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ABSTRACT 

In this research, a simple model for obtaining stem volume is developed for 

both tree species of Cinnamomum !ners and Roystonea Regia, based on two different 

types of volumetric equations, which are Newton's and Huber's formula. Variables 

that are taken into considerations in collecting the data are height of stem or trunk, 

height of tree, diameter at breast height, diameter at middle and diameter at top of the 

stem before the crown. Correlation test was done to screen as well select the possible 

variables including the interactions. Thereafter, curve estimation test was also done to 

get the model of best fit for linear, quadratic, cubic and logarithmic transformation. 

Finally, an eight criteria model selection process was done to get the best model. The 

best model for both equations for both species found to be in the form of multiple 

regressIOns. 
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ABSTRAK 

Dalam kajian ini, satu bentuk model yang mudah untuk mendapatkan isipadu 

batang telah dibangunkan untuk kedua-dua spesis pokok iaitu Cinnamomum Iners dan 

Roystonea Regia berdasarkan dua bentuk formula isipadu, iaitu Newton's formula dan 

Huber' s formula. Antara pembolehubah yang diambil kira adalah seperti ukur lilitan 

batang, ketinggian pokok, diameter paras dada, diameter tengah dan diameter atas 

batang pokok sebelum puncak. Pembolehubah serta interaksi yang terlibat ditapis dan 

dipilih berdasarkan ujian korelasi. Ujian penganggaran keluk juga dijalankan untuk 

mendapatkan model suaian terbaik bagi transformasi linear, kuadratik, kubik serta 

logaritmik. Akhir sekali ujian lapan criteria dijalankan bagi mendapatkan satu model 

terbaik diantara regresi berganda dengan regresi polinomial. Model terbaik bagi 

kedua-dua formula isipadu bagi kedua-dua spesies adalah didapati dalam bentuk 

regresi berganda. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

Currently, there is a lot of discussion concerning the possible effects of carbon dioxide 

and other "greenhouse gases" on the environment. Photosynthesis converts carbon 

dioxide from the air to carbohydrates and other kinds of "fixed" carbon and releases 

oxygen to the atmosphere. When wood is burned, ethanol or coal, oil and other fossil 

fuels, oxygen is consumed, and carbon dioxide is released back to the atmosphere. 

Thus, carbon dioxide which is in the atmosphere being replaced very quickly through 

our consumption of these fuels. The increase in carbon dioxide and related gases is 

bound to affect our atmosphere. Whether this change is large or small, and will it be 

harmful or beneficial, it all depends strongly on the effect of photosynthesis carried 

out by land and sea organisms. 

As photosynthesis consumes carbon dioxide and releases oxygen, it helps to 

counteract the effect of combustion of fossil fuels. The burning of fossil fuels releases 

not only carbon dioxide, but also other hydrocarbons, nitrogen oxides, and other trace 

materials that pollute the atmosphere and contribute to long-term health and 

environmental problems. These problems are a consequence of t 
\ ... \ .. ~ ... 

C> 

t that nature has 
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chosen to implement photosynthesis through conversion of carbon dioxide to energy-

rich materials such as carbohydrates. 

The relative abundance of carbon dioxide and other greenhouse gases 

(methane and nitrus oxide) is extremely important to the maintenance of the earth's 

temperature. Current concerns about climate change and global warming stem from 

the increases in the quantity of these gases, especially carbon dioxide due to human 

activities. 

Photosynthesis in temperate and tropical forests and in the sea can affect the 

quantity of greenhouse gases in the atmosphere when a plant removes carbon dioxide 

from the atmosphere and replaces it with oxygen. Thus, it would tend to ameliorate 

the effects of carbon dioxide released by the burning of these fossil fuels. 

1.2 PHOTOSYNTHESIS 

Photosynthesis is the process by which light from the sun is converted into energy 

necessary for the vital functions of living things. The energy captured by 

photosynthesis ultimately feeds not only the photosynthetic organisms but also the 

animals that feed in tum on the photosynthetic organisms. Photosynthesis is 

essentially an energy transduction reaction. In this process, the energy of sunlight can 

be transduced to chemical energy which is the ultimate source of food for almost all 

living organisms. 

The essential energetic processes of photosynthesis of higher plants and algae is the 

reduction of nicotinamide adenine dinucleotide phosphate (NAD + by electrons from 
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water, the energy of which is provided by light. The overall equation for 

photosynthesis for green plants as proposed by the Dutch microbiologist van Neil is 

given by 

light 

Chlorophyll 

C = 4.8 X 105 J morl (114 kcal) 

which is a sum of three individual reactions. 

light 

~ 4 (OH)+4H 

chlorophyll 

(2) 4H + C02 

(3) 4 (OH) 

The reaction steps show that the oxygen is evolved from water and not from C02 

(Mukherji & Ghosh, 1996). 
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1.3 LEAF AREA INDEX (LAI) 

Difference in canopy structure will directly influence the amount of leaf surface area 

present to capture light energy. Forest ecologists use leaf area index (m2 m-2
) to 

quantify differences in leaf surface area among forest ecosystem. This measure 

expresses the area of leaves (m2
) displayed over a unit of ground surface (m-2

) (Barnes 

et ai. , 1997). 

Leaf area indexes have been determined for a wide range of temperate forest 

ecosystems; they are typically greater that 5 m2 m-2 during most (deciduous forest) or 

all (coniferous forest) of the growing season. In the regional forest 'De Inslag' in 

Brasschaat in the Campine region of the province of Antwerprn, Belgium, the entire 

stand of leaf area of the Rhododendron shrub understory is 1.25 m2 m-2 (Nadezhdina, 

2004). This indicates the importance of the leaf area of Rhododendron shrubs for the 

energy and mass exchange of the entire pine forest. In broadleaf trees, total leaf area is 

twice the one-sided value, whereas the total leaf area is 2.5 times the single-sided 

value for trees with needle-shaped leaves (Waring, 1982). 

The leaf area index is particularly important ecosystem characteristic, because 

it is a direct measure of the photosynthetically-active surface area which can convert 

light energy into plant biomass (Bonan, 2002). 

Besides that, there is a relative importance of LAI for canopy assimilation and 

growth in biomass under conditions of rising CO2 and the need for satisfactory 
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representation of LAI in plant productivity models. Interactions between LAl and CO2 

effects on canopy assimilation are relatively small (Ewert, 2004). 

1.4 BIOMASS 

Biomass is a renewable energy resource derived from the carbonaceous waste of 

various human and natural activities. It is derived from numerous sources, including 

the by-products from the timber industry, agricultural crops, raw material from the 

forest, major parts of household wastes and wood. 

Approximately 114 kilocalories of free energy are stored in plant biomass for 

every mole of C02 fixed during photosynthesis. Although photosynthetic energy 

capture is estimated to be ten times that of global annual energy consumption, only a 

small part of this solar radiation is used for photosynthesis. Approximately two thirds 

of the worldwide net global photosynthetic productivity is of terrestrial origin, while 

the remainder is produced mainly by phytoplankton (microalgae) in the oceans which 

cover approximately 70% of the total surface area of the earth. Since biomass 

originates from plant and algal photosynthesis, both terrestrial plants and microalgae 

are appropriate targets for scientific studies relevant to biomass energy production. 

All biomass (plant, animal and microbial), originates through C02 fixation by 

photosynthesis. Biomass utilization is consequently included in the global carbon 

cycle of the biosphere. Biomass energy in developing countries, originates from 

fuelwood, animal wastes, and agricultural residues, and is primarily utilized for 

activities which are essential for survival, such as 

coo~~ =~;WDMS 
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Improvements in the living standards in these countries will result in the non-essential 

use of energy. Development of technologies that efficiently produce biomass, and 

convert it to more convenient forms of energy is therefore very important. Therefore, 

the increased use of biomass is essential to make a sizeable contribution towards 

reducing C02 emissions. 

1.5 OXYGEN CYCLE 

There is a continual exchange of oxygen between the atmospheric water, plants and 

animals as well as mineral matter which is called the oxygen cycle. It begins with the 

reservoir of carbon dioxide in the air. The process of photosynthesis uses carbon 

dioxide and water from the soil to produce cellulose, the material from which plants 

are made. This releases oxygen gas into the air. Photosynthesis ceases when darkness 

falls and plants then burn off some of the cellulose they have made in the day, thus 

returning carbon dioxide to the atmosphere. 

Animals use oxygen in the atmosphere for respiration, oxidizing the sugars in 

their food to give energy and releasing carbon dioxide to the atmosphere. When dead 

tissue (carbon compounds) decays by a combination of oxidation and microorganism 

decay, carbon dioxide is released back to the atmosphere. A slower cycle occurs 

whenever mineral matter is oxidized, such as in the formation of rocks. 
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""" "-----...... 

r- '. --------
Figure 1.1 Oxygen cycle 

Source: http://telstar.ote.cmu.eduienvironlm3/s4/cycleOxygen.shtml 

1.6 PHOTOSYNTHETIC FIXATION OF ATMOSPHERIC C02. 

The photosynthesis fixation of atmospheric CO2 in plants and trees could be of great 

value in maintaining a CO2 balance in the atmosphere. Deforestation has been 

partially responsible for the CO2 buildup in the atmosphere. Reforestation could be a 

solution to the problem of the greenhouse effect as a result of continued growth in the 

utilization of fossil fuel by the world economy. A preliminary study suggests that the 

absorption and fixation of C02 could be accomplished by allocating and planting 

regional forested areas to counterbalance an equivalent amount of C02 emitted in 

those regions. Further assessments of plant and forest growth as it affects the 

atmospheric C02 balance should be made. 
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A preliminary study has indicated that the savings in land area for a forest 

plantation adjacent to a fossil-burning power plant due to the increased stack gas CO 

concentration is relatively small compared to planting in any area. It is estimated that a 

tract of 100 km2 or 385 square mile (mi2) planted with moderately growing trees is 

sufficient to fix all the C02 from a 1000-MW(e) coal-fired power plant over the 

lifetime of the plant (Hal mann & Steinberg, 1999). 

Aforestation appears to be a feasible method of reducing the concentration of 

C02 from the atmosphere. It uses solar energy and allows an economic fixation of 

C02 from the atmosphere which does not depend on concentrated C02 streams. 

Control of dispersed sources of CO2 is also taken into account by photosynthetic 

extraction of C02 from the atmosphere. 

Trees properly used in a landscape can increase property values by as much as 

20 percent and provide food and shelter for birds and urban wildlife. Planted 

strategically, the right shade trees can reduce building cooling costs by as much as 50 

percent. Trees reduce the temperature of streets and parking lots by 8 to 10 degrees in 

the summer (Burns, 2006), making paved surfaces last longer without repairs. Trees 

can also improve air quality by trapping dust, absorbing air pollutants and converting 

carbon monoxide to oxygen which is essential towards mankind environment. 

1.7 CINNAMOMUM INERS 

Cinnamomum iners or in short, C. iners is under the family of Lauraceae. As an Asian 

native, this tree is popular in the southern, southwestern and ~"-1""" s 
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(USA). Its common name in Malaysia is 'pokok kayu manis' or 'kayu manis hutan'. 

C. iners is a medium-sized tree up to 24 m tall, bole up to 60 cm in diameter with its 

bark being surface smoothed, lenticellate and grayish-brown while its inner bark is 

pinkish. Its leaves are opposite or sub opposite measuring (5-) 7.5-30 cm x 2-13 cm 

and its base is cuneated, and rarely rounded. The apex shaped from blunt to acute, 

often glaucous below and 3-veined. The main veins are prominent with the tertiary 

venation changes from scalariform to scalariform-reticulate, faint to distinct below and 

its petiole is 1--2 cm long. Inflorescence with an axillary or terminal panicle 

measuring up to 18 cm long, the flowers sometimes are partly unisexual with densely 

silky hair. Its fruits are oblong to narrowly ovoid shaped and seated on a perianth cup 

with persistent perianth lobes (Lemmens et al. 1995). 

1.7.1 ECOLOGY AND DISTRIBUTION 

C. iners is common, occurring in primary and secondary lowland and hill forest, often 

in moist, rather open locations. C. iners in Sarawak is very tolerant of poor (alkaline 

and clay) soils and still grows fairly rapidly. This tree has escaped from cultivation 

from Florida to Louisiana and has become naturalized in Florida. Besides that, it also 

available in India, Burma (Myanmar), Indo-China, Thailand, Peninsular Malaysia, 

Sumatra, Java, Borneo, Sulawesi and in the southern Philippines. Its biophysical limits 

can reach up to 1200(-2400) meters in altitude. 

There are other types of cinnamomum for example Cinnamomum altissimum 

Kosterm. , Cinnamomum celebicum Miq., Cinnamomum eugenoliferum Kosterm., 

Cinnamomum grandiflorum Kosterm., Cinnamomum grandis k 
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javanicum Blume, Cinnamomum mercadoi S. Vidal, Cinnamomum mollissimum 

Hook.f. , Cinnamomum pendulum Cammerl., and Cinnamomum politum Miq. 

Basically there are not much differences between these species. What makes them 

different are just their distribution and some observations (Lemmens et ai. , 1995). 

Picture 1.2 Cinnamomum iners 
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1.7.2 PROPAGATION AND MANAGEMENT 

After depulping under propagation method, seeds should be dried for only a short time 

and then sown directly afterwards under shade. Viability of fresh seeds is about 40%. 

Stumping of C. iners has been found to be rather successful: 85% of the stumps of 20 

cm long and 0.5 cm in diameter can develop into healthy plants. 

In terms of tree management, all medang (Lauraceae species) must therefore 

be excluded from preferential treatment at present. A mixed plantation of C. iners and 

teak (Tectona grandis L.f.) was not satisfactory as C. iners did not nurse the teak trees 

to develop a longer clear bole. Seven years after planting the height of C. iners was 

only 2-3 m (World Agroforestry Centre, 2006). For germplasm management purposes, 

the seeds cannot be stored, as they very rapidly lose their viability. Besides that, the 

number of dry seeds per kg should be about 6400. 

1.7.3 MAINTENANCE 

There are only a few diseases and insects affecting Camphor-tree (Cinnamomum). 

Among its diseases are wilt, root rot, anthracnose, powdery mildew and thread blight. 

There are also insects that will attack for example scales and mites (pirone et ai. , 

] 988). 

1.7.4 FUNCTIONAL USES 

C. iners can be manufactured into a product that has commercial values. For example, 

the bark is used as a medicine which is sometimes traded led ""mesni'"' in 

UMS 
UNIVERSITJ MALAYSIA SABAH 



REFERENCES 

Barnes B.V. Zak O.R., Denton S.R., & Suprr S.H., 1997. Forest Ecology. 4th ed. 

New York: John Wiley & Sons. 

Bonan G.B., 2002. Ecological climatology: concepts and applications. Cambridge: 

Cambridge University Press. 

Brack, c., 2006. Tree crown: Forest measurement and modelling. http://sres

associated.anu.edu.aulmensurationlcrown.htm 

Bums. R., 2006. City trees: Forestry plays a significant economic and environmental 

role in urban areas. http://agcomwww.tamu.eduilifescapes/fallOlItrees.html. 

Carnegie Mellon University, 2003. Environmental Decision Making, Science, and 

Technology. http://telstar.ote.cmu.eduienvironlm3/s4/cycleOxygen.shtml. 

Christensen, R., 1996. Analysis of Variance, Design and Regression: Applied 

la/is/ical Methods. London: Chapman & Hall. 

oakes. .1., & Steed, L.G., 2003. SPSS Analysis without anguish version 11.0 for 

windows. Sydney: John Wiley & Sons. 

De ore J.L. & Peck R., 1993. Statistics, The Exploration and Analysis of Data. 2nd 

ed. California: Wadsworth Publishing Company. 

Eriksson H., Eklundb, L., Hall, K., & Lindroth, A., 2005. Estimating LAI ill 

deciduous forest stands. Agricultural andforest meteorology 129: 27-37. 

wert F., 2004. Modeling Plant response to elevated CO2: how important is leaf area 

index? Annals ofBolany93: 619-627. 

UMS 
UNIVERSITI MALAYSIA SABAH 



Fuwap ,lA., nyekwelu, lC., & Adekunle, V.A.1., 2001. Biomass equations and 

e timation for Gmelina arborea and Nauclea diderrichii stands in Akure forest 

r cnc. Riomas & bioenergy21: 401-405. 

Halmann. .M., & teinberg, M. 1999. Greenhouse gas carbon dioxide mitigation. 

FI rida: Lewis Publishers. 

H king R.R. , 2003. Methods and applications of linear models: regression and the 

analysi of variance. 2nd ed. New Jersey: John Wiley & Sons. 

Hoffmann, .W. & Usoltsev, V.A. , 2002. Tree-crown biomass estimation in forest 

pecie of the Ural and of Kazakhstan. Forest Ecology and Management 158: 

59-69. 

Khan, A., afdar, M., Khan, M.M.A., Khattak, K.N., & Anderson, R.A., 2003. 

innamon Improves Glucose and Lipids of People With Type 2 Diabetes. 

American Diabetes Association 26: 3215-3218. 

Law. B.E., Tuyl . Van, Cescatti, A., & Baldocchi, D.D., 2001. Estimation of leaf 

area index in open-canopy ponderosa pine forest at different successional 

stages and management regimes in Oregon. Agricultural and forest 

meteorology 108: 1-14. 

Lemmens R.H.MJ., Soerianegara, 1., & Wong, W. C. (eds.), 1995. Plant resource of 

outh-East Asia. Timber trees: Minor commercial timbers 5(2). Bogor: Prosea 

Foundation. 

Mukherji S. Ghosh, A. K., 1996. Plant Physiology. New Delhi: Tata McGraw-Hill. 

'adezhina, N., Tatarinov, F., & Ceulemans, R., 2004. Leaf area biomass of 

Rhododendron understory in a stand of Scots pine. Forest Ecology and 

J.fanagementI87: 235-246. 

UMS 
UNIVERSITI MALAYSIA SABAH 



ng. B.L.. _ r en pi t ratio: an ecological measure for architecture and urban 

planning. Land. ape and urban planning 63: 197-211. 

n~t:k\\du. J ... _ 04. Abo e-ground biomass production and biomass equations for 

c\ I.:n- gl.:d melina arborea (ROXB) plantations in south-western Nigeria. 

Bioma J & bio nergy 26: 39-46. 

d , ... ake a. H., Kawaguchi, A.F., & Awang, M., 2003. Estimation of crown 

hara ters and leaf biomass from leaf litter in a Malaysian canopy species, 

ElaterioJpemllim tapos (Euphorbiaceae). Forest and ecology management 

177.37 -386. 

PelT) P.Y., ng B.L. 2004. Applying ecosystems concept to the planning of 

industrial ar as: a case study of Singapore's Jurong Island. Journal of Cleaner 

Produ '/ ion 12: \0 11-1 023 

Pir ne, P.P., Hartman, J.R. , Sall, M.A., & Pirone, T. P., 1988. Tree maintenance. 6 th 

ed. ew York: Oxford University Press. 

Pollet. A., & asrullah Ir. 1994. Penggunaan metode statistika untuk ilmu hayati. 

Y gyakarta: Gadja Mada University Press. 

Ramanathan R., 1998. Introductory Econometrics with application. 4th ed. Texas: The 

Dryden Pre s. 

and trom, U.G., Angelstam, & P., Khakee, A., 2006. Urban comprehensive 

planning-identifying barriers for the maintenance of functional habitat 

neN orks. Landscape and urban planning 75: 43-57. 

uganuma, H. , Abe, Y., Taniguchi, M., Tanouchi, H., Utsugi, H., Kojima, T., & 

Yamada. K., 2006. Stand biomass estimation method by canopy coverage for 

application to remote sensing in an arid area of Western Australia. Forest 

ecology and managemenl222: 75-87. 

UMS 
UNIVERSITI MALAYSIA SABAH 



Vargas. L " Anders n, M. ., Jensen, C.R., & J0rgensen, U., 2002. Estimation of 

Il:af are ind x, light interception and biomass accumulation of Miscanthus 

inensi.· liath' from radiation measurements. Biomass & energy 22: 1-14. 

\\ ang. .. _ 06. Biomass allometric equations for 10 co-occurring tree species in 

hine t mperate forest. Forest Ecology and Management 222: 9-16. 

\1 aring, R.H., 1982. stimating forest growth & efficiency in relation to canopy leaf 

area. Advance Ecology. 13: 327-354. 

Wikipedia. _0 6. as ia. http://en.wikipedia.org/wiki/Cassia#_note-O. 

William Ill, L., & Martinson, T.E., 2003. Nondestructive leaf area estimation of 

iagara' and 'DeChaunac' grapevines. Scientia horticulturae 98: 493-498. 

\l orld groforestry Centre, 2006. Agro Forestry Tree Database. 

http://www . worl dagroforestrycentre.org/SealProducts/ AFDbases/ AF /asp/S peci 

e Info.asp? pID=18145. 

Yang. P.P .. & Lay, O.B., 2004. Applying ecosystem concepts to the planning of 

industrail areas: a case study of Singapore' s Jurong Island. Journal of cleaner 

produ lion 12: 1011-1023. 

Zabek. L.M. & Pre cort, C.E., 2006. Biomass equations and carbon content of 

abo eground leafless biomass of hybrid poplar in Coastal British Columbia. 

Fore I ecology and management 223: 291-302. 

UMS 
UNIVERSITI MALAYSIA SABAH 


