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VESSEL CHRONOLOGIES FROM TEAK IN NORTHERN THAILAND
AND THEIR CLIMATIC SIGNAL

by
Nathsuda Pumijumnong! & Won-Kyu Park?

SUMMARY

Five teak trees in northern Thailand were selected for the study of ves-
sels in terms of dendroclimatology. The tree rings were divided into
earlywood and latewood, and four parameters (average vessel area, aver-
age vessel diameter, average conductive area, and vessel density) were
measured by automatic image analysis technique to obtain 50-year
(1947-1996) time series. Two questions were addressed: 1) How strong-
ly are the vessel characteristics related to climate and 2) are these rela-
tionships different from those of ring widths? All vessel parameters of
the total ring and of the earlywood were negatively correlated with
precipitation during the transitional period between the dry and the wet
season. The latewood vessel parameters, however, are negatively cor-
related with June temperature. The climatic signals of the vessel param-
eters and of the tree-ring width are different from each other.
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INTRODUCTION

Tree-ring width is traditionally used to establish relationships between tree growth
and climate (Fritts 1976). In the early 1970s, it has been shown that maximum latewood
density of subalpine conifer species is more sensitive to temperature than tree-ring
width (Schweingruber 1982). Later, image analysis technique provided a new ap-
proach to use the anatomical structure of the wood for dendroclimatology (Wood-
cock 1989; Park 1990; Sass 1993).

Anatomical variables have been exploited for dendroecology and dendrocli-
matology quite early (Eckstein et al. 1977). Eckstein and Frisse (1982) found that the
vessel area of oak, a ring-porous species, has a stronger relationship with climate,
particularly with rainfall, than tree-ring width. Sass and Eckstein (1992, 1995) showed
the same for the diffuse-porous species Fagus sylvatica L. Woodcock (1989) studied
the ring-porous species Quercus macrocarpa Michx., Q. rubra L. and Fraxinus penn-
sylvanica L. for various variables such as diameter of the largest vessels, total con-
ductive area, and vessel density. She concluded that the vessel density in the latewood
is appropriate for precipitation reconstruction. However, no studies have dealt with
the vessels of tropical and subtropical trees.
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Teak (Tectona grandis L.) is a dominant tree species in subtropical forests. Its
anatomy varies from ring-porous to semi-ring-porous (Gottwald & Parameswaran
1980). Tree-ring width of teak has already been tested for its dendroclimatic poten-
tial: Thailand (Pumijumnong 1995), Indonesia (Murphy & Whetton 1989; Jacoby &
D’ Arrigo 1990; Palmer & Murphy 1993) and India (Pant & Borgaonkar 1983; Bhat-
tacharyya et al. 1992; Wood 1996). In Thailand the precipitation from April to July
and the temperature during May to July were reconstructed back to 1870 (Pumijumnong
et al. 1995a,b).

OBIJECTIVES

We investigated the vessels of teak in northern Thailand using image analysis. Two
major questions are addressed: 1) How strongly are the vessel characteristics related
with climatic variables? 2) Are these relationships different from those of ring widths?

STUDY AREA AND SAMPLE SITE

Teak is the best known, most universally used and most valuable tree species in Thai-
land since centuries. It flourishes in Mixed deciduous forests in alluvial flats and on
moist slopes. Tree species associated with teak in the upper canopy are Xylia kerrii,
Lagerstroemia calyculata, Afzelia xylocarpa, and Pterocarpus macrocarpus and in
the lower layer Gmelia arborea and Vitex peduncularis; bamboo is very common as
undergrowth.

The study area, Maehongson 4 SN 7
Province, is located in the north-
ern mountainous region (Fig. 1)
close to Myanmar and the south-
western part of China between
18°-20° N and 99°-100° E. The i\

sampling site is in Pay Wildlife | -/* \\: N
Sanctuary on a moderate slope [ ¢
(20%) at 600-700 m above sea 1’
level. TN

Instrumental records for rain-

fall are available from 1911 to )
1996, for temperature only from g
1951 to 1996. The latter period '/
was used for the analysis. The /1

data have been collected by a me-
teorological station in the Muang
District, Maehongson Province,

30 km distant from the study site.

@ Study site
O Meteorological station

Fig. 1. Map of Thailand and study area. X A\
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MATERIAL AND METHODS

Two cores each from thirty teak trees of a cylindrical and straight bole without exter-
nal damage were extracted for tree-ring width analysis, and out of them five trees, i.e.
ten cores, were selected for vessel measurements.

Each core was mounted in a grooved wooden stick with waterproof glue. To re-
duce the difficulty in surfacing, the samples were boiled for 2 hours in water. Then the
samples were cut with a sharp surgical blade to get a large and smooth surface. After
drying, chalk was applied to fill the vessels and enhance the contrast between the
pores and the background tissue.

The tree-ring widths were measured to the nearest 0.01 mm under a binocular
microscope with a linear stage (Velmex) interfaced with a computer. The TSAP pro-
gram (Rinn 1989) was used to plot the series for visual cross-dating. False and miss-
ing rings could be detected and corrected on a light table. The cross-dating was sub-
sequently checked with the COFECHA program (Holmes 1983).

For the vessel measurements an image analysis system (Image-Pro Plus, Media
Cybernetic L.P. 1994) of an IBM-compatible computer, a Video digitizer, and a high-
resolution microscope was used.

The cores on the microscope stage were illuminated by ring light. The image of
each tree ring was converted to a gray-scale with values from 0-255. An upper and a
lower gray-level threshold were chosen to distinguish the vessels from the background
tissue; they were 130 and 255, respectively. The video signals from the camera con-
verted the image into digital signals by a digitizer. The graphic painting program
Paintshop 4.1 removed unwanted objects such as ray cells and cracks and corrected
the image until the vessels and the background showed sufficient contrast.

Four variables from each earlywood, latewood, and total tree ring were measured.
These variables were average vessel area and diameter, average conductive area, and
vessel density. The conductive area was calculated by the fourth power of the area.
The vessel density represents the number of vessels per unit area. All measurements
were done for 50 tree rings from 1947 to 1996. The chronologies of the vessel param-
eters were worked by the same methods of detrending and filtering as known from
ring-width analysis.

RESULTS AND DISCUSSION

Climate signal of tree-ring width

A tree-ring width chronology from thirty teak trees has been produced. The
autocorrelation and mean sensitivity were 0.72 and 0.3 1, respectively. A positive cor-
relation was found with rainfall from May to July; however, there was no significant
correlation between tree-ring width and temperature (Fig. 2E). This climate/growth
relationship was basically the same as previously found for a wide range of sites
throughout northern Thailand (Pumijumnong 1995).

Climate signal of vessel parameters

The various vessel parameters over the total tree ring showed some differences in
their responses to climate. Altogether, most of them correlated positively with tem-
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Fig. 2. Climate-growth relationships of anatomical variables over the total ring [A-D] and of
the tree-ring width [E] for the period 1947-1996; bars represent correlation coefficients, with
significant values in dark-grey.
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Fig. 3. Climate-growth relationships of earlywood vessel parameters for the period 1947-
1996; bars represent simple correlation coefficients, with significant values in dark-grey.

perature in current April and May and negatively with current March and April rain-
fall (Fig. 2A-D).

All vessel parameters of the earlywood did not show any significant correlation

with temperature (Fig. 3). But most of them were negatively correlated with current
April rainfall and positively correlated with current May rainfall. The vessel density
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Fig. 4. Earlywood vessel chronologies; for the abbreviations see Table 1.

showed a negative correlation with current August rainfall. As an example, the time
series of vessel area and diameter as well as of the conductive area and vessel density
are given in Figure 4.

The latewood vessel parameters, except vessel density, were negatively correlated
with temperature, particularly in current June (Fig. 5). However, a positive correla-
tion with temperature was found for vessel density, particularly in current April and
May. The relationship with rainfall was rather weak.
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Fig. 5. Climate-growth relationships of latewood vessel parameters for the period 1947-1996;
bars represent simple correlation coefficients, with significant values in dark-grey.

The autocorrelations and mean sensitivities of all vessel parameters and of the
tree-ring width are given in Table 1. The autocorrelation of the tree-ring width is the
highest whereas all other time series, except the vessel density time series, are nearly
without any autocorrelation. As regards the mean sensitivities, the vessel diameter
time series have the lowest values. The conductive areas show even higher values
than tree-ring widths with a maximum of 0.54.
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Tablel. Autocorrelation and mean sensitivity of the chronologies (standard version) of
vessels and of tree-ring width.

Variables Auto- | Mean
corre- | sensi-
lation | tivity
Earlywood | EWAREA | 0.10 0.21 EWAREA = Earlywood vessel area
EWDIA 0.06 0.13 EWDIA = Earlywood vessel diameter
EWD4 0.13 0.38 EWD4 = Earlywood conductive area
EWDD 0.29 0.34 EWDD = Earlywood vessel density
Latewood | LWAREA | 0.14 0.27 LWAREA = Latewood vessel density
LWDIA 0.14 0.19 LWDIA = Latewood vessel diameter
LWD4 0.14 0.54 LWD4 = Latewood conductive area
LWDD 0.46 0.40 LWDD = Latewood vessel density
Total ring | TWAREA | 0.18 0.18 TWAREA = Total ring vessel area
TWDIA 0.20 0.13 TWDIA = Total ring vessel diameter
TWD4 0.17 0.33 TWD4 = Total ring conductive area
TWDD 0.55 0.39 TWDD = Total ring vessel density
Ring width | RW 0.72 0.31 RW = Ring width

Tree-ring width and vessel parameters

The correlation among the vessel parameters and between these parameters and
tree-ring width is summarized in Table 2. Similar results and trends were found by
Woodcock (1989) for other ring-porous tree species.

CONCLUSION

The climate signals of the vessel parameters, although statistically significant, are not
easy to be physiologically explained. In any case they are different from those of tree-
ring width. Warm and dry conditions from March to April (May) generally favour the
formation of large vessels over the whole growing season. Whereas the earlywood
vessels are more controlled by moisture availability, the size of the latewood vessels
is more dependent on cool summer conditions. Altogether the results are promising to
stimulate more such studies of tropical or subtropical tree species.
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