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Abstract 
Teak (Tectona grandis L.) plantation management is said to be profitable, but small-scale farmers 
with teak plantations need to find appropriate and effective choices for plantation management 
because of their small plots. There have been few studies on how combinations of site quality, ro-
tation and plant spacing affect financial evaluations of teak plantation management quantitatively. 
In this study, we introduced the yield table for teak plantations in Northeast Thailand, and inves-
tigated the effects of site quality with rotation (15-year and 20-year) and spacing (2 m × 4 m and 4 
m × 4 m) on the financial evaluation of teak plantation management using discounted cash flow 
analysis. The equivalent annual incomes (EAI) and benefit/cost ratios (BCR) were negative and <1, 
respectively, at site indexes (SI) of 14 and 18, but increased ~2 - 3 times as SI rose from 22 (site of 
medium quality) to 26 and 26 to 30. The 20-year rotation was generally preferable to the 15-year 
one, especially at SI 22. At SI 30, 2 m × 4 m was more profitable than 4 m × 4 m for both rotations, 
but at SI 22, 20-year rotation with 4 m × 4 m was the most profitable, followed by 20-year with 2 m 
× 4 m. 
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1. Introduction 
According to a technical mission of the International Tropical Timber Organization (ITTO) to Thailand, rural 
poverty, the main root cause of deforestation, has not been adequately addressed (Simula et al., 2006). Half of 
the poor people nationwide are found in the northeast of the country, and the region is now burdened with an in-
creasing wealth gap, insufficient productivity in the private sector, and a worrying environmental situation, ac-
cording to the National Economic and Social Development Board (NESDB) (Bangkok Post on Mar. 14, 2004). 
In addition, the region’s forest cover of only 10% is far below the 40% required to maintain its ecological balance.  

Through the Thai governmental subsidy project (namely, the 3000 Baht project) on combating deforestation, 
farmers established 351,000 hectares of tree plantations, including 151,000 hectares of teak (Tectona grandis L.) 
plantations, from 1994 to 2001 (Royal Forest Department (RFD), 2002). Teak is an indigenous species in 
Thailand (Kaosa-ard, 1993). Teak is considered as a multipurpose tree for agroforestry in many parts of Asia, 
Africa and tropical America, including an investment (Bhat & Ma, 2004). Teak is suitable for small-scale plant-
ing because of its high value, relatively fast growth and ease of cultivation. However, most small-scale farmers 
in Thailand never considered the potential benefits of planting teak on their farms. Their lack of interest is ex-
plained mainly by two factors: their need for short-term economic returns, and forestry laws that severely restrict 
the harvest and transport of protected species (Mittelman, 2000). In Northeast Thailand, some farmers have 
given up teak plantations and returned to the cultivation of other cash crops, or chosen to plant other fast-grow- 
ing tree species (Yokota et al., 2009; Himmapan et al., 2010). Yokota et al. (2009) and others have pointed out 
that one of the main reasons for this is that such farmers could not wait 10 or more years with no benefits until 
teak harvesting. The promotion of forest plantation development in Thailand needs to be accompanied by the 
dissemination of balanced information on the potential of tree growing, and the positive and negative impacts 
they can have in certain localities. The proposed solutions include improving knowledge of comprehensive 
evaluation of the cost-effectiveness and efficiency of incentives in fostering plantation development (Mahannop, 
2004). In terms of Thai farmers’ approaches to forestry using the valuable indigenous tree species teak, Noda et 
al. (2004) suggested multiple uses of their land, and Yokota et al. (2009) suggested a forest future profit projec-
tion method, suitable forest planning, and the adoption of combined farm management with teak plantation to 
cover the no-profit period before teak harvesting. In addition, Phothitai (1993) and Dumrongthai et al. (1999), 
among others, previously studied the profitability of a teak-only plantation management approach. Niskanen 
(1998) and Midgley et al. (2007) studied the profitability of teak and cash crop management using agroforestry 
(intercropping) methods. These, however, didn’t cover effects of rotation and spacing on profitability. Noda et al. 
(2012) focused on a typical farmer who established a teak plantation in Northeast Thailand, in terms of land size 
and land use pattern for crops without intercropping, and examined the profitability of cash flow models of teak 
farm forestry management using cash flow analysis. Selecting better land allocation for the combined manage-
ment approach improved profitability and mitigated the initial negative earnings caused by teak management. 
The financial criterion of equivalent annual income (EAI) highly depended on the log prices at the final time of 
cutting. In terms of the EAI and benefit/cost ratio (BCR), the settings that promoted the profitability of teak farm 
forestry management were 20-year rotation > 15-year, and 4 m × 4 m spacing > 2 m × 4 m. The benefits in 
terms of teak plantation cash flow were based on a typical harvest of teak plantation management shown by 
RFD on a site of average quality.  

Teak can be produced under diverse conditions, but high productivity can only be expected on good and ac-
cessible sites (Enters, 2000). Site quality can markedly affect the amount of yield and the benefit (Phothitai, 
1993; Kaosa-ard, 1998; Balagopalan & Rugmini, 2008; Mandal et al., 2008; Thulasidas et al., 2008). Forest 
plantation cooperatives in Thailand need suitable knowledge of planting techniques and forest plantation man-
agement to provide and support their farmer members with increased productivity and log quality (Himmapan et 
al., 2010). However, we have had difficulty in finding out about how combinations of site quality, rotation and 
spacing affect financial evaluations of teak plantation management quantitatively from previous studies. There-
fore, in this study, we introduced a yield table for teak plantations in Northeast Thailand published by the 
RFD-JIRCAS joint research project, and investigated the effects of silvicultural alternatives of site quality, rota-
tion and spacing on the profitability of teak plantation management. Finally, we discussed their relationship in 
terms of financial aspects. 

2. Materials and Methods 
The study area is one of regions in Thailand, and is bordered by Laos and Cambodia (Figure 1). The alluvial  
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       Figure 1. Location of the study area.                                                          
 
plateau of the Korat basin with elevation 100 - 300 m covers two-thirds of the region, and is surrounded by 
mountainous ranges in the south, west and northeast (Wongwiwatchai & Paisancharoen, 2002). Most of the soils 
in northeast Thailand are derived from sandstone, shale, or siltstone (Ragland & Boonpuckdee, 1988). The cli-
mate of the region has two major seasons, namely the Southwest Monsoon and the Northeast Monsoon, and the 
Southwest Monsoon is characterized by the wet season with the maximum monthly rainfall of about 300 mm, 
the Northeast Monsoon is characterized by the dry, moderated slightly by very occasional light showers. The 
annual rainfall and the monthly mean temperature range from 1100 mm/year and 22˚C to 1800 mm/year and 
29˚C, respectively (Phien et al., 1980). 

In the study, we selected rotation periods of 15 years and 20 years, and plant spacing of 2 m × 4 m and 4 m × 
4 m, as popular alternatives in teak plantation management. Site indexes (SI) of 14, 18, 22, 26, and 30, reflecting 
poor, slightly poor, medium, slightly good, and good quality, respectively, were used because SI ranges from 14 
to 30 in the yield table shown below. 

2.1. Yields of Teak Plantation by Site Quality 
A yield prediction table was constructed under the Reforestation and Extension Project in Northeast Thailand, 
Phase II (REX II), by RFD and the Japan International Cooperation Agency (JICA) in 1992; it was subsequently 
revised after more data were obtained in this region under the RFD-JIRCAS project during 2009-2010 (Vacha-
rangkura, 2012). These yield tables are empirically based, but cannot always provide reliable data; therefore, a 
variable density type of yield table (Vacharangkura et al., 2011) was developed using a multiple linear regres-
sion model as an estimation procedure. This model showed high reliability of prediction, and the best precision 
for stands aged from 5 to 15 years old (Vacharangkura, 2012). 

We used the Yield Table for Teak Plantation in Northeast Thailand, which is based on a variable density ap-
proach (Vacharangkura et al., 2011), in order to estimate the amount of yield by site quality. The table shows 
stand age, dominant tree height (DTH), tree height (H), girth at breast height (GBH), stem volume, and yield 
volume (1 rai = 0.16 hectares) by spacing and SI (Table 1).  
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Table 1. Case data from the yield table for teak plantation in Northeast Thailand.                                     

Rotation Spacing SI Number of tree 
(tree/rai) 

DTH 
(m) 

H 
(m) 

GBH 
(cm) 

Stem volume 
(m3/tree) 

Yield volume 
(m3/rai) 

15-year 4 m × 4 m 14 88 10.3 7.6 33.8 0.051 4.488 
15-year 4 m × 4 m 18 79 13.3 10.5 43.6 0.101 7.98 
15-year 4 m × 4 m 22 72 16.3 13.3 52.8 0.176 12.634 
15-year 4 m × 4 m 26 66 19.2 16.2 61.6 0.279 18.522 
15-year 4 m × 4 m 30 62 22.2 19.1 70.1 0.413 25.703 
15-year 2 m × 4 m 14 149 10.3 7.6 30 0.037 5.573 
15-year 2 m × 4 m 18 133 13.3 10.5 38.7 0.075 9.908 
15-year 2 m × 4 m 22 121 16.3 13.3 46.9 0.13 15.688 
15-year 2 m × 4 m 26 112 19.2 16.2 54.7 0.205 22.998 
15-year 2 m × 4 m 30 105 22.2 19.1 62.3 0.304 31.915 
20-year 4 m × 4 m 14 78 11.7 8.9 40.7 0.076 5.906 
20-year 4 m × 4 m 18 69 15.1 12.2 52 0.152 10.501 
20-year 4 m × 4 m 22 63 18.4 15.5 62.7 0.263 16.626 
20-year 4 m × 4 m 26 58 21.8 18.7 72.9 0.417 24.373 
20-year 4 m × 4 m 30 55 25.1 22.0 82.8 0.618 33.824 
20-year 2 m × 4 m 14 131 11.7 8.9 36.1 0.056 7.334 
20-year 2 m × 4 m 18 117 15.1 12.2 46.2 0.112 13.039 
20-year 2 m × 4 m 22 106 18.4 15.5 55.7 0.194 20.644 
20-year 2 m × 4 m 26 99 21.8 18.7 64.8 0.307 30.264 
20-year 2 m × 4 m 30 92 25.1 22.0 73.6 0.455 41.999 

SI: site index. DTH: dominant tree height. GBH: girth at breast height over bark. 
 

The yield table does not take into account a thinning effect because there were insufficient samples of a thin-
ning effect in teak plantations. Therefore, the use of this table is limited to estimation of the final cutting yield. 
In this study, we supposed that no thinning was conducted up to final cutting, and that benefits would be ob-
tained only in relation to the final cutting yield.  

For evaluation of the value of yields, the number of trees per rai and the log products per tree were prepared. 
The number of trees per rai was derived from the yield table, corresponding to the yield volume divided by the 
stem volume. The types of log products per tree were evaluated by virtual bucking (Noda et al., 2004), with an 
average size of stem shown as H and GBH. The teak log standard price table as of July 2010, developed by the 
Forest Industry Organization (FIO), was used to calculate the value of yields for each log product. The teak log 
standard price is grouped by log length class (<2 m, <4 m, <6 m, and 6 m or more) and mid-girth under bark 
(MGH) class (25 - 29 cm, 30 - 34 cm, etc.). In this way, the girth under the bark was supposed to be 90% of the 
girth over the bark.  

Unit price per cubic meter becomes higher as log length and MGH increase in the FIO teak log standard price 
table. In the study, preference of log length was set to 6 m > 4 m > 3 m, and group of log price was selected on 
the basis of MGH and length, according to the FIO teak log price table. The MGH on the table means the me-
dium value of MGH range on the log price table; for example, MGH 37 cm corresponds to a group of MGH 35 - 
39 cm. Each log price was estimated with the set of log length and MGH in the FIO teak log price table, and was 
summed to be total log price per tree by silvicultural alternative. 

2.2. Cash Flow Modeling of Teak Plantation Management 
The costs of initial establishment and other silvicultural factors of teak plantation were based on the standard 
management plan for reforestation in Northeast Thailand, as recommended by RFD (2006) (Table 2, Table 3). 
In this study, we assume no thinning and an extensive type of teak plantation management for small-scale far-
mers. Thus, some activities were changed to zero (no activity), as shown in Table 2 and Table 3. For cash flow 
analysis, the unit costs of labor, seedlings, and fertilizer were set to 180 baht/day/man, 5 baht/tree, and 10  
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Table 2. The standard management plan of teak plantation with 15-year rotation.                                      

(Rotation 15 years, spacing 2 m × 4 m) 

Activities Unit 
Year of period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Survey man.day 0.5               

Land preparation man.day 4               
Slash and burn man.day 4               

Survey road man.day 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Fire line man.day 1               

Alignment and staking man.day 2               
Planting and seedling 

transportation man.day 3               

Weeding man.day 4 6 6             
Fertilizing man.day 0.5 0.5 0.5             

Replanting and survival 
rate checking man.day 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Pruning man.day       1 1 1 1  1 1 1 1 
Thinning 50% man.day                

Logging man.day               7 
Number of seedlings tree 220               
Amount of fertilizer kg 100 100 100             

(Rotation 15 years, spacing 4 m × 4 m) 

Activities Unit 
Year of period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Survey man.day 0.5               

Land preparation man.day 4               
Slash and burn man.day 4               

Survey road man.day 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Fire line man.day 1               

Alignment and staking man.day 2               
Planting and seedling 

transportation man.day 3               

Weeding man.day 4 6 6             
Fertilizing man.day 0.5 0.5 0.5             

Replanting and survival 
rate checking man.day 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Pruning man.day       1 1 1 1  1 1 1 1 
Thinning 50% man.day                

Logging man.day               7 
Number of seedlings tree 120               
Amount of fertilizer kg 50 50 50             

Note: The data are from a case model of Northeast Thailand (RFD, 2006). The gray cells indicate data set to zero for this study. 
 
baht/kg, respectively, according to the RFD (2006). The benefit was estimated on the basis of the value of the 
final cutting yield. 

2.3. Financial Evaluation 
In the financial analyses, criteria are calculated using discounted cash flow analysis techniques (Price, 1989; 
Davis et al., 2005). The criteria used in the study are the net present value (NPV), and the benefit-cost ratio 
(BCR): 



I. Noda, W. Himmapan 
 

 
563 

Table 3. The standard management plan of teak plantation with 20-year rotation.                                      

(Rotation 20 years, spacing 2 m × 4 m) 

Activities Unit 
Year of period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Survey man.day 0.5                    

Land preparation man.day 4                    
Slash and burn man.day 4                    

Survey road man.day 0.5 0.5 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Fire line man.day 1                    

Alignment and 
staking man.day 2                    

Planting and  
seedling  

transportation 
man.day 3                    

Weeding man.day 4 6 6                  
Fertilizing man.day 0.5 0.5 0.5                  

Replanting and  
survival rate  

checking 
man.day 1 0.5 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Pruning man.day       1 1 1 1  1 1 1 1  1 1 1 1 
Thinning 50% man.day                     

Logging man.day                    7 
Number of  
seedlings tree 220                    

Amount of  
fertilizer kg 100 100 100                  

(Rotation 20 years, spacing 4 m × 4 m) 

Activities Unit 
Year of period 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Survey man.day 0.5                    

Land preparation man.day 4                    
Slash and burn man.day 4                    

Survey road man.day 0.5 0.5 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Fire line man.day 1                    

Alignment and 
staking man.day 2                    

Planting and  
seedling  

transportation 
man.day 3                    

Weeding man.day 4 6 6                  
Fertilizing man.day 0.5 0.5 0.5                  

Replanting and 
survival rate 

checking 
man.day 1 0.5 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Pruning man.day       1 1 1 1  1 1 1 1  1 1 1 1 
Thinning 50% man.day                     

Logging man.day                    7 
Number of 
seedlings tree 120                    

Amount of  
fertilizer kg 50 50 50                  

Note: The data are from a case model of Northeast Thailand (RFD, 2006). The gray cells indicate data set to zero for this study. 
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where Rt, Ct are revenue and cost at time t, and i is the discount rate. For application of NPV, we should select 
the highest NPV from a group of compatible investments (Price, 1989), and should convert NPV to an annual 
amount called the EAI to compare forestry investment with other land uses for a certain period using the fol-
lowing formula: 
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where n is the number of years in the rotation (Friday et al., 2000). In this study, we basically used EAI to com-
pare profitability because we have different rotations of investment project period, 20 years vs. 15 years. How-
ever, we determined BCR as reflecting the degree of efficiency. The discount rate for these evaluations was set 
to 10%.  

The ratios of EAIs and the ratios of BCRs were calculated to investigate the effects of silvicultural alterna-
tives on financial evaluation. 

3. Results 
3.1. Estimation of Log Products at Final Cutting 
Table 4 shows the length, MGH, and value of log products derived from virtual bucking. Tree value was calcu-
lated by adding the 1st, 2nd, 3rd, and 4th log values at final cutting. The tree value increases 7 - 10 times (SI 22) 
and 27 - 42 times (SI 30) relative that at SI 14, given the same rotation and spacing. Thus, a site of good quality 
shows a large advantage with a much higher value of trees at final cutting compared with a site of medium qual-
ity.  

The tree value at 20-year rotation was approximately two times higher than that at 15-year rotation, given the 
same spacing. The cases with spacing of 4 m × 4 m showed higher tree values than the cases with spacing of 2 
m × 4 m. The ratios by the tree value of 4 m × 4 m to 2 m × 4 m were 1.78 (SI 14) > 1.63 (SI 22) > 1.33 (SI 30) 
with the 20-year rotation, and were 2.21 (SI 14) > 1.51 (SI 22) > 1.44 (SI 30) with the 15-year rotation.  

The number of trees per rai refers to the number of trees remaining at final cutting (Table 1). Survival rates at 
final cutting were 62% - 88% (4 m × 4 m) and 53% -75% (2 m × 4 m) upon 15-year rotation, and 55% - 78% (4 
m × 4 m) and 46% - 66% (2 m × 4 m) upon 20-year. The survival rate decreased as SI rose from 14 to 30, and 
natural selection must have been severer with growth acceleration at sites of better quality. The number of trees 
decreased to ~90% (SI 18), ~80% (SI 22), ~75% (SI 26), and ~70% (SI 30) relative to that at SI 14. The ratios 
did not differ markedly depending on rotation and spacing. The numbers of trees with 20-year rotation decreased 
to 87% - 89% (4 m × 4 m) and ~88% (2 m × 4 m) upon 15-year rotation with the two types of spacing. The 
numbers of trees with spacing of 4 m × 4 m were 59% - 60% (20-year and 15-year) compared with those of 
spacing of 2 m × 4 m. 

3.2. Financial Evaluation of Teak Plantation Management with Different Site Quality 
Revenues at final cutting, and EAIs and BCRs are shown in Table 5. The revenue value was obtained for the 
product of the number of trees and the tree value. The EAIs and BCRs at SI 14 and 18 were negative and <1, 
respectively (Table 5). In contrast, the EAIs and BCRs increased ~2 - 3 times if the SI rose from 22 to 26 and 26 
to 30. All cases at SI 30 were markedly higher than the other cases of SIs. The EAIs at SI 30 showed 20-year 
rotation with spacing of 2 m × 4 m > 15-year with 2 m × 4 m > 15-year with 4 m × 4 m and 20-year with 4 m × 
4 m. The EAIs at SI 26 showed 20-year rotation with spacing of 2 m × 4 m > 20-year with 4 m × 4 m > 15-year 
with 4 m × 4 m and 15-year with 2 m × 4 m. The EAIs at SI 22 showed 20-year rotation with spacing of 4 m × 4 
m > 20-year with 2 m × 4 m > 15-year with 4 m × 4 m and 15-year with 2 m ×4 m. 
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Table 4. Estimated value of log products at final cutting.                                                        

Rotation Spacing SI 
1st log 2nd log 3rd log 4th log 

Tree value 
(baht/tree) Length 

(m) 
MGH 
(cm) 

Length 
(m) 

MGH 
(cm) 

Length 
(m) 

MGH 
(cm) 

Length 
(m) 

MGH 
(cm) 

15-year 4 m × 4 m 14 4 32 2 27 - -   115 
15-year 4 m × 4 m 18 4 37 4 27 - -   183 
15-year 4 m × 4 m 22 6 47 4 42 - -   819 
15-year 4 m × 4 m 26 6 54 6 47 2 32 - - 1552 
15-year 4 m × 4 m 30 6 62 6 57 4 47 - - 3130 
15-year 2 m × 4 m 14 4 27 2 24 - -   49 
15-year 2 m × 4 m 18 4 32 3 27 - -   124 
15-year 2 m × 4 m 22 6 42 4 37 - -   543 
15-year 2 m × 4 m 26 6 47 6 42 2 27 - - 1001 
15-year 2 m × 4 m 30 6 55 6 52 4 42 - - 2117 
20-year 2 m × 4 m 14 4 37 3 32 -    221 
20-year 4 m × 4 m 18 4 42 4 37 2 32 - - 422 
20-year 4 m × 4 m 22 6 57 4 52 3 47 - - 1934 
20-year 4 m × 4 m 26 6 64 6 60 4 44 - - 3487 
20-year 4 m × 4 m 30 6 73 6 67 6 57 2 37 6180 
20-year 2 m × 4 m 14 4 32 3 27 - -   124 
20-year 2 m × 4 m 18 4 37 4 32 2 27 - - 263 
20-year 2 m × 4 m 22 6 52 4 47 3 37 - - 1187 
20-year 2 m × 4 m 26 6 57 6 54 4 37 - - 2252 
20-year 2 m × 4 m 30 6 65 6 62 6 50 2 30 4423 

MGH: mid-girth under bark. 
 
Table 5. Revenue from final cutting and financial criteria of teak plantation management.                              

Rotation Spacing SI Revenue (baht/rai) EAI (baht/rai/year) BCR 

15-year 4 m × 4 m 14 10,120 −867 0.27 
15-year 4 m × 4 m 18 14,457 −731 0.38 

15-year 4 m × 4 m 22 58,968 670 1.57 

15-year 4 m × 4 m 26 102,432 2038 2.72 

15-year 4 m × 4 m 30 194,060 4922 5.15 

15-year 2 m × 4 m 14 7301 −1179 0.16 

15-year 2 m × 4 m 18 16,492 −890 0.37 
15-year 2 m × 4 m 22 65,703 659 1.47 

15-year 2 m × 4 m 26 112,112 2120 2.5 

15-year 2 m × 4 m 30 222,285 5587 4.97 

20-year 2 m × 4 m 14 17,238 −779 0.28 

20-year 2 m × 4 m 18 29,118 −571 0.47 

20-year 2 m × 4 m 22 121,842 1048 1.97 
20-year 2 m × 4 m 26 202,246 2451 3.27 

20-year 2 m × 4 m 30 339,900 4855 5.5 

20-year 2 m × 4 m 14 16,244 −995 0.22 

20-year 2 m × 4 m 18 30,771 −742 0.42 

20-year 2 m × 4 m 22 125,822 918 1.72 

20-year 2 m × 4 m 26 222,948 2613 3.04 
20-year 2 m × 4 m 30 406,916 5825 5.55 
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Figure 2(a) shows the ratio of EAI upon 20-year rotation to one upon 15-year rotation. All of the ratios 
were > 1, except the case (0.99) with 4 m × 4 m and SI 30, so the 20-year rotation would be more beneficial than 
the 15-year one. In addition, the ratios showed 4 m × 4 m (1.56) > 2 m × 4 m (1.39) (SI 22), 2 m × 4 m (1.16) > 
4 m × 4 m (1.10) (SI 14). The values at SI 18 and 26 were ~1.2 (1.17 vs. 1.22) and (1.23 vs. 1.20), without a 
clear difference between the two types of spacing. The values at SI 30 were 0.99 and 1.04, which did not show 
clear differences for both rotation and spacing. That is, the EAI of 20-year rotation would increase 1.56 times 
(SI 22) relative that of the 15-year one, given spacing of 4 m × 4 m. However, given spacing of 2 m × 4 m, the 
EAI would increase only 1.39 times.  

In the same way, Figure 2(b) shows the ratio of BCR upon 20-year rotation to that upon 15-year rotation. All 
of the ratios were greater than 1, so the 20-year rotation would be more efficient than the 15-year one. The val-
ues showed the following order: 4 m × 4 m (1.24 and 1.25) > 2 m × 4 m (SI 18 and 22), 2 m × 4 m (1.38) > 4 m 
× 4 m (SI 14), ~1.2 (1.22 vs. 1.20) (SI 26) and ~1.1 (1.12 vs. 1.07) (SI 30).  

Figure 3(a) shows the ratios of EAI at 4 m × 4 m spacing to that at 2 m × 4 m. The ratios were >1 (SI 14, 18 
and 22), and <1 (SI 26 and 30), but close to 1 (SI 26). In addition, the values at SI 22 showed 20-year rotation 
(1.14) > 15-year rotation (1.02).  

The ratios of BCR were >1 (SI 14-30) in Figure 3(b), so 4 m × 4 m would be more efficient than 2 m × 4 m. 
The values showed 20-year rotation > 15-year rotation (SI 18 and 22) and 15-year rotation > 20-year rotation (SI 
14). The difference at SI 14 was marked, since the log products at 2 m × 4 m could not reach regular grades over  
 

 
(a)                                    (b) 

Figure 2. Comparing 20-year rotation with 15-year one by financial criterion. 
(a) Ratio = EAI20/EAI15; (b) Ratio = BCR20/BCR15.                       

 

 
(a)                                    (b) 

Figure 3. Comparing 4 m × 4 m with 2 m × 4 m by financial criterion. (a) 
Ratio = EAI4 × 4/EAI2 × 4; (b) Ratio = BCR4 × 4/BCR2 × 4.                    
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30 cm MGH and corresponded to quite a low price upon 15-year rotation. The values at SI 30 were close to 1 
(1.04 vs. 0.99), and did not show clear differences for both rotation and spacing. 

4. Discussion 
After the text edit has been completed, the paper is ready for the template. Duplicate the template file by using 
the Save As command, and use the naming convention prescribed by your journal for the name of your paper. In 
this newly created file, highlight all of the contents and import your prepared text file. You are now ready to 
style your paper. 

4.1. Effect of Site Quality 
In this study, the EAIs and BCRs were markedly dependent on site quality class because tree values at final cut-
ting were quite different among site quality classes. Noda et al. (2012) also showed that the EAIs upon teak 
plantation management were more highly sensitive to log prices at final cutting than those of thinning, using 
sensitivity analysis on the uncertainty associated with log price data.  

The numbers of remaining trees per rai decreased until final cutting by natural selection. The survival rate de-
creased as SI rose from 14 to 30, and natural selection must have been severer with growth acceleration at sites 
of better quality. The survival rate at 4 m × 4 m was higher than that at 2 m × 4 m by a competition-density ef-
fect. 

The wider spacing of 4 m × 4 m could increase the tree value much more than 2 m × 4 m, at sites of poorer 
quality. The teak log standard prices of FIO showed a mostly positive linear relationship between price and 
MGH (Noda et al., 2011; 2012). In addition, lower density can increase the teak growth, in terms of diameter. 
Thus, at poor and slightly poor sites, wider spacing of 4 m × 4 m rather than 2 m × 4 m increased the teak 
growth in terms of diameter. At good sites, however, the effect of such wider spacing on diameter growth did 
not increase the yield so much overall.  

Under the silvicultural alternatives of rotation and spacing used in this study, sites of good quality were much 
more profitable and efficient than those of medium quality, while the applied approach was not recommended 
for sites of poor (SI 14) and slightly poor quality (SI 18) because it was unprofitable. That is, the good sites 
showed lower survival rates, but could produce bigger trees. The poor and slightly poor sites produced trees that 
were too small to yield sufficient benefits, even if many small trees remained at final cutting. 

4.2. Effects of Rotation and Spacing 
The trends for profitability and efficiency of teak plantation management were generally as follows: 20-year ro-
tation > 15-year rotation, especially for sites of medium quality (SI 22). The effect of rotation on profitability 
was unclear at good quality sites (SI 30). The advantage of 20-year rotation over 15-year rotation was also iden-
tified by Noda et al. (2012) for teak farm management at sites of average quality, by reference to not only finan-
cial analysis but also the price-size relationship. The price-size relationship, which has great significance in har-
vesting and silvicultural decisions (Price, 1989), showed a decrease at a gradient at ~100 cm MGH in FIO teak 
log prices, and it could be a target to produce logs of 100 cm MGH (Noda et al., 2012). Okuyama et al. (2005) 
concluded that the proportion of heartwood of young trees increases abruptly up to 90% at a diameter of ~20 cm, 
using teak plantation logs from India, and West and Central Java. Therefore 20-year rotation, which was more 
likely to produce a size of over 60 cm GBH, was preferred to 15-year rotation. This is identical to this study 
(Table 1). 

At good sites, the spacing of 2 m × 4 m was shown to be more profitable than 4 m × 4 m for both rotations. At 
slightly good sites (SI 26), the 20-year rotation with 2 m × 4 m was the most profitable, followed by 20-year 
with 4 m × 4 m. At medium quality sites (SI 22), however, the 20-year rotation with 4 m × 4 m was the most 
profitable, followed by 20-year with 2 m × 4 m. In addition, at poor and slightly poor sites, 4 m × 4 m was more 
profitable than 2 m × 4 m for both rotations. Thus, sites of good quality took advantage of the spacing of 2 m × 4 
m as a primary factor of profitability because of the luxuriant growth of trees. Sites of medium and poorer qual-
ity needed wider spacing of 4 m × 4 m, following 20-year rotation, to encourage diameter growth of trees. Noda 
et al. (2012) identified a similar advantage of 4 m × 4 m over 2 m × 4 m for sites of average quality. 
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5. Conclusion 
The profitability of teak plantations was compared in terms of the following conditions, including site quality as 
an important factor. Various types of teak plantation management plan were assumed for small-scale farmers in 
Northeast Thailand, such as 20-year and 15-year rotation, and 4 m × 4 m and 2 m × 4 m spacing. In addition, the 
management plan was set to no thinning and limited weeding. The results showed that farmers at sites of good 
quality could expect markedly more profitability and efficiency than those at sites of medium quality. On the 
other hand, the applied approach was not recommended at sites of poor and slightly poor quality because it was 
unprofitable. In terms of rotation, generally, 20-year rotation was preferable to a 15-year one, especially at sites 
of medium quality. In terms of spacing, 2 m × 4 m was preferable to 4 m × 4 m at sites of good quality, but 4 m 
× 4 m was better than 2 m × 4 m upon 20-year rotation at sites of medium quality. To shed more light on the ef-
fects of log prices on financial evaluation, sensitivity analyses will be required for unexpected changes of log 
prices. 
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