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ABSTRACT 

 

The study was undertaken in Plantation grown Caribbean Pine (Pinus caribaea 

Morelet) in Afaka plantation, Kaduna State, Nigeria on variability (radial and 

axial) of basic wood density. In order to ensure efficient and sustainable 

utilization of this species apart from local supply of long fibre for pulp and 

paper making, it is important to look into the pattern of variation in its 

properties, hence the justification for this study. The trees selected were 5, 7, 

15, 20 and 25 years old respectively. In each age group three trees were 

harvested with their total tree height and diameter at breast height measured. 

Discs of 5 cm in thickness were obtained at breast height. Additional bolts of 

20 cm for pulping materials were obtained at base, middle and top of trees 

sampled in 15, 20 and 25 age series while the entire logs from 5 and 7 age 

series was used. Each disc was cut at the pith, smoothened and the number of 

rings was counted. Each disc was then divided into sections based on the ring 

numbers. The sections were soaked in distilled water for 36 hours to attain 

green volume and density was estimated by water displacement method. The 

results showed significant variation in wood density of P. caribaea from the 

pith to the bark as well as from the base to the top. Ring number 11-15 from 

disc at Diameter at Breast Height (DBH) showed the highest density value of 

0.6489 kg/m3 while ring number 1-6 from disc at 50% total tree height had the 

lowest density value of 0.3811 kg/m3. Axially, density decreases with 

increasing height along the log, but there is no significant difference in their 

values (p>0.05). From the findings, the radial variation in wood density of P. 

carribaea grown in Afaka is significantly different from the pith to the bark 

but no significant difference along the sampling height. 
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INTRODUCTION 

 

Wood density is an important wood quality parameter in carbon cycle research 

and offers resistance in the trees against wind, storms, cavitation of xylem vessels, 

and other environmental stresses (Maiti et al., 2016). It is the simplest and most useful 

single index to the suitability of wood for various uses (Oluwadare and Ogunleye, 2011). 

Wood properties such as wood density and extractive content may change as the plantation 
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gets older and the magnitude of such change is worthy of investigation. Inter- and 

intraspecific variation in these properties in radial and axial axes has been studied in many 

species (Ivkovic and Rozenberg, 2004; Osunkoya et al., 2007; Roque and Fo, 2007; Knapic 

et al., 2008; Nock et al., 2009). The inferences drawn from these studies showed that 

significant differences exist both in radial and axial axes of trees whether between or within 

trees and in different patterns. Also, variation in wood properties could be studied in annual 

rings numbered from pith to bark along stem axis in either vertical or oblique sequence 

(Oluwadare and Ogunleye, 2011). 

Wood density as defined by Zobel and Van Buijtenen (1988), Haygreen and Bowyer 

(1996) and Hoadley (2000) is the mass or weight of wood per unit volume of water (such as 

pounds per cubic foot, grams per cubic centimeter or kilograms per cubic meter). Zobel and 

Buijtenen (1988) pointed out that wood density is, in fact, not a single wood property but a 

combination of wood properties (latewood percent, wall thickness, cell size and others). 

However, despite its complexities, wood density reacts generally as though it were a single, 

simple characteristic. Desch (1988) explained that density of wood is a function of cell wall 

thickness and also depends on the level of cell wall development. Chaffe (1991) reported that 

high cellulose content in wood is a good indication of high density and low lignin content. 

Density varies greatly depending on the anatomical structure of the wood. Variation in 

density occurs within as well as between species. The variability in density within species 

may be due to effects of tree age (age of cambium), the between trees, as a result of 

environment, genetic and silvicultural effects (Evans, 1991). Adequate explanation of density 

pattern must take into consideration, the difference between juvenile and mature wood. The 

presence of heartwood is slightly denser than sapwood. However, deposition of extractives 

rarely adds more than a few percent to the density of wood and some species do not produce 

heartwood (Panshin and De Zeeuw, 1980). 

Wood density predicts life-history strategies of tree species, owing to the fact that it 

is closely related to tree growth rates (Maiti et al., 2016). On the other hand, wood density is 

positively related to drought resistance in tropical trees (Hacke et al., 2001; Meinzer, 2003). 

High wood density is positively correlated with xylem wall enforcement, which in turn 

reduces cavitation risk due to strong tensions during periods of drought (Slik, 2004: Maiti 

and Rodriguez, 2015). 

Pinus caribaea (Carribean Pine) was primarily introduced to Nigeria for the 

production of long fibre pulp (Oluwadare, 2007). In the past, Pinus caribaea selection was 

based purely on the tree's vigour, stem quality, branch habit and crown features. Presently, 

interest in its improvement is not only centered on over-all form and growth rate but also on 

wood properties particularly density. Characterizations of the various wood properties of P. 

caribaea had been dealt with in a number of investigations (Wangaard et el., 1955; Harris, 

1973). These studies suggest that there is a wide range of variability present in the wood 

properties of P. caribaea. Many researchers have also dealt with the identification and 

quantification of the different sources of variation in the wood properties of this species 

(Lantican, 2012). There is a general agreement that, although site may be an important source 

of variation, the tree-to-tree differences in wood properties are considerable, and it is hoped 

that an appreciable proportion of these may be genetic in nature. In pines, the negative genetic 

correlations obtained between density and diameter in some studies is extremely 

discouraging (Zobel and Van-Buijtenen, 1989; Nicholls et al., 1964; Jourez et al., 2001) 

Nevertheless, there are also studies suggesting that there is independence between density 

and growth rate (Hoadley, 2000). For P. caribaea, negative correlations (phenotypic) have 
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already been obtained between ring width and density (Desch, 1988). 

In order to contribute to the existing knowledge on the variation in P. caribaea wood, 

this study aims to quantify radial and axial variation in basic wood density of P. caribaea 

with a view to advancing further knowledge on the specie for efficient utilization. 

 

MATERIALS AND METHODS 

 

Study Area  

 

The study was conducted at Afaka Forest Reserve, situated at some 30km N-W of 

Kaduna township, along Kaduna – Lagos Express Highway road, and is about 12,243.760 

hectares in a real extent (Nwadialor, 2001). Afaka Forest Reserve was established in 1954 as 

an experimental plantation site to increase the productivity and arrest the deterioration and 

desertification of the semi-arid zone of the Northern Guinea Savannah of Nigeria (Nwadialor, 

2001). The Afaka Forest Reserve is geographically located between latitudes 10.0 33’N and 

10.0 42’N; Longitudes 7.0 13’E and 7.0 24’E on 600 m above sea level. Mean annual rainfall 

is about 1300 mm with daily minimum and maximum temperatures of 18°C and 24°C 

respectively. 

 

 
 

Fig. 1: Map of Afaka Forest Reserve 

Source: Department of Geography, NDA Kaduna 

 

Sampling Technique and Data Collection 

 

A reconnaissance survey of the plantation was carried out to know the different age 

series available.  The trees selected were 5, 7, 15, 20 and 25 years old respectively. In each 

age group three trees were harvested with their total tree height and diameter at breast height 
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measured. Discs of 5 cm in the thickness were obtained at breast height. Additional bolts of 

20 cm for pulping materials were obtained at base, middle and top of trees sampled in 15, 20 

and 25 age series while the entire logs from 5 and 7 age series was used. Based on the 

experimental design used, each age group was considered a treatment and each tree a 

replicate meaning five treatments with three replicates making a total sample of 15 trees in 

accordance to the method adopted by Oyelere et al. (2019). 

. 

Wood Density Determination (Kgm-3)  

  

Each disc was cut at the pith, smoothened and the number of rings was counted. The 

discs at DBH were partitioned into rings 1-5, 6-10, 11-15, 16-20 and 21-16 from the pith to 

the bark. The discs at 25% total tree height were portioned into rings 1-6, 7-12, 13-18 and 

19-22 from the pith to the bark. The discs at 50% total tree height were partitioned into rings 

1-6, 7-12 and 13-18 from the pith to the bark. The sections were then soaked in distilled water 

for at least 36 hours to attain green volume. Green volumes of the sections were then 

measured by water displacement. After measuring the green volumes, the sections were dried 

in an oven at 103 + 2° C to constant weight. The oven dry sections were cooled in a desiccator 

over silica gel before their weights were recorded. Basic density was calculated using the 

mathematical expression in Eqn. 1;   

 

Basic density (kgm−3) =
Section green volume

Section oven dry weight
                                             (1) 

 

Data Analysis  

 

The experimental design adopted for the study is a 5 x 3 factorial experiment in a 

Completely Randomized Design (CRD) and data obtained were subjected to Analysis of 

Variance at 0.05 probability level. Statistical Package for the Social Sciences (SPSS) version 

20 was used for the analysis. 

 

RESULTS 

 

Radial Variation of Basic Density 

 

 Table 1 shows that ring number 21-26 has the highest mean radial basic density at 

the diameter at breast height (0.5787kg/m3), but it’s not significantly different from means of 

ring numbers 6-10, 11-15 and 16-20, while the lowest mean radial basic density (0.4454 

kg/m3) was shown by ring number 1-5 which significantly differ (p < 0.05) with other ring 

numbers.  

At 25% of the total tree height, ring number 1-6 showed the least mean radial basic 

density of 0.4383 kg/m3 and this is significantly different from the means of other ring 

numbers (p < 0.05), while ring number 13-18 has the highest mean radial basic density of 

0.5478 kg/m3, which is not significantly different from means of ring numbers 7-12 and 19-

22.  

At 50% of the total tree height, ring number 7-12 has the highest mean radial basic 

density of 0.5471 kg/m3, and this is significantly different from the mean radial basic density 



Density variation in axial and radial positions of Caribbean pine 

167 
 

of ring number 1-6 (0.4411 kg/m3) which is the lowest and that of ring number 13-18 (0.5354 

kg/m3) (P < 0.05). 

 

Table 1: Descriptive and ANOVA for variation in mean radial basic density (kgm-3) of Pinus 

caribaea (Afaka) at various levels 

Position Ring Number (Pith – 

Bark) 

Minimum 

  Density 

Maximum 

  Density 

Mean ± SE  

 1-5 0.3985 0.4840 0.4454±0.0138a 

 6-10 0.4680 0.5634 0.5145±0.0359b 

DBH 11-15 0.4977 0.6489 0.5705±0.0668b 

 16-20 0.5092 0.6285 0.5616±0.0540b 

 21-26 0.5117 0.6354 0.5787±0.0525b 

 1-6 0.4155 0.4745 0.4383±0.0101a 

 7-12 0.4810 0.6322 0.5309±0.0274b 

25%THT 13-18 0.4937 0.6056 0.5478±0.0205b 

 19-22 0.4764 0.6441 0.5445±0.0286b 

 1-6 0.3811 0.5100 0.4411±0.0204a 

50%THT 7-12 0.4281 0.5883 0.5471±0.0628b 

 13-18 0.4585 0.5916 0.5354±0.0498b 

Means with the same alphabet are not significantly different using Duncan’s Multiple Range Test (p<0.05) 

 

Axial Variation of Basic Density 

  

Results in Table 2 shows the axial variation in basic density along different position 

from top to the base of the tree (i.e. at diameter at breast height, at 25% total tree height and 

50% total tree height). The basic density at the DBH was seen to be the highest with a mean 

value of 0.5342 kgm-3, while the density at 25% of total height of the tree and 50% of total 

height of the tree were 0.5154 kgm-3 and 0.4980 kgm-3 respectively.  

From the result, there is no significant difference in the basic density from base to top 

of the tree (p > 0.05) which implies that there is no variation in the ring width of P. caribeae 

from base to top. 

 

Table 2: Descriptive and ANOVA for mean axial variation in Ring width (mm) of Pinus 

caribaea (Afaka) at various levels. 

Position Minimum Maximum Mean ± SE                   Significance 

DBH 0.4798 0.5885 0.5342±0.0196a             0.481ns 

25% 0.4586 0.5721 0.5154±0.0204a 

50% 0.4387 0.5574 0.4980±0.0214a 

 

The trends of the variation in radial and axial directions are shown in Figure 1 below 

which further supports the claims of the result discussed in Table 1 and 2 above. 
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(A) (B) 

  

 

(C) (D) 

 

Figure 1: Trend showing the mean radial, (A-C), and axial, (D), variation in basic density 

(kgm-3) of Pinus caribeae. 

 

DISCUSSION 

 

The present study shows variation in wood density (Figure 1) as it increases from the 

pith to the bark and falls just before the bark. This relationship does not follow a pattern 

described by Akachukwu (1982) and Evans (1991) who reported that wood density decreases 

from pith to bark. Though, the pattern of variation in the study is in consonance with that of 

Ogunsanwo and Onilude (2000) and Veenin et al. (2005). The observed variation in the mean 

value of basic density in this study may be due to environmental factor, genetic composition 

or silvilcultural effects. 
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Wood density is widely regarded as one of the most influential properties affecting 

the strength and several wood characteristics. Savidge (2003) opined that basic wood density 

is the prime wood quality consideration for industry as higher wood values yield stronger and 

more pulp wood density has been the focus of many researchers in the past and has 

traditionally been the factor on which the utilization potential of timber species are based 

(Oyagade and Fabiyi, 2002; Akpan et al., 2006; Poku et al., 2001; Oluwadare and Somorin, 

2007). This could be attributed to the fact that density has been very good indication of wood 

strength, stiffness and stability (Josue, 2004). 

Results from this study also, shows that wood density decreased from the base to the 

top. The same pattern of variation was reported by Sotannde and Riki (2019) and many 

researchers on different wood species. The observed variation in the mean value of basic 

density of P. carribaea from base to top of the sampling height may be due to the effect of 

tree age (age of cambium), environmental factor, genetic composition or silvilcultural effects 

(Evans, 1991).  

 

CONCLUSION 

  

It can be concluded from the study that the radial variation in wood density of P. 

carribaea grown in Afaka is significantly different from the pith to the bark and also wood 

density increases from the base to the top but the values are not significantly different.  The 

range of density values obtained from this study falls within the range of 0.3811kgm-3 to 

0.6489kgm-3. 

Based on the study, mature wood should be selected for density study and more 

sampling positions should be carried out along and across the wood to understand the 

uniformity of the wood density and other strength properties on P. caribeae. 
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