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ABSTRACT

This study investigated the relationships between the cambial activity of the two native
pines (P. merkusii and P. kesiya) and climatic factors. The experiment was conducted in Baw
Keaw Silvicultural Research Station and Nong Kra Ting Pine Production Area with tree
samples collected from March 2000, to February 2001. They were divided into 3 age groups,
namely (1) a young age group; (2) a middle age group; and (3) an old age group. Sample
specimens composed of bark, cambial zone and parts of wood were collected. The specimens
were sectioned with a sliding microtome.

Results revealed that the cambial activity of both species was similar. Their activity was
active around 6 months during the rainy season (May to October) but dormant during the dry
season (November to April). In P. merkusii, the maximum number of cambial layers in the
middle and old age groups were in September, while in P. kesiya the maximum number in the
young and middle age groups were in October and August, respectively. In both species, the
number of cambial layers varied with the age, being more numerous in the younger age
groups especially in the active season, but the number remaining the same in the dormant
period. Most samples of both species experienced earlywood formation from May until July,
whereas latewood formation continued from August to October.

The correlations between cambial activity and climatic factors revealed that soil moisture
was the most critical factor affecting cambial activity in P. merkusii, while temperature and
soil moisture were the two most important factors in P. kesiya. In P. merkusii, the cambial
activity showed a positively significant correlation at P<0.05 with soil moisture only in the
middle age group. In P. kesiya, the young age group, however, had significant correlation
coefficients with both soil moisture at P<0.01 (0.79) and monthly minimum temperature at
P<0.05 (0.67). In the middle age group, the cambial activity was significantly correlated with
monthly maximum temperature at P<0.01 (-0.70), monthly minimum temperature at <0.05
(0.65) and soil moisture at P<0.05 (0.67). Multiple regression analysis indicated that the
cambial activity of P. kesiya was considerably more dependent on climatic factors than was
that of P. merkusii.

KEY WORDS : SEASONAL VARIATION / CAMBIAL ACTIVITY / Pinus merkusii
/ Pinus kesiya /| CLIMATIC FACTORS
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CHAPTER I
INTRODUCTION

Over the past three decades, Thailand’s forest has been destroyed drastically and
is continuously decreased. It has declined steadily from 27.36 million hectares or
about 53.33 percent of the country area in 1961, to only 13.67 million hectares or
26.64 percent in 1991. Thereafter, the latest survey from 1998 shows that only 12.97
million hectare of forest areas still remain, accounting for approximately 25.28 percent
of the whole country (1). The important factors such as population increase and the
past national economic policies that encouraged forestry management primarily for
logging and the lack of appropriate forestry management measures have resulted in the
overuse and misuse of forest resources. These activities and developments have caused

a rapid and tremendous loss of forest area (2).

According to the National Forestry Policy 1985, (3) it proposed a target of
maintaining 40 percent of the country area as forest area. However it needs to increase
the forest plantation all over the country in order to turn the depleted forest to be the
green area again in the near future. The fast-growing trees (4) have been promoted for
these purposes. There are various tree species being planted such as Acacia spp.,

Eucalyptus spp., Tectona grandis, and including Pinus spp.

The two indigenous pines of Thailand, Pinus merkusii and P. kesiya have been
planted on a rather large scale, mostly in the northern part. The main purposes are
improvement the watershed area and provision the raw material for pulp and paper

industries (4).
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In the plantation, knowledge of tree growth is very important. Pine growth can
be differed depending on environmental factors such as climate condition, rainfall,
temperature, adaphic factor and phenological events as well as depending on cambial
activity. When the cells in the cambium divide, the trunk, branches, twig, and roots all
growth thickener. On the contrary, when the cell in the cambium is dormancy, the
growth is slow down (5). To understand the pine growth, knowledge of cambial

activity is, therefore, essential.

In Thailand, however, the studies of seasonal variation on cambial activity are
scarce, especially concerning tropical pines. This research aims to further investigate
cambial activity of P. merkusii and P. kesiya growing in Northern Thailand in relation
to climatic factors, mainly focusing on monthly temperature, total monthly rainfall and
soil moisture. The information available might help to better understand its influences
on tree growth process. This understanding is an important basic knowledge for
reforestation development. There are prerequisite for the timing of plantation measures
and dendrochronological research. Furthermore, it is also important to promote the

further forest management and conservation of natural resources.

1.1 Objective

1) To investigate the seasonal variation on cambial activity of P. merkusii and
P. kesiya.

2) To investigate the relationship between cambial activity of P. merkusii and P.
kesiya and climatic factors, mainly on total monthly rainfall, monthly maximum
temperature, monthly minimum temperature, monthly average temperature and soil

moisture.
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1.2 Scope of Study

This investigation explores the relation of seasonal variation on cambial activity
of two native pines, P. merkusii and P. kesiya, and climatic factors namely total
monthly rainfall, monthly maximum temperature, monthly minimum temperature,
monthly average temperature and soil moisture. The study was conducted in Baw
Keaw Sivilcutural Research Station and Nong Kra Ting Pine Production Area in

Chiangmai Province, in Northern Thailand.

The sample specimens were taken from tree samples for cambial activity
determination. The data of cambial layers were analyzed with the climatic factors
recorded at the study sites. The study was undertaken during March 2000 to February
2001.

1.3 Hypothesis

1) The climatic factors namely total monthly rainfall, monthly maximum
temperature, monthly minimum temperature, monthly average temperature and soil
moisture may affect cambial activity of P. merkusii and P. kesiya.

2) The seasonal variation on cambial activity may vary between the two natives

pine species, P. merkusii and P. kesiya.

1.4 Advantage

1) The knowledge available from this investigation can help to understand the
seasonal variation of the two native pine species.
2) The results available might help to better understand the growth process of

pine and their environment.
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3) The knowledge available from this investigation can help to understand the
pine ecology.

4) The knowledge available from this investigation enables to develop the
plantation and forest management especially on the two native pines of Thailand.

5) This knowledge can be integrated with further ecological researches

particularly dendrochronological researches.
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CHAPTER 11
LITERATURE REVIEWS

2.1 Description of the Study Site

To understand effects of climatic factors on cambial activity of pines,
appropriate site selection is critical in order to gain cambial activity analysis

successfully. Site should be avoid from much of human activity.

The study site was divided into two major areas. There were consisted of Baw
Kaew Silvicultural Research Station and Nong Kra Ting Pine Production Area (Figure
2.1), both of which were influenced by monsoon. The original forest of both sites are
pine mixed dry dipterocarp forest where pine is commonly seen in associaton with
other native hardwoods, including Shorea obtusa, Dipterocarpus tuberculatus, D.
obtusifolius, Phyllanthus emblica, etc. The undergrowths in this area are Imperata

cylindrica, Cycas siamensis, ground orchids, and others (6,7,8).

2.1.1 Baw Keaw Silvicultural Research Station

Baw Kaew Silvicultural Research Station (7) is located on Baw Laung,
Hod District, Chiangmai Province, beside the highway linking between Chiangmai
and Mae Sa Riang Road at kilometers 36 (Figure 2.1). There is located at about 18 08
°N latitude and 98 23°E longitude. The elevation is 1,100 A MSL. The soil presented
in this area was classified red yellow podzolic group and gray podzolic. There has

medium depth with pH between 4.5-5.5, and well drainage.
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2.1.2 Nong Kra Ting Pine Production Area

Nong Kra Ting Pine Production Area (8) is located on Omkoi District,
Chiangmai Province, beside the highway No.1099 linking between Ban-Kil-Lom and
Omkoi Road at kilometers 23-24 (Figure 2.1). There is located at 17 55 °- 18 00°N
latitude and 98 20° - 98 25 °E longitude. The elevation is between 900 — 1,200 A
MSL.

The great soil group in this area (8) is the reddish brown lateritic soil
with the soil depth between 100-150 cm. Soil texture is sandy loam or loam over clay,
and loam to clay with pH between 6.0-7.0. The top soil contain of organic matters 3.5
-4.5%, phosphorous 3-6 ppm, potassium 120 ppm and cation exchange capacity 15-20
meg/100 g of soil. The average annual rainfall of the study site was 1,000-1,400 mm
per year. The average minimum temperature per year was 4 °C, while the average

maximum temperature was 40 °C per year.

2.2 Pine in Thailand

In Thailand, there has one genus of Pinaceae and only two species in nature:
Pinus merkusii and P. kesiya. There was confined to the mountain ranges of north,
northwest, northeast and some part of central of Thailand. Pine tree stands are growing
in association with other tree species. At higher elevation, it occurs naturally in small
patches and grows mixed with other trees in mixed deciduous forest, dry dipterocarp

forest or hill evergreen forest.
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1) Pinus merkusii Jungh. & de Vriese

Young tree is pyramidal crown. Spreading or rounded crown when it

will be a mature. Bark is grayish brown to blackish brown color. Leave is thick and

deeply fissured leaves composed of two needles in fascicle. Cone is solitary or in the

pairs, which woody scales. Seeds compose with a well-developed wing (4). The

characteristic of male and female cone of P. merkusii are shown in Figure 2.2.

Botanical name:

Family:
Common names:

Ecology:

Pinus merkusii Jungh. & de Vriese (including P.
merkusiana Cooling et Gaussen)

Pinaceae

Son Song Bai, Merkus pine, Tenasserim pine.
Growing in the dry deciduous dipterocarp forest
and lower montane forest at 50-1,300 m above

mean sea level.

2) Pinus kesiya Royle ex Gordon de Vriese

Young tree shape is pyramidal crown. Rounded crown when it will be a

completed mature. Bark is rectangular cracked and has pinkies brown color. It has

three needle leaves in fascicle (4). The characteristic of male and female cone of P.

kesiya are shown in Figure 2.3.

Botanical name:
Family:
Common names:

Ecology:

Pinus kesiya Royle ex Gordon de Vriese
Pinaceae

Son Sam Bai or Son Pluag Bang.
Growing in the lower montane forest at

1,000-1,600 m above mean sea level.
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Figure 2.2 The characteristic of male(A) and female cone(B) of Pinus merkusii.

Figure 2.3 The characteristic of male(C) and female cone(D) of Pinus kesiya.
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2.3 Cambium as a Conceptual View

The vascular cambium (9) is popularly known as the cambium. The cambial
zone normally consists of an unbroken cylinder of meristematic cells arranged in

radial files that extend into mature secondary tissues. Figure 2.4 are shown the

diagram of a cambium portion in the stem.
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Figure 2.4 A transverse section showing a portion of stem of Pinus merkusii

composing of phloem, cambial zone and xylem, x 625.

Dividing cells on the outer side of the cambial zone (9) form phloem mother
cells, while those on the inner side form xylem mother cells (Table 2.1). The transition

in the cell type and activity through the cambial zone is gradual. In most conifers and

dicots (10), cambium remains active lifelong.
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Table 2.1 Schematic of the cambium and its derivatives (9).

Tissue Characteristic Events
SECONDARY PHLOEM Mature tissue
DIFFERENTIATING PHLOEM CELLS Limited cell division, cell

enlargement and
secondary-wall
deposition, protoplasmic

specialization
PHLOEM MOTHER Usually periclinal cell
CELLS division
CAMBIUM OR Periclinal as well as
CAMBIAL ZONE R — anticlinal cell devision
XYLEM MOTHER CELLS | Usually periclinal cell
division; rarely anticlinal

Limited cell division, cell
enlargement and
DIFFERENTIATING XYLEM CELLS secondary-wall
deposition, death of
protoplasm, etc.
SECONDARY XYLEM Mature tissue.

2.4 Seasonal Changes in Cambial Activity

The cambium becomes first active in buds and its activity proceeds
downwards. When the cambium becomes active, the rate of cell production by cell
division is faster than the rate of differentiation of new derivatives (9). As a result, the
cambial zone becomes wider. With the beginning of differentiation, a balance is
established and the width of cambial zone remains more or less constant. When the

rate of division decreases and differentiation, the cambial zone becomes narrow.

In active phase, the cambial cells is hydration and swelling. The wall of
cambial cells become thinner. The primary pit-fields are drawn further apart and
nuclei lose their cambium. The walls of dormant cambial cells are more relatively

thickener than those in the cells of the active cambium. Although in both the radial
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walls are thicken than the tangential ones. In this state, the cells contain many small
vacuoles, large amounts of tannins, protein bodies and/or lipid droplets. The ER
(endoplasmic reticulum) is mainly smooth. In the active phase, there is usually one
large central vacuole, the ER is rough and mitochondria and microtubules are more
numerous. Results are variable for changes in starch content in the cambial zone

during the year.

Cambial activity is not uniform throughout the active period. This is reflected
in the differentiating xylem and phloem (10). The heterogeneity in the elements
produced in the xylem during each period of activity is responsible for the

demarcation of growth rings, which are not always annual.

2.5 Factors Influencing Cambial Activity

Cambial activity (11) is affected by a variety of factors both internal and
external the plant. These include hereditary constitution, physiological processes, and
environmental factors. They form a complex of interrelated influences, and thus the
effects of any one factor are often very difficult to assess. Growth pattern, like other
characters, is the product of the interaction of genes and environment, and will vary

only within genetically fixed limits of tolerance.
2.5.1 Internal Factors
2.5.1.1 Hormones and Enzymes
Hormones and enzymes play an important role in the
initialization and maintenance of growth and cell differentiation processes. In

conjunction with varying environmental factors, the hormones work as regulators of

all physiological processes (12).
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2.5.1.2 Age of Tree

Harting (13) concluded from his data that tracheids in the inner
growth rings of P. sylvestris trees were short because they were derived from young
cambial initials that had recently divided anticlinally. On the contrary, tracheids in the
outer growth rings were longer because they were derived from cambial initials that
divided less frequently. The age effect was examined in greater detail in stem of
Chamaecyparis by Bannan MW (14). In young stem, the frequency of anticlinal
divisions was greater than in old stems. Losses of cambial initials due to cell
elimination were also smaller in the young stems so the new initials were added to the

cambium at the faster rate.

2.5.1.3 Phenological Phenomena

The cambial activity of the tree species appears to relate to their
phenological events (15,16). Killmann W and Thong H L (17) suggested that most tree
in seasonal tropical climates shown periodically recurring intervals of rest, which are
reflected in dormancy of cambium and the leaf-fall behavior. The observation of
single trees over a period of several years (18) showed that leaf fall behavior in the
tropics is correlated with the occurrence of dry season, even if periods of low

precipitation may appear unpredictably throughout the year.

2.5.2 External Factors

2.5.2.1 Rainfall

Rainfall and cambium growth (11) are often closely correlated.
Growth curves more often show a relationship to rainfall than to any other single
factor. In region of high precipitation, the sequences of tree-ring width vary only
slightly, but those with maximum amount of late wood vary considerably. In region of

minimal precipitation, the tree-ring sequence is extremely variable (19).
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2.5.2.2 Soil Moisture

Soil moisture is often limiting for radial growth towards the end
of the season. This effect may be intensified by high summer temperature which
increase the transpiration rate. Studies of radial growth in trees growing on sites with
different amounts of soil moisture have shown that radial growth begins sooner and
finishes later when the soil is moist and well drained than when it is either dry or very
wet. On very wet soil, cambial activity may be limited. Because the soil is poorly
aerated and the roots are unable to function properly (20,21). Period of drought may
bring about the temporary cessation of cambial activity and the formation of false
rings (22,23,24,25). The effect of drought depends, however, on soil conditions and

the structure of the root system.

In new xylem derivation, the rapid production is always
associated with optimum soil moisture level. Cell numbers, cell size, and cell wall
thickness are the anatomical characteristics of xylem tissue most of greatly influenced

by water stress (26).

2.5.2.3 Soil Dept

The soil dept determines the pattern of growth because the
topsoil layer contains minerals and nutrients to give high fertility. The roots may be
also to grow downward to the limit of soil dept. The thickness of the top soil layer

controls the plant roots, especially if the sub soil is not suitable for root growth (27).

2.5.2.4 Temperature

Temperature is most important as a limiting factor for cambial
activity in high latitudes, at high altitudes, and at the beginning of the growing season
in temperate regions. It affects cambial activity directly and also indirectly through its
influence on other activities in the plant and on other environmental factors. In

temperate regions, temperature is the environmental factor of which usually
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determines the time of reaction of the cambium and its level of activity during the
early part of the season (28,29,30,31,32,33). During the growing season cambial
activity and temperature may show a positive correlation if water is not limiting
(20,22,23). High temperatures sometimes show an inverse correlation with radial

growth because they increase the transpiration rate.

2.5.2.5 Light

Light intensity is an important factor in radial growth when it
affects the rate of photosynthesis. Fritts (20) found a correlation between radial growth
and percentage of possible sunshine on the preceding day. There was probably due to
the effect of light on photosynthesis and the delay between the production of food and

its arrival in the cambium of the trunk.

2.5.2.6 Topography and Other Factors

Cambial activity (34,35,36) is indirectly influenced by factors
such as topography, altitude, and latitude, which modify environmental conditions.
Topography modifies rainfall, temperature, and light intensity, gives rise to differences
in soil properties, and affects run-off, drainage, and erosion. Latitude affects light
intensity, temperature, and moisture. The period of cambial activity may be shifted in

time and reduced in length. Tree rings may become narrower with increasing altitude.

2.6 Relevant Researches

2.6.1 Cambial Activity Researches on Tropical Trees

There are a few investigations on cambial growth of tropical trees. Rao
KS and Rajput KS (37) examined the seasonal behavior of vascular cambium in teak
growing in Western India for one annual cycle. They suggested that the seasonal

anatomical changes associated with cambium closely followed by the phenology of
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the tree and local climatic condition. The seasonal variation of the vascular cambium
of teak in Brazil was examined by Tomazallo M and Cardoso NS (38) by utilizing the
cambium block. It represented a clear relationship between cambial activity, growth
ring characteristics and phenological behavior of teak trees with local climatic

condition.

In order to assess the cambial activity of the different West African tree
species, Mariaux A (39) wounded the cambial with the application of ‘Mariaux’ s
window’ over several years. He also measured the diameter increment with the help of
dendrometers. Geiger (40) studied cambial growth in Southeast Asian tree species
(Tectona grandis). Sass U, Eckstien D and Killman W (41) examined the growth
periodicity of Malaysian Dipterocarp by using the wounding cambium technique
marked every two months during a four- year period. The result was no evident
relation between the dynamics of radial growth and seasonality in rainfall. They
suggested that their problems occurred due to the particular cambium-marking
technique used in the study, the generally small increment, and the variability of
cambial activity around the stem circumference. Worbes M (42) summarized that
cambial dormancy and annual rings in tropical trees in Amazon were induced by
annually occurring dry periods or flooding. The growth periodicity was indicated by
the leaf fall behavior and was connected with an annual periodicity of shoot

elongation.

2.6.2 Cambial Activity Researches on Conifer

Cambial growth of conifer in central Korea was investigated by Lee J,
Jo MH and Park WK (43) by collected cambial blocks of P. densiflora, P. rigida and
Larix leptolepis. The result of division in cambial zone was revealed that to be related
with temperature and precipitation. Temperature and precipitation of the early period
of growth were mostly sensitive to the growth of cells and appears to be the most
important as well as the increasing of the temperature and water evaporation in the late
period of growth. Kwon YR et al. (44) applied the phytogram system for the

electrochemical monitoring of cambial activities of conifers in Warak Mountain,
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Korea. They examined in parallel with the environmental factors. The results showed
that the environmental factors firstly by temperature and secondly by rainfall were
influenced the radial growth. The radial growth was ended due to the low level of light
intensity. In addition, Oribe Y and Kubo T (45) examined the effect of heat on winter
cambial dormancy in evergreen and deciduous conifers in Japan. They suggested that
in evergreen conifers, heat directly trigger the breaking of cambial dormancy, whereas
in deciduous species other factors besides heat might be responsible for cambial
reactivation. These researches suggested that processes of tree growth particularly on
cambial activity were influenced by local climatic factors namely temperature,

precipitation and soil moisture.

2.6.3 Researches in Thailand

In Thailand, however, studies on the effect of environmental variations
on the structure and activity of cambial are scarce, especially concerning pine species.
For other species, Pumijumnong N (46) investigated the seasonal cambial activity of
teak trees (Tectona grandis L.) in Northern Thailand. She took cambial blocks from
thirty living teak trees every two-week during one year. Two hundred eighty-eight
living teak trees were also taken for dendrochronology. The result indicated that most
of teak in Northern Thailand, the cambium was active around the second week in
April until the first week in May. Simultaneously with the beginning of rainy season,
the cambial activity continued active until the end of rainy seasons (October). These
results indicated that precipitation in April, May, June and July was strongly correlated
to teak tree-ring width. In addition, Nobuchi T et al. (47) who examined the seasonal
changes of wood formation and some characteristic of heartwood formation in teak
plantation. They showed that trees started budding in May. There was the beginning of
rainy season that the soil moisture was higher. The result revealed that wood formation
started after the budding and continued to do so until the end of rainy season. By these
researches, it revealed that the beginning and ending of growth rhythms of teak trees

in Thailand has strongly related to climate condition and their phenology.
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Ingcachaichote C (15) who examined the seasonal variation of cambial
activity in branches of Pterocarpus macrocarpus Kurz, S. roxburghii G. Don and D.
intricatus Dyer growing in Northeastern Thailand during January to December 1980.
The results showed that the cambial activity increased during March to May in P.
macrocarpus, during April to August in S. roxburghii and during April to November
in D. intricatus. Similar to Maravichai R (16) who investigated the seasonal variation
on cambial activity of S. obtusa, Pentacme suavis and Xylia kerrii. The results
revealed that the degrees of variation were depended on the species. They suggested
that the cambial activity of the tree species appears to relate to their phenologic events.
The activity was initiated by the new leaf formation and gradually increased with the
degree of leaf development. After leaf maturity, the cambial activity of each species
gradually declined. The investigation of the seasonal characteristics of wood formation
in Hopea odorata and S. henryana in Eastern Thailand were examined by Nobuchi T,
Ogata Y and Siripatanadilok S (48) by utilizing the pinning method. The information
of growth process available from the cambial initials at the time of pinning revealed
that the radial increment of both species progressed actively in rainy season and
decreased in dry season. The information from cambial growth revealed the closed
correlation between seasonal change and phenological events on growth period of

trees, although the degrees of variation were depended on the tree species.

Kunsipalo J and Sirikul W (49) investigated the natural regeneration
dynamics of P. merkusii in Northern Thailand. They suggested that successful natural
regeneration require a 4-6 years period with out fire. Within this period, the seedling
have developed into the grass stage and are better protected against seasonal drought
and groundfires. Tourchob W (50) studied on the variation of morphological
characteristic and the growth of annual ring. There was aimed the effect of certain
climatic factors on P. kesiya. It was done in provenance trials at Huay Bong
Silvicultural Research Station, Chiangmai Province. The result indicated the strong
negative correlation between the ring width and, the average minimum temperature
and the maximum temperature. She suggested that annual rainfall and maximum
temperature were minor factors influencing the ring growth. Buckley B M et al. (51)

investigated on dendrochronology of both P. merkusii and P. kesiya in Thung Salaeng
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Luang and Nam Nao National Parks. The result represented the significance between
climate and tree growth. The result showed the direct relationship with temperature at
the beginning of the wet season for P. merkusii, along with an inverse relationship
with precipitation for the same period. It was also suggested that the month of
November (the transitional month from wet to dry season) during the year of growth
was most important for P. kesiya, both temperature and precipitation were revealed
direct relationships. Doungsathaporn K (52) examined the effect of climatic factors
and thinning on the growth of P. kesiya by utilizing increment boring of annual rings
in plantation compared with a natural trees that nearby. The result showed that, rainfall
was found to have effects on the growth of P. kesiya, but temperatures had no
statistical relationship on tree growth. By the comparative between plantation and
nature trees, he also found that rainfall and temperatures were significantly related to

the annual-ring width before thinning and increased in natural trees.

From several reports have shown, it reveals that tree growth particularly on
cambial activity of individual tree species were influenced by surrounding factors
mainly precipitation, temperature, soil moisture and characteristic of phenological

events as well. However, the degree of variation was depended on tree species.
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CHAPTER 111
METHODOLOGY

3.1 Samples Selection

The study was carried out with two pine species; Pinus merkusii and P. kesiya
from two natural sites in Northern Thailand. Tree samples were taken from selected
living trees that have a cylindrical and straight bole without damages. The tree samples
of P. merkusii were taken from Baw Keaw Silvicultural Research Station while those
of P. kesiya were taken from Nong Kra Ting Pine Production Area (Figure 3.1 and
3.2). The tree age was observed by tree ring analysis. The tree samples were divided
into 3 age groups; namely (1) >30 to 60 years old, (2) >60 to 90 years old and (3) >90
years old. In this study, the 3 sample groups were referred as the young age group, the

middle age group and the old age group.

For P. merkusii, there were only the middle (the Pm1, Pm2 and Pm3 samples)
and old (the Pm4, Pm5 and Pm6 samples) age groups available. The sample specimens
were taken from 3 trees of each age group (Table 3.1). For P. kesiya, there were only
the young (the Pkl, Pk2, Pk3 and Pk4 samples) and middle (the Pk5, Pk6, Pk7 and
Pk8 samples) age groups available. The sample specimens were taken from 4 trees of

each age group also (Table 3.1).
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Figure 3.1 Overview of the vegetation at Baw Keaw Silvicultural Research Station,

Chiangmai Province.

Figure 3.2 Overview of the vegetation at Nong Kra Ting Pine Production Area,

Chiangmai Province.
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Table 3.1 The type and site of Pinus merkusii and Pinus kesiya samples.

The Sample Age Groups

Young Age Group Middle Age Group Old Age Group
Site (>30 to 60 years) (>60 to 90 years) (> 90 years)
Pine Species | Sample | Pine Species | Sample | Pine Species | Sample
P. merkusii Pml P. merkusii Pm4
BK - - P. merkusii Pm?2 P. merkusii PmS5
P. merkusii Pm3 P. merkusii Pm6
P. kesiya Pk1 P. kesiya Pk5
NK P. kesiya Pk2 P. kesiya Pk6 - -
P. kesiya Pk3 P. kesiya Pk7
P. kesiya Pk4 P. kesiya Pk8

Note: BK - Baw Keaw Silvicultural Research Station
NK - Nong Kra Ting Pine Production Area

3.2 Field Samples Collection

The sample specimens composing of bark, cambial zone and parts of wood
tissues liked a window were taken from main trunk at breath height (1.30 m). Two
specimens were taken at the opposite side, north and south direction of the same tree.
The specimens measuring about 2 x 2 cm were taken off by using chisel. The similar
specimens were taken monthly on the same tree during March 2000 to February 2001

(Figure 3.3A and B).

3.3 Killing and Fixing the Specimens

Fixation of the specimens is the first step and important in specimen
preparation (53). After the samples were taken from the trunk, they were fixed in 3%
glutaraldehyde. To killing and fixing the tissues completely, the process must be done

as quickly as possible. It is generally carried out at room temperature. The adequate
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time required to fix a specimen is generally from 24-48 hours (53). After these
processes, the specimens must be thoroughly washed in water to remove all remaining

chemicals before the embedding process.

Figure 3.3 The samples collecting from main trunk (A) and the position where the
samples were taken each month (B) from March 2000 to February 2001.

3.4 Infiltration and Embedding with PEG 4000

In this study, The polyethylene glycol 4000 (PEG 4000), a water soluble wax,
was used for embedding the specimens (54). It replaced and slowly eliminated the

water in the specimens.
The steps of infiltration and embedding process are as follow (55):
Step 1 Place the specimens into 1:1 of PEG/H,0 incubate in an oven at about

60 °C for 3 to 6 hours. The time depends on the elimination of water

from the tissue.
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Step 2 Place the specimens, by using forceps, into 2:1 of PEG/H,0O solution
for 3 to 6 hours or until the impregnation is complete.

Step 3 Place the specimens into pure molten PEG for a day or longer, and
finally transfer the specimens into fresh pure molten PEG, for a week

or the infiltration is complete. Make a block and left it cooled.

3.5 Sectioning

After embedding process, the specimens were cut by using a sliding microtome
about 20-30 microns thick. The cutting sections were then placed on a damp filter
paper, to prevent the excess. The sections were floated freely on the filter paper placed

on a petridish (54).
3.6 Staining the Specimens

In this study, Safranin and Fast Green (53) were used for staining process.
Safranin and Fast Green is a standard method for general plant material especially
meristematic tissue, distinguish among chromatin, spindles, the lignified and cellulose

portion of cell wall (55,56,57).

3.6.1 Solution Preparing

- Safranin 1 % Safranin 0
Safranin 0, C.I. 50240 l g
Distilled water 100 ml

- Fast Green 0.2% Fast Green FGF
Fast Green FGF, C.I. 42053 0.2 mg
95% Ethanol 100 ml



Fac.of Grad.Studies,Mahidol Univ. M.Sc. (Tec.Env.Pla for Ru.Dev.) / 25

3.6.2 Staining Procedure

Step 1 Transfer the dewaxed specimens into 1% Safranin solution for
10-20 seconds or longer so that the specimens is over stained.

Step 2 Rinse the stained specimens in water and dehydrated in alcohol
solution rapidly from 10%, 20%, 30%, 40%, 50%, 70% until
95% alcohol solution.

Step 3 Place the specimens into 0.2% Fast Green solution for few
seconds or the specimens is over stained.

Step 4 Wash off the excess Fast Green with 95% alcohol rapidly

Step 5 Transfer the specimens into absolute alcohol for 1 or 2 times to
dehydrate the specimens.

Step 6 Remove the alcohol by rinsing the specimens with xylene for 2
minutes. Repeat the rinse with fresh xylene for another 2

minutes. The specimens are now ready for mounting (55,57).

3.7 Cambial Activity Observation

The terms cambium and cambial zone (37) were used to include ray and
fusiform cambial initials and their immediate derivatives (mother cells) between the
xylem and phloem. Cambial activity of pine was determined by counting the numbers
of undifferentiated cambial cell layers between the mature xylem and phloem in
transverse section. The data of the cambial layers in north and south direction were
pooled as the difference between the data taken from the north and the south directions

was not statistical significance (TableA-1-4, Appendix A).

The measurements of cambial layers, were done under the light microscope.
The undifferentiated cambial layers; the narrow rectangular cell shape, were counted.
Earlywood and latewood formations were observed by anatomical characteristic of
xylem. To find the position of undifferentiated cambial cell layers, was started from

the low resolution of objective lens and changed to high resolution of objective lens.
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The undifferentiated cambial initials composed of similar shape and size were
counted. For each sample, measurements of cambial cell layers were done randomly

on thirty microscopic fields.

3.8 Investigation of Climatic Factors

3.8.1 Measurement of Soil Moisture Content
In this study, the gravimetric soil water content method (58) were used
to measure the soil moisture. This method is simplest measurement that represented by
Theta (9).

Soil moisture content equation (59)

Om = Fresh soil weight — Oven dried soil weight x 100

Oven dried soil weight
Where: Om — Soil moisture content (%)

To determine the soil moisture content affecting pine roots, the soil
samples were taken at 30 cm depth from each site. They were determined by
weighting the wet soil sample and drying the collected soil sample at 100-110 "C and
reweigh. The soil moisture contents were investigated seasonally. The results were

expressed by percentage of moisture based on the dry weight of soil (56,58,60).
3.8.2 Meteorological Data

Data on monthly maximum temperature, monthly minimum
temperature, monthly average temperature and total monthly rainfall were available
from two sites, Huay Bong Silvicultural Research Station and Nong Kra Ting Pine

Production Area (Figure 2.1, Chapterll). The meteorological data available from Huay
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Bong Silvicultural Research Station, about 5 km from Baw Keaw Silvicultural
Research Station was used for analysis the P. merkusii samples as there was no
climatic data available at the study site. The meteorological data from Nong Kra Ting
Pine production Area was used for analysis the P. kesiya samples (Table B-1-2,

Appendix B).

3.9 Data Analysis

To evaluate the relationship between cambial activity of pine trees and climatic
factors, the simple correlation coefficients and multiple linear regression by Pearson
method were analyzed the degree of relation (61,62). These statistics were computed
by SAS program. The number of cell layers in cambial zone was a dependent variable,
while the set of climatic factors, namely monthly maximum temperature, monthly
minimum temperature, average temperature, total monthly rainfall and soil moisture
content were used as the independent variables. The combination of these two
statistics generally provides a relationship between growth and climatic factors. The

formulas in mathematical terms as a function of the data values are given as follow:

1) The simple correlation coefficient r; the correlation coefficient is a measure

of the degree of closeness of the linear relationship between variables

r =(XY)*X*Y *n
SX*Sy 1'1-1

Denote the averages by X and Y and the standard deviations by Sx and Sy.
Denote the average of the products X1*Y1, X2*Y2,... ,Xn*Yn by (XY). The

correlation coefficient is always a number between -1 and 1.
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2) The multiple linear regression is performed by the equation:

Where;

Y =b, + b1 X1+ by Xy ...+ by X, (62)

Y

Xi
X
X3

Number of cell layers in cambial zone
Monthly maximum temperature
Monthly minimum temperature
Monthly average temperature

Total monthly rainfall

Soil moisture content

Constant values
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CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Cambial Zone Structure

The anatomical structure of cambial zone of Pinus merkusii and P. kesiya were
analyzed on transversal and longitudinal sections. The results revealed that the cambial
zone is flanked by current year xylem and phloem elements. They are primary wall
and narrow rectangular shape with slightly end walls. The arrangement of cells in
vascular cambium of both pines as seen in tangential section are nonstoried or non —
stratisfied with vertically elongated fusiform cambial cells and horizontally ray
cambial cells. The fusiform cambial cells partially overlap one another. The ray initials
are smaller cells (63). They are uniseriated ray and biseriated ray (fusiform ray)

(Figure 4.1).

The cambial cells during dormancy, the radial walls of fusiform cambial cells
were thick but thin in active season. The xylem and phloem tissues, which resulted

from periclinal divisions of the cambial cells, were also clearly visible.
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Tangeritial Sedion Fadial Section

Cross Section

Cross Nection

Figure 4.1 The anatomical structure of cambial zone of Pinus merkusii, x625;

A : nonstoried fusiform cambial cells, uniseriated ray (1) and fusiform ray

(2), B : cambial cells in radial section, C : dormant cambial cells in April
and D : reactive cambial cells in May.
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4.2 Cambial Activity

4.2.1 Cambial Activity of Pinus merkusii Jungh. & de Vriese

The middle age group: Table 4.1 are shown the number of cambial
layers, average cambial layers of total samples and standard deviation of the middle
age group of P. merkusii. The field sampling was started in March 2000, there was the
dry season in Thailand. The cambial zone of all samples was still dormant in March
and April (Figure 4.2A-B). The Pm1, Pm2 and Pm3 samples were consisted of 6.60,
5.90 and 6.47 cell layers in March, and consisted of 5.97, 6.77 and 5.20 cell layers in
April, respectively.

Table 4.1 The seasonal variation of the cambial layers in the middle age group of

Pinus merkusii during March 2000 to February 2001.

Cambial layers
Months Season Pl P Pm3 Average SD
March 6.60 5.90 6.47 6.32 0.372
April Dry SE i 6.77 520" 5.98° 0.783
May 7.17 7.63 6.60 7.13 0.518
June 9.20 7.35 7.07 7.87 1.158
July 8.63 8.83 8.47 8.64 0.184
August Wet 8.67 7.80 8.50 8.32 0.460
September 10.03" | 10.03 | 10537 | 1020 | 0.289
October 8.50 | 10.637 | 8.87 9.33 1.141
November 9.13 6.83 7.43 7.80 1.193
December Dry 7.27 7.53 7.03 7.28 0.250
January 707 | 5700 | 6.93 6.57 0.754
February 7.37 7.43 5.80 6.87 0.924

* - minimum cambial layers

** - maximum cambial layers
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In May, the cambial activity was restarted in parallel with the beginning
of rainy season in Thailand. By the periclinal division, the cambial initial together with
their immediate derivatives formed the cambial zone. The cambial zone increased in
division from April to May (Figure 4.2B-C). The Pml, Pm2 and Pm3 samples
increased about 12.7 to 26.9 % of cell layers in cambial zone from April to May
(Table 4.1). Thereafter the cambial zone of all samples gradually increased and formed
a wide cambial zone. The maximum peak was in the end of rainy season. The Pm1 and
Pm3 samples reached a peak in September. The maximum cell layers of cambial zone
were 10.03 and 10.53 cell layers, respectively. The Pm2 sample reached a maximum

peak in October with10.63 cell layers.

The cambial activity of all samples gradually declined to the dormant
state in dry season. The Pml sample had still remained a differentiation state in
November before became to the dormant period in December. The Pm2 and Pm3
samples were dormant since November. In dormant period, the cambial zone was

narrowed and consisted with thick walled cambial cells (Figure 4.21-L).

Considering the number of cambial layers of this age group, the Pml
and Pm2 samples had the minimum cell layers in April 2000, were 5.97 and 5.20 cell
layers respectively. On the contrary, the Pm3 sample had the minimum cambial layers
(5.70 cell layers) in January 2001. Overall, the samples showed the minimum cambial
layers in dry season regardless of different months. The difference could be due to

internal variation of individual trees (51).
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Figure 4.2 The transverse sections of the middle age group of Pinus merkusii

showing seasonal cambial activity during March 2000 to

February 2001, x625.
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Figure 4.2 The transverse sections of the middle age group of Pinus merkusii

showing seasonal cambial activity during March 2000 to

February 2001, x625 (conts).
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The old age group: Table 4.2 represented the number of cambial
layers, average cambial layers of total samples and standard deviation of the old age
group of P. merkusii. The results showed that the cambial zone of all samples was still
dormant in March and April (Figure 4.3A-B). The Pm4, Pm5 and Pm6 samples were
consisted of 6.63, 6.28 and 5.77 cell layers in March and were consisted of 5.57, 6.07
and 4.70 cell layers in April, respectively (Table 4.2).

Table 4.2 The seasonal variation of the cambial layers in the old age group of

Pinus merkusii during March 2000 to February 2001.

Cambial Layers
Months Season Pd Pm5 Pm6 Average SD
March 6.63 6.28 5.77 6.23 0.436
April Py TS57 [ 607 | 270 | 544 0.692
May 6.00 6.97 5.97 6.31 0.568
June 7.10 6.90 5.77 6.59 0.719
July 72 3 6.20 6.88 0.479
August & 6.80 7/ 6.17 6.71 0.413
September Q2T (7 73T % | 490 0.386
October 7.13 6.70 7.00 6.94 0.181
November 8.13 7.00 6.73 7.29 0.607
December Dry 284 6.97 6.70 7.01 0.274
January 7.17 6.93 5.70 6.60 0.644
February 6.70 7.00 5.03 6.24 0.865

* - minimum cambial layers

** - maximum cambial layers

In May, the cambial activity of the old age samples was started
simultaneously with the beginning of the rainy season. As a result of the periclinal
division, they increased in division of cambial layers from April to May (Figure 4.3B-
C). From April to May, all samples increased about 7.7 to 27.0 % of cell layers in

cambial zone (Table 4.2). The cambial zone of all samples gradually increased to
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reach a maximum peak in September. The maximum cambial layers of the Pm4, Pm5

and Pm6 samples were 8.27, 8.07 and 7.37 cell layers, respectively.

The transition period from wet season to dry season is also important.
The cambial activity of all samples gradually declined to 7.13, 6.70 and 7.00 cell
layers in October, respectively. By the anatomical feature, the cambial activity of all
samples in this age group became to the rest period in dry season. The Pm4 sample
had remained a differentiated state in November before rested in December. The Pm5
and Pm6 samples had rested since November. In dormant period, the cambial zone
was narrowed. The Pm4, Pm5 and Pm6 samples showed the minimum cambial layers
in April, were 5.57, 6.07 and 4.70 cell layers, respectively. Similar to the middle age
group also, the old age group showed a minimum cambial layers in dry season. It
indicates that the cambial zone has a low activity in the dry season (Table 4.2 and

Figure4.31-L).

By the number of cambial layers, the cambial activity of the middle age group
was being more numerous in cambial initials especially in active season than the old

age group but they were similar in dormant phase in dry season.
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Figure 4.3 The transverse sections of the old age group of Pinus merkusii showing

seasonal cambial activity during March 2000 to February 2001, x625.
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4.2.2 Cambial Activity of Pinus kesiya Royle ex Gordon

The young age group: Table 4.3 shows the statistics of the young age
groups of P. kesiya including the number of cambial layers, average cambial layers of
total samples and standard deviation. The field samplings were started in March 2000
where there was dry season in Thailand. The results showed that the cambial zone of
all samples was still dormant in March and April (Figure 4.4A-B). The Pkl1, Pk2, Pk3
and Pk4 samples were consisted of 6.50, 6.43, 6.70 and 5.67 cell layers in and
consisted of 5.90, 6.43, 5.37 and 6.23 cell layers in April, respectively.

Table 4.3 The seasonal variation of the cambial layers in the young age group of

Pinus kesiya during March 2000 to February 2001.

Cambial Layers
Months | Season Pkl P2 Pk3 Pk Average SD
March 6.50 | 6.43* | 6.70 5.67* 6.32 0.453
April Dry B0~ 13 ) B TR 6.23 5.98%* 0.464
May 7.57 | 7.70 7.47 7.87 7.65 0.172
June 7.80 | 7.73 7.83 8.17 7.88 0.195
July 8.97 8.13&1 7.90f* 1\ .03 8.51 0.578
August g 9.13** | 8.83 7.80 8.03 8.45 0.633
September 8.17 |[10.97**| 7.67 8.37 8.79 1.480
October 890 | 10.23 | 7.87 | 10.90%* | 9.48** 1.355
November 7.70 8.03 6.70 7.60 7.51 0.569
December Dry 6.70 7.87 6.67 6.00 6.81 0.777
January 6.20 | 7.30 6.40 6.27 6.54 0.512
February 5.73* | 8.13 7.53 7.23 7.16 1.021

* - minimum cambial layers

** - maximum cambial layers
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A transition period from dry season (April) to wet season (May)
seemed to be an important. The cambial activity of the young age group of P. kesiya
restarted the activity in May. By the periclinal division in cambial zone, they increased
in division of the cambial layers from April to May (Figure 4.4B-C). All the samples
increased about 19.8 to 39.1 % of cell layers in cambial zone from April to May
(Table 4.3). Thereafter the cambial zone of all samples gradually increased and formed
a wide cambial zone. The Pkl sample had reached a maximum peak with 9.13 cell
layers in August before declining to 8.17 cell layers in September. By contrast, the
Pk2 sample reached a maximum peak in September with 10.97 cell layers. In the Pk3
sample, although the cambial activity reached a maximum peak in July with 7.90 cell
layers but not difference during July to October. Unlike the other samples, the cambial
cell layers of the Pk4 sample reached a maximum peak later in October with 10.90 cell

layers.

In a transition period from wet season (October) to dry season
(November), the Pkl, Pk2, Pk3 and Pk4 samples decreased to 7.70, 8.03, 6.70 and
7.60 cell layers in November, respectively. By the anatomical feature, the cambial
activity became dormant in November. In dormant period, the cambial zone were
narrowed and thick wall flanked by the xylem and phloem elements (Figure 4.41-L).
The minimum cambial layers of the Pkl sample occurred in February with 5.73 cell
layers, while those of the other samples were observed in March and April 2000 with

the cell layers ranging from 5.37-6.43 cell layers (Table 4.3).
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The middle age group: the statistics of the number of cambial layers
are shown in Table 4.4. The results showed that the cambial zone of all samples was
still dormant in March and April (Figure 4.5A-B). The PkS5, Pk6, Pk7 and Pk8 samples
were consisted of 5.27, 5.10, 5.20 and 6.03 cell layers in March, consisted of 4.80,
5.17,5.63 and 5.90 cell layers in April, respectively.

Table 4.4 The seasonal variation of the cambial layers in the middle age group of

Pinus kesiya during March 2000 to February 2001.

Cambial Layers
Months | Season PKS PKG Pk P8 Average SD
March D10 = 6.03 5.40 0.458
April Dry 4.80*% | 5.17 5.63 5.90* 5.38* 0.488
May 537 | 6.30 6.67 6.77 6.28 0.638
June 5.70 6.60 7.23 6.70 6.56 0.635
July 7.00 | 7.03 7.77 7.23 7.26 0.357
August ! 6105~ ) TIB ) B3 FEN0N () <. ¥ 1.000
September 7.40%* | 6.20 7.23 | 10.20%* 7.76 1.712
October Sl 6.70 6.67 9.57 7.23 1.598
November 6.10 5.53 7.47 9.27 7.09 1.664
December Dry 5.87 6.17 5.47 7.50 6.25 0.880
January 5.37 6.00 5.57 6.07 5.75 0.338
February 4.97 527 | 4.80* 7.00 5.51 1.012

* - minimum cambial layers

** - maximum cambial layers

In May, the cambial activity of the middle age group of P. kesiya
restarted in parallel with the beginning of the wet season. By the periclinal division,
the cambial zone increased in division from April to May. Cambial layers of all
samples increased by 11.9 to 21.9 % from April to May (Table 4.4). Afterwards the
cambial layers of all samples gradually increased and formed a wide cambial zone.

The PkS and Pk8 samples reached a maximum peak in September with 7.40 and 10.20
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cell layers, respectively. In the other hand, the Pk6 and Pk7 samples reached a
maximum peak in August with 7.13 and 8.13 cell layers respectively. Nevertheless the

cambial activity tended to decrease in the end of rainy season.

A transition period from wet season (October) to dry season
(November), the sample Pk6 and Pk8 declined from 6.70 and 9.57 cell layers in
October to 5.53 and 9.27 cell layers in November, respectively. On the contrary, the
Pk5 and Pk7 samples slightly increased from 5.97 and 6.67 cell layers in October to
6.10 and 7.47 cell layers in November. By the anatomical feature, the cambial activity
of this age group tends to decline to the rested period in the dry season. The Pk5 and
Pk6 samples were dormant in November, while the Pk7 and Pk8 samples had still
remained a differentiated state in November before stopping in December. In dormant
period, the cambial zone were narrowed and thick wall flanked by the xylem and
phloem elements (Figure 4.51-L). Minimum cambial layers of the Pk5 and Pk8
samples were observed in April 2000 with 4.80 and 5.90 cell layers, respectively.
Minimum cambial layers of the Pk6 sample was in March 2000 with 5.10 cell layers
while those of the Pk7 sample was in February 2001 with 4.80 cell layers. In this age
group, the cambial activity was low and did not show the significant difference in

cambial layers in dry season.

Similar to P. merkusii, the results of P. kesiya indicated that in the active
season of the cambial activity in the younger age groupbeing more numerous, but
remaining the same in the dormant period. Comparison between both pine species, It
revealed that in the active phase of P. merkusii tends to being more numerous cell
layers in cambial zone than P. kesiya in the same age group. On the contrary, they

tended to similar in dormant period.
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4.3 Development of Vascular Tissues

The middle age group of Pinus merkusii: In March and April the cambial zone
was still dormant, flanked by the xylem and phloem elements. At a transition period
from dry (April) to wet season (May), the cambial cells of the Pm1, Pm2 and Pm3
samples increased their tangential diameters with the cell walls thinned down as well
as increasing in number of cells (Figure 4.2C). Following by the periclinal division in
cambial zone, the earlywood was formed. The earlywood formation was represented
by thin walled tracheids with larger diameters. The Pm1 sample formed earlywood

from May but the Pm2 and Pm3 samples started from June,until July.

Following the earlywood formation, the latewood was formed. It characterized
by thick walled tracheids, transversally flattened and small lumen, with smaller
diameter tracheids. The latewood of the Pm1, Pm2 and Pm3 samples continued from
August to the end of rainy season (Figure 4.2F-G). In transition period from wet
(October) to dry season (November), the cambial activity of Pml, Pm2 and Pm3
samples was low. The cambial activity of the Pm1 sample remained a differentiated
state in November before resting in December. The Pm2 and Pm3 samples had entered

to a dormant period since November.

The old age group of Pinus merkusii: the Pm4, Pm5 and Pm6 samples were
still dormant in March and April, flanked by xylem and phloem elements (Figure
4.3A-B). The transition period from dry to wet season (April-May), the cambial cells
of all samples were thin and increased in cell numbers. With the high cambial activity
period, the Pm4, Pm5 and Pm6 samples formed the earlywood. The Pm4 sample had
formed the earlywood from May to June, while the Pm5 and Pm6 samples formed the

earlywood from June to July (Figure 4.3C-E).

The transition period from earlywood to latewood formation of the Pm4 sample
started from July to November but that of the Pm5 and Pm6 samples started in August
till October. In the low activity period, all samples in this age group maintained the

differentiated phase in the late of wet season (Figure 4.3H-I). The cambial activity of
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the Pm4 sample entered to the dormant period in December, while the Pm5 and Pm6

samples had stopped since November.

The young age group of Pinus kesiya: the cambial zone of all samples (the
Pk1, Pk2, Pk3 and Pk4 samples) were still rested in March and April, flanked by
mature xylem and phloem elements. At the beginning of the cambial activity of this
age group, they experienced earlywood formation from May until July (Figure 4.4C-

E).

Afterwards, the Pkl, Pk2, Pk3 and Pk4 samples started the late wood formation
from August to October (Figure 4.4F-H). All samples in this age group entered to the

dormant period in November.

The middle age group of Pinus kesiya: the cambial zone of all samples (the
Pk5, Pk6, Pk7 and Pk8 samples) were rested between March and April. In the
transition period from dry to wet season, the cambial activity was influenced by the
first rain. The earlywood of all samples were formed after the first rain (Figure 4.5C-
E). The PkS sample started forming the earlywood from June while the other samples
started from May, and continued to July.

Thereafter, the latewood formation occurred. The transition period from
earlywood to latewood formation of the Pk5 and Pk6 samples started in August till
October and stopped in November (Figure 4.5F-I). On the contrary, the Pk7 and Pk8

samples started in August till November but stopped in December.
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4.4 Cambial Activity in Relation to Climatic Factors

To evaluate the relationship between cambial activity of pine trees and climatic
factors, the simple correlation and multiple linear regression were analyzed. The
number of cambial layer was a dependent variable. The set of climatic factors, namely
monthly maximum temperature, monthly minimum temperature, average temperature,
total monthly rainfall and soil moisture content were used as the independent
variables. The combination of these two statistics generally provides a relationship
between cambial activity and climatic factors. The multiple linear regression is

performed by the equation:

Y= bo + b1X1+ b2X2 R ann (62)

Where; Y = Number of cell layers in cambial zone
X 5 Monthly maximum temperature
Xz = Monthly minimum temperature
X3 = Monthly average temperature
X4 = Total monthly rainfall
Xs = Soil moisture content
b, = Constant values

Meteorological data was provided from two stations. The soil moisture content
was measured by the gravimetric soil water content method. The information is shown

in Appendix B (Table B-1-2).

4.4.1 Correlation between Cambial Activity and Climate in Pinus merkusii

The meteorological data from Huay Bong Silvicultural Research
Station and soil moisture content of this sample site are shown in Appendix B (Table
B-1). The maximum peak of total monthly rainfall was 534.7 mm in May but there
was no rainfall in February. The highest monthly maximum temperature was 31.79 °C

in March, while the lowest was 26.94 °C in July. The highest minimum temperature
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was 21.1 °C in June, while the lowest was 12.75 °C in January. The highest monthly
average temperature was 24.9 °C in April and the lowest was 20.32 °C in December.
The soil moisture content tended to vary in parallel with the rainfall. The maximum
percent soil moisture content was 16.06% in May whereas the minimum was 6.62% in

February.
4.4.1.1 Correlation in the Middle Age Group
The correlation coefficients between the number of cambial
layers and climatic factors by the simple correlation analysis are presented in Table

4.5.

Table 4.5 The correlation coefficients of the middle age group of Pinus merkusii.

Correlation coefficients

Total
Maximum | Minimum Average Monthly | Soil Moisture
Model Temperature | Temperature | Temperature| Rainfall Content
Cambial layer
Numbers -0.48 0.43 0.23 0.45 0.62*

* Significant correlation at P<0.05

The result showed the negative relationship between cambial
layers and monthly maximum temperature despite of insignificant correlation. Figure
4.6 displays the best fitted line between the number of cambial layers and monthly

maximum temperature.

The correlation between the number of cambial layers and,
monthly minimum temperature, monthly average temperature, total monthly rainfall
and soil moisture content seemed to be a positive correlation. However, only the
correlation coefficient between the cambial layers and soil moisture content was

significant at P<0.05 level (0.62). Figures 4.7 — 4.10 show the best fitted line between
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the number of cambial layers and soil moisture content monthly minimum

temperature, monthly average temperature and total monthly rainfall, respectively.

The results indicated that soil moisture was the most important
factor influencing cambial activity of the middle age group of P. merkusii. Similarity
to Fritts HC et al. (64) suggested that the processes governing water movement
through the soil, into the roots, through the plant and into the atmosphere are highly
interrelated. Water deficit can also affect enlargement of cells in cambium and cell

division can be reduced or even stopped.

By the analysis, the regression equation can be constructed as:

Y =12.37 + 15.26X; + 15.36X5 — 30.92X; +0.002X,4 + 0.21Xs, R*= 0.4907

Where; Y = Number of cell layers in cambial zone
X1 = Monthly maximum temperature
X2 3 Monthly minimum temperature
X3 = Monthly average temperature
X4 < Total monthly rainfall
X5 = Soil moisture content
b, = Constant values

Table 4.6 shows the regression analysis of the middle age group
of P. merkusii. The result showed that R square was 0.4907, indicating that the number
of cambial layers in the middle age group was influenced by the climatic factors 49.07

%, in spite of 50.93 % was affected by other factors.
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Table 4.6 The regression analysis of the middle age group of Pinus merkusii.

Regression Analysis
Adjusted R
Multiple R | R Square Square Standard Error | Observations
0.7005 0.4907 0.0663 1.22 12
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Figure 4.6 The best fitted line between the number of cambial layers of the middle

age group of Pinus merkusii and monthly maximum temperature.
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Figure 4.7 The best fitted line between the number of cambial layers of the middle age

group of Pinus merkusii and soil moisture content.
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Figure 4.8 The best fitted line between the number of cambial layers of the middle age

group of Pinus merkusii and monthly minimum temperature.
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Figure 4.9 The best fitted line between the number of cambial layers of the middle age

group of Pinus merkusii and monthly average temperature.
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Figure 4.10 The best fitted line between the number of cambial layers of the middle

age group of Pinus merkusii and total monthly rainfall.
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4.4.1.2 Correlation in the Old Age Group

The correlation coefficients between the number of cambial

layers of the old age group of P. merkusii and climatic factors by simple correlation

analysis are shown in Table 4.7. Figures 4.11 to 4.15 also display the best fitted line

between the number of cambial layers of the old age group and climatic factors;

(maximum, minimum, average temperature, monthly rainfall and soil moisture).

However, the correlation coefficients were non-statistical significant in this sample

group. It might be the age effect that varied the cambial activity.

Table 4.7 The correlation coefficients of the old age group of Pinus merkusii.

Correlation coefficients

Total
Maximum | Minimum Average Monthly [Soil Moisture
Model Temperature | Temperature | Temperature| Rainfall Content
Cambial Layer
Numbers -0.54 -0.06 -0.28 0.17 0.33

Bannan (65) supported that the frequency of anticlinal divisions

of cambial cells declined with the increasing age and a diminishing rate of perimeter

growth. The survival ratio decreased, and the increasing in mean cell length slackened.

Similar findings were observed in P. sylvestris by Branski (66) and in branches of

Thuja occidentalis by Whalley (67).
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By using the multiple regression analysis, the regression

equation can be constructed as:

Y = 12.80+ 8.74X, + 8.73X, — 17.80X;3 + 0.002X, + 0.10X5, R*=0.5266

Where; Y = Number of cell layers in cambial zone
X = Monthly maximum temperature
X2 > Monthly minimum temperature
X3 = Monthly average temperature
X4 = Total monthly rainfall
X5 = Soil moisture content
bn = Constant values

The regression analysis of this age group are shown in Table
4.8. The results are related to the equation, explains that the number of cambial layers

of the old age group was affected by the climatic factors (52.66 %).

Table 4.8 The regression analysis of the old age group of Pinus merkusii.

Regression Analysis

Adjusted R

Multiple R | R Square Square Standard Error | Observations

0.7256 0.5266 0.1320 0.57 12
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Figure 4.11 The best fitted line between the number of cambial layers of the old

age group of Pinus merkusii and monthly maximum temperature.
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Figure 4.12 The best fitted line between the number of cambial layers of the old

age group of Pinus merkusii and monthly minimum temperature.
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Figure 4.13 The best fitted line between the number of cambial layers of the old

age group of Pinus merkusii and average temperature.
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Figure 4.14 The best fitted line between the number of cambial layers of the old

age group of Pinus merkusii and total monthly rainfall.
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Figure 4.15 The best fitted line between the number of cambial layers of the old

age group of Pinus merkusii and soil moisture content.

4.4.2 Correlation between Cambial Activity and Climate in Pinus kesiya

The meteorological and soil moisture content data from Nong Kra Ting
Pine Production Area are shown in TableB-2, Appendix B. The meteorological data
from Nong Kra Ting Pine Production Area showed that the maximum peak of total
monthly rainfall was 287.8 mm in May and there was no rainfall in February. The
highest monthly maximum temperature was 33.7 °C in March and the lowest was 27.6
°C in November. The highest monthly minimum temperature was in September at 20.4
°C and the lowest was 5.7 °C in February. The highest monthly average temperature
was 25.1 °C in September and the lowest was 18.45 °C in January. The maximum soil

moisture content was 20.75 % in May, and the minimum was 7.25 % in January.
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4.4.2.1 Correlation in the Young Age Group

The correlation coefficients between the number of cambial
layers of the young age group of P. kesiya and climatic factors, monthly maximum
temperature, monthly minimum temperature, monthly average temperature, total
monthly rainfall and soil moisture content by simple correlation analysis, are shown in
the Table 4.9. The correlation coefficients showed that the relationship was negative
with monthly maximum temperature (-0.52) despite of non-statistical significance.
Figure 4.16 shows the best fitted line between the number of cambial layers of the

young age group and monthly maximum temperature.

Table 4.9 The correlation coefficients of the young age group of Pinus kesiya.

Correlation coefficients

Total
Maximum | Minimum Average Monthly [Soil Moisture
Model Temperature | Temperature | Temperature| Rainfall Content
Cambial Layer
Numbers -0.52 0.67* 0.52 0.54 0.79%*

* Significant correlation at P<0.05

** Significant correlation at P<0.01

The correlation coefficients between the cambial layers of the
young age group and, monthly minimum temperature, average temperature, total
monthly rainfall and soil moisture content showed the positive relationship. However,
the correlation coefficients showed the highly correlation significant (P<0.01) with
soil moisture content (0.79) and significant (P<0.05) with monthly minimum
temperature (0.67). Figures 4.17 and 4.18 show the best fitted line between the number
of cambial layers and, soil moisture content and monthly minimum temperature,

respectively.
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The correlation coefficients with the total monthly rainfall
(0.54) and monthly average temperature (0.52) were non-statistical significance.
Figures 4.19 and 4.20 show the best fitted line between the number of cambial layers

and rainfall and monthly average temperature, respectively.

This finding was supported by Horack P. et al. (68), who
suggested that the number of cells emerged from the cambial zone features correlation
with both temperature and soil water on the assumption that none of the factors
involved is limiting. With soil water dropping to the point of decreased availability,
radial growth is increasingly exposed to stress due to water deficit. Cambial activity
may be influenced by both factors at any time of the growing season, the higher

intensity of one of them always being decisive.

The multiple regression of the young sample group was also

analyzed. By the analysis, the regression equation was constructed as:

Y =5.33 +0.03X; — 0.02X5 — 0.01X; — 0.006X4 + 0.35Xs, R* = 0.7421

Where; Y < Number of cell layers in cambial zone
X = Monthly maximum temperature
X2 = Monthly minimum temperature
X3 = Monthly average temperature
X4 = Total monthly rainfall
X5 = Soil moisture content
b, = Constant values

The regression analysis is shown in Table 4.10. This result
revealed that the number of cambial layers of the young age group was effected by the
climatic factors 74.21 % and 25.79% was effected by the other factors. It might be the
interaction between the genetic structure of the individual tree and environmental
factors (68). In addition, it could be related to anthropogenic, or other non-climatic

factors (51).
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Table 4.10 The regression analysis of the young age group of Pinus kesiya.

Regression Analysis

Adjusted R
Multiple R R Square Square Standard Error Observations
0.8615 0.7421 0.5272 0.74 12
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Figure 4.16 The best fitted line between the number of cambial layers of the young

age group of Pinus kesiya and monthly maximum temperature.




Fac.of Grad.Studies,Mahidol Univ. M.Sc. (Tec.Env.Pla for Ru.Dev.) / 63

10.00

L, 800
)

& 6.00 @ Averaged Cambial
f Layers
]

< 4.00

£ M Predicted Averaged
< .

&) Cambial Layers

2.00

Figure 4.17 The etween t | layers of the young

age g

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

@ Averaged Cambial
Layers

M Predicted Averaged
Cambial Layers

Cambial Layers

0 5 10 15 20 25

Minimum Temperature

Figure 4.18 The best fitted line between the number of cambial layers of the young

age group of Pinus kesiya and monthly minimum temperature.
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Figure 4.20 The best fitted line between the number of cambial layers of the young

age group of Pinus kesiya and average temperature.
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4.4.2.2 Correlation in the Middle Age Group

The correlation coefficients between the number of cambial
layers of this age group and climatic factors; monthly maximum temperature, monthly
minimum temperature, monthly average temperature, total monthly rainfall and soil

moisture content are shown in the Table 4.11.

Table 4.11 The correlation coefficients of the middle age group of Pinus kesiya.

Correlation coefficients

Total
Maximum | Minimum Average Monthly [Soil Moisture
Model Temperature | Temperature | Temperature| Rainfall Content
Cambial Layer
Amounts -0.70%* 0.65* 0.44 0.35 0.67*

* Significant correlation at P<0.05

** Significant correlation at P<(.01

The correlation coefficients showed that the relationship
between the cambial activity of the middle age group and monthly maximum
temperature was high negative (-0.70) significant at P<0.01. Figure 4.21 shows the
best fitted line between the number of cambial layers of the middle age group of P.

kesiya and monthly maximum temperature.

In the other hand, the correlation coefficients of this age group
with monthly minimum temperature, monthly average temperature, total monthly
rainfall and soil moisture content were positive. The correlation coefficients between
the cambial layers and, both monthly minimum temperature and soil moisture content
were significant at P<0.05, whereas the correlation coefficients with monthly average
temperature and total monthly rainfall were non-statistical significance (Figures 4.22-

25).
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The multiple regression of the middle age group was analyzed.

The regression equation was constructed as:

Y =9.26 + 0.075X;+ 0.299X, — 0.470X5 — 0.007X4 + 0.1310Xs, R2 = 0.7708

Where; Y = Number of cell layers in cambial zone
X = Monthly maximum temperature
X2 > Monthly minimum temperature
X3 = Monthly average temperature
X4 = Total monthly rainfall
X5 = Soil moisture content
bn = Constant values

Table 4.12 is shown the regression analysis of the middle age
group of P. kesiya. The result revealed that the number of cambial layers of the middle
age group was affected by the climatic factors (77.08 %) and the other factors
(22.92%).

Table 4.12 The regression statistics of the middle age group of Pinus kesiya.

Regression Analysis

Adjusted R

Multiple R R Square Square Standard Error Observations

0.8780 0.7708 0.5798 0.58 12
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Figure 4.22 The best fitted line between the number of cambial layers of the middle

age group of Pinus kesiya and soil moisture.
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Figure 4.24 The best fitted line between the number of cambial layers of the middle

age group of Pinus kesiya and total monthly rainfall.
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Figure 4.25 The best fitted line between the number of cambial layers of the middle

age group of Pinus kesiya and average temperature.

Overall, the cambial activity of P. kesiya was more considerably dependent on
climatic factors, particularly temperature and soil moisture content than was that of P.
merkusii. It similar to the cambial growth of conifer (P. densiflora, P. rigida and Larix
leptolepis) which the division in cambial zone was related with temperature and
precipitation (43). Similarly, Yong Ryun Kwon et al. (44) showed that the radial
growth of conifers was influenced by environmental factors, firstly by temperature and

secondly by rainfall.

In this study, each sample group showed the varying in number of cambial
layers, presumably the age effect. Similar to the age effect in stems of Chamaecyparis
was observed by Bannan MW (14). He suggested that the frequency of anticlinal
divisions of cambial cells in young stems was greater than in old stems. In the stem of
Cedrus, Picea, and Pseudotsuga, Bannan MW (65) also suggested that with the
increasing age and a diminishing rate of perimeter growth, the frequency of anticlinal

divisions of cambial cells declined, the survival ratio decreased, and the increase in
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mean cell length slackened. Similar trends were also observed in P. sylvestris by

Branski (66) and in branches of Thuja occidentalis by Whalley (67).

Comparison to the cambial activity in board leave trees, the cambial activity of
both pine species (P. merkusii and P. kesiya) was progressed in rainy season (May to
October) but rested in dry season (November to April). Similar to Pumijumpnong N
(46) suggested that the cambial development of teak in Northern Thailand was closely
related with climate. The beginning of monsoon had influenced the growing season for
teak and influenced on cambial active all the year. The cambial development
confirmed that the transition period from dry to wet season (April, May, June and
July) also influenced on growth. Ingcachaichote C (15) suggested that the seasonal
variation of cambial activity in branches of Pterocarpus macrocarpus Kurz, Shorea
roxburghii G. Don and Dipterocarpus intricatus Dyer growing in Northeastern
Thailand during January to December 1980 were depended on the species and related
to their phenologic events. The investigation of the seasonal characteristics of wood
formation in Hopea odorata and S. henryana in Eastern Thailand examined by
Nobuchi T, Ogata Y and Siripatanadilok S (48) by utilizing the pinning method
revealed that the radial increment of both species progressed actively in rainy season
and decreased in dry season. These investigations represented the information from
cambial growth that revealed the closed correlation between seasonal change and
phenological events on growth period of trees, although the degrees of variation were

depended on the tree species.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The vascular cambium in Pinus merkusii and P. kesiya as seen in this study are
similar. They are nonstoried cambium with axially elongated fusiform cambial cells
and ray cambial cells. The ray cambial cells are uniseriated ray and biseriated ray

(fusiform ray).

The cambial activity of both species also was similar especially in the active
season. Most of them were active in the rainy season around six months during May to
October but dormant during the dry season (November to April). The number of
cambial layers varied depending on the age of both species. They were being more
numerous in the younger age group especially in active season, but the number
remaining the same in the dormant period. However, in P. merkusii, it revealed being
more numerous in the number of cambial layers in the active phase than was that of P.

kesiya. On the contrary, they showed the similar in the dormant period.

Most samples of both species experienced earlywood formation from May

until July, whereas the latewood formationcontinued from August to October.

The correlations between cambial activity and climatic factors revealed that
soil moisture was the most critical factor affecting cambial activity in P. merkusii,
while temperature and soil moisture were the two most important factors in P. kesiya.
In P. merkusii, the cambial activity showed a positively significant correlation at
P<0.05 with soil moisture only in the middle age group. In P. kesiya, the young age

group, however, had significant correlation coefficients with both soil moisture at
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P<0.01 (0.79) and monthly minimum temperature at P<0.05 (0.67). In the middle age
group, the cambial activity was significantly correlated with monthly maximum
temperature at P<0.01 (-0.70), monthly minimum temperature at <0.05 (0.65) and soil
moisture at P<0.05 (0.67). Multiple regression analysis indicated that the cambial
activity of P. kesiya was considerably more dependent on climatic factors than was

that of P. merkusii.

These findings suggest that the cambial activity of both P. merkusii and P.
kesiya were quite similar. The cambial activity of both species was active around six
months during rainy season (May to October) but dormant in dry season (November to
April). The cambial zone of both species tended to have more cell layers in younger

age.

The cambial zone of P. merkusii and P. kesiya maintains the number of cell
layers in narrow range, although in the high activity period, study simultaneously in
the differentiated zone will, therefore, provide better information on seasonal variation

of cambial activity.

5.2 Recommendation

This is a preliminary study of the cambial activity in both P. merkusii and P.
kesiya in Thailand. For the study on cambial activity of pine trees, the sample

collection, processes of sectioning and staining are very important.

However, to confirm the seasonal fluctuation of cambial activity, the collection
period should be longer than one annual year. In addition, the period of starting and
ending of activity is also important. In the future researches, sample collection should
be, therefore, taken more frequent. The information of phenological event and wood
formation might help to better describe the periodicity of cambial activity. In addition,
the experiment should be compared with other method such as Pinning method. More

information in many aspects such as longer study period, different ages, site,
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microclimate and microenvironment would be needed to confirm the result and would

provide the variety of interesting aspects.

The significant finding in this study has pointed out that the cambial activity
could be used to provide the information of tree growth with a high temporal
resolution. The author thought that this method is appropriate for age determination
and confirmation of the annual ring formation of tropical tree species. The information
available might help to better understand the influences of climatic factors on tree

growth processes.
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APPENDIX A

DATA OF CELL LAYERS IN CAMBAIL ZONE

Table A-1 Cambial layers of the middle age group of Pinus merkusii during
March 2000 to February 2001.

Pmi Pm2 Pm3
Months |Direction Mean Mean Mean
t-test t-test t-test
Side | Whole Side | Whole Side | Whole
tree tree tree
March North 6.6 6.6 0.096 5.4 59 0.002 6.13 6.47 0.027
South | 5.93 6.4 6.8
April North | 567 | 597 0.156 6.6 6.77 0.465 4.8 5.2 0.118
South | 6.27 6.93 5.6
May North 7.4 7.17 0.354 7.47 7.63 0.465 7 6.6 0.751
South | 6.93 7.8 6.2
June North | 927 9.2 0.803 7.4 7.35 0.877 7 7.07 0.784
South | 9.13 7.31 7.13
July North | 9.13 8.63 0.207 8.93 8.83 0.745 847 | 847 1
South | 813 8.73 8.47
August North | 9.07 8.67 0.164 8.53 7.8 0.067 7.8 8.5 0.076
South | 827 7.07 9.2
September| North | 1027 | 10.03 0.513 1027 | 10.03 0.313 10 10.53 0.036
South 9.8 9.8 11.07
October | North | 7.93 8.5 0.002 1027 | 1063 0.211 8.8 8.87 0.853
South | 9.07 11 8.93
November| North 9.2 9.13 0.812 7 6.83 0.238 7.27 7.43 0.475
South | 9.07 6.67 7.6
December| North 7.33 7.27 0.546 7.13 7.53 0.152 6.53 7.03 0.010
South 7.2 7.93 7.53
January | North 74 7.07 0.384 5.93 57 0.110 6.4 6.93 0.033
South | 673 5.47 7.47
February | North | 7.33 | 737 0.879 653 | 7.43 0.008 5.93 5.8 0.262
South 7.4 8.33 5.67
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Table A-2 Cambial layers of the old age group of Pinus merkusii during
March 2000 to February 2001.

Pm4 PmS5 Pm6
Months |Direction Mean Mean Mean
t-test t-test t-test
Side | Whole Side | Whole Side | Whole
tree tree tree
March North | 6.47 | 6.63 0.403 |5.87| 6.28 | 0.010 | 6.07 | 5.77 0.120
South | 6.80 6.70 5.47
April North | 5.80 [ 5.57 0.204 6.07 | 6.07 1 480 | 4.70 0.458
South | 533 6.07 4.60
May North | 553 6.00 0.058 6.67 6.97 0.144 5.87 5.97 0.510
South | 647 7.27 6.07
June North | 767 | 7.10 0.009 7.00 | 6.90 0.607 5.80 5.77 0.751
South | 653 6.80 5.73
July North | 720 [ 7.20 1 747 | 723 0.290 6.13 | 6.20 0.769
South | 7.20 7.00 6.27
August North | 680 | 6.80 1 743 || 747 0.866 6.20 | 6.17 0.822
South | 6.80 7.20 6.13
September| North | 833 | 827 0.755 760 | 807 0.045 7.20 7.37 0.386
South | 820 8.53 7.53
October | North | 727 | 7.13 0.406 6.87 | 6.70 0.327 6.53 7.00 0.003
South | 7.00 6.53 7.47
November| North | 8.40 8.13 0.178 7.00 7.00 1 6.73 6.73 1
South | 787 7.00 6.73
December| North | 653 | 7.37 0.046 6.87 | 6.97 0.695 6.53 | 6.70 0.354
South | 820 7.07 6.87
January | North | 7.13 747 0.836 7.00 6.93 0.751 5.60 5.70 0.384
South | 7.20 6.87 5.80
February | North | 667 | 670 0.855 6.87 | 7.00 0.582 507 | 5.03 0.719
South | 673 7.13 5.00
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Table A-3 Cambial layers of the young age group of Pinus kesiya during March 2000

to February 2001.
Pk1 Pk2 Pk3 Pk4
Months |Direction Mean Mean Mean Mean
t-test t-test t-test t-test
Side | Whole Side | Whole Side| Whole Side | Whole
tree tree tree tree
March North | 6.33 | 6.50 [0.334| 6.60 | 6.43 | 0473 [ 653 | 6.70 0.173 | 5.80 5.67 0.469
South 6.67 6.27 6.87 5.53
April North 6.13 5.90 0.068 | 6.47 6.43 0670 | 527 | 537 0510 | 647 6.23 0.089
South 5.67 6.40 5.47 6.00
May North 7.47 7.57 0.663 | 7.07 7.70 0.003 | 7.40 | 747 0779 | 7.73 7.87 0.589
South 7.67 8.33 7.53 8.00
June North 7.93 7.80 0484 | 7.93 7.73 0253 [813| 783 0.095 | 847 8.17 0.199
South 7.67 7.53 7.53 7.87
July North | 840 8.97 | 0018 | 8.13 8.13 1 [773] 790 | 0417 | 833 9.03 | 0.022
South 9.53 8.13 8.07 9.73
August North 9.53 9.13 0.121 | 893 8.83 0720 [ 727 | 780 0.009 | 7.80 8.03 0.324
South 8.73 8.73 8.33 8.27
September | North 7.87 8.17 0.108 | 1093 | 1097 | 0881 | 7.33| 767 0.125 | 820 8.37 0.452
South 8.47 11.00 8.00 8.53
October North 9.33 8.90 0014 | 973 1023 | 0037 | 767 | 7.87 0411 | 1120 | 1090 | 0.294
South 8.47 10.73 8.07 10.60
November | North 7.87 7.70 0403 | 767 8.03 0085 | 6.87 | 6.70 0.388 | 7.67 7.60 0.751
South 7.53 8.40 6.53 7.53
December | North 7.00 6.70 0.308 | 7.73 7.87 0535 | 693 | 667 0.164 | 6.00 6.00 1
South 6.40 8.00 6.40 6.00
January North 6.07 6.20 0.301 | 7.00 7.30 0.045 | 627 | 6.40 0334 | 620 6.27 0.634
South 6.33 7.60 6.53 6.33
February | North 5.67 573 0.653 | 833 8.13 0212 | 760 | 753 0.737 | 7.00 7.23 0.089
South 5.80 7.93 7.47 7.47
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Table A-4 Cambial layers of the middle age group of Pinus kesiya during March 2000
to February 2001.

Pks Pks Pk7 Pks
Months |Direction Mean Mean Mean Mean
t-test t-test t-test t-test
Side | Whole Side | Whole Side| Whole Side | Whole
tree tree tree tree
March North 5.27 5.27 1 5.07 5.10 0.806 |520| 520 0014 | 573 6.03 0.014
South 5.27 5.13 5.67 6.33
April North | 4.73 480 | 0546 | 520 517 | 0.828 | 547 | 563 | 0291 | 5.93 590 | 0.828
South 4.87 5.13 5.80 5.87
May North | 5.40 537 | 0806 | 6.20 6.30 | 0582 | 7.00 | 6.67 1 7.00 6.7 1
South 5.33 6.40 6.33 6.53
June North 5.27 5.70 0.018 | 667 6.60 0433 [727| 723 0818 | 6.73 6.70 0.843
South 6.13 6.53 7.20 6.67
July North 7.07 7.00 0.653 | 6.93 7.03 0384 [760| 777 0475 | 733 7.23 0.531
South 6.93 7.13 7.93 713
August North 6.93 6.93 1 7.00 7.13 0493 [ 840 | 8.13 0.165 | 9.33 9.10 0.409
South 6.93 7.27 7.87 8.87
September | North 7.20 7.40 0299 | 6.13 6.20 0.674 | 713 | 7.23 0.638 | 10.07 | 1020 | 0.653
South 7.60 6.27 7.33 10.33
October North 6.00 5.97 0.868 | 6.47 6.70 0.201 |6.87 | 667 0.242 | 10.33 9.57 0.003
South 5.93 6.93 6.47 8.80
November | North 5.80 6.10 0.070 | 573 5.53 0233 | 733 | 747 0499 | 9.40 9.27 0.573
South 6.40 5.33 7.60 9.13
December | North 5.87 5.87 1 6.13 6.17 0.843 573 | 547 0135 | 727 7.50 0.290
South 5.87 6.20 5.20 7.73
January North 5.53 5.37 0173 | 6.13 6.00 0.364 | 567 | 557 0486 | 6.20 6.07 0.217
South 5.20 5.87 5.47 5.93
February | North 5.13 4.97 0.388 | 5.40 5.27 0334 [473| 480 0582 | 6.60 7.00 0.047
South | 480 5.13 4.87 7.40
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Table B-1 The meteorological data from Huay Bong Silvicultural Research

Station and soil moisture content of the Pinus merkusii sample site

from March 2000 to February 2001.

Total Soil

Maximum | Minimum Average Monthly | Moisture

Temperature | Temperature | Temperature| Rainfall Content
Months °C A0 °C (mm) (%)
March 31.79 16.4 24.09 115.6 7.69
April 30.08 19.73 24.9 165.8 9.01
May 29.14 20.24 24.69 534.7 16.06
June 27.04 5.3 41 24.07 302.6 13.91
July 26.94 21.04 23.95 91.1 12.56
August 28.2 20|88 24.38 249.7 12.97
September 28.37 19.76 24.06 450.5 14.25
October 29.52 19.11 2431 280.6 13.06
November 27.6 14.04 20.82 3 9.47
December 27.69 12.96 20.32 107 8.02
January 2891 12.75 20.83 0.3 9.18
February 29.74 13.84 21.79 0 6.62
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Table B-2 The meteorological data from Nong Kra Ting Pine Production Area

and soil moisture content of the Pinus kesiya sample site from March

2000 to February 2001.
Total Soil
Maximum | Minimum Average Monthly | Moisture
Temperature | Temperature | Temperature| Rainfall Content
Month 'C °C °C (mm) (%)
March 334 10.1 TN 95.88 9.88
April 32.8 16.4 24.6 110.84 12.44
May 29.9 19:1 24.5 287.8 20.75
June 293 20.1 24.7 141.44 19.45
July 29 gnY 24.6 178.84 18.58
August 29.9 1R 24.9 120.36 16.69
September 29.8 20.4 25.1 148.24 19.28
October 29.5 18.8 24.15 217.6 19.98
November 27.6 10.4 19 0 12.64
December 28.1 9 18.55 31.96 9.26
January 30.8 6.1 18.45 0 7.25
February 33.4 S 19.55 0 9.05
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