Project Record No. 2588

SOME EFFECTS OF FERTILISER
LEVELS ON WOOD DENSITY
by

G.D. Young and M.F. Skinner

Report 52 October 1990

Confidential to Participants of the New Zealand Forest Nutrition Cooperative Research Programme. This
material is unpublished and most not be cited as a literature reference.



EXECUTIVE SUMMARY

Using an X-ray densitometer wood samples from three sites in the Nelson region were
examined for effects of boron deficiency on wood properties.

Any effects of lack of boron on one site were masked by phosphorus deficiency resulting
in abnormally high latewood percentage and therefore high wood density.

On a second site where boron was known to be deficient but where nitrogen and
phosphorus had been applied wood density appeared "normal”. On the same site from
a plot where boron was also added any effects were again masked by sample trees having
extremely low levels of density and latewood percentage.

These results although inconclusive suggest that a more formal examination should be
undertaken, with more trees examined per treatment, to achieve an understanding of the
effects of this mineral element.



SOME EFFECTS OF FERTILISER- LEVELS ON WOOD DENSITY.

INTRODUCTION

There have been many examinations of the effect of soil
mineral deficiency and fertiliser addition to the wood
properties of radiata pine and these have been carried out over
the last 30 years or so coverlng a range of sites throughout
the country. Most have investigated the effects of added
nltrogen and phosphorus. The summary of Cown (1977) succinctly
describes the findings over the previous 25 years.

"Trees growing under conditions of nutrient
deficiency exhibit slow radial growth and wood
properties different from those found in healthy crops
in the same reglon. Characteristically, the wood has
narrower growth rings, a greater amount of latewood,
longer tracheids and higher wood density than would
otherwise be expected. ...

The addition of fertilisers can often result in
dramatic increases in radial growth with associated
modification of wood properties; the most important
being a reduction in latewood percentage and hence a
decrease of up to 10 or 15% in wood densxty ..

There is no evidence to suggest that different
nutrients have a different influence on wood structure,
the rate of growth itself being the important factor.

It is important to bear in mind that
post-treatment wood properties, although often
51gn1f1cantly different from pre-treatment levels, are
usually similar to those in nearby healthy stands and
thus do not represent a real loss in quality. ..."

The trials have generally examined the effects of nltrogen
and phosphorus applications, or these two in combination with
boron, so specific details for the effect of boron alone are
not available.

As some limited funding was available through the National
Forest Fertilising Cooperative recent studies have been
undertaken, at the Forest Research Institute, to examine some



of the effects of boron treatment u51ng samples from the
Canterbury area. These preliminary investigations indicated
that there may be some differences -in cellular structure
between treated and untreated trees (Adya Singh and Andrew Tan
pers. comm.) .

In general these finding have been that in unfertilised
stands growth rings are 1ndlst1nct earlywood cells appear
smaller and more variable in size, that there may be less
lignin in the cell walls (indicated by toluidine blue
staining), that some cell corners have cavities and finally
that tracheid lengths are shorter.

Due to the limited number of samples available it was not
possible to show properties to be statistically different
between treatments, nevertheless there were some indications
that further work might be appropriate.

Availability of further samples from the Nelson area
provided the opportunity for some further brief investigations
of wood density.

MATERTAT, AND METHODS

From discs prov1ded for microscopic assessment of the
effects of fertiliser levels on wood structure, pith to bark
samples were removed for densitometric analysis. From each of
three sites (Table 1) two discs were prov1ded each being
sampled from separate trees at breast height (1.4m).

Preparation of samples involved using a band saw to remove
a 10mm square section from bark to pith on each disc. These
samples were then conditioned over a period of six weeks to an
equilibrium moisture content of 10%. Using an FRI designed and
built saw (Harris & Hiscock, 1976) samples were further reduced
to 2mm radlally by 5Smm longltudlnally These small strips were
then refluxed in heated methanol for 72 hours to remove all
resin present, followed by a further two weeks of conditioning
to regain 10% e.m.c.

The FRI direct scanning densitometer system has been well
described by Cown and Clement (1983) but in brief is as
follows. gge 2mm thick sample is passed between a radioactive
source (Fe in this case) and a scintillation counter. The
variation in particle count over a set time represents
absorption of the partlcles by the wood which varies depending
on wood density. Using a series of custom designed computer
programs the data are manipulated to produce information on a
wide variety of parameters. Of special interest to this study
were whole ring, earlywood and latewood mean densities, and
latewood percentage.



RESULTS AND DISCUSSION

For each of the stands examined the full results shown in
Appendices I, II and III were obtained and from these the
average results in Tables 2-4 were calculated. Included in
these data are details of the tree growth and wood density
values by year of formation. Tree growth measurements include
individual ring widths and the latewood/earlywood components of
those rings, a cumulative measure of inside bark radius, the
cross sectional area represented by each ring at breast height
and cross sectional area as a cumulative measure. These data
show how poor the growth rate was, and what a high percentage
of latewood was produced in the samples from Waiwhero forest,
and also that for the two plots from Motueka forest, Plot 7 had
slightly better growth rate but also had a much lower latewood
percentage than plot 26.

Latewood percentage has a marked effect on average wood
density which can also be seen in detail in the density data
presented. For each site the individual results for whole ring
density, latewood mean density and earlywood mean density are
shown in Figures 1-3. 1In each graph, the lines showing the
trends from pith to bark for each of these parameters, are
consistent with the very general trend for radiata pine.
However there are widely different levels of results within
these broad trends.

To enable comparison with an "average" example for radiata
pine Figure 4 has been presented. For the first ten years of
growth these data should represent Nelson radiata pine well.

In the national radiata pine wood properties survey, reported
by Cown and M®Conchie (1983a), radiata wood density was found
to be related to mean annual temperature. This enabled areas
of the country to be classified into three broad groupings of
those producing wood with low, medium and high density. The
general Nelson region i§ designated high density, (outerwood at
age 25 years > 475 kg/m”), hence the comparison here is also
with other high density sites.

Typically, as shown in this graph, mean ging density
begins around 330 kg/m°, climbing to 400_kg/m” at about ring 6
and by ring 10 i§ approximately 450 kg/m3. Earlngod begins at
roughly 310 kg/m” and only increases by 30-40 kg/m”. Lgtewood
ranges from initial levels around 420 kg/m3 to 520 kg/m° at ten
rings.



In Figure 1, which shows the data for Walwhero forest, the
curve for mean whole ring density beglns at a "normal" level
for radiata pine, however the density increase with increasing
ring number from the pith is much greater than would be
expected. By the sixth rlng density is approx1mately 530 kg/m
and levels off at this higher level. There are similar
differences between the earlywood and latewood levels and those
shown in Figure 4. The probable reason for these anomalies is
in the title for Figure 1; Phosphorus deficiency. As early as
1963 Orman and Harris described a drop in basic density levels
in radiata pine follow1ng phosphate appllcatlon to phosphorus
deficient sites in North Auckland3 In a similar study in 1966
Harris recorded a drop of 80 kg/m” in basic density between 5
rings before and 5 growth rings following phosphorus addition.
It should be pointed out that wood formed prior to treatment
was "abnormal" so the drop in density was 51mply to return the
wood to something like expected levels on a site with normal
phosphorus levels available.

As this study was to make a prellmlnary investigation of
the effects of boron on wood properties, namely density, the
inclusion of this 51te as perhaps representing medium boron
levels has resulted in very little value other than providing a
further example of the effects of phosphorus. Any relevant
information as to the effect of the boron has been well and
truly masked by this over-riding effect.

Figure 2, provides an example of a control, (low foliar B;
Table 1), plot of radiata pine planted in Motueka forest in
1978, using climbing select seed (NN76/10; ex Golden Downs
Cpts. 95 and 106), as part of a fertiliser trial (NN518). The
addition of nitrogen and phosphorus in 1983 is marked on the
graph and is followed by only a slight drop in density for the
following year. Again this 1s an expected result and has been
well documented by Cown and MSConchie (1981) . The important
point to note from Flgure 2 1s that the three lines closely
approximate the "typical" lines in Figure 4. 1In other words
the low foliar B status does not appear to adversely affect
wood density examined at this level (although this does not
discount the possibility of some changes at the microscopic
level).

The dlfference in smoothness between this graph and that
in Figure 4 is simply a matter of numbers of samples. Figure 2
represents two trees hence some unevenness in the general
pattern, whereas Figure 4 represents something in the order of
90 samples from a range of sites. Considering these
differences the lines are surprisingly close. Taklng the mean
whole rlng values as examples they_begin at very similar
den51t1es, both cross the 400 kg/m” level at similar ages and
at t§n rings from the pith the "typical" line ended at 450
kg/m? and the test trees having mean levels of about 430
kg/m”. In other words the control is a near perfect example of
the norm.



Examination of the data in Figure 3 comes as rather a
shock then. With the addltlon of boron to the fertiliser
application in 1983 there is a slightly greater drop in density
than for the control, although with so few trees this may or
may not be SLgnlflcant But the over-riding difference between
these two figures is that the overall den51ty levels in Plot 7
are extremely low. Latewood density is quite 51m11ar to the
control values but both earlywood means and whole ring mean
densities are some of the lowest that the authors have ever
encountered in radiata plne The den51ty levels are low before
the addition of any fertiliser so it can not be attributed to
that source.

Factors affecting density can also be due to seed source
or site. Although both the control and this plot were from the
same seed source it is not inconceivable that two seedlings
arising from a single abnormally low den51ty parent may have
been unfortunately sampled. Density variation_within stands of
12-year-old trees can be greater than 100 kg/m3 (Cown and
MC€conchie; 1983b) so although unlikely, this is possible.

The second cause of variation, that of site, is also a
likely source of the anomaly. Trial NN518 has been sited
straddling a ridge. Unfortunately, although the two plots
sampled here were adjacent, they were on opposite sides of this
ridge (Doug Graham pers. comm.). Obviously many factors could
then be contributing to the influence on density levels.
Prevailing winds, direction of sunshine and even hours of
sunshine could all contribute to micro-climate effects on
temperature, and soil fertility and types may also be different
on each side of the ridge top.

Figure 5 shows latewood percentage for each of the three
study sites. Latewood percentage has a high bearlng on mean
whole ring density levels and examination of this diagram can
help in further understanding the wide range in results found.
Again the line for Motueka Plot 26 (Control) can be taken as
relatively normal levels. The high density of the phosphorus
deficient site can be largely attributed to the very high '
levels of latewood (also often associated with extremely poor
growth rate) whereas the '"balsa wood producing" plot 7 at
Motueka has extremely low levels of latewood which combined
with the extremely low density earlywood resulted in the
overall abnormally low density described.

CONCLUSIONS

It is not always easy to obtain appropriate samples, at
short notice, for an investigation such as this one and
inconclusive results can eventuate as was the case here. As a
preliminary investigation of the effects of boron deficiency on



wood density of radiata pine this trial raised more questions
than it answered. It did show that these techniques are a
valid system for this type of investigation, as, for example,
in the way the fertiliser addition was recorded in the density
profiles in Figures 2 and 3.

From the small sample representlng trees with low foliar B
it appears that the basic density levels are "normal" for
radiata pine grown in this area. More samples would be
required to confirm this observation as would be necessary to
discern why samples from plot 7 Motueka forest are so low in
density.

As the effect on wood properties of boron addition has not
been answered by this brief study it would seem appropriate to
plan a non-destructive sampling (breast helght 5mm diameter
increment cores) of 10 to 15 trees per site and to include
similar sites with and without the addition of boron to
determine the effect of this element.
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i Table 1. Sample Tree Details.

Waiwhero Forest, Compartment 60.

Green Total

DBH Crown Height
- (mm) (m) (m)
§ Tree 1 134 2.0 9.5
Lo Tree 2 100 0.8 7.4

Motueka Forest, Compartment 58, Trial NN518.

ﬁm Planted 1878. Nitrogen & phosphorus fertiliser trial
[ established September 1983 and a base dressing of boron
fertiliser applied at 8 kg/ha.

1. Plot 26.
1984 B level 7 ppm
1986 " 11 ppm
1587 " " S ppm
Green Total
DBH Crown Height
(mm) (m) (m)
Tree 1 203 2.3 20.0
Tree 2 215 4.2 18.4

2. Plot 7. Boron applied 1983.

1984 B level 34 ppm
1986 " " 38 ppm
1987 " " 19 ppm
Green Total
DBH Crown Height
(mm) (m) (m)
Tree 1 241 2.9 17.3

Tree 2 214 5.2 20.0
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