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Abstract 

Teak is considered one of the highest value hardwood species. The Lao wood 

processing industry has been using teak wood harvested from different ages, ranging 

from 10 to 35 years, with broadly different prices. However, the current grading rules 

used for teak logs are unsuitable for development of a fair and transparent pricing 

market. To date, there has been no regulation of market requirements for wood 

characteristics and/or wood properties. The key terms of wood characteristics and wood 

properties used in this study were defined as: a) wood characteristics refer to the visual 

appearance or features of logs and square logs; for example, heartwood proportion, 

wood colour, presence of knots, bend, pipe, buttress, decay, end checks and splits; b) 

wood physical and mechanical properties describe the quantitative characteristics of 

wood and its behaviour in response to external influences and externally applied forces; 

for example, wood density, dimensional stability, stiffness, bending strength, 

compression strength, shear strength, and hardness.  

The overall aim of this study was to identify the key characteristics and properties of 

wood that affect the selling price of teak logs grown in Laos. More specifically the 

objectives of the study were to:  

1. define the characteristics and properties of plantation grown teak logs that are 

valued by wood processors and manufacturers; 

2. understand the influences of wood characteristics and properties on the current 

selling price of plantation grown teak logs used in Lao wood processing and 

manufacturing industry, and; 

3. determine the key characteristics and properties that could be used if a log 

grading system was to be applied in Laos, and that is based on the results 

identified from the buyers’ requirements.  

Both semi-structured interviews of teak buyers and qualitative and quantitative data of 

wood characteristics and properties of plantation grown teak in Laos that were valued 

by teak buyers were obtained and analyzed. The results showed that while the 

harvesting age of plantation teak was reported to be between 10-35-year-old, the 

dominant harvesting age was between 21-25 years. Three types of teak timber were 

commonly sold in Laos: 24.7% as standing trees, 39.6% as round logs and 35.7% as 

square logs. From the marketing supply chain it was found that the end buyers of teak 
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timber were wood sawmillers and wood products manufacturers. The local traders 

(middlemen) who purchased teak logs from the growers and in turn supply to the end 

buyers account for 49% of sales. A further 41% was sourced directly from teak growers 

and the remaining 10% was sourced via local small wood sawmillers and 

manufacturers. The main wood products produced from plantation teak included 

joinery products, door and window frames, and furniture (57.9%, 26.3% and 15.8%, 

respectively). Currently, 83% of teak products produced were consumed on the 

domestic market. The remaining account for 17% were destined for international 

markets.  

The prices of teak showed to be significantly different based on timber types, log sizes, 

and distance from plantation site to the road in the case of standing trees. However, the 

price variation was not based on the factors of wood quality and properties. A round 

log price of US$250/m3, based on both log diameter size (D26-30 cm) and log quality 

grade (A grade), was much lower than the US$321/m3 amount paid for an ungraded 

round log of the same size based on log diameter alone. It can be concluded that there 

is a need to develop a clear system or standard for teak log grading and pricing in Laos.  

The knot was found to be the major characteristic appearing on all teak wood products, 

square and round logs. White sapwood, end splits, and buttress were the next most 

predominant characteristics in teak wood products, square and round logs, respectively. 

Buyers were found to prefer a larger heartwood proportion and diameter of the logs. On 

the other hand, decay, pipe, insect holes, bend, and knot holes were found to be the 

wood defects that the buyers were most concerned about when they bought timbers. 

Log diameter, bend, buttress and insect holes were only the wood characteristics that 

have significant impact on log price. Buyers were unwilling to buy any logs containing 

wood decay or rot. Wood property values were not important for the buyers. Lao teak 

buyers didn’t offer a different price for teak timbers that have different wood property 

values. This study concluded that wood properties have no impact on log price.  

If a grading system is to work, then it must be of use to those who buy logs and square 

logs, as they would be the main beneficiaries of such a system. Laos already uses a 

grading scheme; however, the question remains about how well it works. A good 

grading system can be said to work if the different characteristics; for example, wood 

characteristics valued by buyers are reflected in the prices for the wood. In a simple 

test, the following questions could be asked:  
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1. Is there a significant difference between the prices of graded logs? 

2. Do the prices for each grade move independently of one another (thus reflecting 

the changing nature of how buyers value each characteristic)? and  

3. Are the prices of graded logs higher than ungraded logs (at least those that are 

considered to be of a superior quality).  

The answers to these questions, when applied to the current grading system, led to the 

conclusion that such system did not work.  All prices tended to move together, and 

ungraded log prices were found to be greater than graded logs.  

The next question to address was how a better grading system could be 

determined.  Clearly, any system should reflect the wood characteristics that buyers 

demand. To that end, it was necessary to survey buyers to determine what they 

considered to be the most valuable characteristics. These identified characteristics need 

to be collated into a system that is both clear and usable for the buyers. The following 

characteristics were found to be important: log diameter, heartwood proportion, 

presence of insect holes, log bend, presence of knots, end splits, wane/buttress, and 

wood colour. It should be noted that as the buyers' responses are not universal (for 

example, some buyers prefer one characteristic, whereas other buyers prefer another), 

a grading system is preferred. The grading system reflects a set of tolerances within 

which a range of wood characteristics can be valued by the buyer. In this way, they can 

pay a price for logs according the characteristics they value and not on the basis of log 

diameter alone (as they do now). Based on the key finding from the results mentioned 

above, a guideline for a teak timber grading system was developed. This grading system 

is a new log grading method, which can be used in Laos and similar developing 

countries. 

Implementation of this grading system would benefit both teak buyers and growers. 

The buyers can minimise timber waste, as buyers can buy only the qualities of timber 

they want if the timber is graded. Teak growers could also employ practices that result 

in them growing trees that are more highly valued by buyers because they will have the 

characteristics buyers pay a premium for. In the long-run, growers would minimise the 

production of inferior quality logs. The growers will supply only the timber that is 

required by the industry for specified uses. What should be noted is that in a market 

where the products are ungraded, average prices for all qualities apply. Thus, it is in the 

interests of growers to supply the lowest quality product, as this is the one that costs the 
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least to produce and for which they receive the average price as a superior product. On 

the other hand, a grower who produces a superior product receives the same average 

price as that of the grower of an inferior product. In a graded product market, the grower 

receives the price the buyer is willing to pay for the characteristics that are valued by 

the manufacturers of finished products. Thus, growers are rewarded for improving the 

quality of the logs that will result in an improved industry.  
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Chapter 1:  

Thesis introduction 

1.1 Research background 

The high annually growing rate of worldwide population (1.5% of 7.5 billion) has resulted in 

rapidly increasing in consumption of food and  raw materials for providing human shelters, 

fuel, paper, etc (Shmulsky and Jones, 2019). Wood has higher usage  worldwide compared to 

other resources such as cement, steel, plastics and aluminium by 5.56, 2.72, 0.203, 0.269, and 

0.022 billion cubic meters respectively (Shmulsky and Jones, 2019).  

The Lao People’s Democratic Republic (hereafter Laos) is a developing country in which there 

has been high demand for both natural and plantation wood for several applications (DOF, 

2007). Wood is used in Laos for applications that include house building, furniture 

manufacturing, flooring, plywood products, and fuel. The agriculture and forestry industries 

are an important sector of the Lao economy. This sector contributes 28.8% to the Gross 

Domestic Product (GDP) of Laos (MPI, 2011). Globally, plantation forestry has become an 

important source of timber due to the decreasing availability of timber from natural forests in 

many countries (Kumar et al., 2013). Plantation timber has been increasingly used for a wide 

range of wood conversion processes (Jayawardhane et al., 2016).  

Teak (Tectona grandis Linn.F) is one of the most popular and valuable species planted by local 

smallholders in northern, central and southern regions of the country, with approximately 

40,000 ha in production (Midgley et al., 2016). The largest planted area is in the northern part 

of the country, especially in Luang Prabang Province, with 15,342 ha (Boer and Seneanachak, 

2016). This species is increasingly in demand and grown in several regions, including Asia, 

Africa, and Latin America. It is estimated that 5.9 million ha is planted around the world, 

although it grows naturally in Myanmar, Laos, Thailand, and India (Midgley et al., 2015).  

Globally, teak has been accepted for a wide range of purposes from general carpentry and 

joinery to furniture and cabinet making, and from veneer to construction applications, including 

railway and ship building materials (Bhat, 1998; Bailleres and Durand, 2000; Matumura and 

Kawasaki, 2011). In Togo, teakwood has been extensively used for construction and carpentry 

purposes (Kokutse et al., 2012). Teak timber is used commercially in the Lao wood processing 
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and manufacturing industries for furniture products and decorative building components (such 

as doors, windows frames, wall, ceiling, and flooring) for both export and domestic markets 

(Midgley et al., 2015). Currently, the teak timber used in the Lao for wood products is of 

different ages, ranging between 12-25 years of age with broadly variable wood characteristics 

and values (Midgley et al., 2007; Boer and Seneanachak, 2016). Despite the lack of information 

about market preferences and prices, teak tree harvesting only occurs in accordance with 

farmers’ personal needs and motivations (Dieters et al., 2013; Boer and Seneanachak, 2016; 

Laos Sawmill Factories, 2016;). In addition, global market preferences and prices for teak 

timbers also vary broadly based on several factors such as plantation sites, timber dimensions 

and wood qualities (grades) (Jayawardhane et al., 2015).  

1.2 Research problem statement 

Until recently, 95% of Lao teak timbers were exported as unprocessed logs, square logs, and 

sawn boards to neighboring countries at low prices (Midgley et al., 2016). The Lao 

Government strongly supports the wood industries to process finished products by recently 

issuing a decree (No.15/2016) to ban the export of raw wood material from both natural and 

plantation forests (Lao Prime Minister Decree 15/PM, 2016). However, in order to produce 

high-value and high-quality finished wood products that would meet domestic and 

international market requirements, some knowledge and information of market preferences for 

wood characteristics and properties are required (definitions of wood characteristics and 

properties provided in Box 1). The key terms used in this paper are defined below (Box 1). 
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The market demand and price of teak logs in Laos should vary according to wood 

characteristics. However, there is a lack of clear log grading standards or rules to be used as 

benchmarks for logs prices and qualities or grades of plantation teak in Laos. In addition,  

global markets preferences and prices for teak timbers vary depending on several factors such 

as plantation sites, plantation or natural forest sources, timber dimensions and wood qualities 

(grades) (Jayawardhane et al., 2015). However, there is a lack of any consistent rules or a single 

international timber grading standard (Midgley et al., 2015) that transparently equates to 

market price, whether worldwide or within a group of neighboring countries. This is due to 

little information being available about worldwide market requirements and preferences 

regarding wood characteristics and properties. There would appear to be a need to develop a 

simple system of timber grading rules and prices to be used by growers and buyers. The 

correlation between plantation teak price and wood characteristics and properties is not known 

in Laos. A few studies  were conducted in India and Sri Lanka on the relationship between teak 

price and wood characteristics (Kumar et al., 2013; Jayawardhane et al., 2015). These studies 

revealed that, in Sri Lanka and India, log length and circumference of plantation teak were 

Box 1: Definitions 

• Wood characteristics refer to the visual appearance or features of logs and square 

logs; for example, heartwood proportion, wood colour, presence of knots, bend, 

pipe, buttress, decay, end check and split, etc. In this study “wood characteristics” 

also include log size (diameter and length). 

• Wood properties describe the quantitative characteristics of wood and its 

behaviour in response to external influences and externally applied forces; for 

example, density, dimensional stability, stiffness, bending strength, compression 

strength, shear strength, and hardness. 

• Wood is a complex biological structure, a composite of many chemistries and cell 

types acting together to serve the needs of a living plant; that is, conduction of water 

from the roots to the leaves, mechanical support of the plant body, and storage of 

biochemicals. 

• Plantation refers to an intensively managed stand of trees of either native or exotic 

species. 

• Timber refers to all round logs, square logs, standing tree and sawn-board timber. 

• Log refers to a stem of wood cut from a tree, with different diameters and lengths.  

• Log grade refers to a quality class of log based on its wood characteristics and/or 

wood properties. 

• Square log refers to a bullet of wood or a log that has the bark removed and is 

squared to have flat four surfaces. 
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recognized as the most important significant variables affecting the log price, followed by 

wood defects such as knots, bend, insect hole, and buttress, etc. However, these previous 

studies did not include buyers’ requirements for wood properties, and the analysis of the 

relationship between price and wood characteristics for particular wood products.  

The trading system used by teak growers and the buyers in Laos is complicated and confusing 

and suffers because there is not a clear log quality-grading standard to reference one sale with 

another. Each sale is negotiated between individual teak buyers and sellers, which may not 

fairly equate the logs qualities and prices and does not take into account buyers’ requirements. 

In other words, the logs are sold using what can be termed a demand-orientated approach 

(Washusen and Innes, 2008). Wood characteristics and properties are determined by the 

technical specifications of the timber, which is a supply-orientated approach. In addition, the 

previous studies of wood characteristics and properties were mainly concentrated on the supply 

side and not on the demand side (Nolan et al., 2005). There appears to have been little research 

undertaken on market requirements for wood characteristics and wood properties. The lack of 

price transparency for tree growers and buyers can limit the availability of suitable plantation 

resources for different markets (Hopewell et al., 2015).  

Past studies of teak wood properties mainly concentrated on the variations of physical and 

mechanical properties in relation to the effects of tree age, site conditions and silvicultural 

managements (Izekor and Fuwape, 2010; Wanneng, 2012; Shukla and Viswanath, 2014; Anish 

et al., 2015; Darmawan et al., 2015). However, the link between the properties of wood and its 

value has not been determined to date. Using an economic approach, all goods in a market are 

assumed to be homogeneous. In other words, there is no difference between them (Davidson 

and Malano, 2005). However, if the goods are separated according to a set of quality attributes 

that each possesses, then the product is no longer a homogenous product but rather a set of 

different grades, each demanded by buyers in different industries. Thus, growers would sell 

different qualities of the product to processors or buyers who demand particular qualities; for 

example, grades. In essence, classifying a homogeneous product into a set of heterogeneous 

products involves the creation of a set of individual markets, one for each heterogeneous 

grouping of the product. Yet, within each heterogeneous grouped market all goods sold in that 

market are assumed to be homogeneous.  So, the market for a product like teak may have many 

(sub)markets for individual graded types, all of which are different to one another; but within 

each of these (sub)markets, the goods traded are assumed to be homogeneous.   
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A log grading system is beneficial to the processors or buyers who need a particular quality of 

wood, as they no longer have to dispose of the low-quality timber they cannot use, resulting in 

significant savings. Furthermore, those buyers who also do not need to pay a high price for a 

high-quality wood that would overperform for their particular end product. In this study, the 

key determinants of selling log price and buyers’ preferences of wood characteristics and 

properties of plantation teak harvested in Laos have been examined.   

1.3 Knowledge gaps  

The trading methods for plantation teak in Laos start from selling individual standing trees with 

no grading. Even after harvesting and milling trees into round or square logs, quality grading 

is deficient (Innavong et al., 2014; Burapha Company, 2014). There is not a clear and simple 

system of timber grading standards that may be able to provide guidance on a fair price for logs 

between the growers and sellers in Laos. The rules used to grade logs are based on very limited  

criteria. This means that when all of the criteria are taken into account for a particular log grade, 

the log can be graded of the lowest grade encountered for each criterion, which is not an 

accurate way of measuring what buyers might prefer. Buyers purchasing a lot of one aggregate 

grade of timber may have to dispose of the low-quality timber they cannot use, which results 

in significant cost. Buyers may have to pay a high price for expensive timbers that contain 

some high-quality wood characteristics and properties that they do not require in their particular 

end product. Besides, the existing Lao log grading rules are complex, with the high cost and 

time-consuming measures including many wood characteristics that are not necessary or 

accepted by teak buyers, such as log end-checks, pipe, decay and presence of metalic objects 

such as nails. The specific complexity of the current Laos log grading rules are the grading 

system, the measurement methods of wood natural features or defects, and the highly time 

consuming log measurement method for grading. The grading for a particular log grade has to 

include all wood defects which appear on the log, but the final grade for the log is only based 

on the lowest grade of the defects. Thus, this grading system is not accepted by the Lao buyers 

as the buyers prefer varying quality (grades) or defects for their particular wood end use. Wood 

defects measurement for the log grading include log diameter, pipe, decay, etc. For example, 

log diameter has to be measured two times both large and small log ends which is complicated 

and time consuming.  In addition, wood decay is only recorded as present or not present on the 

log, which provides limited information for teak buyers. 

The current Lao log grading rules have been designed for only one particular log length of 2.2 

m. This is a significant limitation, as buyers often require varying lengths of timber and the 
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growers also need to sell shorter logs. There would appear to be a need to develop a more 

transparent grading system or set of rules for the sale of teak logs, which  would correlate to 

the pricing in Laos. This simple log grading system development should be based on the 

information,  such as the market preferences or buyers’ requirements for wood characteristics 

and properties, the relationship between wood price and wood characteristics and properties 

for particular wood products, the ranking importance of specific wood characteristics and wood 

properties based on teak buyers’ preferences and their particular end products, and buyers’ 

criteria for acceptance of specific wood characteristics and properties. 

There is not a single, internationally accepted standard rule for teak log grading and pricing. 

This causes confusion for teak log trading between nations (Midgley et al., 2015). Most 

countries and regions have their own set of log grading rules (Hopewell et al., 2015). However, 

the relationship between plantation teak prices and particular wood characteristics (or log 

grades) is not clear. The correlation between wood properties and price has not been studied. 

The ranking importance of wood characteristics and wood properties based on teak buyers' 

preferences has only received limited study.   

Regarding the issues of teak trading in Laos and the limitation of previous studies mentioned 

above, some of the key knowledge gaps regarding the production of teak in Laos include:  

• what buyers’ preferences are for plantation grown teak logs,  

• what key characteristics and properties are required by buyers,  

• how much buyers will offer to pay for particular wood characteristics and properties,  

• how the wood characteristics are reflected in the properties of wood.  

The aim of this study is to examine these gaps in knowledge. It is envisaged that a transparent 

log grading system for teak timbers in Laos needs to be developed; for example, a system that 

will benefit teak growers, processors, and manufacturers. The buyers would be able to know 

and understand the wood they are buying to ensure that the wood and products are meeting the 

requirements of their customers. The teak growers would also identify the best market 

opportunities for their timbers and could then develop optimal silvicultural regimes (tree 

harvesting age, log size, pruning and thinning, etc.) to maximize teak quality and return of 

investment. The information and proposed guidelines of log grading rules from this study could 

also be applied for developing a single internationally accepted standard set of rules for teak 

log grading and pricing. 
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1.4 Aim of the thesis 

The overarching aim of this study was to identify the key wood characteristics and properties 

that contribute to the selling price of teak logs grown in Laos. The specific objectives of the 

study were:  

• Defining the wood characteristics and properties of plantation grown teak logs based 

on buyers’ requirements; 

• Understanding the influences that wood characteristics and wood properties have on 

the selling price of plantation grown teak logs used in the Lao wood processing and 

manufacturing industries; 

• Determining the key wood characteristics and properties that can be used and applied 

to a grading system in the Laos teak industry, one that is based on the results identified 

from what buyers’ believe is important.  

1.5 Research questions 

In response to the research aims and key knowledge gaps identified above, the following 

questions need to be addressed:  

1) What particular proportions of wood characteristics and properties are required and 

accepted by teak buyers?  

2) What is the ranking importance of specific wood characteristics and wood properties 

based on teak buyers’ preferences and their particular end products?  

3) How do wood characteristics and properties affect plantation-grown teak log price? 

4) What new log grading rules system should be developed in Laos based on the buyers’ 

requirements of wood characteristics and properties that are identified from this study?  

1.6 Conceptual framework 

To achieve the aims of this study, it is important to specify an objective approach that is 

informed by all the stakeholders (buyers, scientists, merchants, middle sales operatives, and 

growers). Conceptually, this approach differs from previous studies in that it seeks to identify 

the process principally from a buyers’ perspective rather than from a producers’ perspective of 

the technical aspects of teak plantations (Figure 1). This approach starts out by surveying the 

buyers of teak plantations in order to determine their key requirements for wood characteristics 

and properties. Then, these wood characteristics and properties that are derived need to be 

conveyed back to the suppliers or growers. Finally, recommendations need to be made to 
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suppliers or growers of teak so they can adjust or improve their current practices to ensure that 

buyers’ requirements are adequately met.   

The main teak buyers in Laos are sawmillers or processors and manufacturers. Thus, the 

assessment of buyers’ requirements for wood characteristics and properties needs to be 

targeted. The key information collected from the buyers’ side should be: 

• The desirable wood characteristics and wood properties they perceive in the logs they 

buy;  

• The particular proportions of wood characteristics and properties required and 

accepted; 

• The perceived value of characteristics, properties and volumes of the timber; and  

• The buyers’ willingness to pay certain prices for particular wood characteristics and 

properties for specific end-uses.  

The desirable wood characteristics and properties were then ranked according to those deemed 

most important. A multiple regression “price-quality model” of teak plantations could be 

applied and used to explain the relationships between wood characteristics, properties and log 

price. Furthermore, the plantation teak wood characteristics and properties were also assessed 

in order to compare these to the buyers’ requirements. Plantation teak suppliers in Laos are 

mostly local smallholders or private growers. Teak timber types and finished products were 

measured and assessed for wood characteristics, and the frequency of their occurrence. Wood 

characteristics included heartwood proportion, bend, pipe, end split, end check, knot, knothole, 

decay, insect, buttress/want, and wood colour.  
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Figure 1:  Conceptual framework of the study  
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1.7 Overview of the thesis 

This thesis consists of eight chapters.  

Chapter 1 introduces the research background, provides a research problem statement, 

and identifies the knowledge gaps. The research aim, key questions and the conceptual 

framework of this research are also provided in this chapter.  

Chapter 2 provides information related to the context of this research study: the Laos 

forestry and wood industry sectors, teak plantations, wood characteristics, wood 

properties, grading of plantation logs, and teak timber marketing and prices in different 

countries, and Laos.  

Chapter 3 presents the theory and concept background of log grading rules, wood 

characteristics, and wood properties relating to marketing price. The information 

reviewed in this chapter has been used to identify the key knowledge gaps that need to 

be addressed as part of this study.  

Chapter 4 describes the research methodology, which includes the study method used, 

study sites, data collection as well as the data analysis techniques, tests of significance 

models of the relationships between wood characteristics, wood properties and prices of 

plantation teak grown in Laos.   

Chapter 5 presents the study results, which include: 1) timber trading and pricing of 

plantation grown teak in Laos; 2) the Lao market preferences for wood characteristics 

and properties of plantation grown teak; 3) locations of plantation teak timbers supplied 

in Laos; 4) data on the volume of plantation teak consumed annually in Laos by each 

teak wood buying sector; 5) different types of teak products produced and prices in Laos 

and the markets for these products; and 6) Lao plantation log grading issues.  This 

chapter includes two papers. The first paper, ‘Timber trading and pricing of plantation 

grown teak (Tectona grandis Linn.F) in Laos’, is under review by the Journal of Small-

Scale Forestry. The second paper, ‘Market preferences in Laos for wood characteristics 

and properties of plantation grown teak (Tectona grandis Linn.F)’, is in the final draft 

for revision by the supervisors. This paper will be submitted to the Journal of Tropical 

Forest Science.     

Chapter 6 provides  a discussion of the key results obtained from the teak buyers’ survey. 

A  new guideline for  round logs and square logs grading rules in Laos has been proposed 
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based on the buyers' preferences and requirements for wood characteristics and 

properties identified from this study.  

Chapter 7 presents the economic theory underlying markets and quality, which involves 

the effect of plantation teak wood characteristics on the prices and uses. The elasticity 

of teak market demand, supply, teak marketing margin, producers and consumers’ 

supply and demand short and surplus are also discussed.  

Chapter 8 is a synthesis of the results of the study. This chapter provides a conclusion 

and recommendations to both Lao teak growers and buyers. The new knowledge and 

information contributed from this study and the directions for future research relating to 

this study field are addressed in this chapter.      
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Chapter 2:  

Literature review 

2.1 Introduction                        

The literature review consists of four main sections. Section 1 summarizes the 

information about the forest status in Laos. This section also includes the information 

on Lao wood processing industry sector. Section 2 reviews the teak timber market and 

price in different countries, including Laos. The general theory and concept of 

economic plantation teak, and the relationship between timber prices and wood 

characteristics and properties are also reviewed in this section. Section 3 explains the 

concept of wood characteristics and wood properties. Previous studies of wood 

characteristics and wood properties of plantation teak are reviewed, particularly the 

factors in the relationship between wood characteristics, wood properties, and forest 

plantation management. The requirements of wood characteristics and properties for 

specific wood products are also discussed. Section 4 covers log grading concepts and 

grading standards.  

2.2 Lao forest status  

Laos is a landlocked country, located in the central heart of Southeast Asia. Historically, 

Laos is one of the richest forest heritages and biodiversity in the world. In the 1940’s 

forest covered over 70 % of Laos with an area of about 16.6 million ha. This figure has 

decreased steadily to 47 % in 1992 with an area of 11.2 million ha, and 41.5 % (9.7 

million ha) in 2006 (MAF, 2006). The recent forest cover assessments undertaken in 

2010 show that the Lao forest cover rate was only 40.3 % with about 9.5 million ha 

(MAF, 2010) (Figure 2).  
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Figure 2: Decreasing forest cover in Laos (1943-2010), (MAF, 2010) 

2.3 Laos forest plantations 

Tree planting has been strongly supported by the Lao Government since the 1980’s 

(MAF, 2006). On an annual basis, seedlings are freely provided to provincial and 

district offices, as well as farmers and private sectors to encourage the growth of trees 

across the nation. Concurrently, the Government is providing stricter enforcement of 

illegal logging practices to alleviate deforestation (Wanneng, 2013; Lao Prime Minister 

Decree 15/PM, 2016). New forest plantings by several sectors in the country have 

decreased since 1975. However, there has been a rapid increase in forest plantings 

between 1999 and 2010 (Phimmavong, 2012) (Figure 3). The four most commonly 

planted species in Laos are rubberwood (Hevea brasiliensis), teak (Tectona grandis 

Linn.F), Eucalyptus camaldulensis and Acacia (Auriculiformis Cunningham).    
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Figure 3: Annual forest plantation areas in Laos (Phimmavong, 2012) 

The areas of teak and rubberwood plantations have been extensively increased through 

the efforts of small land-holders in the northern part of Laos (Phimmavong, 2012; Boer 

and Seneanachak, 2016). Currently, forest plantations in Laos are estimated to be 

approximately 302,008 ha. This figure includes large-scale forest plantations 

(Eucalyptus, Rubberwood and Acacia species) of 222,008 ha and private-smallholder 

forest plantations (Teak species) of about 40,000 ha (Flanagan et al., 2013; Midgley et 

al., 2016). The largest plantations of teak are found in Luang Prabang Province 

(northern part) with 15,342 ha (Boer and Seneanachak, 2016).  

Lao farmers have practiced teak planting at different spacings: 2 x 2 m (2500 

trees/hectare), 2.5 x 2.5 m (1600 trees/hectare) and 3 x 3 m (1111 trees/hectare) (MAF, 

2001). The spacing is dependent upon the number of seedlings and the land area 

available. There is no scientific documentation for the best spacing of plantation teak 

in Laos. Teak plantation in Laos is usually established by intercropping with other crops 

such as rice, pineapple, sesame and paper mulberry for the first 3 years (Midgley, 2007).  

The intercropping of plantation teak with other crops is mostly established at a larger 

spacing of plantation; for example, 3 x 3 m (Rodew et al., 1995). Over 80% of teak 

growers in Laos do not thin and prune their own teak plantations (MAF, 2001).  

Plantation teak harvesting in Laos occurs at different ages, ranging between 12-25 

years, when the tree has reached a size of 15 cm diameter at breast height (DBH) 

(Midgley et al., 2015). The minimum diameter log accepted by the buyers is 10 cm 

(Wood processors, 2017). The system of teak harvesting in Laos is mostly based on 
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selection methods. For example, the growers choose to harvest only the big trees that 

meet the buyers’ requirements. The small trees are still maintained at the plantation 

sites for the next harvesting time. The harvesting time is established in accordance with 

farmers’ personal needs and motivations; for example, when a farmer needs income, 

such as paying for children to go to school or for medical treatment (Dieters et al., 2013; 

Boer and Seneanachak, 2016; Laos Sawmill Factories, 2016). Limited information is 

available that could be provided to the growers about an optimum harvesting age of 

teak plantations to return high wood quality, yield, and income. A recent survey found 

that approximately 70% of plantation teak trees in Laos have a diameter less than 25 

cm (Boer and Seneanachak, 2016) (Figure 4).  This survey implied that teak trees and 

logs that have a diameter of more than 25 cm are in high demand in Laos and their 

prices are higher.  

 
 

Figure 4: Diameter classes of teak plantations grown in Laos (Boer and Seneanachak, 

2016) 
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2.4 Laos wood processing industry 

In 2005, there were 160 sawmills, 954 furniture workshops and two plywood producers 

in Laos, which employed over 22,000 workers (MAF, 2005). A more recent report by 

the Ministry of Industry and Commerce (MOIC) stated that the total number of wood 

sawmilling and manufacturing companies in Laos was 1,627 (MOIC, 2015). This 

number included pure wood sawmills 45, mixed sawmilling (primary) and 

manufacturing (secondary) companies 388, pure manufacturing companies (furniture) 

868, and the small or local household furniture workshops 326. A more recent report 

by Smith et al. (2018) stated that many Laos sawmills were closed down due to low 

standards used in their production and product quality. In total, 83 low standard 

sawmills were closed down in Sayaboury Province, and 40 sawmills in Luang Prabang 

Province. Based on the information above, the total number of all wood sawmilling and 

manufacturing companies remaining in Laos is 1,504. Fifty percent of the total wood 

sawmill factories are medium size with daily production capacity between 10-30 m3. 

Small factories with a daily production capacity between 1-10 m3 account for  30%, and 

large wood factories with a capacity production of over 30 m3 account for only 20% 

(Phengsopha, 2011). The wood industry has played an important role in the Lao 

economy and employment, representing 6% of GDP and 32% of all industrial 

production in Laos. The value of timber exports is US$78 million (including logs) and 

accounts for about 25-35% of total exported products (Hopewell, 2015). There is a high 

demand for domestic wood in Laos, with approximately 300,000 m3 required per year. 

This figure is expected to increase to 600,000 m3 per year by 2020 (MAF, 2005).  There 

is not recent reliable data available for teak wood export in Laos. Midgley et al., (2016) 

stated that the total volume of teak timbers exported from Laos to neighbouring 

countries (China, Vietnam and Thailand) was approximately 12,959 m3 with an average 

price $467/m3. Based on this data, the value of teak wood export in Laos can be 

estimated for about $6 million which accounts for approximately 1.5-2.5% compared 

to the total all wood species exported from the country.   

Timber supplied in Laos is mainly from three sources: production forests, development 

areas and plantations (Phengsopha, 2011). The Lao Government strongly supports the 

forest plantation industry; however, products from plantations are currently being 

commercially processed for furniture and joinery products such as chairs, tables, beds, 

doors-windows and flooring panels are mainly for local use, with limited exportation. 
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Furthermore, the Lao wood processing is currently inefficient with low recovery rates 

and low-value, low-quality products. The primary reasons for these limitations are: old 

machinery used by processers, low technological development in equipment and tools 

in recent years, low labor skills, and raw wood materials are often not prioritized for 

use for the right products (Hopewell, 2015).  

2.5 Wood characteristics  

Wood characteristics are the visual features of wood, and sometimes are referred to as 

wood “defects”. They include knots, colour, size, grain-pattern, heartwood-sapwood 

proportions, decay, buttress/wane, and bend (Bhat and Indira, 1997). The macroscopic 

characteristics or wood defects can be clues which provide an indication of physical 

properties and can be used as an aid in wood identification (Shmulsky and Jones, 2019). 

A wood defect means an abnormality or irregurity which lowers the value of wood by 

decreasing its strength or affecting its working or finishing qualities, which includes its 

apperance or out-turn on conversion (Indian Standards Institution, 1968; Thulasidas and 

Bhat, 2009). Another definition of a wood defect is given as the limits of acceptability 

of a feature that makes it into a defect of a log, which would cause timber processing 

of the lowest quality and recovery rate (James, 2001). The characteristics of the wood 

can directly affect the physical and mechanical wood properties (Bhat and Indira, 1997; 

Listyanto and Nichols, 2009), as well as wood processing recovery rates (Ayarkwa and 

Addae-Mensah, 1999; Nolan et al., 2005). Wood characteristics are one of the criteria 

used for log grading (Hopewell et al., 2015). Logs that have significant defects that are 

a major constraint to the manufacture of products are classified at a lower grade and 

value (Washusen and Innes, 2008). However, the value of the wood is also dependant 

on specific wood product uses and  buyers’ requirements (Rast et al., 1973; Bailleres 

and Durand, 2000). Wood characteristics are classified into two main categories: the 

defects that reduce log volume in processing (recovery rate); and, those defects that 

reduce its strength (Rast et al., 1973). Previous research (Listyanto and Nichols, 2009) 

revealed that wood characteristics are positively correlated with tree growing 

conditions, such as space between planting, pruning, thinning, and age, as well as 

genetic components. However, several studies regarding the growth factors that may 

affect wood characteristics are contradictory (Table 1).    
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Table 1: Summary of studies regarding the growth factors that may affect wood 

characteristics 

Growth factors 

Effect of growth factors on wood characteristics 

External defects (branch, 

knot & stem-form) 

Heartwood 

proportion 

Wood 

colour 

Spacing 3+ 3+ 2+ 

Thinning 2- 2- 1+ 

Pruning 4+ 1+ NA 

Tree age 2+ 9+, 1▲ 2+ 

Genetic 1+ 1+ 2+ 

Soil properties N/A N/A 3+ 

Landscape/geographic 1- 2+ 1+ 

Climatic and nutrient N/A 1-, 1+ 1+ 

Sources:  Listyanto and Nichols (2009); Sibomana et al., (1997); Perez and Kanninen 

(2005); Smith et al., (2010); Perez and Kanninen (2003);  Zahabu et al.,(2015); Moya 

et al.,(2014); Montero et al.,(2015); etc (Details about the sources are provided in 

Appendix 2).  

Note: 

The numbers in the columns of the table are the number of previous studies that 

investigated the growth factors which may affect wood characteristics of plantation 

teak.  

  -  : No effect on particular wood characteristics 

+ : Effect on particular wood characteristics 

▲ : No effect on a particular range of age 

Moya et al., (2014) showed that the heartwood proportion of plantation teak increased 

with tree age and diameter, but decreased with tree height. The age of plantations affects 

not only heartwood proportion and wood colour, but it also contributes to the number 

of wood branches and knots. Young teak trees contain more branches and knots 

compared to mature trees (Moya et al., 2014).  Listyanto and Nichols (2009) concluded 

that the number of branches and knots increased with wider spacing in teak plantations. 
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Zahabu et al., (2015) supported the view that spacing regimes (2x2, 3x3 and 4x4 m) are 

significantly correlated with wood characteristics, which showed that the trees have 

higher heartwood proportions that use a larger space between plantings or seedlings.  

Sibomana et al., (1997) claimed that different spacing plantations of teak 7-year-old 

grown significantly affected to tree stem form. This study showed that trees grow at a 

smaller space between plantings have lesser branches and straighter stem form 

compared to the trees that grow at a larger space between plantings. Perez and Kanninen 

(2005) confirmed that branches and knots were affected by different pruning treatments.  

There remains limited information on the impact of particular wood characteristics on 

product value and associated economic aspects, and Nolan et al., (2005) suggest this is 

a key area for further study. Few studies in India and Sri Lanka have assessed the effect 

of teak log characteristics on market prices (Kumar et al., 2013; Jayawardhane et al., 

2015). However, these studies used log prices based on data collected from advertising 

and auction results, which were lacking analysis of a particular value of wood 

characteristics required for specific wood products, and prices. In addition, these 

previous studies also lacked any assessment of the ranking importance of wood 

characteristics based on buyers’ requirements for specific wood products.  

The next section provides a description of the most important wood characteristics and 

the methods for their measurement. These characteristics are included in many 

international log grading rules and the methods for their measurements.  

2.5.1 Heartwood and sapwood 

2.5.1.1 Heartwood and sapwood definitions 

In terms of wood structure, heartwood and sapwood are the main components appearing 

at the cross-section of a mature tree. Heartwood and sapwood do not occur in all species 

(Kollmann and Wilfred (1968). Heartwood is located at the inner core (pith), whereas 

sapwood is located towards the outer bark (Figure 5). The colour and durability of 

heartwood and sapwood are significantly different (Kollmann and Wilfred, 1968). 

Studies also show that heartwood and sapwood from the same tree can differ 

significantly for weight, moisture content, wood density and strength (Tewari and 

Mariswamy, 2013). Heartwood is defined as “the inner layers of wood in the growing 

tree (Shmulsky and Jones, 2019). Heartwood is usually darker in colour than the 

surrounding sapwood due to the death of living cells (Williams, 1987; Shmulsky and 
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Jones, 2019). Heartwood formation is correlated with tree height, diameter and ages 

(Tsoumis, 1991). Heartwood proportion has been applied as one of the important 

criteria for plantation log grading rules in many countries (Hopewell et al., 2014).   

Sapwood contains living or young wood cells, which are still producing growing cells, 

from the outer cambium layer, parenchyma, and phloem (USDA, 2010). Sapwood has 

different wood properties such as colour, density, decay resistance and weight 

compared to heartwood properties (Shmulsky and Jones, 2019). The basic wood density 

of sapwood is lower than heartwood; for example, 6.5-year-old plantation teak in 

Australia is 450kg/m3 in sapwood and 470 kg/m3 in heartwood (Hopewell et al., 2011). 

Studies indicate that sapwood is much easier to treat with chemical and preservative 

liquid and therefore may be more resistant to pests and fungal infection once treated 

(Tewari and Mariswamy, 2013).  

 

Figure 5: Heartwood and sapwood 

https://www.google.com/search?sa=X&q=heartwood+and+sapwood&tbm 

2.5.1.2 Heartwood measurement methods 

Heartwood proportion can be assessed or measured by several methods, such as using 

a measurement tape, X-ray scanning, or predicting from an external tree size or log 

shape (age, diameter, knot, fork, and scar). However, the usual method of heartwood 

assessment for log quality grading and purchasing is based on using tape measurements 

(Indian Standards Institution, 1968; Ruwanpathirana, 2013; Hopewell et al., 2015). 

Tape measurements for heartwood proportion are generally made at both the shortest 

and longest heartwood positions (under sapwood) at the small log end diameter and the 

calculation of heartwood proportion is the ratio of the average short and long heartwood 

diameter and average short and long total diameter. In a case that the heartwood area is 

https://www.google.com/search?sa=X&q=heartwood+and+sapwood&tbm=isch&source=lnms&ved=2ahUKEwiGq_CWqLzgAhVKOSsKHZXuCAkQ7Al6BAgDEA0&biw=1301&bih=641&dpr=1.05
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not a regular shape, the measurement can be made as the diameter circle surrounding 

the contaminated area of the heartwood (Trenciansky et al., 2017). The 3-dimensional 

scanning (3D) or X-ray method is also applied for heartwood or log diameter 

assessment. However, this method is usually used in the saw-milling factory, especially 

for maximizing heartwood proportion when sawing a log. The method is not commonly 

applied to log measuring for grading. Skog and Oja (2009) found that X-ray data was 

accurate for predicting heartwood diameter between 84-95%. 

2.5.1.3 Heartwood proportion relationship with tree age 

In India, a study undertaken by Tewari and Mariswamy (2013) of teak heartwood 

proportions for 32 and 30-year-old plantations concluded that there was not a significant 

difference between the heartwood proportion in the teak of the two different ages. On 

average, the heartwood of 32-year-old teak plantation was 47 % compared to 30-year- 

old teak, which was 45.8 %. Anish et al., (2015) also conducted a study of the 

heartwood proportions of fast and slow-grown teak by measuring the width of the 

annual wood ring (annual ring width for the fast-grown tree was classified as ≥ 5 mm 

and an annual ring of < 5 mm was for a slow-grown tree). The assessment confirmed 

that heartwood doesn’t show any significant difference between teak that is fast and 

slow grown, with only 79.5% and 69.2% respectively. However, the study ignored the 

age of the tree sample. 

A study conducted by Kokutse et al., (2012) investigated heartwood proportion of teak 

plantations of different ages grown at five different ecological zones in Togo. The zones 

were different in climate (annual rainfalls), soil and vegetation type. The results showed 

that heartwood proportion of plantation teak differed significantly in trees stem 

depending on the growing sites. In average, the percentage of heartwood proportion of 

teak 11-year-old (zone 5) was rather higher than the heartwood proportions of teak 16-

year-old (zone 4), 12-year-old (zone 3), 13-year-old (zone 1) by 42.1±13.4%, 

31.1±9.8%, 36.7±14.0%, and 26.1±12.6%, respectively. The study concluded that the 

heartwood proportion of plantation teak depends not only on age, but also on the 

ecological site, where the trees grow. The same study also compared the heartwood 

proportion variation along a tree height. The results showed that young teak plantations 

(11-12-year-old) had approximately 35%±5 higher heartwood proportion in the bottom 
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part compared to the top of the tree. For older teak (24-32-year-old), the difference was 

only 13%±5% between the bottom and top parts.    

Hopewell et al., (2011) assessed the heartwood proportion of teak plantations of  

different ages grown in two countries (Australia and the Solomon Islands). The study 

results indicated that 6.5-year-old teak grown in North Queensland, Australia, had a 

heartwood zone of 43% compared to teak grown in the Solomon Islands (aged 6, 10 

and 15-year-old) of 39%, 48% and 67% respectively. In Costa Rica, teak heartwood 

proportion was about 33-37% for 10-year-old teak plantations grown in a dry region 

(Perez and Kanninnen, 2005a). This figure increases up to 80-90% by increasing the 

age to more than 30 years. Heartwood proportion of 12-year-old plantation teak was 

also assessed in Costa Rica by comparing two different plantation sites (TWF: Tropical 

Wet Forest; TMF: Tropical Moist Forest) and two different fertility rates (high and low) 

by Montero et al., (2015).  The study results concluded that teak heartwood proportion 

was significantly different between the plantation sites (tropical wet forest and tropical 

moist forest) (Figure 6). The heartwood proportion of the tropical moist forest site was 

higher than the tropical wet forest site. However, the study results didn’t show a 

significant difference of heartwood proportion between the high and the low fertility 

rates of teak grown at the tropical wet forest site.  Unfortunately, the study did not 

mention details for plantation sites and the different fertility rates. 

 

Figure 6: Heartwood proportion of teak plantations at different site planting (Montero 

et al., 2015).   
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Note: TWF-Tropical Wet Forest; TMF-Tropical Moist Forest; A-B means heartwood 

proportion was significantly different; C means the heartwood proportion was not 

significantly different.  

Hopewell et al., (2015) investigated the heartwood proportion of plantation teak grown 

in Laos by using 100 round logs of 12-year-old plantation teak and 100 square logs of 

15-year-old teak. The results showed a higher rate for heartwood proportion for 15-

year-old logs compared to the 12-year-old teak plantations. The plantation of 15-year-

old teak showed 56 logs had a heartwood propertion greater than 80%, and only 44 logs 

had   heartwood proportions between 60-80%. For 12-year-old plantation teak, the study 

showed only 7 logs had a heartwood proportion greater than 80%, 73 logs had 

heartwood proportions between 60-80%, and 20 logs had heartwood proportions lower 

than 60%. However, the study could not provide any conclusions because two different 

sample logs (round and square logs) were measured. The results would have been more 

accurate if round logs were used for the two teak plantations of different ages. 

2.5.2 Wood colour and its assessment  

The colour characteristics of wood depend on the chemical components in the wood 

structure. The wood colour can vary for different tree species, and even within the same 

tree species because of different growth factors, such as geological locations, 

environmental conditions, silvicultural regimes and age  (Derkyi et al., 2009; Moya and 

Alvarado, 2012). For example, the wood colour of teak growing in high rainfall 

locations produces a dark colour and is usually not striped, whereas a site with low 

rainfall produces a light colour and black stripes, and fast-growth teak plantations are 

lighter in colour than native teak trees (Moya et al., 2014). The study also illustrated 

that the heartwood of teak from the young tree (8-year-old) is significantly lighter than 

30-50-year-old trees, which have darker and redder woods (Moya et al., 2014). In Costa 

Rica, Moya and Alvarado (2012) studied heartwood and sapwood colours of teak 

plantations between 7 and 15-year-old. The study results showed that, on average, the 

heartwood colour values were 59.1 lightness (L*), 10.4 redness (a*) and 25.7 

yellowness (b*), in contrast with the sapwood colour values, which were 73.8, 5.8 and 

25.2, respectively. In Nhana, Derkyi et al., (2009) studied wood colour of teak 

plantations of different ages and ecological zones (moist semi-deciduous forest, dry 

semi-deciduous forest, transition savanna forest, and savanna forest). The study 
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concluded that environmental factors at plantation sites have a stronger effect on the 

colour of teak heartwood than age. Heartwood colour was darker in teak grown in wetter 

areas than in drier areas. There is no available information on wood colour of plantation 

teak grown in Laos.  

2.5.3 Knot and decay 

Knot is a portion of a branch that has become embedded in the wood by the natural 

growth of a tree (Indian Standards Institution, 1968). The cross-section shape of the 

knot is usually circular or oval. Based on shape and type, wood knots are classified into 

three different types: sound or fix knot, unsound or loose knot, and hallow knot. A 

summary of knot measurement is provided in Table 2. 

Wood decay usually appears at the log pith and heartwood positions where there are 

old and dead cells of the wood. Wood decay is usually different in colour and softer 

compared to its surrounding wood parts (James, 2001). This is caused by fungal decay 

attack.  
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Table 2:  Summary of wood characteristics measurement methods 

Wood characteristics Summary of methods for measuring wood characteristics  Reference 

 

 

 

 

Heartwood  

1. Laser scanning  

2. X-ray  

3. Image-analysis system 

(Skog and Oja, 2009); Fredriksson et al., 

2017); Trenčiansky et al., 2017) 

1. Measure heartwood at small end log; if the heartwood is not 

round, measure the minimum and maximum diameters of the 

heartwood, then calculate the average. 

2. Measure heartwood as the diameter of the circle of 

contaminated area at only small end log. 

(Tewari and Mariswamy, 2013);  

Hopewell et al., 2015);  
 MAF, 2007) 

Pipe 1. Measure a square box or a circle that is covered the log pipe 

area including the decaying wood near by the pipe of the log. 

Log pipe is calculated in percentage to log diameter. 

2. Calculate the volume of the pipe by measuring the total pipe 

length and the square box size or the circle of the pipe. If the 

pipe showed in bottom log but does not appear at the top log, 

then the pipe size at the top will be estimated an only half size 

that appeared at the bottom log.  

3. Measure the minimum and maximum diameters of the pipe, 

then calculate the average pipe diameter. 

(James, 2001; Rast et al., 1973;  

DPI, 1994; Hopewell et al., 2015; MAF, 

2001; MAF, 2007) 

Log diameter  1. Measure small end at the maximum and minimum diameters. 

Calculate in average (under bark). 

2. Measure at the mid-length point of the log (under bark) 

3. Measure two log ends, and calculate in average (under bark) 

4. Use a caliper to measure, then deduct the log bark 

(James, 2001; DPI, 1994; Ayarkwa and 

Addae-Mensah, 1999; MAF, 2007;  

Murphy et al., 2010) 

Log length  1. Normal log length 2.4m, plus 0.1m for cutting or strim allowance 

(2.4m+0.1m). 

(James, 2001; MAF, 2007;  

DPI, 1994) 
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2. Measure by pulling a straight tape from one end log to another 

end log, if the end cutting log is straight, measure at the shortest 

point of the log.    

3. The minimum log length is 2.4m. There is no maximum log 

length. Log length will be allowed 0.1m plus crosscutting. 

 

 

Wood colour  1. Wood colour test mostly applied the automatic colour reader. 

Measurement is based on the CIE or CIELAB 

(Derkyi et al., 2009; Khalid et al., 2010; 

Budake et al., 2012) 

Log bend 1. Measurement takes a straight line from end to end log, then the 

depth of bend can be measured as a fraction of log diameter.  

2. Bend is measured for the bend angle with three accepting rates: 

If diameter up to 40 cm (under bark), the accepting bend is 2.5•; 

if diameter between 40-49 cm is 5•; and if log diameter 50 cm and 

over is 10•. 

(Ayarkwa and Addae-Mensah, 1999;  

Hopewell et al., 2015; MAF, 2007  

DPI, 1994; James, 2001) 

 

Buttress and sweep 1. Measure the maximum depth of buttress or sweep, then 

calculate in percentage per log diameter. 

2. Measure as (1), but calculate in percentage per log length  

(James, 2001; MAF, 2007;  

Hopewell et al., 2015) 

 

Rot wood or decay 1. The rot areas are measured as square or circle shapes. Then, 

calculate the rot wood volume. 

2. Check both ends log for wood decay; then the number of rot or 

decay is recorded. 

(DPI, 1994; Hopewell et al., 2015; 

MAF, 2007) 

End split showing on the 

log ends 

1. Measure the deep splits of both two log ends and records the 

total depth of the log.   

(DPI, 1994; Hopewell et al., 2015; 

MAF, 2007) 

Insect hole 1. Log insect hole is not measured. Both ends of logs are checked 

for insect holes and recorded.  

(Hopewell et al., 2015; MAF, 2007) 

Knot 1. Measure knot diameter along log, and numbers are recorded. 

2. X-ray computed tomography (CT) of internal knots 

(DPI, 1994; Hopewell et al., 2015; 

Fredriksson et al., 2017) 
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2.5.4 Bend 

Bend is a greater deviation from a straight line drawn between two ends of a log (Indian 

Standards Institution, 1968). Log bend measurement takes a straight line from end to 

end log, then the depth of bend can be measured as a fraction of log diameter (MAF, 

2007; Hopewell et al., 2015). A similar definition of log bend was provided by James 

(2001) as a fraction of log diameter. A summary of log bend measurement is in Table 

2 above.       

2.5.5 Buttress or wane 

The buttress is a natural feature that usually appears at the bottom part of logs and trees 

(James, 2001). This defect mainly depends on tree species and the locality. Buttress has 

an important impact on log processing recovery. Another definition of log buttress or 

wane is a natural channel on the surface of a log running more or less parallel to its axis 

and its depth is measured at the deepest part appearing on the log (Indian Standards 

Institution, 1968). A summary of log buttress measurement is in Table 2 above.        

2.5.6 Log pipe 

Log pipe is a kind of wood defect that is internal rot of pith or a larger area or hole to 

the heartwood. Pipe refers to the absence of sound wood in the centre part of logs. This 

is caused by fungal decay and/or termite attack. The pipe can be an indication of 

decayed wood or of the complete absence of any wood at all, which are all defined as 

log pipe (James, 2001). In order to make a simple measurement and calculation for the 

log pipe, the measurement can be “boxed-out”, which could be measured the log pipe 

as a square or rectangular shape.       

2.5.7 Insect hole 

Insect hole is a hole in the wood that mainly presents on the ends of logs (Indian 

standards Institution, 1968; Wiley and Hoboken, 2005). Log insect hole is not 

measured. Both ends of logs are checked and recorded for the occurrence of insect 

holes. This kind of wood defect can affect the finishing quality of wood.  
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2.5.8 End split 

Log end split is an expression often used to describe a serious split, or deep end check 

(Indian standards Institution, 1968; Wiley and Hoboken, 2005). Log split is classified 

into three different splits: ring split, cup split, and heart or star split (Indian Standards 

Institution, 1968). Ring split completely encircles the pith or heartwood. Cup split 

partially encircles the log pith or heartwood. Heart or star end split is the most serious 

split, which extends from the pith outwards to the log bark. End split or check is caused 

by a dimensional change due to wood shrinkage and swelling that results from wood  

exposed to unsuitable moisture content (Wiley and Hoboken, 2005). Wood shrinkage 

can cause serious splitting to logs, timbers and final products.  

2.5.9 Summary of wood characteristics and their measurement 

Wood characteristics can be separated into two types: the first type is not related to 

wood defects, and include; for example, heartwood proportion, log diameter, and wood 

colour; the second type is related to wood defects, which include, for example, wood 

decay, pipe, insect hole, bend, knot, and knot hole. However, it should be noted that a 

wood characteristic may be a defect for some people but will be accepted by others as 

attractive features or patterns that can add value to timber products.  

The literature review showed that there are two main methods for measuring wood 

characteristics: the advanced technology method, and the simple-hand measurement 

method (Table 2). The advanced technology method applies high technology 

equipment, such as laser scanning, x-ray and image-analysis system. The second 

method for measuring wood characteristics is based on simple manual measurement by 

hand. This method is cheap and widely applied worldwide as it uses inexpensive 

equipment such as tape measures, callipers, etc.  
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2.6 Wood properties  

Wood properties are quantitative characteristics of wood structure, and its behaviour in 

response to external influence and externally applied force, and include hardness, shear 

strength, compression strength, stiffness, durability, density, and unit shrinkage 

(Kollmann and Wilfred, 1968; Mack, 1979; Winandy, 1994). Wood properties are 

influenced by factors such as timber species, age, site, wood position in the tree, and 

silvicultural regime (USDA, 2010; Hopewell et al., 2011; Shukla and Viswanath, 

2014). Knowledge of wood properties is important because they can influence the 

performance of a finished product. Wood density is the most important wood property 

in determining wood end use (Bruce and Johannes, 1989). Wood density strongly 

correlated with strength properties of wood and pulp yield and pulp quality.  

Wood properties of plantation teak have been studied for both physical and mechanical 

wood properties. However, these previous studies concentrated mostly on wood 

properties in relation to the effects of plantation conditions, such as age, site, and 

silvicultural regimes (Izekor and Fuwape, 2010; Wanneng, 2012; Shukla and 

Viswanath, 2014; Anish et al., 2015; Darmawan et al., 2015). These studies provide  

limited information regarding the relationship between various wood properties and the 

price of wood products, and the requirements for wood properties in various wood 

products.    

In India, Bhat and Priya (2004) assessed wood properties of plantation teak of different 

ages (at 21 and 65 years). The results showed that there is no significant difference for 

most of the mechanical wood properties between these ages. However, the bending 

strength of 21-year-old teak was shown to be higher than the mature teak of 65 years in 

average (Table 3). Shukla and Viswanath (2014) studied a 12-year-old teak plantation 

of different management regimes (intensively managed, unmanaged and unmanaged 

line plantations). Bending strength and stiffness of teak in the unmanaged plantation 

were found to be significantly different from intensively managed plantation. The 

bending strength and stiffness of teak in the unmanaged plantation had a higher strength 

compared to the intensively managed plantation, with 84.34 and 82.10 MPa 

respectively for modulus of rupture (MOR), and 10.10 and 8.19 GPa for modulus of 

elasticity (MOE). Negi, et al., (2004) found that both physical and mechanical wood 
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properties of plantation teak of different  ages (15, 19, 20 and 22 years) were not 

significantly different.  
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Table 3: Teak wood properties based on different ages  

Properties 

Plantation age (year) 

10 17 15 15 19 20 20 21 22 25 65 70 

Physical property:             

Density (kg/m3) 714.4  - 878 696.8 932 945 708.5 618 959 663.9 655 605.6 

Specific gravity 0.6 0.5 0.4 0.6 0.5 0.6 0.6 - 0.6 0.5 - - 

Radial shrinkage at 12% MC (%) 1.5 2.2 - 1.4 - - 1.5 - - 1.5 - 3.5 

Tangential shrinkage at12% MC 2.7 3.9 - 2.6 - - 2.7 - - 2.7 - 5.1 

Mechanical property at 12% MC:             

Bending Strength (MOR), (MPa)  111.9 75.2 57.9 111.8 83.1 66 106.3 130.6 82.8 100.6 101.8 141 

Modulus of elasticity (MOE), 

(MPa)  
11972.3 9767 7669 12783.6 10160 7885 12006.7 13380 11130 11228 12270 10684 

Max. Crushing strength parallel to 

the grain (MPa) 
50.6 33.9 23.8 52.8 35.9 32.6 51.4 - 42 48.2 - - 

Max. compression strength 

parallel to the grain (MPa) 
- - 14.5 - 19.7 13.5 - 52.8 30.1 - 57.8 - 

Shear strength parallel to the grain 

(MPa) 
13 - 7.4 13.1 9.3 11.9 12.5 - 8.3 12.3 - - 

Sources:  Bhat and Priya, (2004); Wanneng, (2012); Negi et al., (2004), and Hopewell et al., (2011). 
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In Laos, a study was conducted by Wanneng (2012) of teak plantations of different ages 

(10, 15, 20 and 25 years). The results showed that the young teak plantations of 10-

year-old were not inferior compared to 15, 20 and 25-year-old teak for both physical 

wood properties (wood density, specific gravity, and shrinkages), and mechanical wood 

properties (modulus of rupture, modulus of elasticity, shear, and compression strengths) 

(Table 3). A study of teak wood hardness from plantations of different ages in Australia 

and the Solomon Islands was tested by Hopewell et al., (2011) using the Janka hardness 

method. The results revealed that the hardness of 6.5-year-old teak grown in North 

Queensland, Australia, was 4.1 kN compared with teak grown in the Solomon Islands 

(aged 6, 10 and 15-year- old) of  4.6 kN, 5.3 kN, and 4.6 kN, respectively (Hopewell et 

al., 2011). The study was unable to provide any explantation for these results. However, 

the researchers concluded that hardness of 6-year-old plantation teak met the 

requirments for flooring, benchtops and other furniture product application. A study of 

teak properties of different ages and thinning systems was also conducted in Costa Rica 

by Peres and Kanninnen (2005). The study results demonstrated that teak wood density 

increased slightly with age from 8-year-old to 47-year-old. But the study showed that 

different thinning systems have a negative effect on wood properties.  

In Nigeria, the mechanical wood properties of teak plantations of different ages (15, 20, 

and 25-year-old) were tested by Izekor and Fuwape (2010). The finding results 

concluded that mechanical properties of teak (MOR and MOE of teak ages 15, 20, and 

25-year-old) were significantly different (p=0.05 probability level). The MOR and 

MOE values increased with increase in the age of the trees. The mean values of MOR 

were 77.04, 102.95, and 134.62 N/mm2, while the MOE were 679.44, 9846.44, 

12786.50 N/mm2, respectively to the different ages (15, 20, and 25-year-old).  
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The relationship between silvicultural regimes (planting density, site, thinning, 

plantation site, tree age, and pruning) and wood properties is very complex. This 

literature review of several previous studies found that wood properties were not 

affected by only one particular growth factor. Zahabu et al., (2015) confirmed that both 

physical and mechanical wood properties (wood density, modulus of elasticity, 

modulus of rupture, compression and shear strength) were not significantly affected by 

spacing regimes (2x2, 3x3 and 4x4m) for plantation teak 14-year-old (p>0.05). The 

mean values of basic wood density were 0.469, 0.483, and 0.454 g/cm3 respectively. 

The MOR values were 79.07, 82.20, 81. 86 N/mm2, while the MOE and shear strength 

were 8275.84, 8277.87, 7167.88 N/mm2, and 8.93, 8.70, 8.47 N/mm2 respectively. 

However,  Sibomana et al., (1997) assessed the impact of different spacing plantations 

of teak  (2x2 m, 2.5x2.5 m and 3x3 m) on wood properties and the results indicated that 

basic wood density, modulus of elasticity and shear strength increased significantly 

with increasing spacing, except modulus of rupture and compression strength. Moya et 

al., (2003) also studied the impact of  spacing plantations (6x2 m and 3x3 m) on wood 

properties. The study concluded that the different spacing of plantations did not 

significantly influence wood density of 10-year-old plantation teak in Costa Rica. 

Moya and Perez (2008) studied the effect of physical and chemical soil properties on 

physical wood properties of teak plantations. The study showed that soil characteristics 

were highly correlated with teak growth, but they were least directly affected to wood 

properties of (p>0.05). The study concluded that soil characteristics have no important 

influence on teak wood properties. Therefore, a large range of soil types in Costa Rica 

is suitable for growing teak without affecting certain wood properties. In Mexico, 

natural durability of plantation teak was tested by Anda et al., (2019). The study results 

showed no statistically significant differences in weight loss between heartwood and 

sapwood. This study concluded that teak wood was highly resistant to the fungi G. 

trabeam and P. chrisosporium regardless of age and plantation site. On the other hand, 

Bhat (1998) revealed that, on average, teak plantations with higher soil moisture due to 

irrigation or grown in riverside plantations were slightly lower in wood density, MOE 

and MOR. Another study was conducted by Negi et al., (2004). The specific values of 

wood gravity of 19-year-old teak were different (0.440, 0.533 and 0.57) in plantations 

grown in three different locations. Montero et al., (2015) studied the relationship 

between wood properties, climatic and fertility conditions (tropical moist forest and 
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tropical wet forest) of 11-year-old teak plantations. The finding results showed that 

wood specific gravity, radial, and tangential shrinkages were not significant different at 

different climatic conditions (tropical moist forest and tropical wet forest). The mean 

values of wood specific gravity and radial shrinkage were 0.54, 0.55, and 2.4 %, 2.3 % 

respectively, while the mean values of tangential shrinkage were 6.0 %, and 5.6 %. This 

literature review showed that there is limited information available on the correlation 

among teak wood properties, products price, and log grades. This literature review 

summarized several previous studies of teak wood properties in table 4 and appendix 2. 

Table 4: Summary of previous studies of growth factors affecting teak wood properties 

Growth factors Affect on physical and mechanical wood properties 

Spacing 3-, 2• 

Thinning 1-, 2+ 

Pruning 1- 

Tree age 4+, 8▲ 

Genetic 1+, 1+ 

Soil properties 2- 

Landscape/geographic 3+, 1•   

Climatic and nutrient 1- 

Sources: Zahabu et al., (2015); Listyanto and Nichols (2009); Prez (2005); Sibomana 

et al., (1997); Shukla and Viswanath (2014); Darmanwan et al., (2015); Negi et al. 

(2004);  Wanneng (2012); Josue and Imiyabir (2011); and Montero et al., (2015) 

(Appendix 2). Note: The numbers in the column of the table are the number of previous 

studies that have investigated the growth factors which may affect wood properties of 

plantation teak.  

-  : No effect 

+ : Effect 

• : Effect with some properties exception 

▲ : No effect on a particular range of age 
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2.7 Requirements of wood characteristics and properties     

As described in the previous chapter, wood characteristics are the appearance or 

features of wood, whereas wood properties describe the quantitative characteristics of 

wood and its behaviour in response to external influences and externally applied forces 

(National Wood Flooring Assocition, 1994). These wood characteristics and properties 

are important for the classification of timber materials and quality (grades). They are 

also considered as key factors for selecting timbers for various wood products 

processing, designing,  and log grading (Wiley and Hoboken, 2005). It is known that 

timber of different ages, silvicultural regimes and species have different wood 

properties and characteristics. Therefore, in order to successfully market timber and 

maintain high values for the final timber materials and products, it is important to select 

timber with characteristics and properties that will meet the specifications and 

performance requirements for different products and service conditions (Ozarska, 

2000). The National Wood Flooring Association (1994) has stated that wood materials 

for construction (beams, poles, floors, and planks) require the characteristics of straight 

grain, straight boles, and good colour appearance. The wood properties required for 

construction include high strength, high dimensional stability, and medium wood 

density. The wood characteristics required for furniture production are heartwood 

proportion, strong adhesive quality and good texture and colour in appearance 

(Bailleres and Durand, 2000; Perez and Kanninnen, 2003). The National 

Standardization Board, (1989) stated that medium wood density is accepted for 

furniture products. However, wood moisture content should be lower than 15%, and the 

minimum bending and compression strengths are 49 and 29 Mpa, respectively. Some 

examples of requirements for wood characteristics and wood properties for various 

wood products are summarised in Table 5. 
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Table 5: Summary of common wood characteristics and wood properties requirements by buyers and end-users  

End uses Wood characteristics Wood properties 

Construction (beam, 

poles, timbers, floor 

and plank)  

Straight grain, straight bole tree for 4-5m (Bailleres 

and Durand, 2000; Perez and Kanninnen, 2003).  

Straight grain direction, fine to medium texture and 

good appearance/figure (National Wood Flooring 

Assocition, 1994). 

High strength and stiffness (Bailleres and Durand, 2000). 

Medium density, MC can vary from 4-18 %, depending 

on the geographic location of the end products (National 

Wood Flooring Assocition, 1994). 

High dimensional stability (laminated flooring tends to 

be more dimensionally stable than solid flooring) 

(National Wood Flooring Assocition, 1994). 

Furniture Wood colour, grain, texture and  knots, heartwood 

proportion and high glue ability (Bailleres and Durand, 

2000; Perez and Kanninnen, 2003) 

Medium density; Specific Gravity (SG) minimum 0.40 

(National Standardization Board, 1989). 

High dimensional stability (Menon and Burgess, 1979). 

Moisture content 15% or lower (National Standardization 

Board, 1989). 

Minimum bending strength 49 MPa, and minimum  

compression strength 29 MPa (National Standardization 

Board, 1989). 

Flooring, parquets, 

frames, doors, and 

windows 

Wood colour, grain, texture, and glue-ability (Bailleres 

and Durand, 2000).  

Straight grain and more uniform appearance and wood 

appearance, colour and amount of feature (Australian 

Timber Flooring Association, 2010). 

High dimensional stability, natural durability and high 

side hardness (Standard Northern Red Oak 1290 N). 

 

Sliced veneer Wood colour, grain, and texture and heartwood  

proportion, appearance with straight grain direction 

and high heartwood proportion (Bailleres and Durand, 

2000; Perez and Kanninnen, 2003)  

The range of density 0.40 to 0.70 g cm-3, and the best 

being those having densities of 0.50 to 0.55gcm-3  

(Martawijaya et al., 2005). 
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2.8 Grading of plantation logs 

2.8.1 Log grading development concept   

To simplify exposition, the term “log grade” is used to classify quality differences based on the 

characteristics of timbers (e.g. log heartwood proportion, bend). In practice, an individual grade 

consists of a bundle of the attributes or characteristics. Therefore, the use of the term “grade” 

abstracts from the issue of valuing individual characteristic and its price. It should also be noted 

that quality differences depend on the desirable attributes (Davidson and Malano, 2005). In 

general, log grading has two main purposes, which are: 1) to define the limits of the 

acceptability of harvested material for each potential end-use product; and, 2) to classify 

different qualities of logs within end-use types (James, 2001). Log grading classes can be 

divided into three main categories based on the end-used pruduct: veneer logs, sawn logs and 

pulpwood logs. These are ranked based on the value of the product, with sliced veneer logs 

being of higher value than sawn and pulp logs. In addition, some log grading rules are classified 

for specific end use products, such as wood poles or chips; for example, the South East Asia 

Lumber Producers Association (SEALPA) member countries’ log grading rules (SEALPA, 

1981). In general, log grading is a visual process, with different criteria depending on the tree 

species in question, the specific value of each different wood characteristic, and log dimension 

(James, 2001). It is noted that log grading rules are also different for natural (native) and 

plantation logs. Reasons are given that the value or yield of timber processed from small-

plantation logs is different from large native logs (Hopewell et al., 2015).   

Log grading rules consist of several factors, such as log shape, size, and presence of defects, 

for inspecting and assessing log quality classes or grades. However, each log grading rule 

system has been developed for specific end products, such as lumber, veneer and poles 

(Ruwanpathirana, 2013). Log grading is also used to determine the utilizable yield or recovery 

of timber processed from round log to sawn lumber or veneer. For example, the yield recovery 

of the highest grade (super prime grade) for teak saw-log according to  Sri Lankan log grading 

rules is above 75%, and the lowest grade is up to and including 40% (Ruwanpathirana, 2013). 

Two important decisions are required to establish a grading system. The first is to determine 

the attributes of the product to use as a basis for defining the grade. The second is information 

for the attributes; how should they be used and reported; and how boundaries between grades 

should be established (Davidson and Malano, 2005).  
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As previous mentioned, there is not a single internationally accepted standard rule or consistent 

log grading and pricing system, particularly for plantation teak species. Keogh (2008) argued 

that an international log grading standard for plantation teak should be considered. However, 

the grading rules should be simple and user-friendly so that smallholders with limited grading 

experience can apply it. Keogh (2008) also proposed that the international teak log grading 

rules should consist of eight diameter classes (between 15-19.9 cm; 20-24.9 cm; 25-29.9 cm; 

30-34.9 cm; 35-39.9 cm; 40-44.9 cm; 45-49.9 cm; and 50 cm or more) and three log length 

classes (between 1-2.6 m; 2.7-5 m; and  greater than 5 m). In practice, it would be difficult to 

have one simple international teak log grading rule for two main reasons. First, teak is a natural 

wood that has diverse degrees of wood characteristics, such as knots, log sizes, and heartwood 

proportion. The second reason is that different values or attributes of teak timber are preferred 

for different specific wood products for different consumers.  Most countries or regions have 

their own set of log grading rules based on  product requirements (James, 2001; Hopewell et 

al., 2015). For the reasons given above, it might make sense that different log grading rules 

and measurement methods should be developed for the specific requirements of a country. 

However. Midgley et al., (2015) argued that the lack of a clear single international log 

measurement system and standardized grading rules causes  confusion  and complicates timber 

trading between nations. However, it is important to note that log grading rules, timber 

measuring methods, as well as the log quality grades are highly dependent on the product 

destination or the market requirements of buyers (James, 2001) (Table 6).  

The development of grade standards is  usually conducted by government organizations and 

involve several industrial stakeholders, such as producers, consumers, and marketing firms 

(Tomek and Robinson, 1990). Sometimes grades are also informally established by an 

industrial company or a group member in an industry. However, the grading rules are normally 

based on the agreed requirements of both buyers and sellers. Otherwise, the grading rules may 

not be of use to those who buy or sell wood. Several grading standards for logs will be further 

discussed in the next section.  
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Table 6: Common Australian plantation log sizes for export to Japan and Korea (James, 2001)  

Japanese sizes (m) Korean sizes (m) 

Sawlogs Veneer logs Sawlogs Veneer logs 

12.13 5.23 11.13 7.83 

8.13 2.63 7.43 5.93 

4.13  5.53 4.03 

  3.73  

Note: Multiples of 2.5 m beam length plus 0.1-0.2 m cutting allowance  

2.8.2 Log grading benefits   

Log grading is a value-adding process for timber and provides satisfaction of the trading 

between the buyer and grower (James, 2001). Log grades are important because they are a 

fundamental part of log processing and transfering from growers to the manufacturers. Log 

grading can increase log processing efficiency and recovery rate. Good log grading rules help 

buyers and sellers settle on a fair price for logs (Taylor, no date). The graded logs of any species 

are of higher value than ungraded logs (Rast et al., 1973). Log grading helps growers produce 

more valuable timber. Buyers, sawmillers and manufacturers also receive a particular quality 

of wood that meets their requirement, which they no longer have to dispose of the low-quality 

timber they cannot use. Good log grading can also result in a significant saving for the buyers. 

Lacking a simple grading system for logs, sawn timbers, and products is one of the main 

complications and challenges for all international teak trading between nations (Midgley et al., 

2015). In general, log value mainly depends on three main factors: quality grade, scale of log 

(log size or quantity), and log species. Where a log grading system does not exist, the value or 

price of the log is based on species and size (Ruwanpathirana, 2013).  

A grading system can make the market work more efficiently. All sellers and buyers would 

have an equal right to access market information, and each transaction would price the product 

correctly (Tomek and Robinson, 1990). In practice, market information is not equally variable 

to the sellers and buyers. An appropriate grading system can improve the information available 

to sellers and buyers. Trading contracts can then be based on the grading specifications. 

Grading standards can avoid the need for buyers to personally inspect specific product lots. On 

the other hand, a grading system can ensure that the product supplied from the sellers meets 

the buyers’ requirements. Generally, customers wish to avoid defects, such as rot and splitting, 

when buying products. On the other hand, sellers sometimes can mix these defects. So, a 
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grading system can reduce this kind of problem by avoiding any uncertainty in the quality of 

products. The benefits of a grading system also include a reduction in the various transactions 

costs associated with trading commodities that have uncertain quality attributes. However, the 

benefits must be compared with the costs of introducing and operating a grading system, such 

as measurement the attributes used for grading. The value added from the grading system must 

be compared with the cost of the grading system. Therefore, a good grading system should be 

a simple and low-cost method. In addition, if grades accurately reflect the attributes required 

by customers or buyers, then the associated price premiums and discounts reflect the demand 

for, and supply of, these attributes.  

2.8.3 Various standards of log grading rules 

In general, different countries have their own standardized rules for a specification of timber 

types such as round log, square log, sawn lumber and veneer. However, some countries’ log 

grading rules are not widely applied in the log trading system. This section summarizes log 

grading rules and measurement methods of different countries that predominantly use and grow 

teak, such as India, Myanmar, Sri Lanka, the Philippines, Malaysia, the USA, Australia and 

Indonesia. Details of each country’s log grading standards and log measurement methods are 

discussed below.    

2.8.3.1 Indian log grading rules 

Indian grading rules for plantation teak are mostly based on visual assessment of wood 

characteristics, such as knots, bend, insect hole and flute, etc. The rules are based on the Indian 

Standard IS 4895 (BIS 1968) (Indian Standards Institution, 1968; Thulasidas and Bhat, 2009). 

The final quality grade for a single log combines both the value of wood characteristics and 

log sizes (length and girth). The minimum log length and log girth are 1 m and 65 cm 

(approximately 20 cm in diameter). Log girth measurement is taken at the middle of the log 

(under bark). The log length is measured at the shortest length between points if the end cuts 

are sloping. There are five classifications of log girth for the domestic market and one 

classification of girth for export. The girth of export logs is above 185 cm (middle log girth). 

The first class log girth for the domestic market is between 150 cm and 184 cm, the second 

class girth is between 100 cm and 149 cm,  the third class is between 76 cm and 99 cm, and the 

fourth class is between 60 cm and 75 cm, and the fifth girth class is below 60 cm middle girth.  
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The method of measuring wood characteristics for log quality grading is based on simple hand 

measurement. However, the value of each wood characteristic measurement is grouped by type 

and evaluated in units with regard to size and its distribution in the logs. The measurement of 

defects or wood characteristics applied to individual log. Then, each defect value ranging is 

from 0.5 to 1 unit, which depends on each defect degree or specific value. For example, knot 

measurement of 10-15 cm in diameter occurring, and there are not more than 4 knots in a log 

length of 3 m is taken as unit 1. For logs that are longer than 2.5 m, the permissible number of 

defect units for these logs are provided as log length (L) divide for 2.5 m and multiply the total 

permissible defect units (p=5.1). If the total value units of a longer log is not more than 2.5 

units of defects it is classified as an A-grade. If log defect units are not more than 5 it is 

classified as a B-grade, if the wood defect units are not more than 7.5 it is classified as C-grade, 

and logs with defect units over 7.5 are classified as D-grade. The final quality grade for a single 

log is comprised of both 4 log sizes (length and girth) and 4 defect-value units of grades (A, B, 

C, and D)(Table 7).  

Table 7: Final log grade classification based on length, girth and wood defects       

Log sizes Size class (middle girth, cm) Grade 

Export quality log Over 185 A, B, C, and D 

Short length I=150-184 A, B, C, and D 

Short length II=100-149 A, B, C, and D 

Short length III=76-99 A, B, C, and D 

Short length IV=60-75 A, B, C, and D 

Medium length I=150-184 A, B, C, and D 

Medium length II=100-149 A, B, C, and D 

Medium length III=76-99 A, B, C, and D 

Medium length  IV=60-75 A, B, C, and D 

Longest length I=150-184 A, B, C, and D 

Longest length II=100-149 A, B, C, and D 

Longest length III=76-99 A, B, C, and D 

Longest length IV=60-75 A, B, C, and D 

Note:  

• Example, final log grade can be IA, or IIB, etc.  

• Short length 1-2 m, medium length 2.5-7.3 m, and long length over 7.3 m. 
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• The different criteria for log grades (A, B, and C) are based on the units of wood defect 

value mentioned in the text above  

2.8.3.2 American log grading rules 

The American hardwood log grading system was developed by the USDA (United States 

Department of Agriculture and Forest Service) (Taylor, no date). This grading standard was 

developed for general hardwood species, which the grading system is based on the yield of 

“clear cutting” from the faces or wood characteristics of logs. The American log grading rules 

are similar to other countries’ log grading standards as the log grading criteria are based on 

wood defects, such as knot, insect hole, rot and split, etc (Rast et al., 1973; Hopewell et al., 

2015). A number of wood defects are the basis for determing log quality. Knots are common 

log defects and considered as one of the most significant defects in determining log grade. 

Knots can extend right into the center of the log which can then appear on all lumber and final 

products. Log size measurement is based on a diameter that is measured under the bark at the 

small end of the log. Log length measurement includes an extra length of the logs between 100 

mm and 200 mm. This extra length cut is for levelling the log ends if they have sloping cuts or 

are damaged from transportation. The USDA log grading system segregates saw logs into three 

grades: Grade 1 (or F1) is for the highest grade and best quality; grade 2 or F2 is the medium 

quality grade, and grade 3 or F3 is the lowest quality grade. The difference between the 

American log grading system and other log grading rules are that the USA grading system is 

used to predict the amount of product recovery from each graded log. The recovery amount is 

60% or more for grade 1 logs; between 40-60% for grade 2 logs; and, less than 40% for grade 

3 logs. The grades separate log of the same size by around 20% different product recovery 

amount. The grades of logs are also separated based on log size classes (length and diameter).  

2.8.3.3 Myanmar log grading rules 

Myanmar log grading rules were developed for natural teak logs; however, there are no specific 

rules for plantation teak logs (Hopewell et al., 2015; Myanmar Timber, no date). The grading 

rules are based on the identification and quantification of log defects for both sawlog and 

veneer log grading rules. The grading rules are also specifications for minimum length and 

diameter of log in each grade class. There are specific grading rules for sawlog, square log, and 

veneer log. Log defects are included; for example, knot, insect hole, sapwood. Log size 

measurement is based on girth (middle log), which is similar to the Indian log size measurement 

methods. The minimum log girth and length sizes are defined for each size class for each grade 
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(Table 8). Log grade for both saw log and veneer log are classified into five different grades 

from high to low which are called five-star, four-star, three-star, two-star and one-star (5*, 4*, 

3*, 2*, and 1*). The star classes are graded based on a “defect value or unit” per 1.4 m3 of the 

log. The best or highest log grade is 5*, and the lowest or worst log grade is 1*.   

Table 8: Myanmar log grading classification (Myanmar Timber, no date)  

Grade Min. length (m) Min. Girth (cm) Min. Volume (m3) Defect value 

5* 4.5 183 - 0.5/1.4 m3 

4* 4.5 152 0.85 1/1.4 m3 

3* 3.6 152 0.85 2/1.4 m3 

2* 3.0 122 0.57 3/1.4 m3 

1* 3.0 122 0.57 5/1.4 m3 

2.8.3.4 Sri Lankan log grading rules 

Log grading rules of Sri Lanka are based on a range of identifiable defects and numbers 

(Ruwanpathirana, 2013). Sri Lankan log grading rules are similar to the India log grading rules.  

The final log grades are combined for log sizes and the value-units of each wood defect. 

However, the value-units of wood defects are ranged higher (from 1 to 3 units) than Indian 

grading rules (from 0.5 to 1 unit).  The defects taken into account for log grading are similar to 

other countries grading standards, which include rot, knot, bend, end split, wane and etc. Each 

grade is quantified by a range of defect units in association with log length and mid-girth 

diameter. Each log grade is assessed for utilizable yield, for example, the super prime teak 

grade is about 75% recovery and the short log grade is about 40%. Log diameter measurement 

is taken at middle-log for log girth with a minimum size 3 m in length and 90 cm at the mid 

girth. Wood defects are measured and recorded for their quantities.  Teak logs are graded into 

five categories of decreasing quality: (1) super prime sawlog (SPS), (2) prime sawlog, (ASTM 

D143-09) standard sawlog, (4) economy sawlog, and (Lao Prime Minister Decree 15/PM) short 

log (Table 9).  
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Table 9: Summary of Sri Lankan log grading rules (Ruwanpathirana, 2013)  

Grading criteria Measurement method Grading classification 

• Final log grades are 

combined both log 

sizes and defect 

values. 

• Different log 

lengths, minimum 

logs sizes accepted 

90 cm at mid-girth, 

and 3m in length.  

• Log grades 

separated for 

specific products. 

 

• Individual defects are measured 

and evaluated in units (1-3 units), 

which depended on the defect 

degree. For example, one or two 

end splits with a total up to 10% of 

the log length is unit 1.   

• Bend calculate the total deviation 

from one end to another end log in 

percent of the diameter. 

• Two sound knots of 2-6 cm 

diameter from every 2 m length 

with interval between knots less 

than 1.5 m is unit 2. 

• Log girth measurement is taking at 

middle log (under bark) 

Logs are classified into 

5 different classes: 

1. Super prime 

sawlog 

2. Prime sawlog 

3.  Standard 

sawlog 

4. Economy 

sawlog 

5. Short sawlog 

2.8.3.5 South East Asia Lumber Producer Association (SEALPA) log  

grading rules 

The SEALPA member countries include Indonesia, Malaysia, Philippine and Papua Guinea. 

These member countries developed a log grading standard. The grading criteria are mostly 

based on visual defects as in other countries’ grading rules, such as knots, splits, rot and etc 

(SEALPA, 1981; Hopewell et al., 2015). Each individual wood defect is grouped in units to 

segregate log quality grades. The minimum peeler log diameter and length are 50 cm, and 2.5m, 

respectively. Log diameter is measured at the small end of the log under bark. The final log 

grades combine both log sizes and the unit values of wood defects. Two different grades of 

logs are defined by the standards: peeler grade log and sawnlog grade. There are three quality 

peeler grades, which are special peeler grade (SSP), prime peeler grade 1 (SP1), and prime 

peeler grade 2 (SP2). Sawn log grades include 6 grades: prime sawlog grade (SS.1), standard 

sawlog grade (SS.2), low sawlog grade (SS.3), saw able low grade (SS.4), short log (SS.5), and 

wood chip (SC). 
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2.8.3.6 Laos log grading rules 

In Laos, log grading is focused on the sawn log category only. There are two existing 

log grading rules in Laos; natural log and plantation log grading rules. The natural log 

grading rules were developed by the Lao Government, which has a long history of 

updating the process from 1990 to 2007. In 1990, Lao natural log grading rules were 

developed, which included 16 defects for classifying log grades. In 1996, the log 

grading criteria were reduced from 16 defects to only 9 defects. In 2007, the natural log 

grading rules further shortened the defects to only 4 defects to segregate log grade, 

which included only bend, buttress, wane, and pipe or heart rot. The details of the 

current Lao natural log grading criteria is summarized in table 10 (MAF, 2007).  

Table 10: Lao government native forest log grading criteria (MAF, 2007) 

Defect Grade A Grade B Grade C 
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Note:  

• Each defect (d) grading is based on a function of the proportion of log diameter (D). 

• The final single log grade is based on a weighted system of each defect grade.  

Plantation log grading rules are new developments in Laos. There are two existing 

round log grading rules for plantation species (mainly for teak species) in Laos. These 

log grading rules are the Burapha company log grading rules, which include nine log 

grading criteria for wood defects, are developed for company use only, and the log 

grading rules that were recently developed within a project funded by the Australian 

Centre for International Agricultural Research (ACIAR), which include 11 natural 

wood features or defects for the grading criteria (Hopewell et al., 2015). The Burapha 

company, also called the “Burapha Agro-Forestry company”, is a wood products 

manufacturing company with its own sawmill processing, facilities and plantations in 

Laos. The ACIAR log grading rules were modified from the rules developed by the 

Burapha company and from the Lao government’s natural log grading rules. However, 

these two plantation log grading rules present similar grading criteria, which are based 

on visual wood characteristics, such as heartwood proportion, bend, knot, pipe etc. The 

log grades are classified from Grade A to Grade D. Grade A is the highest quality log, 

Grade B is a medium quality log, Grade C is a low-quality log, and Grade D is a below 

grade or rejection log (Table 11).  
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Table 11: Laos-ACIAR plantation log grading criteria (Hopewell et al., 2015)  

Log defects Grade A Grade B Grade C 

Heartwood 

proportion  

> 75% 60-75% <60%  

Bend Maximum 3% of log 

(i.e. 6 cm on 2.1 m), no 

multiple bends allowed 

Maximum 5% 

of log (11 cm 

on 2.1 m),  

no multiple 

bends 

No limit 

No multiple bends 

Pipe <10% 10-20% >20-30% 

Knot Maximum 3 knots all 

<5 cm diameter per 2.1 

m log length  

Maximum 4 

knots all <5 cm 

diameter per 

2.1 m log 

length 

No limit 

Knotholes Not permitted Maximum 3 

knots all <5 cm 

diameter per 

2.1 m log 

length 

No limit 

End split Total split <10% log 

length  

Total split 

<33% log 

length 

Total split between 

33-50% log length 

End check End check width <5mm   End check 

width <8 mm   

No limit 

Decay No permitted No permitted No limit 

Insect holes No permitted No permitted No limit 

Wane/want Visual estimate of face 

(log end) area <5%    

Visual estimate 

of face (log 

end) area <20%    

No limit 

Metal objects Not permitted  

Note: Log size measurement is based on small end log diameter.  
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The final grade for a single log is based on the lowest grade of the defects.  In addition, 

the current or original Laos plantation log grading rules haven’t been associated with 

log diameter sizes. These are significant limitations, as buyers prefer varying sizes. 

Furthermore, the existing log grading rules are time-consuming and economically 

costly.  

In general, the market prices of teak differ mainly by both log size and quality grade. 

Further information reveals that in Laos the round log price based on log quality (grade) 

is lower than the price based on log diameter size alone (no grading prices) (Laos 

Sawmill Factories, 2016). In general, the graded logs should have higher prices than the 

ungraded logs but the teak price in Laos shows an opposite trend. The detail of current 

or original ACIAR-Laos log grading rules for measuring each particular wood 

characteristic criteria for log grading is listed below. 

(1) Heartwood measurement 

Heartwood measurements are made under the bark on the log end with the smallest 

diameter. Log heartwood proportion (HP) is measured twice, at the shortest and longest 

log end diameter positions (Figure 7). HP is calculated as described in Equation 2: 

HP (%) =  
(dhs+dhl)

(dts+dtl)
× 100                   [2] 

where HP is heartwood proportion (%); dhs is the shortest heartwood diameter (cm); dhl 

is the longest heartwood diameter (cm); dts is the total smallest tree diameter (cm), and 

dtl is the total largest tree diameter (cm). 

 

 

 

Figure 7: Heartwood proportion measurement (Hopewell et al., 2015)   

(2) Bend 

Log bend measures the maximum distance (a) between the curved sides of a log when 

a line is extended between the log ends (of length, L). Log bend can be calculated as 

dhs 

dtl dhl 

dts 
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the ratio between the two measurements, expressed as a percentage (Equation 3, and 

Figure 8):  

B (%) = 
a

L
×100     [3] 

Figure 8: Log bend measurement (Sylipannga et al., 2014)   

(3) Pipe  

The percentage of log pipe is calculated by measuring the largest internal pipe diameter 

(d), and the external log diameter (D) along the same diametric line (Equation 4 and 

Figure 9). 

P (%) =
d

D
×100              [4]   

Figure 9: Log pipe measurement (Hopewell et al., 2015)   

 

 

 

 

a 

D 
d 
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(4) Knots and knot holes 

Both the number of knots and the maximum diameter of knots are measured (Figure 

10). The maximum knot diameter is measured in the direction perpendicular to the 

length of the log and the measurements start and end where the knot starts to rise (flare) 

from the log. 

 

Figure 10: Maximum diameter of knot measurement (Hopewell et al., 2015) 

(5) End splits  

The log end splits are defined as splits reaching the log periphery, where the maximum, 

external end-split length along the length of the log is measured (Figure 11). 

 

Figure 11: Maximum end split measurement (Hopewell et al., 2015) 

 

 

 

 

 

Maximum diameter of knot 

Maximum end split 
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(6) End checks 

The log end checks are defined as end splits not reaching the periphery of the log, where 

the largest width of the split is measured from both ends of the log (Figure 12). 

 

Figure 12: Maximum end check measurement (Hopewell et al., 2015) 

(7) Decay 

Log decay is recorded as being present or not 

Maximum end check 
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(8) Buttress/want  

Log buttress is measured as the maximum distance (a) between the buttresses when a 

line is extended between each side. Log buttress (B) can be calculated as the ratio 

between the distance (a) and log diameter (D) in percentage (Equation 5 and Figure 13):  

B (%) = 
a

D
×100         [5]  

Figure 13: Buttress/want measurement  

(9) Metallic objects 

The metal or nail objects (e.g. nails) in the log often happen in Laos due to teak 

plantations being grown as a home garden and sometimes this species is also grown for 

fence poles for a garden. Hence, metal or nail is considered as an important factor when 

buying teak log.  The metal/nail objects are recorded as being either present or not in the 

logs. 

All teak log grading rules discussed above can be briefly summarized as:  

• All log grading rules developed in different countries used visual defects or 

characteristics for grading criteria, however, the specific degree or value of each 

defect applied for log grading depended on the countries’ end use products and 

requirements.  

• Most log grade classifications are based on units of each individual visual defect 

for a particular log length or volume.  

• Each log grading rule includes log dimensions, such as log length and diameter 

or girth that are associated with different log grades. 

• There are three main methods of log diameter size measurement: Middle log girth 

(under bark), both small and large log ends (under bark), and small end log 

diameter (under bark). 

a 

D 
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• Log grading can be used to predict wood recovery.  

• Log grades are classified into different quality grades depending on countries’ 

end use products, which are usually from 3 to 6 different grades.  

2.8.4 Relationships between log grades and wood recovery  

Wood processing recovery or yield refers to the percentage output of sawn timber from 

a particular volume input of round logs in the sawmilling process. Theoretically, sawn 

timber-wood recovery has several impact factors, such as log size, quality grades (or 

wood characteristics), machines, sawing techniques, and labor skills or experience 

(Phoupha et al., 2007). Regarding the Lao plantation logs grading rules mentioned 

earlier, Sylipannga et al., (2014) studied 100 teak logs grading in Luang Prabang 

Province, Laos. The study results showed that the log grade recoveries are high in grade 

A for the log diameters that are bigger than 31 cm compared to log grades B and C by 

10.5%, 3% and 3% respectively (Figure 14). On the other hand, log grade C had high 

recovery for smaller logs from 17 to 25 cm compared to log grades B, and A by 11.5%, 

6% and 6%. Hopewell et al., (2015) also assessed log grade of teak plantations in Laos. 

The study used 100 round logs from 12-year-old plantations and 100 square logs from 

15-year-old teak plantations. The results showed that 15-year-old teak plantations with 

log diameters ranging between 11-25 cm had a higher log grade A recovery of 56% 

compared to 12-year-old teak that the diameter logs are between 16-26 cm, which had 

log grade A recovery of only 6% (Figure 15). In contrast, the 12-year-old plantation logs 

with diameters ranging between 11-25 cm had a higher log grade B of 73% compared to 

15-year-old teak of diameters ranging between 16-26 cm. However, this study didn’t 

provide statistical results and conclusions for the finding.  
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Figure 14: Log grading recovery of teak plantations (Sylipannga et al., 2014) 

  

 

Figure 15: Wood recovery of different log grades (Hopewell et el., 2015) 

Bouaphavong (2016) studied sawn timber-wood recovery in Laos by comparing the 

wood recovery of different log quality grades (A, B and C). The log grading rules applied 

for the study were based on the current or original ACIAR-Laos log grading standards. 

The study also applied three different sawing techniques (quarter sawn, plain sawn and 

square sawn). The study results didn’t show any statistical difference or any significant 

difference of wood recovery between log grades A, B and C. However on average, the 
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recovery of log grade A in both plain and square log sawing techniques were lower 

recovery rates of 69% and 52% compared to the recovery of log grade B of 76% and 

61% respectively for similar sawing techniques (Figure 16). In general, the wood 

processing recovery of the higher log grade (grade A), which should have lower wood 

defects (e.g. bend, buttress, end split, etc.), should have higher recovery than the lower 

log grades (grades B and C) for any sawing techniques.  However, the author found the 

oposite trend.  

 

Figure 16: Log wood processing recovery (Bouaphavong, 2016)  

Studies reported that the Sri Lanka super prime grade of teak log is listed above 75% use 

recovery, and the lowest log grade is 40% and lower (Ruwanpathirana, 2013) and the 

USA log grade 1 can also produce 60% or above; grade 2 logs produce 40-60% and 

grade 3 logs produce lower than 40%  (Rast et al., 1973; Hopewell et al., 2015). The 

wood recovery rate of Lao log grading rules is opposite trend compared to the wood 

recovery rates of Sri Lankan and the USA log grading rules. As discussed above, the 

recovery rate of Lao log grading rules “grade A” is lower than “grade B”. However, the 

wood recovery rates of of Sri Lankan and the USA log grading rules “the higher grades” 

are always higher than the “lower grades”. This literature review showed that there is 

limited information available for the quantitative effect of specific wood characteristics 

such as bend, buttress, etc. on sawn timber processing recovery.  
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2.9 Plantation teak rotation  

In the past, teak rotation age was at 60-80 years of growth on average internationally 

(Perez, 2008). Due to the global shortage of wood materials and the lack of capital for 

long-term tree management, teak rotation age has been reduced globally to the main 

practice of around 20-30 years. This rotation period was tested and advocated for sawlog 

plantations in such countries as Malaysia, India, Brazil and Costa Rica. A study carried 

out upon the strength properties of teak timber produced from 20-year-old trees in India 

found that the properties matched well with standard mature teak (Ball et al., 1999). In 

India, the teak rotation age is 35 years, while the traditional teak plantation rotation age 

was previously 50 years or more (Bhat and Priya, 2004). The study concluded that wood 

density, dimensional stability and strength properties of 35- and 50-year-old teak wood 

were not significantly different. 

Jha (1999) stated that teak rotation at 20 years gives the highest beneficial return in India. 

In Laos, plantation teak harvesting has been implemented at ages of 10-30 years. The 

rotation period does not depend on the most beneficial return and standard wood 

requirements of markets, but rather on the needs of farmers. This can be attributed to a 

lack of information on the properties of teak wood and standard quality requirements of 

international markets. There is no scientific information for the optimal teak plantation 

rotation ages in Laos and therefore farmers have practiced the harvesting of teak at 

different tree ages. A major unknown is the optimal harvesting age of teak plantation for 

maximum beneficial returns and wood quality accepted by international timber markets 

(Midgley et al., 2007). Ball et al., (1999) also confirmed that Indonesian teak rotation 

has decreased to a shorter period of 25-40 years and it is believed that this age provides 

optimal financial return and a timber quality that is accepted by international markets. 

2.10 Teak timber marketing and price  

Teak wood is known as one of the world’s leading hardwood timbers with high values 

and demand in international markets. Due to its excellent stability, strength, attractive 

pattern, texture, and qualities, the price of teak timber is high and stable (Jha, 1999). In 

2005, the value of teak products globally accounted for US$82 billion, or about 1% of 

the world trade (Purnomo et al., 2009). Due to the opening up of international trade and 

markets, some countries, such as China, Indonesia, Malaysia, Mexico, and Poland have 
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increased their share in international markets for teak furniture (Purnomo et al., 2009). 

The price of teak timber is determined by quality or log grade, which in turn relates to 

natural teak, plantation, age, dimensions, wood pattern, wood characteristics or 

appearance, and certification (Jayawardhane et al., 2015). Midgley et al., (2015) 

reported that round log prices of teak imported to China and Thailand from Asia (except 

Burma) are US$528.33/m3 and US$406.67/m3 respectively (average prices from 2010- 

2012). The study did not mention any detail for log quality (grade) relating to log sizes 

(diameter and length) and wood characteristics, as well as the reason why growers sold 

their teak logs to Thailand, if they could get a higher price in China.  

The International Tropical Timber Organization (ITTO, 2009) stated that teak logs over 

50 cm in diameter have a price of US$845-906/m3 and logs less than 50 cm in diameter 

cost US$785-845/m3. Recently, ITTO (2018) summarized logs prices of plantation teak 

in different countries (Table 12). The report stated that the price ranges depend mainly 

on quality, length, and girth of logs. However, detailed information of log quality and 

sizes was not provided in the report.      

Table 12: Round log price of plantation teak in several countries (ITTO, 2018) 

Countries Price (US$/m3) 

Brazil 344-540 

Colombia 478-743 

Costa Rica 357-780 

Ghana 294-452 

Laos 300-605 

Malaysia 225-516 

PNG 443-575 

Thailand 511-700 

Togo 334-590 

Kenya  515-876 

India 610-678 

Kollert (2013) found that natural teak prices for the export market are much higher than 

the domestic market for plantation grown teak in many countries (Figure 17). Myanmar 

teak was the highest price compared to other countries’ teaks, due to Myanmar teak was 

natural teak, but the teak from other countries was plantatiations. In addition, Midgley 

et al., (2015) reported that the world teak value and volume have increased in many 

countries (from 3 periods; 2010, 2011 and 2012) (Figure 18).  
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Figure 17: Natural and plantation teak prices (Kollert, 2013)   

 

 

Figure 18: World teak value and sawn wood export 2010-2012 (Midgley et al., 2015)   

In Indonesia, plantation teak is commonly sold in a standing tree by the smallholder 

teak growers (Roshetko et al., 2013). The prices of standing trees are higher for older 

and bigger trees (Figure 19). 
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Figure 19: Average age prices of standing tree in Indonesia (Roshetko et al., 2013)     

In Laos, plantation teak is commercially used in wood processing and manufacturing 

industries for both export and domestic markets (Midgley et al., 2007; Boer and 

Seneanachak, 2016). Until 2017,  95% of teak timbers were exported unprocessed as 

logs and square logs to neighbouring countries (China, Thailand, and Vietnam) 

(Midgley et al., 2016) (Figure 20). The export of high-value wood products, such as 

furniture was low, between 1.7%-3.2%. However, after the Lao Prime Minister released 

decree No. 15/2016 in 2017 to ban the export of raw wood materials from both natural 

and plantation woods (Lao Prime Minister Decree 15/PM, 2016), the export of teak 

timbers export has been changed, which can export only the finished wood products.    

 

Figure 20: World teak sawn wood export 2010-2013 (Midgley et al., 2016)   
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Domestic markets for teak timber in Laos are dominated by the medium and large wood 

sawmilling and manufacturing companies (Belleville and Fidele, 2014). The price of 

plantation teak logs in Laos mainly depends on several factors, such as timber types 

(square log or round log), log dimensions and quality grades relating to wood 

characteristics. However, as mentioned above, the curent log grading system in Laos is 

not suitable for use, as the grading rules are not related to buyers’ requirements of log  

prices and qualities. Innavong et al. (2014) and Burapha Company (2014) reported that 

teak log plantations in Laos have different prices mainly depending on log sizes and 

grades (Table 13). It was importantly noted that these prices were formed only by the 

Burapha company, which were not the actual market prices of plantation teak in Laos. 

As previously mentioned, teak prices are not significantly correlated to the current 

grading system. The prices of A, B, C and D graded logs were lower than the prices of 

ungraded logs (Laos Sawmill Factories, 2016). In addition, the prices for each grade 

(from grade A logs to grade D logs) didn’t move independenttly. There is evidence that 

buyers want a grading system as they purchase logs by visual grading of both diameter 

and wood characteristics, but the current system does not assist them.  

Table 13: Round log pricing based on sizes and grades with 2.20 m log length 

Diameter 

Sizes (cm) 

Prices (US$/m3) Heartwood 

(diameter) Grade A Grade B Grade C Grade D 

10-14  82 60 43 

25 

 

 

≥ 6 cm 

15-17 114 92 73 

17-20 138 104 83 

21-25 188 116 101 

26-30 250 188 163 

Sources: (Innavong et al., 2014; Burapha Company, 2014) 

Innavong et al. (2014) and Burapha Company (2014) also reported that teak plantations 

in Laos are sold as an individual standing tree, and square logs. In this case, the selling 

prices are based on square log sizes and tree girth (Tables 14 and 15).  
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Table 14: Square log pricing based on size classes with 2.20 m log length  

Size class Thickness (cm) Width (cm) Price (US$/m3) 

1 1.5 5 75 

2 2 10 175 

3 

8 10 

250 

8 10 

10 12 

10 10 

12 12 

4 
13 13 

344 
13 15 

5 

15 15 

375 15 18 

18 18 

6 
15 20 

406 
20 20 

7 25 25 438 

8 
25 30 

500 
30 30 

Sources: (Innavong et al., 2014; Burapha Company, 2014) 

Table 15: Standing tree price of teak plantations in Luang Prabang, Laos 

Tree girth (cm) Tree diameter at breast height (cm) Price (USD/tree) 

70 22.29 7 

80 25.48 8 

90 28.66 9 

>100 >31.85 15 

>150 >47.77 150 

Sources: (Innavong et al., 2014; Burapha Company, 2014) 

Innavong (2017) reported that Lao domestic market prices of plantation teak increased 

gradually from 2009 to 2017 (Figure 21). The price is mainly based on log dimensions. 

Bigger logs attract much higher prices compared to smaller logs.   
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Figure 21: Round log price of plantation teak from Luang Prabang (Innavong, 2017)  
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Chapter 3:  

Theoretical background relating to the field of study     

3.1 Introduction 

The aim of this chapter is to review the relevant theoretical background of economic 

theories that can be applied to the problems of grading plantation teak timbers grown 

in Laos.  It includes the concepts of product grading, market demand and supply, and 

marketing. Finally, some concepts of price determination, product trading, and different 

economic models are discussed in this chapter.   

3.2 Economic theory of products  

In general, economics is defined as the study of how resources are allocated to traders 

(consumers, producers, processors), and government agencies (Rosser, 1988).  Other 

definitions of economics relate to the study of “limited resources and unlimited wants” 

(Davidson and Malano, 2005). The idea is that people (individual utility maximizing 

units) have an insatiable appetite for goods and services produced in a society and are 

constrained in accessing them because the resources available to both produce them and 

those available to the consumer to buy them are limited. Thus, economics is the study 

of choice. 

In economics, the world is viewed through the frame of markets, as places where buyers 

and sellers meet to exchange goods. They are characterized by supply and demand 

schedules.  Prices, which are used to allocate goods and are a signal to both consumers 

and producers, are a vital component in this framework. It is important to remember 

that prices are determined in markets.  People make decisions to buy and sell that affect 

the prices in markets that in turn affect the decisions of other people, and so on. The 

point about setting a boundary in any system is that it usually leads to the establishment 

of a scale.  In economics, two separate scales are of interest: micro-level economic 

scale, dealing with the individual or a firm; and macro-level economic scale, dealing 

with an aggregation of individuals into sectors. It should be noted that economic 

thinking has generally used marginal techniques, ones that reduce the arguments 

addressed into the most compact, erudite form possible, which are known as systems 
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approaches.  So, while some attempt is made to explain elements using a system 

approach, it is impossible to use a system approach to explain a core component of 

economic thinking: markets and the microeconomic sector. At the heart of economic 

thinking is the microeconomic concepts of markets. If anybody is to understand any 

economic argument, any notion upon which an economist may argue a point, or if one 

wants to breakdown an argument on economic grounds, then there is a need to 

understand the concepts of supply and demand.  

3.3 Economic grading theory 

The term “grade” in economics is used interchangeably with quality differences. 

However, a deeper understanding of quality or grade is required, as some 

preconceptions exist surrounding the subject (Davidson and Malano, 2005). Quality 

varies from property to property. Wood is a natural material that has different 

characteristics and sizes. Wood quality might be expressed in different ways, which 

may well depend on end use products (Tomek and Robinson, 1990). For example, one 

user might consider one characteristic to be inferior or bad for veneer production, but 

other wood users who value this attribute, might consider that characteristic to be 

superior for sawn log production. Wood quality has some relationships to wood 

recovery or yield from processing and the limits of acceptability for end use products. 

While many wood consumers may suggest that a wood product is ‘good’, but other 

consumers think it is of limited use for it, and therefore consider it to be poor. Therefore, 

concepts such as ‘good’ and ‘bad’ quality cannot exist in reality, as what is poor for one 

may well be good for another user. The correct wood quality definition for each grade 

is based on the requirements and perspective of the consumer. So, it should be an 

objective measure and not have a subjective description of ‘good’ or ‘bad’.   

Quality depends on the market demand and supply (Davidson and Malano, 2005). A 

grade is a uniform standard that is implied by measurement, quality controlling and 

maintaining, with specific objectives between sellers and buyers. The quality or grade 

can increase trust and confidence in the selling mechanism (Williams and Shroder, 

1999).  Wood quality depends on the particular value of wood characteristics such as 

bend, heartwood, knot and etc. It can be assumed that many different wood quality 

categories exist. The preference for wood quality is dependent on the different purposes 

of products. In general, quality is mostly defined as “grade”. Each particular grade 
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contains different values for each criterion, such as characteristics, defects, species, 

natural or plantation wood, sizes, end use purposes and trading methods. In simple 

terms, distinguishing wood quality or grading is an attempt to add value to timber by 

classifying different qualities of wood or logs within end-use types (James, 2001).  

3.4 Grading development concepts 

The development of grading standards is usually conducted by government 

organizations and involve several industrial stakeholders, such as producers, 

consumers, and marketing firms (Tomek and Robinson, 1990). However, grades can 

also be informally established by an industrial company or a group of members of an 

industry.  

In general, there are two important requirements for a grading system. One is to 

determine the characteristics of a product to use as a basis for defining grades. The 

second requirement is to provide product information about the characteristics; how 

should it be used and reported? A grading system can be based on numerous 

characteristics. Grades should vary in relation to different numbers or values of the 

characteristics or attributes of the products.  The attributes for grading criteria must be 

related to the demand for the products.  

The design of a grading scheme must consider the quality attributes and defects that are 

of importance to buyers. In addition, the way in which wood is sold is also important in 

developing a wood quality grading system (James, 2001); for example, as a standing 

tree, round log, square log, lumber, etc. The cost of wood quality grading should be 

recorded in order to compare the values of premium and discount wood products.  

3.5 Markets 

A market is a place where goods and services are traded (Williams and Shroder, 1999). 

So, markets are characterised by a schedule for people who produce the product, and 

for those who sell the product. The schedule representing consumers is known as a 

demand curve and it represents the relationship between the price consumers are willing 

to pay for different quantities and qualities of the good or service. The supply curve 

represents the relationship between the quantity and the price at which a producer is 

willing to produce a good or service. Where these two curves intersect (the quantity 

demanded is negatively related to the price, while the supply has a positive relationship 
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between price and the quantity supplied) the market is said to be in equilibrium (Figure 

22).  

Figure 22: Market equilibrium (Williams and Shroder, 1999)   

At that point all that is produced is also consumed.  The market thus clears, there is no 

surplus or production or shortage, resulting in the determination of the market price.  

Economists laude markets because they result in the allocation of goods and services 

that are desired between producers and consumers. In addition, the determination of the 

price means that it will act as an indicator. If prices rise, consumers consume less, and 

producers produce less, so that the market always returns to equilibrium. In addition, 

this process of allocation occurs without any centralised control whatsoever. It is just 

the actions and desires of producers and consumers reacting to price changes that 

influence the market. 

It should be noted that the relationship between a market and a grading system can be 

affected by the market structures or models (Tomek and Robinson, 1990).  Markets are 

classified in to four different models: perfect competition, monopolistic competition, 

oligopoly, and monopoly market competitions (Rosser, 1988). It should be noted that 

in a perfectly competitive market all goods are assumed to be homogeneous, whereas 
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monopolists distinguish their product from others and with every structure in between 

(monopolistic competition through to an oligopoly) some degree of product 

differentiation may well be possible. Monopolisation is a form of market failure, as is 

the lack of asymmetric information of prices and product qualities. Therefore, a grading 

system could be a solution to the problem of information.  

3.6 Market surplus   

Market demand is the quantity of a good or service that consumers desire to buy at a 

given price at a given time and place (Williams and Shroder, 1999). Market demand is 

highly related to price, as the price increases, the quantity demanded falls, and when 

the price falls, the quantity demanded rises. In other words, the behaviour of consumers 

moves along this negatively sloped demand curve. However, if the other factors (prices 

of similar or substitute products, incomes, tastes, etc.) change, then the whole curve will 

shift outward with a positive influence and towards the origin with a negative influence 

(Besanko and Braeutigam, 2008). For example, if the incomes of consumers increase 

and it means that they may want to purchase a greater quantity of the good than before. 

Thus, a new demand curve lies to the right of the initial original demand curve (Figure 

23). The theory concludes that any factors that increase the consumers’ willingness to 

acquire the good will result in the demand curve shifting to the right. If, on the other 

hand, any factors that decrease consumers’ desire to buy at given price, the  demand 

curve will shift to the left (Besanko and Braeutigam, 2008). The concept of market 

surplus is defined as consumers’ willingness to pay. In other words, the market surplus 

is underlined a demand function (price and quantity supply).  A consumer would value 

the first unit consumed quite highly and the second unit less than the first, and so on. 

Value can be defined as the difference between what consumers are willing to pay for 

and what they actually pay for a good. So, the area between the demand schedule and 

the equilibrium price, from the origin to the quantity consumed, is known as the 

consumers’ surplus. Consumers’ surplus means the difference between what a 

consumer is willing to pay for a good and the actual price they pay (Arnold, 2008).  
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Figure 23: Demand curve shifters (Williams and Shroder, 1999)   

3.7 Marketing margins 

Given that the product in the teak trade is grown by specialist suppliers and sold through 

a marketing chain to specialist buyers, it is necessary to consider the concept of market 

levels and what are known as marketing margins. The raw production stage in a market 

is characterised by what can be termed a primary supply curve and derived demand 

curve. A primary supply curve can be calculated as the marginal derivative of the total 

cost function for producing the good (made up of its fixed and variable costs) with 

respect to each unit produced. These products are raw products or raw materials such 

as logs and trees, which involve further costs of processing (Besanko and Braeutigam, 

2008). The derived demand is the retail demand for those products produced from teak 

logs. There are two points to note. First, the derived demand for logs can be estimated 

from a function of output (or its retail price). For example, the price of teak and the 

price of substitute and complementary final products. Second, with respect to its own 

price (the price of teak), the elasticity of demand is always negative.  

The retail level is made up of a derived supply schedule and a primary demand schedule 

(Figure 24). The derived supply is a function of all the production processing costs, 

including that of the raw logs. Thus, it is related to the primary supply schedule 



Chapter 3:  Theoretical background   

 

 

86 
 

specified at the raw product level. The primary demand schedule is that which relates 

to the willingness of consumers to purchase the finished (teak) product. 

Figure 24: Primary and derived functions and marketing margins 

A marketing margin is defined as the difference between the price paid by consumers 

or retailers and that obtained by producers or growers at the raw product level (Figure 

24). Alternatively, the marketing margin has been defined as the price of a collection 

of marketing services that is the outcome of the demand for and supply of such services 

(Tomek and Robinson, 1990). Thus, the difference between what is known as retail 

prices (those paid by consumers) and raw product prices (those received by producers) 

should be equal to the costs and returns for marketing the product itself.  

Both producers and consumers express concern about the size of marketing margins, 

asking questions such as “Are the marketing margins too large?”, “Why do the 

marketing margins differ between different products?”, and “If marketing costs 

increase, does this result in a higher consumer price or a lower producer price, or both?”.  

A marketing margin is simply the difference between the primary and derived supply 

and demand curves for a particular product. The primary demand is determined by the 

response of the ultimate consumers. The empirical estimates of primary demand 

functions are usually based on retail price and quantity data. The derived demand is 

based on price-quantity relations that exist either at the point where products leave the 
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primary point of production but could be determined at any intermediate points along 

the retail chain, where they are purchased by wholesalers or processors (Figure 24 

above).  

3.8 The effect of final product prices on raw input prices and uses  

Theoretically, changes in product prices or (output prices) affect both the prices of the 

raw inputs and the quantities used (Tomek and Robinson, 1990). For example, teak 

furniture, joinery, and door and windows prices are the final product prices; the raw 

material prices and uses relate to the teak logs. If different grades exist for these logs, 

the quantities used for the different products will have different prices. A change in 

output prices will affect input prices and input uses. The raw input prices and factor use 

(input quantity) are determined simultaneously in line with the product prices.  

3.9 Economic concept of teak grading development  

One of the most important things to understand is that in many economic assessments 

it is assumed that the goods under investigation are homogeneous (Davidson and 

Malano, 2005). What that means is that any product is perfectly substitutable for 

another, which is to say that different grades of the product may well be substitutable 

with other grades, but that others are not.  The extent of this substitutability is most 

important because goods that can be substituted for one another are effectively 

homogeneous, yet those which are not are heterogeneous. A good that is substitutable 

can be analyzed using one market, yet that does not require two or more individual 

markets (the number depends on the different grades you have). These all concepts 

mentioned are known as price discounts and premiums for different grades.  

A perfectly competitive market relates to a homogeneous good. A single seller with 

very few unit products (monopolies), missing markets (externalities), and the lack of 

good definitions; all these things relate to the problems of teak timbers in Laos and its 

lack of a grading system.  Yet, at the core of this study is the questioning of the 

assumption about market systems being places where homogeneous goods are 

traded. However, teak is not homogeneous, so in that case there should be an option or 

a new way of looking at the different grades.  A better approach is to modify our 

approach and suggest that different market situations may exist for different grades of 

plantation teak.  Two types of teak timbers (round and square logs) that are possible 
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developed quality grades in Laos for different markets. These types of timbers should 

have different supply and demand drivers. The quality grades are targeting for 

processing furniture, doors, window frames, and joinery products (flooring and ceiling). 

While each market may have different factors driving demand, it should be noted that 

we are assuming that each also has some different supply characteristics as well.   

3.10 Methods of trading 

As stated above, a marketing margin can be calculated by taking the sum of the 

marketing changes and services offered between the marketing levels (from raw to 

final). As a consequence, it is necessary to briefly discuss what constitutes these 

marketing services and the margins that exist and how they may relate to the existence 

of a grading system.  

In general, two methods of trading are usually practiced; centralized markets and 

decentralized markets (Williams and Shroder, 1999). A centralized market is where 

many buyers and sellers meet and legally buy and sell products. The information on 

prices and product quality is publicly available. With this method of trading it is 

necessary to have grading systems that are simple and measurable for both buyers and 

sellers. The quality or grading measurement can be checked or undertaken by a licensed 

authority of the relevant industry or government organization. These licensed 

organisations usually apply strict regulations to agents acting on commission for 

producers (sellers) and buyers. The commission can be a percentage of the final selling 

price (for selling agents) or purchase price (for a buying agent), or it can be a set fee for 

services paid by both buyer and seller. Demand and supply information, which includes 

quality, gradings and price, are usually publicly known to all in the market. Some 

examples of centralized markets included auctions, community exchanges, and 

wholesale markets.  

The second method of trading is the decentralized marketing system, which involves 

individual private transactions. With this trading system, the information on price and 

product quality is not publicly available. The buyers and sellers interact directly with 

each other and do not pass through any central market. Many buyers and sellers can act 

as agents or ‘middle-men’ on behalf of buyers and sellers. The actual demand, supply 

and information about prices are not usually made public. Each sale is negotiated on its 

own and may not be related to other market prices.  The buyers and sellers negotiate 
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until reaching agreement between both parties. Success in the decentralized trading 

method can come about because of the long-term interaction between the buyers and 

the individual sellers. The long-term trust and relationship between sellers and buyers 

are the key to success for this trading method. As a long-term relationship, the sellers 

may be able to supply constancy of quality, quantity or deliver in full on time, and the 

sellers may also able to adapt to changing buyer requirements.  Some examples of the 

decentralized trading markets include private negotiation, on-farm tendering, and 

internet trading.  

3.11 Price differences associated with quality   

Different specific products have different qualities such as size, colour, and proportion 

of characteristics and defects (Tomek and Robinson, 1990). Prices usually differ based 

on these factors of quality. The difference between prices and different product qualities 

are referred to as premiums or discounts (Davidson and Malano, 2005). A premium is 

paid by buyers for a product considered to be a superior quality product. On the other 

hand, a discount is received by buyers for a product considered to be an inferior quality 

product. These price differences may change through time, which depend on the market 

competition factors of product demand and supply. However on average, the variations 

of price between the premium and discount products are normally small (Tomek and 

Robinson, 1990). This concept simply means that those prices (of the substitutes) for 

both premium and discount products tend to move up and down together. The value or 

price of product (e.g. plantation teak logs) usually depends on its range of quality or 

characteristics that are accepted for specific uses or end use products, such as veneer, 

sawn logs and pulpwood logs. However, the tolerance ranges of the log qualities or 

characteristics accepted can be limited for specific wood products. For example, sliced 

veneer logs are preferred as higher quality and price than the saw and pulp logs (James, 

2001).  

In general, the relationships between prices and qualities (grades) is difficult to assess. 

The reasons include that there are many possible combinations of change in relative 

supply and demand by grades and other various functions. For example, an increase in 

the supply of one grade causes the price of that grade to reduce. Theoretically, a lower 

price for a particular grade can also lead to reduced demand for the other related grades 

that are higher prices (Tomek and Robinson, 1990). The lower price grade influences 
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the demand for the grade with the initial price change. In addition, a larger supply of 

one particular grade can lead to lower prices as well as to change in the price difference 

between grades. The size of price changes depends on the size of the increase in supply. 

A decrease in supply of a grade with attributes that are valued can increase demand for 

a premium product. On the other hand, an increase in supply can reduce the demand for 

the premium product.  

3.12 Different models used for economic analysis of plantations  

There are several economic assessment approaches that can be applied to determine the 

economic impact on plantation forests. The term “model” for a particular economic 

sector is meant as one or more equations that describe the important relationship 

between the variables. In general, a model consists of two parts. One involves the 

specification of the economic model of general economic relationships, such as 

economic theory, and certain variables with these functions. The second part of the 

model building process is the explicit definition of equations that are to be estimated; 

for example, variables in a particular equation and how the relationship occurred (linear 

or nonlinear) (Tomek and Robinson, 1990). Selecting an appropriate economic model 

or method is dependent on the study purposes. Different assessments have been applied 

worldwide for the economic assessment of teak plantations (Midgley et al., 2007; 

Shukla and Viswanath, 2014; Restrepo and Orrego, 2015).  Some economic modeling 

approaches rely on complex system dynamics, the law of one price and hedonic price 

function. Mostly, the complex system dynamics and the law of one price economic 

approaches have been applied to an economy-wide impact value-chain analysis 

(Purnomo et al., 2009) and international competitive market prices (Olmos and Siry, 

2015), which are not suitable for this research study.  The hedonic price function 

economic approach is one of the appropriate or suitable models that this study will apply 

for predicting the relationship between wood characteristics and price.   

Hedonic price function, which is an econometric theory of “characteristics” for 

consumers or buyers, examines the relationship between product attributes and prices 

(Chumpitaz et al., 2010).  It is assumed that a diversity of products exists because of 

the diversity of quality characteristics inherent in each product. Hence, the market price 

paid for a product is determined by the particular quality characteristics of the product. 

For example, a house that has more bedrooms will tend to command a higher price than 
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a house that has fewer bedrooms. However, a builder who adds more bedrooms cannot 

expect prices to increase with each additional bedroom. The point is there is an 

appropriate certain number of bedrooms that a consumer will desire and be willing to 

pay for. So, for wood production, it is not simply the case that a log that has fewer 

defects will be offered at higher prices than the log with greater defects. While that 

might generally be the case, some defects in a log will not diminish the value of the 

product in the eyes of some buyers, depending on the final product. This opens up two 

interesting facts that are presented in Figure 25. First, some characteristics are important 

to a buyer, but they may not be important for the other buyers. Therefore, determining 

the importance of individual characteristics on the total value of a product requires a 

regression that has numerous characteristics as independent variables, all determining 

the total value of the log as the dependent variable. If a characteristic is found to have 

no statistical significance, then it could be said that the particular characteristic is not 

an important determinant in the price and value of the log. Second, the shape of the 

estimated hedonic price function is important. As specified in Figure 25, generally the 

price of a characteristic will rise at a decreasing rate as more of the characteristic 

increases. However, it may also increase exponentially. In addition, it may reach a 

maximum, where additional amounts of the characteristic do not add to the value, or it 

may even decline. The preceding facts require care with both the specification (what is 

in the function) and the functional form (the shape) of an estimated relationship.  

The general regression of hedonic price function is formed as p=f(z), where p is the 

price of a product and z is a vector of different attributes or characteristics of that 

product (Rosen, 1974). The hedonic price can also be used to explain how the quantity 

and quality of a product’s characteristics related to its price in that particular market 

(Rosen, 1974). Hedonic price function is useful in determining the implicit price for 

product characteristics that can explain the amount paid for extra product characteristics 

as a function of the level of provision of that characteristic and the level of provision of 

other products’ characteristics (Equation 6).   

PZi
(Zi; Z−i) =

∂P(Z)

∂Zi
                  [6] 
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Figure 25: Correlation between price quality and implicit price function (Rosen, 1974)  

Where p is the price of a product and z is a vector of different characteristics of that 

product. 

The analysis of hedonic price function is used to explore the preference of quality 

products where no market prices exist (Hammarlund, 2015). Hedonic techniques have 

been applied broadly to different sectors, such as agriculture-forest products, auto and 

building properties (Kumar et al., 2013; Jayawardhane et al., 2015).  Hedonic price 

function is important to analyze goods’ values that have rapid quality changes, such as 

automobiles and log woods (Thulasidas and Bhat, 2008; Kumar et al., 2013; Sivaram 

and Nayana, 2013). Le Goffe (2000) used hedonic price functions to predict the renting 

price of rural cottages.                        

3.13 Summary   

Different definitions of economics were discussed in this chapter. To summarize, 

economics involves methods to allocate resources to growers, buyers, processors, and 

consumers, etc, which are mostly related to supply, demand, prices and markets.  

Marketing margins  are the difference between prices at two market levels (growers and  

processors).  For example, the growers’ market level  is  the teak log or standing tree, 

and the processors’ market levels are the square log, sawn board, and teak furniture 

product. The marketing margins change depending on various factors, such as price,  

government taxes, transportation and processing costs, and the final product quality, 
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etc. Price difference associated with quality (grade) is the price paid for different 

product qualities, which are called premium and discount  products.  Quality products 

refer to  several factors, such as size, colour, defects, and characteristics.  However, the 

quality depends on different specific products, and  the preferences of different markets 

or buyers. The application of this economic theory leads to the conclusion that prices 

(of the substitutes) for different product qualities (premiums and discounts),  which may 

change through time depending on the several factors of supply and demand, should 

tend to move up and down together.    
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Chapter 4:  

Research methodology 

  4.1 Introduction 

This chapter presents the method used in this study, which includes methods of field 

data collection, sites of the study, participants and survey methods for interviewing teak 

growers and buyers (manufacturers and processors). Finally, the chapter also provides 

details of data analyses, and test of significance.   

4.2 Study approach 

As previously mentioned in the conceptual section, this study was designed to specify 

an objective approach to grading plantation teak timbers in Laos. In general, grading 

standard development  is usually conducted by government organizations and involves 

several industrial stakeholders, such as producers, consumers, and marketing firms 

(Tomek and Robinson, 1990). Sometimes, log grading rules are also developed by a 

company or a group of producers or growers. This study method differs from previous 

approaches in that it seeks to identify the process from buyers’ perspective first, rather 

than from producers’ perspective of the technical aspects of teak plantations. This 

approach was initiated by surveying the buyers of teak in order to determine their 

requirements for key wood characteristics and properties. The wood characteristics and 

properties that were derived from the survey were then applied to developing a log 

grading system. The key wood characteristics and properties obtained from the 

buyers’survey were also checked back to the suppliers or growers. The key information 

collected from the teak buyers was: 

• the desirable wood characteristics and wood properties they perceive in the logs 

they buy;  

• the particular proportions of wood characteristics and properties required and 

accepted; 

• the perceived value of characteristics, properties and volumes of the timber; 

and  
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• the buyers’ willingness to pay certain prices for particular wood characteristics 

and properties for specific end-uses.  

The desirable wood characteristics and properties were then ranked according to those 

deemed most important. A multiple regression “price-quality model” of teak plantations 

was used to explain the relationships between wood characteristics, properties and log 

price. The results collected were then applied to developing log grading rules in Laos. 

The main purpose of this grading was to provide information on teak log characteristics 

and properties according to the buyers’ needs for particular products and market prices 

that the buyers can offer.  

• The final outputs from this study are the key information for the suppliers or 

growers of teak. For example, the information about buyers’ requirements for 

teak wood characteristics and properties, and prices that the buyers are willing 

to pay for the logs’ qualities. Thus, the growers are rewarded for improving the 

quality logs of their plantation teak in the long-run in Laos.   

• The main teak buyers in Laos are saw-millers or processors and manufacturers. 

Thus, these groups of buyers were targeted for predicting the buyers’ 

requirements for wood characteristics and properties needed for the 

development of new log grading rules in Laos.  

4.3 Choice of data collection methods 

The review of the literature showed that there are several possible ways to collect timber 

price data. These methods mainly include: 1) log price collection method from auctions; 

2) long-term data records of price based on timber trading (data recorded and stored by 

both government and private sector organizations); 3) mixed methods of both field 

survey (primary data) and literature review (secondary data); and 4) price data 

collection based on field survey or interview (primary data) (Williams and Shroder, 

1999). Previous studies of timber prices mainly applied the auction results method  

(Kumar et al., 2013; Jayawardhane et al., 2016).  Some other forms of prices data 

collection  also used both long-term price records and mixed methods of field survey 

(interview) and literature review (Davidson and Bond, 1983; Tomek and Robinson, 

1990; Phengsopha, 2011). The field survey methods were applied using both face to 

face interviews and mail surveys (Ngansathil, 2001). However, the mail system in Laos 

is not well organized and does not work well. In addition, there is no secondary data 
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available on wood characteristics requirements of buyers, the ranking importance of 

wood characteristics for buyers' particular products, or timber price relating to wood 

characteristics. Some secondary data, such as timber prices, are available from Laos 

government institutions, such as the Department of Customs (DoC), and the National 

Statistic Centre (NSC). However, the accuracy of the data is inconsistent. For these 

reasons, the most suitable choice for data collection for this study was to conduct a field 

survey by interviewing teak buyers.  

4.4 Study sites and log buyers’ survey methods 

The study sites were Luang Prabang Province and Vientiane municipality (Northern 

and Central parts) in Laos where approximately 60% of plantation teak is grown and 

used in the country (Smith et al., 2018) (Figure 26). 

The study was undertaken based on a teak buyers’ survey of wood sawmillers and 

manufacturers, as they are the dominant buyers of plantation teak in Laos.  

Figure 26: Study sites 

One hundred teak buyers in the study sites were randomly selected for the survey.  The 

names and contact details for both teak sawmillers and manufacturers were obtained 

via the Department of Industry and Commerce of Vientiane municipality and Luang 

Prabang Province.  In addition, 50 teak furniture shops in Vientiane municipality were 

visited for collecting teak products, prices and to determine how wood characteristics 

affect wood products. Figure 27 shows an example of an interview with a teak buyer. 

Study sites: Luang Prabang Province (8) 
and Vientiane Municipality (15)  
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During the fieldwork 50 teak growers or producers were also interviewed in Luang 

Prabang Province, focussing on how the producers grow and sell their teak plantations. 

The study involved both formal and informal interviews conducted from March to May 

2017. The interviews were based on questionnaires and buyers’ annual reports. Two 

types of questionaire were prepared, specifically for teak sawmillers and for 

manufacturers. These questionnaires included closed, multiple choice and open-ended 

questions. The main questions to wood sawmillers were related to the teak timber 

supply chain, trading methods, markets and prices paid for particular timber types, and 

quality (grades). For example: How old are the plantation teak timbers that are usually 

purchased? What teak timber types do they buy (ex. round log, square log, sawn board, 

etc.)? What prices are paid for particular timber types and qualities? Who are the teak 

suppliers, and who are the buyers of these sawn boards? The questionnaire for wood 

manufacturers was mainly related to the manufacturing and marketing of finished and 

semi-finished products. For example: What kind of finished and semi-finished products 

of plantation teak are produced? How much is manufactured a year? Where are the 

products sold? Some questions during the preliminary stage of the interviews with both 

wood sawmillers and manufacturers included: What improvements do the buyers 

suggest for wood suppliers or teak growers? What should be changed or developed in 

logs, square logs or sawn boards grading rules and prices in the country? 

 

Figure 27: Samples photo of teak buyers (wood manufacturing companies) interview 

(photos taken by Si Xiong, 2017). 

Teak buyer interview  
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4.5 Survey questions and data required  

The survey questions have been designed for two main teak buyers: wood sawmilling 

processors and wood manufacturers (See detailed questionnaires in Appendix 1). The 

survey questions were classified into 3 groups: (1) general information on teak 

plantation suppliers; (2) buyers’ particular requirements for wood characteristics, wood 

properties, and the prices they offer to pay for these qualities. Further discussion to 

collect suggestions from the buyers were also conducted during the survey. Some 

example questions were provided below:  

(1). General information about teak plantation suppliers: 

• Who are the teak wood suppliers in Laos? 

• Where are the plantation resources grown? 

• What is the teak plantations supply chain in Laos? 

• How old is the plantation teak that buyers usually buy? 

• What is the buyers’ demand for log volumes per year?   

• What teak products are produced in Laos?  

(2). Buyers’ particular requirements for wood characteristics and wood properties: 

• How do buyers choose the logs they buy?  

• What is the ranking importance of each particular wood characteristic and 

property based on buyers’ requirements? 

• What are the most important wood characteristics for buyers’ particular 

products?  

• What are the wood characteristics and properties that buyers want? 

• What are the minimum values of wood characteristics and properties that are 

accepted by teak buyers? 

• What are the frequencies of wood characteristics and properties that are present 

in teak products? 

• How do wood characteristics and properties affect log price in Laos? 

• What is the proportion of wood volume used for each particular product per 

year?   

• Who are teak buyers’ (sawmillers, and manufacturers) target end consumers or 

where are teak buyers’ destination markets?  
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(3) Further issues and buyer’s recommendations: 

• What do buyers suggest for log grading rules and price developments? 

• What do buyers suggest for growers or suppliers to improve? 

• What do buyers suggest for any supply chain improvements? 

 4.6 Other participants survey  

Apart from the buyer's survey mentioned above, teak growers, government officers and 

representatives of the non-government organization of the Luang Prabang Teak 

Program (LPTP) project were also interviewed. Teak growers or suppliers were 

contacted through the information provided by the buyers. The contact details of the 

government organizations were obtained from the Provincial Agricultural and Forestry 

and Trade and Commerce offices. The information sought from the government 

organizations was related to plantation teak log grading rules, sawn timber standards 

and wood trading rules and regulations (Figure 28). The LPTP project was also visited 

for collecting information on teak plantation management, teak marketing support and 

pricing in Luang Prabang Province.      

 Figure 28: Samples photos of teak logs measurement and an interview with a 

government officer (photos taken by Si Xiong, 2017). 

4.7 Data analysis and test of significance  

The variations in requirements for wood characteristics and properties, their ranking 

importance, and the frequency of appearance of wood characteristics on teak timbers 

were analyzed by applying several techniques using SPSS Statistical software (IBM 

SPSS Statistics, version 24), such as cross tables, ANOVA, and logistic regression. 

Teak logs            Officer interview 
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Each parameter of wood characteristics and properties was ranked for its importance. 

The score ranking was designed statistically in a range of 1-5 (1 was the least important, 

and 5 was most important). In order to avoid the complication of the buyers’ ranking 

importance, wood characteristics were separated into two different types: the first group 

of wood characteristics was not related to wood defects which included heartwood, log 

diameter, log length, and wood colour, and the second group included wood defects, 

such as wood decay, pipe, insect hole, bend, knot, and knot hole, end split, wane or 

buttress, and end check. Wood properties included hardness, density, shrinkage, static 

bending, compression, and shear strength. Wood properties and the first group of wood 

characteristics, which was not related to wood defects, were ranked as one group in 

terms of their importance, as they are all not wood defects.  

The qualitative data obtained from the interviews was summarized and coded. A 

hedonic pricing model was applied to predict the influences of plantation teak wood 

characteristics and wood properties on the overall market price, which was based on the 

buyers’ requirements information from the survey.  The predictor variables for each 

wood characteristic and wood property mentioned above were assigned different 

valued-classes per 2.2 m of log length with coding numbers (Table 16). It is important 

to note that log diameter ranges listed in Table 16 were based on the current market 

specifications in Laos.  The valued-classes of wood characteristics listed are based on 

Lao plantation log grading standards criteria (from A-grade to D-grade)  (Hopewell et 

al., 2015). It should be noted that log grading standards do not include wood properties. 

However, this study included wood property values as the buyers were asked if they 

were prepared to pay different prices for different wood property values. All 

independent variables (wood characteristics and properties) were tested for Pearson 

correlation coefficients. Then, significant independent variables were only applied to 

fit a stepwise regression model.  
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Table 16: Example of coding numbers of different wood characteristics  

Independent variables Coding numbers 

I. Log diameter (cm):  

• 10-14 

• 15-16 

• 17-20 

• 21-25 

• >25 

 

1 

2 

3 

4 

5 

II.     Log bend (%):  

• 0-2 

• 3-5 

• 6-9 

• >9 

 

1 

2 

3 

4 

III. Log buttress/wane (%):  

• 0-5 

• 6-10 

• 11-15 

• >15 

 

1 

2 

3 

4 

IV. Log insect hole (No):  

• 0 

• 1 

• 2 

• 3 

• >3 

 

1 

2 

3 

4 

5 

Note: log length standard requirement in Laos is 2.2 m 

The significant impact of wood characteristics and properties on teak market price were 

tested (Equations 9, 10). The significant predictors available for wood characteristics 

were only applied to fit a stepwise regression model on log price at p<0.001. Other 

models of the relationships between standing tree price, tree size (diameter at breast 

height) and distance from plantation site to the road, were also tested by fitting a 

significant model with a logarithm transformation applied to price. These regression 

models of timbers prices and wood characteristics (quality) of teak plantations were 

applied to develop plantation teak log grading rules in Laos based on the buyer's 

requirements. The dependent variables were categorized into three main groups: wood 

characteristics, selected wood properties, and log sizes. So, the following basic structure 

of statistical regression models was formed (Equation 7, 8, and 9):  

Pricei = f(characteristici; propertiesi;log sizei)           [7] 

Pricei = bb0 + b1log propertyi + b2log characteristici + b3sizei ± e     [8] 

Pricei = Log price per cubic meter ($/m3) 
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b0 =Price intercept or the value of price when independent variables are equal to zero 

b1, b2, and b3= the change in price for each one increment change in logwood 

characteristic, property, and log size factors. 

The relative price reduction due to the presence of specific log characteristics, 

properties, and sizes was also further assessed by using a derived price-quality model. 

In this analysis, fixed prices or values were set for all variables except the variable for 

which the price effect needed to be examined. The equation is formed as:  

Price reduction of the timber =
∆ price

Price of the best quality or free defect log
∗ 100%  [9] 

This equation compares the existing market price and the price buyers are willing to 

pay for plantation teak logs. If the prices analysed show a significant difference, then a 

new, economically viable grading and pricing system, which is based on the log price 

quality model, could be implemented in the country. Alternatively, if there are no 

discernible patterns between teak the quality of logs, and prices, then it could be said 

that buyers do not perceive that there should be a difference in the quality of logs 

produced. In this case, there is no reason to establish a grading system as buyers don’t 

appear to value it. 

New log grading rules were developed based on a simple grading system. The methods 

of this log grading system were based on the survey results of teak buyers’ requirements 

of wood characteristics and wood properties. The log grading rules provide 

benchmarking information about log quality for both teak sellers and buyers, which 

would help them to understand teak timber quality for their trading contracts and orders.  
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Chapter 5:  

Study results 

The results of the study have been divided into the following sections:  

• Section 5.1: “Timber trading and pricing of plantation grown teak (Tectona grandis 

Linn.F) in Laos” included the analysis and discussion on teak trading methods, markets 

and prices paid in Laos for particular timber types and quality grades. 

• Section 5.2: “Market preferences in Laos for wood characteristics and properties of 

plantation grown teak (Tectona grandis Linn.F)” presented the results of the study, 

which aimed to define the key determinants of the market price of plantation grown 

teak in Laos in relation to wood characteristics and properties. The specific objectives 

were to assess: teak buyers’ preferences regarding wood characteristics and properties 

for particular end uses; and, the relationship between market price and wood 

characteristics and properties. 

• Section 5.3: “Location of plantation teak timbers supplied in Laos” showed all the 

locations of teak timbers supplied in the country.   

• Section 5.4: “Volume of plantation teak” provided data on the volume consumed 

annually in Laos by each of teak wood buyer company.   

• Section 5.5: “Teak products price” presented data on different types of teak products 

produced in Laos and markets for these products in the country.   

• Section 5.6: “Laos plantation logs grading issues” presented several reasons why the 

existing Laos logs grading rules are not suitable in the country, and why they aren’t 

applied by teak buyers and growers.  

5.1 Timber trading and pricing of plantation grown teak (Tectona grandis 

Linn.F) in Laos  

This study section was designed to investigate teak timber trading and pricing based on a teak 

buyers’ survey in Laos. The study investigated teak trading methods, markets and prices paid 

for particular timber types and quality (grades).  
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5.1.1 Plantation teak harvesting    

The analysis of responses from 100 teak buyer companies (50 buyers in Vientiane and 50 

buyers in Luang Prabang) indicated that the highest frequency age of plantation teak purchased 

in Laos was between 21-25-year-old followed by 16-20-year-old by 27.9% and 25.8% 

respectively (Figure 29). Only 1.8% of teak buyers didn’t know the age of the timber they 

bought. There was no consistent rotation age of plantation teak harvesting in Laos. The 

harvesting age of teak plantations has been established in accordance with both farmers’ 

personal needs and buyers’ requirements. The trees were harvested when growers had 

significant personal cash needs such as family weddings, school fees, etc. The buyers 

requirements were as follows: for round logs, a minimum diameter of 10 cm (under the bark 

of the log small end) was accepted, while for standing trees, a minimum diameter of 15 cm at 

breast height (DBH) was accepted. 

 

Figure 29: Frequency of plantation teak harvesting ages in Laos 

5.1.2 Teak timber supply chain and marketing     

The teak trading method in Laos was based on a decentralized marketing system in which 

buyers and sellers interacted directly with each other. Each sale was negotiated on its own 

between the two parties. The market information for teak trading, such as prices, actual supply, 

demand and particular teak quality requirements was not publicly available in Laos. This study 

revealed that 70% of teak timbers were consumed by the medium and large wood sawmilling 

and manufacturing companies in Laos. The remaining 30% of teak timbers was consumed by 

small local companies. The supply chain diagram (Figure 30) showed that teak timbers were 

supplied from growers to end buyers in three ways; directly from teak growers to buyers; via 
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local traders; and via local small wood sawmillers and manufacturers. The supply of timbers 

to end buyers via the local traders accounted for 49%, followed by direct supply from teak 

growers (41.3%) and via the local small wood sawmillers and manufacturers (9.7%). The 

analysis of responses from 100 teak buyer companies indicated that currently 83% of teak 

products were consumed on the domestic market. Teak products that were destined for both 

domestic and international markets accounted for 15% and the products for international 

market only 2%. In 2016 the Lao Prime Minister released decree No. 15/2016, which banned 

the export of raw wood materials from both natural and plantation timbers and supported wood 

industries in processing finished and semi-finished products  (Lao Prime Minister Decree 

15/PM, 2016). For this reason, Lao plantation teak timber export has dropped from 95% in 

2015 (Midgley et al. 2017) to only 2% in 2017 (based on the data from this current study) while 

domestic market purchases have increased from 5% to 83% (Figure 30). The timber exported 

was only finished and semi-finished products. This study showed that 3 common types of teak 

timbers were sold in the country: 24.7% as standing trees, 39.6% as round logs and 35.7% as 

square logs (Table 17). The square log refers to a billet of wood or  a round log which was 

squared to have four flat surfaces. The smallest face of a square log accepted in Laos is 8 cm. 
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Teak sawmillers and manufacturers bought similar timber types (standing tree, log, and square 

log) and used similar wood equipment and production methods from log sawing to making 

furniture products. This means that most sawmilling and manufacturing companies in Laos are 

involved in both primary (sawmilling) and secondary (manufacturing) wood processing.  

Therefore, sawn-timber boards were rarely traded between wood sawmillers and manufacturers 

in the country. 

Figure 30: Teak timber supply chain in Laos 

Table 17: Proportion of common types of teak timbers trading in Laos 

 

Timber types % 

Standing tree                                                                24.7 

Round log                                                               39.6 
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5.1.3 Standing tree price      

Selling standing trees of plantation teak was a common practice in Laos. In this selling method, 

the price was mainly dependent upon two factors; standing tree size and the distance from 

plantation site to road access, which referred to any kind of roads that can be accessed by truck. 

The measurement of standing tree size in Laos was based on tree circumference at breast height 

or at 1.30 m height from the ground. To have a consistent unit between standing tree and log 

sizes, the circumference of standing trees was converted to a diameter measurement. The 

results revealed that 3 ranges of tree size (diameters of 19-25 cm, 26-31 cm, and over 31 cm) 

have different prices (Figure 31). However, it was not common in Laos for current plantation 

teak trees to reach a size of over 31 cm.      

The standing tree price (US$/tree) was determined by measuring the tree volume and 

converting to a price per tree volume. The results showed that a bigger tree size is a higher 

price compared to a smaller tree. For example, the price of a tree size over 31 cm was 

US$80.48/tree (US$138/m3 in standing tree) compared to US$12.45/tree (or US$87.15/m3 in 

the standing tree) for a smaller tree size of between 19-25 cm (Figure 31). In comparison, the 

standing trees price of plantation teak grown in Indonesia was also higher for bigger trees; for 

example, a tree size of 20.4 cm (diameter at breast height) was US$12.97/tree, and tree size of  

31 cm is US$73.83/tree (Roshetko et al., 2013). 

 

Figure 31: Standing tree price based on standing tree and standing volume 
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As previously mentioned, teak plantations in Laos were mostly grown by private smallholders 

of less than 2 ha on average per grower (Boer and Seneanachak, 2016). Some plantations were 

far from the road or on steep sites, which resulted in challenges and increased costs of 

harvesting and transporting. Therefore, the growers were not paid the same price for standing 

trees that were close to and far from the road, even though they were of the same size and 

quality. A large distance from plantation site to road has a negative impact on standing tree 

price. In the present study, the distance from the plantation site to road included four different 

ranges: between 1-2 km, 2.1-3 km, 3.1-4 km and over 4 km. These ranges were provided by 

the teak buyers. Standing trees located at a further distance from road receive a lower price 

compared to a similar size and quality tree grown closer to the road (Figure 32). For example, 

the price of a large teak tree over 31 cm (diameter at breast height) grown 1-2 km from the road 

was US$80.48/tree compared to US$50/tree on average for a similar tree size grown over 4 km 

far from the road.  

 

Figure 32: Standing tree price of different tree sizes and distances to road 
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The relationship between standing tree price, tree size (diameter at breast height) and distance 

from plantation site to the road was tested by a linear model with a logarithm transformation 

applied to price. The variables of standing tree size were coded “1” for tree size between 19-

25 cm; “2” for tree size between 26-31 cm; and “3” for tree size over 31 cm. Similarly, the 

range of distances from plantation site to the road was coded “1” for between 1-2 km; “2” for 

2.1-3 km; “3” for 3.1-4 km; and “4” for more than 4 km. Linear regression was applied to the 

standing tree price at p<0.001 (Table 18). The value of R squared was 0.83, which means that 

83% of the variation in standing tree price is explained by the independent variables (tree size 

and distances).  

Table 18: Regression of price on standing tree size and distance from tree to road 

Parameter B Std. Error t test p value 
95% Confidence Interval 

Lower Bound Upper Bound 

Intercept 4.480 .073 61.677 .000 4.336 4.623 

Distance -.167 .023 -7.333 .000 -.211 -.122 

Tree size=1 -1.918 .063 -30.386 .000 -2.043 -1.794 

Tree size=2 -1.512 .062 -24.261 .000 -1.635 -1.389 

Regression analysis establishes the relationship between standing tree price, tree size and 

distance from the plantation site to road. The equation was expressed as Equation 10. 

Loge(tree price ) = 4.48 − 0.167 Distance − 1.918 (If tree size = 1) 

  −1.512 (If tree size = 2) − 0(If tree size = 3)            [10]                                                      

The equation demonstrated that if a tree was grown 1 km from the road, and the tree size 

(diameter at breast height) was between 19-25 cm, its price can be predicted as 

Loge(standing tree price) = 4.48 − 0.167x1 − 1.918 = US$10.96/tree. The modeling 

equation also showed that for each extra km of distance, the standing tree price was multiplied 

by 0.85 (e -0.167). In other words, the tree price will decrease by 15% for each extra km of 

distance from the road.  
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5.1.4 Round log price      

Two different pricing systems were used for round logs in the study sites; based on log diameter 

alone or based on both log diameter and log quality (grade). This study showed that 

approximately 90% of teak buyers paid for round logs based on the diameter alone. The other 

10% of teak buyers paid for round logs based on both diameter and log quality (grade).   

(1). Log price based on log diameter size 

The data for round log prices was analyzed by applying a general model of univariate SPSS. 

The results showed that five different ranges of log diameter have significantly different prices. 

The ANOVA table showed a significant relationship between round log price and diameter at 

p<0.001.  The value of R squared was 0.75. This means that 75% of the variation in log price 

is explained by the independent variable of log diameter. The relationship between price and 

log diameter was tested by fitting a stepwise linear model applied to price. The variable of log 

diameter sizes was coded as follows: “1” for log diameter between 10-14 cm; “2” for log 

diameter between 15-16 cm; “3” for log diameter between 17-20 cm; “4” for log diameter 21-

25 cm; and “5” for log diameter 26 cm and more. The relationship model between price and 

log diameter was expressed as Equation 11.  

Price = 33.97 + 65.21 (Diameter size)                          [11] 

For example, the predicted price of a log with diameter “2” (between 15-16cm) is 33.97 + 

65.21x2= US$164.49/m3. 

Statistical analysis showed that based on a 95% confidence interval, log price differed based 

on log diameter sizes (Table 19). On average, the lowest price of the round log was for the 

smallest diameter of between 10-14 cm (US$95.6/m3) compared to the highest price for the 

biggest diameter of 26 cm and more (US$320.8/m3). It is important to note that these prices 

were paid at the buyers’ factory gates. In Laos, log was sold at different prices at different 

locations due to the high transport costs and a number of logistical factors (Smith et al., 2018).  
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Table 19: Comparison of round log prices of different diameter sizes 

Diameter 

(under bark, cm) 
Mean (US$/m3) Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

10-14 95.6 5.3 85.1 106.0 

15-16 158.3 6.2 146.0 170.5 

17-20 247.2 6.4 234.4 260.0 

21-25 300.2 6.2 287.9 312.4 

26+ 320.8 11.9 297.1 344.3 

Average price 224.4    

Note: Log length is 2.20 m.  

The average price of all log diameter sizes for a common log length requirment (2.20 m) in 

Laos was US$224.4/m3 (Table 19), while the round log prices of teak imported to China and 

Thailand from Asia (except Burma) were US$528.3/m3 and US$406.6/m3, respectively (prices 

based on average from 2010, 2011 and 2012) (Midgley et al., 2015). Unfortunately, there is a 

lack of data on prices of teak imported to China and Thailand depending on log quality (grades) 

and sizes (diameter and length).  

(2). Log price based on both diameter sizes and quality grades 

The study results confirmed that logs of larger size and higher quality (A grade) were sold for 

much higher prices compared to smaller round log sizes and a lower quality grade (D grade). 

The log quality grades are based on the log grading rules developed by ACIAR-Laos (Hopewell 

et al., 2015). An unexpected result of the study was that the round log price based on both log 

diameter and log quality (grade) was much lower than the price based on log diameter alone 

(no grading price) (Figure 33). For instance, the price of a round log of diameter 26-30 cm and 

A grade quality was US$250/m3, while the price paid for the same size round log alone was 

US$320.8/m3. The graded logs should have higher prices than the ungraded logs (Rast et al., 

1973) but this study revealed an opposite trend. The explanation of the reason why the graded 

log was cheaper than the ungraded log is that the selling method of logs based on both log size 

and log quality grade was only approximately 10% compared to the selling method of ungraded 

log (or based on log size alone). This selling method of graded logs was applied mainly by the 

wood sawmilling companies which only understood the Lao log grading rules. However, there 

are companies which  developed the log quality grades and prices by themselves, and then they 

contact the teak growers to buy the logs according to their own log grading rules and prices.  
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Approximately 90% of teak selling in Laos is based on ungraded log method. This selling 

method is mainly applied by the wood sawmilling companies which don’t use any grading 

rules. The selling of ungraded log is also applied by some Chinese traders who come to Laos 

and buy processed logs from Lao wood sawmilling companies for export to China. The selling 

price of teak log grown in Costa Rica mainly depended on both log size and log quality (grade) 

(Moya and Peres, 2008). Comparison of round log price was made between this study and the 

data from Moya and Peres (2008). The round log price in Laos was lower than the round log 

price in Costa Rica for a similar log size (30 cm in diameter) and log quality grade (A grade) 

by US$250/m3 and US$300/m3 respectively. 

 

Figure 33: Round log price based on both diameter and wood quality (grade) 

5.1.5 Square log price      

The results of this study indicated that the price of square logs was mainly related to the square 

size (Figure 34). There was not a consistent square log quality grading rule existing in Laos 

that may equate to market price. The analysis showed that four main square log sizes currently 

have significantly different prices. The range of sizes was between 8-10 cm, 11-15 cm, 16-20 

cm and over 20 cm. In order to fit the regression model of price correlation with square log 

size, the independent variables of square log sizes were coded “1” for square log size between 

8-10 cm, “2” for square log size between 11-15 cm, “3” for square log size between 16-20 cm 

and “4”  as the square log size over 20 cm. The simple linear regression analysis confirmed 

that square log price has a significant relationship to its square size at p-value 0.001 and R-
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value of 0.65. The best square log price relationship with its square size (cm) was expressed as 

Equation 12. 

Price= 25.28 + 148.06 (Square size)                                                                           [12] 

The square log size has a strong impact on market price. On average, the larger square log size 

of 16-20 cm has a price nearly three times higher compared to the smaller square log size of 8-

10 cm of US$423.87/m3 and US$158.85/m3, respectively (Figure 34).  

 
Figure 34: Square log price 

The prices of round logs and square logs were compared in this study. However, as the square 

log requires a larger round log size to be sawn to a square size. Therefore, in this comparison, 

it was assumed that a round log has a perfect round shape and the square log processed from a 

round log also has a perfect squareness.  In this assumption, the size of a square log can be 

predicted based on the geometry of Pythagorean theory. According to this formula, to produce 

a square log of a particular size at the sides, the diameter of the round log needs to be bigger 

than the size of the square side. For example, a square log with four equal sides of 10 cm needs 

to be sawn from a round log of diameter 14 cm (the exact calculated diameter is 14.14 cm), 

and a square log size 11 cm needs a round log diameter of 15.55 cm to process (Figure 35). 
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The results of this study revealed that the square log was much more expensive than the round 

log of a similar timber size (Figure 35). For example, the price of a square log size of 11 cm 

was two times higher compared to the round log price for a round log size of 16 cm that will 

produce a similar size square log (US$353.90/m3 and US$158.30/m3, respectively). However, 

it should be noted that the price of a square log includes the cost of processing the four squared 

sizes.  

 

Figure 35: Comparison of round log and square log prices (Note: the values of diameters of 

the round logs were rounded by deleting digits).      

Figure 36 summarized the market price in Laos of plantation teak timber of different types 

(standing tree, round log and square log). The analysis indicated that the highest price was paid 

for a square log compared to a round log and a standing tree (US$402/m3, US$225/m3 and 

US$104/m3, respectively). It could be concluded that the selling of square logs should be 

promoted in Laos. This timber type can add higher value and income for the sawmillers. 

However, it is recommended that further economic analysis be undertaken on the value of this 

type of processed timber in Laos.    
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Figure 36: Comparison of prices of teak standing tree, round and square logs  

5.1.6 Type of products produced from teak      

The analysis of responses showed that three major wood products: joinery products, door and 

window frames, and furniture, were produced from plantation teak. The joinery products, 

which included ceiling and flooring products, walls and stairs, comprised the highest 

percentage of tesk wood products in the Lao wood industries (57.9%) (Table 20). These 

products were mostly made from finger joined panels, which can be used for multiple indoor 

decorative products. These joinery products were made from cheaper wood materials, such as 

young trees of smaller log size with a larger portion of sapwood. In addition, the products 

required a lower skilled worker for processing compared to furniture products. The second 

most frequently produced teak products in Laos were doors, windows and frames (26.3%), 

while furniture accounted for 15.8%. Many local Lao carpenter workshops also used teakwood 

for a variety of local arts and handicrafts. 

 

 

 

 

 

0

100

200

300

400

500

600

700

800

≥
1

9
-2

5
 

≥
2

6
-3

1
 

 >
3
1

 A
v

er
ag

e

≥
1

0
-1

4

≥
1
5
-1

6
 

≥
1

7
-2

0
 

≥
2

1
-2

5
 

 >
2
5

 A
v

er
ag

e

≥
8

-1
4

 

≥
1

5
-1

6
 

 >
1
6

-2
0

 >
2
0

 A
v

er
ag

e

Tree (DBH, cm) Round log (diameter, cm) Square log (square size, cm)

A
v
er

ag
e 

p
ri

ce
 (

U
S

$
/m

3
)



Chapter 5:  Study results   

116 

 

Table 20: Type of teak products produced in Laos  

Teak products Proportion of volume 

production (%) 

Wood characteristics accepting for the 

products 

1. Joinery products 

(ceiling, flooring 

products, indoor 

walls, stairs, etc)  

 

 

57.9 

• Low-quality timbers (young and 

small size logs or trees) 

• Large sapwood (white wood) 

• High knot numbers, and defects.   

• Cheaper price timbers  

2. Doors-windows 
and frames 

 

 

26.3 

• High-quality timbers of older and 

bigger logs (larger sawn board) 

• Large heartwood (black-red), lesser 

sapwood (white wood) 

• Low knot numbers and defects 

• Higher price timbers 

3. Furniture products 

(bed, chair, TV 

table, etc) 

 

 

15.8 

• Highest quality timbers (older and 

larger logs or trees) with the largest 

heartwood proportion are required for 

the high valued-furniture such as 

wooden sofa, and TV table.   

• High-quality timbers are usually 

applied to the exposed sides of the 

products.  

• The unexposed sides of the products 

can be made from lower quality 

wood. 

• For the medium and low-value 

furniture products such as a chair, and 

school furniture, the lower quality 

timbers are usually suitable.       

5.1.7 Conclusion      

This study showed that end buyers of teak timbers in Laos were wood sawmillers and 

manufacturers. Teak timbers were supplied from growers to end buyers via three ways: directly 

from teak growers to buyers (49%); from local traders (41.3%) and from local small wood 

sawmillers and manufacturers  (9.7%). Standing trees, round and square logs were the common 

types of teak timbers currently being sold in Laos. Prices for these timbers varied depending 

on many factors, such as timbers size, quality (grade) and the distance from plantation site to 

road. The price of a round log size of diameter (D26-30 cm) of A grade log quality was 

US$250/m3, while the price for the same size of the round log without grading its log quality 

was US$320.8/m3. This is an unexpected result as it is presumed that the graded logs of any 

tree species should have a higher price and value than ungraded logs. Therefore, it can be 
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concluded that there is a need to develop a clear system of teak grading rules in order to 

establish a fair pricing system for teak in Laos. This study concluded that the value of a standing 

tree decreases by 15% for each extra km distance from road transport. The square log size has 

a strong impact on market price. On average, a square log attracted the highest price compared 

to round logs and standing trees (US$402/m3, US$225/m3 and US$104/m3, respectively). It 

could be concluded that selling square logs should be promoted in Laos. However, it is 

recommended that further economic analysis should be undertaken on the value of this type of 

processed timber in Laos.     

5.2 Market preferences in Laos for wood characteristics and properties of 

plantation grown teak (Tectona grandis Linn.F) 

This study section aimed to define the key determinants of wood characteristics and properties 

on the market price of plantation grown teak in Laos. The specific objectives of this study were 

to assess teak buyers’ preferences regarding wood characteristics and properties for particular 

end uses, and market price correlation with wood characteristics and properties.  

5.2.1 The frequency of the occurrence of wood characteristics    

The analysis of responses showed that knots were predominantly found in teak wood products 

by 45.2%, followed by white-sapwood (18.6%), end-split (16.2%), insect hole (10.9%) and 

soft pith-decay (9.1%) (Figure 37 and 38). It has been noted that end split occurred only on the 

decorative products (ceiling, flooring, and walls) (Figure 38). The main reasons for this study 

results may be the fact that  teak plantations in Laos were mostly grown by private-smallholders 

with over 80% of the growers who did not thin and prune their trees (MAF, 2001). In addition, 

teak timbers used in Laos for wood manufacturing are not properly dried. It was observed 

during the survey that over 60% of teak wood manufacturers in Laos didn’t have kiln dry for 

their timbers. The timbers were dried only by air and exploring to sunshine without a certain 

standard of wood moisture content for their finished wood products manufacturing. The teak 

timbers were also not separated into quality grades for the specific finished product. For 

example, Lao teak furniture-products were produced from both heartwood and sapwood.       

In square logs, the predominant wood characteristics occurrence were: knot, end-split and wane 

by 28.9%, 20.2%, and 19.4%, respectively (Figure 37). Knot, buttress, and bend were major 

characteristics appearing on round logs of 29.8%, 17.7% and 15.3%, respectively. It could be 

concluded that knot has the highest occurrence in all Lao teak wood products, square log and 



Chapter 5:  Study results   

118 

 

round log compared to others wood characteristic parameters. According to other studies, knot, 

buttress, and bend also showed  the highest occurrence  on the round log of plantation teak 

grown in Sri Lanka by approximately 90%, 25% and 20%, respectively (Jayawardhane et al., 

2016). 

 

Figure 37 Frequency of the occurrence of teak wood characteristics in wood products, square 

logs, and round logs  

  

Figure 38: Examples of wood characteristics presented in teak products in Laos 
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to replicate here. This information mentioned were recently under reviewing for publishing by 

the Journal of Small-Scale Forestry (SSFO) with the paper entitled “Timber trading and pricing 

of plantation-grown teak (Tectona grandis Linn.F) in Laos”. As this information are the key 

factors that influenced and related to this present report. This specific information included: 

the age between 21-25 years was the highest percentage (27.9%) of plantation teak harvested 

in Laos, followed by 16-20 and 26-30-year-old with 25.8% and 17.5%, respectively. Three 

common types of teak timbers were being sold in Laos; 24.7% as standing tree, 39.6% round 

logs and 35.7% square logs. The square log mentioned here means a billet of wood or a log 

that is removed of the bark and squared  to have flat four surfaces.  Joinery products, door and 

window frames, and furniture were major finished wood products produced from plantation 

teak in Laos. The joinery products, which included ceiling and flooring products, walls and 

stairs, comprised the highest percentage or products in the Lao wood industries (57.9%). The 

second most frequently produced teak products in Laos were doors, windows, and frames 

(26.3%) while furniture accounted for 15.8%. Sawn-timber boards were rarely traded between 

wood sawmillers and manufacturers in the country. The reasons found that wood sawmillers 

and manufacturers bought similar timber types (standing tree, log, and square log) and used 

similar wood equipment and production methods from log sawing to making furniture 

products. This means that most sawmilling and manufacturing companies in Laos are involved 

in both primary (sawmilling) and secondary (manufacturing) wood processing. 

5.2.2 Ranking of wood characteristics and properties    

The ranking result of the first type of wood characteristics, that are related or called “wood 

defects” were ranked for their importance for the buyers. Wood decay and pipe were the most 

important defects with score ranking between 4.2-5 (Figure 39).  It means that when decay and 

pipe are found on a timber, it would be rejected by the buyers. The second most important 

wood defects were bend and insect holes with a ranking between 3.4-4.23 (Figure 39). Knot 

holes and end-split were the middle important wood defects with a ranking between 2.6-3.4. 

Log wane/buttress, knots and end check were not important defects for the buyers. For wood 

characteristics, that are not related or called “wood defects”; heartwood obtained the highest 

total score of 5, followed by log diameter size, and log length size as the second and third most 

important requirement from the buyers of scores 4.9 and 3.6 respectively (Figure 40). It means 

that timbers with higher heartwood proportion and larger sizes (diameter and length) are in 

higher demand and price. Wood colour received the fourth ranking importance from the buyers.  
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For wood properties, that describe the quantitative characteristics of wood and its behaviour in 

response to external influences and externally applied forces (for example, density, 

dimensional stability, stiffness, bending strength, compression strength, shear strength, and 

hardness) were not found important for the buyers. Buyers didn’t value wood properties when 

choosing and paying for teak timbers. This study showed that teak buyers ranked wood 

properties as the least important of scores between 1.1 and 1.9 (Figure 40).  

 

 

Figure 39: Ranking of defect-wood characteristics according to their importance for teak 

buyers  
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Figure 40: Ranking of non-defect wood characteristics and properties according to their 

importance for the buyers  

5.2.3 Buyers’ criteria for acceptance of wood characteristics and properties      

The section above showed the ranking importance of wood characteristics and properties based 

on buyers’ preference and requirements. However, this score ranking mentioned could not 
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provide suggestions for teak timbers grading rules improvement.  

For wood characteristics that are related “wood defects”, decay was the worst defect considered 

by the buyers and the timber with wood decay was rejected and not paid for. Therefore, there 

was not any specific minimum value or criteria acceptance for wood decay by the buyers. Log 

end split, buttress, pipe, bend, heartwood, etc., buyers have different specific limitation value 

or criteria acceptance for these particular types of wood characteristics (Table 21). For 

example, the maximum log end-split length accepted by the buyers was 50% of the total log 

length 2.20 m. Log buttress was calculated in percent as the ratio between maximum deep 

between a straight line extended between buttress peaks and log diameter. The maximum log 

buttress accepted by the buyers was 30% and 18.2% on average (percent of log buttress per log 

diameter). Log pipe, expressed as a percent, was calculated as the ratio between pipe diameter 

and log diameter. Maximum pipe acceptance from the buyers was 31% and 13.8% on average. 
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distance bend from a straight line extended between log ends. The maximum log bend 

acceptance from the buyers was 15% and 6.2% on average. However, a double log bend was 

not accepted by the buyers. The maximum numbers of knots and knot holes accepted by the 

buyers are 15 and 4 respectively for a minimum log length of 2.2 m. The maximum number of 

log insect holes accepted is only 3 (Table 21).   

For wood characteristics that are not related “wood defects”; heartwood unit is provided in 

percent by calculating the ratio between heartwood and log diameter. Larger heartwood log 

was highly preferred by buyers. In this study, the minimum heartwood acceptance from buyers 

was 40%. Minimum log dimensions of diameter and length acceptances from buyers were 10 

cm and 1 m respectively. There was not any specific limit value or criteria of wood colour for 

acceptance by the buyers in Laos. The reason provided that all teak wood colours were accepted 

by the buyers.  

For wood properties (mentioned above), all of the 100 teak buyers participating in the 

assessment didn’t realize any specific value acceptance of wood properties for their wood 

products. Reasons provided by the buyers that both domestic and international markets’ 

requirements for plantation teak timbers and finished wood products were not restricted to any 

specific values acceptance of for wood properties. It was additionally explained that the major 

products manufactured of plantation teak were joinery products, door and window frames, and 

furniture. These products were not included any specific values of wood properties in 

processing and manufacturing. So, it can  be concluded that wood properties do not need to be 

included  in  teak timber quality grading. 
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Table 21: Buyers’ acceptance of wood characteristics 

 
Specific criteria for acceptance of wood 

characteristics 

Wood characteristics  
Mean Std. Deviation Minimum  Maximum 

End split (%) 21.8% 9.9% 5% 50% 

Buttress (%) 18.2% 7.4% 5% 30% 

Pipe (%) 13.8% 9.7% 1% 31% 

Bend (%) 6.2% 2.7% 3% 15% 

Heartwood proportion (%) 59.6% 10.4% 40% 80% 

End-check (mm) 16.6 5.6 5 20 

Diameter small end (under bark) 

(cm) 
12.1 2.4 10 20 

Log length (m) 1.4 0.3 1 2 

Knot (No.) 10.2 4.5 3 15 

Knot-hole (No.) 2.0 1 0 4 

Insect hole (No.) 0.6 0.8 0 3 

Note: 100 teak buyers responded their acceptance of wood characteristics 

5.2.4 Relationship among log price, wood characteristics and properties     

The Pearson correlation analysis demonstrated that wood properties haven’t had any impact on 

log price. Lao teak buyers didn’t consider the value of wood properties in their wood products 

and teak timbers purchasing price. However, the total of 7 predictor variables of wood 

characteristics have significant correlations with log price at p=0.001 (Table 22). Then, these 

significant independent variables were only applied to fit a stepwise regression model on log 

price at p<0.001 and a coefficient of determination (R squared=0.78). The model showed that 

4 out of 7 predictor variables of the wood characteristics were only significantly fitting to the 

model (Table 23).  These predictor variables were included a bend, buttress/wane, and insect 

hole. Heartwood proportion, knot, and log end split didn’t show a significant regression with a 

price. The reason for this result is that heartwood proportion is highly correlated with log 

diameter size. Therefore, log diameter size represented heartwood proportion for fitting to the 

regression model. It was noted that wood decay is rejected to offer price from the buyers. 

Buyers didn’t buy log with wood decay or any rot presented on logs. Furthermore, log pipe has 

also been excluded from testing its relationship with log price due to the given reason that 

buyers pay only the net log volume.  
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Table 22: Significant correlations of log price and wood characteristics 

 

Price  

(US$/m3) 

Diameter 

(cm) 

Bend 

(%) 

knot  

(No) 

End-split  

(cm) 

Insect-hole 

(No) 

Buttress 

(%) 

Heartwood 

(%) 

Price (US$/m3) Pearson Correlation 1 .855** -.314** -.216** -.160** -.467** -.205** .391** 

Sig. (2-tailed)  .000 .000 .000 .007 .000 .000 .000 

1. Diameter (cm) Pearson Correlation .855** 1 -.151* -.050 -.060 -.407** -.025 .296** 

Sig. (2-tailed) .000  .011 .400 .309 .000 .670 .000 

2. Bend (%) Pearson Correlation -.314** -.151* 1 .408** .348** .375** .429** -.436** 

Sig. (2-tailed) .000 .011  .000 .000 .000 .000 .000 

3. knot (No) Pearson Correlation -.216** -.050 .408** 1 .589** .118* .735** -.722** 

Sig. (2-tailed) .000 .400 .000  .000 .045 .000 .000 

4. End split (cm) Pearson Correlation -.160** -.060 .348** .589** 1 .100 .647** -.551** 

Sig. (2-tailed) .007 .309 .000 .000  .092 .000 .000 

5. Insect hole (No) Pearson Correlation -.467** -.407** .375** .118* .100 1 .080 -.183** 

Sig. (2-tailed) .000 .000 .000 .045 .092  .175 .002 

6. Buttress (%) Pearson Correlation -.205** -.025 .429** .735** .647** .080 1 -.605** 

Sig. (2-tailed) .000 .670 .000 .000 .000 .175  .000 

7. Heartwood (%) Pearson Correlation .391** .296** -.436** -.722** -.551** -.183** -.605** 1 

Sig. (2-tailed) .000 .000 .000 .000 .000 .002 .000  

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed). No.=287 
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Table 23: Regression of log price on wood characteristics  

Model 

Unstandardized  

Coefficients t P 

B Std. Error 

(Constant) 109.903 11.715 9.381 .000 

1. Diameter (cm) 60.896 2.305 26.415 .000 

2. Bend (%) -11.297 3.700 -3.053 .002 

3. Buttress (%) -10.343 2.369 -4.365 .000 

4. Insect hole (No.) -15.043 5.203 -2.891 .004 

The best relationships among log price on log size and wood characteristics from the 

regression model was expressed as the equation 13:  

Price= 109.90 + 60.90 (Diameter) – 11.30 (Bend) – 10.34 (Buttress or wane)  

                 – 15.04 (Insect hole)             [13] 

The coefficient value of the model demonstrated that log diameter has the largest 

positive impact on price. On the other hand, wood characteristics or visual defects have 

all negative impact on log price. It means that when the log diameter is bigger, the price 

will increase. But, if the number or value of wood characteristics increases, the log price 

will decrease. In comparison, the regression showed that log size (diameter) has the 

largest impact on log price compared to log wood characteristics of log bend, buttress 

and insect hole number by a multiplied value 60.9, -11.3, -10.3 and -15.0 of $US/m3 

respectively (Table 23). Regarding the regression expression above, log price of log 

diameter between 15-16 cm “2”, log bend between 3-5% “2”, log buttress or wane 6-

10% “2”, and the insect hole number of 1 “2” will be approximately 158.34 $US/m3.  

For example, Log (price)= 109.90 + 60.90x2 – 11.30x2 – 10.34x2 – 15.04x2= 158.34 

$US/m3.  

The literature review of this study also revealed that in Sri Lanka and India, log length 

and circumference of plantation teak were recognized as the most important significant 

variables affecting the log price, followed by other wood defects such as knots, bend, 

insect hole, and buttress, etc.(Kumar et al., 2013; Jayawardhane et al., 2015).   
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5.2.5 Conclusion      

This study aimed to define the market preferences of wood characteristics and 

properties of plantation teak grown in Laos. The results showed knot was the major 

characteristic appearing on plantation teak timbers for all finished wood products, 

square log and round log in Laos. White-sapwood, end-split and buttress were the 

second predominant in teak finished wood products, square log, and round log 

respectively. The larger heartwood, diameter, and longer length logs were of the highest 

preference by the buyers. On the other hand, decay, pipe, insect hole, bend, and knot 

hole were the wood defects that the buyers were seriously concerned about when they 

buy the timbers. Reasons provided by the buyers that these wood characteristics that 

are related to wood defects have a significant impact on the quality of finished wood 

products and recovery rate of both timbers processing and manufacturing. This study 

concluded that wood properties were not important for buyers. The price-quality model 

in this study indicated that log diameter, bend, buttress, and insect hole were the only 

significant wood characteristics affecting plantation teak log price in Laos. The results 

from this study could be applied for improving plantation log grading rules in Laos. 

The results could also benefit teak growers by improving market opportunities for their 

products through adapting teak timbers to meeting the specific market requirements, 

and to maximize the product quality and its return on investment.  
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5.3 Location of plantation teak supplied in Laos      

The analysis of responses from 100 teak buyer companies in the study sites showed that 

plantation teak timbers are mainly supplied from four locations or provinces in Laos 

(Figure 41).  

Figure 41: Locations of teak timbers supplied from in Laos 

The highest amount of teak timbers supplied in Laos were from Luang Prabang 

Province which covered 96% of the total teak volume compared to other provinces 

(Table 24). Vientiane Municipality was the second highest teak supplier covering 19% 

of the total teak timbers supplied in the country. Plantation teak sources in Vientiane 

Municipality were mainly supplied from Sangthong District. The survey results 

unexpectedly showed that Sayabouri Province had the lowest amount of teak timbers 

supplied to teak buyer companies in Laos with only 14%. Sayabouri was a Province 

where the natural forest of teak occurred in the country, and this province was also 

recognized as the second largest area of teak plantations after Luang Prabang Province 

in Laos. Several teak buyer companies in Vientiane Municipality reported that teak 

timbers supplied from Sayabouri Province were of lower quality compared to the teak 

8   Luang Prabang Province  

11 Sayabouri Province 

15 Vientinae Municipality 

16 Vientiane Province 
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supplied from other provinces in Laos. The teak timbers from Sayabouri often have 

insect holes which have a significant impact on wood processing recovery and product 

quality. This might be the main reason why teak timber was less sourced from 

Sayabouri Province.   

Table 24: Location of plantation teak supplied in Laos  

Location of teak supplied  Response number % 

Luang Prabang Province 96 96% 

Sayabouri Province 14 14% 

Vientiane Province  16 16% 

Vientiane Municipality 19 19% 

Total 145  

5.4 Volume of plantation teak consumed annually in Laos      

The survey results showed that on average, each teak buying company consumed 394.8 

m3/year of plantation teak timber.  This amount included all types of teak timbers; for 

example, standing trees, round logs, and square logs, that was supplied from the teak 

growers or suppliers. The results also indicated that there was a variation of teak volume 

consumed by each teak buying company with the maximum volume of 5500 

m3/year/company and minimum volume of only 8 m3/year/company (Table 25).  This 

different teak volume consumed by different companies was due to the different sizes 

of the companies involved in this study:  small size factory with the daily production 

capacity between 1-10 m3, medium size factory with daily production capacity between 

10-30 m3, and the large wood factories of capacity production over 30 m3 (Phengsopha, 

2011). 

Table 25: Annual volume purchased of plantation teak (m3/year/buying company) 

Location Buyers Mean Minimum Maximum Std. Deviation 

Vientiane 50 404.9 10 5500 1011.3 

Luang Prabang  50 384.7 8 5000 755.8 

Average  394.8 9 5250 888.3 

A comparison between the two study sites of Vientiane Municipality and Luang 

Prabang Province showed that there was not significantly different amount of teak 

volume purchased by teak buyers in these two different locations. However, as 
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mentioned above 9.7% of the teak timbers was supplied via the Local small wood 

sawmillers & manufacturers in Luang Prabang to the medium and large wood 

sawmillers and manufacturers in Vietiane Municipality. It means that 9.7%  of the total 

teak volume purchased in Luang Prabang were not used in Luang Prabang. This amount 

of teak volume was purchased by the teak buyers in Luang Prabang, and then, it was 

further supplied to the medium and large wood buyers in Vietiane Municipality.    

It is also noted that Lao wood companies consumed not only teak,  but others timbers 

of different tree species were also used. For example, a company consumes only 8 

m3/year of teak timber, but this company also consumes others wood species. The 

buyers bought teak timbers when they only have specific orders for products to be made 

from this species. However, when the Laos national policy of timber trading changed 

which banned the export of raw wood materials from both natural and plantation 

timbers (Lao Prime Minister Decree 15/PM, 2016), it has extremely affected the teak 

buyers. It was observed during the survey that many wood sawmilling and 

manufacturing companies in Vientiane Municipality have stored an essential volume of 

teak logs in their factories for years, because they could not export the timbers to 

neighbouring countries (Figure 42).   
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Figure 42: Logs stored in a factory due to banning export logs to international markets 

(photo taken by Wanneng, 2017) 

5.5 Teak products price      

Types of teak products and their prices were collected from the visit to 50 teak furniture 

selling shops in Vientiane Municipality. As previously mentioned, three major teak 

products that were commonly produced and sold in the Lao on domestic markets were: 

1). joinery products (for example, ceiling, flooring, indoor walls, and stairs products), 

2). door, window-frames, and 3). furniture products (for example, bed, chair, wooden 

sofa, TV table, etc). This survey also found that approximately 30% of the wood 

products selling shops have their own wood manufacturing companies.  

The survey results showed that different teak products were sold at different prices. The 

reasons provided were that teak products prices depended on three factors: type of the 

product, product sizes, and the quality of the products (for example, raw wood materials 

for the product manufacturing, product designing and processing). The prices of teak 

joinery product, teak bed and door products were selected as a case study of teak 

products prices in Laos. The comparison showed that the joinery wood products were 

sold for the lowest price compared to door and bed products:  US$/15.9 m2, US$90.9/ 
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m2, and US$132.0/m2, respectively (Table 26). However, as previously mentioned, the 

joinery products were made from cheaper wood materials for the processing, such as 

the young tree of smaller log sizes with a larger proportion of white-sapwood. In 

addition, these products were easier to process and needed lower skilled workers for 

processing compared to other types of teak products.  

Table 26: Price of some teak products (joinery, door and bed products) in Laos 

Teak products No. Mean 

Std. 

Deviation Minimum Maximum 

Joinery products (US$/m2) 62 15.9 2.0 12 21 

Door (US$/m2) 57 90.9 15.8 98 155 

Bed (US$/m2) 58 132.0 94.8 183 600 

5.6 Laos plantation logs grading issues      

As explained in the previous chapters, the study revealed that there were two existing 

methods of payment for round-logs which were based on log diameter size alone and 

based on both log diameter size and log quality (grade). Approximately 90% of teak 

buyers paid for round logs based on the diameter size alone. Other 10% of teak buyers 

paid for round logs based on both diameter size and log quality (grade). Lao log grading 

rules of plantation teak were currently based on the log grading rules developed by 

ACIAR-Laos project mentioned above. There were three main reasons why buyers 

didn’t want to buy timbers based on these grading rules: 1) the existing log grading 

rules were time-consuming and economically costing; 2) the current grading rules were 

not related to the real buyers’ requirements of wood quality and prices, and 3) the 

grading rules were not enforced by the government to be used. 

As previously mentioned, the current rules included 11 wood natural features or defects 

for the grading criteria. The final grade for a single log was based on the lowest grade 

of the defects. In addition, the current grading system hasn’t been associated with log 

diameter size. It was also found that round log price based on both log diameter size 

and log quality (grade) was much lower than the log price based on log diameter size 

alone (no grading price). For example, the round log price of US$250/m3, based on both 

log diameter size (D26-30 cm) and log quality grade (A grade), was much lower than 

the US$320.8/m3 amount paid for the same size of round log (D26-30 cm) based on log 

diameter alone (no grading price). This was an unexpected result of the study because 
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in general, the graded logs should have higher prices than the ungraded logs, but this 

study showed an opposite trend. The main reason for this irrational pricing of teak logs 

was that the current ACIAR-Lao log grading rules were complicated and highly time-

consuming. As part of this research study, tweenty logs of the Burapha company, one 

of the largest wood processing and manufacturing companies in Laos, were tested by  

recording the total time required  for log  grading and measuring. The testing was based 

on the existing ACIAR-Lao log grading rules during this field study. Three people 

participated in the test. One person recorded the logs data, and the time from the logs 

measurement.  Two persons measured and assessed log defects for grading. The testing 

results showed that on average one log was spent 3.14 minutes for only log measuring 

and assessing the appearing wood defects (Table 27). This time was not included log 

grading. Regarding to this test, it realized that three workers work for one day (8 hours) 

could measure log volume and defects only 160 logs.   

Table 27: Time required for log measuring and defects assessing (minute/defect)  

 Log 

Minimum 

(minute/defect) 

Maximum 

(minute/defect) 

Mean 

(minute/defect) 

Std. 

Deviation 

End split 20 .24 1.47 .59 .31 

knot 20 .34 .72 .46 .09 

Heartwood 20 .29 .59 .45 .09 

Diameter 20 .31 .57 .41 .06 

Bend 20 .15 .44 .25 .07 

metal 20 .11 .27 .18 .05 

Length 20 .07 .27 .18 .05 

Buttress/wane 20 .08 .45 .14 .09 

Knot hole 20 .07 .29 .14 .06 

Pipe 20 .07 .32 .13 .06 

Insect hole 20 .06 .27 .11 .05 

Decay 20 .05 .17 .10 .03 

Mean time:    3.14  

Note* Three people involved (one recorded on log data of defects, diameter, and length 

and time measurement, two measured the logs) 
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Chapter 6:  

Discussion and applications  

 6.1 Introduction 

This chapter includes a discussion on how wood characteristics affect the market prices of teak 

timbers in Laos. The study results were used to develop a guideline of round log and square 

log grading rules in Laos.  

6.2 Study results discussions 

As mentioned in chapter 5, there was no consistent rotation age of plantation teak harvesting 

in Laos. The harvesting age was between 10-35-year-old. However, the age between 21-25-

year-old was the most common harvesting range in Laos representing 27.9% of total harvest. 

It was found that log or tree size was more important for teak buyers than log or tree age 

(plantation age). A minimum diameter under the bark of the small end of the log of 10 cm was 

accepted, while for standing trees, a minimum diameter of 15 cm at breast height (DBH) was 

accepted by the teak buyers. This means that buyers will not accept to buy a tree that even the 

age is 35 years, but its diameter at breast height is lower than 15 cm. This study realized that 

teak log grading rules can apply for log size instead of log age (plantation age). The results 

from this study also showed that there was a high correlation between log diameter and 

heartwood proportion. These study results also supported the view of Dieters al., (2013) who 

reported that in Laos, teak growers were the key persons who decided on plantation teak 

harvesting age. The grower made a decison when to sell the trees  depending on his/her  needs 

for financial assistance, such as paying for children to go to school or for medical treatment. In 

comparison, the harvesting ages of teak plantations in Laos were similar to teak harvesting ages 

in several countries in the world. Jha (2016) reported that trees between 12 to 30 years were 

used for harvesting teak plantations in Malaysia, Brazil, and Costa Rica. Roshetko et al., 

(2013), and  Ball et al., (1999) stated that in Indonesia plantation teak harvesting ages have 

been practiced between 10-25 years and 25-40 years. In India, plantation of the ages between 

20-35-year-old were mainly harvested (Bhat and Priya, 2004).  

In Laos, teak timbers were mainly used for three major wood products: joinery products 

(flooring, ceiling, and walls), door and window frames, and furniture. There were no veneer 
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and plywood products processed from teak species. Teak buyers in Laos used timbers of mixed 

qualities (heartwood and sapwood) for their products. In comparison, wood products made 

from teak timbers in Laos were similar to teak products produced in several countries in the 

world. In Indonesia, plantation teak timbers have been mainly used for furniture products 

(Roshetko et al., 2013). However, the furniture manufacturers in Indonesia used only 

heartwood for production. In Togo, teakwood has also been extensively used in the 

construction and carpentry purposes (Kokutse et al., 2012), but no information was provided 

on teak qualities or grades used for each particular product. Other studies also stated that teak 

has been accepted worldwide for a wide range of end uses and applications, from general 

carpentry, and joinery to furniture and cabinet making, as well as veneer and construction 

application, railway and ship materials (Bailleres and Durand, 2000, Matumura and Kawasaki, 

2011, Bhat, 1998). However, no details on teak timber qualities (grades) for these products 

were provided.  

The study results suggested that there was a need for developing log grading rules in Laos 

which could be easily applied for selection of grades for particular end-use products. 

To ensure that the proposed log grading rules are meeting teak buyers’ requirements of wood 

characteristics and properties, each parameter of wood characteristics and properties were 

ranked based on importance according to the teak buyers’ preferences. Ranking of wood 

characteristics that are not wood defects (or say “desirable wood characteristics”; for example, 

heartwood, colour, etc.) showed that larger heartwood proportion was the most preferred wood 

characteristic and ranked first in importance with the highest total score of 5, followed by log 

diameter size, and log length size as the second and third most important requirement from the 

buyers of scores 4.9 and 3.6, respectively. Wood colour was also determined as an important 

characteristic ranking fourth in terms of importance. However, wood colour was not an 

important determinant in log purchase, and there were no differences in buyer price offered for 

differnt wood colour. It should be noted that buyers selected wood colour only for the finished 

wood products (for example, flooring, door-window and furniture). Raw wood colour (such as 

in round logs and square logs) of plantation teak did not affect purchasing preferences because 

the raw wood colour can change after drying and processing. For wood characteristics that are 

referred to as “wood defects”; for example, wood decay, log bend, pipe, knots, etc., wood decay 

and pipe were the most important for the buyers. The second most important wood defects 

were insect holes, bend and knotholes. This was followed by log end split and wane/buttress, 

which ranked third in importance. When these wood defects were present on teak timbers, the 
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buyers would either reject the timbers or offer a lower price. Wood properties, that describe 

the quantitative characteristics of wood and its behaviour in response to external influences and 

externally applied forces (for example, density, dimensional stability, stiffness, bending 

strength, compression strength, shear strength, and hardness) were not found important for the 

buyers. Buyers didn’t value wood properties when choosing and paying for teak timbers. So, 

it can  be concluded that wood properties do not need to be included  in  teak timber quality 

grading.  

The ranking importance of wood characteristics and properties previously mentioned could not 

clearly illustrate a particular value of each wood characteristic and property parameters that 

were acceptable by the buyers. This paragraph further discusses these specific ranges of each 

wood characteristic and property in order to provide suggestions for teak timbers grading rules 

improvement. Both wood characteristics that are not related to wood defects and are related to 

wood defects mentioned above have particular limitations which restrict their acceptance by 

teak buyers. For example, the maximum log end-split length accepted by the buyers was 50% 

of the total log length of 2.20 m, the maximum log buttress accepted by the buyers was 30% 

and 18.2% on average, and the minimum heartwood proportion accepted by the buyers was 

40%. In this study, the range of accepted dimensions or numbers of these wood characteristics 

have been presented in Chapter 5.  For wood properties, there was not any specific limit value 

or criteria of wood properties for acceptance by teak buyers in Laos. The reasons provided by 

the buyers was that both domestic and international markets’ requirements for plantation teak 

timbers and finished wood products were not restricted to any specific values regarding wood 

properties. In addition, as mentioned above, the major wood products manufactured of 

plantation teak in Laos were joinery products, door and window frames, and furniture. There 

were not any specific values of wood properties in processing and manufacturing for teak wood 

products in Laos.    

It became apparent that the log grading rules currently available in Laos contain several 

significant issues that prevent growers and buyers from applying them. The first issue was that 

the grading rules do not include log sizes. The second issue was that the original Lao log 

grading rules are complex including a total of 11 visual wood defects for grading criteria which 

are time consuming and costly. Another finding from the study was that log prices based on 

both log diameter size and log quality (grade) are actually lower than the prices based on log 

diameter size alone (no grading price). This discrepancy can be attributed by the inaccurate 

current log grading rules in the country, and the information of log quality grading in Laos not 



Chapter 6: Discussion and applications 

 

136 

 

being standardised. Graded logs of any species are usually of higher value than ungraded logs 

(Rast et al., 1973) and grading also means to add timber values by classifying different qualities 

of wood or logs within end-use types (James, 2001). Therefore, new log grading rules need to 

be developed based on a simple grading system. The grading rules proposed in this thesis are 

based on the results of teak buyers’ requirements for wood characteristics. This log grading 

system is a new method which hasn’t been developed before.    

6.3 Log grading development   

6.3.1 Objectives and benefits  

The aim of the new log grading rules was to provide benchmarking information of log quality 

to growers and buyers. Such grading system can have a significantly positive impact on the 

Lao teak sector. The implementation of this new log grading rules would bring transparency to 

log quality with standardised prices among the teak growers and buyers in Laos. The buyers 

would be able to know and understand the wood they are buying to ensure that the wood and 

products are meeting the requirements of their customers. The teak growers would also know 

the best market opportunities for their timbers and can then develop optimal silvicultural 

regimes (tree harvesting age, log size, pruning and thinning, etc.) to maximize teak quality and 

return of investment. The proposed grading rules incorporated some information on the current 

or original grading rules of ACIAR-Laos and Burapha company and some additional 

information from the other log grading rules from different countries.  

6.3.2 Log grading guideline 

This grading guideline was designed to provide information on log quality grades based on 

wood characteristics for teak growers, sellers, and buyers. Logs have a variety of wood 

characteristics and quality, which are required for different end-use products. Therefore, this 

log grading system was designed to classify log into different qualities which are based on log 

sizes and other visual attributes or characteristics. The log grading system can then facilitate 

the buyer’s  decision for premium or discount quality logs depending on the particular end-use 

products. Eight visual characteristics have been identified for log quality grading criteria based 

on the study results (Chapter 5). The grading criteria of wood characteristics have been   ranked 

from the most important to the least important: 1) diameter (D), 2) heartwood proportion (Hp), 

3) insect hole (I), 4) log bend (B), 5) loose knot number (Lkn), 6) loose knot diameter (Lkd), 

7) fixed knot numbers(Fkn), 8) fixed knot diameter (Fkd), 9) End split (S), 10) wane/buttress 

(W), and 11) wood colour (C) (Table 28). The detailed methods of determining these wood 
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characteristics are attached at Appendix 3. It should also be noted that these grading criteria 

are flexible based on the buyer’s preference. Therefore, a buyer can only request for 2-3 

characteristics to be measured as the grading system can be adapted and simplified even more 

according to the market requirement.   

Pipe and decay were found to be the major wood defects that buyers are most concerned about 

when buying logs. However, the proposed log grading rules do not include these wood defects 

in the criteria. This is because  pipe volume can be measured and excluded from the total log 

net volume. Meanwhile, wood decay or rot are simply not accceptable to buyers. Therefore, 

log rot or decay are excluded from the log quality grading criteria. As previously mentioned, 

the current Lao log grading rules was designed only for one particular log length of 2.2 m. This 

issue was presumed as a significant limitation of teak log length in Laos, as buyers might 

require varying lengths of timber and the growers also might need to sell shorter logs.  

However, this study found that the common standard requirement for log length in Laos is 2.2 

m. Teak buyers reported that log length of 2.2 m was the normal standard requirement for their 

current logs processing and wood products manufacturing. Therefore, this log grading 

guideline adapted the standard log length of 2.2 m. However, as mentioned above, the grading 

rules are flexible and can be adapted according to the market needs and buyers’ requirements. 

Log grading rules in other countries such as India, America and Myanmar have varying log 

length standards (Indian Standards Institution, 1968; Thulasidas and Bhat, 2009; Hopewell et 

al., 2015a; Myanmar Timber, no date)(see Chapter 2). For log length measurement, a cutting 

allowance between 0.10-0.20 m was required when the logs ends were not cut straight or 

damaged from transportation. Therefore, the log length designed for these log grading rules 

was 2m+0.10 or 0.20 m. However, this log length can be further adapted regarding to markets 

requirements in the future. 

As mentioned above, the new log grading rules have been designed to provide log quality 

information to growers and buyers (Table 28). For example, (1) contracting order logs can be 

D2, Hp3, and I2: Diameter class between 16-21 cm (D2), heartwood class between 71-80% 

(Hp3), and insect hole number one (I2). (2) others contracting logs orders can be D3, Hp2, B2 

and etc:  Diameter class between 22-27 cm (D3), heartwood class between 61-70% (Hp2), log 

bend between 3-5% (B2), etc. The association between log quality (grades) and prices also 

depends on market conditions or the negotiation between sellers and buyers. Figure 43 showed 

an example of a log list from measurement and quality grading.
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Table 28: Round log grading system 

Wood 

characteristics 
Code 

Explanation and unit Class ranges 

1 2 3 4 

Diameter  D Small end log under bark (cm) 10-15 16-21 22-27 >28 

Heartwood 

proportion  

Hp Ratio between heartwood diameter and small end log 

diameter (%) 

51-60 61-70 71-80 >80 

Insect hole I Total numbers of insect hole (No.) 0 1 2 >2 

Bend B The ratio between the curved distance of the bend and log 

length (%) 

0-2 3-5 6-9 >9 

Loose knot number  Lkn Total loose knot numbers (No.) 0-1 2-3 4-5 >6 

Loose knot diameter  Lkd Maximum diameter (cm) 0-3 4-7 8-11 >11 

Fixed knot number  Fkn Total fixed knot numbers (No.) 0-3 4-7 8-11 >11 

Fixed knot diameter  Fkd Maximum diameter (cm) 0-5 6-11 12-17 >17 

End split S Maximum split along log ends (cm) 0-10 11-21 22-32 >32 

Wane/buttress w Ratio between maximum deep distance of wane/buttress 

and log diameter (%) 

1-5 6-10 11-15 >15 

Colour c Green heartwood colour Dark=1 Golden=2 Brown=3 Light brown=4 
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Figure 43: Example of scaling log quality grades  

Note: D=diameter, L=length, Hp=heartwood proportion, I= insect hole, Lkn= loose knot number, Lkd= Loose knot diameter, Fkn= fixed knot 

number, Fkd=fixed knot diameter, S=split, W=wane/buttress, C=colour. Net log volume is the total wood tissues that are available in a log without 

pipe, rot or decay volume that are not useable. Each log needs to have a log number at one end log and the number has to be written in the central 

part of the heartwood to avoid cutting from the square log sawing. Later on, each log number can be used as a barcode recording all the log quality 

information.  

Scalers:1.…………………………….2……………………………, Date …………/……….../………………….................................. 
Teak grower……………………………………Plantation locations: Villages …………………...Districts …………………Province……….. 
Teak buyer……………………………………., Address…………………………………………………………………………………………. 
 

Log 

(No.) 

D 

(cm) 
L 

(m) 
Hp 
(%) 

I 

(No.) 
B 

(%) 
Lkn 

(No.) 
Lkd 

(cm) 
Fkn 

(no.) 
Fkd 

(cm) 
S 

(cm) 
W 
(%) 

C 

(colour) 
Net volume 

(m3) 
Remark 

01 20 2.1 60 0 2 1 3 5 4 8 0 2 0.066 - 

02 25 2.1 65 1 0 0 0 5 6 5 6 2 0.093 Pipe diameter (d=8cm) 

03 15 2.1 60 0 5 0 0 3 4 0 0 3 0.037 - 

04 18 2.1 50 0 3 0 0 2 7 6 4 2 0.053 - 

05 30 2.1 70 2 6 2 6 6 4 9 6 1 0.132 Pipe diameter (d=10cm) 

06 14 2.1 58 0 0 0 0 8 5 0 8 2 0.032 - 

07 12 2.1 60 0 5 1 4 3 3 10 0 3 0.024 - 

08 23 2.1 65 0 0 0 0 4 6 0 10 2 0.087 - 

Total net volume: 0.525  
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6.3.3 Correlation between log quality grade and price 

The proposed log grading system has been developed for multiple timber uses, while timber 

prices will depend on the market demand and supply factors. Timber has lots of different 

attributes with a variety of different standardized requirements from the buyers. For example, 

some buyers might need a high-quality log for furniture products production but other buyers 

might need a lower quality log for joinery products (flooring, ceiling, and walls) production. 

Therefore, these log grading rules aren’t intended to set up a specific price for a particular 

quality grade but are intended to classify logs into different quality classes based on the values 

of visual wood characteristics and log sizes. The price offered to pay for the logs will ultimately 

depend on grower and buyers’ decisions. However, according to the results of this study, the 

relationships between log price and wood characteristics mainly included log diameter, log 

bend, log buttress, and insect holes (see Chapter 5). Therefore, the prices paid for each different 

quality wood characteristic should be different in the new log grading rule. However, the 

differences should depend on the market competition. There should be a strong correlation 

between the log prices  and the identified log qualities (grades). 

6.4 Square log grading development 

6.4.1 Objectives and benefits  

The square log grading system and the round log grading system have similar objectives, which 

is to provide a guideline for the teak sellers and buyers to help them understand teak timber 

quality for their trading contracts and orders. The implementation of this new log grading rules 

would bring transparency to square log quality with equal prices among the teak growers and 

buyers in Laos. These proposed grading rules may also support a fair-trading system for the 

square log price and quality between the teak growers and buyers in Laos.  The square log is 

an approximate squareness of timber which passed a semi-processing from a round log by 

sawing four outer sizes of the bark of the round log to have flat surfaces. Sapwood is permitted 

in the square log. In Laos, the square log was a common method of teak timber trading. The 

information obtained from teak buyers’ survey showed that a square log buying method 

covered 35% compared to the standing tree and round log buying methods in Laos. The price 

of the square log was highly related to the square size (see Chapter 5). Few teak buyers also 

bought a square log based on both square log size and visual quality. However, there was no a 

clear and consistent square log grading system which could be applied by teak growers and 

buyers in the country. Therefore, a square log grading system should be developed which 



Chapter 6: Discussion and applications 

 

141 

 

would be based on the buyers’ requirements of square log characteristics and square log sizes, 

which were identified from the results of this study.  

6.4.2 Square log grading guideline  

The grading criteria for square logs were based on two factors: square log sizes and visual 

characteristics (Table 29 and Figure 44). The square log grading criteria included 1) square log 

size (Ss); 2) square log heartwood proportion (Sh); 3) square log insect hole (Si); 4) loose knot 

number (Lkn); 5) loose knot diameter (Lkd); 6) fixed knot number (Fkn); 7) fixed knot diameter 

(Fkd); 8) end split (Es); and 9) heartwood colour (C). The detailed methods of measurement of 

these wood characteristicst were attached at Appendix 4.  

Results showed that the quality grades of the square logs were flexible depending on the 

buyers’ requirements for different end uses. Some teak buyers were interested in only a few 

characteristics and want a particular grade or wood quality for this particular product. For 

example, a buyer order of square logs can be as Ss1 (square log size 1), Sh2 (square log 

heartwood proportion 2), and Si2 (square log insect hole 2), while the other buyers might be 

interested in different characteristics, such as  Ss4 (square log size 4), Sh3 (square log 

heartwood proportion 3), Si1 (square log insect hole 1), etc. (Table 29).  Figure 44 showed an 

example of a square log list from measurement and quality grading. 
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Table 29: Square log grading system 

Characteristics Code Explanation and unit 
Class ranges 

1 2 3 4 

Square log size Ss Shortest size of the square (cm) 8-12 13-17 18-22 >23 

Square log heartwood  Sh Ratio between square log heartwood and square log 

size (measure twice at both corner to corner) (%) 

51-60 61-70 71-80 >80 

Square log insect hole Si Insect holes (number) 0 1 2 >2 

Loose knot number Lkn Loose knot numbers (number) 0-1 2-3 4-5 >5 

Loose knot diameter  Lkd Maximum diameter (cm) 0-3 4-7 8-11 >11 

Fixed knot number Fkn Fixed knot numbers (number) 0-3 4-7 8-11 >11 

Fixed knot diameter  Fkd Maximum diameter (cm) 0-5 6-11 12-17 >17 

End split Es Maximum end-split for both ends (cm) 0-10 11-21 22-32 >32 

Colour  C Heartwood colour (colour) Dark=1 Golden= 2 Brown=3 Light brown=4 
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Figure 44: Example of scaling square log quality information of quality (grade) 

Note: Ss=square log size, Sh=square log heartwood, Si=square log insect hole, Lkn= loose knot number, Lkd= Loose knot diameter, Fkn= fixed 

knot number, Fkd=fixed knot diameter, Es= end split, c=colour. The square log number can be based on log number or the scalers can renumber 

the square log.  

Scalers: 1.…………………………….2……………………………...............,Date …………/……….../………………………………. 

Grower/seller……………………………………Plantation locations: Villages, ……………Districts ……………..Province………… 

Buyer…………………………………….........., Address………………………………………………………………………………... 

 

Log 

(No.) 

Ss 

(cm) 
Sl 

(m) 
Sh 
(%) 

Si 

(No.) 
Lkn 

(No.) 
Lkd 

(cm) 
Fkn 

(no.) 
Fkd 

(cm) 
Es 

(cm) 
C 

(colour) 
Net volume 

(m3) 
Remark 

01 15x15 2.1 60 0 1 3 5 4 8 2 0.046 - 

02 12x15 2.1 65 1 
0 

0 5 6 5 2 0.065 Pipe diameter (d=8cm) 

03 8x10 2.1 60 0 0 0 3 4 0 3 0.026 - 

04 10x12 2.1 50 0 0 0 2 7 6 2 0.037 - 

05 18x20 2.1 70 2 2 6 6 4 9 1 0.092 Pipe diameter (d=10cm) 

06 8x10 2.1 58 0 0 0 8 5 0 2 0.022  

07 8x8 2.1 60 0 1 4 3 3 10 3 0.017  

08 15x18 2.1 65 0 0 0 4 6 0 2 0.061  

Total net square log volume: 0.367  
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Chapter 7:  

Economic theory underlying of teak trading in Laos 

  7.1 Introduction 

This chapter discusses some relevant economic theories and concepts underlying of 

plantation teak market surplus, supply, and pricing associated with teak wood quality 

in Laos. The chapter also includes teak market surplus, marketing margins, and the 

elasticity of teak supply in Laos.  

7.2 Market surplus for plantation teak   

Value can be defined as the difference between what consumers are willing to pay for 

and what they actually pay for a good. The area between the demand schedule and the 

equilibrium price, from the origin to the quantity consumed is known as the consumers’ 

surplus. Consumers’ surplus means the difference between the maximum buying price 

and the price paid by the buyer (Arnold, 2008). This economic theory of consumers’ 

surpluses was applied to plantation teak consumers or buyers in Laos. The maximum 

price of the teak log that buyers paid was up to US$500/m3. However, the average log 

price paid by the buyers was only US$300/m3, thus the buyers have received 

US$200/m3 as consumers’ surplus (Figure 45).  



Chapter 7: Economic theory underlying of teak trading in Laos  

145 

 

   

Figure 45: Teak consumers and producers’ surpluses 

Table 30 showed teak consumers’ surplus of different teak timber types and products 

in Laos. Square log and teak bed products obtained the highest values of consumers’ 

surplus by US$268/m3 and US$229/bed compared to others timber types and teak 

products that were commonly traded in the country. The reasons provided were that 

square log and bed products were the highest values of consumers’ surplus because 

these products had different qualities, which were paid by different prices.  For 

example, the larger square log size of 16-20 cm had a price nearly three times higher 

compared to the smaller square log size of 8-10 cm of US$423.87/m3 and 

US$158.85/m3 respectively, and the premium price for a bed made of teak was 

US$600/bed compared to to the discounted beds, US$371/bed.  The products with the 

lowest values of consumers surplus were joinery products and standing trees by 

US$5/m2 and US$34/m3, respectively. Thus, it can be concluded that square log and 

teak bed product were valued higher by the buyers or consumers in Laos.  

 

 

 

Consumers’ surplus  

Producers’ surplus  
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Table 30: Teak consumers’ surplus in Laos  

Teak timbers and products Maximum price Price paid Consumers’ surplus  

Standing tree (US$/m3) 138 104 34 

Round log (US$/m3) 320 224 96 

Square log (US$/m3) 670 402 268 

Joinery products (US$/m2) 21 16 5 

Door (US$/door) 155 125 30 

Bed (US$/bed) 600 371 229 

Note: Prices of timbers as supplied by middlemen.  

On the other hand, producers’ surplus is defined as the difference between the price 

received by the producers and the minimum selling price (Arnold, 2008). Regarding 

this theory, teak producers' surplus was applied to two different teak types of selling 

(standing tree and round log). The results showed that selling round log timber obtained 

a higher surplus to the teak producers, compared to the standing tree selling (Table 31). 

This means that the producers or growers obtain greater value from round logs than the 

market of selling standing trees. The reasons that teak producers or growers received a 

higher value surplus from selling round log were that the round logs included greater 

variations of log qualities (log sizes and grades) and prices. For example, the average 

price of teak log was US$101/m3, while the minimum log price was only US$42/m3.  

On the other hand, the selling teak in a standing tree didn’t include many different tree 

qualities and prices. The standing trees prices mainly depended on two factors of tree 

size and distance from the tree plantation site to road. Regarding these reasons, the value 

surplus of teak growers for selling standing trees was much lower than their value 

surplus of selling round logs in Laos.  For example, the average price of a standing tree 

was US$57/tree, while the minimum price for a standing tree was only US$20/tree. 
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Table 31: Teak producers’ surplus in Laos  

Teak timbers and products 
Average  

price paid 

Minimum  

price 

Producers’ 

surplus  

Standing tree (US$/m3) 57 20 37 

Round log (US$/m3) 101 42 59 

7.3 Market supply of plantation teak   

The theory of market supply was applied to teak timbers in Laos. Teak timbers supplied 

in Laos to each different teak buyer company ranged from a minimum of 10 m3 to a 

maximum of 5500 m3 per year. A simple regression model was tested by applying one-

way ANOVA of SPSS. The ANOVA table showed that teak supply in Laos has no 

significant relationship between the quantity of teak supply (cubic meter) and price 

p=0.96 (Table 32).  

Table 32: ANOVA table of plantation teak market supply in Laos   

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1745.081 1 1745.081 .002 .967 

Residual 74338213.110 73 1018331.686   

Total 74339958.190 74    

The teak timbers supply in Laos was shown as Equation 14. 

Quantity log teak (teak supply) = 0.071*Price + 435         [14] 

From this equation, it was determined that when the price increases, the teak quantity 

also slightly increases (Figure 46). The supply curve of plantation teak in Laos supports 

the basic supply theory as “supply curve is the relationship between prices and the 

quantity supplied by producers”. Supply directly relates to prices; as prices rise, supply 

rises, and when prices fall, supply falls (Williams and Shroder, 1999). On other words, 

higher the price the greater the supply.  However, teak supply has no significant impact 

on the teak price in Laos (Table 32). This can be explained by the decentralised teak 

marketing system in Laos, which means that the information on price and product 

quality are not publicly available for both teak buyers and growers. In addition, there 

was a large variation in terms of quantity bought and pricing offered depending on the 

commercial capability and size of the buyer company.  Smaller companies would buy 
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a smaller amount of teak and at lower price compared to the medium and large 

companies.   

 

Figure 46: Annual correlation between teak log supply and price in Laos 

7.4 Elasticity of teak supply in Laos  

Elasticity of supply (Ep) is a measure of the supplier’s response to a change in the price 

(Williams and Shroder, 1999). The own-price elasticity of supply is equal to the 

percentage change in quantity purchased divided by the percentage change in price. 

Results of this study showed that the range of elasticity of teak timbers supply in Laos 

was mostly elastic (between 1 and +∞) for all standing trees, round logs, and square 

logs (Table 33). This indicated that teak growers or producers were aware and 

responded appropriately to the change in teak market prices. In comparison, the supply 

of standing trees was more elastic than the round and square logs by 29, 12 and 10 

values, respectively. It means that when a price of standing tree increased, there was a 

corresponding increase in standing tree supply in the country.   
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Table 33: Elasticity of supply (Ep) of planation teak in Laos 

Teak  

timbers 

% change in quantity 

and price 

Mean Minimum Maximum Ep 

Standing tree 
Quantity (m3) 111 3 1358 

29 
Price (US$) 104 86 130 

Round log 
Quantity (m3) 177 4 2178 

12 
Price (US$) 224 95 320 

Square log 
Quantity (m3) 160 4 1963 

10 
Price (US$) 402 159 670 

 7.5 Marketing margin of teak  

Taking teak logs from a plantation right through the marketing process until it is sold 

as a semi-product (square log) was assessed using marketing margins (Figure 47). At 

the plantation level, there was a primary supply schedule and a derived demand 

schedule.  Likewise, at the point of semi product sale (square log), there was also an 

established primary demand schedule and a derived supply schedule.  The analysis 

showed that teak marketing margin of average farm price (round log) and average retail 

price (square log) of plantation teak in Laos was large (US$301).  

Figure 47: Marketing margin of teak farm price (log) and retail price (square log) 

Quantity (m3) 

Price (US$/m3) 

Retail, 402 

Farm, 101 

Marketing 

margin 

Derived supply 

Primary supply 

Primary demand 

 1            2     

Derived demand 
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The reason for the large marketing margin is that square logs were costed for processing 

and passed through middlemen. Therefore, the average retail price margin of square log 

was much larger than the round log price. In addition, it was also noted that there was 

a reduction in round log volume from processing to square logs. 

7.6 Price difference associated with teak quality   

7.6.1 Log quality grades and prices of plantation teak   

The difference between the prices of different lots is known as the price differential 

between them, which is the premium paid for what is considered by buyers to be a 

superior quality of the product or the discount received for what consumers consider to 

an inferior degree of quality. Generally, the point is that some substitutability exists 

between grades, so those prices (of the substitutes) tends to move together for both 

premium and discount grades (Davidson and Malano, 2005). This theory was applied 

to teak market prices of different log quality grades (based on the existing Lao log 

grading rules). Regarding the economic theory mentioned above, the results of this 

study were contrasting as shown in Figure 48. The results showed that the log price of 

log grade D displayed a stagnant price regardless of log diameter and quality grade, 

whereas log A, B, and C grades showed highly similar trends.  In addition, the ungraded 

logs were getting a higher price than all the graded logs (A, B, C, and D).  As mentioned 

above, this was an unusual result which can be caused by the inaccurate current log 

grading rules in the country, and the information of log quality grading in the market in 

Laos is not symmetrical, meaning one knows more than another. 
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Figure 48: Price difference associated with teak log quality grades in Laos 

7.6.2 Log attributes and prices of plantation teak   

Buyers have different requirements for quality attributes of teak logs, which are 

dependent on the end-used products. Thus, the range of wood characteristics can be 

immense. These characteristics included heartwood proportion, log size, knot, bend and 

etc.  For example, some buyers preferred none or very minimal wood defects, such as 

bend and knot on the teak logs. While others accepted a higher degree of wood defects 

in processing their final wood products. Because of such variation in buyer preference, 

there is a need to accommodate multiple quality types for teak timbers. This led to the 

following questions: Is it possible to group various categories together, while 

maintaining a broad quality of characteristic different? How are these various grouping 

of quality or grade correlates with the price? To address these questions, it is imperative 

to test a specific range or value of a particular wood characteristic that might be 

correlated with the price.    

In this study, log bend as a major teak wood defect that significantly affected log price 

in Laos. Survey results of teak buyers showed that the price of teak logs differed based 

on the percentage of log bend which ranged from 1% to 13% (proportion of log bend 

ratio to log diameter). Thus, it means that teak buyers can substitute log bend with these 

direct amounts. However, there is a question; what is a better price with each tolerance 

points (from 1% to 13%)? Regarding this question, log bend ranges mentioned were 

applied to the equation developed by Davidson and Malano (2005). This equation 
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described the relationship between log price and two different qualities (for example, 

log bends 1% and 5%) which can be substituted by teak buyers. To calculate the 

outcome of blending two different values of log bend proportions (from 1% to 15%) 

together, the difference between the two quantities is multiplied by the bend proportions 

mixed, all of which is added to the bend of the lowest or purest log bend (1%) (for 

example,  say if equal amounts of 1% and 5% are mixed, then ((5-1) * 0.5) +1)). The 

new price of a log bend along each tolerance point (from 1% to 5%) can be estimated 

(Figure 49). It should be noted that the actual price of log bend of 5% is less than the 

pure log bend 1%. Therefore, the price of blended log P3 is also less than the new price 

of the log created Pc (Figure 49). This arises because there is a cost involved in the 

blending. The difference between price P3 and Pc is the cost of blending. This leads to 

two important elements. First, the price of the blended log would be determined along 

a straight line between A point and B point (A point= 1% log bend, B point=5% log 

bend) of different log bend proportions (Figure 49). Second, the price of the unblended 

log is always below the blended log, as the tolerance points are approached.  The 

difference between the price paid for the blended log and unblended log reduces to zero 

(Davidson and Malano, 2005). This would be the shape of the curve representing the 

price paid for the unblended log being convex to the origin, between the two tolerance 

points. 
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Figure 49: Deriving log quality attributes and prices  

 



Chapter 8: Study synthesis       

154 

 

Chapter 8:  

Study synthesis 

 8.1 Introduction 

This final chapter provides the overall results of this study. It describes the contributions 

of this study to the knowledge on teak timbers marketing, pricing, and grading based 

on wood characteristics and properties. The chapter includes recommendations to teak 

growers, buyers and related government organizations for future development of 

plantation teak timbers quality grading and pricing in Laos. Finally, this chapter 

explains the limitations of the study and recommendations for future study.   

8.2 Study conclusion 

The literature review revealed that there was no clear system of timber grading 

standards and prices between growers and buyers in Laos. The original Lao trading 

system of plantation teak timbers was complex and confusing including a total of 11 

visual wood defects for grading criteria which were time consuming and costly. The 

existing prices for different log grades were only based on the most limited grading 

criteria which were not meeting the buyers’ requirements for particular end-used 

products.  Another finding from the study was that the current log prices based on both 

log diameter size and log quality (grade) were actually lower than the prices based on 

log diameter size alone (no grading price). Thus, there was a recognized need to develop 

a clear system of timber grading standards and prices between growers and buyers, 

which will facilitate a fair and transparent trading system between teak growers and 

buyers in the country. To improve these issues, it was necessary to understand the 

requirements of teak market in terms of wood characteristics and wood properties for a 

particular end-used product. Also, it was crucial to determine the relationship between 

the market prices and wood characteristics and properties in the trading system. The 

aim of this study was to examine the key wood characteristics and properties that 

contribute to the selling price of teak logs grown in Laos. This study also included 

specific proportions of wood characteristics and properties that were required and 

accepted by teak buyers, as well as their ranking importance based on teak buyers’ 

preferences. The results of this study in relation to the development of round log and 
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square log grading rules based on teak buyers requirement for Laos have been described 

in Chapter 6.  

It can be concluded that standing tree, round log, and square log were the common types 

of teak which were currently sold in Laos. The dominant finished products produced 

from plantation teak were joinery and building panels (such as ceiling, flooring and 

indoor wall), door-window frames and furniture products (such as bed, chair, TV table, 

wooden sofa, and etc). Due to the current ban of exporting raw timbers, approximately 

83% of teak products were destined for consumption in the domestic market only. There 

was no consistent rotation age of plantation teak harvesting in Laos, but majority of 

trees were harvested at 16-25 years. Wood sawmillers and manufacturers were the main 

end buyers of teak. 

The results of this study also concluded that knot was a major characteristic appearing 

on plantation teak for all wood products, square and round logs. Other important 

characteristics included presence of white sapwood for wood products, end split in 

square logs, and buttress for round logs. Teak buyers showed highest preference for 

logs with big diameter and largest heartwood proportion. On the other hand, decay, 

pipe, insect hole, bend, and knot hole were the worst wood defects that the buyers were 

seriously concerned about when they were buying teak timbers. However, buyers have 

varying preferences and acceptability for a particular wood characteristic depending on 

their intended end-used wood products. 

Some key results of this research were the development of the ranking of wood 

characteristics, and the range of accepted dimensions or numbers of these 

characteristics based on the survey of teak buyers in Laos. The research also found that 

there were not any specific limit values of wood properties for the acceptance by teak 

buyers. The reasons provided by the buyers was that both domestic and international 

markets’ requirements for plantation teak timbers and finished wood products were not 

restricted to any specific values regarding wood properties. Results showed that wood 

properties were not important for teak buyers. This study determined that wood 

properties had no impact on log price. Teak buyers in Laos did not offer a different 

price for teak timbers that have different wood property values. Therfeore, it can be 

concluded that wood properties do not need to be included in teak timber quality 

grading. 
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The teak trading method in Laos was based on a decentralized marketing system. The 

market information for teak trading, such as prices, actual supply, demand and 

particular teak quality requirements was not publicly available in Laos. This study 

concluded that 3 common types of teak timbers (standing trees, round logs and square 

logs) were sold in Laos. Selling standing trees, the price was mainly dependent upon 

two factors; standing tree size and the distance from plantation site to road access. The 

market price of teak logs has been set based on two important factors; log sizes and log 

quality grade. However, as mentioned above, due to a lack of a clear log grading system 

in the country, the round log price based on both log diameter size and log quality 

(grade) was lower than the price based on log diameter size alone (no grading prices). 

This is an unusual result because it would appear that the graded logs of any tree species 

should have higher price and value than ungraded logs. The price of square logs was 

mainly related to the square size.  

Based from surveys, results of this study determined that there was a significant 

relationship between market price of teak logs and some particular wood characteristics 

which included log diameter, bend, buttress, and insect hole. This relationship was well 

fitted to a stepwise regression model of “price-quality function”. Therefore, it can be 

concluded that there is a need to develop a clear and simple system or rule of teak log 

grading and pricing rules in the country. The grading rules proposed in this thesis are 

based on the results of teak buyers’ requirements for wood characteristics. This log 

grading system is a new method. The current log grading rules proposed from this study 

can help improve the teak timber trading and pricing in Laos. The information gathered 

from this research will also serve as a quality standard of teak timbers and products and 

potentially assist in the reduction of wood waste in Laos. Furthermore, this study 

provides fundamental information which may be applicable for the adaption of 

plantation teak silvicultural practices such as thinning, prunning and harvesting age.   

8.3 Study recommendations  

The round logs and square logs grading rules which have been proposed based on the 

results of this research are therefore recommended to be applied by both teak growers 

and buyers.  Accordingly, the trading system of plantation teak timbers in Laos should 

be based on these grading rules for timber ordering and supplying. This would allow 

having a fair and transparent timber trading system in the country. Teak growers should 

be made aware of the best market opportunities and market requirements of teak timbers 
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quality. The results of this study can be important for the growers, especially on what 

particular wood qualities are required by the buyers. This information can be a factor 

that can influence teak growers to improve their plantation teak quality in order to meet 

the buyers’ requirements. Teak buyers should offer a fair price while paying for teak 

timbers of different quality grades. The wood sawmillers and manufacturers should also 

have a clear understanding of the specific qualities of wood products that they are 

processing. This is to ensure that the timbers supplied from the growers could meet the 

requirement of both domestic and international markets demands. The Lao government 

authorities should be involved and enforce the practice of this log grading rules. The 

Lao government oragnizations should be included, such as the Department of Forestry, 

Department of Wood Industry and Commerce, and the Department of Technology and 

Standards. This grading information can maximize timbers quality and return on 

investment of plantation teak for both teak growers and buyers in Laos.  

8.4 New knowledge contribution of the present study   

In general, previous studies broadly focused on macroeconomic than microeconomics 

of teak plantations; for example, global teak markets, prices, global teak trades and 

market trends. It should be highlighted that this study is the first research project 

undertaken on market needs and prices for particular wood characteristics-properties 

(quality grades), log sizes, timber types (round, square logs and sawn board) and 

furniture products of plantation teak timbers. The results of this research contributed to 

the current knowledge in three main areas. First, it provided new knowledge to the field 

of plantation teak economics, especially in determining teak timber marketing and 

pricing which are related to the relationship among wood characteristics, wood 

properties, price and the distance from plantation site to the road. Second, this research 

consolidated the data of teak buyers’ requirements and determined the importance of 

teak wood characteristics and properties according to buyer preference. The findings 

on teak buyers’ requirements and ranking of importance of teak wood characteristics 

and properties are new knowledge which has not been studied before. This contribution 

of knowledge included the particular criteria of wood characteristics and properties that 

are acceptable by the buyers. These specific values of wood characteristics and 

properties accepted by the buyers are necessarily required for developing timber 

grading standards and specifications for sustainable timbers and forest certification. 

Third, this study allowed the development of a simple log grading system or a guideline 
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of round and square logs grading rules which are based on buyers’ requirements in 

Laos. This grading system is a new concept of methods of plantation log grading which 

hasn’t been developed and used before. These grading rules can be a standard to 

facilitate teak timbers trading and pricing between the buyers and growers in Laos, as 

well as in similar developing countries. The data generated from this research is also 

necessary to be applied for teak plantations management to ensure an optimal 

harvesting age, log size and improve silvicultural practices of teak plantation meet 

specific buyers' requirements. This also allows maximization of the value of harvested 

trees and minimization of wood waste in wood processing and manufacturing. 

8.5 Directions for future research relating to the present study 

When working on this research project, new questions were raised that were not within 

the scope of the study. Some of these questions are listed below as suggestions for 

further studies:  

• This study discovered that square log was paid the highest price compared to round 

log, and standing tree by US$402/m3, US$225/m3 and US$138/m3 respectively on 

average. This timber type of square log can add higher value and income to the 

sawmillers. However, it should be noted that the price of a square log includes the 

cost of processing the four squared sizes. Therefore, this study suggested that further 

comparative study of economic analysis should be undertaken for these three timber 

types (standing tree, round log and square log). This is to obtain a scientific proof 

for promoting optimal teak timber processing and trading in Laos. 

• There was no consistent rotation age of plantation teak harvesting in Laos. The 

harvesting age of teak plantations was established based only on both the farmers’ 

personal needs and buyers’ requirements. The need to determine for an optimum 

age of harvest of plantation teak in Laos still remains. The results of this study 

revealed that log size has the strongest impact on market price for all types of timber 

(standing trees, round logs and square logs). A bigger log was paid a higher price 

compared to a smaller log. However, it should be noted that a bigger tree will also 

take a longer time to grow with a higher management cost than a smaller or younger 

tree. Therefore, an economic analysis should be undertaken for the value of teak 

plantations of different harvesting ages in Laos.   
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• There were 3 major wood products produced in Laos from plantation teak for both 

domestic and international markets which included: 1) joinery products, 2) door-

window frames, and 3) furniture. Questions are still unanswered in Lao teak market 

as to what product type can add higher value and income to the manufacturers? 

What qualities (grade) of the timbers should be used for a particular product for a 

better quality and economic return in processing? Teak buyers in Laos used timbers 

of mixed qualities for their products. However, there was a noticeable knowledge 

gap among teak buyers in choosing the right timber quality for a particular product. 

As a consequence, some buyers lost profit by purchasing a higher priced quality 

timber to process low value products such as joinery.  

• A study should be undertaken on the impact of different silvicultural practices and 

plantation ages on wood characteristics of plantation teak in Laos. This kind of 

knowledge and information would be beneficial for improving plantation teak 

management and determination of optimum harvesting age that will ultimately 

produce good quality timbers which meet the buyers’ requirements identified from 

this present study.  

• This study revealed that teak wood colour was ranked by teak buyers as the fourth 

most important wood characteristics compared to other wood characteristics that 

were not related to wood defects (for example, heartwood proportion, log length 

and diameter, etc) in Laos. However, colour hasn’t been studied as an important 

wood characteristic. Thus, it is suggested that teak wood colour should be further 

investigated for different plantation age, different silvicultural practices and 

geographical locations in the country. Such a study would help teak growers to 

practice planting methods and harvesting age that can provide the wood colour 

which meets the market demand.   

• This study also found that teak timbers supplied from Sayabouri Province were of 

lower quality compared to the teak supplied from other provinces in Laos. The teak 

timber was often affected by insect holes, which have a significant impact on wood 

processing recovery, and product quality. Therefore, a study should be undertaken 

to determine why insect holes occur in teak timbers only in this particular province 

and how this wood defect affects teak logs processing recovery and product quality 

in the country.  
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• The literature review of this study showed that there is limited information available 

on the quantitative effect of specific wood characteristics such as bend, buttress, 

etc. on sawn timber processing recovery. Thus, it is suggested that a research study 

should be undertaken to assess the impact of each specific wood characteristic on 

sawn timber recovery of plantation teak. This knowledge and information would be 

valuable for the further development of log grading rules development in the future.  

• It has been demonstrated by many previous studies in different countries that the 

location (site) of the plantation influences the quality of the wood or wood 

properties. However, there is limited previous study relating to this information in 

Laos. Therefore, a study should be undertaken to assess the influence of plantation 

location (sites) on wood characteristics and properties in Laos.   
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Appendix 1: Data collection forms 

I. Plantation teak wood processors survey form: 

Interview date:………………./……………../2017,  Time estimation: 45 minutes 

1. Name of interviewee: ………………………….Phone contact:………………. 

2. Company name………………………………………………………………… 

3. What sawn boards timber do you process from teak log? Please list 

Sawn board list Thickness 

(cm) 

Width (cm) Length (m) Main uses 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

     

4. Do you produce any wood products of teak?        Yes,       No, If “yes” please tick    

 Furniture 

 Flooring  

 Ceiling  

 Small wood handicrafts 

 Door and window 

 Others, please specify  

…………………………………………………………………………………………

………………………………………………………………………………………… 

5. Who are your sawn board timber buyers?  Please tick 

 Timber is not sold, it is used for self-production  
 Local household buyer  
 Furniture processor 

 Retailer or middleman  

 Others, please specify  

…………………………………………………………………………………………

………………………………………………………………………………………… 

6. Who are your wood products buyers?  If you also produce wood product 

 Buyers for domestic markets  
 For international markets  

 Both domestic and international markets 

 

 

7. If the buyer is for domestic market, please specify below? 
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 Local household buyer  
 Retailer or middleman 

 Others, please specify  

…………………………………………………………………………………………

………………………………………………………………………………………… 

8. If the buyer is also for international market, please specify the countries below? 

  China 

 Vietnam 

 Thailand  

 France  

 Australia 

 USA 

 Others, please specify  

…………………………………………………………………………………………

………………………………………………………………………………………… 

9. Who are your teak suppliers?  

 Teak grower 

 Retailer or middleman 

 No supplier (I grow my own teak)  
 Others, please specify 

…………………………………………………………………………………………

………………………………………………………………………………………… 

10. Where is your suppliers’ teak plantations located? Please tick 

 Luang Prabang Province 

 Vientiane Capital 

 Xayabouly Province 

 Other places, please specify 

…………………………………………………………………………………………

………………………………………………………………………………………… 

11. Do you know how old are the teak logs you buy? 

 10-15 year 

 >15-20 years 

 >20-25 years 

 >25-30 years 

 >35 years 

 Others, please specify……………………………………………………… 

12. Do your wood suppliers supply teak with the quality (wood characteristics and 

properties) which meets your requirements? Please tick the box below and provide 

explanation. 

 Yes meeting all my requirements 

 50% meeting my requirement  

 No at all meeting my requirements   
…………………………………………………………………………………………

………………………………………………………………………………………… 
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13. How do you buy teak?   

 By grading log 

 No grading log  

 By grading square log 

 No grading square log 

 Standing tree  

 Others, please specify ………………………………………………………. 

14. If you buy teak by grading, which grading rules do you use? 

 Burapha company rules 

 ACIAR-NUoL rules 

 Don’t know 

 Others, please specify……………………………………………………….. 

15. What are the important wood quality (wood characteristics and wood properties) 
for your requirements? Please score from 1 to 5 (1 is not important and 5 is very 

important). 

 

16. What the important log defects do you want to reject when buying or processing 

logs? Please score from 1 to 5 (1 is not important and 5 is very important). 

Wood characteristics and properties Code Score (1-5) Why 

Wood colour CR1 

  

Heartwood proportion CR2 

  

Log diameter CR3 

  

Log length  CR4 

  

Wood density  CR5 

  

Dimension ability  CR6 

  

Hardness CR7   

Static bending  CR8   

Compression  CR9   

Shear, etc.  CR10   

Wood characteristics and properties Code Score (1-5) Why 

Bend CR11   

Pipe CR12   

Knot CR13   

Knot holes CR14   

End split CR15   
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17. What wood colour do you prefer? Please score from 1 to 5 (1 is not important and 

5 is very important). 

CR1: Wood colour  Score (1-5) Particular use   

Red    

Dark   

Golden-yellow   

Brown,    

Light brown   

etc.   

   

   

18. How much do you pay for logs and what volume do you buy per year?    

Log sizes Price  

(US$/m3) 
Log qualities Volume 

(m3/year) D(cm) L(m) Characteristic Property Grade 

       

       

       

       

       

       

       

Total volume (m3/year):  

Please specify log characteristics, properties and grades 

…………………………………………………………………………………………

……….…………………………………………………………………………………

……………………………….…………………………………………………………

……………………………………………….………………………………………… 

 

 

 

 

End check CR16   

Decay CR17   

Insect holes CR18   

Buttress/want CR19   

Metal objects CR20   
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19. How much do you pay for square log and what volume do you buy per year?  

Square log sizes  
Price 

(US$/m3) 

Wood qualities 
Volume 

(m3/year) Width (cm) 
Thickness 

(cm) 
Length (m) 

Characteristic Property Grade 

        

        

        

        

        

        

        

Total volume (m3/year):  

Please specify square log characteristics, properties and grades 

…………………………………………………………….…………………………… 

…………………………………………………………………………………………

……….……….……………………………………………………………………….. 

20. Do you keep financial record on the logs or square logs you buy and the products 

you sell? 

…………………………………………………………………………………………

……….……….………………………………………………………………………… 

21. Does that financial data or receipt include information on the wood characteristics 

and prices?   

…………………………………………………………………………………………

……….……….………………………………………………………………………… 

22. Would you please release the all financial receipts to me, so that I could use them 

confidentially in this thesis? 

…………………………………………………………………………………………

……….………..……………………………………………………………………… 

23. Do you accept sapwood for your products?         Yes,       No; if yes, what % of 

sapwood do you accept and what prices do you pay for it?  

………………………………………………………………………………………… 

………………………………………………………………………………………… 

24. Do you accept log bend?         Yes,         No. If yes, what % of bend per log do you 

accept? What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

25.  Do you accept log pipe?         Yes,         No. If yes, what % of pipe do you accept? 

What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

26. Do you accept knot?         Yes,         No. If yes, what % of knot do you accept? 

What price do you pay for it? 
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…………………………………………………………………………………………

………………………………………………………………………………………… 

27. Do you accept log end split?        Yes,         No. If yes, what % of log end split do 

you accept? What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

28. Do you accept log end check?         Yes,         No. If yes, what % of log end check 

do you accept? How different prices do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

29. Do you accept wood decay?         Yes,         No. If yes, what % of decay per log do 

you accept? What price do you pay for it? 

…………………………………………………………………………………………

………………….……………………………………………………………………… 

30. Do you accept insect hole?         Yes,         No. If yes, what % of insect hole per 

log do you accept? What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

31. Do you accept log buttress?         Yes,        No. If yes, what % per log diameter do 

you accept? What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

32. Do you accept metal object?         Yes,         No. If yes, how many nails per log do 

you accept? What price do you pay for it? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

33. What is your most preferred log diameter? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Log diameter (cm)  Score (1-5) Particular uses   Price ($/m3) 

≥40     

30-39    

20-29    

10-19    

<10    

34. What is your most preferred log length? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Log diameter (m)  Score (1-5) Particular uses   Price ($/m3) 

≥6.6     

4.4    

2.2    

1.2    

<1.2    
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35. What is your most preferred square log size? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Square log size (thickness x width), cm  Score (1-5) Particular uses   Price ($/m3) 

30x30, (example)     

25x25     

20x20     

15x15     

10x10    

2x10    

1.5x5    

36. What is your most preferred square log length? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Square log length (m)  Score (1-5) Particular uses   Price ($/m3) 

≥6.6     

4.4    

2.2    

1.2    

<1.2    

37. What other important log defects do you reject when buying log or using log for 

your wood products? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

38. What would you suggest to change or develop in log grading rules and prices in the 

Country? Please provide your comments and reasons 

…………………………………………………………………………………………

………………………………………………………………………………………… 

39. What would you suggest for the log suppliers or growers improvements? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

40. Do you have more questions or suggestions? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

Additional Questions for contingent valuation survey  

41. What do you averagely pay for teak log? 

Log size Log qualities 
Price (US$/m3) 

D(cm) L(m) Characteristic Property Grade 

      

Please specify what average log quality you require: 
…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 
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42. What do you averagely pay for square log? 

Square log size Square log qualities 
Price  

(US$/m3) 
Width  

(cm) 
Thickness 

(cm) 
L  

(m) 
Characteristic Property Grade 

       

Please specify what average square log quality you require: 
…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

43. If the log and square log were 10% more in sizes compared to the average sizes, 

how much extra would you pay for them? 

Teak prices Price (US$/m3) 
Log  

Square log  

44. If the log and square log were 10% better in wood quality (wood characteristics) 
compared to the average wood quality, how much extra would you pay for them? 

Teak prices Price (US$/m3) 
Log  

Square log  

II. Plantation teak wood manufacturer survey form 

Interview date: ……………/……………../2017,  Time estimation: 45 minutes 

1. Name of interviewee: ………………Phone contact:…………………………. 

2. Company name……………………………………………………………….. 

3. What kind of timbers do you buy?  

 Log 

 square log 

 sawn board 

 Others, please specify……………………………………………………… 

4. How do you buy teak?   

 By grading log 

 No grading log 

 By grading square log 

 No grading square log 

 By grading sawn board 

 No grading sawn board   

 Standing tree 

 Others, please specify……………………………………………………… 

5. If you buy teak wood by grading, which grading rules do you use? 

 Burapha company rules 
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 ACIAR-NUoL rules 

 Don’t know 

 Others, please specify……………………………………………………… 

6. Who are your teak suppliers?  

 Teak grower 

 Saw miller or log processor  

 Retailer or middleman 

 No supplier (I grow my own teak)  
 Others, please specify ……………………………………………………. 

7. Where is your suppliers’ teak plantations located? Please tick 

 Luang Prabang Province 

 Vientiane Capital 

 Xayabouly Province 

 Other places, please specify……………………………………………… 

8. Do you know how old are the teak plantations you buy? 

 10-15 year 

 >15-20 years 

 >20-25 years 

 >25-30 years 

 >35 years 

 Others, please specify……………………………………………………… 

9. How much do you pay for logs and what volume do you buy per year?    

Log sizes Price 

(US$/m3) 
Log qualities Volume 

(m3/year) D(cm) L(m) Characteristic Property Grade 

       

       

       

       

       

       

Please specify log characteristics, properties and grades 

…………………………………………………………………………………………

……….…………………..……………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

……….…………………...…………………………………………………………… 

10. How much do you pay for square log or sawn boards, and what volume do you 

buy per year?  

Sawn board sizes  
Price 

(US$/m3) 

Wood qualities 
Volume 

(m3/year) 
Width 

(cm) 

Thickness 

(cm) 

Length 

(m) 
Characteristic Property Grade 

        

        

        

        



   

 

 

181 

 

        

        

        

        

Please specify log characteristics, properties and grades 

…………………………………………………………………………………………

……….…………………..……………………………………………………………. 

………………………………………………………………………………………… 

11. Do you keep financial record on the logs or square logs you buy and the products 

you sell? 

…………………………………………………………………………………………

……….………...………………………………………………………………………

……………… 

12. Does that financial data or receipt include information on the wood characteristics 

and prices?   

…………………………………………………………………………………………

……….………...………………………………………………………………………

……………… 

13. Would you please release the financial receipts to me, so that I could use them 

confidentially in this thesis? 

…………………………………………………………………………………………

……….………..………………………………………………………………………

………………… 

14. Do the wood suppliers supply teak of the quality (wood characteristics and 

properties) which meets your requirements? Please tick the box below and provide 

explanation. 

 Yes, the woods are meeting my requirements 

 Over 80% meeting requirement 

 50% meeting my requirement  

 No woods meeting my requirements   

………………………………………………………………………………………

…………………………...………………………………………………………… 

15. Do you process teak log?      yes,      No;  If “yes” please list the sawn boards 

timber processed    

Sawn 

board list  

Thickness(cm) Width(cm) Length(m) 

(m) 

Main uses 

1     

2     

3     

4     

5     

6     

7     

8     

9     
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10     

     

 

16. What are the important wood quality (wood characteristics and wood properties) 
for your requirements? Please score from 1 to 5 (1 is not important and 5 is very 

important). 
 

17. What the important log defects do you want to reject when buying or processing 

logs? Please score from 1 to 5 (1 is not important and 5 is very important). 

 

 

Wood characteristics and properties Code Score (1-5) Why 

Wood colour CR1 

  

Heartwood proportion CR2 

  

Log diameter CR3 

  

Log length  CR4 

  

Wood density  CR5 

  

Dimension ability  CR6 

  

Hardness CR7   

Static bending  CR8   

Compression  CR9   

Shear, etc.  CR10   

Wood characteristics and properties Code Score (1-5) Why 

Bend CR11   

Pipe CR12   

Knot CR13   

Knot holes CR14   

End split CR15   

End check CR16   

Decay CR17   

Insect holes CR18   

Buttress/want CR19   

Metal objects CR20   
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18. What wood colour do you prefer? Please score from 1 to 5 (1 is not important and 

5 is very important). 

CR1: Wood colour  Score(1-5) Particular use   
Red    

Dark   

Golden-yellow   

Brown,    

Light brown   

Etc.   

 

19. Do you accept sapwood for your products?         Yes,         No. If yes, what % of 

sapwood do you accept and what prices do you pay for it?  

…………………………………………………………………………………………

………………………………………………………………………………………… 

20. Do you accept log bend?         Yes,         No. If yes, what % of bend per log do you 

accept? What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

21.  Do you accept log pipe?         Yes,         No. If yes, what % of pipe do you accept? 

What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

22. Do you accept knot?         Yes,         No. If yes, what % of knot do you accept? 

What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

23. Do you accept log end split?        Yes,         No. If yes, what % of log end split do 

you accept? What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

24. Do you accept log end check?         Yes,         No. If yes, what % of log end check 

do you accept? How different prices do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

25. Do you accept wood decay?         Yes,         No. If yes, what % of decay per log do 

you accept? What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

26. Do you accept insect hole?         Yes,         No. If yes, what % of insect hole per 

log do you accept? What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

27. Do you accept log buttress?         Yes,         No. If yes, what % per log diameter do 

you accept? What price do you pay for it? 

……………………………………………………………………………………… 
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……………………………………………………………………………………… 

28. Do you accept metal object?         Yes,         No. If yes, how many nails per log do 

you accept? What price do you pay for it? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

29. What is your most preferred log diameter? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Log diameter(cm)  Score(1-5) Particular uses   Price ($/m3) 

≥40     

30-39    

20-29    

10-19    

<10    

 

30. What is your most preferred log length? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Log length(m)  Score(1-5) Particular uses   Price ($/m3) 

≥6.6     

4.4    

2.2    

1.2    

<1.2    

31. What is your most preferred square log size? Please score from 1 to 5 (1 is not 

important and 5 is very important). 
Square log size: Thickness x width 

(cm)  
Score 

(1-5) 
Particular uses   

Price ($/m3) 

     

    

    

    

32. What is your most preferred square log length? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Square log length (m)  Score (1-5) Particular uses   Price ($/m3) 

≥6.6     

4.4    

2.2    

1.2    

<1.2    
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33. What is your most preferred sawn board size? Please score from 1 to 5 (1 is not 

important and 5 is very important). 
Sawn board size 

(thickness x width), cm  
Score (1-5) Particular uses   

Price ($/m3) 

     

    

    

    

34. What is your most preferred sawn board length? Please score from 1 to 5 (1 is not 

important and 5 is very important). 

Sawn board length (m)  Score (1-5) Particular uses   Price ($/m3) 

≥6.6     

4.4    

2.2    

1.2    

<1.2    

35. What other important teak wood defects do you reject when buying teak wood for 

your products?  

……………………………………………………………………………………… 

……………………………………………………………………………………… 

36. What are your wood products manufactured from plantation teak? 

 Furniture 

 Flooring  

 Ceiling  

 Small wood handicrafts 

 Door and window 

 Others, please specify ………………………………………………………… 

37. Who are your wood products buyers?  Please tick 

 Buyers for domestic markets  

 For international markets  

 Both domestic and international markets 

38. If the buyer is for domestic market, please specify below? 

 Local household buyer 

 Retailer or middleman 

 Others, please specify ……………………………………………………….. 

39. If your buyer is for international market, please specify the countries below? 

  China 

 Vietnam 

 Thailand  

 France  

 Australia 

 USA 

 Others, please specify ……………………………………………………… 
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40. What would you suggest to change/develop in log/sawn board grading rules and 

prices in the Country? Please provide your comments and reasons? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

41. What would you suggest for the wood suppliers or growers improvements? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

42. Do you have more questions or suggestions? 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

 

Additional Questions for contingent valuation survey  

43. What do you averagely pay for teak log? 

Log size Log qualities 
Price (US$/m3) 

D(cm) L(m) Characteristic property Grade 

      

Please specify what average log quality you require: 
………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

……………………………………………………………………………………… 

44. What do you averagely pay for square log? 
Square log size Square log qualities 

Price(US$/m3) 
Width(cm) 

Thickness 

(cm) 

L  

(m) 
Characteristic Property Grade 

       

Please specify what average square log quality you require: 
………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

……………………………………………………………………………………… 

45. What do you averagely pay for sawn board timber? 
Sawn board timber size Sawn board timber qualities 

Price(US$/m3) Width 

(cm) 

Thickness 

(cm) 

L  

(m) 
Characteristic Property Grade 

       

Please specify what average sawn board timber quality you require: 
………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

……………………………………………………………………………………… 

……………………………………………………………………………………… 

46. If the log, square log and sawn board timber were 10% more in sizes compared to 

the average size, how much extra would you pay for them? 
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Teak prices Price (US$/m3) 
Log  

Square log  

Sawn board timber  

47. If the log, square log and sawn timber board were 10% better in wood quality (wood 

characteristics) compared to the average wood quality, how much extra would you 

pay for them? 

Teak prices Price (US$/m3) 
Log  

Square log  

Sawn board timber  

 

Thank you! 

 

 

 

 



   

 

188 

 

Appendix 2: Teak growth factors affecting wood characteristics and properties 

Growth factors 
Affect measurement to wood quality and properties 

Defects (branches, knots and etc.) Wood properties Heartwood proportion Wood colour 

Spacing Listyanto and Nichols (2009) 

revealed that tree density 

(stocking) was positively 

correlated with tree growth, 

branches and knots. The number 

of branches and knots increased 

with wider spacing.  

Zahabu et al., (2015) supported 

that spacing regimes (2x2, 3x3 

and 4x4m)  were highly 

correlated with tree growth and 

wood qualities. 

Sibomana et al., (1997) claimed 

that  different spacing plantations 

of teak 7-year-old grown  

(1.5x1.5, 2x2, 2.5x2.5 and 3x3m) 

significantly affected to tree stem 

form with 10, 14, 14 and 19 

branches respectively.   

Zahabu et al., (2015) 

confirmed that both physical 

and mechanical wood 

properties studied (wood 

density, modulus of 

elasticity, modulus of 

rupture, compressing and 

shear strength) were not 

significant affected by 

spacing regimes (2x2, 3x3 

and 4x4m), excepted the 

clearage tangential to grain.  

Listyanto and Nichols 

(2009) supported that tree 

density (stocking) did not 

significantly influenced 

wood properties such as, 

basic wood density, modulus 

of elasticity and modulus of 

rupture and compression.  

Prez (2005) reported that 

difference in tree stand 

density had no permanent 

effect on wood density.  

Ngueho-Yemele and 

Hapla (2005) found that 

heartwood proportion of 

teak plantations 

positively affected by 

spacing planting. 

Moya et al., (2014) 

supported that heartwood 

proportion positively 

affected from spacing 

regimes.  

Zahabu et al., (2015) 

revealed that that spacing 

regimes were highly 

correlated with 

heartwood 

percentagewith higher 

heartwood proportion 

with wider tree spacing. 

Moya and Berrocal (2009) 

claimed that  teak wood 

colour (redness value) 

increased with decreasing 

spacing of teak 

plantations.   

Moya et al., (2014) also 

found that that teak wood 

colour was strongly related 

with spacing plantations.  
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Moya et al., (2003) also 

found similar results  that 

spacing plantations (6x2 and 

3x3m) were not significantly 

influenced wood density of 

10-year-old teak plantations 

in Costa Rica. The study 

strongly recommended for 

further similar study of older 

teak plantations. 

Sibomana et al., (1997) 

assessed the impact of 

different spacing plantations 

of teak ( 2x2, 2.5x2.5 and 

3x3m) on wood properties 

and results indicated that 

basic density, modulus of 

elasticity and shear 

increased significantly with 

increasing spacing, excepted 

modulus of rupture and 

compression.    

Thinning Perez and Kanninnen (2005) 

revealed that the stem form 

factors of teak under different 

thinning practiced were not 

significantly different (p<0.05).  

Perez Cordero and Kanninen 

(2003)  indicated that tree form 

factors under different thinning 

Perez and Kanninnen (2005) 

confirmed that different 

thinning regimes at early 

teak plantations were not 

negative impact to wood 

properties in Costa Rica.. 

Other plantations species of 

Pine was assessed the effect 

Perez and Kanninnen 

(2005b) concluded that 

heartwood proportion  of 

teak showed no clear 

relationship with  

different thinning 

regimes. Heartwood 

percentagewith heavy, 

Moya et al., (2014) 

confirmed that  wood 

colour was affected from 

different thinning systems. 
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systems were inconsistently 

different. 

 

of thinning treatments on 

wood density, wood 

stiffness and tree growth by 

Carson et al., (2014). The 

study results found large 

difference in tree growth, 

wood density and stiffness 

among different thinning 

systems. The authors 

strongly supported the 

previous researches that 

thinning systems have 

strong relationship with tree 

growth and wood properties. 

Shukla and Viswanath 

(2014) studied a 12-year-old 

of teak plantations 

(intensively managed, 

unmanaged and unmanaged 

line). The results found 

differently with 82.10, 

84.34, and 74.48 MPa 

respectively for modulus of 

rupture, and 8.19, 10.10 and 

6.96 GPa for modulus of 

elasticity.  

moderate and light 

thinned treatments were 

similarly with 10-30%, 

10-30% and 20-25% 

respectively.  

Perez Cordero and 

Kanninen (2003)  

indicated that heartwood 

proportions of teak 

plantations under 

different thinning 

systems were 

inconsistently different. 

Pruning Perez and Viquz (2005) 

confirmed that branches and 

knots were affected from 

different pruning treatments (no 

Prez (2005) confirmed that 

intensive pruning regimes 

can improve wood quality 

Perez and Viquz (2005) 

revealed that heartwood 

proportion was 

significantly affected 
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pruning, 3 m, 4 m and 5 m 

pruning height a tree) of teak 

plantations 6 years. The 

treatments predicted removing 

branches and knots 0%, 49%, 

72% and 85%, respectively for 

teak plantations 20-25-year- old, 

which could add value to teak 

timber.  

Listyanto and Nichols (2009) 

supported that pruning  positively 

affected appearance defects by 

reducing number of branches and 

knots. The pruning can increase 

timber value by increasing knots 

in a central core wood and 

producing clear wood on outside 

of the bole height tree.  

Ladrach (2009); Listyanto and 

Niclos (2009) supported that 

pruning was strongly correlated 

with tree growth, branches and 

knots. Pruning should be done 

with younger tree in order to 

create knots in the central wood 

core and minimize branches and 

knots from the bole of tree. 

Smith et al., (2010) compared the 

impact of thinning and pruning 

treatments on wood properties 

without affecting to basic 

wood density.  

Other plantations species of 

Pine was assessed the effect 

of pruning treatments on 

wood density, wood 

stiffness and tree growth by 

Carson et al. (2014). The 

study results found large 

difference in tree growth, 

wood density and stiffness 

among different thinning 

systems. The authors 

strongly supported the 

previous researches that 

pruning systems have strong 

relationship with tree growth 

and wood properties. 

Smith et al., (2010) assessed 

the effect of thinning and 

pruning treatments on wood 

properties of plantation 

grown Eucalyptus. The 

results found that wood 

properties (basic density and 

modulus of elasticity) 

between the treatments were 

general small and not 

significantly different. 

from pruning treatments 

(no pruning, 3 m, 4 m 

and 5 m along tree 

heights) of 6-year-old 

teak plantations with 

resulting 26.15%, 

32.17%, 18.81%, and 

19% of heartwood 

percentage, respectively. 
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and knots of plantation grown 

Eucalyptus. The results showed 

that the inner core diameter of 

stem wood contained larger knots 

for the thinned trees compared to 

the pruned trees.   

Age Moya et al., (2014) suggested 

that plantation age affected not 

only heartwood percentageand 

wood colour, young teak trees 

also appeared more branches and 

knots compared to the mature 

trees. 

Trochenbrodt and Josue (1999) 

conducted a critical review with a 

conclusion that the difference 

between juvenile (from 10 to 20- 

year-old) and mature tree was the 

wood defects, such as branches, 

knots. The younger trees 

appeared more branches and 

knots. 

 

Darmanwan et al. (2015) 

reported that wood density, 

modulus of elasticity and 

modulus of rupture were 

significantly lower in 

juvenile wood  (10 yrs) 

compared to the mature 

wood (40 yrs) of teak 

plantations grown in 

Indonesia. 

Perez Cordero and Kanninen 

(2003)  indicated that wood 

density of teak plantations 

was significant different 

between 10 and 50-year- 

old.  

Negi et al., (2004) realized 

that both physical and 

mechanical wood properties 

showed increasing trend 

with increasing age at 

similar plantation sites from 

2 years to 22 years. 

Moya et al., (2014) 

claimed that that  

heartwood 

percentageincreased with 

tree age and diameter, but 

it decreased with tree 

height. 

Perez Cordero and 

Kanninen (2003) found 

that heartwood between 

10 to 50-year-old of teak 

plantations was 

significantly different.  

Ngueho-Yemele and 

Hapla (2005) also had  

similar conclusion that 

heartwood proportion of 

teak plantations was 

positively influenced 

from tree age. 

Prez (2005) supported 

that heartwood 

proportion increased with 

increasing tree ages 

Moya and Berrocal (2009) 

found that heartwood 

colour was highly 

correlated with tree ages of 

7 to 15-year-old. The 

wood redness value 

increased with increasing 

tree age and diameter.  

Moya et al. (2014) found 

that wood colour of teak 8-

year-old was significantly 

lighter than the older trees 

of  30 and 50-year-old and 

those trees have darker and 

redder wood colour values 
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 Prez (2005) realized that 

wood density was found 

differently only between 

young tree 8 years or 

younger and mature tree 47- 

year-old.  

Wanneng (2012) also 

supported that wood density, 

modulus of elasticity, and 

modulus of rupture were not 

significant difference 

between 10, 15, 20 and 25- 

year-old of teak plantations. 

Bhat (1998) found that faster 

growth of teak plantations 

between 13, 21, 55 and 65 -

year-old were not significant 

difference in wood density, 

modulus of elasticity, and 

modulus of rupture. 

 Bhat et al., (2001) also 

similar found that that the 

slow-grown trees of juvenile 

trees from 15 to 25-year-old 

and mature trees 50-60-year-

old were not significant 

difference for both physical 

and mechanical wood 

properties. 

between 8 years  and 47-

year-old. 

Darwis et al., (2005) 

proved that heartwood 

proportion of teak 

plantations between 

(9,12,25,35,45 yrs) 

increased with age 9.09, 

33.53, 48.73, 63.33, 

73.14%, respectively. 

Bhat (1998) confirmed 

that the heartwood 

percentageof teak 

plantations increased 

from 13-year-old to 55- 

year-old and the 

percentageseemed 

similarly between 55 and 

65-year-old. 

Kokutse et al., (2012) 

confirmed less  

correlation between 

heartwood proportions 

and ages (11, 12, 13 and 

16-18-year-old). The 

results found that 

heartwood proportions 

were 42.1%, 36.7%; 

26.1% and 31.1%, 

respectively. 
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Josue and Imiyabir (2011) 

showed that both physical 

and mechanical wood 

properties of 15-year-old 

teak plantations grown in 

Malaysia were not inferior 

compared to the mature teak 

trees grown in elsewhere. 

Trochenbrodt and Josue 

(1999) critical reviewed and 

concluded that the 

difference of wood 

properties between juvenile 

(from 10 to 20-year-old) and 

mature teak plantations is 

less and therefore is 

considered as unimportant. 

Negi, Lal et al., (2004) 

assessed teak wood 

properties of different ages 

(15, 19, 20 and 22-year-old). 

The results indicated no 

significant difference. 

Hopewell et al., (2011) 

claimed that the relationship 

between wood properties 

and age was less correlated, 

the hardness of teak 6.5- 

year-old grown in North 

Queensland was 4.1 KN 

Hopewell et al., (2011) 

concluded that  

heartwood proportion 

was correlated with tree 

age. The study revealed 

that teak 6.5-year-old 

grown in North 

Queensland, Australia 

has heartwood of 43% 

compared to teak grown 

in Solomon Islands (6, 10 

and 15-year-old) of 39%, 

48% and 67%, 

respectively. 

Perez and Kanninnen 

(2005a) supported that 

teak heartwood increased 

with age with about 33-

37% for 10 years teak 

plantations and  80-90% 

for teak older than 30-

year-old. 

Tewari and Mariswamy 

(2013) assessed 

heartwood, sapwood and 

bark contents of teak 

plantations of different 

ages 11-36-year-old and 

results found that 

heartwood of teak 
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compared with teak grown 

in Solomon Islands (6, 10 

and 15-year-old) of  4.6 KN, 

5.3 KN and 4.6 KN,  

respectively.   

 

plantations increased 

with tree age and 

diameter, while the part 

of tree bark decreased. 

Generic Cirad (2015) suggested that 

different tree genetics strongly 

affected wood quality. Clone 

with low branches and knots 

allow reducing planting density, 

thinning and pruning costs. 

Wood et al., (2008) reported that 

tree species and genetic are 

considered as important factors 

affecting visual log grades.    

  

Moya et al., (2012) studied 

two teak clonal trails in 

Costa Rica and results found 

that tree genetics 

importantly correlated with 

heartwood proportion and 

wood properties. Tree clone 

with denser wood improved 

stiffness and wood redness 

value.  

Raymond et al., (2002) 

studied the relationships 

between strain, wood 

properties and stress of three 

E. globulus provenances 

(King Island, Otway and 

Jeeralang) and the results 

indicated the growth stress 

in terms of board deflection 

was significantly different 

among the provenances with 

mean values 29.5mm, 

24.3mm and 17.7mm 

respectively. 

Moya et al., (2012) 

studied two teak clonal 

trails in Costa Rica and 

the results found that tree 

genetic importantly 

correlated with 

heartwood proportion. 

Study showed that 

selecting faster growth 

clones increased 

heartwood %age, 

decreased sapwood and 

bark. 

Moya et al., (2014) 

reviewed with a 

conclusion that  wood 

colour was affected from 

different teak cloning and 

genetic. However, little 

information was variable.  

Moya et al., (2012) studied 

two teak clonal trails in 

Costa Rica and the results 

found that tree genetics 

importantly correlated 

with heartwood colour.  

Bradbury et al. (2011) 

studied the effect of 

genetic and environmental 

variation on wood colour 

of Australian blackwood 

(Acacia melanoxylon R. 

Br). The results confirmed 

that heartwood colour and 

patern were both 

correlated with tree genetic 

and the different 
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Kube and Raymond (2002) 

also supported that the  

correlations among genetic , 

diameter, and basic density 

was very strong for 

Eucalyptus nitens.     

environmental condition. 

Hence, controlling 

heartwood colour 

variations needed care 

both tree genotypes and 

site characteristics.    

Location:     

Soil  Moya and Perez (2008) 

studied the effect of physical 

and chemical soil properties 

on physical wood 

characteristics of teak 

plantations. The study found 

that soil characteristics were 

highly correlated with teak 

growth but were least 

directly affected to wood 

properties. The study 

concluded that a large range 

of soil in Costa Rica is all 

suitable for growing teak 

without affecting certain 

wood properties. 

Moya (2009) further studied 

radial anatomical features 

and wood density of 13- 

year-old teak plantations at 

two different qualities of site 

plantations in Costa Rica. 

 

 

Derkyi et al., (2009) 

confirmed that soil 

chemical properties and 

tree age were important  

correlated with wood 

colour of teak plantations. 

However, soil 

characteristic was stronger 

effect on wood colour than 

age. 

Moya et al., (2014) proved 

that wood colour of teak 

plantations grown in high 

rainfall location produce 

dark  colour and non-

striped while teak 

plantations grown with 

low rainfall sites produce 

light colour and black 

stripes.  
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The results found that site 

qualities affected the length 

of fibers and as well as the 

size of vessels, but the 

growing site did not affect 

wood density.    

Landscape and 

geographic  

Thulasidas and Bhat (2008) 

assessed log characteristic of 35- 

year-old teak plantations grown 

in two different localities (wet 

and dry). The results showed that 

tree had larger diameter in the 

wet site compared to the dry site 

with 39.6cm and 24cm 

respectively. However, the study 

didn’t show significant difference 

in log grading based on visual 

defects (branches and knots). 

Wood et al., (2008) reported that 

site conditions are important 

factors influencing tree growth 

rate, stem form, and wood 

quality.   

Bhat (1998) revealed that in 

average teak plantations at 

higher soil moisture due to 

irrigation and grown at the 

riverside plantation were 

slightly lower in wood 

density, MOE and MOR.  

Negi et al., (2004) presented 

that specific gravity of 19- 

year-old teak plantations 

grown in three different 

localities were differently 

with 0.440, 0.533 and 0.570. 

Other mechanical properties 

such as MOE, MOR and 

hardness were also found 

different in different 

localities. 

Negi et al., (2004) further 

showed that moisture of soil 

due to irrigation and non-

irrigation also affect to both 

physical and mechanical 

Moya and Berrocal 

(2009) confirmed that 

heartwood proportion of 

teak plantations was 

positively correlated with 

plantation sites    

Moya et al., (2014) 

supported that heartwood 

proportion was affected 

from site grown 

conditions.  

 

Moya and Berrocal (2009) 

also found that wood 

colour of teak plantations 

was strongly correlated 

with plantation sites. 

Bradbury et al.,(2011) 

studied the effect of 

genetic and site plantation 

on wood colour of 

Australian blackwood. The 

results confirmed that 

heartwood colour and 

pattern were both 

correlated with tree genetic 

and site condition. Hence, 

controlling heartwood 

colour variations needed 

care both tree genotypes 

and site characteristics.       
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properties, except tangential 

shearing stress. 

Other plantations species of 

Pine was assessed for the 

effect of plantation sites on 

wood density, wood 

stiffness and tree growth by 

Carson et al., (2014). The 

results found large 

difference in tree growth, 

wood density and stiffness 

among various plantations 

sites. 

Raymond et al., (2002) 

reported that the growth 

strain of E. globulus 

provenance (Otway) grown 

in different sites were 

significant difference with 

0.106 mm and 0.138 mm. 

However, the board 

deflection was very similar 

with 30.1mm and 29.5mm 

respectively.    

Climatic and 

nutrient 

 Montero et al., (2015) 

studied the relationship 

among wood properties, 

climatic and fertility 

conditions of 11-year-old 

teak plantations. The results 

Montero et al., (2015) 

found heartwood was 

positively affected from 

climatic and fertility 

conditions. Sapwood was 

higher in the climate with 

Moya and Calvo-Alvarado 

(2012) confirmed that 

wood colour was highly 

correlated with 

environmental locations. 

The wood colour produced 
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showed the correlation 

among these factors were 

not clear as the results were 

not consistent related, which 

was concluded that wood 

properties (density, wood 

shrinkage, modulus of 

elasticity, modulus of 

rupture and hardness and 

shear strength) were less 

correlated with climatic and 

fertility conditions. 

more rainfall and greater 

fertility. On the other 

hand, heartwood was 

higher in the climate with 

less rainfall and low 

fertility. 

Anish et al., (2015) 

studied heartwood of fast 

and slow grown teak by 

measuring the width of 

wood annual rings 

(annual ring width ≥ 5 

mm is  classified for fast 

grown tree and annual 

ring <5 mm is slow 

grown tree). Assessment 

confirmed heartwood was 

not significantly different 

between fast and slow 

grown teak by 79.5% and 

69.2%, respectively.  

from drier and fertile sites 

appeared more yellowish-

brown. It was highly noted 

that climatic variables 

should be considered to 

explain wood colour 

variation of teak 

plantations. 
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Appendix 3: Guideline proposed for log measuring for  

grading 

3.1 Log measurements 

The first important step in developing a log grading guideline of plantation teak was to 

provide precise definitions of log length, diameter, volume and wood characteristics or 

defects.  

3.1.1 Log length (L) 

There are different log lengths used in different countries such as a short log 1-2.60 m, 

medium 2.6-5 m, and the long log length is over 5 m (Indian Standards Institution, 

1968; Thulasidas and Bhat, 2009). However, the log length standard requirement in 

Laos was only 2 m. The log length should include a minimum length plus cutting of 

0.10 or 0.20 m. The cutting allowance is also in cases the log ends are cut not straight 

or the log ends are damaged from logging and transporting. Therefore, the log length 

proposed for this log grading rules was 2.10 or 2.20 m. This log length is based on the 

standard requirement in Laos particularly for plantation timbers in Laos. The system 

can be adapted to fit with worldwide requirements in the future. The log length is 

measured at the shortest length of points if the end cuts are sloping. In case, the log is 

bent, the measurement is taking straight from the shortest point of the end to another 

end (Figure 1). The log length tools of measurement can be any measurement tapes. 

The measurement unit is in meter (m) with two decimal numbers. 

 

 

 

 

 

 

Figure 1: Example of round log length and diameter measurements 
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3.1.2 Diameter (D) 

In the literature review it was explained that different log sizes measurement methods 

are used in worldwide, such as middle girth (under bark) (Ruwanpathirana, 2013) and 

average two log diameter ends measurement (small and big log ends) methods 

(Hopewell et al., 2015).  However, these methods are not suitable in Laos as teak logs 

are normally stacked into bundles which is very hard or impossible to measure each 

individual middle girth of log especially for the logs that are stacked in middle and 

bottom of the stack or bundle. And the log diameter method that measure the average 

two log diameter ends (small and big ends) is too much time consuming, and as well as 

not meeting the buyers’ requirement. In this grading guideline proposed, log diameter 

was designed based on the buyers’ requirement in Laos by measurement log diameter 

at only one small log end. The measurement takes under the log bark. If the small end 

log-diameter is well round, the measurement can be taken two times (shortest and 

widest parts) (Figure 1). The average log diameter is calculated in centimeter (cm) 

within two decimal numbers. The reasons for applying these measurement methods 

becasue log sawing is normally designed based on the size of small log end diameter. 

In addition, these measuarement mehtods are faster, easier and costless for teak buyers 

and growers.  

3.1.3 Round log volume (V) 

Log volume calculation is normally in a cubic meter (m3). Log volume calculation 

includes log diameter (D) and log length (L) (Equation 1). The log volume is normally 

calculated in volume within three decimal numbers. 

V =(D2xLx0.7854)                     [1] 

3.2 Wood characteristics measurements 

Wood characteristics or defects are the factors referring to timber grades or quality. 

These factors are visual characteristics such as heartwood proportion, colour, knots, 

shake, end split, and bend. Higher timber quality or grade means, the wood is fewer 

defects. Oppositely, the timber of lower quality or grade means they have more defects. 
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 3.2.1 Heartwood measurement 

As explained in the previous chapter 2, heartwood is located at the inner core (pith) of 

a log, which is usually darker in colour compared to sapwood (outer part). It is proving 

reason that heartwood contains the mature cells, such as parenchyma and vessel. 

Heartwood proportion (HP) measurement is taken in percentage of the ratio between 

the same end log diameter (under the bark) and heartwood diameter (Equation 2). 

Heartwood proportion is measured at the small end log as the same methods used for 

log diameter measurement method mentioned above. Heartwood diameter should be 

measured at the same time when measuring log diameter as it can save the measurement 

time.  

HP(%) =
Heartwood diameter

Log diameter
x100                 [2] 

3.2.2 Log bend measurement 

Log bend (B) means the log is curvy which could be causing from tree genetics, wind 

or plantation management. A log can occur one bend or multiple bends. This log 

grading system proposed log bend measurement in percentage by measuring the 

maximum distance (between the curved side of a log when a line is extended between 

log ends (Figure 2 and Equation 3). The percentage of log bend is calculated as the ratio 

between the maximum curved distance (a) of the bend and the log length (L).  

B(%) =
a

L
x100                      [3]  

Figure 2: Example of log bend measurement  

 

 

 

a 



   

 

 

203 

 

3.2.3 Knots and knot holes measurements 

The knot is a kind of lump presenting on a log, which may cause from branches loosed 

and tree damaging from fire, wind or animal. Two different knots, that are assessed for 

this log grading system are fixed knots and loose knots. The fixed knots mean the knots 

that are only seen as a lump appearing on the log, but the knots are still covered by log 

bark. The loose knots mean they appear as an opened hole in the central part of a knot 

or a hole or splitting around the knot without bark covering. The knot assessment is 

recorded the number of knots presenting on a log by separating the number of knot 

holes. The maximum of the diameter of knot and knothole are measured and recorded. 

The maximum diameter of knot is taken in the direction perpendicular to the length of 

the log by measurement starts where the knot starts and ends where the knot ends.  

3.2.4 Log end split measurement 

End splits are defined as splits starting from external log to log pith. Both the maximum 

end splits are measured along the length of log (two log ends) and the total log end split 

is calculated by adding the maximum end splits occurring at each log end. 

3.2.5 Log buttress or wane measurements 

The number of buttresses and wanes occurring in the log are recorded. The 

measurements are taken only at the maximum deep distance (Figure 3) and calculated 

in percentages the ratio between the maximum deep distance of the buttress or wane (d) 

and the log diameter (D) (Equation 4).   

Buttress/wane(%) =
d

D
x100                 [4] 

 

 

 

 

 

Figure 3: Example of a log buttress measurement  

 

 

d 

D 
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3.2.6 Log insect holes assessment  

The numbers of insect holes presenting on the log are recorded 

3.2.7 Wood colour assessment  

To be simple and easy for wood colour grading, different colours of teak wood are 

recorded. The sample colours are coded with different numbers, for example “1” dark, 

“2” golden, “3” brown, and “4” light brown. Then, the teak colour grading can be just 

matched to the sample colours and recorded for the log colour matched with the  grading 

rules.   

Appendix 4: Guideline proposed for square log measuring 

for grading 

4.1 Square log measurement 

Regarding the information obtained from teak buyer survey from this study, square log 

size was the most important factor for teak buyers. A bigger square size was higher 

requirement and higher price paid by the buyers. The survey results realized that square 

log sizes that were usually purchased in Laos were classified into four main ranges for 

domestic market. These sizes were included between 8-12 cm; 13-17 cm; 18-22 cm, 

23-27 cm and over 27 cm. Therefore, the square log size measurement method was 

based on the shortest side of the square log (one end square log).    

Square log length measurement: The method of square log length measurement was 

conducted a similar way as the round log length method mentioned above.    

Square log volume calculation: Square log volume calculation is normally in a cubic 

meter (m3) with three decimal numbers. Square log volume calculation was included in 

the area of one end square log. It may be a squareness (size x size) or a rectangle shape 

(short size x long size) and the square log length (L) (Equation 1).  

V = short square size (a) x long square size (b)x length (L)      [1] 
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4.2 Wood characteristics of square log measurements 

4.2.1 Square log heartwood proportion (Sh) 

Square log heartwood proportion (Sh) can be measured at one end of the square log. 

The measurement is taken twice at both corners to corner positions (Figure 1). The 

square log heartwood calculation is in percentageas the ratio of the average short 

heartwood distances (d1+d2) and long square log distances (D1+D2) (Equation 2).  

Sh(%) =
d1+d2

D+D2
x100                     [2] 

 

Figure 1: Square log heartwood proportion measurement  

4.2.2 Knots and knots holes 

Square logs knots and knot holes can be assessed a similar method as the round log 

knots and knot holes methods mentioned above. The total numbers of the knot are 

recorded by separating the numbers of knotholes. The maximum diameter of knot and 

knothole are measured in the direction perpendicular to the square log length by starting 

from where the knot starts and end when the knot ends.  

4.2.3 End splits 

Both the maximum square log ends splits are measured along the length of the square 

log. Then, the total square log end split is calculated by adding the maximum end splits 

occurring at each log end. 

4.2.4 Square log insect holes assessment  

The total numbers of insect holes presenting on the square log are recorded for 

grading. 
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4.2.5 Wood colour assessment  

The method of square log colour assessment is applied as the round log colour 

assessment method previously mentioned above (Appendix 3).  The sample colours are 

coded with different numbers, for example “1” dark, “2” golden, “3” brown, and “4” 

light brown. Then, the square log colour grading can be just matched to the sample 

colours and recorded for the log colour matched with the  grading rules.   
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