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Abstract 
This study was carried out to determine the effect of taper and sawing methods on log conversion among selected sawmills in Egor and 
Ovia-North East Local Government Areas of Edo State. Ten representative sawmills and thirty round logs were sampled for each 
species making a total of 300 logs based on the relative abundance of available timber species were sampled. The diameter of the logs, 
length and girth at small and large ends were measured before conversion. The data were analyzed using descriptive statistics. The 
results obtained showed that Egor Local Government Area has the highest frequency of the selected species representing 56% of total 
logs sampled while Ovia North-East Local Government Area has 44% of total logs sampled. Conversion efficiency varied from 56.49 
to 76.26%. Factors such as inherent defect in the timber, age of the machine and the severity of the log taper affected conversion 
efficiency at the sawmills.  Lumber recovery efficiency increases with bigger log, short log length and narrower taper. Therefore, log 
size, taper and log length have positive relationship on lumber recovery efficiency. 
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Introduction
In Nigeria, the sawmills industry was the most developed 
sector of the nation's economy in the 1960's to early 1970's 
contributing about 70% of the country gross domestic product 
(Ogunwusi and Jolaoso, 2012). Sawmilling has been defined 
as a process of converting round wood from the forest into 
lumber by using a variety of processing machines (Amoako, 
2008; Kukogho et al, 2011). The history of sawmilling date 

thback to the 18  century with pit-sawing as the earliest form of 
log conversion while the first power-driven sawmill was 

thinstalled at the beginning of the 20  century (Tetteh, 2009). 
The sawmilling industry in Nigeria is mainly dominated by 
small scale, privately owned industry located largely in cities. 
According to Sanwo (1982); Fuwape (1990) and Akande 
(1993), these small-scale sawmill industries have the capacity 
of producing about 500 cubic metres of lumber per annum. 
Sawmills have been observed to be a major contributor to 
rural development in most communities were they exist. This 
is because the presence of sawmills facilitated the 
establishment of small scale enterprises such as furniture 
industries, timber merchants and local transport 
(Akachukwu, 2000). In recent times however, sawmills in 
Nigeria tend to be undergoing difficult period as a result of 
multiplicity of factors such as lack of capacity to process 
small diameter logs, obsolete sawing equipment resulting in 
low recovery rate as well as high rate of deforestation 
(Ogunwusi and Jolaoso, 2012). 

Low recovery rates as well as lack of capacity to process small 
diameter logs from tree plantation by sawmills have been 
observed as significant drivers of deforestation and forestry 
degradation in Nigeria (Ogunwusi and Jolaoso, 2012). 
Timber supply to sawmills in Nigeria is mostly limited to few 
forest reserves where the terrain is rough and difficult to 
access (Adeyoju, 2001). Trends of increase log cost and 

limited availability are forcing wood processor to become 
more efficient in their operations (Occena et al, 2001). The area 
of constituted forests and woodland in Nigeria has declined 
progressively since the country's independence in 1960 
(Akande, 2003). Nigeria total forest estate which accounted for  
about 20% of the total land area in the 70s  has shrunk  
considerably to about 7% and the annual deforestation rate in 

2Nigeria has also been estimated to be about 3984km  per 
annum (Okojie and Akande, 1995). Loss of volume recovery in 
log conversion to lumber can be attributed to several factors 
such as log diameter, roundness of the log, sweep and crook, 
taper and length as well as the positioning of the log in relation 
to the saw in order to obtain the highest volume recovery. 
Badejo and Giwa (1985) reported that lumber recovery factors 
are indication of the efficiency of how sawmills are operated. 
In the past, sawing optimization systems have set the logs in 
relation to the saws without regards to rotating the logs into the 
optimal position. Early sawing optimization systems focused 
solely on log diameter, length and taper as principal 
components in determining the log set.

The effect of taper and other defects on log conversion tend to 
minimize the profit obtainable after conversion of logs into 
lumber. Loss of volume recovery in log conversion to lumber 
can be attributed to several geometric factors of which taper 
plays a major role in determining the positioning of the log in 
relation to the saws in order to obtain very high volume 
recovery. It's obvious that factors such as sweep and taper have 
a particularly negative impact on volume recovery of logs 
especially those with smaller diameter. The efficiency of 
sawing process has always been a key issue for the 
optimization of wood conversion chain where the primary and 
secondary conversion industries provide the link between 
customer needs and forest production. This study is therefore 
designed to assess the effect of taper and sawing methods on 
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log conversion and lumber recovery in sawmills as well as the 
variations in lumber recovery between selected sawmills.

Methodology
The study was carried out within selected sawmills in Edo 
State. The State has a large number of sawmill industries and a 
variety of timber species. A reconnaissance survey was 
carried out within the study area to determine the available 
number of functional sawmill present. Ten representative 
sawmills were selected for the study base on the number of 
available timber species in the mills.  The species with the 
highest number of logs ranging from 50 to 70 logs were 
selected for the study. These species were Bligha sapida,  
Baphia nitida,  Albizia zygia, Alstonia boonei, Brachystegia 
nigerica, Eribroma oblonga, Tieghemela heckelii, Anopyxis 
klaineana, Ricinodendron heudelotii, Nesogordonia 
papaverifera. Thirty round logs were sampled for each 
species making a total of 300 logs used for the study. The 
diameter of the logs, its length and girth at small and large 
ends were measured before conversion. 

Data Analysis
Data collected from the study were collated and analyzed 
using descriptive statistics and regression equation model of 
the form: 

 Y= b  + b  x + e0 1

Where:
 y = the dependent variable
 x = independent variable
 e = the deviation of the actual y values from the 
 
 regression predictions 
 b  = the intercept of regression line on y-axis0

 b  = the slope of the regression line1

1.  Volumes of the logs were determined using Smalians 
 formula:

Volume (V) = [(B + b)/2]   
L………………………………………….equation 

1
3  Where: V= volume of log (m ), B= cross sectional 

area  at log large end (m), b= cross sectional area at log 
 
 small end (m)
             L= log length (m)

2. Total volume of lumber produced was obtained using the 
 
 formula:
              
 V=L×W×T×N………………………….equation 2

 Where: V= total volume of lumber produced in 
3(m ),   L= Length of lumber,  W= Average width of 

lumber  in m, 

 T= Average thickness of lumber in m,  N= Total 

 number of pieces gotten from each log.

3.  Lumber recovery for the different logs was obtained 

using the formula: 
3LR = Total volume of lumber produced (m ) × 100

3                                 Log(m )                                      
 ……………..……...............…………equation 3   

Model Evaluation and Validation
The formulated volume equations were assessed and 
compared with each species on the basis of their coefficient of 

2determination (R ), and Root mean square error (RMSE). The 
2 model with the highest R Least and RMSE was selected as a 

s u i t a b l e  m o d e l  f o r  t h e  t r e e  s p e c i e s .

The validation set was to ascertain how reliable the models 
were for prediction purpose. T-test was used to compare the 
observed and predicted volume at 0.05 level of significant. 
Descriptive statistics of simple percentage; frequency tables; 
inferential statistic's using the analysis of variance (ANOVA) 
was used to determine whether there were significant 
d i f f e r e n c e s  a m o n g  t h e  v a r i a b l e s  c o n s i d e r e d .
   

Results and Discussion
The results presented in table 1 shows the relative abundance 
of the timber species in the study area. Egor Local Government 
Area has the highest frequency of selected species 
representing 56% of total logs selected (126 logs) while Ovia 
North-East Local Government Area has 44% of total logs 
selected (103 log) for the study. The table also reveals that 
Tieghemela heckelii is most abundant species with albizia 
zygia being the least abundant. 

The selected species were more in Egor Local Government 
Area than Ovia North-East Local Government Area. The 
results presented in table 2 shows that species conversion 
efficiency at the sawmills varies from 45.7% to 65.80%. The 
highest mean conversion ratio (65.01%) was observed in the 
conversion of Albizia zygia and the least mean conversion 
ratio was observed in Blighia sapida (45.7%). Although the 
efficiency of any sawmill could be measured by the quantity of 
finished product recovered from a log compared to those 
resulting into residue. The result of the overall mean recovery 
efficiency (conversion ratio) obtained from the selected 
sawmill was observed to be 66.50%.  These findings therefore 
affirmed the fact that sawing methods play a significant role in 
the efficient conversion of logs and therefore minimize the 
volume of wastes generated in the process.
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Table 1: Relative Abundance of Selected Species  

Species 

 

Egor L.G.A. 

(Frequency) 

Relative 

Abundance (%) 

Ovia North-East 

L.G.A. (Frequency) 

Relative 

Abundance (%) 

Blighia sapida 16 64 9 36 

Baphia nitida 11 39 17 61 

Albizia zygia 8 53 7 47 

Alstonia boonei 10 45 12 55 

Brachystegia nigerica 13 67 6 33 

Eribroma oblonga 9 60 6 40 

Tieghemela heckelii 19 58 14 42 

Anopyxis klaineana 13 52 12 48 

Ricinodendron 

heudelotii 

14 70 6 35 

Nesogordonia 

papaverifera 

13 54 11 46 

Relative abundance 126 56 103 44 

    
     Table 2:  Species Conversion Efficiency 

Name of Species Mean log Volume  Mean Lumber 

Volume  

Mean Waste 

Volume  

Recovery 

Efficiency (%) 

Albizia zygia 1.573 0.987 0.586 65.746 

Alstonia boonei 1.275 0.794 0.481 61.275 

Baphia nitida 1.4 0.857 0.543 61.214 

Nesogordonia papaverifera 1.61 0.938 0.672 58.261 

Anopyxis klaineana 1.309 0.851 0.458 62.011 

Tieghemela heckelii   2.163 1.063 1.1 49.145 

Ricinodendron heudelotii 2.103 0.917 1.073 48.978 

Brachystegia nigerica 1.49 0.917 0.567 52.978 

Eribroma oblonga 1.611 0.959 0.652 59.528 

Blighia sapida  2.29  1.047  1.243  45.721  

Sawmill conversion efficiency varied from 56.49% to 76.26% 

(Table 3). The highest mean conversion ratio of 76.26% was 

observed in sawmill 10 located within Ovia North-East 

L.G.A. The least conversion efficiency was observed at 

sawmill 4 in Egor L.G.A. Although efficiency of the sawmills 

as reported by Alviar (1993) is within the range of 40 to 50%.  

However, it was observed in this study that the recovery 

efficiency ranged between 56.5% to 76.3% among the 

selected sawmills. Badejo (1980) reported that the proportion 

of wood wastes due to log conversion might be reduced with 

improved conversion 

methods.  Factors such as inherent defect in the timber, 

machine age and severity of taper were observed to influence 

conversion efficiency in sawmills. The relative change in 

diameter over a specific length of logs processed and the 

differences in volume of lumber recovery at the sawmills are 

presented in Table 4. The minimum tapering ranged from 0.1 
3to 0.4 cm /m whilst the maximum ranged from 3.1 to 8.2 

3cm /m. Albizia  zygia had the lowest mean tapering of 
31.350cm /m and Nesogordonia papaverifera had the highest 

3mean tapering of 2.16cm /m.
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Table 3: Sawmill Conversion Efficiency
 

Sawmills
 

 
Mean volume

 

of logs (m3)
 

Mean volume of
 

lumber (m3)
 

Mean volume of
 

waste (m3)
 

Sawmill relative
 

efficiency (%)
 

Sawmill 1 1.502 0.742 0.629  64.149  

Sawmill 2 1.633 0.955 0.688  72.486  

Sawmill 3 1.544 0.971 0.577  68.526  

Sawmill 4 3.000 1.227 1.511  56.491  

Sawmill 5 1.907 1.068 0.832  68.419  
Sawmill 6 1.975 1.113 0.862  61.513  
Sawmill 7 0.875 0.629 0.246  73.189  
Sawmill 8 1.206 0.793 0.413  69.459  
Sawmill 9

 
2.454

 
1.067

 
1.387

 
57.536

 
Sawmill 10

 
1.020

 
0.737

 
0.283

 
76.263

 

 Table 4: Log Tapering of Selected Species  

Species  No of 

logs
 

Min. tapering 

(cm3/m)
 

Max. tapering 

(cm3/m)
 

Mean  SEM  SD  

 

R.E  

Albizia zygia
 

15
 

0.1
 

3.1
 

1.350
 

0.284
 

1.240
 

65.746
 

Alstonia boonei

 
22

 
0.2

 
6.1

 
1.587

 
0.282

 
1.408

 
61.275

 Baphia nitida

 

28

 

0.2

 

5.5

 

2.071

 

0.251

 

1.330

 

61.214

 Nesogordonia papaverifera

 

24

 

0.4

 

6.7

 

2.162

 

0.311

 

1.589

 

58.261

 Anopyxis klaineana

 

25

 

0.1

 

5.1

 

1.649

 

0.258

 

1.288

 

62.746

 
Tieghemela heckelii

 

32

 

0.1

 

8.2

 

1.949

 

0.306

 

1.730

 

49.145

 
Brachystegia nigerica

 

18

 

0.1

 

4.6

 

1.929

 

0.281

 

1.255

 

52.978

 
Ricinodendron heudolotii

 

21

 

0.3

 

4.1

 

1.727

 

0.205

 

0.914

 

62.544

 

Eribroma oblonga

 

18

 

0.2

 

6.1

 

2.096

 

0.347

 

1.471

 

59.528

 

Blighia sapida

 

25

 

0.4

 

5.5

 

1.882

 

0.239

 

1.195

 

45.721

 

SEM –

 

standard error of mean, SD –

 

standard deviation

 

 

 

A regression equation was used to estimate the lumber 
recovery of the dependent variables (Log and taper). The 
regression equation obtained is:

L.R (y) = 0.416 + 0.369(log volume) - 0.14(Taper)
Where: Multiple R = 0.98, R Square = 0.96, F-ratio = 
0.000013

This shows that the volume of log and the taper level of 
species are statistically significant in determining the volume 
of lumber recovered in sawmills. The differences in lumber 
recovery among species in the sawmill could be attributed to a 
number of log characteristics which are associated with 
species. Okai (1998) noted that, among the characteristics that 
might affect effective log conversion are wood density, heart 
rot, and severity of taper on log, sweep logs and the width of 
sapwood. 

Conclusion 
The effects of taper and sawing methods on log conversion 
among selected sawmills in the study area showed that log 
size, taper and length of log have positive relationship with 
lumber recovery efficiency. Lumber recovery efficiency 
tends to increase with larger log diameter, short log length and 
narrower taper. Therefore increase conversion efficiency will 
lead to an increased lumber recovery and consequently a 
reduction in the rate of wastes generated during conversion. 
The interaction between sawing methods and log taper shows 
that different processing methods can produce average 
lumber recovery with different degree of log taper. The 

adoption of a good sawing method with any log taper produces 
higher lumber volume recovery than the corresponding effect 
of a poor sawing methods with different log taper. 
Management objectives should ensure that good sawing 
method is practiced during conversion in order to increase 
higher lumber recovery efficiency at the sawmills.

Recommendation
The following recommendations were made base on finding:
1.  Obsolete sawing machines should be replaced with the 

new technological advances types to increase lumber 
recovery ratio.

2.  Trees with larger size diameter should be harvested to 
reduce wastages during conversion.

3.  The conversion length for logs with small diameter should 
be reduced since the effect of log taper tend to increase 
with log length.

4.  Highly skilled sawmill operators should be employed to 
carry out log conversion in order to minimize wastage 
resulting from improper sawing.
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