
Abstract
Past studies concerning the efficiency of sawmills are limited by location specification and are not 
current. This study examines the interplay of sawmill activities with the socio-economic and resource 
base of stakeholders. The volume of log inputs for four prioritised wood species namely: Blighia sapida, 
Lophira alata, Baphia nitida and Bombax buonopozense were measured using Newton and Smalian 
formulae. The volume of lumber/sawnwood obtained from the four species were also calculated and 
based on these, percentage cubic lumber recovery (CLR) were obtained for the four species taking into 
consideration the two formulae. Data obtained were descriptively analysed and also subjected to 
Analyses of Variance (ANOVA) and Fisher's Least Significant Difference (LSD). Results showed that 

3 3mean log input volume for the four species of logs ranged between 1.12±0.06m  and 2.35±0.03m  using 
3 3Newton formula and from 1.15±0.22m  to 2.40±0.05m  based on Smalian formula. The volume of 

3 3lumber/sawnwood obtained ranged from 0.59±0.13m  to 1.33±0.17m . Based on these values, 
percentage CLR for the four species ranged from 50.57±0.60% to 59.36±0.82% and 42.22±0.88% to 
65.99±0.44% for log input based on Newton and Smalian formulae respectively. Significant variation 
did not occur in pooled data for log input volume obtained using the two formulae although variation 
exist in data for individual formula. Similarly, significant variation exists in data obtained for output 
volume of lumber/sawnwood. Furthermore, it was also observed that significant variation did not exist 
in data jointly analysed for the two formulae while significant variation was observed in data obtained 
for individual formula.
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Introduction
Wood and its products are still in high demand 
in Nigeria for both local and export 
consumption. For instance, volume estimates 
of total wood removed from Nigeria's forests 

3
increased from 69.12 million m  in 2001 to 

372.63 million m  in 2011 (FAO, 2015). This is a 
challenge in Nigeria, which has been reported 
as suffering declining quantity and quality of 
forest resources, owing partly to this high 
wood demand. This reality has led to 
recommendations from studies and other 
informed sources that planting and replanting 

of forests should be sustainably intensified in 
order to meet the demand for harvestable 
resources and environmental services 
provided by both natural and planted forests 
(Erakhrumen, 2011; 2012; 2014). However, 
these efforts may not achieve their objectives, 
for example, in cases where harvested wood 
are processed with outdated and/or inefficient 
technologies.

One of the implications of applying 
outdated and/or inefficient technologies in this 
regard is that more than necessary resources are 
likely lost as waste/residues, which on the 
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long run have negative impacts on the resource 
base. Presently, Nigeria's technological 
advancement is low and this impacts on her 
industries including those of sawmilling. A 
sawmill can be briefly described as a wood 
processing industry that uses machines. The 
bulk of wood conversion done in most 
sawmills in the country are achieved using 
band and circular saw machines whose output 
is dependent on factors like species' types, 
shape and size of logs, condition of machine, 
and experience of machine handlers.

Earlier studies such as Badejo and Giwa 
(1985) and Wade et al. (1992) were carried 
out to evaluate some parameters relating to 
volume of lumber or sawnwood recovered 
from different species of logs, with a view to 
having an indication of the operating 
efficiency of those sawmills. An example of 
these past studies is the one that has to do with 
cubic lumber recovery (CLR). This CLR is 
the cubic volume of lumber manufactured per 
cubic volume of logs processed (Keegan et 
al., 2010). It is assumed that the higher this 
ratio, the lower the waste/residues generated 
during log conversion process. However, the 
outcomes of these earlier studies might not be 
in tune with the present state of sawmills, their 
machines, emerging wood species presently 
converted, increase in quantity of small-
diameter logs from the forests, increasing 
variations in log form, among others.

In addition, recent similar studies of this 
kind such as those by Wade et al., (1992), 
Egbewole et al. (2011) and Olufemi et al. 
(2012) that are to serve as means of update 
concerning scenarios in sawmills within Edo 
State, Nigeria, are scarce in literature. Also, it 
is imperative to note that apart from Edo State 
possessing part of the country's rainforest, 

which is under pressure of exploitation, the 
State also has appreciable number of functional 
sawmills in Nigeria. Therefore, an update study 
of this type is apt to make comparison with 
earlier studies. Consequently, this study was 
designed to assess the efficiency of selected 
sawmills within Egor Local Government Area, 
Edo State, Nigeria based on CLR of converted 
stakeholder prioritised wood species. Newton 
and Smalian formulae were used to calculate 
CLR for comparison as there are instances 
when logs are stacked in ways that prevent 
mid-point diameter measurement needed for 
Newton formula application.

Materials and Methods

Study area
The data for this study was obtained from six 
operational sawmills located within Egor 
Local Government Area (LGA), located on 
the southern part of Edo State, Nigeria. Egor 

2 LGA has an estimated land area of 93km and 
a population size of 340,470 (NPC, 2006). 
The topography is flat with gentle slope. It is 
located within the latitude 06º15´N and 

o o06 27´N and longitude 05º30´E and 05 40´E. 
It has an annual rainfall of between 1500 and 

o
2000 mm with an average temperature of 25 C 

oin the rainy season and 28 C in the dry season. It 
is part of a low lying plain covered with porous 
sand that rises gently North–Eastward, with 
soils derived from sand stones and shades and 
very recent deposits susceptible to leaching 
(Egbe et al., 1989; Kalu and Anigbere, 2011). 
These conditions are favourable for fauna and 
flora diversity and by extension tree growth, 
which favour the supply of raw materials for 
the sawmilling industries (FORMECU, 
1999; Kalu and Decoco, 2013).
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Data collection
Data collection was done in six operational 
sawmills within the study area in two months 
(February and March of 2015), that form a 
part of the dry season of that year, the season 
mostly associated with higher sawmilling 
activities. These sawmills were: Ogbebor 2, 
Ogbebor 3, Ogbebor 4, Mrs. Enabulele, Grace 
Onwiobo and Mrs. Omorodion sawmills. 
Questionnaire survey was carried out within 
and around these six sawmills where 
subsequent measurements of logs from 
prioritised species were carried out. The data 
obtained from these sawmills were pooled 
together for analyses.

Questionnaire survey
In order to select species that were commonly 
converted in these sawmills, a set of 
questionnaire was administered to sawmill 
owners, managers, machine operators and 
other stakeholders, responsible for wood 
supply to and their conversion in these 
sawmills. A total of one hundred and twenty 
(120) copies of the questionnaire were 
administered in all, although, ninety six (96) 

were retrieved. This was used to compile a list 
and prioritise all the identified wood species. 
In order to prioritise the species, respondents 
listed the woody species in order of conversion 
priority from 1 to 10. Based on the ranking 
order described by Erakhrumen (2009), four 
(4) species that had the highest cumulative 
values among all the listed species were 
selected for measurements.

Volume measurements for log input and 
lumber/sawnwood output
The mean log volume for the four mostly 
converted wood species was calculated with 
the use of Newton and Smalian formulae 
(Equations 1 and 3, respectively). All 
measurements were made over-bark for 
straight logs that had their top, middle and 
basal diameters ranging between 0.51m and 
0.74m before they were converted to 
lumber/sawnwood. The cumulative volume of 
lumber/sawnwood obtained from each log was 
calculated by adding up the volume of all the 
different dimensions of individual 
lumber/sawnwood from each log (Equation 4).
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-×++×= -------------------------------------------------- (Equation 1)
3Where: V  = Volume of log obtained over-bark (m )log1

L = Total length of log (m)
2A  = Cross sectional area at the basal part of the log (m )b

2
A  = Cross sectional area at the middle pat of the log (m )m

2
A = Cross sectional area at the uppermost part of the log (m )t

Cross sectional area was calculated as follows:

212 })4({ mlA -×=p ------------------------------------------------------------------------  (Equation 2)  

Where:  A   = Cross sectional areas at the basal, middle and uppermost parts of the log (m)  

  l   = Circumferential lengths at the basal, middle and uppermost parts of the log (m)  

  p   = 3.14  
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(Equation 3)

 
Where: Vlog2  

= Volume of log obtained over -bark (m3)
 

L
  

= Total length of log (m)
 

Db
  

= Diameter at the basal part of the log (m)
 Dt

  
= Diameter at the uppermost part of the log (m)

 p
 

= 3.14
 

Total volume of recovered lumber/sawnwood was calculated as follows:  
3)( mnVsw å×××= gba --------------------------------------------------------------------  (Equation 4)  

Where: Vsw   = Total volume of lumber/sawnwood obtained from each log (m3)  
a   = Length of lumber and other sawnwood dimensions (m)  
ß   = Breadth of lumber and other sawnwood dimensions (m)  
?  = Thickness of lumber and other sawnwood dimensions (m)  
n   = Number of lumber and other sawnwood dimensions from each log  

 
Percentage lumber/sawnwood volume obtained from logs

 
The following equation 5 was used to calculate, in percentage, the ratio of recovered 

lumber/sawnwood volume to corresponding volume of converted logs:
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100log)(

%)()cov( 1

eachofvolumebarkOver

xeachfromobtainedsawnwoodlumberofvolumeTotal

convertedLogxeredresawnwoodLumber

-

+=

+ -

-----
  

 (Equation 5)  

 

Statistical analyses
Data obtained for the calculated input log 
volume, output lumber/sawnwood volume 
and percentage cubic lumber recovery were 
subjected to basic descriptive statistical 
analyses such as mean and standard deviation 
(SD). Analysis of variance (ANOVA) was also 
employed in analysing the data for statistical 
significant variation (P< 0.05). In addition, 
Fishers' Least Significant Difference (LSD) 
was applied for the separation of significantly 
different means (P< 0.05).

Results
During the study, logs from different types of 
wood species were brought from different 
sources for conversion to different 

lumber/sawnwood dimensions based on 
demand specifications and market requirements. 
However, Tables 1 and 2 contain the results from 
statistically analysed data obtained from 
measurements made on logs from some 
prioritised species. The mean length of all the logs 
used for this study was observed to be 5.49m. It 
was also observed that out of all the species of 
logs converted in the visited sawmills and 
prioritised by the respondents through 
questionnaires, Blighia sapida, Lophira alata, 
Baphia nitida and Bombax buonopozense were 
ranked the top most favoured. The mean log 
input volume for B. sapida, L. alata, B. nitida 
and B. buonopozense were found to be 

3 3 3
1.12±0.06m , 2.19±0.05m , 2.35±0.03m  and 

3 31.50±0.04m  as well as 1.15±0.22m , 
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3 3 31.97±0.02m , 2.40±0.05m  and 1.80±0.06m  
using Newton and Smalian formulae, 
respectively (Table 1).

The ANOVA (Table 2) showed that there 
was no significant variation when the data 
obtained for input log volume obtained for 
the four species using the two formulae were 
pooled together and jointly analysed. 
However, significant variation was observed 
in data for input log volume of individual 
species using the two formulae when 
analysed differently (Table 2). Further, it was 
found that the mean input log volume of L. 
alata and B. nitida were not significantly 
different while those for B. sapida and B. 
buonopozense were significantly different 
from each other and from those for L. alata 
and B. nitida, using the two formulae (Table 

1). Furthermore, the mean calculated volume 
for lumber/sawnwood obtained from 
individual logs after their conversion were 

3 3 3
0.59±0.13m , 1.30±0.14m , 1.33±0.17m  and 

3
0.76±0.10m  for B. sapida, L. alata, B. nitida 
and B. Buonopozense, respectively (Table 1).

Further, significant variation was observed 
to exist in the pooled data for output volume for 
lumber/sawnwood obtained from the four 
species (Table 2). Similarly, the mean data for L. 
alata and B. nitida were not significantly 
different, although those for B. sapida and B. 
buonopozense were significantly different from 
each other and from those for L. alata and B. 
nitida (Table 1). In addition, the mean CLR for B. 
sapida, L. alata, B. nitida and B. buonopozense 
were  52 .68±0 .66%,  59 .36±0 .82%,  
56.60±0.37% and 50.67±0.60% while they were 

Table 1: Mean log input volume (over-bark), output lumber/sawnwood volume and cubic 
               lumber recovery for the four prioritised wood species in the study area

 
Species 

*Mean log input volume 
and SD (over-bark) (m3) 

Mean output 
volume and SD for 
lumber/sawnwood 

(m3)
 

 

Cubic Lumber Recovery 
(CLR) and SD (%)

Newton 
formula

 

Smalian 
formula

 

Newton 
formula

 

Smalian 
formula

Blighia sapida
 

1.12a±0.06
 

1.15a±0.22
 

0.59a±0.13
 

52.68a±0.66
 

51.30a±0.33

Lophira alata

 
2.19b±0.05

 
1.97b±0.02

 
1.30b±0.14

 
59.36b±0.82

 
65.99b±0.44

Baphia nitida

 

2.35b±0.03

 

2.40b±0.05

 

1.33b±0.17

 

56.60b±0.37

 

55.42a±0.42
Bombax 
buonopozense 1.50c±0.04 1.80c±0.06 0.76c±0.10 50.67a±0.60 42.22c±0.88

*The mean values for input log volume are for six (6) logs per species
Means with the same superscripts in the same column are not significantly different (p =0.05)

Table 2: Analysis of Variance (ANOVA) for the analysed data

Source of variation Log input  volume Cubic Lumber Recovery

 f-calculated p-value f-calculated  p-value
Formulae for estimations 0.010582ns

 0.921419ns

 0.042679ns

 0.843164ns

Species (Newton formula) 1417.652* 1.86E-23* 172.0715*  1.9E-14*
Species (Smalian formula) 69.55335* 9.3E-11* 1670.37* 3.64E-24*

ns
*denotes significance (p = 0.05);  denotes not significant (p = 0.05)
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51.30±0.33%, 65.99±0.44%, 55.42±0.42% and 
42.22±0.88% for log input calculated using 
Newton and Smalian formulae, respectively 
(Table 1).

The results of ANOVA (Table 2) also 
showed that there was no significant variation 
when the data for CLR obtained for the four 
species, using the two formulae, were pooled 
together and jointly analysed. Also, 
significant variation exist in data for CLR 
obtained for individual species analysed 
differently using the two formulae (Table 2). 
Mean CLR for B. sapida and B. buonopozense 
were not significantly different from each other 
while though that of L. alata and B. nitida were 
not significantly different from each other, they 
were different for those for B. sapida and B. 
buonopozense using Newton formula (Table 
1). Nevertheless, mean CLR for B. sapida and 
B. nitida were not significantly different while 
those for L. alata and B. buonopozense were 
significantly different from each other and 
from those for B. sapida and B. nitida using 
Smalian formula (Table 1).

Discussion
The logs that were converted using mainly the 
available CD Series of horizontal band saw 
headrig machine had mean diameter lengths 
that ranged between 0.51m and 0.74m 
thereby making them not to be considered as 
small-diameter logs. This is because small-
diameter logs, according to Wolfe and 
Moseley (2000) are defined as trees with 
diameter at breast height under 0.230m 
(9inches), a definition also reinforced by FPL 
(2004). However, the range of diameter of the 
converted logs might have reduced compared 
to what used to be converted in the past 
considering the submission of Lucas (1990) 
that noted that form and sizes of available logs 
for conversion have been reducing 

considerably. This may imply that there is the 
likelihood that large-diameter logs (logs with 
diameter greater than 0.55m) are becoming 
difficult to come by in the country's forests 
and this is a reflection of the prevalent 
pressure on our forests owing partly to 
increasing demand for logs.

Whatever the diameter length of a 
stem/log, in standing trees or harvested logs, 
there are instances when there are needs for 
their volume to be estimated. In doing this 
using known methods of elementary forest 
measurement, tree stem shape, for stems of 
average circular cross-sections, is modelled 
by longitudinal sections using the solids of 
revolution: cylinder, paraboloid, cone, and 
neilod (Cruz deLeón and Uranga-Valencia, 
2013) referred to as classical geometries 
(Diéguez-Aranda et al., 2003). The most 
widely known methods for stem/log volume 
estimation, based on these geometries, with 
assumption that cross-sectional areas are 
circular, are: Huber, Newton and Smalian 
methods. The three methods give exact results 
for cylinder and paraboloid while the Newton 
method gives exact results for all the classical 
geometries (Diéguez-Aranda et al., 2003).

However, Smalian and Huber methods 
are preferred in the field because they are easier 
to apply than the Newton method (Cruz de 
León and Uranga-Valencia, 2013). Compared 
with Newton formula for the same log, the 
Smalian formula overestimates by about 10% 
while Huber formula underestimates by about 
3% (Wenger, 1984). Opinion may be divided 
on the accuracy of these stem/log volume 
estimation methods but it is believed that 
Newton method is more accurate than that of 
Smalian. Nonetheless, since significant 
variation did not exist in the data obtained 
from this research for log input volume using 
the two methods of estimation, it could be 
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safely stated within the context of this study, 
that both log volume estimation methods 
(Newton and Smalian) can be used for these 
species' log volume estimation if the need to 
choose from either exists.

For instance, choosing between Newton 
and Smalian formulae for log volume 
estimation might be necessary when logs 
are stacked in piles where the mid-point 
diameter is not available for measurement. 
The observation of significant variation in 
data obtained for the four species when 
considering individual method of volume 
estimation might not be unexpected since 
these values are dependent on size, shape, 
form, among other factors, peculiar to 
individual log species in question. The species 
that have similar input log volume (L. alata and 
B. nitida) using Newton and Smalian formulae 
are so, perhaps, owing to the fact that they 
belong to same diameter range and not 
necessarily because of the types of species they 
are. This implies that different results 
concerning this parameter will be obtained in 
other studies once the sizes of the logs for the 
species are varied.

The variability experienced in the data 
obtained for the total output volume of lumber 
and sawnwood among the four species should 
also not be unexpected as measures of the 
volume of lumber/sawnwood produced per 
unit of log input can be influenced by a range of 
factors in addition to log scale. These factors 
include types of wood species, level of 
conversion technology, log size, shape and 
form, lumber size, lumber grade, market 
conditions for lumber, among others (Keegan 
et al., 1998; Keegan et al., 2010). In addition, 
some other factors that are mostly not within 
the control of sawmill machine operators, 
such as wood defects, also influence the 
output volume of lumber and sawnwood from 

round logs. Therefore, if the only positive 
output of interest expected from round logs in 
sawmills is the lumber/sawnwood, then 
maximising their output volume should also 
be of interest owing to their various economic 
and environmental implications.

The CLR values obtained for logs of the 
four wood species using both Newton and 
Smalian formulae in this study fall within the 
range of values obtained from other similar 
studies such as Byers (1960), Fahey (1974), 
Alviar (1983), Badejo and Giwa (1985), 
Rappold et al. (2007), Okunomo et al. (2008) 
and Egbewole et al. (2011), thereby giving an 
impression that there has not been significant 
improvement in sawmilling operations and 
activities concerning log conversion to 
lumber/sawnwood based on prevalent CLR 
values obtained from this and other recent 
similar studies in developing countries like 
Nigeria. This is not to overlook the efforts in 
some other climes that have led to increase in 
their percentage CLR over the years. 
Examples of such are the reports by Keegan et 
al., (2010) and Blatner et al., (2012) where 
percentage CLR increased between 1970s 
and 2000s within the US.

The reason(s) behind the non significance 
in data variation for percentage CLR obtained 
for logs from the four wood species when the 
data obtained using Newton and Smalian 
formulae were pooled together may be 
difficult to explain since significant variation 
exist in the data obtained for output 
lumber/sawnwood volume for logs from the 
four species, however, it might not be far from 
the results obtained when data for log input 
volume for the two formulae were pooled 
together and analysed giving a non 
significance in data variation as stated earlier. 
In addition, as noted for input log volume, the 
observed significant variation in data for CLR 
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when values for individual method of 
estimation was considered, might also be 
related to the highlighted factors and others 
influencing log input volume for the individual 
formula for the estimation. Similarly, the mean 
CLR values that are or not significantly 
different are likely so owing to the ranges of 
their log diameter noted earlier.

Conclusion and Recommendation
The outcomes of this study still appear to 
suggest that the mean percentage cubic 
lumber recovery for logs in sawmills located 
within the study area are still within the range 
earlier published for other similar studies in 
Nigeria. The likely implication of this 
observation is that, technologically, Nigeria 
and many other developing countries are still 
lagging behind as compared to many other 
countries where technology and machines for 
wood conversion have been improved upon 
while residues generated are further 
converted in such ways as to obtain more 
sawnwood from them. Therefore, efforts 
toward improvement in technology in this 
regard, are necessary in Nigeria, in order to 
maximise wood output from harvested logs 
of these and other species, considering the 
informed projections that there will be 
increase in the supply of small-diameter logs 
from tropical forests.
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