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ABSTRACT

The condition of most mixed-deciduous secondary forest in the western part of Thailand
has become degraded due to fire and logging activities. The pressures brought by climate change
have increased the urgency for biomass assessment to measure the forest’s potential as a carbon
sink and source. Much attention is given to development of methods for measuring how much
biomass there is in natural forests. Therefore improving the quality and precision of the models for
carbon in natural forests is very important. This study aims to investigate the relation of
independent functions such as dry weight biomass (B) and dependent functions such as diameter at
breast height (D), height (/) and wood specific gravity (p ) and formulate biomass equations for
four common tree species (Sterculia pexa, Millettia brandisiana, Grewia eriocarpa and Bridelia
ovata). Destructive sampling of 33 trees was performed to collect biomass (B) and tree dimension
(D, H and p ) data in the four species. The empirical relationships between tree dimensions and

biomass were sought for the purpose of on allometric regression. Four regression models that had
different independent variables in four pattems (D, p D, D’H and p D°H) in four species were

compared. Results showed strong correlations among the variables B, D and H, but not wood
specific gravity, which had low a correlation with other variables. Moreover, wood specific gravity
showed differences among the four species. Variability of p (wood specific gravity) indicated that
identification of species is required for accurate modelling. The best regression models for
estimating biomass had two forms: In(B) = ¢ + aln(D) , and In(B) = ¢+« In( p D’H). Dry weight
of an individual tree as estimated by the regression model using p D°H, had an average estimated
error in the range of 0.09-2.66%. This was just as suitable as using only D which had an average
estimated error in the range of 0.28-1.77% but it had higher collection cost data in the field.
However, wood specific gravity was necessity in model because it was needed for converting tree
volume to dry weight biomass. Therefore using p D’H as independent variable in model is most
appropriate. Linear regression results indicated significant differences among the four species. This
suggests that it is not possible to use only one linear regression for all four species. The results
show that the formulating specific-species regression models is important to access biomass and
carbon in mixed-deciduous degraded forest.

KEY WORDS: FOREST, BIOMASS, SPECIFIC-SPECIES REGRESSION MODEL,
BIOMASS ESTIMATION
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CHAPTER I
INTRODUCTION

1.1 Background and Justification

Above ground biomass of forests is the most important biomass source on the
earth. It provides people such ecological goods as foods, fuel, etc., as well as
ecological services, in particular carbon sequestration and regulation. Human have
increased the level of a greenhouse gases in the atmosphere which eventually have
climate change effects. In this impact pathway, forest plants are expected to be only
feasible way to forest carbon sequestration to the former state of ecosystem.
Therefore, the amount of forest area will be directly related to carbon concentration.

In contrast, as the report (1) noted, from 2000 to 2006 forest cover decreased at
an annual rate of 1.09%. At the same time, the same agency has reported that the
amount of carbon sequestration of forest has increased by 7.26% per year (2). With
this phenomenon occurring it is possible to presume that although the amount of
natural forest in Thailand has visibly decreased, the secondary forestry plantations are
still being increased, resulting in a net positive carbon. In another way, it is possible
that the methodologies to calculate carbon sequestration in reports to be incorrect from
using previous publication of allometric regression. It is suspected to be non-accuracy
equation and then give an over estimate. This due to the conduction of biomass
estimate on a large scale through aerial photo-grammetry, and estimate biomass using
the Ogawa equation (3), adapting it to mixed forest in large-scale areas, not for
particular species and sites are recommended by Kettering (4).

In order to improve future estimates of carbon stocks and carbon sequestration
rates of natural and secondary forests in Thailand, it is attempted in this study to
determine allometric regressions in four dominant species of the mixed-deciduous
forest in Kanchanaburi province. The result of this study will further be useful in
followed up the carbon sequestration situation of Thailand which is the main cause of

climate change.
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1.2 Objective of study

The objectives of this research are divided into three parts as follows:

1. To study the relation of independent functions such as dry weight biomass
and dependent functions such as diameter at breast height, height, wood specific
gravity in allometric regression.

2. To formulate allometric regression equations for four dominant species for
above-ground dry weight in kilograms (B) against three biometric parameters:
diameter at breast height (D) in centimeters, total height (H) in meters, and specific
density in grams dry weight per cubic centimeter of fresh volume over bark ( p).

3. To compare the difference among species by slopes of regressions that

relates above ground dry weight in kilograms (B) with specific gravity (o), height (H)
and diameter at breast height (D).

1.3 Hypothesis

Slopes of linear regression of four dominant trees species in degraded mixed
deciduous forest at Sai Yok, Kanchanaburi, are significantly different.

1.4 Scope of Study

1.4.1 Data collection was conducted in a permanent forest plot with the area of
4 hectare at Mahidol University, Kanchanaburi Campus.

1.4.2 Species selected are classified by diameter at breast height (D) from

forest inventory data in the permanent plot.
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1.5 Conceptual framework

To approach the goal of study, the conceptual framework is designed as
follows.

Independent Variables Dependent Variables

Factor of tree species Total dry weight of tree components
- Diameter at breast height (D) - Leaves dry biomass

- Height (H) < - Branches dry biomass

- Wood specific gravity (p) - Stem dry biomass

A 4
Allometric Regression Model

Diagram 1-1 Conceptual framework

1.6 Expected outcomes

1. Differences between species are described by statistical relationship
between wood specific gravity (o), height (H), diameter at breast height (D) and dry
weight (B).

2. Allometric regressions for four selected tree species are established by
comparing aboveground dry weight in kilograms (B) in relation to three biometric
parameters: diameter at breast height (D) in centimeters, total height (H) in meters and
wood specific gravity (o).

3. Difference between species is described by slopes of regressions that relate
above ground dry weight in kilograms (B) to a single variable (D) and three combined

variables such as p D, D’°H and p D?H.
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CHAPTER I
LITERATURE REVIEW

This chapter is discussion about concepts, theory, and research related to the
following topics:
2.1 Biomass
2.2 History of development allometric regressions for biomass
estimation
2.3 Allometric regression
2.4 Sources of error in biomass estimation

2.5 Related research

2.1 Biomass

The forest ecosystem can store a large amount of organic carbon, about 80% of
which is above ground on average (5). Forests contain an estimated 638 Gt C (1 Gt
C=1 billion ton) in world ecosystems as a whole, of which 238 Gt C is in biomass
alone (6). Biomass represents carbon dioxide absorbed from the atmosphere because it
is used in the process of photosynthesis (7, 8). In the photosynthesis process, carbon is
allocated to stem, leaves, branches and fruit. Moreover, it is used in structural growth
and metabolism, and the remainder is exported to the environment (9). The processes
of carbon flow in plant shown in Figure 2-1.

The carbon in biomass is released back to the atmosphere during respiration by
roots, leaves and other tissues by volatile emissions from plants and vegetation, and by
decomposers such as soil microbes and mycorrhizae (10). Disturbances in the forest
due to natural and human influences lead to more carbon released into the atmosphere
than the amount used by vegetation during photosynthesis (11). Tropical forest is

decreased by land conversion to pasture and fallow, which is the main reason for
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93.4% of the annual net forest loss, while conversion to plantation forest explains the
remaining 6.6% (12).

The fate of carbon in plants

1CO

Y
Net carbon fssimiliatien
Photoassimilates

Sugarloading to phloem

Chloroplast
starch

Soil M%cor- Volatile
microbes iza emissions

=] | 1

LAR  y ¥ ) v Soil nutrients, water
SLA,

LA/ Respiratory losses

Herbivores ~]
]
i Litter production and decompositoni """"

B

Figure 2-1 Schematic representation of the fate of carbon in plants. The size of mobile

C-pools indicated to the left, reflects a tree’s carbon supply status (9).

Young (1980) (13) defined forest biomass as the accumulated mass, above and
below ground, of the wood, bark, and leaves of shrub and tree species both living and
dead.

FAO (2004a) (14) defined biomass as “organic material both above-ground
and belowground, and both living and dead, e.g., trees, crops, grasses, tree litter,
roots etc.” Above-ground biomass consists of all living biomass above the soil
including stem, stump, branches, bark, seeds, and foliage. Below-ground biomass
consists of all living roots excluding fine roots (less than 2mm in diameter).

In forest biomass studies, two biomass units are used, fresh weight (15) and
dry weight (16, 4). For carbon sequestration application, the dry weight is more

relevant because 50% of it is carbon (7, 11). Many biomass assessment studies
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conducted are focused only on above-ground forest biomass (16, 17, 7, 18, 11)
because it accounts for the majority of the total accumulated biomass in the forest
ecosystem.

Therefore, the variations in forest biomass are assessed for two basic purposes.
First, determine forest structure and condition (19). Second, to estimate forest
productivity and carbon fluxes based on time changes in biomass (20). These basic
purposes are applied in forest management and planning for ecological, biological and
economic studies. Thus, different target of forest biomass studies but the key to

estimation of above ground biomass is allometric regression (11).

2.2 History of development allometric regression for biomass estimation

On a large scale, the estimation of forest biomass requires the use of allometric
regression. It is used to estimate above ground biomass of trees, tree components and
forest stands. Allometric regression, using the mean tree technique, was originally
developed by several investigators during the 1960’s and 1970’s (21, 22). The concept
behind this method is that an average-sized tree will also have an average quantity of
biomass present in each tree. The mean tree mass is then multiplied by the number of
trees in the stand to obtain an estimate for the total stand biomass. One limitation of
this method is that there is no statistic on reliantly comparing estimated weight
biomass from this technique and the weight base on complete harvest. Moreover, with
a range of size classes of diameter at breast height, this method is biased towards
under-estimation of the actual stand biomass. In homogenous and even-aged stands,
this method is appropriately applied to estimation of stand biomass (22).

The use of allometric regression for natural forests, starting from interest in dry
matter production, nutrient cycling and energy flow in forests, was promoted by
Kittredge (1944) (23). There have been serious doubts about the accuracy of estimates
of biomass using the mean tree technique and allometric regression. Madgwick and
Satoo (1975) (22) then compared estimated stand component weights based on the
logarithm of (D’H) with known weights based on complete harvest, and found that the
small average bias in estimates of stand weights using logarithmic regressions was of

minor importance compared with the variation in estimates among replicated samples.
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Therefore, allometric regression is widely agreed to be reliable for estimation of stand
biomass. The allometric regression model in estimation biomass was also adopted by
Chave et al. (2005) (17). The target of developing a model is the conversion of
inventory data into an estimate of above ground biomass (AGB) for use across tropical
forest types. Models are developed based on measured dry weight, wood specific
gravity, stem diameter and height. They have been tested for secondary and old-
growth forests, for dry, moist and wet forests, for lowland and mountain forests, and
for mangrove forests (17). Overestimates have prevailed, giving a bias of 0.5-6.5%
when errors were averaged across all stands. The advantage of this method is that
replicated samples then can be tested statistically for reliability in the equation;
therefore it is the best method for estimation of forests on a large scale.

Allometric regressions are used for estimating biomass based on inventory data
in trees of tropical forests derived by using three methodologies. The aim of the
methodologies is improved ability for following forest biomass changes over time on a
large scale (11).

(1) Applying a regression equation specific to estimate above ground
biomass of individual tree species (11, 18, 4).

(2) Applying a generic mixed-species regression of equation to estimate
above ground biomass (11, 17, 24).

(3) Applying standard yield tables to estimate stem volume in forest
plantation which is converted to biomass using the wood specific gravity value (11,
20).

Using several small plots in tropical forest, allometric regression can be used
for tracking changes in biomass, as well as for other purposes. Ideally, the allometric
equations applied should be based on comprehensive species-specific destructive
sampling from the study location in order to produce allometric regression which
highly accurate for estimating above ground biomass (11).
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2.3 Allometric regression

An allometic regression is a relationship between component biomass and
biometric parameters of trees including diameter at breast height, height and wood
specific gravity. This method is used for estimating tree mass (11, 4). The
relationships of tree component is explained by regression analysis, which provides an
expected value of the dependent variable (biomass) for a given set of independent
variable values (measured tree dimensions and or wood specific gravity), an associated
error, and a test of confidence in the prediction above ground biomass (18). The

general relationship may be written as;

y=Ff(X)+¢

Where y is biomass, X is a biometric parameter and & is error associated with
the regression equation.

Developing a single allometric regression for trees in a tropical forest has been
investigated for assessing tree above ground biomass (AGB) (3, 4, 25, 26, 27, 11, 15,
17, 28). It is derived in four steps. First, choose an appropriate functional form for the
allometric equation. Second, choose the biometric parameters appropriate for the
exercise or situation. Third, perform regression between destructively measured dry
weights of trees as the dependent variable and field measurement of biometric
parameters as the independent variables. Fourth, is inputting tree stand data for above
ground biomass estimation.

The error in above ground biomass (AGB or simply B) estimation of tropical
forest depends on many factors, which under ecological conditions are known to
influence the allometric equation. These include, for example, soil type (29), soil
nutrients (30), climate (31, 32), disturbance regime (33), successional status (34),
topographic position (35, 36), landscape scale (37) and human impacts (30, 38).
Factors under physiological control are also known to influence the allometric
equation; for example, competition varies according to plant type (39), and the ability

of leaves to compete for light (40, 41).
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Because species differ significantly in terms of wood specific gravity, amount
of foliage and other structures (42, 43), using species-specific allometric regressions to
estimate above ground biomass are generally applied more than mixed-species
regression. Many carbon sequestration studies on permanent plots in tropical forest
have tried to relate tree physiological characters to develop the simple biometric
parameter. The simple biometric parameters of tree developed to be variables in
allometric regression include diameter at breast height (D), height (), and wood

specific gravity (0 ). These variables can be used alone, combined, or transformed, for

example diameter at breast height D (4, 7, 11), D’H (3, 22), ¢D?H (4, 17, 16, 15, 17,
11, 44, 27, 45).

Ketterings et al. (2001) (4) found diameter at breast height (D) can be
accurately measured in the field but that tree height (A) is not always available in field
inventories, and it may sometimes be better not to include it in biomass estimation
procedures. The use of tree height (/) is not necessary so the variable is usually
combined with D in the regression. In tropical forest, different species have different
shape and growth form so that Z may improve the regression, usually based on the
mixed-species regression B-D-H relationship (Eq 1.). This equation gives slightly
better the fit than the B-D relationship (Eq 2.). Wood specific gravity is found to be an

important predictive variable in all regressions (14). Give transformed equation first:

B=aD”H" p"” or B=aD*Hp . Equation 1

This equation may be simplified to B =aD” p Equation 2

Comparing between B-D-H relationship and B-D relationship regression, it is
found that the B-D relationship regression model may overestimate above ground
biomass more than the regression model developed as B-D-H relationship (17). The
volume is usually used when the tree has large dimensions. Conversion to biomass can
done easily but the error estimate depends on the accuracy or reliability of volume
estimation in the field (46).

Wood specific gravity can explain difference between species and variance
within species (42, 47, 43). For reducing uncertainly in the use of allometric equation,
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we should include variance in the allometric model (4). Moreover, specific gravity is
an important factor in converting forest volume data to biomass (48). Therefore, wood
specific gravity has recently emerged as a key variable in study of the carbon cycle
(42) because it is a convenient indicator for life history strategy in trees.

Measuring sample tree biomass is carried out by (5) destructive method or (6)
the non-destructive method. Biometric parameters available from these methods are
important to the reliability of the allometric regression (11).

(1) Destructive method: the conventional destructive method is done by
felling the sample tree, cutting it into components and then weighing them. Direct
weighing can only be done for small trees, but for larger trees, partitioning is
necessary so that the parts can fit into the weighing scale. In cases where the tree is
large, the volume of the stem is measured, and sub-samples are collected for
measuring its fresh weight, dry weight, and volume. The dry weight of the tree
(biomass) is calculated based on the ratio of fresh weight (or volume) to total dry
weight. This procedure requires considerable amount of labor and cost (19).

(2) Non-destructive method: the non-destructive method does not
require the trees to be felled. Measurement can be done by climbing the tree and
measuring its various parts and computing the total volume. In tropical forests the
volume of large branches is calculated using the formula of Smalian or Huber (49, 50).
Subsequently, this information is used to calculate above ground biomass using wood
specific gravity (16). However, the calculated biomass from these procedures cannot

be validated unless the sample tree is felled and weighed (11).

2.4 Sources of error in biomass estimation

The error propagation of above ground biomass estimation in tropical forests
depends on (5) error due to tree measurement; (6) error due to the choice of an
allometric model relating above ground biomass to other tree dimensions; (7)
sampling uncertainty, related to the size of the study plot; (8) representativeness of a

network of small plots across a vast forest landscape (17). In the estimate of biomass

of individuals by destructive methods, there are two main sources of error. First,

measurement error occurs due to various reasons, for example instrument error,
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recording error, and error due to the nature of the object being measured (e.g. presence
of buttress, or irregular girth shape) (17). Second, error can be attributed to sub-
sampling errors when samples are taken to estimate dry weigh: fresh weigh ratios.
Several samples should be used to estimate dry weigh: fresh weigh ratios so that their
standard deviation can be used to assess this error component (11).

The error of estimation of single trees by allometric equation is considered to
include measurement of tree dimensions. It has been developed utilizing one of the

following three forms (18).

Linear (additive error): ¥ = g, + B.X, +..+ B, X, +¢& (1)
Nonlinear (additive error): ¥ = g, XA X/ . X" +¢ 2)
Nonlinear (multiplicative error): ¥ = 8, X/ X7 ..X" *¢ (3)

Where, Y = total or component biomass, &= error associated with the regression

equation, X, = tree dimension variable, ;= model parameter.

Logarithmic transformations are used routinely in dimension analysis studies
to fit allometric equations to sample data. That is, in fitting to sample data an equation
of the form (51).

log y=loga+b*log x

Where x is typically stem diameter and y is biomass component, it is common

practice to replace all values by their logarithms.

Log-transformation generally solves the problem of heteroscedasticity. Linear
least squares regression is then performed on transformed variables. This procedure is
very common because of two reasons: linear functions are easy to deal with and the
statistical theory is well established (52). However, the transformation introduces a

new problem: the detransformed predicted values are biased (53, 52, 51).
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Detransformed estimates of the above model give the geometric mean of the actual
values, which is always less than the arithmetic mean (18, 53, 52).

The components of error in the predicted tree biomass are: 1) the error due to
the fact that an individual tree has a biomass which deviates form the average of all

trees of that dimension tree variables. 2) the error due to the fact that the £, and S,

parameters used are estimates based on relatively small sample size and 3) the error
due to the fact that the relationship used may be the wrong one, or the parameter value
used are not appropriate for that site. Each of these errors is measured by a variance:
Vireer Vestimate @A Vinoger, TOr €rror 1, 2, 3, respectively (13). Reducing the model error

can be done by reducing this difference between the true value of g, and f,

parameters at the site for which biomass estimates are required, and the value used in
other models (4).

2.5 Related research

Biomass of tropical forests has been estimated in several studies and the
feasibility of using generalised allometric equations assessed. Ogawa et al. (1965) (3)
studies that allometric equations of mixed-deciduous forest of Thailand for converse
forest inventory data to biomass, found that biomass is related with biometric

parameter is following;

W, =0.0396(D?*H)"%*
W, =0.003487(D*H)"%"

12250028

/ s

Where, W, = biomass of stem (kg), W, = biomass of branch (kg), W, = biomass of

leaves, D = diameter at breast high (cm) A = total height (m).

Crow (1977) (21) found no significant difference in equations to predict total
above ground biomass between forest types of similar stem form and wood specific
gravity in Thailand and Puerto Rica. Error terms associated with estimates of branch

and leaf mass were much greater than that for stem or total above ground mass. Crow
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(1977) (21) suggested that a general allometric equation for total above ground
biomass might have wide application, but that such general equations for individual
components are not as appropriate. Brown et al. (1989) (26) concluded that general
allometric equations could be developed for life zones or vegetation types within
tropical forests, but that there were significant differences between these types.
Kettering (2001) (4) studied reducing uncertainty in the use of allometric
biomass equation for predicting above ground biomass in mixed secondary forest,
found that a common form of allometric model is B = aD” H , relation between height
(H) and diameter at breast height (D) of species-specific data has proportional relation
between two variables as D*H, H = kD¢, a = b + 2c. The parameter b can be
estimated from the site-specific relationship between D versus H. The parameter a can

be estimated from the average wood specific gravity (o) at the site asa =rp , where

r is expected to be relatively stable across sites. The above relation can result in new
regression model for across site comparison by non-destructive methods for above

ground biomass, as B= r p D**°. Kettering (2001) (4) suggested that new model using

non-destructive methods can reduce estimated error from site specific wood specific

gravity (o) and diameter at breast height (D) versus height ().

Wood specific gravity is a key variable in estimation of biomass. Baker (2004)
(43) studied variation in wood specific gravity, and found that spatial patterns in
Amazonian forest biomass depended on the relation between species composition
(wood specific gravity) and forest structure (basal area of size class of diameter beast
at height).

Chave et al. (2005) (17) studied tree allometry and methods of improving the
estimation of carbon stocks and balance in tropical forests. They found that models

using wood specific gravity, diameter at breast height and height combined (p D’H)

proved a better fit than models using only diameter at breast height (D) and wood

specific gravity (). The error estimate of models using three variables was less than

for models using two variables. Chave et al. (2005) (17) suggested that incorporation
of wood specific gravity for each species leads to an important improvement in above
ground biomass estimation models, corresponding with the result of Kettering (2001)

(4). Nelson and Mesquita (1999) (54) also studied allometric regressions for secondary
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forest in the central Amazon, and found that using tree height, diameter at beast
height, and wood specific gravity in regression was better than using only diameter at
beast height in reducing the average error in estimation of biomass of individual trees.
Ogawa et al. (1965) (3), contrasted results from four forests stands in Thailand, a dry
monsoon forest, a mixed savannamonsoon forest, a savanna forest, and a tropical rain
forest, found that the combination D’H was a suitable predictor of total tree B across
this gradient. Madgwick and Satoo (1975) (22) estimated the above ground biomass
weight of tree stand by using logarithmic transformations of either D or D’H as an
independent variables was appropriate.

Cole and Ewel (2006) (55) studied allometric equations for four valuable
tropical tree species and found that different components of species had slopes of
regressions that differed significantly between species. H—D relationships were quite
similar among the four dicotyledonous tree species (Cedrela odorata, Cordia
alliodora, Hyeronima alchorneoides, and Euterpe oleracea.), each of which had a
slope very close to unity. Chave (2006) (42) studied phylogenetic variation of wood
specific gravity across region in 2456 neotropical tree species, and found great

variation in wood specific gravity among different species.
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CHAPTER I
MATERIALS AND METHODS

This chapter presents materials and methods of procedures to test the relations
between dry biomass and biometric parameters, including procedures for collection
ofdata for formulate allometric regression. It is divided into five parts.

3.1 Site selection

3.2 Location and vegetation
3.3 Field data collection
3.4 Laboratory Methods
3.5 Analytical Methods

3.1 Site selection

Pre requite to the research is selection of study area. Several criteria were
designed to select the study area.

- The study area should be representative of a natural secondary forest.

- The study area should be accessible by foot or by car.

- The study area should be outside the a permanent plot (as tree would have to
be cut)

- Support staff or labour should be available during the field measurement.

3.2 Location and vegetation

The study area is located within the forest concession area of Mahidol
University, Kanchanaburi campus. It located at Lumsoom, Saiyok District,
Kanchanaburi Province, Thailand. Geographically, the forest concession area is
located 1560000 N through 1566000 N latitude, and 511000 E through 518000 E

longitude covering an area of 42,481.25 ha. Study area is typical of tropical forest
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receiving annual precipitation averaging 1,293 and warm temperature between 43.5°C
and 5.2 °C (1951 -2003). The natural vegetation in the study area is mainly dominated
by mixed deciduous forest. Most of the commercial trees commonly found belong to
several family such as Sterculia pexa, Millettia brandisiana, Grewia eriocarpa Juss.,
Bridelia ovata, Anomianthus dulcis, Bauhinia malabarica, B. scandens, Caesalpinia
sappan, Zollingeria dongnaiensis Xylia xylocarpa, Homalium tomentosum, Ziziphus

oenoplia. Succession by pioneer species is common in the logged area.

Permanent plot

Figure 3-1 Location of a experimental plot at Mahidol University, Kanchanaburi campus

3.3 Field data collection

3.3.1 Tree species selection
Four tree species were selected by percentage basal area of species covering
permanent plot. In each species, 8-9 individuals are selected near the experimental plot

for cutting by random sampling method.

3.3.2 Tree measurement

The trees were selected according to stem size classes of each species. For
example, size classes of species 2-30 cm diameter at breast height (dbh) were then set
at 2-5 cm, 6-10 cm, 11-20 cm, > 20 cm. In each species, not more than 9 trees, 2 trees
per size class, were cut. (19). No tree that was damaged or broken was taken. Total
height (H) was measured after cutting the tree. For each, tree components were

separated into four fractions: (1) leaves, (2) branches (D < 6.4 cm), (3) large branches
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and stems with (D>6.4 cm), (4) basal stem. The stem was weighed after cutting the
tree wood specific gravity was determined (13). The tree samples were taken near the
Sai Yok 4 hectare research plot but not on the plot so as to not disturb possible future

studies.

3.3.3 Wood specific gravity

In this study, wood specific gravity is the ratio between the oven dry mass and
the fresh volume of the green wood (56, 57). A wood disk of constant thickness (3 cm)
is taken for all trees to determine mean basic specific gravity of the bole. This is
calculated as the arithmetic mean of the specific gravity at breast height (1.30 m) (57)
Sub-samples of all fractions are collected in the field and stored in sealed plastic bags
to prevent loss of moisture. The green volume is determined by displacing water in a
container placed on the same scale. For the dry weight of each sample a vented electric
oven is used at 103 °C. After the samples are considered completely dry when the
weight is stable for three consecutive days.

3.4 Laboratory methods

3.4.1 Determination of tree biomass

Oven dried samples of tree components: The samples were dried in ovens for
three days at a constant temperature of 103 °C. The samples were reweighed after
drying to determine moisture content. The subsequent moisture content value is used
to determine the total dry weight of the tree and its components. Beside part of wood
disk (D>6.4 cm) of constant thickness (3 cm) is oven dried, then converted to wood

specific gravity (4).

3.5 Analytical Methods

3.5.1 Relationship among four variables ( o, D,H and B)
Four variables were tested by two-way ANOVA, one-way ANOVA and
correlation. Two-way ANOVA is used for testing interaction between species and D

by the factor dry weight biomass. One-way ANOVA is used for testing the relation
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among species with B, species with p and species with H. In each species used it

determines the differences of the B and diameter relationship between size classes.
The correlation is used for testing the relation among all variables in each species,
because construction of species specific regressions must depend on these

relationships.

3.5.2 Allometric regression model

The regression model in each species will be the standard form for allometric
equations: yi = a(x)®, where yi = B is dependent variable, x = D, pD , D?H and pD*H
independent, and a and b are scaling factors. These equations use the fit of a linear
regression model [In(y) = a + bin(x)] (58).

For each linear regression model, the following indicators of goodness of fit are
reported:

1) r* of the simple regression (or R?* of the multiple regression):
indicates the spread of the data in the y-direction about the regression line, relative to
its spread about the average y value, which is a horizontal line.

2) Standard error: reported for the intercept and the spatial regression
coefficients of the independent variables.

3) Significance of t-value: reported for each independent variable.

4) Average unsigned deviation: an indicator of the precision of the
model in predicting individual tree biomass values. For each tree used in a regression,
the difference between predicted dry weight and observed dry weight was expressed
as a percentage of observed dry weight. The absolute values of all cases (deviations)

were then averaged.

3.5.3 Comparisons among regression models of four species.

The slopes and elevations of the regression models are compared among species
and tested by analysis of covariance (59). Comparing simple linear regression
equations technique, used in case at comparing among regressions of more than two
lines by analysis of statistical difference of slope and elevation among regression, it is

shown in Table 3-1
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Table 3-1 Calculation for testing for significant difference between slope of k simple

regression lines

z X2 z Xy Z y2 Residual SS Residual DF
Regressionl A B, a8 ss, = C, B_12 DF, =n, -2
A
Regression2 A, B, O ss, =C, _B_22 DF, =n, -2
A
BZ
Regression k A By Cy Be =C, —A—k DF, =n, -2
k
“Pooled” k k
regression S§, = ;SS' DFp = D (ni-2)
1 3
Kk
=> n-2%
i=1
“Common” k > > B DF,=ni-k-1
regression N ; A B, = 1221: B C. = ;Ci S, =C. _TC
“Total” B C: 2 k
: A ‘ L sst=ct—B—t DF, =) ni-2
regression A, —
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Table 3-1 Calculation for testing for significant difference between slope of k

simple regression lines (Continued)

To test for differences between slopes:
Ho: =5, =..5,
H , :All these S’s are not equal

§5=—=dS~

___ k-1
g

D=

p

Where: D xI= (X -X)
ny: Z(Xi = X)(Y; =Y)

Zyzz Z(Yi -Y)
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CHAPTER IV
RESULT

This chapter presents the results of the development of regression models for
four different abundant secondary forest tree species of Mahidol University,
Kanchanaburi Campus. It is established at Sai Yok district, Kanchanaburi province.
This study is to emphasize the results of three main objectives. First, present the
results of the relationship among four variables important in allometric regression

(diameter at breast height (D), height (H), wood specific gravity (o) and dry weight

biomass (B)). Second, present the best regression model for each species for
estimating above ground biomass. Third, present the results of the comparison
between a previously published model of Ogawa et al. 1965 (3) and devising model is

devised in this study.

4.1 Relationship among tree dimension with biomass

Relationship among tree dimension (D, H, B and p) into overall four species

by measuring data from 33 trees. This process is important to devise allometric
regressions for assume that give relationship between dependent variable (dry weight
of aboveground tree biomass) with independent variables (wood specific gravity,
diameter at breast height and height). Although from literature review revealed that all
variable are related, in order to present their relationship in this study we summarize
the whole relationship in Table 4-1 by using correlation statistical explain the result of

them.
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Table 4-1 Correlation among tree dimension (Pearson correlation coefficient 2-tailed,

n=33).
] ) Biomass Diameter at Height Wood specific
Tree dimensions ) )
breast height gravity
Biomass _ 0.804 (**) 0.773(**) 0.410(*)
Diameter at breast height = 0.859(**) 0.227
Height _ o - 0.391(*)

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

The correlations among tree dimensions in Table 4-1 (biomass and diameter at breast

height, height and wood specific gravity) were all significant, excepted correlation

between D and p that wasn’t significant. Scatter plots these relations are shown in

Figure 4-1, Figure 4-2 and Figure 4-3. The relationships are between biomass with

diameter at breast height and height are strongly related, are it is fitted by power

function better than linear regression (Figure 4-1). In particular the correlation

between biomass and wood specific gravity shows a clear non-linear relationship

(Figure 4-1).
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Figure 4-1 Scatterplots of relationships between B with D, H and p (n=33)

The correlation between diameter at breast height and height (Figure 4-2) is fitted by

linear regression better than relationship between diameter at breast height and wood

specific gravity (Figure 4-2). However, relationship between diameter at breast height

and wood specific gravity is very weak.
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Figure 4-2 Scatterplots of relationships between D and H, D and p (n=33)

The relationship between diameter at breast height and wood specific gravity is also

unclear and very weak Figure 4-2. Relationship between wood specific gravity and

height is also very weak, although it is significant at p> 0.05 as scatter plot in Figure

4-3 and result in Table 4-1.
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Figure 4-3 Scatterplot of relationship between H and p (n=33)

The differences among tree dimensions (D, H, B and p) among species are

important information needed to devise allometric models. Although the devising
allometric regression model at the species level has not received extensive acceptance
for estimating biomass in natural forests of Thailand estimates of biomass shouldn’t
ignore to differences among species. Statistically significance from analysis of
variance between species in mean tree diameter at breast height, height, biomass and

wood specific gravity in the four species in Table 4-2 support this conclusion.
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The result of comparing of the difference of mean biomass of four species
(Table 4-2) showed that biomass is not significantly different among species. Diameter
at breast height, which represents tree size, did not differ significantly among species.
Height as a measure of tree size gave the result same as diameter at breast height but
in the field it is difficult to measure accurately because in natural forest tree crown are
usually closed. Wood specific gravity differs among size classes (because in the same
size class diameter rate split tissue will be difference in immature tree). When compare
mean wood specific gravity significantly differed among four species (see in Table 4-2
and Figure 4-4).
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Figure 4-4 Distribution of data from measuring tree dimensions in each species
where, species 1: Sterculia pexa, species 2: Milletia brandisiana, species 3:

Grewia eriocarpa and species 4: Bridelia ovata.
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The result of relationship, indicate that wood specific gravity is in consistent
with other factors. It may be good indicator for species preliminary selection of
species. There are also significant difference in wood specific gravity between
diameter size-class as wood specific gravity trend to increase with increasing diameter
at breast height (Table 4-3).

Table 4-3 Statistically significance from analysis of variance between wood specific

gravity and diameter size classes.

Diameter Mean wood specific gravity

. Sterculi Mean SD. p-value
size classes e;;u ' Milletiasp.  Grewiasp.  Bridelia sp.
2-5¢cm 0.33 0.44 0.61 0.62 0.48 14 <0.001
6-10 cm 0.28 0.39 0.58 0.68 0.48 17
11-20 cm 0.36 0.57 0.65 0.73 0.58 15
>20 cm 0.37 0.60 0.66 0.76 0.64 16

Difference among species in wood specific gravity were found mean in all
diameter size classes, starting with 2-5 cm Blidalia ovata give mean wood specific
gravity highest while Sterculia pexa was lowest. In the other size classes the result as
same was the diameter size classes at 2-5 cm (Figure 4-5 and Table 4-3). In Bridelia
ovata did mean wood specific gravity increase uniformly with diameter size classes.
Wood specific gravity and diameter at breast height founded that wood specific

gravity (p) significantly differed among four size classes overall (Figure 4-5 and

Table 4-3).
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Figure 4-5 Average mean wood specific gravity in four diameter size classes of

Sterculia pexa, Milletia brandisiana, Grewia eriocarpa and Bridelia ovata.

The proportions of biomass in tree components (stem, leaf and branch) and
relationship between tree dimension and biomass is important species specific
information. It supported devising allometric model. Therefore, relationship among
tree dimensions with biomass at the species level is investigated by determine to
proportion of biomass in tree components in each species, and correlations among the

four variables.

4.1.1 Relationships among tree dimension with biomass in species level
1) Sterculia pexa

Proportions of accumulated biomass in stem, branch and leaf for
Sterculia pexa (n=9) were 83.14% is stem biomass, 16.08% is branch biomass and
0.78% in leaf biomass (Figure 4-6).

In Sterculia pexa, most biomass was accumulated in stems. Stem biomass,
proportion decreased with diameter size already included in Figure 4-7. In contrast,
percent of a branch biomass proportion increased with diameter size. For leaf biomass,
cutting trees for measuring was during carried out during month, when the trees were
deciduous, therefore there was no leaf biomass in diameter size 2-5 cm and 5-10 cm.

Trees of diameter up 20 cm had leaf biomass of 1.33% of a tree as in Figure 4-7.
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Evaluation of dry weight biomass in each size class revealed that mean biomass

differed significantly among different size classes (p<0.05), as shown in Figure 4-8.
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Figure 4-6 Percent biomass of stem, branch and leaf for Sterculia pexa (n=9).
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Figure 4-7 Percent biomass of stem, branch and leaf in different size classes for

Sterculia pexa (n=9).
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Figure 4-8 Mean dry weight biomass differed significantly among size

classes of Sterculia pexa (p < 0.001).

In Sterculia pexa the correlations between B and D, H and p were 0.94,

0.85 and 0.63. Correlation between diameter at breast height with height was
significant at 0.90 (Table 4-4).

Table 4-4 Correlation among tree dimension of Sterculia pexa (Pearson correlation
(2-tailed, n=9)

) \ Biomass Diameter at Height Wood specific
Tree dimensions

breast height gravity
Biomass A 94 (**) 85 (**) 63
Diameter at breast height = = .90 (**) 63
Height _ 42

** Correlation is significant at the 0.01 level (2-tailed).

The correlations among tree dimensions in Table 4-4 (biomass and
diameter at breast height, height and wood specific gravity) were significant in
relationships between biomass with diameter at breast height and height, including
relationship between diameter at breast height and height. Scatter plots these relations
are shown in Figure 4-9. The relationships are between biomass with diameter at
breast height and height, including relationship between diameter at breast height and

height are strongly related, it is fitted by power function better than linear regression
(Figure 4-9).
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Figure 4-9 Scatterplots of relationships between B with D and H of Sterculia pexa (n=9).

Moreover correlation among tree dimension of Sterculia pexa revealed
that the correlation between biomass and wood specific gravity was not significant.
There is no also correlation between height and wood specific gravity. The correlation
between wood specific gravity with diameter at breast height was also not significant
(Figure 4-10).
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Figure 4-10 Scatterplots of relationships between o with B, D and H of Sterculia pexa
(n=9).

Scatter plots in Figure 4-10 show relationships between wood specific

gravity with biomass, height and diameter at breast height. They are weak relationships.

2) Milletia brandisiana

Proportions of accumulated biomass in stem, branch and leaf for
Milletia brandisiana (n=8) were 75.34% is stem biomass, 20.60% is branch biomass
and 4.06% in leaf biomass (Figure 4-11).

In Milletia brandisiana, most biomass was accumulated into stems.
Stem biomass proportion decreased with diameter size already included in Figure 4-12. In

contrast, percent of a branch biomass proportion increased with diameter size. For leaf
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biomass proportion decreased with diameter size. Evaluation of dry weight biomass in

each size class revealed that mean biomass differed significantly among different size

classes (p<0.05), as shown in Figure 4-13.
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Figure 4-11 Percent biomass of stem, branch and leaf for Milletia brandisina (n=8).
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Figure 4-12 Percent biomass of stem, branch and leaf in different size classes for

Milletia brandisiana (n=8).
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Figure 4-13 The mean dry weight biomass is significantly among size classes of
Milletia brandisiana (p=0.048).

Comparison among tree dimensions (D, H, B andp) in Milletia
brandisiana revealed significant correlations among B, D, H and po. Correlation

between diameter at breast height and wood specific gravity was also significant, and
also between biomass and wood specific gravity (Table 4-5).

Table 4-5 Correlations among tree dimensions of Milletia brandisiana (Pearson
Correlation (2-tailed, n=8))

) ) Biomass Diameter at Height Wood specific
Tree dimensions ] )
breast height gravity
Biomass _ 0.93 (**) 78 (*) 0.79 (*)
Diameter at breast height _ _ 90 (*%) 0.85 (**)
Height _ _ 0.59

** Correlation is significant at the 0.01 level (2-tailed).

Correlation among tree dimensions of Milletia brandisiana in Table 4-5
reveal that the correlation between wood specific gravity with height was not

significant. Scatter plots of correlation among tree dimension of Milletia brandisiana
show as in Figure 4-14 and Figure 4-15.
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Figure 4-14 Scatterplots of relationship among B, D, H and p of Milletia brandisiana

(n=8).

Scatter plots were devised for Milletia brandisiana to determine which

of relationship among diameter at breast height, height and wood specific gravity,

showed a strong relationship with total dry weight (Figure 4-14). The plots show a
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clear non-linear relationship for relationship between D and B, a similar curve but with

more scatter for the relationship among H, D, p and B, and no clear relationship for

p and B.

4
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Figure 4-15 Scatterplot of relationship between H and p of Milletia brandisiana
(n=8).

Scatterplot in Figure 4-15 show relationship between wood specific

gravity with height which is unclear.

3) Grewia eriocarpa

Proportions of accumulated biomass in stem, branch and leaf for
Grewia eriocarpa (n=8) were that 81.62% is stem biomass, 17.62% is branch biomass
and 0.76% in leaf biomass (Figure 4-16).

In Grewia eriocarpa, most biomass was accumulated into stems. Stem
biomass proportion increased with diameter size already included in Figure 4-17. In
contrast, percent of a branch biomass proportion decreased with diameter size. For leaf
biomass proportion also decreased with diameter size. Evaluation of dry weight
biomass in each size class revealed that mean biomass not differed significantly

among different size classes (p>0.05) (Figure 4-18).
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Figure 4-16 Percent biomass of stem, branch and leaf for Grewia eriocarpa (n=8).
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Figure 4-17 Percent biomass of stem, branch and leaf in different size classes for

Grewia eriocarpa (n=8).
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Figure 4-18 The mean dry weight biomass is not significantly different among size
classes of Grewia eriocarpa (p = 0.052).

In Grewia eriocarpa there are significant correlations between B, D, H
and p except for that between H and p (Table 4-6).

Table 4-6 Correlation among tree dimension of Grewia eriocarpa (Pearson
Correlation (2-tailed, n=8).

; ) Biomass  Diameter at Height Wood specific
Tree dimensions

breast height gravity
Biomass _ 965(**) 866(**) 718(*%)
Diameter at breast height A y 942(*%) 624(*%)
Height . = 0.609

** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed)

Correlation among tree dimensions of Grewia eriocarpa showed a
specific relationship between height and wood specific gravity that is not significant.
Scatter plots of correlation among tree dimension of Grewia eriocarpa show as in
Figure 4-19 and Figure 4-20.
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Figure 4-19 Scatterplots of relationship among B, D, H and p of Grewia eriocarpa

(n=8)

Scatter plots were devised for Grewia eriocarpa to determine which of

relationship among diameter at breast height, height and wood specific gravity,

Wood specific gravity (g cm-3)
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showed a strong relationship with total dry weight (Figure 4-19). The plots show a
clear non-linear relationship for relationship between D, B and H, and no clear

relationship for o, D and B.
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Figure 4-20 Scatterplot of relationship between H and p of Grewia eriocarpa

(n=8)

Scatter plots in Figure 4-20 show relationship between wood specific

gravity with height which is non-clear relationship.

4) Bridelia ovata

Proportions of accumulated biomass in stem, branch and leaf for
Bridelia ovata (n=8) were that 79.59% was stem biomass, 16.85% was branch biomass
and 3.56% in leaf biomass (Figure 4-21).

In Bridelia ovata, most biomass was accumulated into stems. Stem
biomass proportion increased with diameter size already included in Figure 4-22. In
contrast, percent of a branch biomass proportion decreased with diameter size. For leaf
biomass proportion also decreased with diameter size. Evaluation of dry weight
biomass in each size class revealed that mean biomass differed significantly among
different size classes (p<0.05) (Figure 4-23).
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Figure 4-21 Percent biomass of stem, branch and leaf for Bridelia ovata (n=8).
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Figure 4-22 Percent biomass of stem, branch and leaf in different size classes for

Bridelia ovata (n=8).
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Figure 4-23 The mean dry weight biomass is significantly different among size

classes of Bridelia ovata (p < 0.05).

In Bridelia ovata correlations between B, D, H and o are all significant

(Table 4-7). Scatter plots of correlation among tree dimension of Bridelia ovata show

as in Figure 4-24.

Table 4-7 Correlation among tree dimension of Bridelia ovata (Pearson Correlation

(2-tailed, n=8)

) b Biomass Diameter at Height Wood specific
Tree dimensions I )
breast height gravity
Biomass i 991 (**) .903(**) T77(%)
Diameter at breast height = 927(*%) 773(%)
Height _ _ _ 831(*)

** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed)
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Figure 4-24 Scatterplots of relationship among B, D, H and p of Bridelia ovata (n=8)

4.1.2 Scatter plots of relationships between B, D, H and p

Scatter plots are made to examine the relationships between total dry

weight (B) with wood specific gravity () with diameter at breast height (D) and
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height (H). The plots for Sterculia pexa show a power function relationship for D vs.
B. For Millettia brandisiana and Grewia eriocarpa give scatter plots similar to
Sterculia pexa. But scatter plot of relationship D vs. B for Bridelia ovata shows a
linear relationship as in Fig. 4-25. Scatter plots of a relationship between dry weight
(B) and height (H) for Sterculia pexa and Milletia brandisiana show similar curves but
with more scatter, for Grewia eriocarpa the plot shows a clear non linear relationship.
A scatterplot for Bridelia ovata, shows a similar linear trend but with more scatter
(Fig. 4-26). Scatterplots of a relationship between dry weight (B) and height (o) for
Sterculia pexa, Milletia brandisiana, Grewia eriocarpa and Bridelia ovata show no
clear relationship (Figure 4-27).
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Figure 4-25 Scatterplots of diameter at breast height (D) vs. dry weight biomass (B)

for Sterculia pexa (n = 9), Millettia brandisiana (n = 8), Grewia eriocarpa

(n =8) and Bridelia ovata (n = 8)
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Figure 4-26 Scatterplots of height (H) vs. dry weight biomass (B) for Sterculia pexa (n = 9),

Millettia brandisiana (n = 8), Grewia eriocarpa (n = 8) and Bridelia ovata (n=8)
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Figure 4-27 Scatterplots of specific gravity (o) vs. dry weight biomass (B) for

Sterculia pexa (n = 9),Millettia brandisiana (n = 8), Grewia eriocarpa

(n = 8) and Bridelia ovata (n = 8)

Comparing relationship total dry weight (B) with wood specific gravity
(,0) with diameter at breast height (D) and height (H) showed that when tree increase
in D and H and increase in dry weight (B) of tree. Specific gravity (p) shows an

unclear relationship with dry weight (B).

4.2 Allometric regressions

In the assumption of Kettering (2001) (13), one species hasB =aD"H, a
common form of relation of the variables. If D and H for trees of a given
environmental condition are related by H = kD¢, the equation B =aD"H becomes
B =akD""® where a=b+2c. The parameter b can be estimated from the site specific
relationship between D versus H, a=r o, in which r is expected to be relatively stable
across site. However in this study H was measured for each tree. Therefore the specific
species regression used isB =aD"H , in which the relation of D and H is given by
D?H. If the allometric regression is in power function form, logarithmic transformation
generally solves the problem of heteroscedasticity owing to the variance of dependent
variable increasing in proportion to the value of independent variable. This study will

show linear regression in each species and compare the slope of linear regression
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among species using D, pD, D?*H and pD?H as independent variables. We may

investigate the most appropriate mixed species or specific species regressions for

estimating aboveground biomass by using an average unsigned deviation (%) values.

4.2.1 Four species regressions using D

Diameter at breast height (D) is one of tree dimensions which is found

to strongly relate to another tree dimensions (H,B andp), from result of the

correlations. Results from investigation correspond with the other research (4), that

aboveground tree biomass can be estimated using a power function in
formB = a(D)”. Therefore, we determine # andea for each species in order to test
whether 1) g variance among species; 2) # and « in linear regression differ among

species or not.

The correlations between D and B are fitted by non-linear relationship
that will be test with exponential, logistic, growth, compound, quadratic, cubic and
power curves for Sterculia pexa. The best fit is obtained from a power curve, yielding an

r? value of 0.90:

B = (D)’ Model 1

The value for g is 2.62 and « is 0.03. For, Millettia brandisiana is fitted by power
curves, yielding an r® value of .98. The value for £ is 2.05 and « is 0.21. Grewia
eriocarpa is fitted by power curve, yielding an r? value of 0.98. The value for /3 is 2.43
and« is 1.62. Bridelia ovata is fitted by power curves, yielding an r? value of 0.95. The
value for £ is2.05and « is 0.346.

The regression coefficients and indicators of accuracy and significance

for four species are shown in (Figure 4-28).
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Figure 4-28 The relations between D and B fitted by power curve for Sterculia
pexa (n=9), Millettia brandisiana (n=8), Grewia eriocarpa (n=8) and

Bridelia ovata (n=8).

Model 1 does not obey the assumptions of a linear regression. Variance
of distribution of the dependent variable should be constant for all values of the
dependent variable. A In-In transformation, of model 2 the data are spaced more
evenly along the regression, showing the advantage of using this transformation:

In(eD”) = Ina + BIn(D), Ina = ¢ which allows simplification of the exponent to unit

value (Fig. 4-29):

In(B) =c+ pIn(D) Model 2
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Figure 4-29 Relations between InB and InD fitted by linear regression of for Sterculia
pexa (n=9), Millettia brandisiana (n=8), Grewia eriocarpa (n=8) and

Bridelia ovata (n=8).

With a simple linear regression of model 2 for Sterculia pexa, the
single independent variable In (D) give a sum-of-squares variation of In (B) of 99%.
The estimates of dry weight for individual trees still diverge from the observed values
by an average of 1.77 %. Millettia brandisiana, Grewia eriocarpa and Bridelia ovata,
have sum-of-squares variation of In (B) of 98%, 98% and 95%, respectively. The
estimates of dry weight for individual trees still diverge from the observed values by an
average of 0.92%, 0.28% and 1.64%. The regression coefficients and indicators of

accuracy and significance are shown in Table 4-8.
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Table 4-9 Testing differences among the four regressions (In(B) = « + £In(D) )

Species y? Xy X2 n b  Residual Residual
Z z Z SS DF
Sterculia pexa 30.23 11.36 4.34 9 262 0.4651 7
Millettia brandisiana 12.93 6.20 3.03 8 2.05 0.2303 6
Grewia eriocarpa 21.85 8.82 3.62 8 243 0.3927 6
Bridelia ovata 11.93 5.53 2.70 8 205 0.6012 6
“Pooled” 1.69 25
regression
“Common” 76.94 31.90 13.68 2.33 2.54 28
regression
“Total” 83.50 31.64 13.70 33 10.44 31
regression

To test for differences between slopes of Sterculia pexa, Millettia brandisiana, Grewia

eriocarpa and Bridelia ovata:

Ho B =Py =,

H , :All these g’s are not equal

Fo (2.54-1.69)/(4-1)
1.69/25
Since Fjps0325 = 2.99, rejectHy.

=4.19

Using only D as the independent variable in linear regression

(In(B) =c+aIn(D) ), when compared among four species reveals that slopes are

significantly different. Differences of slopes in Table 4-9 show the devised allometric
regression for estimating aboveground biomass are separate for each species, and that
the regression lines of four species cannot be reduced to a single allometric regression.
Although the results of Table 4-9 show the differences among species, but when
compared difference of linear regression of four species in Figure 4-30 founded that
slopes of Sterculia pexa and Grewia eriocarpa, including Millettia brandisiana and
Bridelia ovata. Therefore, for testing for differences between these was done using T-test as
shown in Table 4-10.
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- Sterculia pexa
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Figure 4-30 Comparing linear regression lines (In(B) = a + SIn(D) ) of four species

Table 4-10 Testing for differences between the two regressions (In(B) =c + gIn(D) )

Species X Xy x2 N b  Residual Residua
WA 23D K, a |
DF
Sterculia pexa 30.23 11.36 4.34 9 262 0.4651 7
Millettia brandisiana 12.93 6.20 3.03 8 205 0.2303 6

To test for differences between slopes of Sterculia pexa and Millettia brandisiana:

Ho B =P,
Hat B # B
= 262-243 _ 3443
0.173
Since t; 5213 = 2.16, rejectH,, P<0.05
Species z y? zxy ZXZ n b Residual Residual
SS DF
Sterculia pexa 30.23 11.36 4.34 9 262 0.4651 7

Grewia eriocarpa 21.85 8.82 3.62 8 243 0.2303 6
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To test for differences between slopes of Sterculia pexa and Grewia eriocarpa:

Ho:ﬁ1:ﬂ2
Hyt B # B

. 2.62-243

0.183
Since t; 5215 = 2.16, accepted H,, P>0.05

=1.025

Species y? Xy i) b  Residual Residual
Z Z Z SS DF

Sterculia pexa 30.23 11.36 434 9 262 0.4651 7

Bridelia ovata 11.93 5.53 270 8 205 0.6012 6

To test for differences between slopes of Sterculia pexa and Bridelia ovata:

Ho B =5,
H,: B # 5,
t= M = 2567
0.222
Since t; 45213 = 2.16, rejectH,, P < 0.05
Species 4 X X2 n b Residual ~ Residual
Zy z . Z SS DF
Millettia brandisiana ~ 12.93 6.20 3.03 8 2.05 0.2303 6
Grewia eriocarpa 21.85 8.82 3.62 8 2.43 0.3927 6

To test for differences between slopes of Millettia brandisiana and Grewia eriocarpa:

Hozﬁlzﬂz
Hyt B # 5,

. _ 2:433-2.048

0.177
Since |t| = 2.168 <Since ty 5,1, =2.179, accepted H,, P~0.05, marginal

=-2.168
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Species y? Xy x2 N b  Residual Residual
z Z Z SS DF

Millettia brandisiana 12.93 6.20 3.03 8 2.05 0.2303 6

Bridelia ovata 11.93 5.53 2.70 8 2.05 0.6012 6

To test for differences between slopes of Millettia brandisiana and Bridelia ovata:

HO:ﬂlzﬂZ
Hat B # 5,
 2.05-2.048 _

t = ————
0.22

Since [t| = 0.008 t; 455, = 2.179, acceptedH,, P > 0.05

Species y? Xy X2 n b  Residual Residual
Z Z Z SS DF

Grewia eriocarpa 21.85 8.82 3.62 8 243 0.3927 6

Bridelia ovata 11.93 553 2.70 8 2.05 0.6012 6

To test for differences between slopes of Grewia eriocarpa and Bridelia ovata:

Ho:ﬂ1:ﬁ2
Hu:p# 5,

,_243-205

0.23
toos(zy12 =2-179, accepted H,, P >0.05

=1.65

The results in Table 4-10 of testing for differences of slope among four
linear regressions show significant difference between Sterculia pexa and Millettia
brandisiana, Sterculia pexa and Bridelia ovata. Comparing slope of regression
between Sterculia pexa and Grewia eriocarpa, Millettia brandisiana and Grewia
eriocarpa, Millettia brandisiana and Bridelia ovata, Grewia eriocarpa and Bridelia

ovata found no significant differences.
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4.2.2 Four species regressions using p D

Fast-growing tropical tree species are characterized by low conductive
tissue of low wood specific gravity. Difference in biomass (B) in part of trees will have
influence on wood specific gravity (o). Ketterings (2001) (4) has studied the relationship
between p with B and D and found that B = apD”, where thea parameter is constant
over a wide range. Therefore, use of « and £ in four regression models using o D as

dependent variable can explain differences in environment conditions the influence to tree
species. Moreover, difference of linear regression between species will show the

influence of o on the linear regression.
It is found that D and p do not correlate significantly in Sterculia pexa,

Grewia eriocarpa and Bridelia ovata (r = 0.63, 0.63 and 0.77). The result of

correlation between from p and B by One-way ANOVA showed that p slightly
influences biomass (B). In contrast strongly with the correlation between p and D,

was 0.854. The high correlation between the two variables showed how
multicollinearity imposes itself on linear regression. Model 3 uses complex variable

(,0 D) in regression as Figure 31:

In(B) = ¢ + aIn(Dp) Model 3

Sterculia pexa

Millettia brandisiana

InB
InB

T T T T T
00 05 10 15 20 25 050 1.00 150 2,00 2.50
InSD InSD
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Bridelia ovata

Grewia eriocarpa

InB
-

InSD
Inwd

Figure 4-31 Correlation between InB and In p D is fitted by linear regression of for
Sterculia pexa (n=9),Millettia brandisiana (n=8), Grewia eriocarpa (n=8)

and Bridelia ovata (n=8).

In the simple linear regression of model 3, the single independent

variable In (p D) for Sterculia pexa, Millettia brandisiana, Grewia eriocarpa and

Bridelia ovata give the sum-of-squares variation of In (B) as 98.5%, 94.7%, 99.7% and
96.0% respectively. The estimates of dry weight for individual trees are less accurate
than in using only D as the independent variable. Average unsigned deviation for
Sterculia pexa, Millettia brandisian, Grewia eriocarpa and Bridelia ovata are 8.67 %,
2.47 %, 0.26% and 1.25%. The regression coefficient and indicators of accuracy and

significance are shown in Table 4-11.
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Table 4-12 Testing of differences among the four regressions (In(B) = ¢ + SIn(Dp))

Species y? Xy X2 n b  Residual Residual
z z Z SS DF
Sterculia pexa 30.23 12.43 5.19 9 240 0.4517 7
Millettia brandisiana 12.93 jrAill 4.85 8 159 0.6845 6
Grewia eriocarpa 21.85 9.50 4.15 B 2029 0.0557 6
Bridelia ovata 11.93 6.34 3.51 8 181 0.4807 6
“Pooled” 1.67 25
regression
“Common” 76.94 35.98 17.69 2.03 3.77 28
regression
“Total” 83.50 39.90 20.17 33 4.55 31
regression

To test for differences between slopes of Sterculia pexa, Millettia brandisiana, Grewia

eriocarpa and Bridelia ovata:

Ho: b =5, =..5,
H , :All these £ s are not equal

_(38.77-167)/(4-1)
(1.67/25)
Since Fjps0y325 =2.99, rejectH,.

=10.45

UsingpDas the independent wvariables in linear regression
(In(B) =c+ aln(pD)), when compared among four species reveal that slope of these
differ significantly as shown in Table 4-12. The result of difference of linear
regression are the same as using D as independent variable. Comparison of linear
regression line (In(B) =c+aln(Dp)) of four species is shown in Figure 4-32. As
Figure 4-32, slopes of linear regression lines of Sterculia pexa and Grewia eriocarpa
seem close. Therefore, tests will be made in Table 4-13.
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Figure 4-32 Comparing linear regression lines (In(B) = ¢ + aIn(Dp) ) of four species

Table 4-13 Testing of difference two regressions (In(B) =c + aln(Dp) )

Species 2 X & b Residual  Residual
z L Z i Z SS DF

Sterculia pexa 30.23 12.43 5.19 9 2.40 0.4517 7

Millettia brandisiana 12.93 7.71 4.85 8 1.59 0.6845 6

To test for differences between slopes of Sterculia pexa and Millettia brandisiana:

HO:ﬂlzﬂZ
Hyt B # 5,

. 2.396-1.596 _
0.187
Since t; 5015 =2.16, rejectH,, P <0.5

4.32

Species 2 X X2 n b Residual  Residual
Z / Z / z SS DF
Sterculia pexa 30.23 12.43 5.19 9 2.40 0.4517 7

Grewia eriocarpa 21.85 9.50 4.15 8 2.29 0.0557 6
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To test for differences between slopes of Sterculia pexa and Grewia eriocarpa:

Ho :181 :ﬂz
Hat B # B,
f— 24-2.29

0.013
Since t; 5215 = 2.16, acceptedH,, P >0.05

=0.80

Species % Xy X2 n b Residual  Residual
Z 4 Z z SS DF

Sterculia pexa 30.23 12.43 5.19 9 2.40 0.4517 7

Bridelia ovata 11.93 6.34 3.51 8 1.81 0.4807 6

To test for differences between slopes of Sterculia pexa and Bridelia ovata

HO:ﬁlzﬂZ
Hayt B # B,

. _ 2.396-1.805

0.185
Since t; 5213 = 2.16, rejectH,, P < 0.05

=3.195

Species ) Xy X2 n b Residual  Residual
z 3 Z Z SS DF
Millettia 12.93 7.71 4.85 8 1.59 0.6845 6
brandisiana
21.85 9.50 415 8 2.29 0.0557 6

Grewia eriocarpa
To test for differences between slopes of Millettia brandisiana and Grewia eriocarpa

HO:ﬂlzﬂZ
Huyt B # B,

. 1.589-2.292 _ -4.236
0.166

Since [t| = 4.236> t,5,),, = 2.179, rejectH,, P <0.05
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Species y? Xy x2 N b Residual  Residual
Z z z SS DF

Millettia brandisiana 12.93 7.71 4.85 8 1.59 0.6845 6

Bridelia ovata 11.93 6.34 3.51 8 1.81 0.4807 6

To test for differences between slopes of Millettia brandisiana and Bridelia ovata

Ho:ﬂ1:ﬂ2
Hyt B # B

. _1589-1.805

0.218
Since [t| = 0.993> t; 5, = 2.179, acceptedH,,, P > 0.05

=-0.993

Species y? Xy X2 n b Residual  Residual
Z Z z SS DF

Grewia eriocarpa 21.85 9.50 4.15 8 2.29 0.0557 6

Bridelia ovata 11.93 6.34 3.51 8 1.81 0.4807 6

To test for differences between slopes of Grewia eriocarpa and Bridelia ovata

Ho:ﬂlzﬂz
Hyt B # 5,

. _ 2.203-1.805

0.153
to05(2)12 =2.179, rejectH,, P <0.05

=3.175

The results in Table 4-13 of testing for differences of slope among four
linear regressions show that significant difference between Sterculia pexa and
Millettia brandisiana, Sterculia pexa and Bridelia ovata, Grewia eriocarpa and
Millettia brandisiana, Grewia eriocarpa and Bridelia ovata. Comparing slope of
regression between Sterculia pexa and Grewia eriocarpa, Millettia brandisiana and

Bridelia ovata found no significant differences.
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4.2.3 Four species regressions using D*H

Using two good estimators of B, D and H, for estimating biomass, is
indicated from the power of correlations between B and D with B and H which are
0.804 and 0.773. Moreover correlations between H and D at species level for Sterculia
pexa, Millettia brandisiana, Grewia eriocarpa and Bridelia ovata is 0.90, 0.90, 0.94
and 0.93 respectively. Model 4 is devised to avoid multicollinearity between D and H

use of two variables gives a complex variable (D*H) as the independent variable in

linear regression, Figure 4-33:

In(B) = & + AIn(D?H) Model 4

U'II

Sterculia pexa

Millettia brandisiana

InB

. . . 2 00
Grewia eriocarpa 2 Bridelia ovata
[}
=
4
4 o
2 e
=
o
27
e
o
[}
1 il
T T T T T T T T T T T
4 5 6 7 8 9 5 6 7 8 9
InD2H InD2H

Figure 4-33 Relations between InB and In D*H fitted by linear regression of for
Sterculia pexa (n=9), Millettia brandisiana (n=8), Grewia eriocarpa
(n=8) and Bridelia ovata (n=8).
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The Simple linear regression of model 4, gives the sum-of-squares
variation of In (B) for Sterculia pexa, Millettia brandisiana, Grewia eriocarpa and
Bridelia ovata of 98.1%, 97.2%, 98.2% and 95.5%, respectively. The estimates of dry
weight in Sterculia pexa, Millettia brandisiana, Grewia eriocarpa and Bridelia ovata
give average unsigned deviations of 3.61%, 1.05 %, 0.22% and 1.42%, respectively.
The regression coefficients and indicators of accuracy and significance are shown in
Table 4-14.

The complex variable between D and H becomes D?Has the

independent variable in linear regression (In(B)=c+aIn(D*H)) has been widely

used in Thailand for mixed-species regression (3). It has believed that this is
appropriate for estimation of biomass in natural forest. Allometric regression used
mixed species for devising the model, although in natural forest did have differences
among species. The difference of linear regression in each species found in this study

is shown in Table 4-15.
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Table 4-15 Testing for differences among the four regressions (In(B) = ¢ + AIn(D*H))

Species 2 X X2 n b Residual ~ Residual
Z / Z / Z SS DF
Sterculia pexa 30.23 28.30 27.01 9 1.05 0.5765 7
Millettia 12.93 15.77 19.79 8 0.80 0.3624 6
brandisiana
21.85 21.53 21.62 8 1.00 0.4014 6
Grewia eriocarpa
11.93 13.17 15.23 8 0.86 0.5389 6
Bridelia ovata
1.88 25
“Pooled”
regression 76.94 78.77 83.65 0.94 2.77 28
“Common”
regression 83.50 79.21 83.50 33 8.61 31
“Total”
regression

To test for differences between slopes of Sterculia pexa, Millettia brandisiana, Grewia

eriocarpa and Bridelia ovata:

Ho: B =5, =..05,
H , :All these £ ’s are not equal

e (277-188)/(4-1) _

Since Fjosaya2 — 2:99, TejectHy.

(1.88/25)

3.96

The results in Table 4-16 show tests for differences between linear

regressions in four tree species. The slopes differ significantly. Comparison of linear

regression line (In(B) =c+ SIn(D*H)) of four species is shown in Figure 4-34. As

Figure 4-34, slope of linear regression line of Sterculia pexa and Grewia eriocarpa are

similar. Therefore, resemblance mentioned will be determined in Table 4-16.
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Sterculia pexa
Millettia brandisiana
Grewia eriocarpa
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Figure 4-34 Comparing linear regression lines (In(B) = ¢ + aIn(D*H) ) of four species

Table 4-16 Testing for difference two regressions (In(B) = ¢ + gIn(D*H))

Species y? Xy X2 n b  Residual Residual
z z Z SS DF

Sterculia pexa 30.23 28.30 27.01 9 105 0.5765 7

Millettia brandisiana 12.93 15847 19.79 8 0.80 0.3624 6

To test for differences between slopes of Sterculia pexa and Millettia brandisiana:

Ho:ﬂlzﬂz
Hat B # 5,

{ 1.048-0.797
0.079
Since t; 5,15 = 2.16, reject H,, P < 0.050

=3.156

Species y? Xy X2 n b Residual  Residual
Z Z Z SS DF
Sterculia pexa 30.23 28.30 27.01 9 1.05 0.5765 7

Grewia eriocarpa 21.85 21.53 21.62 8 1.00 0.4014 6
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To test for differences between slopes of Sterculia pexa and Grewia eriocarpa:

Ho: f =P,
Hy 5= 5
fo 1.05-1.00
0.079
Since 145,15 = 2.16, acceptedH,, P > 0.05

= 0.656

Species y? Xy x2 n b Residual  Residual
Z z Z SS DF

Sterculia pexa 30.23 28.30 27.01 9 105 0.5765 7

Bridelia ovata 11493 13.17 15.23 8 0.86 0.5389 6

To test for differences between slopes of Sterculia pexa and Bridelia ovata:

Ho b =5,
Hy B # B,
. 1.048 -0.865 _ 1950
0.094
Since tg 5213 = 2.16, accepted H,, P > 0.05
Species 2 X x2 N b Residual  Residual
Zy z { Z SS DF
Millettia brandisiana 12.93 15.77 19,79 8 080 0.3624 6
Grewia eriocarpa 21.85 21.53 21.62 8 1.00 0.4014 6

To test for differences between slopes of Millettia brandisiana and Grewia eriocarpa:

Ho :ﬂl = ﬂz
Hat B # 5,
. 0.796-0.996
0.078
Since |t = 2.535 > t; 451, = 2.179, rejectH,, P < 0.05

=-2.535

Species y? Xy X2 n b Residual  Residual
z z Z SS DF
Millettia brandisiana 12.93 15.77 19.79 8 0.80 0.3624 6

Bridelia ovata 11.93 13.17 15.23 8 0.86 0.5389 6
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To test for differences between slopes of Millettia brandisiana and Bridelia ovata:

Ho: B =5,
Hy b= p,
t— 0.796 — 0.865 - .0.727
0.093
Since [t| = 0.727 < t; 525, = 2.179, rejectH,, P >0.05
Species 2 X %2 o N b Residual Residual

Zy Z y z SS DF
Grewia eriocarpa 21.85 21.53 21.62 8 1.00 0.4014 6
Bridelia ovata 11.93 13.17 15.23 8 0.86 0.5389 6

To test for differences between slopes of Grewia eriocarpa and Bridelia ovata:

Ho :131 :ﬂz
H,: B, # b,
B 0.996 — 0.865

0.094
Since t) o521, = 2-179, acceptedH,,, P > 0.05

=14

Table 4-16 shows result of testing for differences of slopes among four
linear regressions. There are significant difference between Sterculia pexa and
Millettia brandisiana, Millettia brandisiana and Grewia eriocarpa. There are no
significant difference between Sterculia pexa and Grewia eriocarpa, Sterculia pexa
and Bridelia ovata, Millettia brandisiana and Bridelia ovata, Grewia eriocarpa and

Bridelia ovata.

4.2.4 Four species regressions using p D*H

In Model 5, the p of Sterculia pexa, Millettia brandisiana, Grewia
eriocarpa and Bridelia ovata correlate weakly with H and D, but rather strongly with
B. When combined with D and H in the complex variable ( pD*H ), the relationship
between pD®H and B is shown in the regression in Figure 4-35:

In(B) = ¢+ aln(pD’H) Model
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Figure 4-35 Relations between InB and In p D*H fitted by linear regressions of

for Sterculia pexa (n = 9), Millettia brandisiana (n = 8), Grewia eriocarpa
(n = 8) and Bridelia ovata (n = 8).

Simple linear regression of model 5, gives the sum-of-squares variation
of In (B) for Sterculia pexa, Millettia brandisiana, Grewia eriocarpa and Bridelia
ovata as 98.9%, 97.3%, 99.0% and 96.0% respectively. The model estimates dry
weight for individual trees more accuracy than when using only D as independent
variable. In Sterculia pexa Millettia brandisiana, Grewia eriocarpa and Bridelia ovata
by its average unsigned deviationa as 2.66%, 1.27 %, 0.09% and 1.16% respectively.
The regression coefficients and indicators of accuracy and significance are shown in Table
4-1
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Table 4-18 Testing of differences among four regressions (In(B) = ¢ + AIn(pD*H))

Species y? Xy X2 n b Residual  Residual
z Z Z SS DF
Sterculia pexa 30.23 29.37 28.86 9 1.018 0.3474 7
Millettia brandisiana 12.93 17.28 23.73 8 0.73 0.3528 6
Grewia eriocarpa 21.85 22.22 22.83 8 0.97 0.2179 6
Bridelia ovata 11.93 13.99 17.09 8 0.82 0.4833 6
“Pooled” 1.40 25
regression
“Common” 76.94 82.86 92.51 0.90 2.72 28
regression
“Total” 83.50 87.48 95.99 33 3.78 31
regression

To test for differences between slopes of Sterculia pexa, Millettia brandisiana, Grewia
eriocarpa and Bridelia ovata:

Ho b =B, = b,
H , :All these £ ’s are not equal

F (1.4-0.48)/(4-1)
(140/25)
Since Fg50y525 =2.99, rejectH, .

= 5.464

The results in Table 4-18 show tests for differences between linear

regressions in four tree species. The slopes differ significantly. Comparison of linear
regression line (In(B) =c+ AIn(D*H)) of four species is shown in Figure 4-36. As

Figure 4-36, slope of linear regression line of Sterculia pexa and Grewia eriocarpa are

similar. Therefore, resemblance mentioned will be determined in Table 4-19.
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Figure 4-36 Comparing linear regression lines (In(B) = c+aln(pD?H)) of four species

Table 4-19 Testing for difference two regressions (In(B) = ¢ + SIn(pD’H))

Species y? Xy X2 n b Residual  Residual
z z Z SS DF

Sterculia pexa 30.23 29.37 28.86 9 1018 0.3474 7

Millettia brandisiana 12.93 17.28 23.73 8 0.73 0.3528 6

To test for differences between slopes of Sterculia pexa and Millettia brandisiana:

Ho :ﬂl :ﬂz
Hy: B # B,
. 1.018-0.728

0.064
Since t; 5213 = 2.16, rejectH,, P < 0.050

=4.503

Species 2 X X2 n b Residual  Residual
Z / z / z SS DF
Sterculia pexa 30.23 29.37 28.86 9  1.02 0.3474 7

Grewia eriocarpa 21.85 22.22 22.83 8 0.97 0.2179 6
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To test for differences between slopes of Sterculia pexa and Grewia eriocarpa:

Ho: B =5,
Hy b= p,
= 1027100 _ 4457
0.059
Since 145515 = 2.16, accepted H,, P > 0.050
Species 2 X ¥’ dn b  Residual Residual
zy z / z SS DF

Sterculia pexa 30.23 29.37 28.86 9 1018 0.3474 7
Bridelia ovata 11.93 13.99 17.09 8 082 0.4833 6

To test for differences between slopes of Sterculia pexa and Bridelia ovata:

Ho :,81 :ﬂz
Hat B # B,
,_1018-0818

0.077
Since t; 5213 = 2.16, rejectH,, P < 0.050

=2.581

Speceies y? Xy &/ / i b  Residual Residual
Z z Z SS DF
Millettia 12.93 17.28 23.73 8 0.73 0.3528 6
brandisiana
21.85 22.22 22.83 8 0.97 0.2179 6

Grewia eriocarpa

To test for differences between slopes of Millettia brandisiana and Grewia eriocarpa:

Ho :181 :ﬂz
Hat B # B,
t— 0.728-0.973

0.064
Since [t] = 3.838 > t; 4551, = 2.179, rejectH,, P <0.05

=-3.838

Species y? Xy x2 N b  Residual Residual
Z z z SS DF
Millettia brandisiana 12.93 17.28 23.73 8 0.73 0.3528 6

Bridelia ovata 11.93 13.99 17.09 8 082 0.4833 6
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To test for differences between slopes of Millettia brandisiana and Bridelia ovata:

Ho: B =5,
Hy B # P,
g 0-728-0818 _ , ;g
0.084
Since [t| = 1.079> t,5,),, = 2.179, acceptedH,,, P > 0.05
Species g X & Jn b  Residual Residual

Z i Z 4 z SS DF
Grewia eriocarpa 21.85 22.22 22.83 8 097 0.2179 6
Bridelia ovata 11.93 13.99 17.09 8 082 0.4833 6

To test for differences between slopes of Grewia eriocarpa and Bridelia ovata:

Ho:ﬁ1:ﬂ2
Hy: B # B

. 0.973-0.818

0.077
toos1 = 2-179, acceptedH,, P > 0.05

=2.004

Table 4-19 shows revaluate of testing for difference of slopes among
four linear regressions. There are significant difference between Sterculia pexa and
Millettia brandisiana, Sterculia pexa and Bridelia ovata, Millettia brandisiana and
Grewia eriocarpa. There are no significant difference between, Sterculia pexa and
Grewia eriocarpa, Millettia brandisiana and Bridelia ovata, Grewia eriocarpa and

Bridelia ovata.

4.3 Comparing of allometric regression

The model of Ogawa based onD?H does not provide an average deviation
between observed and expected. Therefore comparison between the models in this
study and previous model by Ogawa must be determined by using predicted weight
biomass and actual dry weight. For Sterculia pexa, Model 2 [In(B) = c + gIn(D) ] using

D independent variable gave 1.77% mean deviation. Model 3 [In(B) = ¢ + gIn(Dp)] was
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not significantly different, giving 8.67 % mean deviation. Wood specific gravity was not a

good additional predictor of D p in the species-specific equation of Sterculia pexa. But

when wood specific gravity was combined with D?H (Model 3) to become
pD?H (Model 4), it was good indicator because it reduced the mean deviation of the
model from 3.61% to 2.66%. Figure 4-37 show predictions of total dry weight biomass
for 9 trees of Sterculia pexa using previously published mixed-species regressions (23)
compared with the regression line of actual dry weight with Model 2-5 for the same
trees. The regression line of Ogawa et al compared with actual dry weight and Model

2-5 were found differ.

6.00—

E 5.00M
o
©
; 4.00—
)
(o) L . .
= | Actual dry weight of Sterculia pexa
= Model 2
B\ > | Model 3
o I,
g Model 4
D_ 1.00— -

Model 5

0004 " Ogawa et al. (1965)
1'50 2'00 2,50 3:}0
InD

Figure 4-37 Predictions of total dry weight biomass for 33 trees using previously
published mixed-species regressions (Ogawa et ac.) compared with the
true regression line with Model 2-5 in this study for the same trees

(Sterculia pexa).

For Millettia brandisiana, Model 2 using D in the independent variables gave
0.92% mean deviation. Model 2 was not significantly different, and which gave 2.43 %
mean deviation. Wood specific gravity was not a good additional predictor of D p either.
But when wood specific gravity was combined with D?H to become pD?H , it

increased the mean deviation in the model from 1.05% to 1.27%, indicating mean that

wood specific gravity does not improve the accuracy of the model. Figure 4-36 show
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predictions of total dry weight biomass for 8 trees of Millettia brandisiana using
previously published mixed-species regressions (3) compared with the true regression
line with Model 2-5 for the same trees. Regression line model of Ogawa et al (1965)
compared Model 2-5 were found to differ. But, the actual predicted dry weight and the

model of Ogawa et al were found to be similar Sterculia pexa.

5.00—

g 4.00—
(@]
‘©
=
E\ 3.00—
a —  Actual dry weight of Millettia brandisiana
[
; 200 ~ Model 2
_F_.g >
© Model 3
g il
g o — Model 4
Model 5
000 o Ogawa et al. (1965)
T T T T
InD

Figure 4-38 Predictions of total dry weight biomass for 8 trees using previously
published mixed-species regressions (3) compared with the true
regression line with Model 2-5 in this study for the same trees (Millettia

brandisiana).

In Model 2, Model 3 and Model 4 of Grewia eriocarpa, the average deviation
from the regression lines were 0.28%, 0.26% and 0.22% respectively. When wood

specific gravity was combined with the D?H (Model 4), becoming pD?H (Model 5), it

reduced the mean deviation of the model from 0.22% to 0.09%. Figure 4-38 show
predictions of total dry weight biomass for the 8 trees of Grewia eriocarpa using
previously published mixed-species regressions (3) compared with the true regression
lines of the Model 2-5 for the same trees. Regression line between using Model of
Ogawa et al compared with actually dry weight and Model 2-5 were found to be
different.
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Figure 4-39 Predictions of total dry weight biomass for 8 trees using previously
published mixed-species regressions (3) compared with the true
regression line with Model 1-5 in this study for the same trees (Grewia

eriocarpa).

In Model 2, Model 3 and Model 4 of Bridelia brandisiana, the average deviation
from the regression were 1.64%, 1.25% and 1.42%, respectively. When wood specific

gravity was combined with the D?H (Model 4), becoming pD?H (Model 5), it reduced

the mean deviation of the Model from 1.42% to 1.16%. Figure 4-38 show predictions
of total dry weight biomass for the 8 trees of Bridelia brandisiana using previously
published mixed-species regressions (3) compared with the true regression line with
Model 2-5 for the same trees. Compared among predicted dry weight of regression
lines model of Ogawa et al (1965) (3), actually dry weight and Model 2-5 were found
to be different.
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Figure 4-40 Predictions of total dry weight biomass for 8 trees using previously
published mixed-species regressions (3) compared with the true
regression line with Model 2-5 in this study for the same trees (Blidalia

brandisiana).
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CHAPTER V
DISCUSSION

In the previous chapter, five regression models for four species (Sterculia pexa,
Millettia brandisiana, Grewia eriocarpa and Bridelia ovata) were constructed in order to

determine the appropriate model to estimate aboveground biomass in the experimental
plot study: a power function model using only D [B = a(D)”], a linear regression model
transform D [In(B) =c+eaIn(D) ], a combined variable model in linear regression
form [In(B) =c+ain(pD)], [In(B) = ¢+« In(D?*H)] and [In(B) = ¢+« In( p D*H)].
These models show strong fit to the above-ground biomass data which was collected
from the secondary forest at Mahidol University, Saiyok campus. Linear regression
models were constructed with B as dependent variable and D gave a relatively better
fit when compared to the other models investigated such as the relationship between B

and p D. Moreover, in some species it was found that using only D gave a more

reliable estimate of aboveground biomass for specific species than using were some

complex independent variables such as p D and D?*H. Comparison accuracy estimate
of aboveground biomass between using D and p D°H as independent variables has

similar. Although determine the cost and the convention in field data record, the model
of a single independent variable (D) to be more appropriate, but in fact the measure
dry weight biomass indirectly in field most converses tree volume to dry weight
biomass, wood specific gravity became very important variable to devise model.
Therefore suitable models are not clear, which it depend on user consideration of
model. Moreover the result also indicated linear regression in each as species of
dominant secondary forest trees were different using a single and complex

independent variables.
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5.1. Relationship between biomass and tree variables

Results in Chapter 4 demonstrated the relationships between biomass (B) with

wood specific gravity (), D and H at the in species level. These results show that p

is significantly different in four tree genera and species but the other variables did not
show significant differences among the species. This result corresponds with Baker et
al. (2004) (43) and Chave et al. (2006) (42) who found that wood specific gravity ()

proportion is 71% of the species level variation in the biomass among 229 Neotropical
tree species was explained by genus affiliation and 25% by family affiliation. The

relationship between p and diameter size class in the present study obtained also

agrees with the result Baker et al. (2004) (43), who found that specific gravity is
different between size classes of trees. It should be indicated that the variation in mean
tree size influences wood specific gravity. The relationship between B and D is this
study is strong and Kettering (2004) (4) found that the relationship between B and D is
a power function, but this study-found that is best fitted by linear regression. The
possibility of distinguishing species differences small sample sizes for fitting models.
The proportional distribution of biomass in stem, leaves and branches differs
among species. Comparing among four species, Grewia eriocarpa is the only one of
the four species that invests more heavily in branches when very young. The biomass
of very young Milletia brandisiana is dominated by leaves, but woody parts soon
begin to dominate. By the time these species are >20 cm dbh leaves account for only
2.7% of their biomass. Bole wood accounts for most biomass in larger individuals of
all four species. The fraction of Grewia eriocarpa and Bridelia ovata biomass accounted
by the stem is still increasing steeply at >20 cm dbh, whereas the contribution of stem
mass in Sterculia pexa to total biomass is still decreasing to at >20 cm dbh. Total
wood of Millettia brandisiana continues to increase with D, however, as much of it is
allocated to the branches. The young of Sterculia pexa was leafless so then can not be
measured. It is dominated by stem tissue throughout, although the ratio between stem
and leaf tissue mass approaches constancy as it reaches its maximum diameter of

about 20 cm.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 81

5.2 Specific regression model

Equations have been published for mixed-deciduous forest of Thailand by
Ogawa et al. (1965) (3), who related tree biomass to D combined with H, becoming
D’H. Their study was based on low numbers of tree, and they mostly used forest
inventory data converted to biomass on a large scale. But, one challenge of the effect
of climate change is to find more general approaches for reliable biomass estimation.
Therefore, devising of allometric models of four species in secondary forest is an
alternative to using a non specific species regression model.

The same conceptual plan for improved allometric regression in secondary
forest has been applied to above-ground woody biomass data in the Brazilian Amazon
(eight species, n=132 trees) (Nelson and Mesquita, 1999) (54), as well as improved
accurate allometric relationships for non-destructive measurement of standing
biomass. Most regression models using D combined with H as independent variable
have found that this decreases the average deviation between observed and expected

dry weight better than the use of only D. But in some of regressions p is found to be a

statistically significant predictor of B. This study tried comparing suitable allometric

regressions by comparing average unsigned deviation (%) of the linear regression

using D, pD , D?H and pD?H as independent variable, and found D and

pD?H explained biomass casually well as show in Figure 5-1.
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Figure 5-1 Comparison of four independent variables in four species

Therefore, result from using complex (oD, D?*H and pD2H ) and single (D)

independent variables in species regression are not clear. The evidence from a review
of 65 species by Ter-Mikaelian and Korzukhin (1997) (60) supported the use of
diameter at breast height (D) only as a suitable single metric for estimating
aboveground biomass in tropical forest. Using only D in allometric regression may be
justified because tree heights are often difficult to measure, as treetops are hidden by
the canopy layer. Likewise, Kettering (2004) (4) studied reducing uncertainty of
allometric biomass equation using only D as a variable for predicting aboveground
biomass in mixed secondary forest because it is easy to obtain and is a common
variable. Although D is likely to be commonly available for the construction of
allometric regressions if the other parameters such as H and p of trees in tropical
forest cannot be reliably measured, allometric regression using single variables may be
better than complex variable. Using D?H in allometric regression, Ogawa (1965) (3)
has devised allometric regressions for tropical forest and found that D and H combined
produce better estimates of biomass than D only. But their allometric equation were
devised for estimating biomass on a large scale and was not based on specific species.

Therefore it was not comparable with our study. As expected, using more variables in
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regressions can estimate biomass using actual weights. In contrast, using p D°H in

models is suitable to estimate aboveground biomass accurately when must avoid tree
cutting by converse volume from calculating to biomass or used when the tree is large.
For trees large, it is more convenient in the field when converse volume to biomass.
The information is used to calculate above ground biomass using wood specific
gravity (17), so it became variable that very important to devised allometric model.
The result our study revealed that average unsigned deviation (%) of models using

single independent variable (D) and complex independent variable (o D*H) similar.

Therefore using specific species regression, wood specific gravity may not important,

if one measure dry weight directly.

5.3 Comparing among tree species

Relatively homogeneous dominant tree species is an important factor for
statistical prediction. Estimated tree stand will be instance in allometric regression by
dimension tree information. Constructed allometric regression for estimating
aboveground biomass in secondary forest must use much labor, cost and sample trees.
Therefore, investigating homogeneous dominant tree species requires selecting
appropriate terms in the regression for predict biomass. Our result showed
heterogeneity in the four secondary tree species studied. It indicated that allometric
regressions for predicting strand biomass in secondary forest should be use different
regression for each species in the stand to evaluate stand biomass. In addition,
allometric regressions has devised by Ogawa et al. (1965) (3), which were constructed
based on average tree species in the forest sites, cannot be use to predicted biomass in
this study site.
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The pressures brought by climate change have made biomass assessment
essential to measure the forest’s potential as carbon sink and source. Much attention is
given to precisely measure how much biomass there is in the forest. Approaches in
biomass assessment involve predictive modeling, thus improving the quality of
precision of models is very important. This study involved the formulation of
precision models and study of the relationships among variables in models for biomass
assessment in tropical forest, for four species of trees.

The empirical relationship, among tree dimensions (biomass, diameter at breast
height, height, height and wood specific gravity) were sought for allometric regression
modelling. Results indicated that among four variables were high correlations among
B, D and H, but not p (wood specific gravity) which had low a correlation with other
variables. Moreover, wood specific gravity showed differences among the four
species. Variability of p indicated that identification of species is required for accurate

modelling.

The best regression models for estimation of biomass had two forms such:
In(B) = ¢+ aIn(D) and In(B) = ¢+« In(p D’H). Dry weight of an individual tree is
estimated in the regression model using p D’H with an average error in the range of
0.09-2.66%, was just as suitable as using only D in which an average error of
estimation was in the range of 0.28-1.77%. Therefore, adding A and p as additional
input variables does not improve for specific species regression, but is needed to avoid
species bias. But in calculating dry weight from volume, wood specific gravity

becomes an important variable in model and using p D’H as independent variable in

model is appropriate. Therefore using p D’H as independent variable in model is most
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appropriate. Linear regression results indicate differences among the four species. This
suggests that is not possible to use only one linear regression for four tree species.
There is sufficient evidence that formulation of specific-species regression models is
important to track biomass and carbon in mixed-deciduous degraded forest, and
perhaps in any forest.

From comparing actually dry weight with predicted dry weight by using
regression model from this study and previously regression models of Ogawa et al
(1965) (3) was found that accurate estimation of biomass at the species level cannot be
done using the general previously regression model of Ogawa et al (1965) (3). Finally,
the biomass equation developed for this study can be used to assess above-ground
biomass in four tree species in degraded mixed deciduous forest, Sai Yok,
Kanchanaburi. Thus will be useful for people interested in knowing the stranding
forest resource and carbon stock in this region, but will require more study of the

species composition, and models for other species.

6.2 Recommendations

This study determined measurement of only four species, which is not
sufficient to estimate biomass in a tropical forest. Further studies should be carried out.

6.2.1 Specific species regression models should be made for a larger number of
species for statistical estimation.

6.2.2 We must evaluate the species composition of the forest before selecting
regression model.

6.2.3 Construction of specific species regression models should be carefully
done to minimize human error and instrument error in the field because it is important
to the accuracy of model.

6.2.4 Allometric models constructed in this study have the limited use because they
apply to the depended forest on the experimental plot at Mahidol University,

Kanchanaburi Campus.
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APPENDIX

THE VARIABLES OF TREE DIMENSION AND ITS

RELATIONSHIP IN THIS EXPERIMENT

1. An observed sample was fixed model of Sterculia pexa, Milletia
brandisiana, Grewia eriocarpa and Bridelia ovata.

Sterculia pexa

Grewia eriocarpa

D B H P D B H P
3.80 1.06 470 | 0.30 3.90 3.78 6.00 | 0.58
5.20 3.08 540 | 0.35 3.70 5.63 5.50 | 0.64
4.10 1.21 450 | 0.33 7.30 | 1345 | 7.30 | 0.53
8.21 4.90 8.20 | 0.26 8.20 | 29.61 | 8.20 | 0.63
950 | 11.52 | 6.40 | 0.29 10.40 | 46.62 | 10.50 | 0.61
1750 | 48.49 | 9.50 | 0.36 18.50 | 227.00 | 12.30 | 0.68
17.30 | 71.20 | 11.70 | 0.35 21.20 | 242.92 | 11.50 | 0.62
2450 | 112.95 | 9.70 | 0.38 22.70 | 363.55 | 12.40 | 0.70
23.35 | 149.88 | 12.10 | 0.35

Milletia brandisiana Bridelia ovata

D B H P D B H P

4 3.11 42 | 0.38 4.50 6.87 6.20 | 0.66
4.6 4.84 3.6 | 049 440 | 4.94 6.00 | 0.57
7.8 17.81 74 | 0.37 6.00 | 2252 | 8,50 | 0.67
8.3 17.56 6.2 | 041 950 | 29.95 | 9.20 | 0.68
16.5 | 69.70 6.8 | 0.60 1220 | 7891 | 8.60 | 0.71

13 37.98 75 | 054 12.80 | 75.55 | 9.00 | 0.75

22 | 14585 | 10 0.60 20.50 | 145,52 | 12.30 | 0.82

21 78.73 | 11.45 | 0.59 20.50 | 141.42 | 11.00 | 0.70

2. Related among variables in allometric regression.

2.1. Related between total dry weight and species by One-Way ANOVA.

No. Total of dry weight
Spl Sp2 Sp3 Sp4
1 1.06 3.11 3.78 6.87
2 3.08 4.84 5.63 4,94
3 1.21 17.81 13.45 22.52
4 4.90 17.56 29.61 29.95
5 11.52 69.70 46.62 78.91
6 48.49 37.98 227.00 75.55
7 71.20 14585 | 242.92 145.52
8 112.95 | 78.73 363.55 141.42
9 149.88
Mean | 3.8356 | 18.4150 | 81.9312 | 172.6025
SD. 1.94789 | 8.71108 | 60.54098 | 90.01094
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Total dry weight

Mean
Sum of Squares df Square F Sig.
Between Groups 145788.851 3 48596.284 16.993 .000
Within Groups 82931.786 29 2859.717

Total 228720.637 32

2.2. Related between specific gravity and species by One-Way ANOVA.

Wood density

Size Mean of wood density
Sterculiasp. Milletiasp. Grewiasp. Briderlia sp.

0.33 0.44 0.61 0.62 0.48

2-5cm
6-10 cm 0.28 0.39 0.58 0.68 0.48
11-20 em 0.36 0.57 0.65 0.73 0.58
0.37 0.60 0.66 0.76 0.60

>20cm
Total 0.33 0.50 0.62 0.70 0.53

Tests of Between-Subjects Effects

Dependent Variable: Wood specific gravity

Source Typglll pADIOL df Mean Square F Sig.
quares

Corrected Model .759(a) 15 .051 24.255 .000
Intercept 9.412 1 9.412  4511.606 .000
Species .644 3 215 102.904 .000
Size classes .079 3 .026 12.559 .000
Species * Size class .026 9 .003 1.388 .268
Error .035 17 .002

Total 10.075 38

Corrected Total 794 32

a R Squared =.955 (Adjusted R Squared =.916)

2.3. Related between height and species by One-Way ANOVA.

No. Height

Spl Sp2 Sp3 Sp4
1 4.70 4.20 6.00 6.20
2 5.40 3.60 5.50 6.00
3 4.50 7.40 7.30 8.50
4 8.20 6.20 8.20 9.20
5 6.40 6.80 10.50 8.60
6 9.50 7.50 12.30 9.00
7 11.70 | 10.00 11.50 12.30
8 9.70 | 11.45 12.40 11.00
9 12.10
Mean | 8.0222 | 7.1438 | 9.2125 | 8.8500
SD. 2.9184 | 2.64918 | 2.81244 | 2.13809
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height
Sum of .
Squares df Mean Square F Sig.
Between Groups 20.471 3 6.824 967 422
Within Groups 204.631 29 7.056
Total 225.102 32
2.4. Correlated among H, D, B and p variables.
Correlations
Tota] dry DBH Hieght Spec[flc
weight gravity
Total dry weight | Pearson AR Sk *
o 1 .804(**) T73(*%) A410(%)
Sig. (2-tailed) ; .000 .000 .018
N 33 33 33 33
DBH Pearson W, B
Correlation .804(**) 1 .859(**) 227
Sig. (2-tailed) .000 . .000 .204
N 33 33 33 33
Hieght Pearson . e A
Correlation T73(%%) .859(**) 1 .391(%)
Sig. (2-tailed) .000 .000 . 024
N 33 33 33 33
Specific gravity | Pearson \, o
Correlation 410(%) 227 .391(%) 1
Sig. (2-tailed) .018 .204 .024 :
N 33 33 33 33

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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2.5. Correlated among H, D, B and p variables of four species.

Correlations

. . Specific .
Sterculia pexa DBH High aravity Biomass
DBH Pearson Correlation 1 .895(**) .630 942(**)
.001 . .
Sig. (2-tailed) 00 069 000
N 9 9 9 9
High Pearson Correlation .895(**) 1 424 .849(**)
. . .001 .256 .004
Sig. (2-tailed)
N 9 9 9 9
Specific ~ Pearson Correlation .630 424 1s .625
gravity 069 256 072
Sig. (2-tailed) ' ' '
N 9 9 9 9
Biomass  Pearson Correlation .942(**) .849(**) 625 1
. . .000 .004 .072
Sig. (2-tailed)
9 9
N 9 g
** Correlation is significant at the 0.01 level (2-tailed).
Correlations
Milletia brandisiana ifi
DBH High Spec!flc Biomass
gravity
DBH Pearson Correlation 1 .900(**) .854(**) .930(**)
. . .002 .007 .001
Sig. (2-tailed)
8 8 8 8
N
High Pearson Correlation .900(**) 1 593 T78(%)
.002 121 .02
Sig. (2-tailed) 00 023
8 8 8 8
N
Specific ~ Pearson Correlation .854(*%) 593 1 .786(*)
gravity 007 121 021
Sig. (2-tailed) ' ' '
N 8 8 8 8
Biomass  Pearson Correlation .930(**) T78(%) .786(*) 1
. . .001 .023 .021
Sig. (2-tailed)
N 8 8 8 8

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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Correlations

Grewia eriocarpa DBH High Specific g e
gravity
DBH Pearson Correlation 1 942(**) .624 .965(**)
Sig. (2-tailed) .000 .098 .000
8 8 8 8
N
High Pearson Correlation 942(**) d; .609 .866(**)
. : .000 109 .005
Sig. (2-tailed)
N 8 8 8 8
Specific Pearson Correlation .624 .609 1 718(%)
gravity 098 109 045
Sig. (2-tailed) ' ' '
N 8 8 8 8
Biomass  Pearson Correlation .965(*%) .866(**) 718(%) 1
: . .000 .005 .045
Sig. (2-tailed)
8 8
N 8 8
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Correlations
Mg y Specific :
Bridelia ovata DBH High iy Biomass
DBH Pearson Correlation 1 927(**) T73(%) 991(**)
.001 .024 .
Sig. (2-tailed) iy y 000
8 8 8 8
N
High Pearson Correlation 927(*%) 1 .831(%) .903(**)
. . .001 011 .002
Sig. (2-tailed)
N 8 8 8 8
Specific ~ Pearson Correlation T73(%) .831(*%) 1 TT7(%)
gravity 024 011 023
Sig. (2-tailed) ' ' '
N 8 8 8 8
Biomass  Pearson Correlation .991(**) .903(**) TJ77(%) 1
. . .000 .002 .023
Sig. (2-tailed)
8 8 8 8
N

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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2.6. Related between total dry weight and size-classes of four species by One-

way ANOVA.
ANOVA
Biomass
Sterculia pexa Sum of
Squares df Mean Square F Sig.
Between Groups 23685.846 3 7895.282 40.941 .001
Within Groups 964.230 5 192.846
Total 24650.075 8
ANOVA
Biomass
Milletia brandisiana Sum of ;
Squares df Mean Square F Sig.
Between Groups 14040.157 3 4680.052 6.790 .048
Within Groups 2757.154 4 689.289
Total 16797.311 7
ANOVA
Biomass
Grewia ereocarpa Sum of df Mean Square F Sig.
Squares
Between Groups 113599.719 3 37866.573 6.397 .052
Within Groups 23676.555 4 5919.139
Total 137276.274 7
ANOVA
Biomass
Briderlia ovata Sum of df Mean Square F Sig.
Squares
Between Groups 22578.483 3 7526.161 691.827 .000
Within Groups 43.515 4 10.879

Total

22621.998 7
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3. Regressed of four species.

Sterculia pexa: In(DW) = ¢ + aIn(D)
Model Summary

Adjusted R | Std. Error of

Model R R Square Square the Estimate
1 .992(a) .985 .982 225755
a Predictors: (Constant), Ind
ANOVA(b)
Sum of
Model Squares df Mean Square F Sig.
1 Regression 29.769 1 29.769 448.770 .000(a)
Residual 464 7 .066
Total 30.233 8

a Predictors: (Constant), Ind
b Dependent Variable: InB

Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -3.472 .299 -11.626 .000
Ind 2.620 124 .992 21.184 .000

a. Dependent Variable: InB

Millettia brandisiana: In(DW) = ¢ + aIn(D)

Model Summary

Adjusted R | Std. Error of
Model R R Square Square the Estimate

1 .991(a) .982 .979 .19580
a Predictors: (Constant), Ind

ANOVA
Sum of
Model Squares df Mean Square F Sig.
1 Regression 12.702 1 12.702 331.329 .0002
Residual .230 6 .038
Total 12.932 7

a. Predictors: (Constant), Ind

b. Dependent Variable: InB
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Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1.548 .270 -5.724 .001
Ind 2.048 113 991 18.202 .000
a. Dependent Variable: InB
Grewia eriocarpa: In(DW) = ¢ + aIn(D)
Model Summary
Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 .9914 .982 .979 .25563
a. Predictors: (Constant), Ind
ANOVAP
Sum of
Model Squares df Mean Square = Sig.
1 Regression 21.454 1 21.454 328.311 .0002
Residual .392 6 .065
Total 21.846 7
a. Predictors: (Constant), Ind
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1.822 .319 -5.720 .001
Ind 2.433 134 991 18.119 .000

a. Dependent Variable: InB

Bridelia ovata: In(DW) = ¢ + alIn(D)

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9752 .950 941 .31619

a. Predictors: (Constant), Ind
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.331 1 11.331 113.337 .0002
Residual .600 6 .100
Total 11.931 7
a. Predictors: (Constant), Ind
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1.061 .450 -2.357 .057
Ind 2.050 .193 .975 10.646 .000
a. Dependent Variable: InB
Sterculia pexa: In(DW) = ¢ + aIn(oD)
Model Summary
Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 .9934 .985 .983 .25400
a. Predictors: (Constant), Inwd
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 29.781 29.781 461.597 .0002
Residual 452 .065
Total 30.233
a. Predictors: (Constant), Inwd
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -.282 .158 -1.782 118
Inwd 2.396 112 .993 21.485 .000

a. Dependent Variable: InB
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Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 9734 .947 .938 .33768
a. Predictors: (Constant), Indw
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 12.248 1 12.248 107.410 .0002
Residual .684 6 114
Total 12.932 7
a. Predictors: (Constant), Indw
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .658 274 2.402 .053
Indw 1.589 .153 .973 10.364 .000
a. Dependent Variable: InB
Grewia eriocarpa: In(DW) = ¢ + aln(pD)
Model Summary
Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9992 .997 .997 .09623
a. Predictors: (Constant), Inwd
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 21.791 1 21.791 | 2353.093 .0002
Residual .056 6 .009
Total 21.846 7

a. Predictors: (Constant), Inwd

b. Dependent Variable: InB
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Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -.413 .092 -4.508 .004
Inwd 2.293 .047 .999 48.509 .000
a. Dependent Variable: InB
Bridelia ovata: In(DW) = ¢ + aIn(pD)
Model Summary
Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 .9802 .960 .953 .28284
a. Predictors: (Constant), Inwd
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.451 1 11.451 143.141 .0002
Residual .480 6 .080
Total 11.931 7
a. Predictors: (Constant), Inwd
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .158 .303 .522 .621
Inwd 1.806 51 .980 11.964 .000

a. Dependent Variable: InB

Sterculia pexa: In(DW) = ¢+ aIn(D*H)

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9902 .981 .978 .28686

a. Predictors: (Constant), Ind2h
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 29.657 1 29.657 360.405 .0002
Residual 576 7 .082
Total 30.233 8
a. Predictors: (Constant), Ind2h
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -4.375 .379 -11.543 .000
Ind2h 1.048 .055 .990 18.984 .000
a. Dependent Variable: InB
Millettia brandisiana: In(DW) = ¢ + aIn(D*H)
Model Summary
Adjusted Std. Error of
Model R R Square [ R Square | the Estimate
1 .9864 .972 .967 .24575
a. Predictors: (Constant), Ind2h
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 12.570 1 12.570 208.141 .0002
Residual .362 6 .060
Total 12.932 7
a. Predictors: (Constant), Ind2h
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -2.008 372 -5.397 .002
Ind2h 797 .055 .986 14.427 .000

a. Dependent Variable: InB
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Grewia eriocarpa: In(DW) = ¢ + adn(D°H)

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9912 .982 .979 .25852

a. Predictors: (Constant), Ind2h

ANOVAP
Sum of
Model Squares df Mean Square 5 Sig.
1 Regression 21.445 1 21.445 320.883 .0002
Residual 401 6 .067
Total 21.846 7

a. Predictors: (Constant), Ind2h
b. Dependent Variable: InB

Coefficients?

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -2.986 .385 -7.756 .000
Ind2h .996 .056 .991 17.913 .000

a. Dependent Variable: InB
Bridelia ovata: In(DW) = ¢ + adn(D*H)

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 9772 .955 .947 .29969

a. Predictors: (Constant), Ind2h

ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.392 1 11.392 126.840 .0002
Residual .539 6 .090
Total 11.931 7

a. Predictors: (Constant), Ind2h

b. Dependent Variable: InB
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Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -2.198 524 -4.193 .006
Ind2h .865 .077 977 11.262 .000
a. Dependent Variable: InB
Sterculia pexa: In(DW) = ¢ + adn(pD*H)
Model Summary
Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9942 .989 .987 22276
a. Predictors: (Constant), Inwd2h
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 29.886 i 29.886 602.281 .0002
Residual .347 7 .050
Total 30.233 8
a. Predictors: (Constant), Inwd2h
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -3.039 .241 -12.610 .000
Inwd2h 1.018 .041 .994 24.541 .000

a. Dependent Variable: InB

Millettia brandisiana: In(DW) = ¢ + adn(pD?*H)

Model Summary

Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9862 973 .968 .24250

a. Predictors: (Constant), Ind2hw
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 12.579 1 12.579 213.914 .0002
Residual .353 6 .059
Total 12.932 7
a. Predictors: (Constant), Ind2hw
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1.035 .303 -3.419 .014
Ind2hw .728 .050 .986 14.626 .000
a. Dependent Variable: InB
Grewia eriocarpa: In(DW) = ¢ + aln(pD’H)
Model Summary
Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9952 .990 .988 .19054
a. Predictors: (Constant), Ind2hs
ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 21.629 21.629 595.726 .0002
Residual .218 .036
Total 21.846
a. Predictors: (Constant), Ind2hs
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -2.371 .258 -9.184 .000
Ind2hs .973 .040 .995 24.407 .000

a. Dependent Variable: InB
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Bridelia ovata: In(DW) = ¢ + adn(pD*H)

Model Summary
Adjusted Std. Error of
Model R R Square | R Square | the Estimate
1 .9802 .960 .953 .28370

a. Predictors: (Constant), Ind2hw
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ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.448 1 11.448 142.235 .0002
Residual .483 6 .080
Total 11.931 7
a. Predictors: (Constant), Ind2hw
b. Dependent Variable: InB
Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1.586 445 -3.565 .012
Ind2hw .818 .069 .980 11.926 .000

a. Dependent Variable: InB
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