The Effect of Environmental Factorson Wood Char acteristics

2. Theeffect of thinning and fertilizer treatment on the wood of Pinus pinaster

By J. W. P. NicHotLs

Introduction

The influence o thinning on the residual stemsin a for-
est stand depends on several factors. These include the
initial spacing, the site quality, the intensity and type of
thinning, the age d the trees, and the status of the trees
prior to treatment.

Following thinning, the trees in the thinned areas show
an immediate response in diameter increment (Pauc, 1941;
Forwarp and NoLan, 1961) and this tends to be more marked
in the heavier thinnings (Jacoss, 1962). This response is the
result d improved growing space for the tree crowns, re-
duced competition for root soil moisture and nutrients, and
better exposure d branches to lateral light. It is only the
intermediate branches, however, which benefit from this
increase in insolation as the upper branches are well ex-
posed before and after treatment and the lower branches
are heavily shaded before and after (Forwarp and Novan,
1961). The portion o the stem below these intermediate
whorls will be particularly affected so that stem taper will
increase as aresult d thinning. With the further effluxion
d time the crown gradually lengthens, crown efficiency
will beimproved, the root system isincreased, and vigorous
growth continues until full competition is again establish-
ed.

The effect o thinning on wood quality will be adverse if
it results in a sudden increase in ring width, especialy in
the juvenile period d growth. Such abrupt increases in
growth rate are known to reduce tracheid length, (Bisser
et al. 1951 for example) and cause changes which DapsweLL
(1957) likened to a reversion to juvenile growth. If thinning
is intense enough to create large gaps in the canopy, wood
quality will suffer because o compression wood formation
due to phototropism or wind action (Viruiers, 1965). On the
other hand, Savina (1939) found that the improvement in
light conditions brought about an increase in the length
and width d wood fibres even in the first year after treat-
ment. The effect o thinning on wood density is not as
straight forward. For example, no reduction, or very little
change in density has been reported by some researchers
(for example, TurneutL and Du Piessis, 1946; New Zealand
For. Serv., 1956; EcHoLs, 1960, Ericson, 1966), an improve-
ment by others (N6rpuiNGER, 1879; Ronce, 1964), and a re-
duction in density with increasing thinning intensity was
observed by Hiipesranot (1954) and Géure (1955). Dif-
ferences in wood density are related to changes in the
proportion o late wood due to greater availability o soil
moisture (Zasner, 1963), and modification o crown size
(LARrson, 1962).

Although there is a voluminous literature dealing with
the use o fertilizers in forestry practice (WHite and Lear,
1956; Mustanoja and Lear, 1965), little work has been car-
ried out to investigate their effect on the properties o the
wood itself. Posey (1946) and Kiem (1967) have provided
useful summaries d published material. Fertilizer may be
applied for several reasons, and hence may vary in con-
stitution and in the time o application during the life
of the tree, with resulting differences in the effects of
treatment on properties. In addition, it has been observed
(see for example, ZoseL et al., 1961) that there are large

differences in the response o individual trees to fertilizer
treatment, and that responses may be qualified by the
circumstances o the individual tree prior to treatment.

Pinus pinaster is an important species in Western Aus-
tralia for the afforestation d the infertile coastal plains.
Fertilizer is required for establishment, and in many in-
stances, for a successful crop rotation d @ years. It has
been standard practice to plant 2500 stems to the hectare
and commence thinning at 16 years to meet a fina crop
requirement of 230 trees per hectare o suitable quality
(Horkins, 1960). Donarp (1956) has investigated the effect o
various thinning grades on the growth o this species and
Keay et al. (1968) and Poice (1969) have studied the
response to fertilizer application; the last named directing
his attention to the quality o the wood.

The work o Erickson and Lamserr (1958) suggests that
the combined effect o thinning and fertilizer treatment on
wood characteristics is more important than the influence
o either alone. This was so for percentage |late wood, wood
density, and holocelluloseand alphacellulose content. These
authors emphasised the need for further studies on the ef-
fect of thinning and fertilizer treatment on wood prop-
erties.

Advantage was taken d an opportunity to investigate
the effect o thinning and its interaction with fertilizer
treatment on the wood o Pinus pinaster grown in Western
Australia. The following is a report o these studies.

Material: — The study plots are located in four compart-
ments d the South Lane Poole Block o the Gnangara
plantation, near Perth. Three o these compartments were
planted in 1941 using the same seed batch, which was ob-
tained direct from Portugal, and the fourth was planted
in 1942 with locally collected seed from stands d known
Portuguese origin.

Planting was by hand to a spacing d 2m X 2m. Super-
phosphate was applied to each tree (56 g) at the time o
planting and two years later, and broadcast over the area
in September 1961 at the rate d 500 kg per hectare. In 1952,
25 plots measuring 20m X 20 m with a surround & 20 m
were selected on the basis o uniforrnity and high quality
to establish a thinning trial.

Six thinning treatments ranging from 2500 (unthinned)
to 1000, 750, 500, 375 and 250 stems per hectare were ran-
domly allocated to the 18 most uniform plots and 12 o
these were chosen for study to provide two replications o
the six thinning treatments. Thinning was completed by
February, 1958.

Within each selected plot, five trees were randomly
selected to provide the wood specimens for the invsetiga-
tion. Thinning favoured the removal o suppressed and
malformed stemsand hence for comparability d specimens,
only dominants were considered for sampling in the un-
thinned and lightly thinned plots. In the heavily thinned
plots only dominants remained for sampling.

Experimental procedure: — In March 1967 each tree for
examination was sampled by the method of Pawsey (1965)
to produce a 25 mm core extending from bark to bark and
including the pith. It has been pointed out that sampling in
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even-aged stands should be carried out at such heights as
to show the same number of growth rings in each specimen
(RicHArDSsON, 1961). Cores were harvested at the mid-point
of the internode in which 23 complete growth rings were
present in the case of the 1941 plantings, and 22 complete
rings for the trees which were planted in 1942. Before
removal from the tree, the ends of each specimen were
marked to show the direction of the tree axis. Specimens
were wrapped in polythene to minimize moisture loss pend-
ing examination.

The cores were divided into strips extending from bark
to bark as follows. A cut was made parallel to the long
axis of the core and at right angles to the pith direction
to separate a piece in the shape of a segment of a cylinder,
of 6 mm maximum thickness for use in the determination
of ring width and density characteristics. Saw cuts parallel
to the long axis of the core and parallel to the pith direc-
tion were made in the remainder to separate a piece 12 mm
wide containing the pith, for use in the measurement of
grain angles. On this piece the sawn surface at right angles
to the direction of the pith was planed to serve as a datum.
The relationship of this datum to the marks on the ends of
the specimen showing the direction of the tree axis could
be established so that angles of grain deviation were finally
referred to this direction. The remains of the core provided
material measuring at least 12 mm in the direction of the
grain for the determination of average tracheid length.

The determination of characteristics other than grain
inclination was carried out using material from the shorter
of the two radii of each core, as this would normally be ex-
pected to contain the least amount of compression wood.
Angles of grain deviation for individual growth rings in
each specimen were expressed as the mean of values from
both radii.

Wood characteristics were determined for each growth
ring from the 1954/55 growing season onwards as follows:

(a) Average tracheid length: A strip from the late wood
was macerated and 50 whole tracheids were taken at
random and measured at 40 magnifications using a pro-
jection microscope.

(b) Grain inclination: A thin sliver was peeled from the
tangential face of the last-formed late wood to disclose the
grain direction. The angle between this direction and the
datum surface, which was related to the direction of the
tree axis, was measured with an engineer’s protractor.

(c) Ring width and density characteristics: The 6 mm
thick segments were allowed to dry over a saturated solu-
tion of sodium dichromate to an equilibrium moisture con-
tent of approximately 8 per cent., and a precision sanding
machine was used to machine a flat on the curved surface
of each piece parallel to the flat face and to abrade this
flat face to produce radial strips measuring 4.70 * .05 mm
thick in the fibre direction. The strips were irradiated from
a source of soft X-rays and by the technique of PoLce (1965),
contact radiographs were obtained and scanned by means
of a double beam microdensitometer. Individual growth
rings were identified and marked on the resulting densito-
metric traces for each tree as in Figure 1. For each annual
ring, the maximum and minimum excursions of density,
the width of the ring components for which density values
were less than 0.5 g/cc and 0.6 g/cc, and greater than 0.6
g/cc and 0.7 g/cc respectively, and the total width of the
ring were read directly from the curves. The area contain-
ed between a line parallel to the abscissa and the curve was
measured and used to calculate the average density for
each growth ring. As the experiment involved only wood
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Figure 1. — The variation in optical density of the radiograph of
a 4.7 mm thick strip from a Pinus pinaster tree. This variation
pattern is directly related to variations in wood density of the
strip. A linear scale of wood density is shown and is positioned
by means of calibrating marks. The dormant period assumed to
occur in July is a convenient place to mark the successive years
of growth. This tree was from the plot thinned to 375 stems per
hectare in February 1958 and treated with fertilizer in September
1961.

formed from 1954 onward, i. e. wood outside the eleventh
growth ring from the pith, and thus not subject to heart-
wood formation in trees of this age (NicaorLs and DADSWELL,
1965), it was deemed unnecessary to treat specimens to
remove resinous infiltrates.

Results and Discussion

Data from contemporaneously formed rings were group-
ed and treatment means were calculated for each of the
features under review. As the effect of age (distance from
the pith) on wood characteristics is small in material formed
outside the eleventh growth ring from the pith (see, for
example, Nicuoits, 1967), little effect should be apparent due
to one plot being planted one year later than the other
eleven. In the discussion which follows, the nominal grow-
ing season is assumed to extend from July to July.

For each characteristic, any differences resulting from
the treatments under investigation should be revealed by
a comparison of treatment mreans. During the 12 year study
period from July 1954 to July 1966 three age segments are
of interest in the analyses. From July 1954 until January
1958 all plots were subjected to the same conditions, and
wood laid down in this interval may be used to establish
norms for the various characteristics; from February 1958
until August 1961 the wood reflects the influence of dif-
ferent spacings; and from September 1961 onwards results
should indicate the interaction effect of thinning and ferti-
lizer application. For each feature, the variable analysed
was the deviation of the value for a particular growth ring
from the mean for the three years from July 1954 to July
1957.

The results and discussion for each characteristic follow:

Ring width: The patterns of variation for this feature are
set out in Figure 2. An inspection of the graph for the un-
thinned trees (2500 stems per hectare), shows that in the
period from 1954 to 1960 (prior to fertilizer treatment and
for material 12 to 18 rings from the pith) annual increments
were similar to those previously reported for wood of the
same age obtained from trees of the Leiria provenance and
likewise grown on a good quality site at Gnangara
(NicHovLLs, 1967). This is a typical growth pattern for planta-
tion-grown conifers. Following the application of fertilizer
in September 1961 this group of trees showed a rapid re-
sponse in stem diameter growth rate such that in a period
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Figure 2. — The influence of thinning and fertilizer treatment on
the means of ring width for groups of Pinus pinaster trees.
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Figure 3. — The influence of thinning and fertilizer treatment on

the proportional deviations from the mean for the period 1954 to
1957, of the means of ring width for'groups of Pinus pinaster trees.

of two years ring widths were double those recorded im-
mediately prior to treatment.

An initial examination of the data for all groups of trees
indicated that the standard deviations were proportional
to the means; therefore a logarithmic transformation was
used in the analysis of this characteristic and trends discus-
sed refer to the transformed data. The deviations from
the mean for the period 1954 to 1957 are plotted in Figure 3
as proportional deviations from this mean value. As the
thinning treatment was completed in February 1958 it
would not be expected that a systematic effect would be
apparent during the remainder of the 1957/58 growing
season. However in the next four years, viz. 1958/59 to
1961/62, the analyses showed a highly significant linear
trend with the logarithm of thinning intensity. For the
1962/63 season the linear trend was highly significant but
there was some evidence of departure from linearity, and
for the remaining three growth periods to 1965/66, the
trend was non-linear, indicating some interaction effect
between thinning and fertilizer treatment. It appears that
the greatest effect was produced when fertilizer was ap-
plied to the plots where trees had been thinned to 750 stems
per hectare.

The relationship between response and thinning intensity
revealed by these results confirms the findings of others
(see for example, DonaLp, 1956; Jacoss, 1962). It should be

noted however that the ring widths reported herein were
measured at a nominal breast high level, and as attention
has already been drawn to the increase in stem taper as-
sociated with thinning treatment, the same relative in-
crease may not occur-higher in the trees. The greatest stem
diameter response due to thinning was 220 per cent. in
trees from the plots thinned to 250 stems per hectare. On
the basis of the present results, it is clear that at this maxi-
mum thinning intensity, growth was still limited by en-
vironmental factors. This is illustrated for example by not-
ing that subsequent to thinning, fertilizer treatment pro-
duced a further increase in ring width in the trees from
these plots.

From Figure 2 the response in stem diameter growth
due only to fertilizer treatment can be estimated from
the trees on the unthinned plots. It is also apparent that
there is a greater increase in ring width as a result of
applying fertilizer to the plots where trees were thinned
to ca. 750 stems per hectare. As a generality therefore, the
data agree with the findings of Erickson and Lamsert (1958),
that a combined treatment involving both thinning and
fertilizer produces greater growth rates than does either
treatment alone.

It is suggested that all trees would be subject to water
stress by 1957. This stress would tend to be alleviated by
the thinning treatment, which also promotes increased light
and reduces competition for nutrients, resulting in in-
creased growth and an increased root system. Water stress
is further reduced and growth further increased in 1961
with the application of fertilizer which assists root growth
(Bucanorz and NEeumann, 1964). By the 1963/64 growing
season however top growth has increased to such an extent
that water stress is again limiting, and with possible leach-
ing and loss of fertilizer efficacy growth rate declines in
the following years in all but the unthinned trees. In this
respect it would be interesting to observe the reaction to
further application of fertilizer in say 1966. 1t is further
suggested that the trees from the plots thinned to 750
stems per hectare were the most affected by water stress
prior to thinning and that this condition was not markedly
allayed by the thinning treatment but was relieved by the
application of fertilizer so that these trees exhibited the
best response to this latter treatment.

Spiral grain — Grain angles did not change significantly
in magnitude or sign as a result of thinning treatment or
the application of fertilizer. These findings do not conflict
with conclusions from other studies which have shown that
grain angles are not affected by environmental variation
between trees expressed by differing growth rates (Nicuovts
and Fieroing, 1965), or as a result of differences in site
quality (FieLping, 1967).

When all data were pooled to form a grand mean the
pattern of change in grain angles was similar to that
previously reported (Nichoits, 1967) for trees of the Leiria
provenance grown in the Somerville plantation (some 25
km to the South) and subject to the same general climatic
conditions (equivalent to the standard for Perth). Although
all trees exhibited a left-hand grain inclination in growth
rings adjacent to the pith, approximately 20 per cent. had
changed to a right-hand tilt by the end of the study period
(corresponding to 23 growth rings from the pith).

Average tracheid length — The means for each group re-
presenting the separate thinning treatments are set out in
Table 1 and plotted in Figure 4, as deviations from the
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Figure 4. — The influence of thinning and fertilizer treatment on
the deviations from the mean for the period 1954 to 1957, of the
means of average tracheid length for groups of Pinus pinaster
trees.

mean for the period 1954 to 1957, through the successive
growth periods to 1966.

The data for the unthinned trees prior to the fertilizer
treatment in 1961 are similar to those previously reported
for trees of the same age and provenance grown also at
Gnangara (NichorLs et al., 1963). It may be seen that the
application of fertilizer to the unthinned plots resulted in
a steady diminution in tracheid lengths.

The analysis for this characteristic shows that the effect
of thinning varies significantly from growth ring to growth
ring.

The pattern in Figure 4 for the means associated with
the thinned plots for the 1957/58 growth ring, is an indica-
tion of the initial reaction to the thinning treatment, as the
determinations of average length were carried out on
material from the late wood which was probably laid down
in April and May and the thinning treatment was com-
pleted in February. The means are seen to be in two
separate groups which are significantly different from one
another. Those for the trees thinned to 1000, 750 and 500

Table 1. — The means of average tracheid length through successive
years from 1954 to 1966 for groups of P. pinaster trees subjected to
various thinning intensities.

Average tracheid length (mm)

Growth

period ‘Thinning intensity (stems/hectare)

2500 1000 750 500 375 250
54/55 4.72 4.41 4.44 4.65 4.72 4.56
55/56 4.93 4.52 4.48 4.70 4.83 4.60
56/57 4.97 4.61 4.72 4.79 4.81 4.69
57/58 4.93 4.75 4.88 4.95 4.76 4.61
58/59 4.89 4.52 4.63 4.60 4.62 4.46
59/60 4.88 4.63 4.60 4.49 4.41 4.42
60/61 4.92 4.60 4.45 4.49 4.31 4.48
61/62 4.90 4.56 4.38 4.51 4.31 4.35
62/63 4.85 4.22 4.04 4.24 3.95 4.12
63/64 4.73 4.48 4.30 4.66 4.22 4.46
64/65 4.66 4.53 4.53 4.65 4.52 4.68
65/66 4.60 4.55 4.60 4.60 4.50 4.73
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stems per hectare have increased, and those thinned to 375
and 250 stems per hectare show a slight decrease with re-
spect to the datum mean. It is suggested that the observed
pattern is the net resuit of two effects. The immediate
consequence of the thinning treatment is to increase the
available light to the intermediate branches and Savina
(1939, 1956) has observed an increase in cell length follow-
ing such treatment. It is reasonable to assume, however,
that beyond a certain thinning intensity there is no further
sensible increase in light but there could be increased
wind action and phototropism leading to compression wood
formation and hence reduced tracheid lengths.

In the next growing season, viz. 1958/59, all residual
trees showed a reduction in average tracheid length. How-
ever, the means for the plots thinned to 500, 375 and 250
stems per hectare were significantly less than those from
the unthinned plots and the plots thinned to 1000 and 750
stems per hectare. At this time, in addition to the increased
light, the reduced competition for soil moisture and nu-
trients had resulted in an increase in stem diameter growth
rate, which is associated with a shortening of tracheid
length (Dinwoobig, 1963; LarsoN, 1963 and many others).
Each of the factors of light, compressicn wood and growth
rate plays a part in determining the observed values for
average tracheid length. The pattern was similar for the
following growing season, but the effect of thinning to 375
stems per hectare reduced tracheid lengths to a significantly
greater degree than did thinning to 500 or 250 stems per
hectare. In wood formed during the 19690/61 growing season,
there is evidence that thinning to 750 stems per hectare
reduced tracheid lengths in the residual trees to less than
those from the unthinned plots and from plots thinned to
1000 stems per hectare, and thinning to 375 stems per hec-
tare had a significantly greater effect on tracheid length
than did any other thinning intensity. This pattern was
maintained during the 1961/62 growth season which in-
cludes the time when fertilizer was applied to all plots.

The effect of the fertilizer treatment is apparent in the
following growth period, i. e. during 1962/63, in the form of
a dramatic reduction in average tracheid length in the re-
sidual trees from all the thinned plots. It may be recalled
(Figure 3) that the application of fertilizer also resulted
in greatly increased ring width. For this growth period it
is apparent from Figure 4 that tracheid length values have
separated into four groups which are significantly different
from one another, such that tracheid lengths from the un-
thinned plots are longer than those from the trees thinned
to 1000 stems per hectare and the trees from plots thinned
to 375 stems per hectare have the shortest tracheids. The
trees from all the thinned plots exhibited a large increase
in tracheid length values during the 1963/64 growing season,
but for this and the remaining period under review, the
trees from the plots thinned to 375 stems per hectare
continue to have tracheids which are significantly shorter
than those from any other of the thinned plots.

Maximum and minimum density:

There were no significant effects of treatment for either
of these variables. This is not unexpected as in a previous
publication (Nicuoits, in press) it was suggested that the
extreme excursions of density were linked with factors of
temperature. It is planned to investigate this tentative re-
lationship at an early date.

The difference between the maximum and minimum
density which is a measure of the intra-incremental uni-
formity was also analysed and failed to show any consistent
effect of treatment.




Table 2. — The means of average density through successive years
from 1954 to 1966 for groups of P. pinaster trees subjected to
various thinning intensities.

Mean density (arbitrary units)

Growth ——

period Thinning intensity (stems/hectare) ’
2500 1000 750 500 375 250

54/55 6.269 6.565 6.273 6.337 6.206 6.811
55/56 5.992 6.103 6.000 6.126 6.194 6.268
56/57 6.273 6.277 6.196° 6.160 6.169 6.153
57/58 6.169 6.540 6.091 6431 5976 6.480
58/59 6.569 6.469 6.065 6.627 6.322 6.993
59/60 7138 7.445 7.243 7.047 17.253 17.359
60/61 6.459 6.166 5.877 6.026 6.074 - 6.298
61/62 6.385 6.281 6.357 5.927 6.295 6.341
62/63 6.725 6.351 6.182 6.359 6.244 6.177
63/64 6.769 6.355 6.181 5.977 5.963 5.933
64/65 6.555 6.307 5.843 6.048 5.889 5.890
65/66 6.786 6.390 6.026 6.014 6.483 6.258

Average density:

The means for this characteristics for each of the groups
of trees are set out in Table 2. As for ring width a logarith-
mic transformation of the data was used in the analyses
for this variable, and trends discussed refer to the trans-
formed data. For each of the thinning treatments, the
deviations from the mean for the period 1954 to 1957 are
plotted in Figure 5 as proportional deviations from this
mean value.

From Table 2 and Figure 5 it may be seen that for every
group, there is a clearly defined peak in the 1959/60 grow-
ing season. This is similar to that previously reported
(Nicuotis, 1967) for Pinus pinaster trees grown at Somer-
ville plantation (some 25 km further South) and subject to
the same climate (that of Perth). This peak was attributed
to a combination of climatic factors which favoured an
increase of thick walled cells in the 1959/60 growth ring,
and is assumed to influence growth in the same way insofar
as the trees in the present study are concerned. Excluding
this peak there was a slight increase (5% per cent.) through-
out the period of the investigation in the average density
of the trees from the unthinned plots.
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Figure 5. — The influence of thinning and fertilizer treatment on

the proportional deviations from the mean for the period 1954 to

1957, of the means of average density for groups of Pinus pinaster
trees.

For the period up to and including the 1959/60 growing
season neither thinning nor thinning intensity had any
significant influence on density values. There were no
significant effects of treatment in the 1961/62 growing
season which included the period when fertilizer was
applied. During the remaining period under review density
values generally remained more or less constant. However
for trees from the plot thinned to 250 stems per hectare
there was a steady decline in density from the 1961/62
season onward. ,

Generally therefore average density was unaffected or
slightly reduced by treatment. This is not inconsistent with
the majority of observations listed above.

Ring components: — Practically all past work dealing with
the effect of silvicultural treatment on wood character-
istics has been carried out using far from ideal methods
of precisely estimating the early wood/late wood boundary.
However recently proposed methods of determining density
in relation to radiation absorption furnish a continuous re-
cord of density variation throughout the life of the {rees,
and besides providing information not previously available,
allow the use of satisfactory alternatives to the deter-
mination of this boundary. One such approach involves a
series of density levels, and the influence of a treatment is
considered in relation to the change in the width of the
annual ring component with density less than or greater
than each level in turn. This procedure has been adopted
in the present investigation using three such levels viz. 0.5,
0.6 and 0.7 g/cc. The widths of the components with density
less than 0.5 and 0.6 g/cc respectively are considered and
may be likened to the early wood part of the ring, and the
widths of the poi‘tions with density greater than 0.6 and
0.7 g/cc are obtained and are analogous to late wood.

Figures 6 and 7 illustrate the patterns of variation for
the widths of the components with density less than and
greater than 0.6 gl/cc respectively. A logarithmic trans-
formation of data has been used in the analyses, and again
trends refer to the transformed data. In each case, for each
thinning‘ treatment, the deviations from the mean for the
period 1954 to 1957 are plotted as proportional deviations
from this mean value.

From Figure 6 it will be seen that following thinning
treatment there is a significant increase in the width of
the “early” wood component and this increase is more
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Figure 6. — The influence of thinning and fertilizer treatment on

the proportional deviations from the mean for the period 1954 to

1957, of the means of the width of the ring component with density
less than 0.6 g/cc for groups of Pinus pinaster trees.
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Figure 7. — The influence of thinning and fertilizer treatment on

the proportional deviations from the mean for the period 1954 to

1957, of the means of the width of the ring component with density
greater than 0.6 g/cc for groups of Pinus pinaster trees.

marked as the thinning intensity increases. A highly sig-
nificant linear trend with the logarithm of thinning inten-
sity is maintained for the next three growing seasons until
the application of fertilizer in the 1961/62 season. The in-
crease in width of the “early” wood component is maintain-
ed until the 1963/64 growth period but thereafter the width
declines. The trend with the logarithm of thinning intensity
however is non-linear during the last three growing sea-
sons because of the disproportionate behaviour of the trees
associated with the thinning intensity of 750 stems per
hectare. The patterns for the ring component with density
less than 0.5 g/cc are similar to those depicted in Figure 6.
Reference to Figure 3 shows that the patterns of “early”
wood change are remarkably similar to those for the com-
plete growth ring.

It may be seen from Figure 7 that the previous remarks
which are appropriate to the “early” wood would also
generally apply to the “late” wood component. However in
Figure 7 there is a peak in the “late” wood width associated
with the 59/60 growing season similar to, but less intense
than that for average density which is shown in Figure 5.
There is also a disproportionate tendency in the 1963/64
season to form thick walled cells in the trees from the
plots thinned to 375 and 750 stems per hectare. The patterns
for the ring component with density greater than 0.7 g/cc
are similar to those set out in Figure 7.

If the ring components are considered as proportions of
the growth ring, analysis reveals that for the component
with density greater than 0.6 g/cc, the only effect of treat-
ment is that the mean for the unthinned trees during the
period 1962 to 1965 is significantly greater (5 per cent. level)
than the mean for the thinned trees. For the component
with density greater than 0.7 g/cc there is no significant ef-
fect of thinning or of thinning intensity. It is not unex-
pected that the treatments are found to have little effect
when the ring components are considered on a proportion-
ate basis as the influence of the treatments on the widths
of the separate elements, viz. “early” wood, ,late” wood and
whole ring is similar.

Inspection of Figure 1 which is the densitometric trace
pertaining to a tree from a plot thinned to 375 stems per
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hectare provides some indication of the change in ring tex-
ture as a result of thinning and fertilizer treatment. The
increase in ring width following thinning (February 1958),
and to a much more marked degree after the application of
fertilizer (September, 1961) is associated with an enhanced
responsiveness to environmental changes and is manifest
as deviations in density which are superimposed on the
main annual pattern.

Conclusions

Substantial increases in stem diameter growth rate of the
residual trees follow thinning and these increase with thin-
ning intensity. However, even with the most intense thin-
ning these responses could be augmented by treatment
with super phosphate. It would be of interest to investigate
the effect of a series of fertilizer applications to ascertain
what improved rate of growth could be economically main-
tained by this means. It is interesting to note the dispropor-
tional response to the combined treatment which was seen
in the trees from the plots thinned to 750 stems per hec-
tare, and it would be of value to confirm the reasons for
this excellent growth rate and to exploit fully the factors
involved.

Apart from the effect on average tracheid length wood
quality has not been adversely affected by the treatments.
The silght decrease in mean density would not be harmful
for most applications. Excluding the patterns associated with
the plots thinned to 375 stems per hectare the thinning
treatment has not been unduly detrimental to average
tracheid length. The abrupt decrease in length following
the application of fertilizer is the result of the related
growth rate increase. This abrupt change can be alleviated
by applying the fertilizer over a period rather than at one
time but with consequent increase in the cost of applica-
tion which could not be substantiated.

An interesting result of the work is the observation that
improvements in growth rates resulting from these treat-
ments are similar in both the early and late portions of the
growing season.
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Summary

Wood specimens from 60 trees of Pinus pinaster grown at
Gnangara plantation, Western Australia were examined.
These trees formed part of a thinning trial covering a
range of thinning intensities from 2500 (unthinned) to 250
stems per hectare. Fertilizer was applied to the trees some
31 years after thinning.

The effect on the wood of thinning and the interaction
of thinning with fertilizer treatment was investigated.
Stem diameter growth increased as a result of thinning and
was further increased following the application of ferti-
lizer. Neither treatment affected the incidence of spiral
grain. Thinning generally reduced average tracheid length
and the subsequent fertilizer treatment produced a marked
reduction in this characteristic. The effect of the two
treatments on the width of the ring components formed




in the early and the late part of the growing season was
generally similar. The average density was slightly reduced
as a result of the most intense thinning and fertilizer treat-
ment.
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Statistical Validity of Single-Tree Plot in Forest Genetics Research

By E. C. FRANKLINY)

Single-tree plots have received much attention in recent
literature, primarily because some researchers in forestry
are proving to themselves what agricultural researchers
were reporting over 40 years ago: that, because of the
large amount of environmental variability on the average
planting site, large block sizes result in poor statistical
precision (Woop and StrattoN 1910, BarcHeror and Reep
1918).

The single-tree plot permits minimum block sizes for a
given numbe~ of entries in a complete block design. How-
ever, several arguments have been advanced against the
use of single-tree plots. This discussion will center on
several questions about the use of single-tree plots raised
by Suive and Pauitey (1961) and Evans et al. (1961). My

Yy The author is Associate Plant Geneticist at the Southeastern
Forest Experiment Station, Forest Service, U.S. Department of
Agriculture, Olustee, Florida.

purpose is to show that the theoretical arguments and ex-
perimental results presented by these authors can be inter-
preted in a way which suggests that the obstacles to the
use of small-plot designs, single-tree plots in particular,
are not as serious as is generally assumed. I am not arguing
against or in favor of the use of single-tree plots, because
the choice of plot size in forest genetics research usually
involves many considerations other than those which are
purely statistical (Wricar and Frecranp 1960).

Normality and Homogeneity of Error Variation

The major points made by Suive and PAuLey concerning
plot size can be briefly summarized. In provenance and
progeny tests, error variation consists of two parts:
environmental and genetic. “Such genetic [error] variation,
especially in the case of controlled pollination, is not
necessarily distributed normally in the offspring” (SHivE
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