of probability.

Similar results were found by Bramble Cope and Chusman (1949) and

Byrnes and Bramble (1955) for Red pine (Pinus resinos@é) planted at A

spacings 5'x 5 6'x 6, 6'x 8 and 10’x 10, Canopy closure occurred at 11
years of age for the 5'x 5'and 6'x 6’ spacings, but not until 20-25 years
for the 6'x & and 10'x 10" spacings. At 16 years of age mean height growth
of the closer spacings began to fall off and by 34 years of age was 6 feet
behind the 10’ x 10’ spacings,

This bears out the findings of Craib (1947) who carried out a series

of heavy early thinnings in young stands of Pinus elliottii, P, taeda,

P. pajﬂ} P. pinaster and P. radiata in order to minimize the interference

of neighbouring crowns. He found that as the density of the stocking
decreases, the mean height increases, but the increase in mean height

growth with increased growing space is relatively small.

Lo



Pruning up to seven whorls branches, leaving between 4 and 14 whorls

on 21 year old Norway Spruce (Picea excelsa), was found to have

comparatively little effect on tree height growth (Ladefoged 1946). This
indicates that such trees may undergo very severe crown competition or
have a large portion of their crowns removed before height growth
potential is impaired.

2.2.3 Diemeter Growth

Marsh (1957), furthering work started by 0'Connor (1935) and Craib
(1939:1947), shows that the relationship between height and diameter at
breast height (dbh) and to a lesser degree that between form factor and
d.b.h. are sensitive to variations in stand density. He shows that there
is a common mean height / mean diameter curve for all stocking densities
before the onset of initial crown interference, after which the curve for
each stocking density deviates in turn. [See Fig. 1] The onset of
interference occurs at ages ranging from 4 to 12 years over this range
of stocking densities.

A similar, common mean form factor / mean d.b.h. curve can be
constructed for the form / d.b.h. relationship of free growing trees of
all stocking densities. From this curve the form / d.b.h. curve for each
stocking density deviates at the onset of interference.

The mean tree at 50 spa. growing without interference produces annual
rings of the same width throughout its entire height, vhereas the mean
tree: growing at 1200 spa. produces an annual ring which increases with
height in the usually noted manner. The fall off in d.b.h. growth begins

about the time of canopy closure for each spacing.

5



Figure 1

Mean Height / Mean Di{B.H.o.b. relationship in P,patula for densities of
50 to 1,200 stems per acre, based on C.C.T. projects at Nelshoogte, Entabeni
and MacMac. ‘
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Reprinted from Marsh (1957)

A near linear relationship was established for mean d.b.h. and
increasing spacing by Cromer and Pawsey (1957). The mean diameters of
all spacings were within 1.7 inches at age 9, but by age 15 the range had
been progressively increased to 3.0 inches. iTable 1] When the mean

diameters of the 300 and 100 largest trees at age 15 were examined, a 2

ineh difference was found between the wider and closer spacings.,



Table 1

Mean Diameter B,H, in inches for P. radiata

7o

Age in Years

Spacing in Feet

6'x6"! 7! 8'x8!? 91 x9! 10'x10" 11'x11!
9 Qa7 %55 4.89 5425 5.61 597
10 L8 4..89 st S 6ol 6.56
12 4.8 534 5484 6 .34 6 o84 7.3k
14 515 a2 6.28 6 .84 740 7 .96
15 5425 5485 6445 704 7 64 8.2L4

Reprinted from Cromer and Pawsey (1957)

When the Mean Annual Increments (MAI) and Current Annual Increments

(CAT) for decreasing numbers of trees are compared, it is found that the

differences between spacings are less accentuated.

At age 15 the current

d.b.h. increment of the 100 largest trees is similar, though the mean

diameters of the trees on which it is accumulated increase with wider

spacing [see Table 2].

classes for the range of spacings at age 15.

Table 3 shows the number of trees by diameter

The theory that current annual increment does not vary appreciably

over a wide range of densities does not hold for Pinus patula generally

(Marsh 1957), though it may apply over the range between 150 to 300 stems

per acre at least up to 20 years of age.

This gives interesting evidence of the ability of the more vigorous

stems to accumulate diameter increment at the expense of the less vigorous

stems under conditions of severe interference and bears out the observations



Table 2

Increment in Mean D.B,H. (inches) for P. radiata

BEpia e an g

o Aee —ZigT TiRT 8RBT 'R A0TRA0T  ATTEIT
300 MoAT., 14 047 049 0.52 0.55 0.57 0.60
Largest trees M.A.I. 15 0.45 0.47 0.50 0.53 0.55 0.58
per acre REACELS 14=15'0.18 0.19 0.21 0.23 0.25 0.26
100 Mo By L 0..51 0.54 0.58 0.61 0.65 0.68
Largest trees M.,A.I. 15 0.49 052 055 0459 0.62 0.65
per acre C.Ad.I. 14=15 0.26 0.25 0.24 0.24 0.23 0.22

Reprinted from Cromer and Pawsey (1957)

Table 3

Number of Trees per acre over various dismeters (Harmonized) for P. radiata

Diameter Class 6'x6! 'x7 8'x8! 91x91 10'x10" 11'x11!
Over 8i" ¥, 22 INN 66 88 110
" 7?.. 25 79 134 191 22, 235
" 6?" 125 231 319 354 334 305
" . 395 L84 499 461 398 340
" n 780 72l 611 511 423 356
no 3le 1,120 854 666 531 433 360
Total 1,210 889 681 538 435 360

Reprinted from Cromer and Pawsey (1957)

of other workers, that absolute increment increases with increasing vigour,



(Deektofs 1954; Hamilton 1965). It also raises the interesting point,
that the number of trees in the upper vigour class may be constant for a
particular species and site quality independent of initial spacing or
thinning (Warrack 1952; Erteld 1960). This is in agreement with Ladefoged,
(19#6) who showed that there was an interdependence between increased
basal area and increasing size of the tree top, reckoned according to the
number of whorls of branches in the uppermost 2/3 of the crown.

2.2 Crown Development

Beekhiats (1965) indicated that both Stand height and site quality
have to be taken into account when predicting crown depth in Stands of

Pinus radiata. Using sample plot data, he found that the increase in crown

depth with lower stockings was linear when crown depth was plotted against
average spacing between trees. When all data was combined crovm depth
increased by 1.6 feet for every foot increase in average spacing,
expressed as the average distance to the tree's six nearest neighbours.
The relationship is found to be curvilinear when crown depth is plotted
over stem per acre. Crown depth increases as the stand grows taller, but
stays almost constant once full canopy closure is reached.

These findings are borne out by other workers, for example, Stiell
(1966) showed that crown deptih was related to stand height and spacing in
red pine,

Death of the lower crown, which may occur before direct interference
in Red pine at wider spacings, has been attributed to site factors
associated with dry sites by Stiell (1964). Kremer and Kozlowski €1960) and

Kramer (1965) maintained it was due to physiological drought. Branches
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may overlap by up to 2 feet before dying on better sites according to
Berry (1965).

Ladefoged (1946) showed that stem volume increases proportionately,
with increasing size of the tree crown, reckoned according to the number
of whorls of branches in the uppermost 2/3's of the crown or the dry
weight of the needles in the uppermost 3/4's of the crown. He found
that the lowermost part produced only 15 per cent of the total stem volume
increment,

Once canopy closure is complete, the rate of crown enlargement in
terms of diameter and length is reduced for Red pine (Stiell 1962) and
provided stocking remains unaltered, eventually ceases.

Richards (1962) noted that crown width increases at a rate which is
correlated with concurrent height growth. As canopy closure occurs later
at wider spacings trees enter this stage with longer and wider crowns
wnich individually carry more foliage. The onset of branch mortality at
canopy closure due to whipping, poses the first limitations to crown
expansion., Crown length extension is to some extent offset by recession
at the base as the plane of greatest width begins to move upwards.

The numbers of wholly live whorls ranged from 8 to 14 per tree, though
Stiell (1962) found a considerable variation between trees of the same size
for red pine, Most foliage was on the main branches of the fully live
whorls. Foliage weights increased from the top downwards, remaining
constant for 4 to 5 whorls and then decreasing towards the base of the
crown at #x 7/spacing. Crowns of 5 x 5'spacing were sparser and more

elongated.
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By calculating regressions of foliage weight over crown parameters
Stiell (1966) found that foliage weight per acre tended towards a
maximum for all spacings fluctuating between 7500 and 10,000 kg over dry
weight for Red pine. These figures are similar to those obtained for

(Pinus sylvestrus) by Ovington (1957).

Diameter at breast height (d.b.h.) and crown size of individual
stems may be correlated within a stand at one age, or rather height, but
as a tree of given d.b.h. near the top of the diameter distribution at
an early age occupies a different canopy position and has a larger crown
than a tree of the same d.b.h. class later; no relationship is possible
when crown size is restricted. Many workers have developed correlations
between vari?us crown a;nd stem parameters for a wide variety of species
(Dawkins 1963; Vemiwa 1962; Wile 1964; Minor 1951; Weck 1944 ; Vanselow
1956; Kennel 1964.).

2.,2.5 Contribution to Increment by Different Vigour Classes

- In recent years increasing attention has been paid to the contribution
of different vigour classes to the total volume of the stand, in order to
identify the most desirable stems to leave as final cmp'trees. No
investigations have been carried out on the contribution of increment by
the different vigour classes in stands before canopy closure, so it is
necessary to use examples from spacing and thinning trials in established
stands to discuss this topic.

Working with  Pinus radiata, Ure and Jackson (1964) selected 160

pruned stems per acre ranging from the largest dominants to better sub

dominants, divided them into 4 vigour classes and studied their respective
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increments over a 6-7 year period after thinning. They found that the
contribution of annual increments (by vigour classes) expressed as a

percentage of the total increment was:

Vigour

classes ! £ 3 i
Annual ]

Increment 32.7% 26 1% 24.,0% 17.2%

The larger stems put on twice the volume of the smaller stems. There were
a number of interchanges between groups 2 and 3. A poor correlation was
found between the growth of the selected stems and the residual stocking
after thinning, due to the fact that differences in the growth responses
within groups was so large as to make comparison between groups impossible,
The point being that when basal area or stocking indexes expressing the
average spacing of the plot are used, they seldom indicate the intensity
of competition between individual stems of the plbt. It is apparent when
taking competition into account, that vigour and dominance are the paramount
factors determining subsequent growth and increment. Competition would
have a greater effect on subdominants than dominants. They stress that
good tree selection is essential if full subsequent growth potential of the
stand is to be attained.

Matthews (1963) also drew attention to the importance of good selection,

quoting work by Erteld (1960) with P. sylvestris, he stated that the most

efficient trees, in terms of the space they occupy, should be chosen, i.e.
the genetically and physiologically superior trees with good crown length

and width and dense foliage. He drew attention to European work done on
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assessing the growth potential of P, sylvestris. Trees are classified into

canopy classes and thereafter reference is made to their developmental stage.
Trees are considered to alter their growth habit as they develop from their
seedling stage to maturity.

The growth and development of even aged 60-80 year old spruce stands
were studied by Liebad (1962) to investigate the relationship between
growth and physiological age. He concluded that the increment capacity
of the individual trees in even aged pure stands is already settled at the
thicket and sapling stage of a plantation,

Kramer (1965), using Bowmont sample plot data, studied the influence
of spacing and thinning on the crown development and the increment of the
various dominance class for Norway spruce (Picea abies). His findings bear
out those of other workers, that the size of crown is dependent on site and
thinning grade. Measurements showed that the dominant trees have the most
efficient crown surface area and make the largest contribution to the stand
volume increment irrespective of thinning grade. Although the performance
of the lower canopy classes can be improved by crown thinning, their
contribution rarely exceeds 50% of the increment possible from a similar
area of a dominant tree crown, If the increment produced by the mean tree
in each canopy class is considered, dominant trees taken as 100 the
codominants = 54, subdominants = 9, suppressed = 4. From these findings
he concluded that dominant trees should be favoured when selecting final
crop trees.

Working in F.C., Thinning plots of NS, SS, SP, JL and DF, Guillibawd

and Hummel (1950) found that over a period of 15-25 years and 4~8 thinnings
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that there was a downward movement of a proportion of the dominant trees
through the canopy classes with increasing age, with the result thet the
proportion of the growing stock that was originally dominant becomes larger.

Hamilton (1965) concluded from his survey of the literature, that
absolute increment increased with the increasing dominance of the individual
stems. This increase in absolute increment is associated with increasing
sizes of crowns expressed as crown volume, crown diameter, projection area,
surface area or foliage weight. There is a reduction of the number of
dominant trees with increasing age in even aged stands, the displaced stem
accumulating in the lower canopy classes or dying.

From an assessment of FC sample plot data and his own experiment, he
found that low thinning and light crown thinning were similar in their
effects on overall movement within the canopy. The degree of upper canopy
opening affects the proportion of downward movement, which cannot be halted
by thinning, indicating the importance of selecting dominant trees for the

final crop.

2.2.,6 Tree Classification

A number of systems of tree classification have been developed for use
in stands after canopy closure, They usually divide the canopy into 4 or
5 classes. These are Dominants, Codominants, Subdominants, Suppressed and
Dead or dying trees. This last class is not present in some classifications.
They vary from one another mainly in the sophistication of the code used to
record the canopy class and stem and crown quality or malformation (Hummel,
Locke, Jeffers and Christie 1959). Since they are basically subjective in

application, no direct comparison can be made between one worker and another
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or between different species. These classifications can not be applied
with any accuraqj to stands before canopy closure, as the crown dimensions
have not become stabilized and no allowance is made for development stages;
becau;e.of this, some system of classification that is numerically based
would be preferable.

Schotte (1912) devised a classifcation system based on the mean top
height of the stand., His divisions are listed below.

Dominant 5/6 mean top height.
Codominant 5/6-2/3 mean top height.
Subdominant 2/3-1/2 mean top height.
Suppressed below 1/2 mean top height.

Reviewing the classifications from European Literature, Meyer (1962)
showed that they varied mainly in the proportions into which the height
range was divided. A classification based on Schotte's system is not
satisfactory in young stands, as the height / diameter correlation is very
variable. In addition the position of peaking in the height range varies
with age; this results in a large fluctuation in the numbers of stems in
each class. A simple numerical division into four equal vigour classes

based on Total Height, has been adopted for this study.

2.2.7 Macro and Micro site Variation

Although the influence of macro site quality on tree growth is well
appreciated and many systems of site classification and site assessment
have been evolved, 6.3., (Anderson 1964), little more than passing mention
has been made of the possible effects of micro site variation on the
growth of individual trees within a forest stand. Investigation is required

into the effects of micro site variation on initial establishment, pre
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canopy closure development and differentiztion into vigour classes in young

stands.,

2.3. The Effects of Nursery Treatment and Establishment Practice on
the variability in young stands

2.3.1 General

A considerable amount of work has been done on evolving satisfactory
and efficient nursery practices which result in the production of the
greatest numbers of plantable stock per 1lb. of seed and area sown. This
includes establishing suitable sowing and transplanting densities,
finding the most effective fertilizer and herbicide spraying regimes,
perfecting planting stock storage and handling practices and co-ordinating
the timing of these operations. The success of these various practices
has been judged in the rate of forest survival compared with the possible
alternative methods. Little attention has been paid to the quality of the
crop, either as to whether the optimum growth rate is attained, or to
whether the incidence of malformmation is lowest, in the young stands
produced. It is proposed to discuss the various factors and nursery
practices in chronological order to assess the processes which mey induce
variation in the resulting crop.

2.3+.2 Seed Weight and Inherent Vigour

The relationship between seed size, seedling size and inherent
vigour was studied by Righter, (1945) who analysed the sources of variation
in seed weights. He concluded that these were largely due to variations
in seed coat weight and endosperm weights, due to the eégogy of the seed
during development, i.e., position in the cone, cone size, etc. These two

seed components contributed more than 90% of the total variation in seed
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weight, The embryo is so small that even if its variation in weight was
wholly inherent, heredity could still be regarded as a negligible factor
in the variation of the total seed weight. Righter (1945) thought that
the variation in seedling size associated with seed size is due primaerily
to variation in the endosperm and may be regarded solely as a temporary
environmental effect., He suggested that inherent vigour is distributed
randomly amongst endosperms of all sizes. Hence any combination of vigour
and seed size is possible.

This was borne out in an experiment in which seed fiom 2 interspecific

hybrids (Pinus murraysna x P. banksiana) and (P. monticola x P. strobus),

a back cross of (P. jeffreyi x (P. jeffreyi x P. coulteri)) and a self-

fertilized tree (P. jeffreyi x self) were graded into seed weights and the

range of height variation for each weight class measured over a 3-year
period. Results showed that seedlings from self-fertilization were
uniformly smaller than seedlings from the back cross. Similarly seedlings
from the hybrids were uniformly larger than the natural progenies; showing
that, inherently weak and vigorous embryos alike were compatible with
large average and small endosperms produced by the same seed parent. In
addition seeds of the same size produced seedlings that differed enormously
in size and likewise seeds of different sizes produced seedlings of the
same size. The initial differences in height increased until at age 3,
seedlings of the hybrids and back cross were twice as tall as the
corresponding respective natural progenies or self crosses. These
seedlings originated from seed of the same size. Thus seed weight is

correlated in a positive manner with seedling size, but not with inherent
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vigour, With time, differences in average seedling heights between the
large and small seed weights become reduced, though they are still evident
after three years. This means that if selection is carried out on the
basis of seed weights, the resulting seedling population would be uniformly
larger, but after a few years the variation would increase until the
distribution became approximately normal, The differences within seed
weight classes are more likely to be hereditary, whereas the differences
between seed weight classes are as likely to be environmental as hereditary.
In a further experiment to test the nature of early variation in
seedling heights, due to differences in seed size between seed parents,

the hybrid (P. monticola x P. strobus), with large seed was pitted against

the natural progeny of (P. §trobus) from open pollination, which has small
seed and slower germination times. Although the hybrid showed strong
initial growth, the difference in height growth was steadily reduced over
the three year period, showing that the initial differences were largely due
to non-hereditary factors. Thus the relative inherent vigour of progenies
arising from parents distinguished by substantial differences in seed size,
can only be determined if the progeny of the smaller seed is equal, or
exceeds the other progeny in seedling size unless tests are carried out
over an extended period of time.

Spurr (1944) came to a similar conclusion that the effect of seed
weight is related to germination, survival and early size of the plant.

plantsize and

The correlation bétweenhseed weight diminishes as the plant ages, but is

still noticeable after 3 years. Seed germination, appearance, moisture

content and seedling growth is related to seed provenance. The influence
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of seed provenance on plant size is as strong at the end of the third year as

it was at the end of the first year.

2.3.3 Seed Gemination

The height of seedlings after the first growing season depends in
part on the date of sowing. The earliest sowings usually produce the
tallest seedlings except where some climatic factor, such as low rainfall,
must be taken into account. Overall height growth depends on the
provenance, i.e, Washington provenance of Sitka §pruce is consistently up
to 64% taller than Queen Charlotte Island Provenance (Aldhous, Atterson,
Brown, Low and Stoakley 1967). Some of the variation in first year height
growth can be attributed to variation in gemination times within each
sowing, the first germinated maintaining their initial height advantage.

2.3.4 Sowing Densities

Sowing density trials instigated by Stevens (1928) were assessed by
Pinchin (1950). Seedof S.P., D.F., E.L. and S.S. were drill and broad
cast sown at a range of densities. The resulting seedlings were lined out
for two years before being planted out in the forest. The yield of usable

seedlings per pound of seed decreased with higher densities of sowing,

particularly with drill sowing. As this latter has the effect of increasing

the density, the seedlings being unable to utilize the space between the
drills, Height growth of seedlings was reduced at higher densities and

increased at lower densities.

The sturdiness of the seedlings (i.e. ratio of height over root collar

diameter) was found to decrease with increasing density of sowing. Densities

above normal give move , shorter and more delicate plants (Aldhous, Atterson,

Brown, Low and Stoakley 1967).
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Pinchin (1950) found that much of the initial variation due to sowing
density was lost during the 2 years spent in the transplant lines. On
lifting, the transplants were graded into plantable and culls. The mean
height growth after the 8th growing season was found to be the same for
the plantable stock from all densities of both drill and broadcast sown
planting stock,

2.3.5 Grading of Seedlings prior to Transplanting

Reviewing the results of trials into the effect of grading of
seedlings prior to transplanting, Pinchin (1950) found that there was no
significant difference in the height growth of the plantable stock from
each of four grades after 8 years growth in the forest. The trial was
similar to the experiment with sowing densities. The graded seedlings
having spent two years in the transplant lines, were lifted, graded into
culls and usable stock before planting out in the forest.

2.3.6 ZTransplant Spacing

A similar investigation into the effect of different spacing distances
in the nursery transplent lines on subsequent forest growth was reviewed by
Pinchin (%950). After two years at four different spacings the transplants
were lifted, graded into culls and plantable stock, and planted out in the
forest. Results showed that after 8 years growth in the forest there were
no significant differences in mean height growth and survival of the
plantable stock from different transplanting densities. Assessments prior
to forest planting on a later experiment showed that, the root collar
diameter of transplants with 25 sq. inches per plant wag significantly

greater than those at narrow spacings. Plants were larger for a similar
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area arranged as a square compared to a narrow rectangle (Aldhous 1966).

Pinchin (1950) concluded, from his review of these seedling sowing
density, seedling grading and transplant spacing trials that seed bed
performance was not indicative of the ultimate performance in the forest.
Though in all trials these transplants classed as culls showed significantly
poorer height growth and survivel compared to plantable stock. The
percentages of culls for each treatment were not given.

2.3.7 Grading of Planting stock Prior to Planting

In the above mentioned trials, Pinchin (1950) transplents were
graded into plantable and culls at the time of forest planting. The culls
formed a heterogeneous mixture of malformed, diseased and spindly plants.
This grading was largely subjective, no size criteria being given. Tha¥
growth and survival of culls was in all cases inferior to the plantable

stock can be seen in Tgble 4.

Table 4

Height Growth After Eight years forest growth of Plantable and Cull
planting Stock from Pinchin (1950).

HEIGHT GROWTH

Plantable Stock Culled Stock
pisfe i S 68.8 inches 53.1 inches
ie‘?dling greding "60.2 inches 48.0 inches

rial \
zizziplant gpacing 72.2 inches 56.9 inches

Long leaf' pine planting stock was separated into the following grades
by Shipman (1960).
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Grade 1, Top Height 12 to 15 inches; Stem diameter 0.25 to 0,50
inches; needles abundant and winter buds present,

Grade 2, Top Height 8 to 15 inches; Stem diameter at least 0.30
inches; needles moderately abundant, bud scales lacking.

Planting was carried out in winter and spring in an abandoned field.
The grade 1 plants were best able to become established under both winter
and spring conditions, whereas Grade 2 plants became moderately well
established under winter conditions but survival was poor in spring due to
slower initial growth. On similar soil types Grade 1 seedlings survived
consistently better than Grade 2, though mortality of both grades was low,
between the 2nd and 5th year. The rapid initial growth of Grade 1 planting
stock was found advantageous on sites where severe grass growth was a
problem, as small plants tended to become smothered and have difficulty
getting above it. Grade 1 seedling retained the initial mean height growth
advantage of 1.9' over grade 2 plants and after five years 40% had attained
heights of over 7' compared to 16% of grade 2.

Investigations into the early performance of White Spruce related to
planting method and planting stock height by Brace (1964), showed that
growth and variability in height were related to height of planting stock.
Stock less than 0.5 feet tall grew poorly on the planting site studied.

When planting stock was graded into height classes, variability still
occurred in subsequent height growth, indicating the height / diameter
ratio, root collar: diameter, foliage colour and density, top root ratio
and oven dry weights should be taken into consideration when culling.

Brace (1964) followed the rate of growth of the various planting

stock height classes and found that height growth was progressively
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greater with increasing height at planting. The rate of growth and
survival of planting stock 0.5 feet and taller was significantly superior
to planting stock less than 0.5 feet. Taller stock occurred more
frequently in the larger height classes in later years than shorter stock.
(See Table 5). Some of the variability of height growth within planting
stock height classes may be due to morphological, physiological and

inherent variation and site differences.

Table 5
Relationship of Planting Height and 1962 Height|for White Spruce

Plan- No, No. of trees by 1962 height class
ting of

Height Trees 2.0(=) 2.1=3.0 3.1=4.0 4.1=5.0 5.1=6.0 6.1-7.0 7.1-8.0 8.1-9.0

0.3- 154 52 63 23 11 1

& 5 =
0. 231 3 45 65 61 38 9 2 -
0.5 228 1 22 61 63 L7 24 8 2
0.6 161 - 6 26 L9 50 22 7/ 1
0.7 67 - 1 13 19 15 13 6 -
0.8+ 34 - - 1 11 7 9 4 2

Reprinted from Brace (196L.)

Seedlings and transplants of Sitke $pruce were graded into inch
height classes and millimetre diameter classes prior to lining out and
planting by Edwards and Holmes (1950). They found that the percentage
survival of the various seedling height classes 1 to 10 inches after one
year in the transplant lines was not significantly different, although the
smgllest class 1 to 2 inches showed lower survival percentages. No one
height-class showed greater vigour than another, Variation in diameter

had no effect on survival or vigour of growth, When graded transplants
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were plented out in the forest definite differences in vigour and

survival were found in relation to their height and diameter at the time

of planting (see Table 6). Plants showed growth proportional to their
heights at time of planting, Height advantage at time of planting was
retained after one year in the forest. Overall survival varied considerably
between size classes. Survival within each height class varied with
diameter class and was more dependent on the general sturdiness of the
transplant (i.e. ratio of height to diameter). The use of taller plants

had little effect on survival or height growth unless increased height

was accompanied by a proportional increase in diameter.

Table 6

Effect of size of plant at time of planting on growth and survival of
Sitka Spruce (reprinted from Edwards and Holmes, 1950).

Size at Planting, March, 1949 Plant Assessment, November, 1949
Height Class Diameter Class  Mean Height Growth Death
inches in millimetres ~ inches percentage
1=3 0-% 2.65 61.67
46 Qe %400 56467
-‘; - 13 5467 23.33
1? - 2? 647 18.33
25 - 35 6419 13.89
7-9 % - 1’? 7 L6 16.67
12 -2 8.29 10.0
2-?- - 3—?- 9429 6.67
3-5 st lf-’z- 9.20 6.67
10-12 5 - 1% Sl Ll ),
1% 3 2§ 9.88 16.67
2? - 3? 10.33 ' 3433
3?- - h?- 1154 8.33
4% = 5% 12.05 6.67
Over 12 1? - 2—‘? 11433 30.00 .
5 - z.% 13.23 10.00
43 - 55 193 3354
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Culling prior to planting enables the modification of the initial
survival and subsequent growth in the young stands being produced, by
the elimination of the plants that will not survive or grow well, In
addition it all allows considerable scope for influencing the genetic
complement of the planting stock once the relationships between seedling
morphology and adult growth habit are known.

2.3.8 The Effects of Transplanting and Undercutting

Transplanting is usually carried out in late autumn and early spring
(November or March) or mid summer (July) when growth is slight (Edwards
and Holmes 1950) . Undercutting in August of the first year or March or
April of the second year, gives the greatest reduction in shoot weights,
increase in root and the most satisfactory root form (Faulkner and
Aldhous 1958).

Sowing densities for undercut plents equivalent to the lining out
densities of 1 + 1 transplants (i.e. 16 per square foot for pines and
larches) were found to produce the greatest root and shoot weights, root
collar diameters and number of fibrous secondary ang tertiary rootlets. %
Weights and diameters decreased at higher densities (Faulkner and Aldhous
1957)

The most desirable root form with dense fibrous root growth in the
upper soil lgyers is achieved by undercutting at 2 to 4 inches depth. At
greater depths there was some check in height growth, but inferior root
form, root fibre being produced at the depth of cut rather than in the
soil surface layers. (Faulkner and Aldhous 1955). Transplanting and root

pruning tend to check shoot growth compared to untreated controls. The
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effects of transplanting is the more pronounced (Holmes and Faulkner 1954),

Both transplanting and undercutting increase the ratio of shoot to
root weight compared to untreated seedlings., Transplanting produces a
greater effect (Faulkner and Aldhous 1955), though this could be due to
changing the position of the root collar by deeper planting.

Assessments comparing the survival of 1 + 1 transplants, 1 U 1 under
cut planting stock, and 2 + 0 seedlings showed that transplants and under
cut stock survived and grew appreciably better than seedling stock. There
was very little difference between the behaviour of undercut and transplant
stock'(Faulkner and Aldhous 1955).

No work has been done on the incidence of root malformation induced
by the two methods or whether this malformation, which is frequent in
transplant stock, has any effect on a tree's growth potential,

The use of transplanting and undercutting techniques enables the
development of planting stock to be moulded, so that better survival and
more rapid establishment and subsequent growth is obtained after planting
in the forest.

2.3.9 Fertilizers

Benzian (1966) carried out 600 seed bed experiments with Sitka goruce
and used measurements of mean height growth as an index of the increase
in total production, resulting from applications of different nutrients
or combinations of nutrients., Sampling was carried out using a sampling
grid and heights were measured in 0.5 inch classes up to 1.5 inches and

then in 1,0 inch classes. Calculations were based on the fact that

height, and shoot weight or total weight are linearly correlated. This
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correlation has not yet been published. From this it may be concluded that
fertilizers increase the growth of all seedlings. The results from the
effects of fertilizer applications in nursery on subsequent growth in the

forest are not yet available.

The growth responses of white spruce (Picea glauca) to applications

of N and P were found by Amson (1956) to give a 50 to 200 per cent increase
in dry weight over 2 growing seasons. Where nutrient conditions were
inadequate shoot, height and weight and root weight and development were
found to increase with increasing specing (Schmidt 1961) ; where nutrient
conditions were satisfactory, height growth decreased, diameter growth
increased, root weights increased, though total weights remained stable
with wider spacings.

2.3.10 Quality Criteria of Planting Stock

A number of workers have investigated the application of various
quality criteria on subsequent forest performance of planting stock,
Aldhous (1967) made measurements on more than 3,700 plants supplied by
Forestry Commission nurseries and found that there were no generally
applied standards of sturdiness. Although the plants were not fully
representative it was found that some species were intrinsically sturdier
than others. Regressions of root collar diameter onleight were
calculated and species were grouped into four classes in order of
decreasing regression coefficients, the regression line being constrained
through the origin. The resulting classification substantiated that
published in the British Standard on Nursery Stock Part 4 Forest trees

(1966b). Suitable values for the minimum height/root collar diameter rdatio
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were chosen for each sturdiness class, together with a table of proposed
minimum root collar diameters for plants of given height. See Table 24,

Various quality criteria are discussed by Schmidt (1961) and he
describes a trial using 2 + 1 and 2 + 2 pine and spruce to test out these
criteria for plents raised at two spacings. He found that the initial
height growth of pines was not affected by spacing. For spruce plants
raised at narrower spacings height increment increased with planting stock
height up to 35 cms. above which it declined. Whereas for planting stock
raised at wider spacing, the first years height growth rose progressively
with increasing height.

Reviewing the literature on root shoot dimensions of planting stock,
Jones (1968) indicated that there are two important contributing factors
to the top / root ratio at any particular time: (a) genetic and (b) stage
in development,

That there is a congiderable degree of genetic control over the
ratio of top / root can be seen by comparison between different species
and even different provenances (Aldhous 1967; Rudolf 1950) and (Stoeckeler
and Jones 1957). .

The top / root ratio changes repidly during the early years of a
tree's life. Initially the seedling makes much greater root growth than
shoot growth but this trend is reversed and eventually the top
predominates. Whether a stage is reached when no further change occurs,
is not known, Fraser (1967) showed that the ratio of top to root weights
differed in older trees according to site,

Reviewing data for Pinus resinosa Jones (1968) indicated that

during the first 3 years of growth the top / root ratio increases.
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Transplanting checks shoot growth but increases root growth so that the
ratio of top / root for 1 + 1 and 3 + 1 transplants is lower than for 1
+ 0 seedlings. Transplanting has little effect on diameter growth, so
that a transplant of the same age and height as a seedling has a heavier
top and a much heavier root.

The anount of difference between seedlings and transplants of the
same age depends, on the rate of recovery after transplanting, and the
natural early growth rate of the species, i.e. $oruces showed comparatively
slow initial growth. The top / root ratio would be expected to change
with increasing plant size, due to natural developmental processes so that
the difference between the top / root ratios of large and small plants of
the same age could be partly explained by these processes.

Work is required urgently on the normal developmental processes which
occur during the early growth and establishment of Sitka spruce and other
commercial species, so that the effects of nursery practices can be
related to some standard. In addition seedling morphology and branching
habit needs to be related to subsequent adult branching habit so that
culling can be more closely rélated to desiyed tree habit.

2.3.11 Storage and Handling of Seedlings and Transplants

Faulkner and Aldhous (1958) carried out experiments to investigate
the period of time that seedlings could be exposed without protection,
before their survival ability was impaired. Seedlings were exposed for
periods of up to six hours on two days (a) Relative humidity 87% all
day (b) Relative humidity 77% in the morning dropping to 54% by noon.

Seedlings that had been exposed on the first day showed no difference from
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the controls, The plants which had been exposed under the drier
conditions on the second day began to show significant losses after two
hours exposure. After six hours exposure nearly all plants died. The
weight losses after two hours under the drier donditions were equivalent
to six hours under the moister conditions.

Two samples of 2 - 0 white spruce (Picea glauca), one dormant and the

other in a state of active growth were exposed to air for periods of

0, 0.5, 1.0, 1.5, 2.0, and 2.5 hours by Mullin (1967), before planting

out in a glasshouse. He found that the active plants suffered a greater
mortality and inhibited growth than plants in the dormant state. Mortality
increased with the length of exposure. Growth was reduced in dormant
plants after exposures of 0.5 hours or more, but not to the same extent.
Investigation in South Australia (1940) showed that the care of roots at
the time of planting was en important factor in determining planting
success on poor sites.

In a series of trials on the problems associated with seedling and
transplant storage, Faulkner and Aldhous (1957; 1958) lifted seedlings
and transplants over a period from mid November to mid March and stored
them in polythene bags for intervals up to six months before lining them
out. Species varied in their tolerance to storage. Spruces survived
very well with only light losses after the longest periods. O0f the pines
Lodge_pole and Scots pine were the most tolerant and could be stored for
4 to 6 months with only light losses, though when planted late in the
growing season, they were unable to form a winter resting bud before the

autumn frosts, Corsican Pine was less tolerant. Larches survived well
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for periods up to four months, providing they were planted before spring
flushing occurred towards the end of March. Douglas fir could be stored
for periods up to four months, provided they were packed with dry foliage.

In general, it was concluded that transplants were better able to
tolerate storage than seedlings. Plants lifted during the dormant period
stored better than those which had started bud or root growth, For best
storage foliage should be dry. The spread of fungus was not a problem.

Aldhous and Atterson (1960) confirmed the findings that transplants
of any species could be stored safely for 3 to 4 months in polythene bags
in a well ventilated shed.

When a similar trial to the one above was tried using cool stores at
+2°C and -5°C, six months was found to be the maximum period that plants
could be stored at the higher temperature, while at the lower temperature
plants failed to survive at all, After twelve months at +2°C very few
plants survived.,

Investigations into the high losses sustained as a result of leaving
polythene bags in the sun, Aldhous and Atterson (1963) found in a trial
using alternative methods that losses were reduced if Kraft paper bags
lined with polythene were used.,

3.2.12 The Effect of Planting Methods and Depth on Subsequent Development

Investigating the tenth year survival and growth of Red pine (Pinus
resinosa) planted at five different depths and two different planting
methods, Mullin (1964) concluded that differences in survivel and growth
due to method of planting were negligible and insignificant. This bears

out the general findings from the literature, that planting method may
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cause minor differences with some species and under certain conditions
(Brace 196k; Sutton 1966; Tucker, Jarvis and Waldron 1968).

Mullin (196)) found that depth of planting produced significant
differences in both survival 0.1 per cent level of probability and mean

height growth 1.0 per cent level of probability. See Table 7.

Table 7

?urvi;ral and Height Growth at Five Planting Depths of Red Pine from Mullin
1964

Depth of planting Survival percentages Mean Height
in inches growth
- 2 86 .6% 11.9feet
-1 86 .1% 12.7feet
0 83 6% 124 feet
+ 1 73.T% 13.0feet
+ 2 67 «5% 12.7feet

Planting at depths of + 1 inch was found to give best height growth,
though - 2 and - 1 inches planting depth had beneficial effects on
survival. As the effect of planting depth on height was slight, 2.3%
over the range of planting depths from - 1 to + 1, whereas the
survival over the same range was 14.8%, it was concluded that it was best
to sacrifice a small increment of height growth and recommend planting
out stock with the nursery soil level slightly below ground level.
Carvell (1964) found thet Pinus 8trobus seedlings planted with their
root collars at - 1, 0 and 3" below the soil surface, neither suffered
nor benefited compared to normally planted seedlings. Though seedlings

planted with their root collars 6" below the soil surface, suffered
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heavy mortality and depressed height growth., Results for survival and
height were very similar in all respects to those of Mullin (1964.) .
In similar experiments to the one above with Norway spruce (Picea

abies) and White spruce (Picea glauca) Sutton (1966) graded planting stock

into two size classes and planted them at three depths; normal 5 cms. and
10 cms. deeper than nursery depth.

Results showed that depth of planting was highly significant for the
first year height increment of White Spruce. Growth in the second year was
less, but still significantly affected by planting depth., The second years
height increment of Norway gpruce was significantly correlated to planting
depth. The loss of height derived from deep planting had not been offset
by better growth at the end of the second growing season.

Trees of the lgrge size classes in both species made significantly
greater height growth in the first year than those in the small size classes.
In neither species was the effect carried over into the second year
probably due to the adverse environmental factas, such as frost heave and
winter browning which occurred during the intervening winter. In general
the trees with the best height growth were worst affected. Similar results
were attained by Brace (1964); Stiell (1960); Hough (1952); and Knight
(1957).

Norway spruce was not significantly influenced by site in either year,
Though the first year's height increment of white spruce was strongly
influenced by site, the effect of site was less pronounced but still
significant in the second year.

The overall survival was 89 per cent and no significant differences
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occurred between treatments. Correlation coefficients for 13 relationships
between pairs of variables from white spruce measurement data for the
various treatments are given. Correlations were very variable, some
treatment giving correlations, others showing no signf'icance, while others
‘were highly significant. The most consistent relationships were found
between First year 1963: Height increment - Diameter of terminal bud

at end of first (1963) growing season, Height increment (196L) - Terminal
bud at the end of second (1964) growing season, Average termingl shoot
needle length - Terminal bud diameter at the end of (196L) growing season.

2.3.13 Subseguent Growth Studies

The phenology of temminal leader growth in young healthy white spruce

(Picea glauca) was recorded for the 1965 growth season. It is discussed

by Hellum (1967) in relation to seedling heights, terminal bud diameter
and forest shade. MNeasurements were made on seedlings ranging from 2 to
26 years in age, range between 2 to 400 cms. in height, on similar sites
and under )4 shade intensities.

A multiple regression analysis between the data on leader length and
the independent variables of bud diameter and seedling height revealed that
premordial bud size exerted a greater influence over terminal leader
length than did seedling height. In general seedlings increase their
annual height growth as they grow taller, This study showed that taller
seedlings set their buds later. Onaerage a seedling that grew in height
for 30 days produced a leader 10 mm long while one that grew for 60 days
produced a leader 296 mm long, nearly 15 times faster and 30 times longer.

Similarly a teminal bud of 3 mm in diameter produces a leader 50 mm long
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while one 7 mm in diemeter produces a leader 300 mm long. The relationship
was parabolic rather than linear over the range of seedling heights,

A method of assessing the quality of spruce plantations was described
by Marion (1966) for a given region. He measured the mean length of the
leading shoots formed amnually, for the first 12-15 years for a series of
the best plantations of similar age in a number of localities., A sample
study in the Vosges indicated that the length of annual increments in the
3rd to 7th years after plenting can be correlated with that obtained in
the first two years. A range of 30-50 cms was considered reasonable,

Miller (1965) investigated the number of branchlets in twelve 4 to
18 year old (P. resinosa) plentations in relation to the variables of
height, stem diameter 1' above the ground and the number of internodes.
Regressions between branchlet number, previous heights, current years
growth, stem diameter, current years height growth and current number of
internodes, stem diameter and current number of internodes, product of
previous years height growth x previous years number of internodes gave
correlation coefficients ranging between 0.89 and 0.95. Height was found
to be the best indivator beceuse of its predictive power and the ease of
obtaining past measurements. See Table 8.

Yearly branchlet multiplication was studied in three representative
situvations where the past branchlet multiplication was reconstructed for
nine sample trees. These trees could be designated into three different
but typical height growth patterns (a) fast starters - fast growers;

(b) moderate starters - fast growers; (¢) slow starters - slow growers.

The rate of branchlet multiplication (one years number divided by previous

years number) was found to be highest in early plantation life just after
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** Sample bundles of representative seedlings and transplants
from material to be used for lining out and planting in the
forest were selected for measurement. Samples contained 150

seedlings and 120 transplants for each category.
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3. ’ METHODS

3.1 Introduction

The study was divided into two sections:-
(a) Measurements of Nursery Stock.
(b) Measurements in Young Stands up to Canopy Closure.

In brief the study involved the measurement of total height, height
increment, root collar diameter, dry weights of shoot and root, numbers of
growing points and incidence of malformation within 1 + 0 seedlings, 1 + 1
and 2 + 1 transplants. The measurements of a non destructive nature, total
height, height increments, diameter at soil level and mid point of the first
and third years height growth, number of branchlets by internodes, and
position and degree of malformation were extended to young stands 1, 3, 6
and 9 years af'ter planting to determine the influence of the variation in
the planting stock on establishment, subsequent growth and differentiation
of vigour classes.

3.2 Measurements of Nursery Stock

3+.2.1 General

The variation in 1 + 0 seedlings, 1 + 1 and 2 + 1 transplants from
Bareagle Nursery, which supplies planting stock to the study area were
investigated to define the type of plants used in forest planting?*1 + 0
seedlings were included to form a basis of comparison, so that the effects
of transplanting on planting stock development could be détermined. The
measurements made on 1 + 0 seedlings, 1 + 1 and 2 + 1 transplants will be
listed, their positions may be seen from the appropriate Figures and the
methods used for each measurement will be discussed.

3.2.2 1 4+ 0 Seedlings

The following measurements were made on 1 4+ 0 seedlings. See Figure 2.
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1. Total shoot length.

2. Root collar diameter.

3+« Root weight.

4, Needle weight.

5. Weight of woody shoot material,
6. Number of growing points.

7. Malformation,

32,3 1 4+ 1 and 2 + 1 Transplants

The following measurements were made on 1 4+ 1 and 2 + 1 transplants.
See Fig.2.

1. Total shoot length

2., Previous seasons height (i.e. height one year after transplanting;
2 + 1 transplants only)

3. Seedling height (i.e. height at time of transplanting)

L+ Root collar diameter,

5. Root weight.

6. Needle weight.

7. Weight of current season's woody material.

8. Weight of previous season's woody growth,

9. Number of branchlets.

10. Malformation,

34244 Root Collar Diameter

The position of the root collar of 1 + 0 seedlings was taken to be
1 cm. above the topmost rootlet., This corresponded closely to the observed
soil level.

In 1 4+ 1fand 2 + 1 Pransplants the position of the root collar was more
difficult to determine,due to the extreme variability in the positioning of
the seedling root collar during the transplanting operation, As far as
possible the criterion that the position of the root collar was 1 cm. above
the topmost rootlet was used unless this was obviously unrealistic (2.8
where the seedlings had been planted deeply but had not producedcadvéntitious
rootlets). The presence of soil particles clinging to the stem was not an

accurate guide as to the position of the root collar due to rain splash,
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Where the lower seedling branchlets had been buried below soil level and
adventitious rootlets had formed in théir axils the same criterion for
diameter was applied and the plant recorded as malformed.

The diameter was measured to the nearest 0.1 millimetre with a direct
reading spring micro-calliper, at the position taken to be the root collar,
The average of two diameters at right angles was recorded, care being taken
to avoid obvioué local irregularities. In cases of malformation of the stem
or root it was difficult to obtain an accurate estimate of the root collar
diameter. The diameter at the mid point of each year's height growth would
have been less variable as is shown by results from the second part of the
study., Where more than one leader was present the diameter of the tallest
shoot was taken.

3.2.5 Total Height

Total Height (to the nearest millimetre) was measured from the root
collar to the tip of the topmost needles.

3.2,6 Seedling Height and Previous Season's Height

Seedling height and previous season's height were measured from the
root collar to the bud scales at the base of each season's shoot elongation.
34247 Dry Weights

The root and shoot were severed at the root collar, placed in labelled
paper bags and dried at 105°C for LB hours in a forced draught oven. Once
dry, the portions of stem and root were prepared and weighed to the nearest
0.01 gramme on a direct weighing balance. They were not cooled off first,
as a desiccator sufficiently large to deal with the volume of material being

processed was not available. Treatment was kept as consistent as possible



as it is the relative weights rather than the actual weights which are
important. Weight increase during preparation was 0.15 to 0.35 grms.

3.2.8 Root weights

As much soil as possible was shaken from the roots prior to drying.
The small soil particles still attached to the roots were rubbed through a
1 mm, sieve before weighing. Unfortunately some of the finer root fibre was
lost as well, This method was adopted as measurements were being performed
simultaneously with the separation into roots and shoots.

The alternative method is to wash the roots prior to drying but the
force of the jet of water required to remove the more stubborn soil particles
also removes much of the finer root material.

3.2.9 Shoot Weights

Shoot material was removed from the oven when dry and separated into
needles, current season's woody stem material and previous season's woody
growth., The number of branchlets wag: counted at the same time. The needles
were sieved gently to remove dust which may accumulate due to rain splash.

Owing to length of time required in preparation prior to weighing, material
would take up moisture whether still warm or ccoled off in a desiccator.

The amount of moisture taken up is proportional to the length of time
required in preparation, As larger plants take longer to prepare the
relative weights may be reinforced.

3.2.10 Number of Growing Points and Branchlets

The number of growing points of 1 4+ O seedlings was not strictly
comparable with the number of branchlets on 1 + 1 and 2 + 1 transplants.

See Figure : 2, These counts were made when the shoots were being
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separated into their component parts for weighing. The number of growing
points in 1 + 0 seedlings was considered to be the number of locations where
shoot and side shoot elongation had occurred in the first year of growth,
Whereas the number of branchlets in 1 + 1 and 2 + 1 transplants was considered
to be the number of locations where woody shoot material had been produced

in the current growing season, The leader of a transplant counted as a unit
is comparable to the whole of the 1 + 0 seedling.

3+42.11 Malformation

Three grades of malformation were distinguished:

a. Lost Leader

b. Double Leader: due to forking with the growth of two lateral shoots

after the loss of a leader, or the growth of a buried
side shoot.

c. Multiple leader: usually due to the growth of a number of buried side
shoots but can result from the growth of a number of
lateral shoots after the loss of a leader.

3.3 Measurement in Young Stands up to Canopy Closure

3.3.1 General

It would be preferable to follow the same plot through from planting
to canopy closure. As this proved to be impracticable it was decided to
investigate a series of young stands up to canopy closure at about age nine
years.

Due to the excessive amount of field work which would be involved in
making a complete measurement of all ages and the difficulty of finding
comparable sites, it was necessary to select a few crucial ages and make
detailed measurements, so that the results for intervening years could be
interpolated. Four age classes only were measured.

The age range can be divided into two periods, viz.:
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a) establishment and (b) subsequent growth. Silviculturally the establishment
stage lasts until weeding is no longer necessary. This generally is at
age three in the study area. Therefore it was decided to examine the range
at three year intervals and thus plots were established in stands of 13 3
6-and 9-years of age.

Forests in the South Scotland Conservancy centred on Bonchester Bridge,
where much new planting has been done in recent years, were thought to be

=7
suitable. From the planting records a number of compartments of each age
were selected., These compartments were investigated in the field and areas
with comparable soil (peaty gley) and vegetation types (predominantly

Deschampsia flexuosa and D. ¢aespitosa) at an altitude between 900-1100 feet

a.s.l. were selected. All areas have been ploughed so that the planting site
can be considered fairly uniform., Minor site variations indicated by minor
changes in vegetation do exist but no more than is normal on these sites.

The location of the plots may be seen on the Location map., Details of
planting stock, seed lot, spacing etc. can be seen in Table 9.
3.3.2 Plot Layout

Initially it was planned to carry out an exploratory survey to assess
the extent of variation, and the size of plot requiredy then lay out
additional plots to enable the comparison between two samples., Unfortunately
this proved impossible, as poor weather and snow restricted field work, so
that detailed assessment has been confined to a single plot for each selected
age.

A square 1/10 acre plot, orientated with the rows, was laid out for
each age using a compass and 66-foot tapes. This plot size was chosen

because it was considered that the number of trees to be measured and plot
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lay-out could be handled by a single person unaided., Measurements were
made systematically along the rows in one direction only, The numbers of
stems in each row were recorded so that spatial arrangements of vigour
classes could be represented graphically.

3.3.3 Measurements lMade in Young Stands

Similar measurements to the non-destructive measurements made on
seedlings and transplants were extended to young stands to determine the
effect of variation in nursery stock, on establishment and subsequent growth
and the process associated with the development of dominance. The
measurements made in 13 33 6~and 9-year old stands will be listed, their
positions may be seen from the appropriate figures and the methods used for
measurement will be discussed.

334 1 Year After Planting

The following measurements were made in the 1=-year old stand. See
Fig. 3.

1+ Total height.

2, Height at planting.

3« Diameter at soil level.

L. Diameter at the mid point of the current years height growth.,
5. No. of branchlets by internodes.

6. Degree of malformation and position.

3.3.5 3 Years After Planting

The following measurements were made in the 3eyear old stand;> See
Fig. 3.

1. Total height.

2. & 3., Height 1st and 2nd years after planting.

4., Height at planting.

5. Diameter at soil level.

6. Diameter at the mid point of the 1st yea?s height growth.
7. Diameter at the mid point of the 3rd years height growth.
8. No. of branchlets by whorls.

9. Degree of malformation and position.
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3.36 6 Years After planting

The following measurements were made in the 6-year old stand. See
Fig. 3.

1. Total height.

2. to 6., Height each year since planting.

7. Height at planting. o8

8. Diameter at the mid point of the 1st years height growth.

9. Diameter at the mid point of the 3rd years height growth.

10. No. of branchlets on the second whorl from the top of -the tree.
11. Degree of malformation and position.

3.3.7 9 Years After planting

The following measurements were made in the nine=year old stand.

See Fig. 3.

1. Total height.

2. to 9. Height each year from planting,

10. Height at planting. ¢

11. Diameter at the mid point of the 1st years height growth.
12, Diameter at the mid point of the 3rd years height growth.
13. Average height of canopy closure.

14, Number of side branches touching.

15. Degree of malformation and position.

3.3.8 Height Growth and Height Increment

Total height, and height growth each year, weeemeasured from soil
level, as near to the base of the stem as possible,to the tip of the top-
most needles,or to the base of the bud scales respectively,

Height measurements in 1 and 3 year-old stapds were made to the
nearest 0.5 centimetre with a 1 metre rule, In 6-and 9-year old stands
they were made to the nearest 1.0 centimetre with a 3 or l;;metre pole
respectively. Measurements of the tallest leader only were recorded. Some
difficulty was experienced in obtaining accurate measurements in the older
stands, due to wind movement and the fact that in some cases the bud scales

on the lower portions of the stems had been lost., Malformation reduced the
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ease of height measurements.

343.9 Diameter measurements

Diameter measurements in the 1-and 3=year old stands were made to the
nearest 0.1 millimetre with a direct reading spring micro-calliper., In 6-
and 9-year old stands the readings were read in millimetres with steel
callipers. Measurements of the tallest leader only were recorded, V-';flere
possible the average of two measurcments wasg: recorded, though in some
instances these were difficult to obtain due to melformation and dense
branch growth,

3+3.10 Numbers of Branchlets

In 1-and 3-year old stands, the number of branchlets were recorded for
each internode, down to planting height. Where malformation occurred the
number of branchlets on the second leader or fork were included with those
of the whorl from which it arose.

The number of .branchlets on the second major whorl from the top of the
tree were recorded for six year old stands. Due to malfommation this could
be the whorl formed at the end of the fourth or third year. Where two
whorls ran together these were separated as much as possible to give a
realistic count. In 9=year old stands the average height of ca;rzopy closure
and the number of sides on which this occurred was recorded.

3.3.11 Malformation

Melformation was recorded as either (a) lost leader or (b) Porks.

(2) Loss of leader was considered to occur where growth continued without
serious deflection of the stem.

(b) Forking was considered to occur when two or more lateral shoots
became leaders, serious deflection of the stem resulted or a basket
whorl was formed.
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Loss of leader has a considerable effect on the height increment and
the form of the tree, The extent of resulting malformation depends on the
time and extent of the portion of the leader that is lost,

lalformation is recorded for the year in which results of the
malformation become evident, e.g. Loss of leader at the end of the fourth

growing season is recorded as Lost Leader 5.
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4, RESULTS

4.1 General

The date from the Nursery and Forest samples wereexamined to determine:
A. The nature of the distribution of total heights, intermediate heights,
height extensions, diameters and total weights.
B. The distributions of these parameters within the vigour classes.
C. The spatial arrangement of these vigour classes over the sample areas of
the forest plots.,
D. The inter-relationships between the various growth parameters measured.
E. The growth trends over the series of nursery and forest samples.,

The results are presented in two sectlons,under each of the headings

listed above:

a. Results from the Nursery Investigations,
b. Results from the Forest Investigations,

4.2 Growth Parameter Distributions within the Nursery and Forest Samples

42,1 Geperal

Scatter diagrams were plotted, for the measurements of total height with.
diameter and total weight measurements for the 1 + 0 seedlings, 1 + 1 and 2 + 1
transplants. In a similar manner scatter diagrams were plotted for. totel
height measurements with diameter at the mid-point of the height extension 1 of
the young forest stands 1; 3; 6 and 9- years after planting., The distributions
were divided into 10 classes and histograms were constructed showing the
percentage frequency in each class. Any measurements two or more classes
outside the general range were disregarded, This was necessery for one total
height measurement in the six-year old sample.

From the histograms the nature of the distributions of total height,
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diameter and total weight can be seen to change with age., For the histograms
of total height, diameter and total weight for 1 + 0 seedlings, 1 + 1 and

2 + 1 transplants, see Figure 4. Histograms of height, diameter and total
height for 2 + 1 transplants from Devilla Nursery are similar to those from
Bareagle Nursery. The histograms for total height and diameter and mid point
of the height extension 1 for young stands 1, 3, 6 and 9 years after planting,
may be seen in Figure 5.

Discussion will be centred on the variation of height parameters due to
their high indicative value and ease of measurement. For the position of
measurements see Figures 2 and 3, Diameter and total weight distributions may
be thought of as complementary to total height growth. In order to explain the
reasons for this variation of the total height distributions with age, it is
necessary to look at the variation of the component yearly height increments.
The overall nature of the distributions, and the distribution within the
various vigour classes, must be considered.

An insight can be gained into the effect of transplantihg and planting on
the overall growth processes and the nature of the establishment and subsequent
growth phases, by detailed analysis of the component height distributions. A
number of features of the distributions must be taken into consideration: (a)
the amount of variation; (b) the position of the peak of the distribution in
relation to the extremes of the range, and (c) the division of the distribution
amongst the varicus vigour classes.

For the distribution of height components within vigour classes see Section
L.5. The nature of the distributions of the height components may be seen in
Tables 10, 12, 14, 16, 18, 20 and 22. These tables present the data for each
measurement so that the minimum, maximum, median and 25 and 75 percent. quatniles
can be compared with the mean and standard deviations of the equivalent normal
distribution. The nature of these distributions for the nursery and forest

samples will be discussed in turn,
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Histograms of Total Height, Diameter and Total Weight for 1 + 0 Seedlings,
4 + 1 end 2 + 1 Transplants.
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4.2.2 Results from the Nursery investigations

A comparison of the distributions of total height for 1 4+ 0 seedlings,
1+ 1 and 2 4+ 1 transplants from Figure ) shows that they range from approaching
normal for 1 4+ 0 seedlings to an increasing degree of skewness for 1 + 1 and
2 + 1 transplants. The positions of the measurements may be seen in Figure 2.

Seedlings above 1.5 inches form 1 + 1 transplants after one season in the
transplant lines, The remainder of the seedlings are left in the seed bed for
another growing season and after one growing season in the transplant lines,
they form 2 + 1 transplants. On lifting prior to transplanting, seedlings may
be assumed to have a height distribution which approaches normal, approximating
that of 1 4+ 0 seedlings (Figure L).

Measurements of seedling height for 1 + 1 and 2 + 1 transplants and previous
heights for 2 + 1 transplants (see Tables 10, 12 and 14) show that these heights
have developed a skewed distribution in the lower portion of the range (skewed
left). This indicates that plants were planted at depths that varied ffom
nursery bed level on lining out. Larger plants, i.e. with larger seedling
heights, tend to be planted deeper. This explains the distributions of seedling
heights and previous heights which tend to be skewed left for 1 + 1 and 2 + 1
transplants. 2 + 1 seedlings, which remain in the nursery beds for an additional
year before lining out, produce a height increment in this year (i.e. previous
year's height extension), which approaches normal, see Table 14. This suggests
that seedlings left undisturbed produce a distribution of height extension
which approaches normality.

An analysis of the current shoot extension of the 1 + 1 and 2 + 1 transplants

(see Tables 12 and 14), showgthat the distributions of current shoot extension
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tends to be skewed right, for 1 4+ 1 transplants and skewed left for 2 + 1
transplants, This would appear to indicate that, as a result of a combination
of deeper planting and the transplanting process, larger plants are checked to
proportionately greater extent.

The plants forming the 2 + 1 transplants are generally larger, and are
checked to a proportionately greater extent, especially in the middle to upper
portions of the range, resulting in a skewed left distribution. Whereas the
plants forming the 1 + 1 transplants are generally smaller and are checked to
a lesser degree except in the lower portion of the range, resulting in a
skewed right distribution., Larger plants produced greater height extensions,
though for 1 + 1 transplants the height extensions were proportionately greater.
The total height distributions of the 1 + 1 and 2 + 1 transplant are the
net of yearly height increments (see Figure J).

The distribution of diameters for 1 + 1 transplants is more skewed left
than that of 2 + 1 transplants (see Figure 4) reflecting the additional season's
growth before transplanting for the 2 4 1 transplants, The distribution of
height/diameter ratio values for 1 + 1 transplants is skewed right compared to
the approaching normal distribution of the height/diameter ratio values for
2 + 1 transplants. 1 + 1 transplants appear to be slightly more sturdy. In
both cases the sturdiness is greatly increased compared with 1 + 0 seedlings.

Transplanting similarly increases the skewness of the distribution of
weight (see Figure 4). The shoot/root ratios of the 1 + 1 and 2 + 1 transplants
have distributions which are skewed left. The values are higher for 2 + 1
transplants.

There is a corresponding development of skewness in the distributionsof

numbers of branchlets. The skewness is greater for the 1 + 1 transplents than
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the 2 + 1 transplants and appears to indicate that any reduction in the height
increment is accompanied by a reduction in branchlet production.

L.2.5 Results from Forest Investigations

The distribution of total height (Figure 5) for 13 3; 6-and 9-year old
stands after planting can be seen to change from skewed left for 1~and 3-year
old stands, through approaching normal in the 6-~year old stand to skewed right
in the 9-year old stand., In order to elucidate the growth pattern the
distributions of each of the component parameters will be discussed in turn
working upwards. For the positions of the measurements mentioned see Figure 3.

Planting may be considered as an operation which has a similar effect on
height growth to transplanting. This assumption is borne out by analysis of
Tables 16, 18, 20 and 22, which show the distribution of growth parameters for
young stands 1, 3, 6 and 9 years after planting. Planting height for all
samples shows a skewed left distribution. The erratic depth of planting
probably reinforces the already skewed height distributions shown to exist in
the planting stock. See Figure 4. All planting stock was of transplant origin.
See Table 9., The planting stock varies in height as would be expected as it
ranges from 1 + 1 to 3 + 1,

Height extension in the first season of growth (i.e., height extension 1)
shows a skewed left distribution similar to that found after transplanting. From
analysis of planting height and height extension 1 it can be concluded that,
unless the plants are of a reasonable height and sturdiness, the length of the
first year's height extension will not equal planting height. A comparison of
the mean planting height and mean height extension 1 of the 1-year old stands
with the mean planting height and mean height extension 1 of 33 6-~and 9-year old

supports the above conclusion., It is more skewed left in the 9-year old
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stands, which are probably the most exposed. The variation of height extension
1 is large, indicated by the standard deviations. The mean height extension in
the first years after planting, showslittle increase on the mean of the first
season's height extension, though the values for the upper quartile and maximum
increase considerably. The distributions of height measurements at the
end of the second growing season (i.e. height 2nd year) after planting range
from nearly normal in the 6-year old stand, slightly skewed left in the 3-year
0ld stand to skewed left in the 9-year old stand (see Tables 16, 18, 20 and 22).
Height increment in the third growing season, i.e. Height Extension 3 has a
skewed distribution in all stands, though to a slightly lesser degree in the 6
year old stand. This may be due to competition from ground vegetation as the
lower whorls of branches become smothered by grass at this stage.

Third year height distributions are skewed left in all stands, though to
a lesser degree in the 6-year old stands. The diagram, Figure 5, of total height
distribution for young stands 3 years after planting is an accurate representation
of the position found in the 6-and 9-year old stands 3 years after planting.
The mean height extension and the submeans of height extensions for the various
quartiles for the 1-to 3-year period shows only a slight and irregular increase
on the initial height increment. It appears that unless plants have between
9 - 13 cms. of top exposed after planting, their initial growth is poor. The
exact amount of exposure depends on the type of planting stock. This implies
that more vigorous culiing is required in the nursery to remove small and spindly
trees. It is shortsighted policy to plant trees that do not measure up to the
required standards, as is shown by the young stands 1 year after planting. See
Table 16. Although most of the measurements of height extension 1 are arranged

about or to the left of the mean, the upper range is considerably extended and



Figure

Histograms of Total height and Diameter mid point height Extension 1, for
young stands 1; 3, 6 and 9 years after planting
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reaches up to 3 times the mean value . Larger plants genefally produce a
proportionately larger height extensions, providing they are sturdy.

If they are not sturdy, larger trees are liable to lose proportionately
larger amounts of their leaders, as is shown in Table 16. A high proportion of
trees lose their leaders during this period (see Section 4.4), though the
more vigorous trees appear to be less affected.

The distribution of height increment in the L4th growing season (i.e.,
height extenﬁion 4), in the young stands & and 9 years after planting is slightly
skewed to the left. Although the amount of variation is still large, height
growth is beginning to accelerate, particularly in the six year old s tand (see
Table 20). Heights in the 4th growing season (i.e. height L) show a skewed
right distribution in the 6~year old £and compared to a slightly skewed left
distribution in the 9-year old stand.

The distributions of Height Extension 5 in both the 6-and 9-year old
stands show a slight skewness to the right. This is more pronounced in the six-
year old stand. Accelerated height growth is just beginning to start in the
upper quartile of the 9-year old stand. The distribution of height 5 is
skewed right in both stands., The acceleration of height growth in the nine
year old stand starts in the sixth growing season. See Table 22, Both
these stands are entering the accelerated growth phase.

The distribution of height increment in the 6thgrowing season (i.e. height
Extension 6) is skewed left in both stands. The distribution of height at the
end of the 6th growing season, for the stand 6 years after planting, can be seen
in Figure 5. The distribution heights at 6 years after planting in the 9-year
old stand approximates this closely, though the distribution is slightly more

skewed to the left. The six-year old stand on a less exposed site is slightly
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more advanced in its development than the 9-year old at this stage.

During the 4-to 6-year period height growth starts to accelerate; this
occurred slightly earlier in the 6-year old stand than the 9-year old stand. In
addition the increase in height growth is earlier and proportionately greater
in the larger trees than the smaller trees. The variation in height and height
increment is still very large.

The distribution of height increment in the 7th growing season (i.e.
Height Extension 7) is skewed to the right, indicating that a large proportion
of the trees has entered the accelerated height growth phase., The distribution
of heights in the 7th year is also skewed right.

Similarly, the height increment in the 8th growing season (i.e. Height
extension 8) is slightly skewed to the right, though height increment is
greatest in the upper quartile. The height distribution in the 8th year is
approaching normal,

Height extension in the 9th growing season (i.e. Height Extension 9) has
a distribution which is very skewed to the right, indicating that height
growth for the upper three quartiles is attaining the growth “optimum:' From
Table 22 it can be seen that they are not greatly different from one another
and are approaching the value of the maximum height increment. The skewed
right distribution for the total height for the nine-year old stand may be
seen in Figure 5.

4.3 The Distribution of the Parameters within the Vigour Classes for the

Nursery and Farest Samples
4.,3.1 General

Initially it was thought that Schotte's Classification (p.14) might form
a useful means of dividing the height distribution into dominance classes,

However, fluctuations with age (see Figure 5) resulted in large variations in
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the numbers within each dominance class over the period under investigation.
Thus it was decided to divide each sample population into quartiles based on
the distribution of total height. Using a computer the trees were sorted into
ascending order, according to total height; where the heights were equal, a
further sorting was carried out on the basis of diameter., Once the order was
established, the ranked populmtion was divided equally into 4 portions and the
submeans of all the parameters were calculated for each guartile or vigour
class together with their overall mean. This enables the submeans for the
vigour class data (see Tables 11, 13, 15, 17, 19, 21 and 23) to be compared
with the submeans for the equivalent quartiles for each parameter sorted
independently. Tables 10, 12, 14, 16, 18, 20 and 22. Thus enabling the nature
of the distribution of each parameter within the four vigour classes to be
observed.

4.3.2 Results from Nursery Investigations

Tables 11, 13 and 15 show the submeans for the measurements of selected
parameters within the vigour classes for 1 4+ 0 seedlings, 1 + 1 and 2 + 1
transplants. Each sample will be dealt with separately due to the differences
in treatment,

Table 11 shows the submeans of parameters in each vigour class, for 1 + 0
seedlings, When these are compared with the submeans of the equivalent gquartiles
(Table 10) it is found that the submeans of the root collar diameter and total
weight measurements for each vigour class vary consistently in relation to the
submeans for these parameters for the equivalent quartiles. The submeans for
the two lowest vigour classes are higher than those of the equivalent quartiles
and those of the upper two vigour classes are lower., As the variability within
each vigour class increases, the total range of the 4 submeans decreases.

The distribution of total weight is slightly more variable, due to the
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variation in the shoot/root ratio between vigour classes., The shoot/root ratio
is slightly larger in the upper and lower quartiles of the range.

The same type of comparison shows that the variability within the vigour
classes of 1 + 1 transplants has increased. See Tables 12 and 13. The current
shoot extension produced after transplanting is very variable in relation to
seedling height, though larger seedlings are inclined to produce proportionately
larger shoot extensions. The variation in root collar diameter and total weight
within the various vigour classes accompanying the fluctuations in current
shoot extension are mainly a result of transplanting.

The shoot/root ratio fluctuates in a similar manner to that found for
1 + 0 seedlings, indicating that the proportions of shoot weight to root weight
varies over the range of vigour classes.

It may be concluded that transplanting results in a large variation in
current shoot extension in relationt o seedling height which is accompanied by
an increased variation in root collar diameter and total weight within each
vigour class.

When Table 15, showing the submeans of the parameters within the various
vigour classes,is compared with Table 1.4, showing the submeans of equivalent
quartiles for 2 + 1 transplants, it is found that transplanting produces more
variation in the current yea.z?s height growth than is observed for 1 + 1
transplants, Comparisons of the submeans of seedling height and previous shoot
extension with the submeans of previous height and current shoot extension for
the various vigour classes. show that transplanting has had a proportionately
greater effect on clurrent shoot extension than was evident for 1 + 1 transplants,

If the submeans of ‘seedling height“and ‘previous shoot extension are compared

for the various vigour classes it can be seen that a small increase in seedling



63.

height resulted in a large increase in“previous shoot extension? Whereas
whenYeurrent shoot extension”is compared with “previous height”and "previous
height extensionz transplanting can be seen to have a proportionately greater
checking effect in the upper portion of the range, although larger plants still
produce larger height extensions.

The unpredictable nature of the current shoot extension leads to a greater
range of root collar diameters within each vigour class. Likewise a large
variation has been introduced in the distribution of total weights and this is
coupled with a similar type of fluctuation in the proportions of shoot weight
to root weight over the range of vigour classes,as was found in the other nursery
samples,

Transplanting is accompanied by an increase in the numbers of double and
multiple leaders in the upper two vigour classes of 1 + 1 transplants and the
lower three vigour classes of 2 + 1 transplants, as a result of burying the lower
branchlets of the larger plants during the lining out operation. These buried
lower branchlets develop rootlets in the branchlet axils and grow vigorously
to form secondary leaders. The distribution of malformation between the
various vigour classes is explained by the greater tendency for larger plants
to be more deeply planted combined with greater checking effect of deeper
planting, 2 + 1 transplants have a:higher proportion of large plants, and those
which are planted deeply tend to be displaced to the lower vigour classes. In
1 + 1 transplant, only the largest plants tend to be deeply planted, resulting
in the distribution of multiple leaders in the upper two vigour classes.

The numbers of branchlets show a similar variation within each vigour

class as a result of the reduced shoot growth induced by transplanting.
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4.343 Results for Forest Investigations

Tables 17, 19, 21 and 23 show the submeans for selected parameters
measurements within the vigour classes, for the Forest Samples.

Data for the 1-year old stand will be discussed separately from 3; 6 and
:9=year old stands.

Comparisons of the submeans of growth parameters,measured for the various
vigour classes, with the submeans of the equivalent quartiles bears out the
contention that poor quality planting stock has resulted in poor height growth
and a high percentage of leader loss in the 1-year old stand in the year after
planting., The submean of the current height extension does not equal the
submean of the planting height for any vigour class. There is a considerable
variation in current shoot extension compared to planting height for all vigour
classes.

The current height growth in the upper 3 quartiles is much poorer than
would be expected, as this normally exceeds planting height. In addition
these quartiles suffer appreciably greater amounts of leader loss. If%new top
height'was used the picture would be decidedly more gloomy.

‘ The diameter mid-point of the height extension 1 shows a wide variation
within each vigour class. The height diameter ratio is a good deal lower for
the upper vigour classes.

Although there is considerable variation in fetal Branchlet numbers within
each of the vigour classes, there is an overall increase in numbers with
increasing vigour,

When comparisons are made between the submeans of the parameters arranged
according to the various vigour classes (Tables 19, 21) and the submeans of the

equivalent quartiles arranged independently, for 3-and-6-year old stands,A}he
(Ta otesle)zo)
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establishment and subsequent growth are found to be much more satisfactory;
although there is still considerable variation in the initial height extensions
for a particular planting height. The submeans of the height extension 1

exceed the submeans of the planting height for all vigour classes. The submeans
of the height extensions for each vigour class show only a small increase over
the submeans of height Extension 1 for the first 3 years growth in the forest.

The submeans for height extension L4 in the 6=year old stand shows a marked
increase over the previous years height extension in the upper three vigour
classes, This accelerated growth does not occur in the lower vigour class until
the 8i¥th season. The increase in growth is highest in the upper vigour class.
During the first 3 years of growth the height differences between the top three
vigour classes is not great, but by the sixth year the differences between these
vigour classes has been considerably increased. This indicates that the
variation of height increment within each vigour class and for each stem is
very considerable for the establishment phase of growth.

When Table 23 showing the submeans of the height parameters measured for
each vigour class is compared with the submeans of the equivalent quartiles
table (22) similar conclusions can be drawn for the first six years growth of
the 9 year old stands. However, the start of the accelerated growth phase is
delayed two growth seasons, probably due to the mere exposed nature of the
site. The increase in the submeans of height. extension :i§ rather erratic over
the 7-to 9-ye§.r growth period, but gradually increase the superiority of the
lead of the upper three vigour classes over the lower vigour classe.. The
submeans of height and height extension for measurements up to the fifth year
for all vigour classes have tended greatly towards the mean of each set of

measurements compared with the submeans of the equivalent quartile. The submean



of planting height for the upper vigour class has become lower than that for
second vigour class, This demonstrates that ability to become established
quickly and to produce consistent rapid height increment,/;: important as
planting height, in detemining the position in the height range at canopy
closure. On analysing thixggia it seems that only plants in the top 86% 1:

of the planting height range magy appear in the upper vigour class at canopy
closure,

- The diameters measured at the mid point of height extension 1 show
considerable variation within each of the vigour classes of the 33 6-and 9-year
old stands. This is substantiated by an analysis of data for the upper vigour
classes of the 9-year old stand which shows that the trees represented in this
class were drawn from the top 3/4' = of the diameter range.

Malformation present in the nursery stock is retained in the young stands
up to canopy closure, Although these plants may initially grow well, they are
gradually displaced from the upper vigour classes due to their susceptibility
to further malformation which results in a reduction in height increment. This
occurred to a lesser degree in the 6-year old stand situated on a less exposed
site. Leader loss is frequent during the establishment and subsequent growth
phases of young stands. Lammas growth appears to be a contributing factor.
Leader damage is generally more frequent in the lower vigour classes, which are
also more liable to develop double leaders. TForking is more likely to
accompany leader damage to heavily branched trees. Trees less susceptible to
leader damage and forking tend move into the upper vigour classes.

It is probable that the upper vigour class of the 9-year old stand is not

yet stable but changes from year to year, due to leader damage and malformation ,

as the height difference between the upper three vigour classes could be



achieved in a year's height growth, The pre-requisites for a place in the upper
vigour class would appear to be consistently vigorous height increments and

the ability to recover rapidly from leader damage with a single replacement
leader. Dominance is by no means settled at this stage. The differentiation
of the dominant stems in the period follewing canopy closure will be determined
by the ability for continued vigorous height increment, lower susceptibility

to malformation, the retention of large healthy crowns and strong diameter and
root growth, The future dominant trees with these attributes will come mainly
from the upper two vigour classes.

Crown development can be seen from the apprepriate tables for the 33 6~
and 9-year old stands. Although there is variation within each vigour class, the
total numbers of branchlets increase considerably with increasing vigour in 3
year old stands. For the 6-year old stands the numbers of branchlets in the
2nd major whorl from the top increases with increasing vigour., There is a
large variation in branchlet numbers within each vigour class.

In the 9-year old stand the number of sides of canopy closure and height
of canopy closure is approximately equal for the upper two vigour classes, but
declines for the lower vigour classes. The method of determining crown
diameter and height to the widest point would probably have been more
safisfactony, accompanied by detailed analysis of foliage weights and branchlet
numbers for a few sample trees.

4.4 The Inter-relations between Growth Parameters measured for Nursery and
Forest Samples

Lo General

Single line regression equations were calculated for some of the height,

height extension, diameter, total branchlets and total weight parameters.,

67
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Relationships which show significant correlations are listed in Tebles 26,28, 30, 32,
In addition multiple regressions were calculated using some of height, diaigizgfjs‘
and total weight paremeters as the dependent variables. The relationships of
total height are the most meaningful,

From Figs. 4 and § and Tables 16, 12, 14, 16, 18, 20 and 22, it can be
seen that many of the variables have log nomal distributions.  Owing to the
difficulty of working with part logs, the fact that the distribution of particular
variables changes with age, and the large number of distributions which are
similar, it was thought that transformations would not markedly change the
degree of correlation, so the calculations were made in their existing form.
For correlations between diameter and total weight, diameter squared was found
to give straight line regression relationships from plotting scatter diagrems.
The regression relationships between other parameters are of a straigitt line
nature.

Due to the large numbers in each sample 125-150 the values of the
correlation coefficients at which the level of significance change?,{%n‘yr
slightly., The corresponding correlation coefficients for the two extreme
values of the range of sample numbers are 0,174 - 0.159 at the 5.0%, 0.228 and
0.208 at the 1.0% level, and 0.303 and 0.298 at the 0.1% level of significance.
In the discussion that follows all correlations fall within the 0.1%
significance range unless otherwise mentioned. Where the correlation coefficient
values are significant at the 5.0%and 1.0% levels it is specifically mentioned.
Correlation values which fall outside the 5.0 value of signifiicance are
considered not significant. Correlation values over 0.600 in the ranges of

significance at the 0.1% level are considered to be high.

In general the significant correlations confirmed the observations made



in Section 4.2 and 4.3. The degree of correlation depends to a large extent
on the nature of the particular parameter distributions and the degree of
variation., Parameters with similar distributions and low variation are more
highly correlated.

In the light of the observations made in the previous section attention
has been restricted to the regressions and correlations between heights and
height diameter ratio, total weight and total numbers of branchlets.

4.3.2 Results from Nursery Investigations

For the regression equations for selected parameters see Tables 26, 28,

30, Correlation coefficients may be found in the correlation matrix: tables
(25, 27, 29). For the positions of the measurements see Figure 2, The seedling
height of 1 + 0 seedlings is correlated with the follbwing parameters listed

in decreasing order of their correlation coefficients: total weight; root collar
diameter; height/diameter ratio and number of growing points.

The total height of 1 + 1 transplants is more highly correlated with
current shoot extension than seedling height. Current shoot extension is
correlated with seedling height at the 5.0% level of significance, This is to
be expected in view of the variable nature of shoot growth after transplanting,

Total height of 2 4+ 1 transplants gives the highest correlation with
previoﬁs height followed by current shoot extension, previous shoot extension
and seedling height, Previous height is very highly correlated to previous
shoot extension and to a lesser degree with seedling height. Current shoot
extension shows no correlation with either previous shoot weight or seedling
height at the 5.0% level of significance.

Seedliﬁg height and total height only of 1 4 1 transplants are correlated

with dismeter. Current shoot extension shows no correlation with diameter. The
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order of correlation of the height parameters measured for 2 + 1 transplants
with diameter are as follows: total height; previous height; previous height
extension and current shoot extension, Total height of the 1 + 1 and 2 + 1
transplants are correlated with total numbers of branchlets. Correlation of
successively lower height measurements .is very variable,

Diameter was correlated with the height diameter ratio for all the nursery
samples. Diameter squared is highly correlated to 'total weight and usually
highly correlated with numbers of growing points or branchlets,

Although total height is correlated with total weight and numbers of
branchlets, the correlations between the lesser height and height extension
measurements are very variable.

‘The correlation between the shoot/root ratio and height/diameter ratio
with most of the parameters measured was erratic.

L.4.3 Results from Forest Investigations

The regression equations for selected parameters are shown in Tables 32,
34, 36, 38). Correlation coefficients may be seen from the correlation matrices
tables (31, 33, 35, 37). For the positions of the measurements see Figure 3.
Initially it was thought that the malformed and non-malformed trees could be
separated and regression relationships calculated for each group. As very few
trees were found to be free from malformation due to its widespread occurrence
in these young stands, a separation on this basis was found to be impracticable.

Discussion will be based mainly on the correlations of height and height
extension with other height parameters. Diameter was measured at the mid point
of height Extension 1. The height/diameter ratio has been calculated for the

diameter of height extension 1 to ensure continuity. For the 1-and 3-year old
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stands attention has been restricted to total branchlets rather than branchlets
for each internode, due to the fact that the nature of the relationships was
found to be inconclusive. (See Section 4.3).

The total height measured for the 1-year old stands was correlated with
the follewing parameters, in decreasing order of correlation; new top height;
height/diame ter ratio; seedling height; current shoot extension; total
branchlets and diameter mid point height extension 1., See Table 31,

Due to poor sturdiness and small size of the planting stock, height growth
was poor, especially for the taller plants, and resulted in an increasingly
large proportion of the larger height extensions being lost due to winter blast.

The correlations of total height with successively lower heights measurements
decreased as they tended towards planting height for the 3-year old stand,
Correlations with the corresponding height extension measurements were variable
and much lower. Lower height measurements follewed a similar trend of
correlations, Height extension measurements generally gave very erratic
correlations. See Table 33.

Total height of the 6-and 9-year old stands show similar orders of
correlations with successively lower heights and height extensions to the 3-year
old stand. Though the correlation of total height with planting height for
the 9-year old stand is not significant, See Tables 35 and 37.

The inter-relationships between height parameters measured confirm the
observations made in section 4.2 and 4.3 and shows that the effect of planting
height declines with age until at age nine it is not significant. Total
height is more dependent on the vigour of growth after planting rather than on
planting height,

Total height of all samples was correlated to diameter mid point of height

Extension 1, Correlations of lower height measurements are very erratic.



Total height is correlated to total numbers of branchlets for 1 and 3-year

old stands and in 6-year old stands it is correlated with the number of
branchlets second whorl from the top. In 9-year old stands total height is
correlated with the number of sides of canopy closure and to the height of
canopy closure at the 1.0% level of significance, Diameter mid point height
Extension 1 was correlated to the height/diameter ratio in 17 33 6~and 9-year
old stands. Diameter was also correlated with the numbe_rs of branchlets,
1-and 3~year old stands, branchlets second whorl from the top 6-year old stands
and sides of camopy closure and to a lesser degree height to canopy closure
9~year old stands.

4,5 The spatial arrangement of Vigour Classes over the forest sample area

4.5.1 General

Graphs were prepared showing the position and vigour class of each stem
for the forest plots (see Section 4.3). The symbols used to represent each
vigour class are as follows:

Vigour Class 1 @

Vigour Class 2 o

Vigour Class 3 X

Vigour Class 4 5
In all plots the number of rows was found to be constant (12 ) though the spacing
within rows varied. The spatiel arrangement for the plots located in the young
stands 1, 3, 6 and 9 years after planting may be seen in Figures 6, 7, 8 and 9.
It was decided that a detailed numerical analysis of the spatial distribution
was not warranted, following the conclusion reached in section 4.3 that the
vigour classes were not stable in any of the stands., From observation in the

younger stands it can be seen that a limited amount of clumping appears within



Figure 6

Distribution of Vigour Classes for 1 Year 0ld Plet
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Figure Z

Distribution of Vigour Classes for 3-Year 014 Plot
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Figure 8

Distribution of Vigour Classes for 6-Year 0ld Plot
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Figure ¢

Distribution of Vigour Classes for 9-Year 014 Plot
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rows probably due to the planting of the bigger plants of a bundle first. This
clumping is less noticeable in the older stands.

4.6 Growth trends over the series of nursery and forest samples

4,6.1 General
The growth trends for nursery and forest samples will be discussed
separately.

L.6,2 Growth trends for the nursery samples

The distribution of height growth, diameter growth, height/diameter and
numbers of growing points of seedlings in the first growing season after sowing
approaches normal, The distribution of total weight is skewed left. For each
vigour class there is a limited range of variation in diameter,height/diameter
ratio and total weight. Shoot/root ratio is more variable as a result of the
fall off of root weights at the higher and lower extremes of the range.

If ‘the seedlings are left in the seed beds for an additional growing season,
the distribution of height extension also approaches nomal., This is shown by
the previous shoot extension of 2 + 1 transplants. Height extension is
proportionately greater for the taller seedlings heights.

On transplanting the seedlings after one or two growing seasons in the
nursery bed the following season's height extension is considerably checked and
extremely variable, The distributions of seedling heights for 1 + 1 transplants
and seedling height as well as the previous season's height for 2 + 1 transplants
are skewed left because of the tendencj of taller plants to be more deeply
planted on lining out. This results in the higher incidence of multiple leaders
found in transplants. The distribution of height growth after transplanting
(i.e., Current shoot extension) is skewed right for 1 + 1 transplants and skewed

left for 2 + 1 transplants, indicating that the checking effect of transplanting
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is greater on the-larggr plants. As a result of the increased variation in
height growth after transplanting, total height does not bear such a close
relationship to the seedling height or previous height as it would if the plants
had been left undisturbed.

As a result of the variation in current shoot extension the submeans of
seedling heights of 1 + 1 transplants and the submeans of seedling and previous
heights for 2 + 1 transplants for each vigour class are displaced towards the
means of these parameters compared with the submeans of the equivalent quartiles.
The inter-relationships between the parameters support the

observations based on the anaslysis of the parameter distributionss

For each portion of the height range the variation in root collar diameter
and total weight is greatly increased, indicated by the reduced spread of the
submeans of diameter and height/diemeter ratio about the mean for the various
vigour classes. The general sturdiness of the 1 + 1 transplants is slightly
higher than that of the 2 + 1 transplants. The sturdiness of 1 + 1 and 2 + 1
transplants is greatly increased compared to 1 + O seedlings. The shoot/root
ratio in both samples shows a similar variation to that of 1 + 0 seedlings.

The shoot/root ratio values of 1 + 1 transplants are slightly lower.

Where height increment is checked the result is a reduction in the numbers
of branchlets produced, which explains the skewed left distributions of total
branchlet numbers for 1 + 1 and 2 + 1 transplants. Thus when the distribution
of height increments approaches normal, so also does the distribution of branchlet
numbers.

4.6.3 Growth Trends over the Forest Series

The pre-canopy closure stage in young stands may be divided into two phases,
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(a) establishment phase (b) subsequent or accelerated growth phase. The start
of the subsequent growth phase varies from the beginning of the 4th growing
season for the 6-year old stand to the beginning of the 6th growing season in
the 9-year old stand. This was probably due to the more exposed nature of the
latter.,

4.6.4 Establishment Phase

Provided the planting stock is of a reasonable size and sturdiness the
mean values of height extenépn 1 will exceed height at planting., The effects
of planting and transplanting on height growth are similar. The distribution of
height extension 1 in the growing season after planting is skewed left. The
skewness of height extension reinforces the already skewed distributions of
planting height, resulting in distributions of heights at the end of the first
growing season which are skewed left in all stands investigated. The
distributions in 1-and 9-year old stands are skewed left to a greater degree.
The skewness of height extension and height measurements is gradually reduced
during the stablishment phase and the distributions approach normal as the
stands pass into the accelerated growth phase.

During the establishment phase there is only a slight and irregular increase
in the submeans of the subsequent height extensions over the height extension
in the first year after planting (i.e. height extension 1). The submeans of the
heights andheight extensions tend towards their respective means, particularly in
the older stands, indicating that considerable fluctuations in height increment
occur for .individual stems, also that there is considerable interchange of
individuals between vigour classes.

Some of the variation in height increment can be attributed to leader

damage., Leader damage results in a reduction in height increment in the
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follewing season and may result in the formmation of a double leader., In general
plants that are planted with a malformation developed in the nursery, are more
prone to malformation in the establishment and subsequent growth periods of
development,

The inter-relationships between the growth parameters measured in the 3~
year old stands support the conclusions based on analysis of the parameter
distributions and distributions of measurements within vigour classes.

4.6.5 Subsequent or Accelerated Growth Phase

Young stands enter this phase of growth once the distribution of their
height extensions approach normal. The distribution of height extension during
this period varies between slightly skewed left, approaching normal, skewed
right and very skewed right. The right skewness increases as the stand develops
towards canopy closure. The peak of the height extension distribution moves from
a central position in the range to a position close to the maximum height
extension values., The distributions of heights changes from sligﬁ}y skewed left
or approaching normal at the start of the period to skewed right by time of
canopy closure. The submeams of height extension for the various quartiles
which are closely spaced about the mean at the start of the subsequent growth
phase, become widely spaced as height increment increases. When the optimum
level of growth is reached, about the time of canopy closure, the submeans
of height extension for the various quartiles again approachs the mean, The
upper quartile starts the period of accelerated growth and reaches the optimum
level of growth before the lower quartiles, The submeans for height extension
of the upper three vigour classes remain more closely spaced about the mean,
indicating that the increased height growth is distributed amongst these vigour

classes., The lower vigour class enters the accelerated growth phase a growing
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season later and does not attain the same level of optimum growth in the 6-year
old stands. This lag is not quite so clearly illustrated in the 9=year old
stands.

The submeans of the height measurements for the upper three vigour classes,
which are close to the mean at the start of the period, become more widely
separated due to the greater increase in height increment in the upper two
vigour classes of the stand. Though at the time of canopy closure they are not
sufficiently separated to restrict interchange between the vigour classes. The
range of diameter within vigour classes is large. Crown development is also
variable.

Total height of the 6-and 9-year old stands shows : similar inter-
relationships to the 3-year old stands. These relationships confirm the
conclusion that total height is more dependent on the success of establishment
and vigour of subsequent growth than planting height, though the upper vigour
class contains trees from the upper 86% rds of the planting height range.

Analysis of the percentages of malformation within each vigour class shows
that, although plants which are malformed on planting may initially grow well,
they are gradually eliminated from the upper vigour class by the time of canopy
closure, due to their liability to subsequent malformation which results in a
reduction in height increment. This does not seem to have occurred to the same
extent in the 6<year old stand, possibly because of the less exposed site. The
members of the upper vigour classes in the older stands appear to be slightly
less liable to leader damage and less prone to forking,

Dominance is not yet settled. It would appear that a number of factors,

in addition to height growth, will be important in the differentiation of the

dominant stems in the period following canopy closure. These are the ability to
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maintain continued vigorous height growth, lower susceptibility to malformation
the retention of large healthy crowns and strong diameter and root growth. Trees

with these attributes will come mainly from the upper two vigour classes.



DISCUSSION

5.1 The implications of this work to current forestry practice will be
dealt with under the following headings:

(a) Nursery growth and Establishment

(b) Subsequent growth

(c) Post canopy closure

This will be followed by a review of methods used.

5.2 Nursery Growth and Establishment

D2, Genergl

The aim of nursery technigues is to produce plants that will become
established satisfactorily and grow rapidly to form stands with a high
proportion of superior formed stems.

In the stands covered by this investigation the initial height growth
was poor, especially in the 1 year old stand, and the incidence of malfor-
mation was high, though survival waes good. A number of factors could
contribute to these conditions observed, e.g., site factors; provenance
and planting stock quality.

5.2.2 Site Factors

The sites investigated were generally exposed, of high elevation
900-1100 feet and situated on peaty gley soils, and are probably not
capable of supporting productive high quality stands.

5.2.3 Provenance
It may be found necessary to use a more Northern provenance of Sitka
might
soruce vhichAgive. better stem form though slower growth, on these higher

elevation sites. The present provenance (Queen Charlotte Island) is

capable of a fairly fast growth shown by the current height increment of

79
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70 cms. per annum at canopy closure but suffers from slow establishment
and a high incid;nce of malformation. A discussion of provenance is
beyond the scope of this study though many of the difficulties of these
sites may be removed by the development of a suitable strain of Sitkm

gspruce by tree breeding.

5.2.4 Quality of Planting Stock

Although the quality of the planting stock for the 3, 6 and 9 year
old stands appears to have been satisfactory, that used for the 1 year
old stand was definitely sub-standard.

The period between planting and canopy closure is the most difficult
growth period of these exposed higher sites. This is shown by the shorter
establishment phase of the more sheltered 6 year old stand, compared to
the nine year old stand. That rapid growth is possible during the
establishment period is shown by the high maximum values of height
extension compared to the mean. It may be possible to produce planting
stock capable of reaching their potential growth earlier (i.e., attain a
normal distribution of height extension) by the modification of nursery
techniques to produce plants which are more suitable for planting on
these sites. The quality of planting stock may be separated into two
distinct attributes (a) Initial potential growth and (b) The capacity
to produce stems of satisfactory form (stand form potential).

5.2.5 Initial Growth Potential

Aldhous (1967) using samples from Forestry Commission nurseries
calculated the minimum root collar diameter values for a range of planting
stock heights of a number of species including Sitka spruce. These coin-

cided with the root collar diameters values found to give the best
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survival and mean height growth in the year after planting for Sitkw gpruce
by Edwards and Holmes (1950). 1In the 1 + 1 and 2 + 1 transplant samples
used in the investigation the root collar diameters were found to be above
the minimum values given.

These values of sturdiness may give satisfactory survival and height
growth on lower altitude sites, but investigation is required to determine
whether initial height growth could be improved and the establishment
phase shortened, by the use of more sturdy planting stock on exposed sites.
Edwards and Holmes (1950) showed that survival was linked with the ability
to produce a mean height growth in excess of planting height in the year
after planting (see Table 6).

The present investigation shows that the lower vigour class produced
an initial height extension less than planting height and shorter
subsequent height extensions compared to the Upper vigour clssses during
the establishment phase. Components of the upper two vigour classes were
from the top 86% of the range of planting height after planting in the 9-
year old stand. Plants in the lower portion of the range (i.e., below
7-9 cms.) are probably not going to influence stand development to any
great extent, and should have been removed by culling in the nursery.

In a study of the performance of White spruce planting stock in
relation to planting stock height, Brace (1964) found that height growth
was progressively greater with increasing height at planting and taller
stock occurred more frequently in the larger classes in later years,
though variability occurred in subsequent growth. Plants below 0.5 feet

grew poorly. See Table 5.
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Thus it may be concluded that height growth after planting is

dependent on planting stock height; sturdiness and, of course, inherent

vigour.

9.2.6 Sturdiness of Planting Stock

Many workers have carried out investigations on the effects of
transplanting and undercutting on the sturdiness of planting stock.

Work in Britain was initiated by Stevens (1928) and continued by Edwards
and Holmes (1950); Pinchin (1950); Holmes and Faulkner (1954); Faulkmer
and Aldhous (1955; 1957; 1958).

Both processes check shoot growth and decrease the shoot/root ratio
compared to untreated controls. Transplanting checks shoot growth and
increases root growth to a slightly greater extent than undercutting
(Faulkner and Aldhous, 19543 1955). Survival and initial growth of
transplanted and undercut stock is superior to untreated stock.

In the 1 + 1 and 2 + 1 transplant samples investigated in this study
the height/diameter ratio and shoot/root ratio were decreased compared to
the untreated 1 + 0 seedlings. The sturdiness of 1 + 1 trasplants was
slightly superior

on average,K to that of the 2 + 1 transplants. In addition

) )

the sturdiness decreased with height, and the proportion of root weight to
shoot weight fall at the upper and lower extremes of the height range for
both samples.

The effects of transplanting appear to vary over the range of vigour
classes. Larger plants are affected in a proportionately greater extent.
This can be seen by comparing the shoot extensions produced in the various
vigour classes for 1 + 1 and 2 + 1 transplants. The upper vigour class of

1 + 1 transplants and the upper three vigour classes show proportionately
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greater shoot reductions compared to the remaining vigour classes. These
findings support the suppositions made by Jones (1968).

Further study is required to confirm the variation in effect of
transplanting on different portions of the height range.

If the proviso made by Edwards and Holmes (1950) that taller plants
have little effect on survival or height growth unless increased height
is accompanied by a proportional increase in dimmeter is accepted, then

it could be postulated that taller 2 + 1 transplants should be sturdier

than 1 + 1 transplants.

5.2.7 Suggested Modifications to Nursery Practice

If the sturdiness of planting stock is to be increased, then the
introduction of an additional transplanting or undercutting operation
into present nursery practice is required. At present transplanting is
carried out in autumn and early spring (November/March) at the end of the
first or second growing season, depending on whether 1 + 1 or 2 + 1
transplants are being produced. 14 - 4 or 13 - 1% planting stock may be
produced by transplanting during the lull in growth in mid summer (July)

the following
in some nurseries. Undercutting during August of the first year or March/

A

April has been found to give best results (Faulkner and Aldhous 1958).
It would probably be best to introduce an additional undercutting

prior to the normal transplanting operation because of the expense of
transplanting. This undercutting could be introduced during August of
the first year, in the production of 4 U % + 1 transplants, or August of
the first year or/and March of the second year, in the production of
2 UM +1or 15 U + 1 transplants.

There is no reason why multiple undercutiing could not be introduced
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in nurseries with more workable soils. For instance 1 U 1 undercut stock
could be undercut in August of the first year and March/April of the second
year to give 4 U 4 U 1 undercut stock . 2 U 1 undercut stock could be
undercut as many times as required at August or March/April of each growing
season in each consecutive year or however many times is required to give
the necessary sturdiness, giving 12 U4 U 1l or 2 U 3 U 1 U 1 undercut stock.
Initial undercutting should be early and at depths of 2-3 inches.
Folloving cuts should be made at slightly increased depths. Undercutting
prior to transplanting would produce uniformity of root lengths and improve
the standard of the lining out operation. It would be worth while
investigating the above proposals to see whether they produce more sturdy
planting stock compared to present methods. In addition forest extension
trtals should be carried out on sites covering a wide range of altitudes
and soil types)to test whether increased sturdiness gives more favourable
establishment especially on exposed sites.

Transplanting and undercutting both have their particular advantages
and disadvantages.

5.2.8 Transplanting

Transplanting has been found to check shoot growth to a greater extent
and to giye a greater increase in root weights, though it has the disadvan-
tage of expense. In the present study it has been found to induce multiple
leadergdue to the temndency for larger plants to be planted deeper than
seed bed level, burying the bases of the lower branchlets. These buried
lower branchlets produce adventitious rootlets in their axials and grow
to form secondary leaders which persist in competition with the main leader

until after canopy closure. Not all over deeply planted seedlings are
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prone to this type of malformation. It appears more common amongst more
heavily branched seedlings which lack apical dominance. These plants are'
more prone to subsequent malformation during establishment and subsequent
growth, probably due to whipping.

If transplanting is not closely supervised transpla;ts can develop a
high incidence of crooked and clubbed root systems due to the bending and
brunching of the root systems on lining out. The incidence of these types
of root malformation was high in the 1 + 1 and 2 + 1 transplants investi-
gated in this study.

Whether the incidence of these types of root malformation are as
high in machine transplanting is not known, but should be investigated
before large amounts of capital are invested in these machines.

Investigation into the effect of root malformation on establishment
and wind firmness is required.

5.2.9 Undercutting

Undercutting has the advantage of being cheaper and does not interfere
with the spatial arrangement of the root system in the soil, if the soil
conditions are suitable. Whether it induces root malformation
or the processes of root growth stimulation similar to transplanting dﬁ@
not known.

Undercutting has the disadvantage of being difficult in heavy soils,
though equipment designed for use on these soils has been developed. At
present one of the limitations to its more widespread use is the lack of
really accurate drill or broadcast sowing equipment which will allow the
accurate sJ%ing of seed to get the best production of seedlings. In

usvally
addition more land isArequired to produce the same number of plants.
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4£.2.10 Culling and Grading

An additional means of controlling the standard of planting stock is
the use of culling and grading. Pinchin (1950) found that those plants
classed as plantable survived and grew significantly better than those
classed as culls in a series of investigations into nursery techniques.
Plants classed as Grade 1 by Shipman (1960) grew appreciably better than
Grade 2 planting stock on the site investigated. Similarly Brace (1964)
showed that rate of growth and survival of planting stock under 0.5 feet
was significantly poorer than those above 0.5 feet in height.

In the present study no plants with a planted height of less than
7-9 cms. appeared in the upper two vigour classes, in the 6-and 9-year
old stands. Plants below 9-12 cms., depending on type of planting stock,
vere‘found to be unable to produce a mean height extension equalling
planting height. Thus the first requirement: for culling is a minimum
height which must take into account depth of planting. In current practice
a guide line has been laid down that Sitke gpruce planting stock should
have a minimum height of 6 inches (approximately 15 cms.) but this is not
adhered to in practice. From the results of this study it is felt that
planting stock should have a minimum height of 4-5 inches (i.e., 10 to
13 cms.) after planting and that any plants that do not meet this require-

~ ment should be rejected. :

On the basis of the work by Edwards and Holmes (1950) (see Table 6),
and the 1 + 1 and 2 + 1 transplant samples investigated it is felt that
Sitka gpruce planting stock should be upgraded to sturdiness class II in
the Standards of Sturdiness for forest plants compiled by Aldhous (1967)

(see Table 24). The minimum root collar diameters listed for the various



height classes should be used with an overy minimum of 3 mms.

Table 2&-

MINIMUM ROOT COLLAR DIAMETERS (IN MILLIMETERS TO THE NEAREST
HALF MILLIMETER) FOR TREE OF GIVEN HEIGHTS

Height Sturdiness Class*
I 1I 111 Iv
Inches (Cm) ( 60s1) ( 80:1) ( 100:1) ( 120:1)
8- '{15) 2.5 2.5 2.5 2.5
9 (23) 4.0 3.0 2.5 2.5
12 (30) 5.0 4.0 3.0 2.5
15 (38) 6.5 5.0 4.0 3.0
18 (45) 7.5 6.0 4.5 4.0
21 (53) 9.0 7.0 5.5 4.5
24 (60) 10.0 8.0 6.0 5.0
Reprinted from Aldhous (1967)
Class I: Scots pine; Corsican pine
Class II: Lodgepole pinej; Norway spruce; Western red cedar

Class III: Larches; Douglas fir; Sitka spruce
Class IV: Western hemlock

*A plant falling between two height values given in Col. 1 of Table 22
should have the minimum root collar diameter of the higher value.

Jones (1968) reviewed quality criteria and discussed height/diameter
ratio and shoot/root ratio of the various types of transplants in relation
to untreated controls. Continued research is needed into the effects of
pursery techniques on the development of planting stock in relation to
untreated controls and the quality criteria adopted. From the experience
gained with nursery stock in this study heights and diameters were found
to be more easily measured than weights. In any further investigations
it is suggested that the height range be divided into 4 quartiles to

facilitate comparison between the various portions of the range.

87.
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5.2.1§ Stand Form Potential

The present study gives a strong indication that malformation in the
nursery is retained in the young stand after planting. Plants which
develop malformation in the nursery are more prome to malformation during
the establishment and subsequent growth phases.

At present the knowledge of the relationships between seedling
morphology and adult growth habit‘u:u not well enough understood to carry
out selection for a particular desired growth form prior to planting.
Though from observations made during field work it appears that transplants
with excessive branchlet development or malformation, due to lack of apical
dominance are more prone to forking if they suffer leader damage
particularly on exposed sites. Plants with strong apical dominance are
less likely to form forks after leader damage. The relationship of
seedling morphology to adult branching habit and the factors associated
with the development of malformation require further study. Lammas growth
which appears to be a contributing factor to leader damage should also be
investigated. Plants with malformation or excessive branchlet development
suggesting a lack of apical dominance should be eliminated during culling

prior to planting in the forest.

5.3 Subsequent Growth

5.3.1 The establishment and subsequent Growth Phases

Planting has a similar effect on height growth in the first year after
planting as transplanting and results in a distribution of height extension
1 which is skewed left. The skewness is gradually reduced over the estab-

lishment phase until at the stage when the stand passes into the subsequent
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growth phase, the height extension distribution approaches normal. At this
stage plants may be considered to have become established, The
length of the establishment phase is longer on more exposed sites due to the
higher incidence of leader damage. Once the subsequent growth phase is reached
height extension accelerates unt11“0ptimum growth”is attained. The distribution
of height extension becomes increasingly skewed right as the optimum levels of
growth are approached. The distribution of heights develops from skewed left
in the first year after planting through approaching normal shortly after the
stand enters the subsequent growth phase to skewed right at canopy closure.
Whether it is possible to attain the subsequent growth phase at an earlier
age by the use of sturdier planting stock,as is suggested in the earlier section,
can only be shown by further investigation. That planting effects height
extension in a similar manner to transplanting could indicate that the planting
stock has not been sufficiently prepared to meet the severe exposure found on

the planting site.

5.3.2 Growth Studies

Very little work has been published on the subsequent growth stage of
stand development.

Marion (1966) evolving a method of assessing the quality of young stands,
measured the mean length of the leading shoots formed annually for the first
12 to 15 years of the stand's life. He found that the mean amnual length in
the first two years after planting was correlated with the mean annual length
in the 3rd to 7th years after planting. In the present study height growth
appeared considerably more variable.

Dividing the height growth into 3 year growth periods for the 6-and 9-
year old stands the correlations between periods were very low tending to non-

significance and negative, although they were slightly better for the é-year
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old stand. Though correlations were between the various growth periods and
total weight increment or total height were highly significant.

Further investigation is required into stand development over a wide range
of sites. Stand development studies should be first carried out on low
elevation sheltered sites on suitable soil types where the growth of the species
is at its optimum. Once the growth patterns are understood on these sites
studies should then be extended to embrace a range of altitudes and variety of
problem soil types. It is difficult to ascertain the effects of exposure or
difficult rooting conditions on growth patterns unless the growth patterns
under normal conditions are understood, so as to form a basis of comparison.

The methods used in the present study whereby the population of each sample

is divided into four numerically equal vigour classes based on the height

range is ideally suited for use in growth studies as it allows the four portions
of the range to be followed independently.

5.3.3 Crown Development

Investigating branchlet development in relation to height and diameter
1' above the ground Miller (1965) found that yearly branchlet multiplication
increased up to the stage when optimum growth was reached; and yearly branchlet
additions increased up to canopy closure.

This present study was not particularly satisfactory as far as the
determination of crown development was concerned. It showed that the numbers
of branchlets increased with vigour class though the numbers of branchlets
within each vigour class varied considerably. Branchlet numbers are not
particularly meaningful in isolation from other crown parameters as they do
not take the growth habit of the crown into account. Two trees of the same

height mey have widely varying growth habits but equal numbers of branchlets.

Whether any particular growth habit is related to vigour or development
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of dominance requires further study. Very likely the degree of exposure
influences the growth habit best suited to the site. As the exposure
increases growth habits less susceptible to malformation are advantageous
as is shown by the 9-year old stand compared to the 6-year old stand.
Influence of malformation on crown development requires further study.

The most satisfactory method of investigating crown development in a
study of this nature would be to measure the average crown diameter and
height of the widest diameter for all the stems in the plot. A count of the
number of branches in the widest whorl or some index of foliage or branchlet
density could also be included. Then selecting a number of sample trees for
each vigour class an analysis of the foliage distribution and branching
pattern similar to the study by Stiell (1966) should be carried out. Once
the relationships of foliage weight for the various crown parameters measured
are established, the foliage weights for each stem, vigour class and the
whole stand could be calculated.

5.3.4 Development of Vigour

The components of the various wigour classes change with age. This can
be seen from an analysis of the lower height parameters in the 33 6=and 9-
year old stands. The initial growth in the establishment period is strongly
influenced by plenting height. As the stand grows older total height growth
becomes more dependent on the height growth produced after planting, until at
age 6 and 9 trees over 7-9 cms. in planting height may appear in the upper
two vigour vlasses. (i.e. With age an increasingly wider range of planting
heights are found in the upper vigour classes.) This supports the contention
of Righter (1945) that inherent vigour is distributed randomly throughout

planting stock capable of becoming established satisfactorily. Also the



conclusion reached by Pinchin (1950) that seed bed performance is not
indicative of ultimate performance in the forest.

Miller (1965) in his investigation into branchlet development found that
sample trees could be designated into three distinet but typical height growth
patterns (a) fast starters - fast growers; (b) moderate starters - fast
growers; (c) slow starters - slow growers. Matthewg(1963) draws attention to
the concept of developmental stages in European literature. If these height
growth patterns are present in Sitka $pruce this may help to explain some of
the variation in height growth during the establishment and subsequent growth
phases; and the range of planting heights included in the upper vigour classes
at canopy closure in the 6-and 9-years old stands measured in this study.
Further study into stand development is required to determine whether these
height growth patterns (or developmental stages” exist for Sitka §pruce.

5.3.5 Malformation

This study indicates that malformation developed in the nursery is
retained during the establishment and subsequent growth phases. These stems
appear more susceptible to subsequent malformation. Malformation plays a
considerable part in the determination of vigour class, as leader damage
and forking result in a considerable reduction in height extension in the
following year. Leader damage probably contributes to the extended
establishment phase in the more exposed 9-year old stand. It would appear
that as a result of malformation the components of the upper vigour classes
on more exposed sites are different from what they would be on a less exposed
site. On less exposed sites trees liable to leader damage and malformation
are able to retain their positions in the upper vigour classes as the occur-

rence of leader damage is less frequent. Thus defect is less important to
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growth on sheltered sites compared to exposed sites and trees with this defect
may become dominant. Whereas on exposed sites*;& would be eliminated.

Leader loss appears to be associated with heavy branching which is a
reflection of poor apical dominance. Investigation into the relationship
between growth habit and malformation is required as it has a special bearing

on seed source selectioh, tree breeding programmes, and culling in the nursery.

5.3.6 Development of Dominance

Dominance is not yet settled at canopy closure though the trees most
likely to become dominant can be identified. The differentiation of the
dominant trees in the period after canopy closure is not solely dependent on
height, but depends on a tree's ability for continued vigorous height growth,
to recover rapidly from leader damage with a single replacement leader, to
retain a large healthy crown and strong stem and root growth. These trees

should be selected as final crop trees during thinning operations.

5.4. Post Canopy Closure

5¢k.1 General

From the high incidence of malformation observed on these exposed sites
saw log production would appear to be optimistic due to the very high
proportion of lower grades that would be produced. Unless the general form
can be improved by tree breeding or improved planting stock, high and exposed
areas, i.e. over 900 feet, should be restricted to pulp wood production.
Urgent economic analysis into the feas&bility of high elevation areas for saw
log production is required so that suitable long term management of these
areas can be developed.
5.4.2 Thinning

Thinning should be carried out in the next two or three years if the
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continued rate of diameter growth of the larger trees is to be maintained
(Marsh, 1957). Already crown development of the upper vigour classes is
starting to be restricted due to whipping. The volume of production which
is proportional to crown size will decline for the larger trees unless the
continued development of large crowns is encouraged by thinning. This would
have to be a thinning to waste as neither the volume or the piece size would
warrant a commercial thinning.

In the region of 60% of the stems should be removed as it is unlikely
that these stems will contribute greatly to the volume of the stand or reach
commercial sizes if thinning is delayed. This large reduction in stems
numbers is justified by the fact that only lemited number of trees, perhaps
40-100 can be expected in the upper dominance class or final crop (Warrack,
1952), (Enteld, 1960).

If thinning is carried out before the lower branches die movement through
the stand is not too unpleasant. This would open up the stand and allow
easier access and alleviate the need for brashing. Carrying out a thinning
at this stage could enable an earlier commercial second thinning or the stands
could be left with no further treatment till clear felling on a pulpwood
rotation. The trees on these exposed sites have rotations which are
restricte:;inited top height of perhaps 45-55 feet due to wind blow.
Therefore it seems realistic to try and get as much volume as possible on
the largest stems before clear felling or salvage is necessary. This proposed
régime may not be feasible for deeper peats but should be investigated for
shallow peaty soils.

5.4.3 Spacings
Wider spacings than are used at present, i.e. 7’x 7! may be warranted on

the less exposed sites where establishment and subsequent growth is more rapid.

9.
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The growth period from planting to canopy closure, is the most difficult, on
these more exposed sites and the mutual shelter offered by neighbouring stems
is probably an important factor in determining the time when the stand enters
the subsequent growth phase. Closer spacings, i.e. 5 x 5: may be warranted
in order to speed the attainment of canopy closure on these high exposed
sites where establishment and subsequent growth is slow (Rothkirech 1968).
Investigation is required into the effects of spacing on stand development

and the importance of mutual shelter and canopy closure in the subsequent

growth phase of stands on exposed sites.

5.5 Review of Methods

9.5.1 General

Height and height extension measurements have high indication value. The
analysis of the distributions' of the parametérs by order statistics dividing
the range into quartiles enables the much more detailed interpretation of
growth trends than the use of meansland standard deviations, The division
of the height range into quartiles orlvigour classes and the analysis of the
other parameters within these vigour classes allows the detailed comparisons
between the various portions of the height range.

Although the methodology is sound in principle the modification of some

of the techniques of measurement 'és. required to remove some discrepancies.

5.5.2 Nursery Investigation

Height Measurements’

more accurate
TheApeasurement of total height, is required to enable closer comparison

between height and height extension measurements. In the present study total
height was measured to the tips of the topmost needles whereas height extension

was measured to the base of the corresponding bud scales, meaning that total
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heights contain an additional portion from the base of the terminal bud to
the tips of the topmost needles. This system of measurement of total height

be o
shouldAretainkas it can be used in nursery beds without fear of damaging the

terminal bud but a correction factor should be subtracted to give true height

increment.

Diameter

Due to the large variations found at the root collar as a result of
malformation and variation of the depth of lining out diameter at the mid
point of seedling height would give a less variable diameter estimate.
Weights

One of the disadvantages of this study was the large number of weights
required for each nursery sample. These were very time consuming and very
difficult to carry out accurately. Smaller replicated samples would be nore
manageable (i.e. 40) and would enable a greater standardization of techniques
and consistency of application. Weights will increase during preparation and
weighing whether these are done cool or still warm. Much of this error could
be reduced by standardizing the time for preparation and weighing. Then by
subtracting a correction factor based on the weight of the sample, time for
preparation and weighing, and the humidity of the atmosphere, the true weight
could be obtained.

Size of Sample

Although the size of the total samples must remain large (i.e. 100-200)
due to the often very skewed nature of many of the growth parameter
distributions, procedure could be streamlined and statistical analysis
improved by measuring a number of smaller replicated samples (i.e. 2 x 80

or 4 x 40).



5.5.3 Field Work

An assistant to do the recording and help set out the plot would greatly
improve the rate of data collection in the field.

Height Measurements

These measurements should be' carried out as before though the addition
of a correction factor is probably not necessary as this degree of accuracy
would be difficult to attain especially in older stands.

Diameter Measurements

o
Diameter e the mid point of height extension 1 was found to be the mowt
meaningful diameter measurement in young stands up to canopy closure, though
in the older ages some basal swelling may occur.

Crown Development

The general crown parameters of, average diameter, height to the widest
diameter and perhaps some index of crown growth habit should be taken, i.e.
number of branches on the widest whorl, foliage density or numbers of
branchlets on a certain whorl.

~ These parameters should be related to a detailed analysis of foliage
weights for a number of sample trees for each vigour class, followed by the
calculation of foliage weights per stem, vigour class and stend as a whole.
Sample Size
The size of the plot could be reduced to a 1/20 or 1/40 of an acre

provided a number of replications were taken. The total numbers sampled

should be of the same order as recommended for nursery samples (i.e. 100-200).
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CONCLUSION
6.

The distribution of heights, height extensions and diameters of
undisturbed seedlings approa¢hes normality. Transplanting checks shoot
growth and results in distributions of height extension and height which
are skewed to the left or the right of the mean. The checking effect is
proportionately greater for larger plants. The height/diameter ratio showed
that the sturdiness decreased with increasing height of plants. The shoot/
root ratio shows that the proportion of root weight to shoot weight was
lower for the upper and lower extremes of the range. 1 + 1 transplants were
found to be slightly more sturdy on average than 2 + 1 transplants, though in
both cases sturdiness greatly increased compared to 1 + 0 seedlings.

Transplanting results in an increased variation, in diameter and total
weight in relation to height. Height extensions are extremely variable and
bear little relationship to tﬁe height prior to lining out. Secondary leaders
may be induced by burying the lower branchlets below soil level during lining
out,

The pre-canopy closure development of stands may be divided into the
establishment phase and the subsequent growth phase. Planting results in a
distribution of height extension with a high proportion of values in the
lower range (i.e. skewed left). The skewness of height extension is reduced
over the establishment phase until it approaches normality at the time when
the stand passes into the subsequent or accelerated growth phase. The increase
in mean height extension over the establishment period is very slight. The
length of the establishment phase increases with exposure, due to leader damage.

Mutual shelter probably contributes to the onset of accelerated growth on

exposed sites. Over the subsequent growth phase height growth accelerates until



9.

optimum height growth is reached.

The components of the upper vigour classes start accelerated growth and
reach optimum growth before the lower vigour classes. The distribution of I
heights and height extensions becomes increasingly skewed to the right as
canopy closure is approached. At the beginning of the subsequent growth
period the differences in height of the upper clas%fare small but as
height growth accelerates the superiority of the upper class: is increased,
though the composition of this class is not stable. With increasing age the
range of planting heights in the upper vigour classes increases. Total
height shows greater dependence on the height growth after planting than
planting height at canopy closure.

Malformation developed in the nursery is retained in the young stands up
to canopy closure. A reduction in height growth results from leader damage.
It appears that the proneness to leader damage and forking has a strong
influence on the composition of the upper vigour class, and results in
different components being represented in this class on exposed sites compared
to nonpe§posed sites. Trees susceptible to leader damage may be retained in
the upper vigour class on a sheltered site due to less frequent leader
damage, whereas on exposed sites these trees would be eliminated.

Thus a position in the upper vigour class is determined by repid
establishment, vigorous subsequent growth,:.* the ability to recover from
leader loss and lower susceptibility to leader loss

The dominant trees will differentiate from trees of the upper two vigour
classes.,

They will be trees with the following attributes: capacity for continued
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vigorous height growth, ability to recover from the leader loss with a
single replacement leader, retention of a large healthy crown and strong
diameter and root growth.

Height measurements were found to have very high indicative value.
The analysis of the parameter distributions by order statistics enables
the natures of distributions to be compared. The sorting of parameters in
vigour classes or quartiles based on the total height measurements enables
the growth trends within the various portions of the height range to be
followed independently., When the vigour class values are compared with the
values for the parameters sorted independently, the extent of variation within
each vigour class can be determined.

The following recommendations arise from this work.
(2) Culling in the nursery should eliminate all planting stock that shows a
tendency to malformation., Also plants which have root collar diameters below
3 mm., or heights which are insufficient to give 4-5 inches of exposed top
after planting should be eliminated.
(b) Investigation into the techniques for producing more sturdy planting
stock should be coupled with forest extension studies to determine whether
increased sturdiness improves establishment and subsequent growth on exposed
sites.
(¢) Further study is required into stand development in relation to growth
pattern, development of dominance and effect of malformation. The influence
.of spacing and mutual shelter on canopy closure and subsequent growth
should be investigated for exposed sites. Use of height based on vigour classes

is recommended.
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(d) Economic analysis of the feasibility of saw log production on sites over
altitude

900 feetpis required.
(e) The possibility of thinnings to waste in the first 2 - 3 years after
canopy closure to retain rapid crown development and volume growth

in order to reduce rotations for pulp production ghould be investigated.



7. APPENDIX I
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Table 10': Distributions of growth Parameters measured for 1 + 0 seedlings

Variable Minimum Quartile 4 25 Percent. Quartile 3 Median | ‘Quaz-tile 2 75 Percent, Quartile 1 Maximum Mean Standard Type of
Name Submean Quartile Submean Submean Quartile Submean Deviation Distribution
Total Height cms. 4..50 6495 7 .90 854 9.10 9.67 10 .40 11.58 13.00 9.18 1.79 Approaching normal
Root Collar Diameter mms. 0.80 1.08 1.20 1¢33 1440 1,48 1.60 1.76 2.00 1ol 0.26 Approaching normal
Height/Diameter Ratio 4..28 5426 y 5.73 6.15 646 6.87 7«20 797 923 6.56 1.05 Approaching normal
Total Shoot Weight gms. 0.03 (65 b7/ 0.22 0.26 (6 A5 5 0.36 0.1 0.51 0.87 0.32 0.14 Very skewed left
Root Weight grms. 0.02 0.05 0.07 0.08 0.10 0.12 0.4 0.19 0.34 0.11 0.06 Very skewed lef't
Shoot/Root Ratio 1438 2,07 20 2,68 2,90 3.30 Selt 4.95 8.50 3.25 1,22  Very skewed left
Total Weight grms. 0.11 0.23 0.29 0.35 0.40 0.47 0.55 0.70 1.21 0 o4t 0.19 Very skewed left
Number of growing points 1,00 2,32 3.00 342 4,00 k.18 5.00 5457 8.00 3487 1433 Approaching normal

|
\
Table 49: The Means of the Growth Parameters measured by Vigour Classes for 1 + 0 seedlings

Variable Minimum  Vigour 25 Percent, Vigour Median | Vigour 75 Percent. Vigour Maximum Mean
Name Class 4 Quartile Class 3 | Class 2 Quartile Class 1
Submean Submean Submean Submean
Total Height L4450 6.95 790 8454 9.10 9.67 10 40 11.55 13.00 9.18
Root Collar Diameter mms. 1419 1.36 1.49 1461 1l
Height/Dismeter Ratio 5094 6ol 6,62 7.28 6456
Total Shoot Weight grms. 0.21 0.2 36 0 .45 0.32
Root Weight gmms. 0.07 0.10 0.12 0415 0.11
Shoot/Root Ratio Bedil 2.98 3.36 33k 3425
Total Weight grms. 0.28 0.37 0,49 0.60 0.44
Number of growing points 342k 3450 3.92 Lo79 3.87
% Double leaders 5430 2.70 2,70 =
% Multiple leaders - 2,70 - -

Totel Samples Tested = 150 i
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Table 12: Distribution of Growth Parapeters Measured for 1 + 1 Seedlings
Variable Minimum Quartile 4 25 Percent. Quartile 3 Median Qua;t;—ivle 2 75 Percent, Quartile 1 Maximum Mean  Standard Type of
Name Submean Quartile Submean Submean Quartile Submean Deviation Distribution
Total Height cms. 14..30 18.16 20.20 2244 24,30 25,78 27.50 32.10 37.70 24463 5.35 Approaching normal
Current Shoot Extension 2.50 6 .24 8.90 11.01 13.00 U2l 15460 18.27 25.30 12.47 L4.67 Skewed right
cms. 13,04 14 .40 17.06 23,70 12.16 3.65 Skewed left
Seedling Heights cms. 5.10 7 .66 9.90 10.80 11.80 5.2, 5.80 2.03 % 2 508 s B2
Root Collar diameter mms., 2,70 3,62 4410 442 4.80 5,32 5.67 5 .41 2.69 5.04 s Fars als i
Height/Diameter Ratio 2.03 3.65 416 k.63 5404 55 549 8494 18.33 4453 3ok Very skewed left
Total Shoot Weight grms. 0.78 1.69 2.28 2.97 3455 1,92 2.4,0 3.90 743 1.96 1.33 Vicy duswed 60t
Root Weight grms. 0.45 0.72 0.95 131 1.62 257 2.75 % /60 8.55 58 0.5 TN
Shoot/Root Ratio 0.87 1.58 1.96 2,1k 2435 61 272 12.52 25.67 6442 4.27 Very skewed left
Total Weight grms. 0.23 2,51 3.3 4.e26 5.02 17.72 22.00 30.59 69.00 17.08 9.77 Very skewed left
Number of branchlets 4..00 7% 10.00 12.29 15.00
Table 13: The means of the Growth Parameters MeSfred by Vigour Class for 1 + 1 Transplants
Variable Minimum Vigour 25 Percent. Vigour Median V’igaxr 75 Percent, Vigour Maximum Mean
Name Class &4 Quartile Class 3 Class 2 Quartile Class 1
Submean Submean Submean Submean

Total Height cms. 14430 18.16 20.20 22 .44 2);.30 25.78 27.50 31,96 37.70 PIRIN
Current Shoot Extension Toill 11.41 13464 16.91 1247
cms. 12,05 15.08 12.16
Seedling Height cms. 10.38 11.03 5.2 6.12 5.08
Root Collar Diameter mms, 4.19 476 5,09 5.6 5.0
Height/Diameter Ratio 4,50 4496 200 2.98 1.96
Root Weight grms. 1.24 1.61 2,68 2.67 2.8
Shoot/Root Ratio 2,19 2,33 6,82 9.97 642
Total Weight grms. 3455 5425 1613 22.67 17.08
Number of branchlets 13.65 15.62 24,70 6.20
% Double leaders 9.30 3.10 3,10 N
% Multiple leaders = 3.10 3,0
% Leader losses 3.10 3.10 B

Total Samples Tested = 129



Tables 14 and 15
d



Table 1Ui: Distributions of Growth Parameters lMeasured for 2 + 1 Seedlings
Variable Minimum Quartile 4 25 Percent. Quartile 3 Median Quartile 2 75 Percent. Quartile 1 Maximum Mean  Standard Type of
Name Submean Quartile Submean Submean Quartile Submean Deviation Distribution
Total Height cms. 19.20 22,18 21,00 25.68 2750 29,52 32,00 36434 46,10 2844 5464 Skewed left
Current Shoot Extension " 0.90 749 9.90 11.26 12.10 13425 14..70 17425 22,00 120k 3460 Skewed left
Previous Shoot Height " 4,80 10.90 12,70 14431 15450 17.09 18.80 21.35 27.70 15493 L4.12 Skewed left
Previous Shoot Extension™ 3,00 6452 8.00 9.26 10 .80 12,32 13.60 15.60 19.10 10.93 357 Approaching normal
Seedling Height cms. 180 2.98 3.90 L.39 5.00 5455 6420 Va2 10 .20 5307 1.68 Approaching normal
Root Collar Diameter mms. 3,00 4,00 450 4,88 520 5575 6420 6.92 9.20 S e3d 1e14 Skewed left
Height/Diameter Ratio 3440 427 4,78 5.03 T 559 5.90 6.60 8.00 5.38 0.91 Approaching normal
Total Shoot Weight grms, 1,97 362l Loli7 5439 6456 7 .87 9.30 12.99 21.69 737 3496 Skewed left
Root Weight grms. 0.70 1.07 1436 176 2.16 2,68 3022 Le39 10,11 2.48 1e43 Very skewed left
Shoot/Root Ratio 1410 217 257 2.82 3405 3.26 3450 4..31 8elily 3elk 0.95 Approaching normal
Total Weight qrwe. 2.70 Lol 5692 7415 8.59 10453 12.67 I3 31.80 9.85 5.26 Very skewed. left
Number of Branchlets 6.00 1352 19.00 22.97 28,00 32497 38.00 49.22 81.00 29 .64 14..25 Very skewed left
Table 1&: The Means of the Growth Parameters Measured by Vigour Classes for 2 + 1 Transplants
Variable Minimum Vigour 25 Percent. Vigour Median Vigour 75 Percent. Vigour Maximum Mean
Name Class 4 Quartile Class 3 Class 2 Quartile Class 1
Submean Submean Submean Submean

Total Height cms. 19.20 22,18 24,00 25 .68 27 .50 2952 32,00 36421 46,10 28 JLy
Current Shoot Extension " 9.92 11.23 12.11 16.39 12 o4k
Previous Shoot Length " 12.19 1445 17514 19.92 15.93
Previous Shoot Extension " 8.02 9.58 12.01 14..06 10.93
Seedling Height cms. bo A7 4 .86 5439 5485 5.07
Root Collar Diameter mms. L4 Lok 5«64 6 .48 5639
Height/Diameter Ratio 511 5435 5435 5.67 5438
Total Shoot Weight grms. 4,28 5.76 8.18 31523 737
Root Weight grms. 1451 1.99 2472 3458 2445
Shoot/Root Ratio 3.08 2977 3422 3.0 L
Total Weight grws. 579 748 10.85 14..80 9.7k
Number of Branchlets 2194 24,00 34453 38.27 29 .64
% Double leaders 3.10 - 9.30 3.10
% Multiple leaders 21,70 12.40 6.20 A

Total Samples Tested = 129
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Measured for Young Stands 1 Year After Planting
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Table %: Distributions of Growth Parameters
Variable Minimum Quartile 4 25 Percent. Quartile 3 Median
Name Submean Quartile Submean
To;al Height cms. 750 1475 14..00 15 40 16.50
Height Extension 1 cms. 0.00 3458 5450 6.02 6.50
Planting Height cms. 3.00 L.72 6.50 7.82 8.50
New Total Height cms. 7.00 10.00 12.00 13.36 14..50
Leader Loss cms. 0.00 0.00 0.00 0.27 2.00
Diameter mid point 1.50 2.01 2.30 2.60 2.80
Extension 1 mwmg,
Height/Diameter 22,20
Extension 1 Ratio
Total Branchlets 4,00
Table 1%: The Means of the growth Parameters

Quartile 2 75 Percent.

Submean Quartile
17.90 20,00
8021 9.50
10,13 12,00
15.52 16.50
274 350
3.07 3420

Quartile 1
Submean
23.39
13.15
14.76
20.32
6.29
3458

Maximum

28.00
21.00
21,00
26 .00
1700
4,30

117.50

69.00

Mean

17.10
77k
9.37

14.82
2.31
2.82

€2.22

18.36

Standard
Deviation
L7
3 <8k
3.88
4.02
2.89
0.60

16.98

11.78

Type of

Distribution

Skewed left

Skewed left

Skewed left
Approaching normal
Slightly skewed right

Approaching normal

Approaching normal

Measured by Vigour Classes for Young Stands

1 Year After Planting

Variable
Name

Total Height cms.
Height Extension 1 cms.
Planting Height cms.
New Total Height cms.
Leader Loss cms.

Diameter mid point
Extension 1 mwmg,

Height/Diameter
Extension 1 Ratio

Total Branchlets
% Double leaders
% Multiple leaders

% Leader losses

Minimum Vigour

7450

Class 4
Submean
11.75
5.30
6445
11.08
0.83
2.50

49.22

12.80

5440
48.00
6720

25 Percent.
Quartile

14..00

Vigour Median

Class 3
Submean

15430 16.50
a2
8.29
13.62
1.68

2466

60.40

1597
73 .60
67.20
96.00

75 Percent.
Quartile

Vigour
Class 2
Submean

1790 20.00
721
10.63
15465
2.21

2.96
62 .68

20.23
5440
41,60
76 .80

Vigour

Class 1

Submean
23.28
11.28
12.00
18.72
456
3.15

75.90

24,91
51.20
32.00
92.80

Maximum

28.00

Mean

17.10
77k
9.37

14.82
2.31
2,82

62,22

18.36

Total Samples Tested = 125



g.’gbles '1_’,8; ;RE 19

cAlin Nanldoalt medih . stsey ! chaedBwgnued Yol o b

s ————

furiable %o sgyT ¥ :-‘.Mm‘ M W mtamixed o aF atidrary  Jdmeoned 25 S al
Aaae geftuditieid ? ey s L e 45 sLidtsu e
el Hedght 190 banddt@ W  QELBE 00, &3 O, Vbt « 8T B g&.sY 4
ight Tetension dtel bewen@™ 2.9 ST.EBF L™ 00,28 i, bE 00, 48 f
elght 2od Teur el powsdBHS TESP STES WS Ba.SB MUl 03 ot §
wight Extefgdednipaldosrragh™®  83.T © TEOF LA 0R.8F e 198,78 VTI00.SS §
wight 1ot Year 49sl bowslld™® HL.8 0, B8 1 00,5¢ SRR L 0S e &
Wight Bxtensice 9%l bowadlBV 31,3 S AF L 00, AT “« 8,88 W00, e ¢
Mlanting Haight  $%el bawed@® 0,8 Vieab DOFE - W.0ER.e R R S
h;xvmor $18lipdnede ylidgii®@ ¥ 8.8 T € oF. &t i iy RO 0, ¢ €
Ztenalon
(ipht/ Disrdberon pnidososgghnl  S9.€ g2\ 08, € PRy V08.8Y 2

alenision 1 Batlo X g S -
: Fealh €63 00, 2F%
etal Jranmshinla Rt

saidialf 2od¥A “aqssY T obEiB JEY 0% codedd LGSV vd  Gign

IS SUEeTe - PvTp LT

Variabloe LT reel v ammmbxal | craceyiPEt g dneored Y L

Nt X e A ‘wi 't aael alldraud WS

P S A ggomde i

vl Helgat . 00,85 BT KT ST B AV NRR. Y 47

ettt Extansion 3 (- | o < LAY . o

inight Znd Year STt e rERa L

wight Extenaion 2 : o e Y oS 1

might 1a% Ywar gl a2 - LAY MW y o

eight Extenglan 1 ' .t ‘ st B 44

lanting Hsight YE.Sb Sre.at 13

Hapeter mid point T8 8.8t 13
wtenaion “ ) )

teight /Disneter e 4 R v AR, @ 5

Sxsansien 1 Ratis

fotel Bmmochleta I3 RB9D gie. 8ot fyd

Double lsuders ‘ 530 woB, e a5

C Huliple lasderg 54 A ¢ S0, 0t 2

4 Leader lonsss - 2.3 N0 b
4 : N it 5 AR

rabal QSauentas Tagtad o 154



Table 18:

Distributions of Growth Parameters

Measured for Young Stands 3 years After Planting

Variable

Neme
Total Height
Height Extension 3
Height 2nd Year
Height Extension 2
Height 1st Year
Height Extension 1
Planting Height

Diameter mid point
Extension 1

Height/Diameter
Extension 1 Ratio

Total Branchlets

Minimum Quartile 4 25 Percent.
Quartile

Submean

26.50 41.59

4.50 10.19
17 .50 27 43
2.50 8.00
10,00 16.39
0.00 6.77
3.50 7.07
L.10 6.15
46 .40 55 o4
9.00

49.00
13.50
34450
11.50

. 20,00

10.00
9.00
7460

60 .50

Quartile 3
Submean

5ke72
16.05
38455
o1l
22,76
12,10

9.77

83k

63479

Median

59.50
19.00
43.00
16.50
26.00
13.50
11.00

9.00

66.90

Submean

6734
21.54
L7.47
19.07
28.78
16.11
13.07
10.09

10.05

Quartile 2 75 Percent.
Quartile

72.50
24..00
51.50
22,00
31.50
19.00
15.50
11.00

72.80

Quartile 1
Submean

88412
31.17
60 .45
27.37
5151
22,37
19.51
13.25

79 91

Maximum

117.50
56 .00
82,50
38.50
57.00
36.00
31.00
19.10

96.20
315.00

Mean

63.00
19.76
43 .52
17.17
26 .40
14..36
12.37
947

67.33
66.89

Standard
Deviation

18.39
8.53
12.97
7.61
84l
6.16
5.09
2.80

9.62
46.75

Type of
Distribution

Skewed left

Skewed left

Skewed left
Approaching normal
Skewed left

Skewed left

Skewed left
Slightly skewed left

Approaching nommal

Table M: The Means of the

Growth Parameters

Measured by Vigour Classes for Young Stands 3 Years After Planting

Variable
Name

Total Height
Height Extension 3
Height 2nd Year
Height Extension 2
Height 1st Year
Height Extension 1
Planting Height

Diameter mid point
Extension 1

Height/Diameter
Extension 1 Ratio

Total Branchlets
% Double leaders
% Muliple leaders

% Leader losses

Minimum Vigour
Class 4
Submean

26.50 41459
13.09

28,77

10 .41

18.31

9.97

8.92

6.61

6l o 76

39.02
53 .00
31480
132.50

25 Percent.
Quartile

49.00

Vigour
Class 3
Submean

5k.72
16.10
38.50
15413
23459
13.29
10.29

8433

66.98

50.56
53 .00
21.20
76 .80

Median

59.50

Vigour
Class 2
Submean

67 .54
20.55
L7 .5k
18.47
29.27
16.03
13.32
10.05

68 o244

69.35
45.00
26.50
45.00

75 Percent,
Quartile

72 .50

Vigour
Class 1
Submean

87.72
28.67
59.31
2477
3437
18.10
16.91
12.81

69 o2k

108.54
31.80
10.60
63 .60

Maximum

117.50

Mean

63.00
19.76
43.52
17.17
26.40
14..36
12,37

947

67.33

66 .89

Total Samples Tested =

151
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lieasured for Young Stands 6 years After Planting

Variable

Name
Total Height
Height Extension 6
Height 5th Year
Height Extension 5
Height 4th Year
Height Extension 4
Height 3rd Year
Height Extension 3
Height 2nd Year
Height Extension 2
Height 1st Year
Height Extension 1
Planting Height

Diameter Mid Point
Extension 1

No. of Branchlets 2nd

Whorl from Top
e G e i
aa S e

Height/Diameter
Extension 1

Table 20 : Distribution of Growth Parameter
Minimum Quartile 4 25 Percent. Quartile 3 Median
Submean Quartile Submean
59.00 148,92 179.00 186.95 195.00
9.00 25451 35.00 39455 4,00
48,00 112,38 133,00 143 .20 153 .50
7 .00 23 4,81 33400 38.18 42,00
12.00 75416 91,00 102.00 112.00
0.00 19.68 29.00 51489 35,00
19.00 51659 63.00 68,45 74..00
2,00 1 e22 16,00 18.29 21.00
14..00 35.03 43,00 47.37 52.00
0.00 9.30 14..00 16,95 20 .50
5400 20 43 26,00 28.50 32.00
0.00 7 o5 11,00 1345 16.00
5.00 9.43 11.00 13,55 15.00
13.00 31,69 36.00 38.82 42,00
13.00 37 .14 49.00 55482 63.00
— i g S e
24,20 3749 42 .50 L) 2k L4715

Quartile 2 75 Percent, Quartile 1 Maximum Mean
Submean Quartile Submean

206,89 219.00 239 .51 323.00 195.59
4858 55.00 63.25 77400 VI
161,08 168,00 185.89 255400 150 .88
46,05 51.00 56.84 84..00 L41.33
118453 125.00 139.62 183,00 108.85
58857 43.00 49.54 63.00 34.92
78477 86.00 98,76 131.00 74..38
2,66 28.00 33411 42,00 21.81
56445 61.00 71.8L 97.00 52 .66
23 42k 26,00 33.62 54..00 20.77
3471 38,00 46,00 62,00 3240
18497 22,00 28.59 43 .00 17613
16.50 19.00 22,00 32.00 15.37
Ll o211 47 .00 53.32 76.00 42,00
72489 82.00 9549 131.00 65432
€366 7069 S35 469596 95+24
49 .62 52.60 58.05 75420 L7 34

Standard
Deviation

36..84
14,67
30.06
13.06
26 0L
11.65
18.79
8.58
14..56
9.71
10.13
8.30
L..87

8.89
22,73

6594
8422

Type of
Distribution

Slightly skewed left
Slightly skewed left
Skewed right
Approaching normal
Skewed right
Approaching normal
Approaching normal
Slightly skewed left
Approaching normal
Slightly skewed left
Slightly skewed left
Skewed left

Skewed left

Approaching normal

Very skewed left

Sleewed reft

Approaching normal

Total Samples Tested = 150
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Table 21: The Means of the Growth Parameters Measured

by Vigour Classes for Young Stands 6 Years After Planting

108.

Variable Minimum Vigour
Neme Class 4
Submean
Total Height cms. 59.00 148,92
Height Extension 6 cms, 34.11
Height 5th Year cms. 114..81
Height Extension 5 cms. 32451
Height 4th Year cms., 79435
Height Extension 4ecms, 2L 14
Height 3rd Year cms, 56.78
Height Extension 3 cms. 16 46
Height 2nd Year cms, 40.59
Height Extnnsion 2 cms. 15.24
Height 1st Year cms, 2549
Height Extension 1 cms. 1314
Planting Height cms, 12.49
Diameter Mid Point Extension 3514
1 mm,
No. of Branchlets 2nd Whorl 51.08
from Top
Height/Diameter 43.08
Mid Point Extension 1
% Forked Stems 104..00
% Malformed at Planting 21.30
% Leader losses 122,30

25 Percent,
Quartile

179400

Vigour
Class 3
Submean
186.98
40.97
145 .97
39434
106.63
35403
71.88
20.55
51429
18.29
33452
18.50
15.08
40,34

64..00

L7479

93630
16.00
88,00

Median

195400

Vigour
Class 2
Submean

206 .89
45 .18
160 .79
42 .15
118.18
36 .45
81,74
23 .26
58 .47
2, .63
35 .66
17.87
17 .26
4. .53

68.21

47.79

66 .70
16.00
90 .70

75 Percent,
Quartile

219.00

Vigour Mazcimum Mean
Class 1
Submean
238.97 323.00 195 .59
57 45 Ll L7
181.58 150.88
51.08 41.33
130.71 108.85
44,05 3h.92
86 .66 74438
26.63 21.81
60,16 52,66
2L 74 20.77
35416 3240
19.18 1713
16.47 15.37
47.92 42.00
77 47 65.32
50.61 4734
69 .30
21,30
48,00

Sotal Samples Tested = 150
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109.
Table 22 : Distributions of Growth Parameters Measured for Young Stands 9 years After Planting

: as : : e
e’ U e Qe SELD O gt gue wims e samm e

Total Height 192,00  266.00 297.00 310.59 327.00 31,84 357.00 378439 412,00 324,24 43465 Skewed right

Height Extension 9 10.00 39465 63400 68.91 75.00 80 oLii 87.00 96.81 116.00 71.50 22,53 Very skewed right

Height 8th Year 147.00 205 .48 226.00 237 94 250,00 262.53 275.00 296 .68 348,00 250.65 35 4y Approaching normal

Height Extension 8 12.00 27455 36.00 42,16 48.00 =te 61.00 73.10 160.00  49.12 19,02  Skewed right

Height 7th Year 90.00  157.55 180.00 189.72 201.50 211,25 225.00 21,6 .81 282.00  202.09 3,87 Very skewed right

Height Extension 7 0.00 21.32 31.00 36.12 42400 46.97 51.00 6094 86,00 4130 15.66  Slightly skewed left

Height 6th Year 92.00  124.29 141.00 150.19 160 .00 172 .62 185.00 204.68 243.00  162.92 3100 Skeved 1aft

Height Extension 6 0.00 19.32 25.00 28.03 31450 36.88 42 .00 51,10 72.00 38.8? 12.57 Skewed left

Height 5th Year 70.00 96.32 108.00 11991 130.50 139 L, 149.00 163,03 216.00  129.92 27.17 Skawed ‘right

Height Extension 5 0.00 12.58 17 .00 21,66 26,00 29 .63 34,00 43,52 64..00 26,83 12,23 Slightly skewed left

Height 4th Year 200" 75,05 85.00 92.72 100..00 109.09 116,00 132.29 170,00 102,26 22,29  Slightly skewed left

fsdghesiatension 7 %300 13.68 18.00 BT 26.00 29 .34 34400 40.81 51,00  26.28 10.48  Approaching normal

Height 3rd Year 3900 52.19 60.00 67.53 74450 62.16 89.00 101.81 123,00 75.90 19.40  8lightly skewed left

Height Extension 3 3.00 12.32 17.00 19.78 22,00 25 .88 29.00 37,16 56..00 23,77 9.75 Skewod leet

Height 2nd Year 20.00 3319 41,00 L6 3L 5100 56 .63 61.00 73 .00 9%..00 52.28 15 .42 Approaching normal

Height Extension 2 400 9458 13.00 15.53 18.00 P19 25.00 35465 100 .00 20.45 12,17  Skewed left

EoLeh st Tean 1050009 .Ae =400 27.69 5100 35.56 4000 4752 68.00  32.53 10.91  Very skewed left

Height Extension 1 4,00 7.81 11,00 13.28 16.00 18 .81 21, .00 29,32 11.00 17.29 Blio  Wary dowsd Toft

Planting Height 5.00 9.55 12.00 13.72 15.00 16 .72 18.00 21.68 3300 15 41 B Skoved dept

Diameter Mid Point 48.00 65.06 80.00 85.16 90.00 95 .50 101.00 11274 14,1.00 89.63 18.48  Slightly skewed left

Extension 1

No. of sides 0.00 0.61 2.00 2.00 2,00 2.9% 3.00 3.5 4,00 2.25 1,13

Canopy Closure

Height Canopy Closure 0.00 50.32 100.00 105.63 115.00 19 .22 125 .00 134..35 160.00 102.5. 37.75

Height/Diameter 23 .40 29 .31 31.90 34.05 35495 38.30 10.80 47.97 59.20 37.39 7445  ‘Approsching nomsal

1st Extension

Total Samples Tested = 124
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Table23 : The Means of the Growth Parameters measured

by Vigour Class for Young Stands 9 Years After Planting

110,

Variable Minimum
Name
Total Height 192.00

Height Extension 9
Height 8th Year
Height Extension 8
Height 7th Year
Height Extension 7
Height 6th Year
Height Extension 6
Height 5th Year
Height Extension 5
Height 4th Year
Height Extension
Height 3rd Year
Height Extension 3
Height 2nd Year
Height Extension 2
Height 1st Year
Height Extension 1
Planting Height

Diameter Mid Point
Extension 1

No. of sides
Canopy Closure

Height Canopy Closure

Height/Diameter
1st Extension

% Forked Stems
% Malformed at Planting

% Leader Losses

Vigour
Class 4
Submean

266 .00
55419
230.25
47452
167.68
3752
135.00
28 .94
106,39
19.52
86.52
21481
64490
19.48
45 .48
16.26
29.16
15.13
14..03
83.19

1.61

84.68
36.11

193.70
19.00
63450

25 Percent.
Quartile

297.00

Vigour
Class 3
Submean

310.59
70.31
240,59
4y 91
195 .69
40.03
155 434
32,34
126 .12
252119
97.81
26447
70 .84
2430
46.38
19 .34
29.84
522
.62
83.19

2.31

101.87
39.01

196.80
25440
60.30

Median

327 .00

Total Samples Tested = 126

Vigour 75 Percent.
Class 2 Quartile
Submean

341,84 35700
19.31
162.59
47.50
212..7
42,66
174.00
3hBly
138.78
28,34
110.75
27.97
82,78
23,56
5922
24,38
3h.82
18,22
16,78
97.50

272

112,03
36401

184410
22,20
66470

Vigour

Class 1
Submean

37772
83416
288 o441
56.50
231,91
45453
186437
3844
148.06
33472
114,22
29.06
85.16
27472
58.06
21.8L
36.25
20 47
16.28
101.37

2,37

111.88
38.21

123,80
3420
60.30

Maximum

412,00

Mean

32424
71.50
250.65
49412
202.09
41,34
162.92
33.81
129.92
26,83
102.26
26,28
75.90
23,77
52,28
20 45
32,53
17429
15 41
89.63

225

102.54
37439
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Table 26

1425

Regression Equations and Correlations Coefficients betwsen Selected Growth
Paraneters measured for 1 + 0 Seedlings

Regression

Parameters Correlation
Equations Coefficients
Y = a-.{-n,B_ X

Total Height (Y) Y = 30744 + (4.3229)X 046271 pes

Root Collar Diameter (X)

Total Height (Y) Y = 6.5541 + (6,0181) X 04,6886 .o

Total Weight (X)

Root Collar Diameter

Squared (Y) Y = 046225 + (342959) X 046099 oo

Total Weight (X)
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Regression Relationships and Correlation Coefficients between Selected Growth

Table 28

Parameters measured for 1 + 1 Transplants

Parameters Regression Coreelation
Equations Coefficients
Y =a +ib; X

Total Height (Y)

Current Shoot Y = 14,018 + (0.85174) X G Th2E yoi

Extension (X)

Total Height (Y) Y = 15.352 + (0.76364) X 05206 sun

Seedling Height (X)

Total Height (Y)
Y = 12.478 + (2.3946) X 0,601 eun

Root Collar Diameter (X)

Total Height (Y) Y = 19.512 + (0.79782) X 06369 wou

Total Weight (X)

Root Collar Diameter

Squared (Y) Y = 7.1215 + (3.1648) X 0.8779 sun

Total Weight (X)

114.
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Table 30

Regression Equations and Correlation Coefficients between Selected Growth
Parameters measured for 2 + 1 Transplants

Parameters Regression Correlation
Equations Coefficients
Y =ra $obiX

Total Height (Y) Y = 14,860 + (1.0915) X 0.6971 sy

Current Shoot

Extension (X)

Total Height (Y)

Y = 11.758 + (1.0470) X 07641 yune
Previous Shoot Length
(x)
Total Height (Y)

Y = 10,605 + (3.3111) X 0.6691 guu
Root Collar Diameter (X)
Total Height (Y)

Y = 21.657 + (0.69572) X 0.6562 yuu
Total Weight (X)
Root Collar Diameter
Squered (Y) Y = 10.393 + (2.0730) X 048277 sas

Total Weight(X)
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Table 32

Regression Equations and Correlation Coefficients between Selected Growth
Parameters measured for Young Stands 1 Year after Planting

Parameters Regression Correlation
Equations Coefficients
Y sia & bX

Total Height (Y) Y = 10.815 +(0.67093 YX! 0.5826 4y

Planting Height (X)

Total Height (Y)

o
!

= 8.3956 + (3.0884) X 0.4175 wue

Diameter Mid-Point

Height Extension 1 (X)
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Table 34

Regression Equations and Correlation Coefficients between Selected Growth
Parameters measured for Young Stands 3 Years after Planting

Parameters Regression Correlation
Equations Coefficients
Y=a+bX

Total Height (Y)

Height 2nd Year (X) Y = 6.0304 + 1(1.3089)X 0.9230 sae
Total Height (Y) Y = 20.431 + (1.6124)X 037407 van
Height 1st Year (X)
Total Height (Y)

Y = 35.414 + (2.2305)X 0.6172 4ou
Planting Height (X)
Total Height (Y)
Diameter Mid Point Y = 7.2724 + (5.8866)X 0.8957 qas

Height Extension 1 (%)




121,

99¢°0 — -— — - 29¢°0

962° 0 6GL°0 262°0 770 6070

¢LL®o 9L9°0 296°0 912°0

G08° 0 L19°0 gL o

18L°0 g22° 0

1A

N =2 U o =2l v) - o oo o =

.mw..oo O.M m“m m. am. m. m.

& E S 5

mhm‘ m.w & 52 - ) W
H 5 b o
Jm. m.P =
8 E o B,
w. = o]
[/} Y =

Spuess PLO JBOX § I0F SFUSUSINSTBIN

90™° 0
126°0
ogh*o
L 0
665°0
ghl* o
198°0

7 3YE Tl

051 0
99°0
90%° 0
90%° 0
616°0
999°0
0LL°0
0/8°0

G 3Y3TeH

L0Z°0
o'z 0
70L°0
L00° 0~
©€0°0
TARY)
M*o
G0zZ*0
Li2*0

9

UOTSURXY Y3 TeY

JO XTIFR) UOTIBTSIIO0D :GC o1q®8]

PHOYMO Jov -

9870
£L9°0
6LE°0
T4
8¢t 0
209°0
¢69°0
w6L°0
926°0
0L9°0

3YSTeH 18105



Table 36

122,

Regression Equations and Correlation Coefficients between Selected Growth
Parameters measured for Young Stands 6 years after Planting

Parameters Regression Correlation
Equations Coefficients
Y=a+bX

Total Height (Y)

Height 5th Year (X) Y = 24,348 + (1.1349)X 0.9263 gun

Total Height (Y) Y = 94.482 + (1.3593)X 0.6933 aun

Height 3rd Year (X)

Total Height (Y) Y = 15.158 + (2.8638)X 03787 waw

Planting Height (X)

Total Height (Y)

Diameter Mid Point Y = 88.897 + (2.5402)X 0.6131 qua

Extension 1 (X)
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Table 38

Regression Equations and Correlation Coefficients between Selected Growth
Parameters for Young Stands 9 Years after Planting

Parameters Regression Correlation
Equations Coefficients
Y=2a4+ bX

Total Height (Y) Y = 64.237 + (1.0373)X 0.8422 son

Height 8th Year (X)

Total Height (Y) Y = 179.35 + (0.88930)X 0.6406 4uu
Height 6th Year
Total Height (Y) Y = 225.89 + (0.90046)X 04007 sae
Height 3rd Year
Total Height (Y)

Y = 213.85 + (1.2317)X 05215 sue

Diameter Mid Point

Extension 1 (X)




Table 26

2 8

Regression Equations and Correlations Coefficients between Selected Growth
Parameters measured for 1 + 0 Seedlings

Parameters

Regression Correlation
Equations Coefficients
Y=a *b X

Total Height (Y) Y = 3.074% + (4.3229)X 046271 wis

Root Collar Diameter (X)

Total Height (Y) Y = 6.5541 + (6.0181) X 0.6886 yea

Total Weight (X)

Root Collar Diameter

Squared (Y) Y = 0.6225 + (3.2959) X 0.6099 puu

Total Weight (X)
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