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Abstract 
The study explored water absorbability, diffusivity and water absorption coefficient of wood Anthocleista 
djalonensis using two models. Three trees were randomly selected from woodlots in Tai, Eleme and Rivers State 
University of Science and Technology (RSUST), Port Harcourt from the diameter classes of 15-25cm, 26-31cm and 
above 30cm. The wood samples were cross sectional dimensioned to 50mm x 50mm x 10mm (Length x width x 
thickness). The samples were taken along the height levels, weighed and immersed in distilled water at room 
temperature from 30minutes to 21 days. Results on water absorption (WA) and water absorption coefficient (WAC) 
of the wood samples showed no significant difference (P≥0.05) amongst the various locations. The results of WAC 
are similar to WA.Wood samples absorbed water at all the phases, at the initial stage (30minutes) and increased to 
the 5th day. At the relaxation phase, from the 5th to 20th day at the three locations, the wood remained at the same-
point of inflexion. At this point the woods are said to be at fibre saturation point (FSP).The graphs of water 
absorption coefficient (WAC) and water absorption (WA) followed the same pattern and trend with correlation 
coefficient of r=0.9590. WAC and WA are positively correlated and the direct relativity-increase in WAC causes 
increase in WA, hence increase in MC brought about increase in WAC. In terms of absorption of water for the 
various diameter classes, though not much difference amongst the various classes was observed, but the 26-31cm 
had the highest absorption rate from the 30th minute to the 72 hours but lower at the FSP stage. This is followed by 
15-25cm dbh class and lastly the above 30 diameter class.The longer the time of wood samples in hydration 
medium, the more the water the species absorbed, which on drying, was lost beyond the initial or threshold moisture 
content thereby causing cracking of the wood samples. Therefore, this species is recommended for both in and 
outdoor uses provided the wood is dried properly and extracted from a middle or bottom. 
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Introduction 
When wood is exposed to seasonal or periodic 
desorption and absorption, it behaves differently and 
conforms to available minimal water (threshold 
moisture content) and fluid gradient (David, 2013). 
The absorption of water by wood will influence its 
structural uses (Baronas et al., 2001). This is quite 
important because, in residential buildings and in 
industrial applications, some components are often 
wood or wood-based (Candanedo and Derome, 
2005). Constituent wood cells are usually exposed to 
liquid-water-wood inter-phase either wetted by rain 
or by water infiltration, thus causing moisture content 

fluctuation. Absorption of water by wood during 
soaking affects both its mechanical and chemical 
properties (David, 2013). The effects of moisture 
content on the mechanical properties of wood have 
been the subject of an intense investigation 
worldwide (Gerhards, 1998; Obataya et al., 1998; 
Severa et al., 2003). Almost all the strength 
properties decrease as wood adsorbs moisture in the 
hygroscopic range; Modulus of Rupture and 
compressive strength parallel to grain may decrease 
up to 4 and 6 percent, respectively, for each percent 
increase in moisture content (Kumar and Flynn, 
2006).   
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Anthocleista djalonensis (A), in Loganiaceae family, 
extends from Guinea to Nigeria and is found in 
secondary forest and drier areas than A. vogelii 
(Keay, 1989). The leaves are large and similar in 
shape to those of A. vogelii, but they are always 
distinctly stalked. The spines, which may be few or 
almost lacking, usually have nearly parallel prong 
and the height of mature tree is about 6.2-16.7m 

(Keay, 1989). The species could be thought as a 
marginally-used- species (MUS) because of its 
unpopularity and low level of utilization (David, 
2013). Therefore, this study examines the behavior of 
this species, form different locations in Rivers State, 
to water absorption and diffusivity along height 
positions in order to explore its wood characteristics. 

 

Materials and Methods 

Water Sorption and Absorption Test 
 
The trees were randomly selected amongst the wood 
lots at Tai, Eleme and Rivers State University of 
Science and Technology (RSUST), Port Harcourt 
from the diameter classes’ of15-25cm, 26-31cm and 
above 30cm across sections. The sampled trees were 
sectioned into wood slivers prepared in dimension of 
50mm x 50mm x 10mm (Length x width x 
thickness). The samples, taken from along height 
levels, were weighed and immersed in distilled water 
at room temperature from 30minutes to 21 days. At 
the end, test samples were withdrawn from water and 
allowed to drain before the final weights; thickness 
and moisture content were intermittently measured 
according to Adefisan and Adesope (2012).  
The water absorption for each test piece was 
calculated as: 
Water Absorption = 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡−𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 100

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
 

 
(Adefisan & Adesope, 2012) 
The water absorption coefficient of the wood samples 
was determined using 𝑀𝑤 = 𝐴√𝑡     (Krus, et al., 
1993) 
Where Mw=amount of water absorbed in kg/m2 
A=water absorption coefficient (kg/m2 s1/2)  
t=time of soaking of wood. 
 
Results and Discussion 
 
Water absorption of the Anthocleista djalonensis 
at different Locations 
The results on water absorption and water absorption 
coefficient of Anthocleista djalonensiswoods samples 
showed that there was no significant difference 
(P<0.05) in the samples from the selected locations 

(Tai, Eleme and RSUST, Port Harcourt). Similarly, 
the result of water absorption coefficient of Krus, 
(1996) showed no difference in wood absorption 
from different locations which also agreed with that 
of Adefisan and Adesope, (2012). Wood samples 
absorbed water at all the phases at the initial stage 
(30minutes) and increased to the 5th day. At the 
relaxation phase from the 5th to20th days across the 
locations which remained the same-point inflexion 
(Figure 1), at this point the woods were said to be at 
fibre saturation point (FSP). The water absorption 
pattern suggests a two-phase process in which more 
than half of the final absorbed water occurred in the 
first three days of water contact with the wood and 
followed by a period of slow and very slow but 
ongoing slight water uptake from the 3th day (72 
hours and 5th day) (Figure 1). Between the 5th and 
20th days, the moisture trend was almost the same 
indicative that the woods had attained their various 
fibre saturation points. After the 20th day (Figure 1), 
the woods were dried and a lot of water was lost 
which is similar to the results of Kumar and Flynn 
(2006) who observed moisture loss in boreal wood 
chips.  

At fibre saturation, capillaries in the wood 
imbibe water and gradually and quickly attain 
equilibrium. Consequently, on saturation, the 
gradient was equal to zero because all the wood cells 
or grains now have equal water molecules in them. 
During water absorption process it begins with filling 
the wood capillaries and cavities (lumen) within the 
surface periphery and these are quickly filled. Thus, 
water concentration at the surface was almost raised 
to saturation instantaneously, thereby causing sharp 
and high gradient difference within individual wood 
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cells. The higher initial water absorption rate could 
be described as diffusion phenomenon which is the 
process by which a fluid migrates and spreads itself 
through capillaries, vessels and cellular walls of 
wood (Khazaei, 2008). Generally, water is present in 
wood at two locations- free water (interstitial) and 
cell water (bound), the former is contained in the 
cellular cavities in form of vapour. This could 
quickly be given up because it is loosely held in 
space and the latter, bound water (dependent). Has 
affinity with cellular matrix of wood walls. The wood 
remains the same when free water is removed; 
contrariwise, reduction of bound water brings about 
wood defects (end checks, warps, cups) and whole 
wood anisotropicity occurs. Rate of water absorption 
depends on the difference between the saturation 
water content and the water content at a given time, 
which is called the driving force (Khazaei, 2008).  

The water content (moisture) increases as 
sorption proceeds thereby diminishing the driving 
force and consequently, the absorption rate (Khazaei, 
2008). This study observed that wood must be at 
particular moisture content from where sorption 

proceeds, called the initial moisture content (IMC) or 
threshold moisture content (TMC) and varies with 
species and for Anthocleista djalonensis is below 
10% which falls within the range 7.4-10.5% (dry 
basis) observed by Khazaei (2008) in Terminalia 
superba. The slow drying (loss of moisture content) 
agrees with Kumar and Flynn (2006) that hardwood 
samples uptake was slower over the immersion 
period than in softwood. Therefore, A. djalonensis 
should be classified as a high density wood with 
density of 5.6kg/m3 and may be durable. Samuel and 
Samuel (2012) observed that durability of wood is 
often a function of water: moisture exchange between 
the wood and air depends on the relative humidity 
and temperature of the air and the current amount of 
water in the wood. The graphs of water absorption 
coefficient (WAC) and water absorption (WA) 
followed the same pattern and trend with correlation 
coefficient of r=0.9590;WAC and WA are positively 
correlated (Table 1) and direct relativity-increase in 
WAC causes increase in WA, hence increase in MC 
brought about increase in WAC (Figure 1). 

 
Table 1: Correlations Table of water absorption coefficient and water absorption 
 
    WAC WA 

WAC Pearson Correlation 1  
Sig. (2-tailed)   
N 18  

WA Pearson Correlation .9590(**) 1 
Sig. (2-tailed) .000  
N 18 18 

** Correlation is significant at the 0.01 level (2-tailed). 
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Figure 1: Water absorption with time in Anthocleista djalonensis at the various locations sampled 
 
Water Absorption of the Anthocleista djalonensis at different positions   
The results showed that there was no significant 
difference (P<0.05) amongst the positions along trees 
sampled; topwood, middlewood and bottomwood. It 
was also observed that the species showed various 
surface checks at moisture content of 12-18% (d.b) 
indicating that bound water stocked to wood cell matrix 
was forcefully  liberated though at different rates 
(Figure 2).The fiber saturation point (FSP>28%) in 
Anthocleista djalonensis wood might led to the collapse 
or cracks (end checks) of the cell wall. Drying defect, 
like end checks, results from stress induced on a piece 
of wood that is drying. As the piece dries, moisture 
content is developed across its section (dry on the 
outside, wet on the inside). This agrees with Jozsa and 
Middleton (1995) which observed the moisture content 
of dry wood to be 19% (d.b). The topwood had the 
highest moisture drifting regimes within 24.50% in 
30minutes and 34.50% on the 3thday. This is followed 
by the bottom wood and the middle wood followed the 

same trend with 20.50% in 30 minutes and 31.00% on 
the 5th day. At the relaxation phase (fibre saturation 
point), lowest value was obtained at bottom wood with 
32.00%, followed by the middle wood-42.50% and the 
top wood had the highest value of 54.00%. FSP 
decreases with height in this species.  This agrees with 
Samuel and Samuel (2012) who observed a decrease in 
MC with decrease in height in Magnolia and Hackberry 
species.The highest MC in topwood suggests highest 
physiological activities, a lot of sap wood and much 
water may be accumulated within the top wood. 
Consequently, on oven drying the species after the 
sorption, it was observed thatAnthocleista djalonensis 
lost more moisture, retained more moisture (chemically 
bound water: locked onto OH-groups of cellulose, 
hemicellulose and lignin molecules) within its cell wall 
hence its dimension stability (Jozsa and Middleton, 
1995). 
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Figure 2: Water absorption with time in Anthocleista djalonensis in axial direction 
 
In terms of absorption of water at the various diameter 
classes, though not much difference amongst the various 
classes was observed, the 26-31cm had the highest 

absorption rate from the 30th minute to the 72 hours but 
lower at the FSP stage, followed by 15-25cm and lastly 
the above 30 diameter class (Figure 3).   

 
Figure 3: Water absorption with time in Anthocleista djalonensis within the various diameter classes 
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Conclusion and Recommendations 
This species is a marginally used species (MUS) or 
underutilized and hard wood based on observed slow 
rate of water absorption and retention of moisture 
content which falls within indoor and outdoor 
classification of woods that are used in service. The 
longer the time of wood samples in hydration 
medium, the more water the species absorbed, which 
on drying, lost water beyond the initial or threshold 
moisture content thereby causes cracking of the wood 
samples. On the basis of the observed characteristics 
A. djalonensis species is recommended for both in 
and outdoor uses provided the wood is seasoned 
properly and extracted from a middle or bottom of 
matured trees. 
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