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Summary &mdash; The objective of this study was to develop an effective sampling design for a planned
investigation of basic density, fibre length, fibre-wall thickness, vessel number and vessel
proportion in trial plots of 16- and 17-year-old Eucalyptus tereticornis and 17-year-old E
camaldulensis, E paniculata and E citriodora grown in Ruvu, Tanzania. The idea was to conduct
the investigation stepwise starting with a higher number of samples per tree in one stand in order to
get information about the variation within trees and between trees, and later including more stands
with a lower number of trees per stand and a lower number of samples per tree depending on the
results of the first phase and calculations of the minimum number of measurements required.
Calculations indicate that at a required precision of 5% of the mean, it is possible to reduce the
number of samples considerably. This will result in a substantial saving of time, manpower and
other costs needed for such studies.
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Résumé &mdash; Échantillonnage pour quelques propriétés du bois dans des parcelles
expérimentales de 4 espèces d’eucalyptus installées à Ruvu (Tanzanie). L’objectif de l’étude
est de proposer un plan d’échantillonnage efficace pour une recherche prévue sur l’infradensité du
bois, la longueur et l’épaisseur des parois des fibres, le nombre et la proportion de vaisseaux dans
des parcelles expérimentales d’Eucalyptus tereticornis âgées de 16 et 17 ans et d’E camaldulensis,
E paniculata et E citriodora âgées de 17 ans, installées à Ruvu, Tanzanie. L’idée directrice de
l’étude est de conduire la recherche de manière progressive en partant dans une première phase
d’un nombre élevé d’échantillons par arbre dans un peuplement, afin de connaître la variabilité
inter- et intra-arbre et en incluant dans une seconde phase les autres peuplements représentés par
des nombres plus faibles d’arbres par peuplement et d’échantillons par arbre, ces nombres étant
déterminés en fonction des résultats de la première phase et de calculs donnant les effectifs
minimum de mesures nécessaires. Les calculs indiquent que, pour un niveau de précision de 5%
sur la moyenne, il est possible de réduire de manière considérable le nombre d’échantillons à
mesurer. Des économies substantielles en matière de temps, de main d’&oelig;uvre et d’autres coûts
nécessaires pour de telles études en résulteront.
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INTRODUCTION

Every wood research worker planning an
investigation has to deal with limited
resources of time and money, so that he
will aim at an optimal utilization of his efforts
according to the economical principle. This
means achieving either a maximum of infor-
mation with given resources or a required
information in terms of quality and quantity
with minimal input, though in most cases
the possible input will be limited.

In Tanzania wood research is still very
young and collecting basic information about
the performance of exotic species includ-
ing wood quality certainly deserves a high
priority. It is conceded that many decisions
cannot be deduced, but are based on the
judgement of the research worker. In our
case this was the decision to study basic
wood properties of 4 important species of
Eucalyptus. Although the use of disks has
the advantage of getting more information,
we decided to use increment cores after

determining the possibility of using only one
or a few samples at the base of the tree in
phase 1. This was also because we were
not allowed to fell more sample trees. The
number of sites was limited by the layout of
the trial experiment to be included.

The variables that determine the mini-

mum number of measurements on the sub-

sequent levels of a sampling design are the
arithmetric mean and variance of the proper-
ties as well as the fixed precision level,
which could be different for different pur-
poses as suggested by the Forest Biology
Subcommittee 2 (1966). At the end of the
study the precision of the results achieved
should be compared with the required out-
come.

In our investigation, calculations of the
minimum number of trees for each property
to be studied and of measurements on the
finest level of the design, ie the position
within the tree, have been carried out.

Lundgren (1978) reported that a number
of hardwood species have been introduced
in Tanzania as early as during the German
rule (1891-1914). Eucalypts are among the
most important species introduced. At pre-
sent Tanzania has more than 1 600 ha of

eucalypts in plantations (Ahlbark, 1986) and
also uninventoried amounts in private farms
resulting from agroforestry programmes dur-
ing village afforestation campaigns. At pre-
sent, the wood from the eucalyptus is mainly
used as fuel wood and to some extent as

telephone, electrical and building poles for
traditional houses. In the future, it is planned
to use wood from the eucalypts for the pro-
duction of pulp and paper, furniture, for build-
ing and as fuel.

In order to find suitable Eucalyptus
species to be grown at Ruvu Forest Pro-
ject, the Forest sector of the Ministry of Nat-
ural Resources and Tourism established

trial plots of 24 provenances from 8 Euca-
lyptus species in the early 1970s. Results
from silvicultural studies indicate the supe-
riority of E tereticornis, followed by E citrio-
dora, E camaldulensis and E paniculata
(Mushi, 1978; Malimbwi, 1982). However,
investigations of wood quality of these
species have not yet been carried out. This
information is also needed to form a basis
for decisions concerning choice of species
and their proper future utilization.

The current investigation deals with basic
density and fibre dimensions among other
wood properties. These characteristics have
been chosen because they are accepted
as indicators of various timber and pulp qual-
ities (Tamolang and Wangaard, 1961; Din-
woodie, 1965).

Compared to softwoods, in which a lot
of studies on sampling have been con-
ducted, few studies on hardwoods have
been carried out, for example, by Burleyet al
(1970), Kandeel et al (1977), Ezell and
Stewart (1978) and Lewark (1987). In these
studies different numbers of samples have
been recommended, so that each research



worker must decide on the necessary num-
ber of samples according to the purpose of
the study.

In this paper we present the results of a
sampling study to investigate several wood
properties in Eucalyptus species.

MATERIALS AND METHODS

Collection of material

The sample trees of the 4 Eucalyptus species
were obtained from trial plots in Ruvu forest pro-
ject, Tanzania. The project is located in the Pwani
region (40 km west of Dar-es-Salaam, 6°32’ and
6°43’ S; 38°48’ and 39°02’ E, 75-100 m asl). For
each species the provenance with the best silvi-
cultural performance at Ruvu was used.

We planned to conduct the investigation in 2
phases. In the first phase samples were collected
from 20 E tereticornis trees. This was the maxi-
mum number of sample trees which could be
allowed by the research centre authority. In order
to select the sample trees, a survey of the diam-
eter distribution has been carried out to ensure
that the entire diameter range was represented
in the samples. The diameter ranged from 12.5
to 38.5 cm. The trees were then grouped into 4
diameter classes each with a class width of 6.5 cm.

For each diameter class, 5 trees distributed
throughout the entire diameter class were
selected. Before felling, the north side of each
selected tree was marked. After felling the total
tree height of each tree was measured. Four 5-
cm-thick disks, were cut from each tree at 1, 20,
40 and 60% of total tree height. The tree num-
ber and the north side were marked on each disk.

The disks were air-dried. After drying a 2-cm-
thick strip running from pith to bark on the north
side was cut from each disk. Later each strip was
transversely cut into 3 pieces for basic density
determination, fibre length measurements and
wood structure determination.

The sample design used in the second phase
was developed as shown in this paper. The trees
were again selected on the basis of diameter
distribution. Three increment cores from each
tree were taken at breast height for the different
properties to be studied. Laboratory work is still
under way.

Figure 1 shows the different positions at which
samples were taken from each tree and from
each increment core.

Laboratory procedure

For the determination of basic density and fibre
length in the first phase, 4 samples for each
property were taken at 4 positions, ie 1, 33, 66
and 100% from each strip. In the second phase,
4 samples were taken from each increment core
at the same relative distances from pith.

The basic density of each sample was mea-
sured using the maximum moisture content tech-
nique in both phases.

After maceration, fibre length was determined
by measuring the length of 50 unbroken fibres for
the first phase and 20 for the second from each
sample using an image analyser (Anon, 1984).

For fibre-wall thickness, vessel number and
vessel proportion determination, 4 transverse
sections (20 pm thick) were cut on a sliding micro-
tome at the same positions from each strip or
increment core. Measurements were carried out

using the image analyser.



Calculations

The necessary sample size for each property
was calculated using the procedure by Hapla and
Saborowski (1985) and Lewark (1987). Because
the width of the confidence interval for the proper-
ties studied is not defined, the common precision
level for such experimental studies was used.
This is defined as x± 5%, ie a confidence interval
with a width of 10% of the mean.

In order to calculate the precision depending
on the number of samples for each property stud-
ied, the following formula Hapla and Saborowski
(1985) was used:

d = (t.s)/&radic;n

where d = precision expressed in % of the mean;
t Student’s t-value; s = standard deviation for the
mean; n = number of samples.

Curves for the relationship between the pre-
cision and the number of samples for each proper-
ty studied were then developed. To develop the
curves for the number of samples at a position,
the arithmetric mean and standard deviation from

positions with the lowest, intermediate and high-
est coefficients of variation from 20 sample trees
from phase 1 were used to calculate precision.
This means we worked with 3 cases (favourable,
intermediate and unfavourable.

From these curves we can read the neces-

sary number of samples on one precision level
of the sample design.

RESULTS

Number of sample trees per stand

Figure 2 shows the necessary number of
sample trees required for studying different
wood properties depending on the relative
precision levels. It can be noted that at a

required precision of 5% the number of trees
needed for determination of basic density,
fibre length, fibre wall thickness, vessel num-
ber and vessel proportion is n = 7, 5, 8, 12 
and 4, respectively. This indicates that ves-
sel number is a limiting property because it

requires the highest number of sample trees
of the properties studied. It can also be

noted from this figure that a further increase
in sample size above these numbers
improves the precision just marginally and
does not justify the costs.

Number of fibres per position needed for
fibre length and fibre-wall thickness
determination

Figures 3 and 4 illustrate the relationship
between the number of fibres per position at
different relative precision levels. In these
figures it is indicated that at a precision level



of 5% the minimum number of fibres needed
for the 3 cases are:

A further increase in the number of fibres

would improve the precision only marginally.

Resulting sampling plan

Table I shows a summary of the sampling
plan as a result of calculations, decisions
and optimizations. It can be noted that for all

properties studied except for vessel pro-

Fig 4. Necessary number sample fibres
required for determination of fibre-wall
thickness at different relative precision. Cases:
fa = favourable, x = 4.015 &mu;m, s = 0.702 &mu;m;
in = intermediate, x = 3.897 &mu;m, s = 0.485 &mu;m;
un = unfavourable, x = 4.505 &mu;m, s = 0.419

pm.

portion, the number of sample trees could be
reduced to less than half of those in phase
1. A reduction of the number of sample
fibres required for the determination of fibre
length and fibre-wall thickness was also
observed.

DISCUSSION

The number of samples required in an
experiment depends on both the precision of
the statement to be made and the costs.

The costs set a practical limit to the num-
ber of samples. Statements that do not show
the required precision are, however, of lim-
ited value.

The determination of the necessary num-
ber of samples does not just aim at obtain-
ing and maintaining precise values, but also



at using them for setting a compromise
between the practical limitations and the
precision required. Therefore, for optimal
planning of the research, before beginning
the main experiment, it is important to deter-
mine the necessary number of samples at all
levels in the study. Complete information
for planning would, however, demand a cost

analysis, which is beyond the scope of this
study.

The reduction of number of samples
observed in our study, as compared to tra-
ditional studies in which more than 30 sam-

ple trees and more than 200 fibres per posi-
tion were often included, is in agreement
with the results reported by Burley et al



(1970) for Eucalyptus, and Lewark (1987)
and Huber (1992) for Fagus sylvatica. The
results from these studies, however, show
differences in the recommended number of

samples, especially for the number of fibres
per position. For basic density the numbers
are almost similar. The differences may be
attributed to differences in genetic make-
up of the trees studied, differences in the
environmental conditions under which the
trees grow and differences in the parameters
introduced into the calculation.

The use of 3 different defined cases in

calculating the necessary number of sam-
ples gives the researcher important addi-
tional information, which will enable him to
make rational decisions by taking into con-
sideration the range of variation between
the 3 cases.

The reliability of estimations of whole tree
mean values by measurements from one or
few samples at the base of the stem has
been proved by a number of researchers.
This has been done, for instance, for fibre
length by Ezell and Stewart (1978) for Liquid-
ambar styraciflua and for basic density by
Lewark (1987) for Fagus sylvatica. The
results from our own correlations between
values from the base of the tree and the
mean of 16 positions for the tree in phase 1
are in agreement with the above values.
These results justify the use of increment
cores in phase 2 of our study as shown in
the summarised sampling plan in table I.

The use of few samples and short increment
cores will result not only in minimum destruc-
tion to the standing trees, but also in sub-
stantial saving of time, manpower and other
costs required to conduct such studies.

In order to conduct correlation and

regression analyses, a higher number of
sample trees may be needed than if only
reliable average values are wanted. The
use of a higher number of samples when
single measurements do not cost much is an
advantage because it gives a statistical
safety. But if the costs are high, it is en-

couraged to take a certain risk. It is generally
conceived that the use of more replications
or more stands is more important than the
use of a single stand and more samples. It
should also be noted that a higher precision
may be needed if the purpose of the sam-

pling is to assess wood properties of indi-
vidual trees to be used in seed orchards,
breeding programmes or to establish pat-
terns of variation.

One leading idea in revealing the devel-
opment of the sampling design chosen was
that this study may serve as a model for
future wood property studies in Tanzania
where the required large-scale studies can
be conducted satisfactorily using samples
at breast height. But local suitability trials
must be performed if such studies are to be
conducted on different species or the same
species in different areas.
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