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ABSTRACT

Buckiey BM. Tongjit O. Poonsri R & Pumijumnong N 2001 A dendrometer band study of teak
(tectona grandis L.F.) in north Thaitand. Palaeobotanist 50(1) : 83-87.

We present results from a dendrometer band study of teak in north Thailand. We track daily
circumferential changes for three trees over nearly sixteen months from November 3. 1998 10 February 29,
2000. This period encompasscs onc complete cycle of dry and wet scasons. along with the very important
transitions {rom wet to dry (November) and from dry to wet (April). Circumlerential changes were obscrved
for all three stems: decreasing in response to the onset of drought. and increasing lollowing rain cvents,
particularly after leafout and during the wet season. Dry-season rain events also resulted in stem swelling,
when the trees were devoid ol leaves and thought to be dormant. While these dormant-scason fluctuations
can be attributed to hyvdration/dessication of the stem tissue and not cambial cell division, there appears to
be a net gain in circumlierence following a rain event in the middle of the first dry season. We thercfore
stress the importance of climate/physiology relationships even during periods of dormancy. We recognise
the need for more detailed monitoring of environmental and growth factors. to maximise our understanding
of the cffects of climate on cambial activity and radial growth. This information 1s critical for understanding
the complex relationships between climate and trec growth in these tropical forests. for which precious
little data exist.
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INTRODUCTION

HE experiment reported in this paper was

I implemented as part of FIELDWEEK 99, a training
workshop on tropical dendrochronology held in
Chiang Mai, Thailand in February, 1999. Teak (Tectona
grandis L.F.) 1s one of only three tree species from Thailand
(along with two species of Pinus) shown to have identifiable
annual growth rings that are useful for dendrochronology
(e.g., Buckley et al., 1995; D’ Arrigo et al., 1997; Pumijum-
nong et al., 1995a, b, ¢). Other studies on teak clearty demons-
trate its usefulness as a proxy for Monsoon rainfall (e.g., De
Boer, 1951; Murphy & Whetton, 1989; Pant & Borgaonkar,
1983; Jacoby & D’Arrigo, 1990, D Arrigo ef al., 1994,
Pumijumnong et al., 1995¢; Borgaonkar et al., this volume)
and as a proxy for the El Nino Southern Oscillation (ENSO)
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Fig. 1—Location of the Mae Na Forest Protection Unit (MNFPU) in north
Thailand.

phenomenon (Stahle ef al., 1998). As such, teak is arguably
the most important tropical tree species for dendroclimatic
research. certainly with regards to Monsoon Asia. A more
detailed understanding of the physiological response to
climate for this important species, throughout its entire annual
cycle, is therefore of great interest to dendroclimatologists.

Dendrometer studies have been demonstrated to provide
useful information about annual radial tree growth. with
particular relevance to the effects of precipitation on cambial
activity (e.g., Fritts, 1962; Palmer & Ogden, 1983; Worbes,
1995). We have, accordingly, begun a programme to monitor
the radial growth of teak and other proven or promising
tropical species for successive seasons, as part of a broader
baseline study for understanding tropical tree growth and
the eftects of climate.

MATERIAL AND METHODS

We installed manual band dendrometers on three teak
trees at the Mae Na Forest Protection Unit (MNFPU), about
80 km north of Chiang Mai. Thailand (Fig. 1). This remnant
stand, consisting of approximately 100 stems, survived
previous large-scale logging in the Chiang Dao area and is
currently protected from further logging and other major
disturbance. For purposes of this study these trees are
considered to be growing in a largely natural environment,
although on-site housing and groundskeeping activities
certainly exert an effect on the groundcover. No artificial
watering occurs at the site, however. so these trees are entirely
dependent on natural rainfall.

The climate of the region can be compared to that of
Chiang Mai, the general climate characteristics for which
are illustrated in Fig. 2 of Borgaonkar e al. (this volume).
The dry period north Thailand 1s from December to March



BUCKLEY ¢t al.—A DENDROMETER BAND STUDY OF TEAK 85

with nearly 90% of the annual rain falling during the May to
October Monsoon. Mean temperature remains above 20°C
throughout the year, with April and May comprising the
warmest months.

The manual band dendrometer used for this study (Fig.
2) was made by Agricultural Electronics Inc., USA, and are
comprised of metal alloy bands that encircle the tree and are
connected to a spring-loaded vernier scale. The band material
is made of Hastalloy 276, with a coefficient of thermal
expanston of 11-2 micrometers/meter/degree C. The vernier
scale registers the daily circumferential change to 0-1 mm
accuracy. Measurements must be taken manually by visually
reading the vernier scale, increasing the possibility for
measurement error. Therefore, measurements are checked
by two recorders whenever possible. For consistency, we
record band measurements at the same time each day, between
8:00 and 9:00 AM. As a further check we record stem
circumtference just below the band each day at the time of
band reading, using a forester’s tape measure. This proved
to be a valuable calibration check during times when bands
needed to be reset due to mechanical reasons.

Along with the dendrometer measurements, we record
temperature at the time of measurement, and the occurrence
or absence of rainfall during the 24 hours leading up to the
time of measurement. (We recently began measuring absolute
rainfall amount at the site on February 2, 2001, when we
installed two manual rain gauges and a max/min
thermometer). In addition to climate variables we also record
phenological phenomena (e.g.; date of flowering, and “leaf
out™) and mechanical problems (e.g.; termite activity that
results in band expansion, and stem shrinkage with drought
that extends beyond the scale of the bands). In such instances
corrections are made and the bands reset.

Fig. 2—A Gensler manual band dendrometer on a teak trec at
MNFPU

RESULTS AND DISCUSSION

The dendrometer band measurements for the period
November 3, 1998 to February 29,2000 are shown in Fig. 3. As
expected, these data clearly indicate the importance of
precipitation for radial growth activity in teak during the
monsoon months. Following each rain event, even during
the period of dormancy. we recorded circumferential increases
that were followed by decreases in stem size as conditions
dried out again. This demonstrates that active transport of
water through the stem occurs even in the absence of
photosynthetic processes, but does not imply that cambial
cell division is taking place. There ts a net gain in
circumference following a three-days rain period from January
16-18, 1999, however, right in the middle of the dry season.
After the first leaves appeared on February 27, 1999 additional
rain events resulted in further increases in circumference.
However, all three stems reached a 3 months low before May
5, 1999 when a heavy rain occurred and the trees swelled in
size once again, attaining their largest sizes of the season.

During the 1999 wet season, all three stems swelled
beyond the range of the bands on two occasions. thus the
“plateau” effect as seen in Fig. 3 (corrections were made using
daily tape measurements of circumference as noted earlier).
In contrast, a period of reduced rainfall from late June to
mid-July resulted in significant stem shrinkage in the midst
of the wet season, between the two largest growth periods.
By the end of the wet season all three trees decreased in
circumference, until receiving rain in late February. By the
end of the recorded period a net increase of approximately
10 mm can be seen from the prior year. and 1s consistent
with tape measurements of circumference (Fig. 4) that show
increases of 1-5, 1'4 and 2-2 ¢m for trees 36, 51 and 57,
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Fig. 3—Dendrometer band measurements {rom 3 teak trees at MNFPU from Nov.

-

3, 1998 to Feb. 29, 2000, The shaded area in the center of the graph

denotes the “traditional” wet season period from May through October. The arrow marks the day when the {irst leaves appeared (Feb. 27). The line
at the bottom shows daily temperaturc. The vertical black bars indicate the occurrence of rain cvents.

respectively. We also cored and measured the year 1999 growth
ring for all three trees.

Borgaonkar ez al. (this volume) demonstrate the
importance of precipitation for the MNFPU teak stand
through time. Their response function analyses show a
significant (p<0-05) positive relationship with precipitation
for November of the prior season (transitional season from
wet to dry), and also during the wet season (May to October).
Drought conditions at the stand coincide with below average
radial growth, and wetter conditions coincide with increased
radial growth over the past 87 years. The authors note that
while there is an inverse response between ring width and
temperature during the hottest month of April, this may in
fact be related to the correlation between temperature and
precipitation and not a direct response to temperature, per
se. However, Pumijumnong and Park (this volume) note a
relationship between temperature and earlywood vessel
density that suggests that more research is required to address
the possibility of temperature influencing some aspects of

Tree ID CBH Jan. 4, 1999 CBH Jan. 20, 2000
Tree 36 149-5 1510
Tree 51 , 1340 1354
Tree 57 147-8 1500

Fig. 4—Circumference at band height. in centimeters. for the three teak
trees. Measurements were laken just below the band dendrometers
with a foresters tape measure. on Jan. 4, 1999 and Jan. 20. 2000,
two periods of stem minima.

growth in teak. Prior research by Kaosa-Ard (1977; 1986)
demonstrates that temperature does have an effect on teak
seedlings. The author notes an optimum range for growth
around 30°/25°C.for day/night temperature. Temperatures
dipping below 18°C caused a cessation of growth in teak
seedlings. It is interesting to note that in the Mae Na teak
stand. the first leaves appeared on the first day following the
hottest temperature recorded during the course of this study
(36°C on February 26). Further exploration of the effects of
temperature on teak growth therefore seems warranted.

This preliminary study sheds some light on the annual
growth cycle of teak in north Thailand. For example, the
onset of shoot development and leaf out. and more importantly
cambial activity, is largely considered to be sometime in April
(e.g., Pumijumnong er al., 1995a, b). Our results show that
the first leaves can appear much earlier, in this instance late
February. and that cambial activity may. under some
circumstances, begin earlier than previously thought. We are
now incorporating other techniques into this study. most
notably cambial scarring or “pinning” methods, in order to
absolutely determine the date of first cambial cell division. It
is necessary to continue monitoring these factors over
successive seasons and to incorporate more variables into
our experimental design. We are applying this approach to
several species in multiple locations in Thailand, an exercise
we anticipate will be of immense value in future studies that
aim to utilise tree-ring parameters for modeiling past
environmental changes in the tropics.
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