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Abstract: 

Immense indigenously known antimicrobial and insect repellent activities of many plants’ tissues 
present a pool for selecting and formulating much needed alternative environmental friendly biocides to 
limiting wood degradation agents across the globe. Single and combined treatments of Erythrophleum 
suaveolens stem bark extract at 5%, 10%, 15% and 20%, and with 10 mL of Lagenaria breviflora fruit pulp 
juice extract on wood blocks of Triplochiton scleroxylon were comparatively investigated against outdoor field 
termites for three months in Port Harcourt, Nigeria. Erythrophleum suaveolens stem bark yielded 4.4% 
extract. Combination effect of Erythrophleum suaveolens stem bark extract and Lagenaria breviflora fruit 
pulp juice extract (ESLE) treatments comparatively showed lower absorption and retention but significantly 
enhanced better termiticidal activity than Erythrophleum suaveolens stem bark extract alone (ESEA). The 
two extract types showed the strongest antitermites’ activities at the lowest concentration (5%) tested but 
ESLE significantly showed better effective wood protection than ESEA. The results suggested that ESEA, 
and ELSE could be better alternative substitute biocides, as they exhibited good termiticidal performance 
using small quantities. 
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INTRODUCTION 

In recent years, considerable attention has been directed to the development of environmental friendly 
biocides as well as more obvious characters of sustainability and affordability in any scheme or process of 
wood protection method. Immense indigenously known antimicrobial and insect repellent activities of many 
plants’ tissues present a pool for selecting and formulating much needed environmental friendly biocides to 
limiting wood degradation agents. Hence, many investigations have revealed the excellent wood 
preservative profiles of some certain plant tissues across the globe. However, obtaining certain plant tissues 
extracts like heartwood extracts is not ecological friendly as its extraction does not compatible with 
conservation of the forests and to the tenets of sustainability of the species and wood protection method. 
The exploration of renewable parts of trees usually considered as waste like stem bark in the course of wood 
conversion and weed plants’ parts for wood preservatives will not only solve the environmental problems but 
also improve their economics. 

Erythrophleum suaveolens stem bark extract has been reported for the presence of appreciable high 
quantity of bioactive secondary metabolites (Adedeji et al. 2013) with significant excellent wood protection 
properties against; fungi (Ogunsanwo and Adedeji 2010), termites (Antwi-Boasiako and Baidoo 2010; Antwi-
Boasiako and Eshun 2013; Asamoah et al. 2014), and including antibacterial activity (Aiyegoro et al. 2007). 
While Phytochemical studies of Lagenaria breviflora fruit revealed the presence of triterpenoids, saponins, 
phenols, alkaloids, anthraquinine, flavonoids, tannins and terpeniods (Elujoba et al. 1990, 1991; Banjo et al. 
2013; Eyitayo et al. 2014) with significant interesting wood protection activity against termites in Nigeria 
(Emerhi et al. 2015). 

E. suaveolens stem bark and L. breviflora fruits could be economically collected during wood 
conversion process and weeding operations respectively. Maoz et al. (2012) pointed out that the use of 
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multi-component extracts may represent a method for enhancing better protection while creating the 
potential for reduced extracts consumption. This study therefore sought to comparatively assess the single 
and combined treatments of Erythrophleum suaveolens stem bark extract with Lagenaria breviflora fruit pulp 
juice extract on wood blocks of Triplochiton scleroxylon against outdoor field termites for three months in 
Port Harcourt, Nigeria. 

 
MATERIALS AND METHODS 
Study area 

The field test yard was located at the Institute of Agricultural Research and Development Conservation 
Plot (IARDCP) within Abuja campus (Latitude 4o 53’ 25’’ and 4o 54’ 35’’N and Longitude 6o 54’ 25’’ and 6o 55’ 
55’’E) of the University of Port Harcourt (UNIPORT). The university falls within subequatorial region. The 
rainfall distribution is nearly all year round though its intensity is seasonal and variable (Adedeji and Emerhi 
2015). A moist south-west wind and northeast trade winds are responsible for the variations in weather 
conditions experienced in Port Harcourt City (Eludoyin et al. 2015). The peak of rainy season usually occurs 
from June to October, with the total annual rainfall of more than 2500mm. The moist south-east air stream 
blows over the region between February and November and the region receives its rains, while the northeast 
trade wind blows over Port Harcourt in from November up to February, which ushers in the dry season. Port 
Harcourt records a mean annual temperature of 28ºC and high relative humidity of 85% mean annual figure. 
The soil of Port Harcourt city is of the recent alluvial soil. Port Harcourt is dominated by low-lying coastal 
plains which structurally belong to the sedimentary formation of recent Niger delta, with an elevation less 
than 15.24m (Eludoyin et al. 2015). The study area was highly prone to varying termites’ species attacks and 
it has been previously reported to be suitable for field study using ground contact exposure method (Emerhi 
et al. 2015). 

 
Plant materials and preparation of extracts 

Dried stem bark of E. suaveolens (DSBES) was collected from Mese Sawmill, Imeko, Nigeria in 
August 2014, transported, and ground using milling machine at the Wood workshop Unit of the Department 
of Forest Resources Management, University of Ibadan. Two hundred gram (200g) ground sample of 
DSBES was subjected to extraction in 1000mL of hot distilled water sequentially twice with constant shaking 
for 2 days. The solution was then filtered and the filtrate was concentrated yielding 4.45±0.03% at 40°C by 
rotary evaporator. While fresh fruits of L. breviflora (Fig. 1) were collected from Choba campus of UNIPORT 
open field/farm in November, 2014. The fruits were washed cleaned to remove adhering dirt, peeled and 
seeds removed. Then, the juice was extracted from the pulp by means of juice extractor. 

 

 
Fig. 1. 

Fresh L. breviflora fruits. 
 

Formulation of biocides and treatments of test wood blocks 
A total number of eighty (80) 2x2x6cm of 22 years Triplochiton scleroxylon wood blocks obtained from 

Wood Laboratory Unit of the Department Forest Resources Management, University of Ibadan were oven 
dried to constant weight at 103±2oC for 22hrs. Then conditioned, weighed as W1 and kept in air-tight Ziploc 
nylons prior to treatments. Two types of biocide formulations were developed from the final yield of DSBES 
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(4.45±0.03% or 8.89±0.07g) and Lagenaria breviflora fruit pulp juice extract. The formulations were prepared 
to get dilutions at 5%, 10%, 15%, and 20% of the Erythrophleum suaveolens stem bark extract alone 
(ESEA), and combined Erythrophleum suaveolens stem bark extract at 5%, 10%, 15%, and 20% with 10mL 
of Lagenaria breviflora fruit pulp juice extract (ELSE) at each concentration level in 0.75L of distilled water. 
The formulations were thoroughly stirred to form uniform solutions and then introduced eight pieces of oven 
dried T. scleroxylon test blocks as replicate to each treatment for 24 hours soaking period. 

After the 24 hours of soaking, the treated wood blocks were removed from the treatment solutions, 
drained, and reweighed as W2 to determine the levels of gross absorption and retention of the extracts. The 
treated test blocks were then re-oven dried at 103±2oC for 22 hours, conditioned and reweighed as W3 
before exposure to field test. The absorption and retention of extracts were calculated and expressed 
volumetrically using formulae (Eqns. 1 and 2) adopted by Yildiz et al. (2010), Hien et al. (2012): 

 
Absorption, kgm-3 = 1000(G) /V ……………………………………Eqn. 1 
Retention, kgm-3 = [(G x C)/V] x 10 ………………………………..Eqn. 2 
 
where:  G = (W2-W1) = amount of the treating solution absorbed by the test wood blocks (g),  

W1 = is the oven dried weight of the conditioned wood blocks before treatment (g),  
W2 = is the weight after treatment,  
V = volume of wood test block (24cm3). 

 
Field tests 

The field tests were carried out at the Institute of Agricultural Research and Development 
Conservation Plot (IARDCP) of UNIPORT between December, 2014 and March, 2015. Two field plots 
(6x6m) were laid for the two main experiments with 5m distance gap from each other. Within each plot, eight 
replicate of each treatment at 5%, 10%, 15%, 20% including control were placed closely side by side and 
spaced 1m apart from one another, and exposed to ground termites attack according to the methods 
described by Lenz et al. (2003), Emerhi et al. (2015) for three months. 

After three months of exposure, the test wood blocks were exhumed, rinsed and scrubbed to remove 
all soil particles, and then finally re-oven dried at 103±2oC for 22 hours, conditioned and weighed as W4 to 
evaluate weight loss percentage. The weight loss was calculated in percentage thus using equation 3: 

 
Wood block weight loss% = [(W3-W4)/W3] x 100 ………………….Eqn. 3 
 
where:  W3 = is the oven dry weight before field exposure tests,  

W4 = is the oven dry weight after field exposure tests. 
 

Statistical analysis 
Data were statistically analyzed using STATISTICA 7 software. The measurements were expressed in 

term of means with standard deviation. One-way analysis of variance (ANOVA) statistical techniques were 
used determine significant differences at the 95% level of confidence. Treatments that have the same 
Duncan's grouping (alphabet) are not significantly different from each other. 
 
RESULTS AND DISCUSSION 
Extraction yield 

The yield from the hot water extraction of E. suaveolens stem bark was 4.45±0.03% (n = 2) ± S.D. The 
yield recorded in this study was lower than 6.1% of water extraction reported by Ogundeko et al. (2014), 
9.0% chloroform, 33.0% methanol and 37.7% combined chloroform/methanol extractions reported by 
Ogunsanwo and Adedeji (2010). The difference between this study and previous investigations’ findings 
could most likely due to the variation in extraction solvent and dampness at which the yields were evaluated. 
The extraction yield was sufficient for the treatment of wood suggesting that water is an effective solvent for 
E. suaveolens stem tissue extraction. 
 
Treatability of T. scleroxylon test wood blocks 

The degrees of absorption and retention of extracts by the T. scleroxylon test wood blocks are shown 
in Fig. 2 and 3. The absorptions were statistically similar but ESEA was appreciably more absorbed than 
ELSE at all the concentration levels. More so, ESEA showed significant inconsistent absorption trend with 
concentrations while ELSE showed decreased consistent trend with concentrations. The variation between 
ESEA and ELSE could likely be attributed to the increased viscosity and reduced diffusivity additive impacts 
of L. breviflora fruit pulp juice extract in ELSE. The absorptions ranged (210.41±38.18 and 
255.20±64.30Kgm-3) for ESEA and (205.72±27.16 and 227.60±49.78Kgm-3) for ELSE of this study were 
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closely similar to the absorption range of 190.10±34.49 and 206.77±35.13Kgm-3 recently reported Emerhi et 
al. (2015). And substantially higher than those previously reported by Omole and Onilude (2000) 24.9Kgm-3, 
Olajuyigbe et al. (2010) ranged between 54.86 and 64.90Kgm-3, Ogunsanwo and Adedeji (2010) ranged 
between 70.37 and 117.13Kgm-3. These variations in solution uptake could most likely the result of 
differences in density of the solvents, period of treatment, preservatives used, and methods of extraction. 

 
 

 
Fig. 2. 

Absorption of extracts by T. scleroxylon wood. Means with the same alphabet are not significantly 
different from each other at α = 0.05. 

 
 

 

 
Fig. 3. 

Retention of extracts by T. scleroxylon wood. Means with the same alphabet are not significantly 
different from each other at α = 0.05. 

 
The retentions of the extracts in Fig. 3 indicated similar consistent increased retention trend with 

increase concentrations between the two extract types. As expected, the higher absorption of ESEA over 
ELSE translated to corresponding higher retention of ESEA than ELSE at all the tested concentrations, 
however, ESEA significantly different from ELSE at 15% concentration. These results suggested that 
multiple extracts’ formulations could impart reduced fluid diffusivity and retention than individual extracts’ 
formulations. 
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Termiticidal effects of the extracts 
The results of the field tests are presented in Fig. 4, which showed the comparative termiticidal effects 

of the extract types. The results indicated that two extract types apparently showed different degrees of 
termiticidal effects at all the extracts’ concentrations tested. ELSE was more effective against termites than 
ESEA at all the concentrations. The lowest concentration of two extract types was most effective towards 
termites but ELSE appreciably shown better performance than ESEA. This higher effectiveness of ELSE 
over ESEA was expected and it could be attributed to synergism consequence of their chemicals 
composition. Surprisingly, the higher retentions recorded from higher concentrations did not result in better 
protection of the wood against the termites’ attacks as reflected in wood weight loss (Fig. 4). The trend of the  
ELSE results recorded in this study were in contrary to those of Emerhi et al. (2015) who reported better 
resistance performance of L. breviflora fruit juice extract treated wood at higher concentration. However, the 
ESEA results were similar to the biological activity of E. suaveolens stem bark extracts against fungi 
previously reported (Ogunsanwo and Adedeji 2010). These results are interesting, implying that the 
threshold efficacy might be achieved using small quantities below 5% concentrations used for this study. The 
results of this study suggested good utilization of E. suaveolens stem bark extracts singly and better 
combined with L. breviflora fruit juice extract for wood protection at lower concentrations. These results 
implied greater advantages in conservation of natural resources because small quantity of mixture extracts 
formulations effected better positive result than individual extracts formulations. This implication was in 
agreement with the assertion of Maoz et al. (2012) who pointed out that the use of multi-component extracts 
may represent a method for enhancing better protection while creating the potential for reduced extracts 
consumption. 
 

 
Fig. 4. 

Wood weight loss caused by termites. Means with the same alphabet are not significantly different 
from each other at α = 0.05. 

 
CONCLUSIONS 

This study described the significant termiticidal activity of ESEA and ELSE formulations on wood 
against soil dwelling termites for 4 months. The formulations exhibited different degree of effectiveness with 
strongest antitermite’s activity found at lowest concentration (5%) tested of both extract types but ESLE 
significantly showed better effective wood protection than ESEA. Thus, the result suggests that synergising 
both extracts lower than 5% may offer excellent performance comparable to standard chemicals. Further 
studies are necessary to determine excellent threshold performance against wood degrading agents with 
reduced extracts consumption. The results of this study coupled with previously reported antimicrobial 
studies clearly indicate that sawmill waste (E. suaveolens bark) and weed (L. breviflora fruits) could become 
sources of promising natural antidegradation agents with potential applicability in wood protection industry 
for limiting fungi and termites. 
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