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AN ELECTRONIC AUXANOMETER FOR FIELD USE

JYRKI HARI, MARKKU KANNINEN and PERTTI HARI

SELOSTE:

SAHKOINEN PAKSUUSKASVUMITTARI MAASTOKAYTTOON

Saapunut toimitukselle 1978-11-03

This paper describes the design and functioning of an electronic auxanometer designed for
field use, and some results obtained with it. The changes in stem radius are monitored with a
micrometer screw turned by an electric motor. A potentiometer transforms the position of the
screw into an electronic signal, which is recorded. The accuracy of the device is app. 1—2 um.
Field experiments with the auxanometer are described and discussed. The accuracy of the device
was found to be sufficient for measuring hourly changes in stem radius.

INTRODUCTION

Intensive studies on the effect of envi-
ronmental factors on daily diameter growth
have been carried out recently (e.g. FrITTS
and Fritts 1955, KozLowskl and WINGET
1964, Huikarl and Paarvanti 1967, LEeI-
KorAa 1969, OpiNn 1972, WorraL 1973).
Various types of devices have been used
in the studies mentioned above. The
development of diameter growth meters is
widely described by Leikora (1969). The
most common type of meter is called au-
Xanometer or auxanograph (Leikora 1969).
The auxanograph is attached to the stem
and the changes in stem radius are
registered on paper. This method is fre-
quently used in diameter growth studies
(e.g. Frirts and Fritrs 1955, K0OZLOWSKI
and WiNGET 1964, Leikora 1969). More
recently various types of electronic device
have been developed for measuring daily

changes in radius (e.g. OpiN and OPENSHAW
1971, KLEPPER et al. 1971, SHERIFF 1976).

The diurnal variation of certain factors
(e.g. the temperature and water status of
the stem) affects diameter growth. In
order to describe accurately the stem
radius response to changes in environmental
factors, radial growth changes occurring
within a few hours or less have to be detected
(e.g. GALLAGHER el al. 1976). This makes it
necessary to introduce highly sensitive
methods for monitoring these rapid changes
at least to an accuracy of 10 um (e.g. OpIN
and OPENSHAW 1971, GALLAGER et al. 1976).

This paper describes the construction of
an electronic auxanometer capable of mea-
suring hourly changes in stem radius, and
field experiments carried out with the
instrument. Some results of growth anal-
ysis are also presented.



CONSTRUCTION OF THE AUXANOMETER

The operation principle of the meter is to
follow by means of a micrometer screw the
radial movements of a piece of metal fixed
on the bark of a tree stem. The screw and
the plate act as a capacitor, the capacitance
of which depends on the distance between
the plate and the screw. The micrometer
screw is turned by an electric motor so that
the capacity between the metal plate and
the micrometer screw remains inside preset
capacity limits. A potentiometer fixed on
the same axis as the screw transforms the
position of the screw into an electric signal,
which is then recorded by a strip chart
recorder (see Fig. 1). One revolution of
the screw corresponds 200 um. The reso-
lution of the meter is 1—2 um.

The small metal plate is fixed to the
bark of the tree with glue. The screw,
motor and potentiometer are attached to
a hook lying above them, and to two nails
one on each side, in such a way that the
distance between the fixation points and
the measuring point is as small as possible.
The effect of shrinkage is thus minimized.

Ja
A
I

OSCIL-
LATOR

——4 MOTOR [— RELAY

| > HorH >

I 10V REF
|
I
[ CHART
RECORDER
POTENTIO-
METER

Figure 1. Schemntic diagram of the auxanometer.
Solid line: Operation current. Dashed line:
Control signal.

FIELD EXPERIMENT AND RESULTS

The measuring system was tested at the
ecological experiment station near the Uni-
versity Forestry Station at Hyytidld (61°
50’N, 24°20’E, 150 m a.s.l.) in summer
1975.  27-year-old Scots pines (Pinus
sylvestris L.) were used in the experiment.
The mean diameter of the trees was 10.6
cm and the mean height 9 meters. Three
auxanometers were used in the experiment
and they were attached to the stem ata
height of four meters.

The measurements were started in May
at the beginning of the growing season
and continued throughout the whole grow-
ing season, ending in August. The primary
data for changes in stem radius was col-
lected using a chart recorder (model Hon-
eywell Versaprint 231). The measurements
were carried out continuously and the
readings were recorded every two minutes
(see Fig. 2).

Figure 2. Chart rec-
order reading of the
auxanometers 1,2,

and 3 during the
period June 11—13,
1975.
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The readings from the chart recorder
were read once an hour. In the first step
the changes in stem radius were computed
over the time interval of two hours (see
Fig. 3). For further analysis the daily
growth values were also computed. In
the first step the rate of change in stem
radius within a two hour period was found
to be closely correlated with temperature.

A time lag of about six hours was found
between changes in temperature and their
effect on changes in radius. The biggest
change in stem radius occurs in late after-
noon or early evening. When transpiration
is fast the stem shrinks owing to water loss
from xylem cells. This generates additional
variance in the growth data.

The dependence of daily radial growth
on environmental factors and on self reg-
ulation of the tree is analysed with a model
analogous to that presentend by HARI et al.
(1977) for daily height increment. In the
model the daily amount of growth is ex-
plained by temperature and the inherent
growth rhythm. Results from the analysis
are presented in Fig. 4.
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DISCUSSION

Attachment of the instrument to the
stem appeared to be satisfactory. The
measuring shaft follows the movement of
the plate without touching it and therefore
does not press the stem during the mea-
surements. The error due to thermal
expansion of the auxanometer was not
estimated, but only very small if any vari-
ation in the data was found to be due to
thermal expansion. Technical functioning
of the instrument appeared to be satis-
factory. No data was recorded on 10 out
of 102 days due to some problem in the
measuring system. The accuracy of the
device (app. 1—2 um) was found to be
enough for measuring hourly changes in
the stem radius.

Setting the device at a height of four
meters raised the accuracy of the mea-
surements. The width of the annual rings
at this height were found to be 1.5 times
greater than that at breast height. The
diurnal growth pattern has been, however,
observed to be similar in all parts of the
stem (Kozrowskr and WINGET 1964, Hul-
KARI and PAARLAHTI 1967, LEIKoLA 1969).
It can be seen from Fig. 3 that there is
a close relationship between changes in the
stem radius and air temperature. A time
lag of about six hours was observed in the
effect of temperature on growth. This is in
agreement with earlier results concerning
the effect of temperature on shoot growth
(e.g. HErTZ 1929, Mork 1941, Har1 1976).

The water potential in the stem wvaries
at different times of the day due to changes
in the transpiration flow (e.g. KozLowskI
and WINGET 1964, LeikorLa 1969, AHTI

1973, MirscHERLICH 1975). During the
late evening and night the stem is filled
with water thus causing the stem to swell.
At noon and in the afternoon the diameter
of the stem decreases due to the water loss
from the cells in transpiration. These
hydrostatic changes cause inaccuracies in
the monitoring of growth (Leikora 1969).
In order to obtain accurate information
about cambial growth, intensive studies on
water status in the stem and on the course of
transpiration flow are required.

Daily radial growth seems to be mainly
controlled by temperature and the inherent
growth rhythm. The model based on the
assumption that temperature is the only
environmental factor causing wvariation in
radial growth rate explained 60 per cent
of the observed variance. After periods of
heavy rainfall poor correlation was found
between measured and calculated values
(see Fig. 4). This is probably due to hydro-
static changes in the stem, as already
mentioned above.

Measuring accuracy of greater than 10
um is needed for measuring short-term
changes in stem radius (see e.g. OpiN and
OPENSHAW 1971, GALLAGER ef al. 1976,
SHERIFF 1976). The instrument described
above satisfied the criteria of accuracy. It
also appeared to work satisfactorily in the
field although the technical design of the
measuring system cannot be regarded as
being complete. In further studies the
main attention should be paid to the water
status of the tree in order to eliminate the
disturbing effect of bydrostatic changes
in the growth data.
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SELOSTE:

SAHKOINEN PAKSUUSKASVUMITTARI MAASTOKAYTTOON

Artikkelissa esitelliin maastokdyttoon suunni-
teltu siahkoinen paksuuskasvumittari sekd erditd
silli saatuja mittaustuloksia. Puun sdteen muu-
toksia seurataan sihkomoottorilla toimivalla mik-
rometrilli. Potentiometri muuntaa mikrometrin

asennossa tapahtuneet muutokset sihkoiseks:
signaaliksi, joka rekisterdidaan piirturille. Lait-
teen mittaustarkkuus on noin 1—2 xm Tami
tarkkuus havaittiin riittavdksi haluttaessa mitata
puun sidteen tunneittaisia muutoksia.
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