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ABSTRACT
Wood species are major determinants of bee colonisation and retention, hence influencing
the yield and quality of honey produced. In Apiculture, wood species preference for
beehive construction has been implicated in high bee abscondment. However,
information on the properties of wood species preferred by honeybees is limited.
Therefore, properties of preferred wood species for beehive construction and honey

production in selected locations from Oyo and Ogun states were investigated.

Structured questionnaire was administered to all active bee farmers in two bee farming
communities each in Oyo (Onifuufu: n=20; Ogunmakin: n=12) and Ogun (Adeaga: n=32;
Ayetoro: n=16) States. Information on estimated honey production (kg/year) and
preferred wood species for beehive construction were elicited. Five most preferred wood
species were used to construct twelve (60cm x 30cm x 15¢cm) wooden hives, each
covered with 22 top-bars. Three of the constructed hives per wood species were erected in
each of the four communities. Number of colonised top-bars/ hive and abscondment after
baiting were obtained monthly for a year. Honey yield per hive (kg/year) was calculated.
Physical {density (kg/m3), moisture content (%), volumetric shrinkage (%)}, and
phytochemical {(alkaloids (ppm), flavonoids (ppm) and phenols (u)} properties of
preferred wood species were determined using standard procedures. Data were analysed

using descriptive statistics, regression and ANOVA at o os.

Bee farmers with highest estimated honey production (9.0+0.0 kg) were 45.0%
(Onifuufu), 43.8% (Adeaga), 41.7% (Ogunmakin) and 37.5% (Ayetoro) while the least
(4.0+£0.0) were 6.3%, 6.3%, 8.3% and 10.0% in Adeaga, Ayetoro, Ogunmakin and
Onifuufu, respectively. Fifteen wood species were identified for beehive construction.
Five most preferred species were Khaya grandifoliola (3.7%), Terminalia superba
(6.3%), Cordia millenii (18.8%), Triplochiton scleroxylon (21.2%) and Gmelina arborea
(50%). Colonisation was highest in G. arborea beehives at each location (Ogunmakin:
94.4+9.6; Adeaga and Ayetoro: 83.3+16.7; Onifuufu: 77.849.6) and least with K.
grandifoliola (16.7+ 28.9 in Ogunmakin and Ayetoro) and Triplochiton scleroxylon
(33.3+28.9 in Adeaga and 38.9+34.7 in Onifuufu). Abscondment was highest (66.6%) in
K. grandifoliola (Onifuufu, Ayetoro) and none in G. arborea.Highest and least honey
yield were 6.7+£0.2; 3.6+0.2 (Adeaga), 6.2+0.2; 3.4+0.3 (Onifuufu), 5.6+0.2; 3.4+0.3
(Ayetoro) and 5.4+0.2; 4.1£0.2 (Ogunmakin). Honey yield was highest in G.



arboreahives (5.9£1.0) and least in K. grandifoliola (3.6+£0.1). Khaya grandifoliola had
the highest (611.6+70.7) density while 7. superba had the least (368.5+32.2). Moisture
content varied from 18.7+0.5 in K. grandifoliola to 14.8+0.4 in G. arborea. Volumetric
shrinkage varied from 6.2+1.4 in G. arborea to 8.8%1.1 in K. grandifoliola. Gmelina
arborea had the highest concentration of alkaloids (392.2+2.1) while K. grandifoliola had
the least (217.2+11.7). Flavonoidsranged from 3.2+0.8 in K. grandifoliola to 174.7+6.8 in
G. arborea. Phenols was highest (63.0+0.6) in 7. superba and least (12.8+0.6) in T.
scleroxylon. Presence of alkaloids and flavonoids influenced colonisation (R*=0.86),

abscondment (R*=0.70) and honey yield (R*=0.72) in Gmelina arborea bee hives.

Gmelina arborea and Triplochiton scleroxylon were the most preferred wood species for
beehive construction in Oyo and Ogun States. High levels of alkaloids and flavonoids in
Gmelina arborea improved bee colonisation, reduced abscondment, and increased honey

production.
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CHAPTER ONE
INTRODUCTION

1.1 Background to the Study

The most well known and utilized products from honeybees is honey. Honey is a
sweet and viscous fluid produced by honeybees from the nectar of flowers. Nectar is a
thin, easily spoiled sweet liquid that is changed (ripened) by the honeybee to a stable,
dense and high-eneergy food. According to Codex Alimentarius Standardization:
“honey is the natural sweet substance produced by honeybees from the nectar of plants
or from secretions of living parts of plants or excretions of plant sucking insects on the
living parts of plants, which the bees collect, transform by combing with specific
substances of their own, deposit, dehydrate, store and leave in the honeycomb to ripen

and mature” (CAC, 2018).

Honey has been used by humans since ancient times as both a dietary source and
sweetner, and until recent times it was also highly regarded as a traditional medicinal
treatment for many ailments (Jenkins, 2009). Honey has been extensively used as a
topical therapeutic agent in clinical trials on abscesses, ulcers and burns (Jenkins,
2009). A range of positive benefits have been suggested when used to treat these
conditions, including reduction of inflammation, pain reduction, reduction of odour,

debridement of necrotic tissue (Rao, Krishnan, Salleh, and Gan, 2016).

Honey is sold and consumed around the world. It is consumed raw (unprocessed) as
well as used as an ingredient in food, cosmetics, natural medicine and as a source of
sugar for making wine or beer. Honey is a barter commodity, cash crop and export
crop. Honey exports contribute significantly to the agricultural economy of many
developing nations. Most developing countries are capable of exporting honey as
long as national production exceeds local requirements (FAO, 2003). Honey can be
consumed as soon as it is harvested from the hive (or stored for later use) or it can be
used to make a variety or value- added food products such as deserts, dressings and

mead. Honey can also be used as an ingredient in other value-added products such as



cosmetics and health supplements. Other harvestable products derived from honeybee
include:- pollen, wax, propolis, royal jelly and venom (Tsegay, Gebreegiziabher, and
Mestin, 2017) Honey is a natural substance produced by bees and nutritious food of
economic importance worldwide. It is composed of sugars, amino acids, proline,
minerals,aromatic substance, pigment waxes and grains (Posho Ndola, Malumba,
Wathelet, Haubruge, Francis and Nguyen, 2017; Lawal, Lawal and Adekalu, 2009)
and contains large amount of glucose but low in sucrose (Lawal, Lawal and Adekalu,
2009). Honey is easily digestible and more palatable which supplies substantial

energy with 75 — 85% fructose and glucose.

Honey bees (Apis mellifera) are the primary insect pollinators of agricultural crops,
including fruits, nuts and vegetables, which have an appropriate annual value of $17 —
18 billion in the whole world (Al Naggar, Codling, Giesy, and Safer, 2018; Root,
2018). California almond production is the most renowned example of the role of
honey bee pollination services in the world. Every year, over 60% of the
approximately 2.5 million commercially managed honey bee colonies in the United
State are transported to the central Valley of California to pollinate the almond crop.
Honey bee colonies are important for the pollination of plants in both agricultural and
non-agricultural land- scapes (Al Naggar, Codling, Giesy, and Safer, 2018; Root,
2018).

Bee keeping in Nigeria is a long-standing agricultural practice. It has been exercised as
a sideline activity by many of the rural farming communities for its honey and
beeswax production that contributes to income generation. It also provides job
opportunity in the sector. The role it plays in enhancing food security, poverty
reduction and food production through pollination of crops has become substantial in
recent years. Beekeeping involves the construction of hives from different types of
wood available with movable frames separated by spaces for bees to fix their combs on
the frames (Langstroth hive). Even thoughthe wooden hives allows for large-scale bee
farming, yet, consideration and emphases should be made on preferred wood species to
improve the quality of bee honey produced without prejudice to the bee honey and the

bee colony.

There is no well-documented evidence that indicates when and where beekeeping

practice started in Nigeria. As indicated by Workneh, Puskur, and Karippai (2008) and



Workneh (2011), it has started in the country between 3000 — 3500 BC. From the rural
communities’ point of view, beekeeping is an inherited tradition and an ideal

occupation that contributes for improvement of livelihoods.

Moreover, Aiyeloja and Adedeji (2014) opined that honey bees may prefer certain
trees type with specific characteristics such as species, position, size, safety, height,
extractive content and colour for nesting site. Some trees exhibit an irritating and
repelling characteristic thataffect their association with some members of “economic
insects”. Behaviours such as swarming, absconding and migration have been largely
used in literatures on bees and frequently employed as synonyms, though they mean
distinct events. Swarmingrefers tothe reproductive division of a colony, inwhich part
of the workers leave with the older queen and the others remain in the nest with the
new queen. Abscondingis the abandonment of a nest by the entire Africanized honey
bees colony whereas migration means the movement of an Africanized honey bees
colony between distinct ecological regions. Behaviours of absconding and migration
have been reported for other honeybee species in other parts of the world. But little is
known about the reasons for honey bees’ preference for different types of tropical tree
species in Nigeria. Studies and literatures are still lacking on the effects of seasonal

colony management on honeybee colonies performance and honey production.

Wood as a construction material is used by man and animals as habitat. Many species
of forest fauna including rodents, birds and various orders of insects use wood as a
form of one habitat or the other. For instance, honey bees use various species of wood

for habitation as hives all over the world.

More than 25,000 species of bees have been identified around the world. Bees known
as honey bees are represented by eight to ten species in the genus Apis, a name from
which comes the word for beekeeping (apiculture) and the word for a bee yard
(apiary). The species of honey bee commonly found today is Apis mellifera, which
means honey carrier. This name is not technically correct as the bees carry nectar from
flowers, which they then use to produce honey back in the hive. Races of Apis
mellifera have different physical and behavioural characteristics such as body colour,

wing length and susceptibility to disease.



1.2 Statement of Problem

Hive colonisation in honey production is a major factor in determining the success of
beekeeping in the world. However, this process could be delayed due to several factors
ranging from biochemical to physical. Delayed colonisation, a situation where hives
are not colonised for a long period of time could result from use of materials for hive
construction among other factors. Certain types of materials are more attractive to bees
than others. It has long been noted that traditional hives are more quickly colonised
than top-bar or frame hives. Plastic hives and other man-made materials are often
unattractive while some types of wood can have a strong smell which is potentially
repellent to bees. Scorched wood, where hives have been flamed to remove infection
or pests, often seem to have additional interest, perhaps because of the minerals that
may become available to scouting bees. According to Adedeji and Aiyeloja, (2014),
honey bees have high preference for yellow and white wood cavities. Failure to pay

due attention to these factors may lead to high level of delay in hive colonisation.

Apart from delayed colonisation, abscondment of hive has been found to negatively
affect honey production. It is the term used when a colony of honey bees leaves its
home in search of another. It is not the same as swarming. When a colony swarms, it
splits in two parts: one part stays in the old home and one part finds a new home.
Swarming is a form of reproduction. When a colony absconds, however, the entire
colony leaves together and finds a new home. Absconding is another of those honey
bee behaviours that is not completely understood, but we can draw some conclusions
based on repeated observations. Absconding can happen atany time of the year,
triggered by things such as lack of food, frequent disturbance, loud noises, and
overheating, bad odours, presence of parasites, predators and chemicals especially
arising from wood extractives which are unique characteristics of each species. Wood
has certain odours which may be choking to newly arriving bees as a result of which
they leave soon after colonisation. In general, the environmental conditions in the hive
become too stressful for the bees. Somehow they sensed they had little chance of
surviving in the present circumstances and decided to leave. It is very important
therefore to consider very greatly, the materials used in the construction of hive in
order to achieve sustainable hive habitation and hence improved productivity in honey

production (Akinmulewo, Oladimeji and Abdulsalam, 2017).



Also, colony losses may endanger productivity and overall sustainability of the entire
process of honey production if proper management practices are not put in place to
protect and sustain established colonies. Monheim, et a/ (2010) reported that many
countries have experienced increase in reported cases of colony losses in Europe,
USA, South America, Australia, Middle East and Japan. In Nigeria, Oyerinde and
Ande (2009) reported the impacts of bee pests on colony establishment in Kwara
State in North-Central Nigeria that resulted in 15% decline in honey bee colony.
Colony loss thatis also known as abscondment, in some cases is due to some factors
that could be manipulated by man. The absconding and migrating behaviours shown
by honey bees, along with their defensiveness, have been considered undesirable
traits for beekeeping (Magalhaes Freitas, Sousa and Bomfim, 2007). Globally, honey
bees are found to be associated with forests and the flowers of forest trees. The trees

physically provide shelter for a swarm or bee hive.

According to Adedeji and Aiyeloja, (2014), honey bees have high preference for
yellow and white wood cavities. Failure to pay due attention to these factors may
lead to high level of delay in hive colonisation. Certain types of materials are more
attractive to bees than others. Studies are important to determine such woody plants

that are more attractive and encouraging for honey bees management.

This study is therefore aimed at the compsotion of wood types, used in constructing
beehives and the effect on sustainable hive habitation for improved honey

production. (Akinmulewo, Oladimeji and Abdulsalam, 2017).

1.3 Objectives of the Study

The general objective of this study was to assess wood species preference for bee-hive
production with a view to identify potential wood species for sustainable hive

habitation for improved honey production.
The Specific Objectives are to:

i.  Produce a compendium of wood species used for beehive construction in the
study area and identify the commonly used species.
ii.  Investigate selected physical and chemical properties of the identified wood

species



iii.  Assess the influence of wood species on the pattern of colonisation and
abscondment of honeybees in the study area
iv.  Evaluate the quality and quantity of honey produced across the hives

constructed with different wood species.

1.4 Justification for the study

Beekeeping all over the world requires basic understanding of the honey bees’
behaviour during the various seasons and during handling and moving, depending on
the country and environmental factors. (Morse, 2007; Issa, 1999; Standifer, 2007,
Adjare, 1990).

In Nigeria, like other sub-Saharan Africa countries, honeybees are characterized by
frequent disturbance-induced absconding in their wooden hives (Spiewok, et al. 2006).
Early studies showed that absconding in the African bees is mainly attributed to
overheating, lack of water, exhaustion of food stores (Spiewok, Neumann and
Hepburn, 2006),also, the role of hive beetles and wax moths in absconding have been
documented (Neumann, Pettis and Schafer, 2016). Absconding rates reported for
African honeybees include 15-100% for South Africa and 31% for French Guyana
(Ellis, Hepburn, Delaplane, Neumann and Elzen, 2003). The preservation of beehive
parts and the effect of preservatives on bees were studied by Akyol, Yeninar, Sahinler
and Guler, 2006). No documented studies exist on the causes of delay of colonisation
and high absconding in the bee hives in relation to the tropical wood species

preference by the honeybees in Nigeria.

Adedeji and Aiyeloja (2014) reported that, despite the uniqueness in the choice of
cavities selection among the diverse timbers and importance of honey bees to our
wellbeing, the honey bees have preference for the natural wood species. Likewise,
some plant species contain insecticidal and/or insect-repellent substances. A review by
Sukumar, (1991) highlighted the potential of plants for use in mosquito control, either
as repellents, larvicides, or insecticides. However, irritating and repelling chemical
constituents of wood species could be the major factors responsible for the absconding
and delay in colonisation, hence, resulting in the decline in honey bee colony
production per unit hive. Many suggestions have been proffered by many authors, for
instance, Spivak and Reuter (1997) opined that the problem of regular absconding and

swarming can be solved and poor colony strength improved through honey bee queen



rearing, while Gidey, et a/ (2012) reported that lack of food, honey bee pests and
drought are the main problems that may cause absconding. Yet, absconding and

delayed colonisation by honey bees still occur in honey bee keeping.

In Nigeria, there is no detailed study of the effects of wood species repellence nature,
on beneficial insects like honey bees. Current literature on the wood species preference
does not provide information on vulnerability and resistance shown by the local
honeybees and the consequences on the beekeeping activities in Nigeria. Therefore,
this study will focus on the observation of woods species preferred by bees among
hives, causes of abscondment and delayed colonisation by Africanized honey bees in

South-West, Nigeria.



1.5 Scope of the study

This study was carried out in Onifuufu (Iddo LGA), Ogunmakin (Oluyole LGA),
Adeaga (Odeda LGA) and Ayetoro (Egbado LGA) Villages, in Oyo and Ogun States
and it was limited to five wood species which were used to construct the hives. The
wood species are Gmelina arborea, Cordia Millenii, Triplochiton Scleroxylon, Khaya
grandifoliola and Terminalia Superba. The chemical and physical properties of the
wood species were examined as well as the influence of the wood species on the
quality and quantity of honey production. The chemical constituents of the five
selected wood species were also investigated. The physical properties such as Moisture

content, Density and Shrinkages were determined.



CHAPTER TWO

LITERATURE REVIEW

2.1 Origin and Evolution of Bees and Bee Keeping

Bees likely evolved from wasp like ancestors, contemporaneously with the angiosperm
plants towards the end of cretaceous period, 60 to100 million years ago (Sahle,
Enbiyale and Negash, 2018). According to (Tessega, 2009) the present bee fauna
probably originated more than 70 million years ago. Currently, eleven families of bees
are generally recognized, only some of which are identified by derived traits setting
them apart from other bee families. There are about 1000 genus (and sub genus),
combined with sub genera, approximately 600 generic groups and an estimated 20,000
living species of bees residing in the world’s museums (Sahle, Enbiyale and Negash,

2018).

Bees (Apoidea) are a super family of about 20,000 species, in the order Hymenoptera.
The majority of bee species are ‘solitary’ while the minorities are social (bumble bees
and stingless bees), and only a few species of social bees, are kept in hives by
beekeepers. There are three families of social bees, which produce honey. These are:
the Bombidae, Meliponidaec and Apidae (Tessega, 2009). The Bombidae are found
mainly in temperate climates. Their nests are very small, often in the ground and are of
no commercial importance except as pollinators of certain plants. The Meliponidae, or
stingless bees, occur throughout the tropical regions of the world. Their nesting places
may be holes in the ground, in hollow trees or small cavities in walls and on the
underside of branches. The family Apidae, to which the honeybee belongs, is
indigenous only to Europe, Africa and Asia (Sahle et al 2018).

A honeybee found in East Africa was reported from the upper Pleistocene period, 100,
000 years ago. This bee could not be differentiated from the contemporary African

honeybee species (Tessega, 2009).



Beekeeping, which is today practiced over a greater area of the earth’s surface than
perhaps any other single branch of agriculture, passed through different stages of
development: honey hunting, traditional (forest and backyard) and improved

(movable-frame and movable top-bar) methods of beekeeping.

It is likely that man hunted for wild nests of bees and looked for their honey during the
whole of his existence. Early man probably took honey from bees’ nests wherever he
found them, and the collection of honey from wild nests continued except in some
regions where it has been entirely superseded by beekeeping (Tessega 2009). There are
many references to honey in ancient records and literature, but most of them gave no
clue as to whether the honey was obtained by honey hunting or beekeeping. Wherever
writing was known, honey was mentioned so many times in the Holy book of the

people, and it often held a place of honor in their rights (Sahle et al, 2018).

The earliest known evidence of honey hunting scenes was a painting made in a rock
shelter in the mountains of eastern Spain in Mesolithic times, probably dated to about
5000BC (Sahle et al, 2018). Africa has many rock paintings about honey hunting than
any other continent and some of the countries, which can be mentioned, are South

Africa (Natal), Zimbabwe, Morocco, Libya and Tanzania (Sahle et al, 2018).

Honey hunting has been a very common practice even up to present generation in
many parts of Africa, including Ethiopia. In southwestern parts of Ethiopia, some
households entirely depend on honey hunting and forest beekeeping for their entire
livelihood. Honey hunting is also common in pastoral communities in which

beekeeping seem impossible.

Beekeeping properly started when man learned to safeguard the future of the colonies
of bees he found in hollow tree trucks, rock crevices or elsewhere, by a certain amount
of care and supervision. Tessega (2009) reported that by 2500 BC, before forest
beekeeping is known to have existed, fully fledged beekeeping was being practiced in
ancient Egypt and the earliest written records that relate to the keeping of bees in hives
are from about 1500 BC. Generally, the earliest known evidence of beekeeping has

been found in the Africa continent (Sahle et al, 2018).
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Beekeeping up to 1500 AD continued in the traditional form using primitive hives. Of
all the regions under consideration, tropical Africa has the oldest tradition of
beekeeping and still with primitive hives (Sahle et al, 2018). Between 1650 and 1850
AD many hives with top-bars and frames were invented, but after these two centuries
of effort there was still failure on the fundamental point: whatever bars or frames were
used, the bees attached their comb to the walls of the hive as well, and the combs
could, therefore, only be removed from the hive by cutting them out. Lorenzo Lorraine
Langstroth made the step, which changed this, in 1851 when he discovered practical
movable-frame hives with an appropriate 'bee-space'. The pattern of modern
beekeeping was thus established between 1850 and 1900 AD. Different equipments
were invented in this period, but Langstroth is advance in 1851 remains the basic

principle of the box hive, and thus of our beekeeping today (Sahle et al, 2018).

2.2 Biological family and Species of Honeybees

Since the late 1700s, about 9 species of honeybees have been recognized (Tessega,
2009). These are: Apis andreniformis, Apis cerana, Apis cerana indica, Apis dorsata,
Apis dorsata binghami, Apis florea, Apis laboriosa, Apis mellifera and Apis vechti.
Among these, the following are the major honeybee species and are of world economic
importance: Apis cerana/indica, Apis dorsata, Apis florea and Apis mellifera. Race in
honeybees is a result of natural selection and honeybees have been adapted to different
geographical areas of the world for many years without the interference of mankind. In
so doing, there has been an environmental effect on the anatomy and physiology of

honeybees leading to differentiation.

African and European honeybees, even though were from the same species, are
differing in behavior, production and on some morphological variables of importance.
Hence, quite a large number of subspecies (races) of honeybees are found in the world
today. Tessega (2009) reported the presence of 23 distinct geographical races using
multivariate analysis of the morphometric characteristics of honeybees. In Africa

alone, more than 16 subspecies or races are residing in different ecological places.

Bees that produce enough honey sworth harvesting belong to the two sub families of

the family Apidae: Apinae (honeybees) and Meliponinae (stingless bees). Apinae has
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only one genus, 4pis, and about nine species of which the Apis mellifera species is of

much greater economic importance than any others.

Apis mellifera (‘honey- making bee’) is one of the most successful species in animal
kingdom. It became more adapted to wide range of environmental condition to a
greater extent: one and the same species is able to survive in semi desert tropical
regions as well as in cold-temperate zones (Tessega 2009). The races and strains of
Apis mellifera are overriding world importance in beekeeping, and are the basis of
world’s beekeeping industry. These bees are native to Africa and Europe. They have
also been introduced in to almost the whole of the New World (the Americans,
Australia, New Zealand and Pacific Islands) since 1500 where there were no native
honeybees.. European Apis mellifera is the bee first studied, and it still receives by far

the most attention.

Apis dorsata and Apis florea are confined to tropical Asia, and each species builds a
single comb in the open, unprotected or semi-sheltered area. Apis cerana and Apis
mellifera live in the Old World tropics, but during evolutionary times they succeeded
in spreading in to the north temperate zone of the Old World. Each builds a nest in a
cavity, consisting a number of parallel vertical combs, usually up to about ten; thus,

they can be managed for honey production and for crop pollination.

Apis mellifera is now the most productive and widely distributed in almost all places of
the world. Tropical subspecies of Apis mellifera are smaller than temperate zone
subspecies, and they have a more slender abdomen. They are generally less amenable
to handling and management, swarm readily; also, the whole colony may abscond as a
result of damage and disturbance of their nest or shortage of food. Moreover, the bees
are easily alerted to sting and this characteristic allows their survival in the African

tropics where they were liable to be attacked by many ‘enemies’ (Tessega, 2009).

Nowadays, these bees are kept in hives in almost every country of the world and
beekeepers have to operate in widely different conditions. Adjare (1990) noted that the
honeybee is well distributed over the globe except in the severe cold of the Polar

Regions.
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23 Types of beehives

A bee hive is an enclosed structure in which some honey bee species live and raise
their young. Natural bee hives are naturally occurring structures occupied by honey
bee colonies, such as hollowed trees while domesticated honey bees live in manmade

beehives, often in an apiary which includes;

Top bar Hives

The top-bar or Kenya-hives were developed as a lower-cost alternative to the standard
Langstroth hives and equipment. They are popular, owing to their simplicity and low
cost, in developing countries. Top-bar hives have movable comb and make use of the
concept of bee space. The top-bar hive is so named because the bees draw their comb
from a top bar, suspended across the top of a cavity, and not inside a full rectangular
frame with sides and a bottom bar. The beekeeper does not provide foundation wax
(or provides only a small starter piece of foundation) for the bees to build from. The
bees build the comb so it hangs down from the top bar. This is in keeping with the way
bees build wax in a natural cavity. There is some belief that the use of natural wax in a

top-bar hive supports the bees' natural systems in ways that improve their health.

The hive body of a common style of top-bar hive (Table 3.1) is often shaped as an
inverted trapezoid. This is in order to reduce the tendency of bees to attach the comb
(Table 3.2) to the hive-body walls, though this reasoning has become less popular
recently. It may be more likely that the trapezoid shape helps to improve the ratio of
the weight of the comb to the amount of attachment at the bar and helps to lessen the
likelihood of heavy combs detaching from the top bar when being handled or
harvested. Unlike the Langstroth design, this style of top-bar hive is expanded
horizontally, not vertically. The top-bar design is a single, much longer box, with the

bars hanging in parallel.

Unlike the Langstroth hive, the honey is usually not extracted by centrifuging because
a top-bar frame does not have reinforced foundation or a full frame. Because the bees
have to rebuild their comb after honey is harvested, a top-bar hive yields a beeswax
harvest in addition to honey. However, like the Langstroth hive, the bees can be

induced to store the honey separately from the areas where they are raising the brood.

13



For this reason bees are less likely to be killed when harvesting from a top-bar hive

than when harvesting from a skep or other traditional hive design.

Langsthroth beehives

Langstroth hives make use of bee space so that frames are neither glued together nor
filled with burr comb—comb joining adjacent frames. Langstroth hives use
standardized sizes of hive bodies (rectangular boxes without tops or bottoms placed
one on top of another) and internal frames to ensure that parts are interchangeable and
that the frames will remain relatively easy to remove, inspect, and replace without
killing the bees. Langstroth hive bodies are rectangular in shape. Inside the boxes,
frames are hung in parallel. The minimum size of the hive is dependent on outside air
temperature and potential food sources in the winter months. The colder the winter, the
larger the hive and food stores need to be. In regions with severe winter weather, a
basketball-shaped cluster of bees typically survives in a "double-deep” box.

Langstroth frames are thin rectangular structures made of wood or plastic and have a
wax or plastic foundation on which the bees draw out the comb. The frames hold the
beeswax and honeycomb formed by the bees. Ten frames side to side will fill the hive
body and leave the right amount of bee space between each frame and between the end
frames and the hive body. Langstroth frames are often reinforced with wire, making it
possible to extract honey in centrifuges to spin the honey out of the comb. As a result,

the empty frames and comb can be returned to the beehive for use in the next season.

2.4 Honey
Honey, which is a substance produced by bees (Appendix 6b) from pollen grains of
trees has found its use in several aspects of our everyday life ranging from beauty
purposes to being used as a sweetener in food substances and most importantly in
health treatment. Basically, honey could be classified into three main types and these
are

1. Man-made honey

2. Self-bred honey

3. Wild honey (especially South-West of Nigeria)

Man-made honey is made from some compounds which may be table sugar or other
substances that have high sugar contents. This class of honeys has been found to be

dangerous to health. Self-bred honeys on the other hand is honey gotten from bees
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which are bred in a confined (intensive) environment while Wild honey on the other
hand is honey produced by bees living in their natural habitat which in most cases is
in the forest. This honey has been proven scientifically to be very beneficial to health
with a high emphasis placed on honey gotten in tropical areas such as south-west of

Nigeria.

Pure natural honey contains enzymes that are considered essential for good health and
also contains natural minerals needed by the body. It is the most assimilated
carbohydrate compound for the body, it is also an effective aliment to generate heat,
create and replace energy, and furthermore, to form certain tissues. Moreover honey
supplies the organism with substances for the formation of enzymes and other
biological ferments to promote oxidation. Listed below are some of the countless
functions and importance of honey (Flottum, 2010). Honey can be used as an
antimicrobial i.e. can be used to treat cuts, scrapes and burns as well as to prevent

scarring) due to its high sugar content, low pH and the presence of organic acids.

Honey is used as a hair and facial treatment because it attracts and retains moisture.
Honey contains the vitamins B6, thiamin, niacin, riboflavin and pantothenic acid.
Honey is rich in minerals such as calcium, copper, iron, magnesium, manganese,
phosphorous, potassium, sodium and zinc. Honey contains antioxidants such as
chrysin, pinobanskin, vitamin C, and catalase. Honey is a great source of energy due to
its high content of carbohydrates. Honey with higher water content has strong
antioxidant potential. The antioxidants found in honey include pinocembrin,
pinobanksin, chrysin and galangin (Gibbon, 2001). Using honey in baked foods will
keep them moist for a longer period of time. Honey never goes bad since It is slightly
acidic and, therefore, not conducive for bacterial growth.

The composition and quality of honey vary, depending on the climatic region,
whether wet or dry, the environmental temperature, the type of plant used to produce
it, the honey bee species, the sugar composition, the treatment of honey during
extraction, processing and subsequent storage conditions (Alvarez-Suarez, 2010; Amril
and Ladjama, 2013). Honey comes in a range of colours including white, amber, red,
brown and almost black (Eleazu et al., 2012). Its flavor and texture also vary with the
flower nectar from which it was made. The most commonly available honey is made

from clover, alfalfa, heather and acacia flowers (Alvarez-Suarez, 2010). They are
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available as raw or processed honey. The latter is usually pasteurized, clarified, or
filtered and at times fortified. Raw honey is of the highest organic quality and is
regarded as 100% pure.

2.4.1 Honey Bee Colony

A healthy honey bee colony has three distinct types of individuals: a queen, workers,
and drones. Each type of bee has a distinct role in the colony. Collectively, they make
up the members of a honey bee colony (Flottum, 2010). The queen is critical to the
survival of the colony. Usually, she is the only actively reproductive female and lays
all the eggs in the colony. Normally, only one queen is present in each colony, and she
is the mother of all the individuals in that colony. The workers also are female but have
undeveloped ovaries, so they normally do not lay eggs. They perform all of the work
in the colony, including caring for the brood, building the comb, tending to the queen,
gathering resources (nectar, pollen, resins, water), and defending the hive (Collison et
al.,2004 ). The tasks workers perform change as they age and are influenced by the
particular needs of the colony at a given time. A colony may contain 20,000 to 60,000
workers, depending on its age and the time of year. Male honey bees are known as
drones. Their only task is to mate with virgin queens, usually from colonies other than

their own.

They are larger than workers and are identified easily by their large, contiguous
(touching each other) eyes. Mature drones leave colonies in the early afternoon and fly
to drone congregation areas found 40 feet above the ground. Here drones in flight wait
for a virgin queen on a mating flight. If successful mating takes place, the drone dies
immediately after mating. Colonies may contain none, a few, or several hundred
drones, depending on the strength of the colony and the time of year (Caron, 1999). In
the fall or after an abrupt end to a honey flow, workers force drones out of the colony.
They may also remove any developing drone brood from the colony, which can pile up
at the colony entrance. Honey bees develop through a process called complete
metamorphosis. Like butterflies, bees begin life as an egg, and then enter the larvae
stage before spinning a cocoon, pupating, and later emerging as adult bees. Unlike
butterflies, bees complete all these stages in one place, a single cell of the comb

(Collison et al, 2004).
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This study therefore focuses on the wood species suitable for beehive construction

with consideration for reliability and longevity in service.

2.4.2 Honey bee Colonisation and Abscondment

Honey bee Colonisation refers to the process of bringing honeybees into an artificial
hive made for them by attracting a swarm, colony division or queen bee breeding.
Beekeepers installs bee hives in areas where the beekeeping raw materials abound and
where the bees like to live to guarantee high colonisation. Previous researchers noted
that hive colonisation by honey bees in Africa are influenced by hive types (Ande et
al., 2008), tree shade management (Kugonza et al., 2009), polythene and lime
applications to top bars (Babarinde et al., 2010), apiary management (Okwee-Acai et
al., 2010), hive dimension and entrance (Babarinde ef al., 2012) and hive wood colours
(Adedeji and Aiyeloja, 2014).

There are different methods of hive colonisation by honey bees, apart from self
colonisation which is the widely known method of colonisation; Adjare (1990),
highlighted some other methods:

i.  Self-colonisation: The beekeeper installs the baited beehive and waits until a
swarm of bees comes to colonise the hive. The time required for colonisation
after bee hive installation varies, hives sited near the forest flowering plants
will be colonised rapidly while hives sited close to the residential areas takes a
longer time to be colonised.

ii.  Catching a swarm (Method I): As noted above, not all hives are self colonised.
Bee keeping is more developed in places like Europe, Australia, America and
some northern and southern African countries when compared to tropical
African Nations. Therefore, when setting up or expanding an apiary,
beekeepers purchase package bees or buy nucleus or established hives. Moreso,
another method of catching a swarm is

iii.  Removing wild bees from their nest: This is usually carried out late in the
evening after 6pm, the beekeeper wears protective cloths and other necessary
materials such as a good smoker, an empty bee hive, a container to carry honey
bee and tools like hammer, saw and chisel. The smoker is filled with fuel and
puffed through the bees’ gateway into the nest for five minutes; this makes the
bees to rush into the nest and gorge themselves full of honey which eventually

makes them too heavy and drowsy to move. The nest is opened using
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appropriate tools and the honey comb is removed into a container which makes
the honey bee swarm round the broad combs. The broad combs and the bees
are then removed together and moved into a new hive at least 3km away from
where they are collected.
Absconding of honey bee refers to the movement of an entire colony from a hive; it’s a
process that leaves no bee behind in the original colony (Winston, 1992). It differs
from swarming in that swarming bees are splitting of a hive into two parts, half of the
bees Generally, African honey bee are known to frequently respond to unfavorable
periods by undergoing seasonal absconding or migration, which consists of
abandoning a nest site and moving into an area of greater resource abundance
(Fletcher, 1978; Winston et al., 1983; Schneider, 1990). When preparing to abscond,
the honey bee makes preparation in advance of the moving day. The Queen ceases to
lay eggs and slims down in preparation for flying, foraging stops, scouts begin
searching for a new and suitable new home and the honey stores are also used up.
There are two types of absconding; disturbance-induced (unplanned) absconding and
resources-induced (planned) absconding.

i.  Disturbance-induced absconding is as a result of predation or invasion of
colony by pest, fire, drought,inability to regulate temperature due to cold or
excessive  sunlight, rain entering the nest, and beekeeping
manipulations.(Fletcher, D.J.C. 1978).

ii.  Resource-induced absconding occurs due to lack of nectar, pollen or water and
this occurs majorly during the dearth period found in the tropical region
(Griffiths 1976). This type of absconding is seasonal and unlike the
disturbance-induced absconding the colonies prepare for it like a month ahead

of their movement
2.5 Effect of Bee Hive on Colonisation and Abscondment

According to (Croft, 1990) beekeeping is the maintenance of honey bee colonies,
commonly in hives, by humans. There are many types of bee hives commonly used by
bee keepers throughout the world for honey production. They are all categorized as
modern and traditional bee hives. (Croft, 1990) Stated that beckeeping is the
maintenance of honey bee colonies, commonly in hives, by humans. Low-technology

hives have been developed as a way of obtaining the advantages of movable frame
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hives (no need to break combs, standardization, manageability, efficient honey harvest)
without the disadvantage of high cost manufacture. The container for the hive may,
like traditional hives, be constructed from whatever materials are locally available.
Low-technology hives can be kept near home, and can, if constructed and transported
with care, be moved between crops as they flower successively (Global Development
Solutions, 2009). For modern hives the combs can be lifted from the hive and then
replaced and this allows the beekeeper to examine the condition of the colony without
harming it. Honeycombs can also be removed from the hive for harvesting without
disturbing combs containing brood. The colony is therefore not harmed and the bees
can continue gathering honey to replace that which has been harvestedwhich ensures
good quality honey can be harvested, free of contaminating pollen or brood (Logan,
1990).

Honey bees are insects of the super family Apoidea in the order Hymenoptera (Parker,
1981). Economically important species of honey bees include the Apis cerana, Apis
dorsata and Apis mellifera (Roubik, 1989; Howpage, 1991). But, the most widely
spread economic species of the honey bees is the Apis mellifera, which is native to
Europe, Middle East and Africa with about 25 distinctive races (ERLS, 1995; Segeren,
1997). Bee colonies are usually initiated by swarming with a prospective queen leading
the way in most developing bee management settings, while on the advanced note
colonies can be obtained from a queen rearing program. A colony consists of three
castes i.e., infertile female (workers), male (drones) and a fertile female (queen)
(Johansson, 1980). The basic principles of beekeeping are simulation of what is
evident in the bee colony in the wild (Karlsson, 1990) with the ultimate goal of
sustaining the bee colony and easing harvesting process. However, the improved
interest in beekeeping as a result of the growing demand for bee products and services
made the few natural wild colonies inadequate. Hence, the advent of special artificial
hollows in the form of bee hives (Adjare, 1990) presently engaged in the practice
world over. Bee hive construction varies from one area to the other (Olagunju, 2000).
The traditional bee hives was initiated in an attempt to utilize the cheap and plentiful
local materials for hive construction. In Nigeria, the common traditional hive includes:
gourds, clay pot, raffia basket, rolled up straw and hollow trunks (ERLS, 1995).
Modern bee hives on the other hand adopt the principle of having a box-like enclosure

with removable top or frames, which facilitate routing inspection of the established
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colonies. The common modern beehives in Nigeria includes: Kenyan top bar,

Langstroth and East African long transitional top bar hives (Olagunju, 2000).

The bee hives used range from traditional to modern. The traditional/fixed comb bee
hives are of various types depending on the location with locally available materials
used for hive construction ranging from bamboo, palm tree logs, twigs to sticks. Two
types of modern hives made from timber in use are: Kenya Top bar hive (KTB) and
the Langstroth hive. The local bee hive usage is higher than modern bee hive usage
and the local hives tend to be more colonized than modern hives (Kugonza and

Nabakabya, 2008; Ndyomugyenyi et al., 2015).

Morse, 1990 mentioned that hives in cellar wintering, a technique that was often used
at the turn of the past century. While only one of the variables of the equation, food
consumption, is measured, the hive temperature increased, when they are moved to a
relatively warmer place. When the hives are outside they consume 22.3 kilograms of
honey during the season, but when they are placed in a cellar they only consume 6.8 to
13.2 kilograms. Starks ez. al., 2000 observed that honeybees raise the temperature of
the brood area regularly to increase the brood activities and protect themselves against
predators. They have also stated that when Ascosphaera apis which is the pathogen of
chalk brood contaminates to the colony at the temperatures below 30 °C, honeybees
realize this and raise the temperature before the broods get sick. There have been many
attempts to reduce the loss of honey bee colonies in winter, by improving the
conditions of temperature inside the bee colonies, such as:(Furgala, and McCutcheon,
1992, Abrol, 2001,Wineman et. al., 2003; Dodologlu, et. al., 2004; Erdogan, et al.,
2009; Morse, 1999) recommended keeping bee colonies in the Northern U.S. during
the winter in dark-painted hives and exposed to full sunlight, but provided no
experimental data to indicate any beneficial effect of such a treatment. There are little
researches about warming of beehives under Egypt condition. Bees or adult population
was estimated in the rate of 2000 adult bees, which can cover a comb from both sides

(Hauser and Lensky, 1994).

Morse and Hooper (1986), reported in a follow up study in U.S.A, that bee swarms
were offered a variety of bait hives of various designs and shapes to determine if bees
could make choices. The results show that the nest preferred by honeybee is quite

different from that given by man. One conclusion from these studies is that honeybees
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have wide range of adaptability. They added that, in their study 75% of the trees in
which bees were found and observed nesting were alive, and the mean volume was a
45 litres. In tests in which bees were offered boxes of various sizes it was noted that

the bees preferred nests near this value.

Hive is the name given to any container in which bees are kept by the beekeeper
(Morse and Hooper 1986). Practically all the hive types used by traditional beekeepers
are hung on tree branches whether by ropes or wires or placed between the branches.
Morse and Hooper (1986) reported that all the data on honeybee biology suggest it is
important to elevate colonies as much as convenient. They added that in African tribes
that have been keeping bees for centuries, hang their nest boxes 15 or more feet above
the ground. They stated that in a follow up studies in the eastern United State in which

bees were offered nests 3 and 15 meters above the ground the bees preferred the latter.

Originally the hive was made of any suitable material easily available in the area, and
therefore varied quite considerably in size and shape. Morse and Hooper (1986)
reported that different hive types had been used in different parts of the world, as
pottery or sun-baked pipes in Egypt and other Arab countries, horizontal hives made
from planks of wood and from hollowed-out logs in northern Europe. In Britain and
Western Europe hive were constructed in basketwork plastered or cloomed, with a
mixture of mud and cow dung, beside flat-tapped skeps and wooden boxes, open

topped skeps, were used.

El Sarrag (1977) mentioned that the natives in the Sudan use a number of different
hives, but all are hollowed and long for example, log hives, woven and clay pots. In
1918 trials were made to improve the hives used by the natives in Sudan. King (1920)
recommended Khartoum hive, but this hive as well as the native hive proved
unsatisfactory since swarms of honeybees are not always attracted to inter them.
Moreover, they were clumsy and liable to break. Their material would not withstand
the weather and became soft and rotten after one year. The queen excluder devised in

Khartoum hive was not available to the natives (EI Sarrag, 1977).

As an alternative to Khartoum hive, King recommended Omdurman hive. In 1932, this
hive proved to be satisfactory, because it withstand the weather, could be used for

several years, besides it enables the owner to collect honey several times (El Sarrag,
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1977). Since 1936 different types of hives were used in Sudan. In 1961 the Langstroth
standard hive was introduced by Prof. Khalifa to the faculty of Agriculture, University
of Khartoum for educational purposes. This hive which is getting popular today was

successful.

Fletcher (1975) found that for tropical bees there are a number of absconding causative
factors. These include disturbance by predators or excessive manipulation, wax moth
infestation and heavy wasp or bird predation at the nest entrance. Butler (1967)
reported that although absconding is rare in temperate zone races of honeybee, it is
relatively common in tropical honeybees. Smith (1960), Butler (1967) and Fletcher
(1973) showed that there are two basic types of absconding.

a) Disturbance caused by predators, pests, manipulation by beekeepers, fire,
inferior nest site etc.
b) Seasonal absconding thought to be induced by dearth of sources or other

seasonal factors such as high winds, rainfall, or high temperature.

Wok A 1. (2018) studied absconding and its relation to brood rearing in A. mellifera
adansonii. He found that absconding colonies usually left behind a few hundred eggs,
but very little brood. Winston (1987) studied the absconding behaviour of Africanized
honeybee in South America. He stated that colonies that had swarmed just prior to the
absconding season and that had low numbers of workers particularly young workers

had a relatively high probability of absconding during the wet season.

The chief factors responsible for absconding were insufficiency of food in the brood
nest to tide over unfavourable periods, invasion by ants, wasps or wax moth, frequent
disturbance, desertion of new site, incorrect location of colonies and persistent
swarming. Smith (1960) reported that the most common causes of absconding are lack
of water, exhaustion of food stores, over heating and continuous pest attack. He also
stated that an established colony of bees, whether mellifera, adansonii or indica will
not abscond if they can get water, have plenty of food stores, and secure from attack by
pests, are in strong healthy condition and in a well-ventilated hive shaded from the full

heat of the midday and afternoon sun.
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2.6 Factors influencing honeybee populace

Many factors may account for the declines of honey bees in the US and Europe. In all
likelihood, no one factor on its own can account for all losses or gains over a given
time period. Many factors can occur simultaneously and some influence one another.
The remainder of this article is a general review of some important factors thought to
impact colony numbers and a discussion of their likely impact on honey bee
populations. With few exceptions it is nearly impossible to determine the cause of a
honey bee colony death after the fact. If a colony dies during winter, a considerable
amount of time may pass before it is noticed by the beekeeper, and clues to the cause
are usually lost. To definitively determine the cause or causes of mortality in colonies a
priori sampling and analysis of a representative portion of colonies is needed. Such
longitudinal studies enable causes of mortality to be inferred and the relative risk of

risk factors (on their own or in combination) to be calculated.

Several national colony monitoring programs have been initiated. One of the first and
most comprehensive of these programs was the German Honey Bee Monitoring
Program, where about 1200 colonies are continuously followed over a period of
several years. Colony strength and health status are regularly assessed, and samples are
taken and checked for disease and parasite loads. Although laborious and cost-
intensive, this project has proven useful, because it generates reliable data enabling

relationships between risk factors and colony death to be determined.
Diseases and parasites

There are many honey bee diseases (bacterial, fungal, viral, microsporidial), parasites
(mites), predators (bears, birds, humans), and pests (beetles, moths) that can adversely
affect managed honey bee productivity and survival (Morse and Flottum, 1997). A
comprehensive discussion of the most important diseases and parasites of bees is
provided in subsequent chapters of this issue. Here, we provide a brief discussion of a
few of the most significant diseases and parasites, specifically those that may have

and/or continue to play a significant role in changing honey bee populations.
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Varroa destructor

The parasitic mite, V. destructor, formerly known as Varroa jacobsoni, is the most
detrimental honey bee parasite in the world today. This mite moved from its original
host, the Asian bee Apis cerana, to A. mellifera colonies imported to Asia. On their
new host, varroa mites have spread to nearly all continents where 4. mellifera are kept.
Today, it can safely be assumed that all honey bee colonies within the mite’s range
harbor varroa mites. As a consequence of mite infestation, dramatic colony losses have
repeatedly occurred in affected countries (Finley et al., 1996; Martin et al., 1998).
Female varroa mites feed on adult bees, but depend on bee brood for reproduction.
Both the adult female and her offspring feed on pupae, where they can cause damage
by ingestion of hemolymph, resulting in severe nutritional deficits for the developing
bee (Duay et al., 2003). In addition, alteration of the bee’s physiology and secondary
infections contribute to the damage (Amdam et al., 2004). The level of infestation of
varroa mites that cause colony damage appears to have decreased over time. In the
early 1980s, in Europe, a bee colony could harbor several thousand mites without
dramatic symptoms (Boecking and Genersch, 2008). Today, however, a fall infestation
rate of 10%, corresponding to about one thousand mites in a colony of 10,000 bees, is

considered to be a critical threshold for winter survival of the colony.
Interactions between viruses and mites

Colonies with varroa mite infestations that are not effectively controlled quickly
develop disease symptoms and, if left untreated, inevitably will collapse. The damage
is manifested by reduced colony development, the presence of malnourished,
deformed, and underweight bees, or crawling bees that are unable to fly or have
crippled wings. Brood in infested colonies may also have a condition termed ‘‘parasitic
mite syndrome (PMS)” (Shimanuki et al., 1994). Many of these symptoms are thought
to be caused by viruses associated with varroa mite infestations (Hung et al., 1996).
Varroa mites can vector several viruses, most of which were present in honey bees
before varroa invasion (Bailey and Ball, 1991), but remained covert, symptomless
infections (Bowen-Walker et al., 1999; Yue and Genersch, 2005). For several of the
about 18 known honey bee viruses (Chen and Siede, 2007) interactions with V.
destructor are known, either through virus transmission by the mite, or through other

means of action. For instance, pupae parasitized by varroa mites may suffer from an
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impaired immune system and seem to be more susceptible to virus infections (Yang
and Cox-Foster, 2005). The distribution of many viruses appears to match the
distribution of the varroa mite, but, for some viruses, there also appear to be regional
differences (Ellis and Munn, 2005). Results from the German Bee Monitoring Program
over 4 years indicate a clear and highly significant correlation between colony winter
mortality, fall mite infestation rates, and both Deformed wing virus (DWYV) and Acute
bee paralysis virus (ABPV) loads. Colonies with a high mite load in October had both
more viruses and a significantly higher risk of mortality in the winter (Anonymous,
2008). Although DWV can be transmitted directly from bee to bee, expression of
clinical symptoms, such as crippled wings or a shortened abdomen, only occurs after
mite-to-pupa transmission of virus particles (Bowen-Walker et al., 1999; Yue and
Genersch, 2005; Yue et al., 2006, 2007; Tentcheva et al., 2006). DWV has repeatedly
been shown not only to be efficiently transmitted by the mite, but also to replicate in
mite tissues.. The biology of DWV and in particular the interactions between DWV
and V. destructor have recently been described in detail (de Miranda and Genersch,
2010). Like DWV, ABPV was known as a honey bee virus before the arrival of varroa
mites, although it usually did not cause clinical symptoms or lead to colony death

(Bailey and Gibbs, 1964).

Nevertheless, the prevalence of ABPV in Europe was shown to increase after the
arrival of the mite (Allen and Ball, 1996), which had been identified as an efficient
transmission vector (Ball, 1983). While there is currently no experimental evidence for
viral replication of ABPV in varroa mites, it has been confirmed that infections with
this virus are more deadly in combination with the mites. A recent study found a strong
correlation between high fall mite loads, viral loads and increased winter mortality
(Siede et al.,, 2008). In contrast, all colonies with viral infections, but without
detectable mite levels in the fall, survived (Siede et al., 2008). The highly virulent
Kashmir bee virus (KBV) has been found to be present in countries (e.g. Australia)
still free of varroa mites (Bailey et al., 1979); however, interactions between the virus
and the mite have been established. KBV can be transmitted by varroa mites, but there
is still no proof of viral replication in mite tissues (Chen et al., 2004; Shen et al.,
2005). The presence of mites clearly elevates viral titers in infected bee pupae
suggesting that increased viral replication in the bee is correlated with parasitization

although the exact mechanism remains elusive (Shen et al., 2005). It has been
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hypothesized that immunosuppression of the bee by protein components of the mite
saliva facilitates virus replication (Shen et al., 2005). KBV has been shown to be
prevalent in the U.S, but is unevenly distributed in Europe. It was found in France, but

appears to be mostly absent in Germany (Siede and Biichler, 2004).

The Israeli acute paralysis virus (IAPV) has received considerable scientific interest as
a potential causative agent for Colony Collapse Disorder (CCD), because its presence
was correlated to an increased risk for colony collapse (Cox-Foster et al, 2007).
Because IAPV has been detected in samples that predate CCD (Chen and Evans,
2007), its role in CCD is likely secondary (Cox-Foster and van Engelsdorp, 2009). An
interaction between IAPV and varroa mites has not been demonstrated to date.
However, recent data suggest that ABPV, KBV, and IAPV may not represent clearly
separated, different species, but rather form a complex of closely related species. Due
to their close genetic relationship, especially KBV and IAPV sequences have been
frequently misclassified in the literature and the public sequence databases (de
Miranda et al., 2010). The similarity of these three viruses has to be considered when

evaluating their impact on colony health.

2.6.1 Enviromental Factors and Honey Bee Behaviour

Environmental weather determines the intensity of daily activities and foraging
patterns in honeybee. Their level of activities and population size vary with different
seasons (Kovac and Stabentheiner, 2011, Tirado et al, 2013). Temperature and relative
humidity determine the activities of honey bees including their feeding behavior.
Honey bees maintain temperature and relative humidity inside their hives within
narrow limits such as the maintenance of broods on the combs of a steady body
temperature range of 33°C to 36°C (kleinhenz et al 2003) constant temperature range is
essential for the growth and development of broods in the colony. (Tanz et. al, 2013)
reported that any change in temperature from 30°C - 36°C may be detrimental to the
development of the broods. A change in temperature will make the worker bees to
engage in behavioural and physiological activities to either warm up or cool the brood
as situation demands. In such a situation, honey bees use metabolic heat to regulate the

temperature of their immediate environment.The broods are the most affected by
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change in the hive temperature, hence worker bees take great care to maintain the

temperature in the brood chamber (Kleinhenz et al, 2003).

Temperature and relative humidity had significant influence on the collection of
pollen, nectar and pollen loads. Increased as relative humidity rose while high
temperature showed a strong negative influence on the number of honey bees that
collected the pollen. Honey bees are more active in dry season than in wet seasons.
When bees are more restricted within the hives forming clusters to generate more heat
to survive the wet season (Fasasi, 2016), hence high yield output in dry season than in
wet season. The beehives in south west Nigeria, was observed to attain their peak
production between November and April within dry season when temperature is
between 30.5% to 32.1°% and relative humidity is between 58.2% to 66.3%. The bees
are docile in wet season when temperature is between 26.6% to 30.2°C and relative

humidity is between 62.2% to 76.36%.

2.7 Honey production and Marketing

World production of honey during the 1990s was in excess of 1.2 million metric tons
(MT) per year. Bee wax production was more than 50,000 MT per year. World
demand for these products is substantially in excess of these amounts and is likely to
increase even further. FAO (2005) data indicated that world trade in honey during the
1990s was more than 300,000 MT per annum with Western Europe and the United
States in particular being major importers at an average price of about US $1500 per
MT. World trade in beewax was about 10,000 MT per annum where Western Europe
accounted for about one half of total imports with the world price average about US $
4000 per MT.

In 2004, estimated world production of honey was higher than the medium term
average of 1.38 million MT. Beewax productions was also higher, 60,153 MT (FAO,
2005). In comparison to these amounts, production in sub Saharan Africa (Africa
South of the Sahara 16 countries excluding the Republic of South Africa) was 135,375
MT of honey and 14,165 MT of beewax, most of which came from a very few
countries. Much of African honey production is gathered rather than framed, sprivate
sector modern production with many movable frame hives and inputs such as winter or
out of season feeding and use of disease prevention measures is largely unknown in

sub Saharan Africa.
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Recognition of critical role of markets in economic development led to comprehensive
market reforms across a number of developing countries. In spite of these reforms,
symptoms of poorly functioning markets in much of Sub — Saharan Africa are evident
in the segmentation of markets, low investment in the market infrastructure, the
persistence of high margins and of the market thinness and the limited progression

toward more complex arrangements (Eleni, 2001).

2.8 Wood raw materials

Wood is a natural anisotropic material with variations in material parameters in
different directions and can be generally divided into hardwood and softwood. Every
year trees have annual growth in both the longitudinal and the radial directions; the
growth of new cells expands the diameter of the tree. Some wood species has relatively
low density, less abrasive to processing equipment and derived from a renewable

resource.

2.8.1 The Nature of wood

Wood is a natural polymer consisting primarily of cellulose, hemicellulose, and lignin
in a matrix that provides structural support to the living tree and some resistance
against microbial attack. Cellulose, because of its partial crystallinity, is somewhat
resistant to microbial attack. Lignin is a heterogeneous polymer of phenyl propane
units and is extremely resistant to some decay fungi (Scheffer and Morrell (1998).
Nevertheless, other organisms have developed the ability to attack one or more of the
polymers in thewood cell wall. The nature of the differences in natural durability
between wood from old and second-growth forests is unclear. In general, heartwood
from virgin (old growth) stands of naturally durable species is more durable than that
from second-growth stands (Anderson et al. 2015).

To appreciate natural durability of wood, it is important to understand how a tree
develops. Each year, new woody layers are added over pre-existing ones. They are
continuous from top to bottom and may be thought of as a stack of hollow cones. Each

cone is slightly larger than the previous one, causing the tree to get bigger.

As the tree gets older and larger, storage cells in the center at the bottom begin to die.
Various chemicals are formed from their contents, and additional materials move into

the wood. As this part of the tree fills with natural chemicals, it becomes what is called
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““heartwood". With further aging, the heartwood core expands outward and upward.
Increasing amounts of formerly conductive “sapwood” are therefore changed into
heartwood (figure 1). Although all trees develop heartwood, not all heartwood
chemicals are "‘created equal". Trees with more toxic natural chemicals have very
durable heartwood. Other trees have only moderately resistant heartwood and some
have no decay or insect resistance. In all trees though, even those with very durable
heartwood, sapwood (Fig 1) has almost no resistance to insects and decay (Julian,

1998).
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Plate 1:Location of heartwood and Sapwood (FPMDI,1998)

30



2.8.2 Tree Species under Study

Terminalia superba

Terminalia superba (Afara) is in the family Combretaceae. 1t has a broad distribution
in West and Central Africa. It is widely used as a plantation species both within and
outside its natural range. Supplies in the southern parts of its range have dwindled so
that forest management and restocking are now needed in those areas where the best
quality wood occurs (Groulez and Wood, 1985).1t grows in deciduous moist forest and
evergreen rain forest, where it colonises abandoned agricultural land. It prefers a
climate with an annual rainfall of 1400-2000mm, a dry season and a mean annual
temperature of 23-26°C. It favours fertile soils of alluvial origin but will grow on a
variety of other soil types. The detailed ecological requirements of 7. superba are
discussed by Groulez and Wood (1985). Terminalia superba is a large-sized deciduous
tree which normally grows to around 30 m but may grow to over 50 m. It is
characterised by large buttresses, light-coloured smooth bark, leaves with long petioles
and oblong, winged fruits. Depending on where it is grown, the wood is yellowish to
brownish-black and of varying hardness and weight. Its wood is not durable, can be

easily worked but has a tendency to split when nailed or screwed (Lamprecht, 1989).

Gmelina arborea

Gmelina arborea is a fast growing species member of Verbenaceae family and it is a
major international timber species over a wide range of sites in the tropics. Its
altitudinal range is approximately 50 to 1300 m in areas with distinct dry seasons in
the countries of Bangladesh, Cambodia, China (Yunnan and Kwangsi Chuang
provinces), India, Laos, Myanmar, Nepal, Pakistan, Thailand, and Vietnam (Dvorak,
2003). Gmelina arborea (Gmelina) is a medium to large tree that reaches 35 m in
height in natural stands in tropical and subtropical regions of Asia (Dvorak, 2003).
Hossain (1999) described Gmelina arborea as a medium-sized deciduous tree up to 40
m tall and 140 cm in diameter, but usually smaller than this. Duke (1983) described
this specie as a deciduous tree 12-30m height and 60-100 cm in diameter. It was

introduced to tropical Africa from South-East Asia (Ogbonnaya et al., 1992).

Gmelina arborea timber is reasonably strong for its weight. It is used for pulp,
constructions, furniture, carriages, sports, musical instruments and artificial limbs.

Once seasoned, it is a very steady timber and moderately resistant to decay and ranges
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from very resistant to moderately resistant to termites. Its timber is highly esteemed for
door and window panels, joinery and furniture especially for drawers, wardrobes,
cupboards, kitchen, camp furniture and musical instruments because of its lightweight,
stability and durability. In boat building it is used for decking and for oars (Dvorak,
2003). Gmelina arborea is a popular timber for picture and slate frames, turnery
articles and various types of brush backs, brush handles and toys also for handles of
chisels, files, saws, screw drivers, sickles, etc. The wood is also used for
manufacturing tea chests and general purpose plywood, blackboards, frame core and
cross bands of flush door shutters. In the instrument industry, Gmelina timber is
widely employed for the manufacture of drawing boards, plane tables, instrument
boxes, thermometer scales and cheaper grade metric scales. It is also used in artificial
limbs, carriages and bobbins. It is an approved timber for handles of tennis rackets,
frames and reinforcements of carom boards and packing cases and crates. Gmelina is

used in papermaking and matchwood industry too (Kimmins, 2004).

Gmelina arborea leaves are considered good for cattle (crude protein — 11.9%) and are
also used as food to silkworm (Dvorak, 2003) The root and bark of Gmelina arborea
are claimed to be cure for stomach ache, improve appetite, useful in hallucination,
piles, abdominal pains, burning sensations, fevers, and urinary discharge. Leaf paste is
applied to relieve headache and juice is used as wash for ulcers. Flowers are sweet,
cooling and bitter, they are useful in leprosy. The plant is recommended in
combination with other drugs for the treatment of snakebite and scorpion sting

(Kimmins, 2004).

Triplochiton scleroxylon

Triplochiton scleroxylon (Obeche) is widely distributed in the West and Central
African forest zone from Guinea east to the Central African Republic, and south to
Gabon and DR Congo. It is commonly planted in its natural area of distribution (e.g. in
Cote d’Ivoire, Ghana and Nigeria). Triplochiton scleroxylon is characteristic of semi-
deciduous forest, where it often grows gregariously, but it can sometimes be found in
clearings in dense evergreen forest and in dry forest. In Nigeria it is almost exclusively
limited to moist or rain forest areas at low and medium altitudes. It occurs up to 900 m
altitude in regions with an annual rainfall of up to 3000 mm, but is most abundant at

200—400 m altitude and in areas with an annual rainfall of 1100-1800 mm and 2 rainy
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seasons. It prefers more fertile, well-drained, ferruginous soils with light or medium
texture and acid to neutral ph. It does not tolerate waterlogging, and in general avoids
swamps.

The heartwood is whitish to pale yellow, indistinctly demarcated from the sapwood,
which is up to 15 cm thick. The grain is usually interlocked, sometimes straight,
texture moderately coarse. The wood has a ribbon-like aspect on quarter-sawn faces,
and is lustrous. Fresh wood has an unpleasant smell, which disappears upon drying.
The wood of Triplochiton scleroxylon is lightweight, the density is 320-440(—490)
kg/m? at 12% moisture content (Siepel et al, 2004).

The shrinkage rates are moderately low, from green to oven dry 2.5-4.1% radial and
4.2-6.6% tangential. The timber dries easily and rapidly, with only a slight risk of
distortion and checking. The use of large spacer sticks is recommended during air
drying to allow good air circulation. Once dry, the wood is stable in service. At 12%
moisture content, the modulus of rupture is 52-110 N/mm? modulus of elasticity
4800-9200 N/mm?, compression parallel to grain 24-43 N/mm?, shear 3-8 N/mm?,

cleavage 5—15 N/mm.

Khaya grandifoliola

Khaya grandifoliola is a large dominant forest tree of up to 40 m high, bole to 23 m
long by 9 m girth, buttressed to 3 m high, or more, leaning, sometimes twisted or lowly
bifurcate of drier northern parts of the forest zone and forest outliers in the transition
savanna it of the Meliaceae family (Burkill, 1985). They are grown from Guinea
Bissau to an eastern limit in northern Uganda, this species is found largely on alluvial
valley soils of gallery forest and beside streams in higher-rainfall savanna. Among
many others uses this species is used as firewood, charcoal, timber (veneer, panelling,
cabinet making and superior joinery), shade, ornamental (avenue tree), soil
conservation and improvement, river-bank protection. The bark is pale grey, upper
bole smooth but cracking into irregular scales near the base often serves as pain-killers,
settles stomach troubles and subcutaneous parasitic infection. As a timber product,
Khaya grandifoliola is used in carpentry and related applications and the exudate as
gums, resins, etc. The leaves are even pinnate to 50cm long clustered at branch ends
with 6-10 stiff shiny leaflets, each one more than 12cm long and S5cm across, the tip
with a sharp point, often twisted. The flowers of Khaya grandifoliola are cream white

in heads to 35cm beside leaves. The fruits are rounded woody capsule, grey-brown,
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about 7cm diameter, breaking into 5 parts to release flat, oblong red-brown winged
seeds. Seedlings (sow seed in pots), wildings. The capsules are very high up on the
mother trees and the seeds are widely scattered when they split. Khaya grandifoliola
suffers from shoot borers. Trees that have grown in savannah have darker timber than
riverine ones. The timber has good working qualities, taking a high polish, and
resembles true mahogany (Swietenia) more than other Khaya species. This species is

particularly recommended for reforestation of river banks

Cordia millenii

Cordia millenii also known as Omo (Nigeria) and Ebe (Cameroon) is widely
distributed in tropical Africa, found in closed forests and old secondary formations.
The Tree grows to a height of 60 to 100ft, bole cylindrical, but rarely straight, 30 to 40
ft. in length; trunks about 3ft in diameter above buttresses (Chudnoff, 1984).
Heartwood are pale golden brown to medium brown occasionally with a pinkish tint;
sapwood lighter with coarse texture and grain typically interlocked. Basic specific
gravity (oven dry weight/green volume) about 0.34; air-dry density 25pcf.Cordia
milleni dries rapidly and well with only a slight tendency to warp. A high temperature
kiln schedule is necessary to remove moisture pockets. Kiln schedule T1 3-C4S is
suggested for 4/4 stock and T1 1 -D3S for 8/4. Shrinkage green to oven dry: radial
3.4%; tangential 4.6%; volumetric 7.5%. Movement in service is rated as small. It
working Properties is described by Bolza, and Keating (1972) as well with hand and
machine tools and is easy to finish, in planning there is some tearing of interlocked
grain, nails satisfactorily. Generally, heartwood of Cordia milleni may be rated as
moderately durable. And it is resistant to preservative treatments. Cordia milleni is
used for Fine furniture and cabinetwork, joinery, and other decorative work where

strength is not important (Chudnoff, 1984).

2.8.3 Chemical Composition of Wood

Wood is a lignocellulosic material; the main components of the lignocellulosic
materials are cellulose, hemicellulose and lignin. Each of these components contributes
to fiber properties, which ultimately impact product properties. Wood is essentially
composed of cellulose, hemicelluloses, lignin and extractives. Cellulose is present in
the form of thin microfibrils, about 5 nanometers in thickness and indefinite length.

Cellulose is a glucan polymer consisting of linear chains of 1, 4- b-bonded
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anhydroglucose units. The notation 1, 4-b describes the bond linkage and the
configuration of the oxygen atom between adjacent glucose units (Klemn, 2005). The
number of sugar units in one molecular chain is referred to as the degree of
polymericzation (DP). Even the most uniform sample has molecular chains with
slightly different DP values. Cellulose, the major chemical component of fiber wall
and contributing 40-45% of the wood’s dry weight is composed of linear chains of D-
glucose linked by B-1, 4-glycosidic bonds (Klemn, 2005). Cellulose is a major
structural component of cell walls and it provides mechanical strength and chemical
stability to plants. Solar energy is absorbed through the process of photosynthesis and

stored in the form of cellulose.

2.8.4 Wood Moisture Content

Wood is a hygroscopic material which means that it absorbs and desorbs moisture
from the surrounding air. Wood has very good water transportation properties because
it needs water to grow. After the tree is cut down and sawn in to timber, many of these
water transportation properties remain. The moisture content (MC) in wood is
therefore dependent on the relative humidity (RH) of the surrounding air. Moisture in
wood can either be found as moisture in the cell wall or as free water inside the
lumens. Increased MC in the cell walls will decrease the mechanical properties of
wood. This is due to water penetrating the cell wall which will weaken the hydrogen
bonds that hold the cell wall together.

Dimensional changes of wood caused by moisture content changes are considerable.
Wood’s cell wall swells about 45% from the 0% moisture content to saturation fibre
point. In tangential directions, the shrinkage from green to 6% moisture content varies
from 4 to 9%, while in radial direction, for the same conditions, and varies from 1.8 to
6% (Zobel and Jett 1995). This can cause deformations and splits to wood boards,
during their drying and their use. With the aim to improve its dimensional stability and
to reduce its volumetric changes, the wood can be modified by means of different

methods.
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2.8.5 Physical Properties of Wood

There are several factors affecting the strength of timbers and the nature of the material
is such that widely differing results can be obtained from differing specimens of the

same species (Taylor et al, 2007).
Moisture Content

Dinwoodie and Desch (1996) defined moisture content of wood as the mass of water in
the wood piece expressed as the percentage of the oven-dry mass of that piece. It has
influence on all the properties of wood. Panshin and de Zeeuw (1980) asserted that
below the fiber saturation point, most of the strength properties of wood vary inversely
with its moisture content. Below the fiber saturation point, as the moisture content
decreases the adsorption force that holds water to the wood becomes greater. Hence, as

wood approaches the dry condition, low adsorption of polymonomolecular is involved.

Wood is a hygroscopic material that absorbs and losses moisture from and to the
environment. The moisture content of wood is a function of atmospheric conditions
and depends on the relative humidity and temperature of the surrounding air (Arntzen
and Charles, 1994). Wood reaches equilibrium moisture content (EMC) when
temperature and humidity is constant. Under this condition, the wood neither gains or
losses moisture to the environment. At EMC wood is in symmetry with its

environment (Arntzen and Charles, 1994).

In structural applications, moisture content of wood undergoes gradual and short-term
changes with varying temperature and humidity conditions of the prevailing
environment. These changes affect only the surface of the wood. Wood in service
requires time to reach its EMC and this is dependant basically on the (a) size and
permeability, (b) temperature and the moisture difference and (c) EMC potential of the
members. According to Arntzen and Charles (1994), fluctuations in woods moisture
content cannot be stopped entirely but can be minimized by the application treatments

or coatings on the surface of the wood.
Bound Water

Bound water (monomolecularly adsorbed water, hygroscopic water, or imbibed water)

is contained in the cell walls (the secondary pore space) i.e. transient cell wall
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capillaries and the amorphous regions of the cellulose micro fibrils. The hydroxyl
groups of cellulose molecules in the amorphous regions attract molecules of water and

are linked to them by hydrogen bonding (Ofori, 2004b).
Fibre Saturation Point

In drying of wood, the ‘free’ water evaporates first, followed by the bound water. The
condition existing when all the free water has been evaporated and the cell walls are
still completely saturated is termed the Fibre Saturated Point (FSP). It usually occurs at
moisture contents between 24 — 30%. It varies with different wood species and
somewhat within individual pieces of wood. The variation is caused by differences in
the chemical composition, crystallinity of the cellulose, compactness of the cell wall,
specific gravity and extractive content. The moisture content corresponding to the FSP
varies with temperature also, decreasing as temperature increases. It is also affected by
prolonged exposure of wood to high temperatures which results in a permanently
reduced FSP. The condition of wood at FSP is associated with maximum swollen
volume of the cell wall and with major changes in the physical behaviour of wood, and
hence is of primary importance. Shrinkage is normally defined as the reduction in size
which occurs wood dries from the condition down below the fiber saturation point.
Below the FSP most properties are negatively correlated with moisture content. Below
the FSP wood exhibits improved electrical resistance, resistance to decay, and better
gluing characteristics and nail-holding power, and a continued reduction in density.

Values of FSP are determined by procedures that include;

1. Extrapolation to 100% relative humidity of sorption data on equilibrium
moisture content,
ii.  Observation of shrinkage initiation with loss of moisture,

iii.  Analysis by the polymer exclusion technique (Stamm, 1971).
Density of Wood

The density is the mass per unit volume of a given substance. It is expressed either in;
(a) kilograms per cubic meter (kg/m3 ), (b) pounds per cubic foot (Ib/ft3 ), or (c) grams
per cubic centimeter (g/cm3 ) (Forest Product Laboratory, 2010). Density of
hygroscopic material such as wood depends on two factors; (1) weight and (2)

moisture held in the wood structure. The density of a wood is a good index of its
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properties with the proviso that clear, straight grained, and free from defects are

prerequisite to its application.

According to Forest Product Laboratory (FPL) report 2010, the density of oven dry
wood varies significantly between species. The report further stated that within a given
species, variation in oven dry density can be attributed to the anatomical characteristics

of wood such as early wood to latewood and heartwood to sapwood ratios.

Wood density has influence on the strength of timber, pulp yields, fuel values and
numerous other important properties (Reid, 2009). Even though the wood of some
species is naturally heavier than others, it is important to appreciate density variations
within the tree. According to Kollman and Cote (1984), wood density is strongly
related with strength properties, for example compressive strength and bending
strength. Chowdhury et al. (2009) in related study asserted that, compressive strength
is related to density and it increases from the pith to the bark. Wood density is a
complex trait, especially in angiosperms, where fibers and vessels are surrounded by
other cells and vessels are surrounded by other cells, for example rays and parenchyma

(Zhang and Zhong, 1992).
Shrinkage and Swelling

Wood changes dimension, (shrinkage and swelling,) take place below the FSP where
all of water exists only within the cell wall. Shrinkage and swelling is proportional to
the amount of water exchanged between a piece of wood and its environment. Wood is
an anisotropic material — its dimensions change differently the in three principal
directions: tangentially, radially, and longitudinally. The highest rate of change is
observed in the tangential direction basically due to parallel orientation of microfibrils
along the axis of the cell wall. Following tangential shrinkage is the radial whereas
longitudinal shrinkage is negligible for normal mature wood and for most practical
applications. Tangential shrinkage in wood therefore is approximately twice radial

shrinkage.

Wood is also a hygroscopic material and therefore loses and gains moisture as a result
of changes in humidity of the prevailing environment (FPL, 2010). The hygroscopicity
nature makes wood distinct from other materials. Every wood product will absorb

moisture from the surrounding air until it reaches equilibrium moisture content.
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Hygroscopic materials such as wood and other lignocellulosic material change their
dimensions with fluctuations in relative humidity of the surrounding environment. For
this reason, it is important to determine moisture content of wood products before they

are used.
Heartwood and Sapwood

The dark-coloured center portion of wood is the heartwood whereas the lighter tissue is
known as the sapwood. Heartwood always contains amount of extractives higher than
the sapwood and extractives do inhibit normal shrinkage by bulking the amorphous
regions in the cell wall structure (Chong and Fogg, 1989).This explains why
heartwood shrink less than the sapwood and which affects the physical properties of

wood.
2.8.6 Chemical Properties of Wood

Wood is primarily composed of lignin, cellulose, hemicelluloses, and extractives. Each
of these components accounts for the wood’s properties, which ultimately impact
properties of the product made from the wood (Sjostrom, 1993). Wood is a three
dimensional biopolymer composite composed principally of carbon, hydrogen and
oxygen. Wood also contains inorganic compounds that remain after combustion in the
presence of oxygen. Wood is connected with chains of cellulose, hemicellulose and
lignin with little amounts of inorganic compounds and extractives (Brown, 1997). In

addition to these major constituents, the cell wall also contains pectins and extractives.
Holocellulose in Wood

Holocellulose is the combination of 40 — 45% of cellulose and 15 — 25% of
hemicelluloses which accounts 65 — 70% of the weight of dry woods. The cellulose
and hemicelluloses form the major carbohydrate content of the wood. There are also

little amounts of other sugar polymers such as starch and pectin (Stamm, 1964).
Cellulose

Cellulose is produced from a glucose-based sugar nucleotide. A nucleotide is a
compound derived from combining a sugar with a phosphate group and a base that is a
component of RNA or DNA (Kozlowski and Pallardy, 1997). Cellulose is a linear
polymer of (B-1—4) D — glucopyranose. It occurs primarily in the S2 layer of the cell
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wall of wood and is present in only smaller quantities in the compound middle lamella.
It increases as a proportion of dry weight of the cell wall through the center of the S2
layer. Wood cellulose is about 60 to 70% crystalline and 30% amorphous (Kollman
and Cote, 1968). Cellulose chains are grouped together into microfibrils arranged in a
helical structure in each layer of the wood cell wall. Cellulose is the strongest polymer
in wood accounting for strength in the wood fiber because of its linear orientation and
high degree of polymerization. Cellulose dissolves in strong acids and insoluble in

alkali. The structure of cellulose can resist failure in tension (Sjostrom, 1993).
Lignin

Lignin is a three dimensional polymer composed of phenyl propane units. It has
irregular structure and cannot be isolated from wood without degrading the wood
(Kollman and Cote, 1968). Lignin is found between individual cells and within the cell
walls. It serves as a binding agent between the individual cells whilst within the cell
walls, lignin is very closely related with cellulose and the hemicelluloses to give
rigidity to the cell (Peng et al., 2002). The compound middle lamella has higher lignin

content and is highly concentrated throughout the secondary wall.
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CHAPTER THREE
METHODOLOGY

3.1 Description of the Study Area

This research work was carried out in four locations within Oyo and Ogun States,
South-West Nigeria (Figure 3.1). The two states cover a total land area of 27,249 and
16762km? respectively. The topography of these states is one of gentle rolling lowland
in the Southern Nigeria, rising to a plateau 40 and above in the North. The two states
are well drained with rivers flowing from the upland in the North/South direction.
They have two distinctive climate seasons, the rainy season and the dry season with
maximum temperature of 34.5°C, 40.0°C and minimum temperature of 25.7°C, 20.0°C

respectively.
3.2. Data Collection

Data collection was carried out in three phases. Phase one involved questionnaire
administration to selected beekeepers in the study area to elicit information on the
species of wood commonly used for hives construction in the study area. Phase two
involved procurement of the five prioritized wood species, construction of the hives,
baiting of the hives, rearing of the bees and harvesting of the honey. Phase three
involved assessment of physical properties and phytochemical composition of

wood,and proximate analyses of the harvested honey.
3.2.1 Sampling Procedure

Two locations (Oyo and Ogun States) were purposively selected. In each state, two
beefarming communities were visited for the purpose of data collection. In Oyo State,
Onifuufu and Ogunmakin communities were visited, Adeaga and Ayetoro

communities were visited in Ogun State.
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3.2.2 Sampling Population

In each of the States, two communities were visited, 20 beekeepers in Onifuufu, 12
beekeepers in Ogunmakin, 32 beekeepers in Adeaga and 16 beekeepers in Ayetoro
were interviewed giving a total number of Eighty (80) respondents that were used for

the purpose of questionnaire distribution.
3.2.3 Procurement of raw materials and Hive Construction

Box (Top Bar Hive) is the oldest and most commonly used hive style in the world. It
features individual bars (Top Bars) laid across the top of the hive cavity. The bees
build their comb down from these bars naturally without the use of a four sided frame
or wall. Generally, the bars are a wooden wedge with a guild to ensure combs hang
straight. A light metal roof which allows optimum runoff of rainfall, easy opening and

closure which improves the durability of the hives.

The wood of five species Cordia milleni, Terminalia superba, Gmelina Arborea,
Triplochiton scleroxylon and Khaya grandifoliola were procured from sawmill in
Ibadan. The woods were used to construct Kenya Top bar beehives in the workshops
of carpenters who are beehives specialists. The hives were long trough formed box
with slanting sidewalls with 22 top bars of 28 cm long. It comprises of a base load up,
two side walls and a front and back wall and four cuts of 0.8x8 cm each in front wall

as flight entrance for the bees.
3.24 Placement of hives

Five Kenya top bar hives (Plate 3.1) with 3 replicates were placed in September to
December in each of the 4 communities, making a total number of 60 hives. The hives
were placed on iron stand of 1m in height. The 22 top bars, inner part of the hives, side
walls and the flight passage were coated with residues of beeswax and left for
colonisation by bees and observed on a monthly basis for a year. Time taken by each
hive to colonise was recorded and the time the bees absconded from the hives were
also observed and recorded. Hive inspection for pests was done fortnightly to assess

cases of pest attack on hives.
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3.2.5 Evaluation of Absconding Tendency

Absconding tendency was observed by the ratio of colonies evacuating to the total

number of colonies used for the experiment.
3.2.6 Evaluation of Honey yield

Honey yield was determined after extraction. After extraction, the container where the
honey was poured was weighed before pouring the honey, i.e. empty container, then

weight of the container with honey:

Weight of container =?

Weight of container with honey =?

Weight of honey = (Weight of container with honey) — (Weight of container)
3.2.7 Preparation of Test Specimens

The specimens for determining the physical properties were prepared from radial
planks cut from the wood logs. The planks were sawn and subsequently planed.
Specimens of 60 mm in the longitudinal and 20 mm each in the radial and tangential
directions were obtained from the pith to the outer part of the trunk. Sampling methods
and number of samples were according to International Organization for
Standardization ISO 3129 (1975). The laboratory determination was carried out on test

specimens in their green state.
3.2.8 Physical Properties of the Wood Samples

These tests were performed in accordance with ISO 3130 (1975) for moisture content
determination, ISO 3131 (1975) for density determination, ISO 4469 (1981) for
tangential and radial shrinkage determination and ISO 4858 (1982) for volumetric
shrinkage.

Wood specimens were weighed and their dimensions were measured. The specimens
were dried in a constant climate chamber (20 °C temperature and 65 % relative
humidity) until 12% moisture content, a point at which the specimens attained constant
weight (<0.1 % weight change within 24h). Subsequently, the specimens were re-

weighed and re-measured. They were dried in an oven at 100+3 °C until a constant dry
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weight was reached. The results were used to determine the moisture content, density

and shrinkage in the radial, tangential and longitudinal sections.

To determine the volumetric shrinkage, air-dry samples were kept in distilled water for

one week, and their tangential, radial and longitudinal dimensions were measured. The

samples were then dried in an oven at 100£3 °C. Following drying, the sample

dimensions were re-measured.

Calculations
Density:
. Oven-dry weight
Density= Ovendry volume Kgm3.. .o
Moisture content:
M.C

wl—-w2
( ) 100 (eqn 3.2)
Where:

M.C= Moisture content
W= Initial weight (green weight)
W,= Final weight (oven dried weight)
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Shrinkage in the tangential, radial or longitudinal direction:

initial dimension—fin dimension)

po=( mension—/m_
initial dimension
Initial dimension = saturated dimension

Final dimension = oven-dry dimension

Volumetric Shrinkage:
B = Radial shrinkage

B = Longitudinal shrinkage

B = Tangential shrinkage
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Plate 3.1: Kenya Top bar hive with 22 top bars
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Plate 3.2: Top bars housing the honey combs in a beehive
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Plate 3.3: Author with a top bar with honey comb
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3.29 Chemical composition of the wood samples

3.2.9.1 Determination of Cellulose

One gram of each wood sample was weighed and transferred into a 250cm’
Erylenmeyer flask. Then, 50cm’of 96% ethyl alcohol and 25cm’ of 65% nitric acid
was added. The flask was put on a heater equipped with condenser and heater for 60
minutes. After hydrolysis, the flask contents were filtered. Once more, remaining
cellulose on the filter paper was transferred into the flask, and the process was repeated
twice, the cellulose together with the filter paper was dried at 120° C. The cellulose

content was calculated using the following equation.

Cellulose% = Cellulose dry weight ~ X 100 .........ccooviiiiiiiiiiiiiins (eqn 3.5)
Sample dry weight

3.2.9.2 Determination of Hemicellulose

Hemicelluloses are non-cellulose, non-pectic cell wall polysaccharides. They are
categorized under “unavailable carbohydrate” since they are not splited by the
digestive enzymes of the human system. A neutral detergent solution was prepared
by weighing 18.6g of disodium ethylene diaminetetraacetate and 6.8g of sodium
borate decahydrate into a 1000cm® beaker and dissolved in a 200cm’ distilled water
by heating. To this a 150 cm’solution containing 30g of sodium Lauryl sulphate,
10cm’ of 2-ethoxy ethanol and 100cm3 solution containing 4.5g of disodium hydrogen
phosphate were added. The volume made up to 1000cm’ and the pH of the solution
was at pH 7.

To 1.0g of each wood powder in a refluxing flask, 10cm’ of cold neutral
detergent solution was added followed by 0.5g Sodium sulphate. The mixture were
heated to boiling and refluxed for 60 minutes. The solution was filtered through a
Whatman filter paper No 42 (125mm) and the residue in the paper washed twice with
acetone. The filter paper with the residue was dried in an oven at a
temperature of 100°C for 8 hours. The filter paper and its content were cooled in a
desiccator and weighed (Goering and Vansoest, 1975). Hemicellulose was calculated

as:
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Hemicellulose= Neutral detergent — Acid detergent ....................c....... (eqn 3.6)
Fibre (NDF) Fibre (ADF)
3.2.9.3 Determination of Total Lignin Content

The total lignin content of the wood was determined by the determination of the
soluble and insoluble lignin. The summation of the soluble and insoluble lignin gave
the total lignin. In the insoluble lignin determination, 2.0g of each wood powder
was impregnated with 3cm® of 72% tetraoxosulphate VI acid and placed in a water
bath at a controlled temperature of 30°C for 60 minutes, after which 68cm’ of
deionized water was added to the mixture. The conical flask and its content (mixture)
were heated in an autoclave at 125°C for 75 minutes. The conical flask with its content
was left to cool and the lignin filtered. Deionized water was used to wash the insoluble
lignin until a neutral pH was achieved. It was then oven dried at a temperature of 80°C
to a constant weight (Hikino et al., 1984). The lignin content was calculated by the
following formula:

W lignin
W fibre

IL=

Where IL = Insoluble lignin content (%)
W lignin = oven-dry weight of insoluble lignin (g)
W fibre = oven-dry weight of wood fibres (g)

The filtrate obtained from the insoluble lignin was used to determine the soluble lignin
content in tetraoxosulphate VI acid by spectrophotometric method. In this method,
5cm’ of 3% tetraoxosulphate VI acid was added to 5cm’of the insoluble lignin filtrate.
An ultraviolent (UV) spectrophotometer was used to measure the absorbance of the
solution at a wavelength of 205nm (Goering and Vansoest, 1975). The soluble lignin

content was calculated using the equation below:

CV X100

SL = m X100 o (eqn 38)

Where SL = soluble lignin content (%)

C = concentration of soluble lignin in the filtrate (g/L).
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V = total Volume of the filtrate (cm3)
W. fibre = oven-dry weight of wood fibres (g)
3.2.9.4 Preparation of test specimens for phytochemical contents determination

The wood samples (cut to small pieces) were air dried for 6-7 days. The dried samples
were powdered using a mechanical blender to obtain fine size. Five grams of the
sample was extracted using aqueous: methanol (1:1), and then 150 mL each of ethanol
and ethyl acetate on a soxhlet apparatus. Exhaustive extraction was performed by 20
cycles in the extractor. The extracts were concentrated using flash evaporator and the
concentrated extracts were collected in cleaned glass vials (Muthukumaran et al.,

2016).
3.2.9.5 Determination of total phenolic contents

Total phenolic content was determined on the aqueous methanol, ethanol and ethyl
acetate extracts of the five wood species by making 20 pL of the extract up to 1 mL
with distilled water. Then, 0.5 mL of freshly prepared Folin ciocalteu phenol reagent
and 2.5 mL of 20 % sodium carbonate were added in turn. The contents were shaken
and left to stand in the dark for 40 minutes. The absorbance of the sample was read at
725 nm. Gallic acid standard was used to construct a calibration curve (Muthukumaran

et al., 2016). The phenolic content was expressed as mg gallic acid/100 g of wood.
3.2.9.6 Determination of total flavonoid content

The aqueous-methanol extract (0.1 mL) was made up to 5 mL with distilled water and
0.3 mL of 5% sodium nitrite was added. After 5-minute period, 3 mL of 10%
aluminum chloride was added and the mixture was well shaken. After 6-minute period,
2 mL of 1M NaOH was added and shaken, and the absorbance was read at 510 nm
(Sathishkumar et al., 2013). Quercetin was used as standard to construct a calibration

curve. The flavonoid contentwas expressed as mg quercetin/100 g of wood.
3.2.9.7 Determination of tannin content

The aqueous extract (100 uL.) was made up to 7 mL with distilled water; 8.0 mM of
potassium ferric cyanide and 20 mM of ferric chloride in 0.1M hydrochloric acid were

added in turn. The contents were mixed and optical density was measured at 700 nm
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(Muthukumaran et al., 2016). Tannic acid was used as standard to construct a

calibration curve. The tannin content was expressed as mg tannin/100 g of wood.
3.2.9.8 Determination of saponins

The aqueous-ethanol extract (100 mL) was heated on a hot water bath for 4 hours with
continuous stirring at 55°C. The residue of the mixture was re-extracted with another
100 mL of 20% aqueous ethanol and filtered. This extract was heated for 4 hours at a
constant temperature of 55°C with constant stirring (Ezeonu and Ejikeme). The
combined extract was evaporated to 40 mL on a water bath at 90°C. 20 mL of diethyl
ether was added to the concentrate in a 250 mL separating funnel and vigorously
shaken. The funnel content was allowed time to stand and the layers separated. The
aqueous layer was collected while the ether layer was discarded. This purification
process was repeated two more times. 60 mL of butanol was added and extracted twice
with 10 mL of 5% sodium chloride. the sodium chloride layer was discarded and the
remaining saponin solution was heated on a water bath for 30 minutes. the solution
was transferred into a porcelain crucible and dried in an oven to a constant weight. The

saponin content was calculated as a percentage:

Weight of saponin

% Saponin =
0 p Weight of sample

3.2.9.9 Determination of total alkaloids

Five grams of powdered wood sample was weighed and dispensed into 50 ml of 10%
acetic acid solution prepared in ethanol. The mixture was well shaken and allowed to
stand for 4 h before it was filtered. The filtrate was then evaporated to one quarter of
its original volume on a hot plate. Concentrated ammonium hydroxide was added drop
wise so as to precipitate the alkaloids. A pre-weighed filter paper was used to filter off
the precipitate and it was washed with 1% ammonium hydroxide solution. The filter
paper containing the precipitate was dried on an oven at 60°C for 30 min, transferred
into a desiccator to cool and reweighed until a constant weight was obtained (Shamsa
et al., 2008). The weight of the alkaloid was determined by weight difference of the

filter paper and expressed as a percentage of the sample weight analyzed.
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3.3.0 Proximate Analysis of Honey

The following proximate analyses were carried out on the honey produced from the

hives:
3.3.1 Test for Carbohydrates

Distilled water of 5cm® was added to 0.1 g of honey sample and was left for 2 hours,
shaken vigorously and filtered through Gem filter paper 173 (12.5cm). To the aqueous
filtrate, three drops of Molisch’s reagent (5% - 1-naphthol in alcohol) was added,
followed by vigorous shaking. Then 1.0cm® of concentrated tetraoxosulpahte (VI) acid
was carefully added to the inclined test tube and observed for a red-cum-violet ring
(brown ring) at the junction of the two liquids, indicating the presence of carbohydrate

(Hikino et al., 1984).
3.3.2 Total ash content

Silica dish was placed in muffle furnace for about 15 minutes at 350°C, after which it
was removed and cooled in a desiccator for about 60 minutes and weighed and
recorded. An amount of 2g of honey was added and put inside the crucible and then
placed inside muffle furnace and slowly the temperature was increased to 450°C and
this was done to avoid incomplete ashing, the crucible was removed to the desiccator
and allowed to cool at room temperature, the crucible and honey were then be re-

weighed.
3.3.3 Protein determination

To determine the protein, 2g of honey was weighed into 500ml kjeldahl flask, 20ml of
concentrated H,SO4 was added; 0.5g of honey was weighed into 50ml micro kjeldahl
flask and 5ml of concentrated H,SO,4 was added. The samples were heated with low
heat for about 25 minutes, later to be increased to medium heat for about 30 minutes
again and finally at high heating until they were digested. The flask was rotated at
intervals until the digest was clear (grey white) and heating continued for a few
minutes to ascertain complete digestion. The samples were allowed to cool, observed,

filtered and made to digest up to S0ml.
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3.3.4 Viscosity

This was done with the aid of automatic viscous testing machine, the honey sample
was poured into the cup of the machine as the spindle rotates and the readings were

obtained at the calibrated surface.
3.4.0 Data analysis

3.4.1 The primary data obtained from the study was collated and analysed with
statistical package for social sciences (SPSS). Descriptive statistics like frequencies
and percentages were used to describe the variables and their occurrence among the
respondents. Mean values were used as a measure of central tendency for variable
measure at interval and ratio levels. Variables that indicate multiple responses were
ranked in decreasing order of frequency. Analysis of variance (ANOVA) was used to

analyse the data from the physical properties determined.

35 Experimental Design

The experimental design used was 4x5 factorial experiments in Completely
Randomized Design (CRD), the combination of which was 20 factorial combinations
with 3 replicate per treatment. The experiment was designed to include the following

variables.

Honey yield (HY): Oyo and Ogun, Wood Species (WS): Wood species (1, 2, 3, 4,5)

as outlined in Table 3.1.

Statistical Model for this Experiment was;
Yo =pu+S +W, +SW, +¢,

Where;

Yijx = Individual Observation

H = General Mean
H; = Effect of Honey yield

W; = Effect of Wood Species
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HW;; = Interaction of Honey yield and Wood species

£ij& = Experimental Error
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Table 3.1: Treatment Combinations

Honey Wood
yield in Species
sites

KHG GMA COM TRS TES
Onifuufu KHGOnf GMAOnf COMOnf TRSOnf TESOnf
Honey
yield
Ogunmakin KHGOgm  GMAOgm COMOgm  TRSOgm TESOgm
Honey
yield
Adeaga KHGAdg GMAAdg COMAdg TRSAdg TESAdg
Honey
yield
Ayetoro KHGAyt GMAAyt COMAyt TRSAyt TESAyt

Honey
yield
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CHAPTER FOUR

RESULTS

4.1 Socio-Economic Characteristics of the Respondents

In this section, the major socio-economic characteristics of households interviewed in
the survey are described. These characteristics relate to the relative frequency

distribution of household heads by gender, age, education level and marital status.

Table 4.1 presents frequency distribution of socio-economic characteristics of
respondents. It is presented that more of the respondents 51 (63.8%) were between 40
and 49 years old, 20 (25%) were between 30 and 39 years old, 8 (10%) revealed to be
50 years old and above, while 1 (1.3%) claimed to be less than 30 years old. Sex
distribution, 74 (92.5%) reported to be males, while 6 (7.5%) were females.
Educational background, 47 (58.8%) revealed to have secondary school leaving
certificate, 21 (26.3%) reported having post-secondary school certificate, 7 (8.8%)
signified not having a formal education, while 5 (6.3%s) had primary school leaving
certificate. Household size, most of the respondents 55 (68.8%) revealed to have
between 8 and 14 household sizes, 18 (22.5%) had 15 and above, while 7 (8.8%) had
less than 8 as their household size. Religion distribution revealed that most of the
respondents 34 (42.5%) were Muslims, 27 (33.8%) were Christians, 14 (17.5%) were
traditionalists, while 5 (6.3%) were for other religion. Years of experience in honey
bee, most of the respondents 29 (36.2%) revealed to have between 16 and 20 years of
experience in bee keeping, 21 (26.3%) has between 11 and 15 years of experience, 12
(15%) claimed having between 6 and 10 years of experience in bee keeping, 10
(12.5%) stated having 20 years and above experience in bee keeping.Ethnicity
distribution revealed that most of the respondents 74 (92.5%) were Yorubas, 2 (2.5%)
were Hausas, 2 (2.5%) were Igbos, while 2 (2.5%) belong to other ethnic group.
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Table 4.1: Socio-Economic Characteristics of the Respondents

Variable Response Frequency Percentage
Age Less than 30 years 1 1.3
30-39 years 20 25
40-49 years 51 63.8
50 years and above 8 10
Sex Male 74 92.5
Female 6 7.5
Educational background Primary 5 6.3
Secondary 47 58.8
Post secondary 21 26.3
No formal education 7 8.8
Household size Less than 8 7 8.8
8-14 55 68.8
15 and above 18 22.5
Religion Christianity 27 33.8
Islam 34 42.5
Traditional 14 17.5
Other religion 5 6.3
Years of experience 6-10 12 15.0
11-15 21 26.3
16-20 29 36.2
20 and above 10 12.5
Ethnicity Yoruba 74 92.5
Hausa 2 2.5
Igbo 2 2.5
Others 2 2.5
Total 80 100

Source; Field survey, 2017
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4.2 Honey production

The amount of honey produced from one bee hive per year varies from places to places
which in most cases determined by the availability of pollen and nectar source

plants and the level of management and input applied.

Table 4.2a, revealed that most of the respondents 62 (77.5%) use white wood for
beekeeping activities, while 18 (22.5%) signified using yellow wood. Most of the
respondents 40(50%) revealed using Gmelina arborea for hive construction,17(21.2%)
claimed using Triplochiton scleroxylon, 15 (18.8%) revealed using Cordia Milleni, 5
(6.3%) signified using Terminalia superbaand 3(3.7%) claimed using Khaya
grandifoliola. Beehives, most of the respondents 39 (48.3%) revealed having between
6 to 10 beehives, 21 (26.2%) had between 11 to 15 number of beehives, 10 (12.5%)
had between 16 to 20 number of beehives, 5 (6.2%) had between 1 to 5 beehives, while
5 (6.2%) had 20 and above bechives. In addition, majority of the respondents 70
(87.5%) revealed that the sales of the honey produced is for financial purpose, while
10 (12.5%) stated that it is used for home consumption. Furthermore, majority of the
respondents 78 (97.5%) claimed that there are problems encountered in the use of
beehives, while 2 (2.5%) reported that no problem was encountered in the use of
beehive. Among those who signified having problem with beehive (n = 78), 53
(67.9%) claimed that the problem they face is colonisation by bees, 15 (19.3%)
revealed abscondment, while 10 (12.8%) signified theft challenges as a factor

influencing their beehive farm.

Table 4.2b, 78 respondents revealed having problems with their beehives. 42 (67.9%)
revealed that the problem they are facing was caused by the types of wood they use, 20
(25.6%) signified theft problem, 11 (14.1%) stated abscondment, while 5 (6.4%)
claimed pest and diseases. Respondents were also asked whether bee colonise hive
fast, most of the respondents, 51 (63.8%) agreed that bee colonise the hive fast, while
29 (36.2%) signified that bees do not colonise the hive fast. As a means of gathering
knowledge, respondents were asked on factors they feel are responsible for quick
colonisation, most of the respondents 30 (37.5%) revealed that availability of forage
causes quick colonisation, 25 (31.3%) revealed that wood species selection affect
quick colonisation, 15 (18.8%) revealed hive height placement, while 10 (12.5%)
signified availability of shade.
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Table 4.3 presents the five (5) identified wood species utilized mostly by the
beekeepers in the study area. Initially, the researcher was able to identify fifteen (15)
species of beehives used in the selected sites. The following species were identified in
the study area; (50%) Gmelina arborea, (21.2%)Arere (Triplochiton scleroxylon),
(18.8%) Omo (Cordia millenii), (6.3%)Afara (Terminalia superba), (12.5%) Ayunre
(Albizia zygia), 1ta (Celtis zenken), (3.7%) Mahogany (Khaya grandifoliola), (12.5%)
Opepe (Nauclea diderichii), (8.75%) Ose (Adansonia digitata), (10%) Araba (Ceiba
petandra), (11.25%) Eucalyptus glubulus, (8.75%) Senna siamea, (10%)Emi
(Butyrospermum parasoxum), (7.5%) lya (Daniellia oliveri), (Oori (Vitellaria
paradoxa). However, only five (5) from the above mentioned species of wood are
presently used by beekeepers in the selected areas. Most of the respondents, 40 (50%)
used Gmelina arborea for beehives construction, 17 (21.2%) used Triplochiton
sceloroxylon, 15(18.8%) revealed using Cordia millenii, 5 (6.3%) usedTerminalia

superba,while 3 (3.7%) used Khaya grandifoliola.

Ayunre (Albizia zygia), Eucalyptus glubulus, Ita (Celtis zenken), Opepe (Nauclea
diderichii), Ose (Adansonia digitata), Araba (Ceiba petandra), Cassia siamea, Emi
(Butyrospermum parasoxum), lya (Daniellia oliveri), Oori (Vitex doniana, Vitex
grandfolia) were the commonly used wood species that have been abandoned by the

bee farmers due to their fragility and inability to sustain bee colonies.
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Table 4.2a: Bee Colonisation, Abscondment and Yield

Wood type used Frequency Percentage
White wood 62 77.5
Yellow wood 18 22.5

Total 80 100.0

Specie used for hives construction
(current hives)

Triplochiton scleroxylon 17 21.2
Terminalia superba 5 6.3
Gmelina arborea 40 50
Cordia milenni 15 18.8
Khaya grandifoliola 3 3.7

Number of hives

1-5 5 6.2
6-10 39 48.3
11-15 21 26.2
16-20 10 12.5
20 and above 5 6.2
Total 80 100

Uses of produce

Sales for money 70 87.5
Home consumption 10 12.5
Total 80 100
Problems with bee hives

Yes 78 97.5
No 2 2.5
Total 80 100
What problem is it?

Colonisation 53 67.9
Abscondment 15 19.3
Theft 10 12.8
Total 78 100.0

Source; Field survey, 2017

64



Table 4.2b: Bee Colonisation, Abscondment and Yield

Wood type used Frequency Percentage
Causes of problems

Type of wood 42 67.9
Abscondment 11 14.1
Pest and diseases 5 6.4
Theft 20 25.6
Total 78 100.0
Factors responsible for quick

colonisation

Forage Availability 30 37.5
Wood species selection 25 31.25
Hive height placement 10 12.5
Availability of shade 15 18.75
Total 80 100.0
Abscondment of honey colonies

Yes 51 63.8
No 29 36.2
Total 80 100.0
Reasons for bee absconding hives

Disturbance 32 40.0
Environmental factors 14 17.5
Climatic factors 14 17.5
Pest and diseases 12 15.0
Scarcity of forage 8 10.0
Total 80 100.0
Prevention of abscondment

Regular feeding 8 10.0
Regular inspection 57 71.2
Colony migration 15 18.8
Total 80 100.0

Source; Field survey, 2017
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Table 4.3: Compendium of wood species for beekeeping

Wood type used

Frequency Percentage

Species used for hives construction

(current hives)
Triplochiton scleroxylon
Terminalia superba
Gmelina

Cordia milenni

Khaya grandifoliola

Other least use wood species
(Abandoned or used before)

Albizia zygia

Celltis zenken
Nauclea diderrichii
Adansonia digitata
Ceiba pentandra
Eucalyptus globulus
Senna siamea
Butyrospermum paradoxum
Daniellia oliveri
Vitellaria paradoxa
Total

17
5
40
15
3

21.2
6.3
50
18.8
3.7

12.5
10
12.5
8.75
10
11.25
8.75
10
7.5
8.75
100.0

Source; Field survey, 2017
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4.3.0 Selected physical and chemical properties of the identified wood species
4.3.1:  Physical properties of wood samples

Table 4.4 shows the summary of the physical properties of Khaya grandifoliola,
Triplochiton scleroxylon, Terminalia superba, cordia millenii and Gmelina arborea
used for the construction of beehives in the study area. These physical properties
include; moisture content, oven-dry density, volumetric shrinkage.

The result shows that Khaya grandifoliola (18.7%) and Gmelina aborea (14.76%) had
the highest and least moisture content mean value respectively. The moisture content
mean values were Khaya grandifoliola (18.65%), Terminalia superba (16.31%),
Triplochiton scleroxylon (16.26%), Cordia millenii (15.49%) and Gmelina aborea
(14.76%).

The oven-dry density mean values were; Khaya grandifoliola (611.60kg/m’), Gmelina
arborea (449.83 kg/m®), Cordia millenii (396.45kg/m>) Triplochiton scleroxylon
(395.27 kg/m®) and Terminalia superba (368.5 kg/m’). The mean result of oven dry
density of five wood species used for bee hives construction revealed that Khaya
grandifoliola had the highest oven dry density (609.95+82.19%) followed by
(449.83+18.32%) recorded in Gmelina arborea while the least oven dry density of
(372.52+£36.98%) was recorded in Terminalia superba.

The wood of Khaya grandifoliola (8.8%), and Gmelina arborea (6.2%), had the
highest and the least mean value of volumetric shrinkage respectively. The volumetric
shrinkage mean values were; Khaya grandifoliola (8.78%), Triplochiton scleroxylon
(8.33%) Cordia millenii (6.31%),Terminalia superba (6.24%). andGmelina arborea
(6.21%),

The mean result of longitudinal shrinkage of five wood species used for beehives
construction revealed that Terminalia superba had the highest longitudinal shrinkage
(0.20£0.09%) closely followed by (0.1940.14%) recorded in Triplochiton scleroxylon
while the least longitudinal shrinkage of (0.15+0.09%) was recorded in Khaya
grandifoliola.

The mean result of tangential shrinkage of wood species used for the hives

construction showed that Gmelina arborea had the highest tangential shrinkage of
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(5.38£1.33%) which was followed by (5.07+1.65%) recorded in Khaya grandifoliola
while Terminalia superba had the least tangential shrinkage of (3.42+0.90%).

The result of radial shrinkage revealed that Khaya grandifoliola had the highest radial
shrinkage of (3.71+1.49%), followed by (2.95+£0.69%) recorded in Gmelinaarborea
while Triplochiton scleroxylon had the least radial shrinkage of (2.23+0.82%). The
result of volumetric shrinkage revealed that Khaya grandifoliola had the highest
volumetric shrinkage (8.78+2.67%) followed by (8.33+1.31%) recorded in
Triplochiton scleroxylon while Gmelina arborea had the least volumetric shrinkage

(5.94+1.57%).

68



Table 4.4 : Summary of the physical properties of the five wood species used for the construction of bee hives

Longitudinal Tangential Radial Volumetric Oven dry density (kg/m3) Moisture Content
shrinkage(%) shrinkage(%) shrinkage(%)  shrinkage(%) (%)
Gmelina 0.18+0.11 5.38+1.33 2.95+0.69 6.21+1.57 449.83+18.32 14.76+0.96
Cordia millenii 0.1840.11  3.574097 2744093  6.31£1.25 396.45+58.58 15.49:1.29
Triplochiton
scleroxylon 0.19+0.14 3.71+1.33 2.23+0.82 8.33+1.31 395.27+29.85 16.26+2.14
Khaya
grandifoliola 0.15+0.09 5.07£1.65  3.71£1.49 8.78+2.67 611.55+70.65 18.65+1.61
Terminali
erminalia 0.20£0.09  3.424090  2.85+1.25 6.24+1.56 368.52+36.98 16.31+1.38
superba
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4.3.2 Phytochemical properties of wood samples
4.3.2.1 Alkaloids

The result of wood Alkaloids showed that Gmelina arborea had the highest mean
value of (460.33+1.53%) in Onifuufu, followed by Triplochiton scleroxylon with mean
value of (449.67+6.43%), while Khaya grandifoliola had the least mean value of
(118.20+17.95%).

In Ogunmakin, Gmelina arborea had the highest mean value of (324.00+2.65%),
followed by Triplochiton scleroxylonwith mean value of (315.67+£5.51%) while
Terminalia superbahad the least mean value of (109.00+7.81%).

The result in Adeaga shows that the highest mean value of alkaloid (435.67+3.06%)
was recorded in Gmelina arborea, followed by Triplochiton scleroxylon
(341.00£2.31%) with Khaya grandifoliola having the least mean value of
(110.33+3.79%).

In Ayetoro, the highest mean value of (348.4045.73%) was recorded in Gmelina
arborea, followed by (325.00+6.81%) inKhaya grandifoliolaand the least mean value
was recorded in Cordia millenii(251.33£3.21%) (Table 4.5).

4.3.2.2 Cellulose

In Onifuufu, the result of wood Cellulose shows that Gmelinaarborea had the highest
mean value (125.67+£5.13%), and least value (62.00+2.65%) recorded in Terminalia
superba.

In Ogunmakin, Cordia millenii had the highest mean value (144.33+3.79%) and the
least value (65.67+2.08%) was recorded in Gmelina arborea.

In Adeaga, the highest mean value of (124.00+4.00%) was recorded in Terminalia
superba and the least mean value (90.00+2.00%) was recorded in Gmelina arborea.

In Ayetoro, wood cellulose had its highest mean value of (151.00+5.20%) in
Terminalia superba and the least mean value of (113.67£5.51%) was recorded

inKhaya grandifoliola.
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4.3.2.3 Hemicellulose

In Onifuufu, the result of hemicellulose shows that khaya grandifoliola had the highest
mean value of (185.00+1.00%) while Triplochiton scleroxylon had the least mean
value of (82.33£2.52%).

In Ogunmakin, Gmelina arborea had the highest mean value of (191.00+£3.61%) and
the least mean value of (64.67+2.52%) was recorded in Cordia millenii.

In Adeaga, it was revealedthat Triplochiton scleroxylon had the highest mean value
of(171.3343.21%) and the least value of (73.00+3.61%) recorded in cordia millenii.
Finally in Ayetoro, wood hemicellulose had the highest value of (141.67+1.53%) in
Cordia millenii and the least mean value of (100.33+3.21%) in khaya grandifoliola.
(Table 4.5).

4.3.2.4 Cardiac

In Onifuufu, the result of wood cardiac shows that Khaya grandifoliola had the highest
mean value of (76.67+£2.08%) followed by Terminalia superba with mean value of
(74.33+£2.08%), while Triplochiton scleroxylon had the least mean value of
(55.00+1.00%).

In Ogunmakin, Cordia millenii had the highest mean value of (114.00+£5.29%),
followed by Gmelina arborea with mean value of (106.33+1.53%) while Khaya
grandifoliola had the least mean value of (72.67+2.52%).

The result in Adeaga, shows that the highest mean value of (118.33+7.57%) was
recorded in Triplochiton scleroxylon, followed by Khaya grandifoliola with
(112.33£2.08%), Gmelinaarborea recorded the least mean value of (63.67+1.53%)).

In Ayetoro, the highest mean value of (114.00+2.00%) was recorded in Triplochiton
scleroxylon followed by Khaya grandifoliola (95.33+3.06%) and the least mean value
of (75.67+0.58%) in Gmelina arborea. .

4.3.2.5 Total Lignin

The result of total lignin wood shows variation among constructed hives both within
the different locations and among the wood species. In Onifuufu, the highest total
lignin value in wood (33.00+£2.65%) was recoded in Cordia milleniifollowed by
(24.33+2.08%) from Terminalia superba, the least total lignin value in wood samples
(16.00£1.00%) was recorded in hives constructed with Triplochiton scleroxylon wood

species.
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The result of total lignin wood samples collected in Ogunmakin revealed that hives
constructed with Triplochiton scleroxylon had the highest mean value of
(16.00+1.00%), followed by (15.00+£1.00%) recorded in Terminalia superba hives,
while the least mean of (11.00+1.00%) was recorded in Cordia millenii hives.

In Adeaga, it was revealed that khaya grandifoliola had the highest value of
(30.33+1.53%), followed by Cordia millenii with (25.67+2.08%) and Gmelina arborea
had the least mean value of (12.33£3.21%)).

The result further revealed that in Ayetoro, Triplochiton scleroxylon had the highest
total lignin value of (36.00£2.00%) while Cordia millenii had the least mean value of
(23.0042.65%) in Table 4.5.

4.3.2.6 Flavonoids

The result of flavonoid in wood samples showed that Gmelina hives performed best in
Onifuufu  (277.00+£12.49%) followed by Triplochiton scleroxylon hives
(221.33£1.53%) and the least (45.33+2.00%) was recorded in Khaya grandifoliola.

In Ogunmakin, Terminalia superba hives had the highest flavonoid value
(301.33457.45%), followed by Triplochiton scleroxylon hives constructed with
(75.33+1.15%) while Khaya grandifoliola hives (41.67+1.00%) had the least.

In Adeaga, Gmelina hives performed best with mean values of (277.00£2.65) followed
by Terminalia superba (265.67 + 2.08) and the least value of (43.67+4.36%) was
recorded in Khaya grandifoliola hives.

In Ayetoro, Gmelina arborea performed best having a mean value of (72.33+1.00%)
followed by Triplochiton scleroxylon (63.67+1.53%) while the least flavonoids value
of (42.33+2.00%) was recorded in Khaya grandifoliola hives samples. (Table 4.5)

4.3.2.7 Phenol

In Onifuufu, the result of Phenol shows that Terminalia superba had the highest mean
value of (66.50+0.30%), followed by Gmelina with mean value of (5.53+0.15%),
while Khaya grandifoliola had the least mean value of (3.40+0.26%).

In Ogunmakin, however, Gmelina had the highest mean value of (66.70+0.26%),
followed by Terminalia superba with mean Phenolic value of (59.50+0.89%) while
Triplochiton scleroxylon had the least mean value of (21.20+0.10%).
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The result in Adeaga showed that the highest mean value of (92.48+0.21%) was
recorded in Terminalia superba, followed by Cordia millenii with (60.60+0.20%)
while Triplochiton scleroxylon recorded the least mean value of (3.48+1.00%).

In Ayetoro, the highest mean value of (54.57+0.25%) was recorded in Khaya
grandifoliola, followed by (33.50+0.40%) in Terminalia superba and the least mean
Phenolic value was recorded in Cordia millenii (22.025+0.23%) (Table 4.5).

4.3.2.8 Tannins

In Onifuufu, the result of wood tannins showed that Terminalia superba had the
highest mean value of (854.33+14.01%), followed by Triplochiton scleroxylon with
mean value of (234.67+0.58%), while khaya grandifoliola had the least mean value of
(168.33+5.87%).

In Ogunmakin, Terminalia superba had the highest mean value of (1241.67+6.66%),
followed by Cordia millenii with mean value of (954.00+6.93%). Hives constructed
with Gmelina arborea had the least mean value of (130.67+1.15%).

The result in Adeaga showed that the highest mean value of (853.33+9.45) was
recorded in Terminalia superba, followed by khaya grandifoliola with the value of
(850.00£7.00%) and the least mean value of (23.67+1.53%) recorded in cordia
millenii.

In Ayetoro, the highest mean value of (2253.33+10.50%) was recorded in Terminalia
superba, followed by Cordia millenii (1257.33+£9.45) while the least mean value of
(26.00+2.65%) was recorded in Gmelina arborea (Table 4.8).

4.3.2.9 Saponins

In Onifuufu, the result of wood Saponin shows that Khaya grandifoliola had the
highest mean value of (92.33+2.08%), followed by Cordia millenii with mean value of
(72.33+£2.52%), while Triplochiton scleroxylon had the least mean value of
(61.00+£1.00%).

In Ogunmakin, Terminalia superbahad the highest mean value of (177.00+3.61%),
followed by Triplochiton scleroxylon with mean value of (165.00+3.61%) while
Khaya grandifoliola had the least mean value of (51.33+14.01%).

In Adeaga, the highest mean value of (81.67+1.53%) was recorded in Gmelina
arborea, followed by Khaya grandifoliola with (74.33+£2.08%) and Triplochiton
scleroxylon had the least mean value of (53.67+1.53%).
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In Ayetoro, the highest mean value of (205.33+6.11%) was recorded in Terminalia
Superba, followed by Triplochiton scleroxylon with mean value of (174.33+2.08%),
while Khaya grandifoliola had the least mean value of (52.67+16.29%) in Table 4.5.
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Table 4.5: Chemical properties of wood samples used in the study area

Wood species Alkaloids  Cellulose Hemicellulos Cardiac Total Flavonoid Phenols () Tanins Saponin
Location (ppm) e Lignin (ppm)
Oyo 1 Gmelina 460.33+1.53 125.67+5.13 93.00+2.65 63.67+1.53 22.33+2.52  277.00£12.4  5.53+£0.15  229.00+3.61 63.67+1.53
9

Cordia milenni  336.68+6.11 124.00+1.00 83.0043.61 63.00+2.65 33.00+2.65 60.67+1.15 5.27+0.15  224.33+4.51 72.33+2.52
Triplochiton 449.67+6.43 123.3343.06 82.3342.52 55.00+1.00 16.00+1.00 221.33+1.53  4.30+0.35  234.67+0.58 61.00+1.00
scleroxylon
Khaya 118.20+17.95  73.00+3.00 185.00+1.00 76.67+£2.08 23.00+2.65 45.33+0.58 3.40+0.26  168.33+5.87 92.33+2.08
grandifoliola
Terminalia 347.00£7.00 62.00£2.65 172.33+2.08 74.334£2.08 24.33+2.08  45.00+2.00 66.50+£0.30 854.33x14.01  64.00+4.00
superba

Oyo 2 Gmelina 324.00+2.65 65.67+2.08 191.00+3.61 106.33+1.53  12.334£2.52  71.00+2.08 66.70+£0.26  130.67+1.15 83.33+3.06
Cordia milenni  254.00+5.57  144.33+£3.79 64.67+2.52 114.00+5.29  11.00+1.00 44.00+3.61 23.50+0.10 954.00+6.93  53.00+9.85
Triplochiton 292.3342.52 142.3342.52 76.67+2.08 94.00+1.73 16.00+1.00 75.33+1.15 21.20+£0.15 933.67+12.6 165.00+3.00
scleroxylon 6
Khaya 315.67+£5.51  136.00+1.00 72.33+2.52 72.67+2.52 12.3342.52  41.67£1.00 54.30+0.36 947.00+13.11 51.33+14.01
grandifoliola
Terminalia 109.00+7.81  92.33+2.52 66.33+1.53 82.00+2.00 15.00+£1.00 301.33£57.4 59.50+0.89 1241.67+6.66 177.00+3.61
superba 5

Ogun 1 Gmelina 435.67+3.06  90.00+2.00 73.67£3.21 63.67+1.53 12.33+3.21  277.00+£2.65  60.40+0.10 136.67+2.89 81.67+1.53
Cordia milenni ~ 270.67+3.06 94.00+1.00 73.00+3.61 112.004£2.00  25.67+2.08  65.33+1.53  60.60+0.20  23.67+1.53  62.33+2.08
Triplochiton 341.00£2.31 113.6743.21 171.3343.21 118.33+7.57  25.33+1.53  250.00+2.65  3.48+1.00 38.3343.06  53.67+1.53
scleroxylon
Khaya 110.334£3.79 121.67+4.73 166.334£3.21 112.33+2.08  30.33+1.53  43.67+436  3.43+0.06 850.00+7.00  74.33+2.08
grandifoliola
Terminalia 293.67+14.18 124.00+4.00 166.00+6.56 83.00+£2.65  25.00+£2.00 265.67+2.08 92.48+0.21  853.33+9.45  72.67+4.00
superba

Ogun 2 Gmelina 348.40+5. 73 123.00+4.36 105.67+6.03 75.67+£0.58  25.67+£1.53  72.3341.00  22.73+0.21 26.00+£2.65  56.00+2.65
Cordia milenni ~ 251.33£3.21 124.00+1.00 141.67+1.53 83.67£1.53  23.00+2.65  53.00£2.65  22.53+0.23  1257.33+£9.45 153.00+3.61
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Triplochiton 307.20+6.81 145.67+£2.52 133.33£3.06  114.00£2.00 36.00+£2.00  63.67+1.53  22.02+0.40 1257.33+12.06 174.33+£2.08
scleroxylon

Khaya 325.00+3.21 113.67+5.51 100.33+3.21 95.334£3.06  36.00+£1.00  42.33+2.00 54.57+£0.25 1127.00£18.68 .52.67+16.29
grandifoliola

Terminalia 275.67+17.04 151.00+5.20 132.334£2.52 84.33+1.53  31.67+1.53  53.00#4.36  33.50+£0.40 2253.33+10.50 205.33+6.11
superba
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4.4 Result of proximate analysis of honey hives

4.4.1 Protein

Protein content of honey samples collected from Gmelina arborea hives in Onifuufu had
the highest mean value of (0.60+0.10%) followed by Khaya grandifoliola with mean value
of (0.53+0.15%). And Terminalia superba had the least mean value of (0.40+0.10%)
protein.

In Ogunmakin, Khaya grandifoliola had the highest mean value of (0.63+0.21%),
followed by Cordia millenii with (0.60+0.10%), while Gmelina arborea had the least
mean value of (0.50+0.10%).

In Adeaga, Khaya grandifoliola had the highest mean value of (0.47+0.12%), followed by
Gmelina arborea with (0.43+0.15%) and Terminalia superba had the least mean value of
(0.33£0.15%).

In Ayetoro, the result further revealed that Terminalia superba had the highest mean value
of (0.63+0.06%), this was followed by Triplochiton Scleroxylon with mean value of
(0.43+0.21%) while Cordia millenii had the least mean value of (0.30+£0.10%) in Table
4.6.

4.4.2 Carbohydrate

In Onifuufu, the result of honey carbohydrate shows that Khaya grandifoliola had the
highest mean value of (84.23+0.21%), followed by Cordia millenii with mean value of
(83.27£0.21%). Terminalia superba had the least mean carbohydrate value of
(57.07+0.82%).

In Ogunmakin, the result also revealed that Gmelina arborea had the highest mean value
of (84.43+0.21%), followed by Terminalia superba with (82.33+0.15%), while Khaya
grandifoliola had the least mean value of (80.57+0.15%).

In Adeaga, Gmelina arborea had the highest mean value of (82.47+0.15%), closely
followed by Cordia millenii with (82.23+0.15%) and Triplochiton scleroxylon had the
least mean value of (81.57+£0.31%). In Ayetoro, the result further revealed that
Triplochiton scleroxylon had the highest mean value of (83.30+0.10%), followed by
Cordia millenii with mean carbohydrate value of (82.57+0.21%) while Terminalia
superba had the least carbohydrate value of (79.40+0.26%) in Table 4.6.

4.4.3 Ash

In Onifuufu, the result of Ash content in honey samples produced after harvesting shows
that Gmelina arborea had the highest mean value of (0.70+0.10%) followed by Cordia
millenii and Triplochiton scleroxylon with mean values of (0.50+0.10%), while Terminalia
superba had the least mean value of (0.37+0.06%).
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In Ogunmakin, Terminalia superba had the highest mean value of (0.63+0.15%), followed
by Triplochiton scleroxylon with mean value of (0.53+0.06%) while Cordia milleni had
the least mean value of (0.40+0.10%) all.

/In Adeaga, the highest mean value of (0.73+0.32) was recorded in Cordia millenii, closely
followed by Triplochiton scleroxylon which recorded (0.73+0.15%) while Khaya
grandifoliola had the least mean value of (0.33+0.06%).

In Ayetoro, the highest mean value of (0.70+£0.10%) was recorded in Khaya grandifoliola,
followed by Cordia milleni with mean value of (0.57+0.15),while Gmelina arborea and
Triplochiton scleroxylon had the least mean values of (0.40+0.10%). in Table 4.6.

4.4.4 Sucrose

In Onifuufu, Triplochiton scleroxylon had the highest mean sucrose value of (7.50+0.10%)
followed by Cordia millenii mean value of (7.33+0.15%).While Khaya grandifoliola had
the least mean value of (4.60+0.10%).

In Ogunmakin, Khaya grandifoliola had the highest mean sucrose value of (6.50+£0.30%),
this was followed by Triplochiton scleroxylon with (6.43+0.21%), while Gmelina arborea
had the least mean value of (5.47+0.42%).

In Adeaga, it was revealed that Triplochiton scleroxylon had the highest sucrose value of
(7.33£0.21%), followed by Terminalia superba with (7.23+0.25%) and Gmelina arborea
had the least mean value of (6.30+£0.10%).

In Ayetoro, Khaya grandifoliola had the highest mean sucrose value of (4.50+0.10%),
followed by Terminalia superba mean value of (4.43+0.12%) while Cordia millenii had
the least mean sucrose value of (3.27+0.15%) in Table 4.6.
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Table 4.6: Mean table of proxiamte analysis of honey collected from hives of wood species

Honey from Wood species Protein (%) Carbohydrate (%) Ash (%) Sucrose (%)

hives

Onifuufu Gmelina arborea 0.60+0.10 82.60+0.10 0.70+0.10 7.30+0.26
Cordia millenii 0.50+0.10 83.27+0.21 0.50+0.10 7.33£0.15
Triplochiton 0.53+0.06 82.60+0.30 0.50+0.10 7.50+0.10
scleroxylon
Khaya 0.53+0.15 84.23+0.21 0.43£0.12 4.60+0.10
grandifoliola
Terminalia 0.40+0.10 57.07+0.82 0.37+0.06 4.67+0.21
superba

Ogunmakin Gmelina arborea  0.50+0.10 84.43+0.21 0.47+0.21 5.47+0.42
Cordia millenii 0.60+0.10 81.33+0.25 0.40+0.10 6.37+0.15
Triplochiton 0.53+0.12 81.33+0.15 0.53£0.06 6.43+0.21
scleroxylon
Khaya 0.63£0.21 80.57+0.15 0.47+0.15 6.50+0.30
grandifoliola
Terminalia 0.57+0.06 82.33+0.15 0.63+0.15 6.37+0.15
superba

Adeaga Gmelina arborea  0.43%0.15 82.47+0.15 0.63+0.21 6.30+0.10
Cordia millenii 0.40+0.10 82.23+0.15 0.73+0.32 6.33+0.06
Triplochiton 0.43+0.06 81.57+0.31 0.73+0.15 7.33+0.21
scleroxylon
Khaya 0.47+0.12 81.67+0.21 0.33+0.06 6.57+0.21
grandifoliola
Terminalia 0.33+0.15 81.63+0.15 0.40+0.10 7.23+0.25
superba

Ayetoro Gmelina arborea 0.43+0.15 81.37+0.25 0.40+0.10 3.33+0.15
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Cordia millenii

Triplochiton
scleroxylon
Khaya
grandifoliola
Terminalia
superba

0.30+0.10
0.43+0.21

0.33+0.06

0.63+0.06

82.57+0.21
83.30+0.10

82.47+0.31

79.40+0.26

0.57+0.15
0.40+0.10

0.70+0.10

0.50+0.10

3.27+0.15
3.43+0.06

4.50+0.10

4.43+0.12
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4.5 Influence of wood species on the pattern of colonisation and
abscondment of honeybees in the study area

4.5.1 Hive construction and rate of colonisation

The result on Table 4.7 revealed that Gmelina arborea hive had the highest
colonisation rate (55.6%) followed by Triplochiton scleroxylon(22.2%), Cordia
millenii (11.1%),Terminalia superba(8.3%) and Khaya grandifoliola (2.8%). Some of
these problems were as a result of wrong preference of wood species for hive
construction. Although there are series of factors responsible for quick colonisation of
hives, but the most efficient factors are forage availability around the location of the

beehives and the preference of wood species.

4.5.2 Hive construction and rate of Abscondment

The result on Table 4.8 revealed that Khaya grandifoliola and Terminalia
superba(27.3%) had the highest abscondment rate followed by Cordia millenii and
Triplochiton scleroxylon(18.2%) and least was Gmelina arborea hive (9%). The
findings also relate to the 36.2% reported slow colonisation (table 4.2b). These
problems is somewhat linked to the selection or preference of wood species for hives
construction. Although there are series of factors responsible for quick abscondment of
hives, but the most efficient factors are forage availability around the location of the

beehives and the selection of wood species.
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Table 4.7: Wood Hives and rate of colonisation within 7 months

Specie used for hives construction N Colonisation % Colonisation
Triplochiton scleroxylon 14 8 22.2
Terminalia superba 7 3 8.3
Gmelina arborea 26 20 55.6
Cordia millenii 9 4 11.1
Khaya grandifoliola 4 1 2.8
Total 60 36 100

82



Table 4.8: Wood Hives and rate of Abscondment within 7 months

Species used for hives construction N Abscondment % Abscondment
Triplochiton scleroxylon 14 2 18.2
Terminalia superba 7 3 27.3
Gmelina arborea 26 1 9

Cordia millenii 9 2 18.2
Khaya grandifoliola 4 3 27.3
Total 60 11 100
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4.6 Mean analysis for Physical Properties of wood

Gmelina arborea hives had lowest moisture content compared to other wood species.
This enhanced honeybees comb to stick together, thus, preventing abscondment of

honeybees and enabled high honey yield.
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Table 4.9 Mean analysis for Physical properties of wood

Wood Longitudinal Tangential = Radial Volumetric Density
species Shrinkage Shrinkage Shrinkage Shrinkage (kg/m3)
(%) (%) (%) (%)
Gmelina
arborea 0.19 5.38 2.95 6.24 449.83
Cordia
millennii 0.18 3.71 2.74 6.31 396.45
Triplochiton
scleroxylon 0.19 3.57 2.22 8.33 395.27
Khaya
grandifoliol 0.15 5.07 3.71 8.78 611.55
a
Terminalia
superba 0.20 3.42 2.85 6.21 368.5
F-cal 0.88 6.18* 2.16 4.05% 136.87*

Probability level is 95%
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Moisture

Content

(%)
14.76
15.49

16.26

18.65

16.31

5.60*



4.7 Mean analysis for Chemical Properties of wood

Gmelina arborea compared to other wood species had the highest mean for alkaloids
and flavonoids and lowest cellulose, hemicellulose, cardiac, tannin and saponin means.
High flavonoid in Gmelina arborea could be responsible for high colonisation rate of

bees.
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4.10 Mean Analysis for chemical properties of wood

Wood Alkaloids Cellulose Hemicellulose Cardiac Total Flavonoid Tanins Saponin
species (mg/100g) (mg/100g) (mg/100g) (mg/100g) Lignin (mg/100g) (mg/100g) (mg/100g)
(Mg/100g)
Gmelina 392.24 101.09 115.84 77.34 18.17 174.65 130.59 71.17
arborea
Cordia 278.17 121.58 90.59 93.17 23.17 55.76 614.83 135.17
millennii
Triplochiton 314.01 131.25 115.92 95.33 23.33 152.58 616.00 113.50
scleroxylon
Khaya 217.16 111.09 130.99 89.25 25.42 45.34 773.08 167.67
grandifoliol
a
Terminalia 272.17 107.33 134.25 80.92 24.00 166.26 1300.67 129.75
superba
F-cal 1.54 0.78 0.54 0.55 0.44 1.88 2.72 0.92

95% probability level
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4.7.1 Effect of Wood hives on asbcondment

The results of analysis of variance for colonisation indicated that location (F=1.82), did
not significantly influence abscondment p> 0.05. The ANOVA result shows that there
was significant difference in abscondment based on the wood species from the four
locations at p< 0.05. The result of percentage abscondment rate of wood samples
shows that Khaya grandifoliola and Triplochiton scleroxylon had the highest mean
abscondment value of 27.304£9.05%, followed by Cordia milleini and Terminalia
superba (18.20+£0.00%), while Gmelina had the least mean value of 9.00+0.00% in
Appendix 6.

4.7.2 Effect of Wood hives on colonisation

The results of analysis of variance for colonisation indicated that location did not
significantly influence colonisation p> 0.05. However, Oyo was identified to have the
highest average colonisation rates.The ANOVA result shows that there was significant
difference in wood species from the four locations at p< 0.05. The result of percentage
colonisation based on wood samples shows that Gmelina had the highest mean value
of 84.72+13.22%, followed by Terminalia superba (54.17+35.62%) followed by
Cordia millenii (43.06+£33.68%), Triplochiton scleroxylon(37.50+28.54%), while
Khaya grandifoliola had the least mean value of 27.78+29.59% in Appendix 7.

4.8.0 Quality of honey produced across the hives constructed with different
wood species.

4.8.1 Result of Honey yield per colony (kg) based on wood samples

The result of honey yield per colony (kg) shows that Gmelina had the highest mean
value of 5.91%£0.97, followed by Triplochiton scleroxylon with mean value of
5.20+.11, and Cordia millenii with mean value of 5.17+0.12. Meanwhile Terminalia
superba had a mean value of 4.77+0.12 and Khaya grandifoliola had the least mean
value of 3.62+0.15 honey yield per colony (kg). The result of honey yield per colony
(kg) revealed that Ogunmakin had the highest mean value of 5.05+0.10; this was
closely followed by Adeaga with 4.98+0.11. Onifuufu had mean value of 4.93+0.11,
and Ayetoro had the least mean value of 4.794+0.11 in Appendix 10.
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4.8.2: Multiple regression analysis influence of Phyto-chemicals on abscondment.

There was significant influence of Phyto-chemical components of woods on
abscondment rate[ [F(9,10) = 8.172, R? = .880; p <.05] with the variables accounting
for 88% of the variance in abscondment. Further results show that cellulose(=-.59;
p<.05), hemicellulose (p=.57; p<.05), cardiac(p=.37; p<.05), total lignin (p=-.49;
p<.05), phenolic(f=-.59; p<.05) and tannins(p=.49; p<.05) significantly predicted on
abscondment while alkaloids (B=.02; p>.05), flavonoid (=.09; p>.05) and saponin
(B=-.24; p>.05), did not significantly influence abscondment . Table 4.12.

4.8.3: Multiple regression analysis showing influence of Phyto-chemicals on
colonisation rates.

Table 4.13 shows that there was no significant joint influence of alkaloids, cellulose,
hemicelluloses, cardiac, total lignin, flavonoid, phenolic, saponin and tannins on
colonisation, [F(9,10) = 8.401, R*=511; p<05] with the variables accounting for 51%
of the variance in colonisation. Further results show that alkaloids (B=.52; p<.05),
cellulose (B=.58; p<.05), hemicellulose(f=.42; p<.05), flavonoid (B=.60; p<.05)
phenolic(f=.47; p<.05), significantly predict on colonisation while cardiac (f=.08;
p>.05), total lignin(p=-.37; p>.05), tannins(f=-.61; p>.05) and saponin (f=-.70;

p>.05), did not significantly influence colonisation.

4.8.4: Multiple regression analysis relationship between physical properties on
abscondment rates.

Table 4.14 shows that there was a significant joint influence of longitudinal
shrinkage, tangential shrinkage, radial shrinkage, volumetric shrinkage, oven-dry
density and moisture on abscondment [F(9,10) = 3.666, R* = .767; p <.05] with the
variables accounting for 77% of the variance in abscondment. Further results show
that tangential shrinkage (f=.545; p<.05), radial shrinkage (f=.82; p<.05), and
volumetric shrinkage (B=.51; p<.05) significantly predicted abscondment while,
longitudinal shrinkage (B=.30; p>.05), oven-dry density (f=-.10; p>.05), moisture

content (f=.36; p>.05) do not significantly influence abscondment.
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Table 4.11 Mean Analysis for Honey samples

Wood species

Gmelina
arborea

Cordia
millennii

Triplochiton
scleroxylon

Khaya
grandifoliola

Terminalia
superba
F-cal

Protein (%)

0.49

0.45

0.48

0.49

0.48

0.47

Probability level is 95%

Carbohydrate
(“e)
82.71

82.35

82.42

82.24

75.11

5848.22*
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Ash (%)

0.55

0.55

0.54

0.48

0.48

35.67

Sucrose (%)

5.54

5.80

6.17

5.60

5.68

0.88



Table 4.12: Summary of Multiple Regression showing relationship between
Phyto-chemicals and abscondment.

Predictors B T P
(Constant) 6.048 <.05
Alkaloids 015 .039 >.05
Cellulose -.586 -5.523%* <.05
Hemicellulose 570 -4,195%%* <.05
Cardiac 371 6.359%%* <.05
Total lignin -.485 -6.934%%* <.05
Flavonoid .091 443 >.05
Phenolic -.586 -4.940** <.05
Tannins 489 6.601%* <.05
Saponin -.240 -.585 >.05
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Table 4.13: Summary of Multiple Regression table showing influence of Phyto-
chemicals on colonisation.

Predictors B T P
(Constant) 8.180 <.05
Alkaloids 519 8.551** <.05
Cellulose .583 8.182%* <.05
Hemicellulose 421 6.295%* <.05
Cardiac .077 197 >.05
Total lignin -.365 -.891 >.05
Flavonoid .604 9.058** <.05
Phenolic 472 7.248%** <.05
Tannins -.610 -.653 >.05
Saponin -701 -.688 >.05
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Table 4.14: Summary of Multiple Regression table showing physical properties
on abscondment.

Predictors B T P

(Constant) 4.810 <.05
Longitudinal shrinkage 301 1.392 >.05
Tangential shrinkage .545 4.308%*  <.05
Radial shrinkage 818 4.739** <05
Volumetric shrinkage 512 5.23** <05
Ovendry density -.104 -.105 >.05
Moisture .360 1.294 >.05
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4.8.5: multiple regression analysis showing the relationship between physical
properties on colonisation rates.

Table 4.16 shows that there was no significant joint influence of longitudinal
shrinkage, tangential shrinkage, radial shrinkage, volumetric shrinkage, oven-dry
density and moisture content on colonisation [F(9,10) = 3.180, R?=515; p >05] with
the variables accounting for 52% of the variance in colonisation. Further results
show that tangential shrinkage (B=-.315; p<.05), radial shrinkage (B=-.69; p<.05),
volumetric shrinkage (f=.309; p<.05), oven-dry density (p=-.42; p<.05), and
moisture content (=.43; p<.05) were significantly associated with colonisation rate
among the honey bees. Longitudinal shrinkage (=.32; p>.05) was not significant on

colonisation rate among the honey bees.

94



Table 4.15: Summary of Multiple Regression table showing the influence of

physical properties on colonisation.

Predictors B P
(Constant) -5.092 <.05
Longitudinal shrinkage 323 1.034 >.05
Tangential shrinkage -.315 -4.924%% <.05
Radial shrinkage -.687 -4.012%* <.05
Volumetric shrinkage 309 4.639%* <.05
Oven-dry density -.424 -3.004* <.05
Moisture content 432 5.075%* <.05
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CHAPTER FIVE
DISCUSSION

Effects of wood species on the level of abscondment, colonisation (behaviour) and

honey yield

This study focused on assessing wood species preference for beehives production,
with a view to identifying potential wood species for sustainable hive habitation for
improved honey production. As regards the compendium of wood species, the study
initially identified fifteen (15) species of wood that were being used for bee-hive
production. The following wood species were identified initially; Gmelina arborea,
Arere (Triplochiton scleroxylon), Ayunre (Albizia zygia), Ita (Celtis zenken), Afara
(Terminalia superba), Omo (Cordia millenii), Mahogany (Khaya grandifoliola),
Opepe (Nauclea diderrichii), Ose (Adansonia digitata), Araba (Ceiba pentandra),
(Eucalyptus globulus), (Siamese cassia)(Senna siamea), Emi (Butyrospermum
paradoxum), lya (Daniellia oliveri), Oori (Vitex doniana, Vitex grandifolia). This
findings is similar to that of Aiyeloja and Adedeji (2014), who identified that the
predominant wood families used for nesting by honeybees include: Fabaceae
(11.90%), Malvaceae (19.04%) and Verbenaceae (26.19%). Further analysis revealed
that the commonly used wood species by beckeepers in the selected areas were:
Cordia milleni (Cordia millenii), Afara (Terminalia superba), Gmelina arborea, Arere
(Triplochiton scleroxylon), and Mahogany (Khaya grandifoliola). And the most
frequently used by the bee farmers was Gmelina arborea (Verbaneceae). This is in
accordance with Aiyeloja and Adedeji (2014) findings, that among individual wood
species, Gmelina arborea cavities were most encountered for bee hives followed by
Vitex doniana, Adansonia digitata and Anacardium occidentals. Also, Jongjitvimol
(2007) reported that honeybees significantly preferred Verbenaceae wood cavities

(both living and dead) for nesting.

Analysis carried out to determine the influence of wood species on the pattern of
colonisation and abscondment of honeybees in the study area, revealed that the

different species had moderate rate of colonisation. Of all the wood species, Gmelina
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arborea hive had the highest colonisation rate followed by Afara (Terminalia superba),
Omo (Cordia milleni), Arere (Triplochiton scleroxylon), and Mahogany(Khaya
grandifoliola). This colonisation rate is based on the factors responsible for quick
colonisation of hives. The most efficient factors are forage availability around the
location of the beehives and the types of wood species. This finding is in the same vein
with Kungoza et al., (2009) who discovered that the colonisation and absconding rate
of honeybees’ colonies were significantly influenced by hive types and location in the
apiary. Findings from this study further revealed that of all the
species,Gmelinaarborea had the highest (55.6%) rate of colonisation (Table 4.8) and
least (9%) rate of abscondment (Table 4.9), thus making it to be the most suitable
wood species for beehives. As a consequence, it had the highest (5.91+£0.97) honey
yield (Appendix 9) since high colonisation of the hive would bring about high honey
production. The rate for abscondment varied from 9% for Gmelina arborea to 27.3%
for khaya grandifoliola and Triplochiton scleroxylon .Also the rate of colonisation

varied from 55.6% for Gmelina arborea to 2.8% for Khaya grandifoliola.

Relationship between physical properties of hive wood species and bee

colonisation and abscondment

This study further assessed the physical properties of the wood used in beehives
construction. The result revealed that Khaya grandifoliola had the highest mean value
of moisture content whileGmelina aborea had the least mean value of moisture
content. Low moisture content of wood is less likely to distort or warps because of its
low shrinkage ability. Low moisture content is associated with stability of the hives
physical properties because the woods are likely to have low shrinkage that will lead to
detachment of the wax or honey combs. The most preferred woods such as Gmelina
arborea and Triplochitonscleroxylon had low moisture content, thus, the durability of
these wood species is high. Therefore, beeswax and honeycomb attached to the top
bars tend to survive for a long period of time. White woods with high moisture content
like Khaya grandifoliola and Terminaliasuperba tend to have top bars distortion
leading to crack / breakup of the honeycombs and beeswax attached to the top bars.
Thus, leading to the abscondment of the honeybees. This finding is similar to that of
Nyau et al., (2013), who found out that moisture content was significantly associated

with durability of beehives and wood quality. Also, Salim et al., (2011) reported that
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low MC was important for beehives. The moisture content of the four of the wood
species were lower than that of Anogeissus leiocapus (17.51%) except for Khaya
grandifoliola with mean moisture content of 18.65%. Similar trend was reported by

Lausberg et al., (1995); and Shupe et al., (1995).

As regards wood density, this study revealed that Khaya grandifoliola had the highest
wood density collection while Terminalia superba had the least density. Gmelina
aborea had a moderate density. The variation pattern in density among the wood
species could have been attributed to the anatomical structure of the woods as well as

the environmental factors which varies from different state and location.

According to Leornadon et al., (2009) dimensional instability is caused by H,O
absorption and often lead to large distortion making the wood. This dimensional
instability of wood affect the bechives construction, foraging and colonisation
activities because of its wood surface shrinkage behaviour (Yamamoto et al,. 2001).
This study revealed that out of all the species, for tangential shrinkage, Gmelina
arborea had the highest tangential shrinkage, while Terminalia superba wood had the
least tangential shrinkage. For longitudinal shrinkage, Terminalia superba had the
highest value while Khaya grandifoliola had the lowest longitudinal shrinkage. Khaya
grandifoliola had the highest radial shrinkage, while Triplochiton scleroxylon had the
lowest radial shrinkage. Khaya grandifoliola had the highest volumetric shrinkage,
while Gmelina arborea had the least volumetric shrinkage. Gmelina arborea was the
most suitable species for honeybee hives as it had lowest volumetric shrinkage, lowest
moisture, lowest abscondment and high colonisation. That is, Gmelina arborea species
was durable and this prevented water from entering the hives, leading to low
abscondment of the honeybees. Also, its low moisture content prevented the wood

from having high volumetric shrinkage, thus, very suitable for beehives.
Phytochemical properties of hive wood species in relation to colonisation of hives

The phytochemical analysis of wood species showed that Gmelina arborea had the
highest alkaloid, flavonoids and phenolic. However, Arere (Triplochiton scleroxylon),
Omo (Cordia millenii), Mahogany(Khaya grandifoliola), and Afara (Terminalia

superba) species had higher Cellulose, total lignin compared to Gmelina arborea.
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Flavonoids are very important to bees feeding and nesting(FAO, 2008). Gmelina
arborea was identified to be a significant higher producer of the flavonoids useful for
foraging and nesting of the African bees. High flavonoid in Gmelina arborea could be
responsible for high colonisation rate of bees and these flavonoids were identified as

good medicinal properties in recent literatures (Arora and Tamrakar, 2017).

Hives made from wood with high levels of alkaloids, cellulose and low levels of
phenolic and hemicellulose had higher rate of abscondment. Gmelina arborea did not
show these characteristics, hence, had high colonisation by honeybees. This is due to
the fact that phenols and hemicelluslose contributes to the hives health of the bees.
The presence of flavonoids gives a pleasant aroma to insects. There was significant
influence of alkaloid, Cellulose, hemicellulose, cardiac, total lignin, phenolic on
colonisation. Increasing levels of hemicellulose and phenolic substance in the wood
was associated with increased colonisation. In addition decreasing levels of cellulose
was associated with high colonisation.

It has been demonstrated that phytochemicals in nectar, honey, pollen, or propolis can
confer other health benefits (Anderson et al, 2015). For example p-coumaric acid, a
phenolic acid found in Gmelina arborea is a constituent of many honey and beehives
environment. It upregulates both detoxification genes and immunity genes in larval
and adult honey bees; bees consuming p-coumaric acid in sugar diet were capable of
60% higher rates of metabolism of the organophosphate acaricide coumaphos than
bees consuming sugar diet alone Mao et al., 2013; 2015). Also, Quercetin, a flavonoid
found in many honey, essentially all pollen, and in propolis in many parts of the world,
also upregulates, detoxify coumaphos and enhances longevity of workers exposed to
insecticide. Additionally, a sucrose diet containing both quercetin and p-coumaric acid

enhanced the longevity of bees exposed to insecticide (Liaoet al., 2017).
Proximate analysis on the quality of honey in relation to wood species

As regards the quality of honey produced, 89% of the honey samples collected had
moisture content less than 18.0%. Moisture content of all samples were below the
maximum limit (21%) established by National Agency for Food and Drug
Administration and Control, and European Union. Although there were significant
differences in moisture content between honey samples obtained from the four

locations. The mean moisture content (16.90+0.10%) of this study is lower than the
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moisture content of the country’s average (22.6%) Babatundeet al, (2007). According
to Babatundeet al., 2007, the maximum limit of moisture content of Nigerian honey so
far analysed is 30%. Honey moisture content depends on the environmental conditions
such as temperature, relative humidity of the area and the manipulation of honey
during harvesting by beekeepers, and it can vary from season to season (Acquarone et
al., 2007). Moisture variability depends on climatic factors, season of production and

maturity of honey (Cantarelli et al, 2008).

Similarly, significant difference was observed in sucrose content between honey
samples collected from different locations. The amount of sucrose in honey differs
according to the degree of maturity and nectar compound of the honey. Unripen honey
that were harvested early contain too much sucrose (White et al, 1962; White, 1980;
Belitz and Grosch, 1999). As the degree of ripeness increase, the amount of sucrose
found in honey decreases, this indicates that the level of sucrose reduce with the
maturity of honey. Triplochiton scleroxylon had the highest mean sucrose content
while Gmelina arborea (5.56%) had the least mean sucrose content. This implies that
Gmelina arborea hive had early colonisation and as such the honey samples were fully

matured.

This study further revealed that the Gmelina arborea had the highest (0.55%) mean
ash content, while Terminalia superba had the lowest (0.48%) mean ash content. The
ash content of the honey samples analysed is lower than the maximum limits (0.6%)
set for ash content of the honey by EU, CA and QSAE. Ash contents in honey could be
affected by nectar ingredients for honey production (Al-Khalifa and Al-Arify, 1999;
Annon, 2001-2004). The average ash content of the honey samples analysed was
within the international limits for ash content of honey. This might be due to the
variability of soil type and concentration of minerals found in the nectar on different
apiaries. But no significant difference in ash content was observed between honey
samples collected from different locations and different wood species (p>0.05). In

general, the mean ash content (0.55%) shows that the honey is of good quality.
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CHAPTER SIX
CONCLUSIONS AND RECOMENDATIONS

6.1 Conclusions

The studywasconducted to assess influence of species preference for beehive construction
for effective colonisation of Honeybees in apiculture. It was generally found that Gmelina
arborea and Triplochiton scleroxylon were the most preferred wood species for beehive
construction in Oyo and Ogun States. It was also found that high levels of alkaloids and
flavonoids in Gmelina arborea improved bee colonisation, reduced abscondment, and
increased honey production.

The wood species used for beehive construction in Oyo and Ogun States are Gmelina
arborea, Terminalia superba, Cordia milleni, Triplochiton scleroxylon,Albizia zygia,
Celtis zenken, Khaya grandifoliola, Nauclea diderichii, Adansonia digitata, Ceiba
petandra, Eucalyptus glubulus, Senna siamea, Butyrospermum parasoxum, Daniellia
oliveri, and Vitellaria paradoxa. Only five (Gmelina arborea, Terminalia superba,
Cordia millenii, Triplochiton sceloroxylon,Khaya grandifoliola) were however
commonly used by beekeepers in the study area. The different wood species had
moderate rate of colonisation, which was determined by forage availability around the

location of the beehives and the types of wood species.

Gmelina arborea was the most suitable species for honeybee hives as it had lowest
volumetric shrinkage and lowest moisture content which enhanced the durability of the
hives, prevented water from entering the hives as well as enabled a long term survival
of the beeswax and honeycomb attached to the top bars.It also had the highest

colonisation and least abscondment rate, with resultant high honey yield.

Gmelina arborea had the highest alkaloid, flavonoids and phenolic contents. However,
Triplochiton scleroxylon, Cordia millenii, Khaya grandifoliola, Terminalia superba
had higher Cellulose and total lignin content. Increasing levels of hemicellulose and
phenolic substance and decreasing levels of cellulose in the wood was associated with
increased colonisation. Gmelina arborea was identified to be a significant higher

producer of the flavonoids useful for foraging and nesting of the African bees.
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The honey produced from all samples was of good quality. The moisture content of all

samples were below the maximum limit (21%) established by National Agency for

Food and Drug Administration and Control, and European Union. The average ash

content of the honey samples analysed was within the international limits for ash

content of honey. The sucrose content which is influenced by the degree of maturity

and nectar compound of the honey differed per sample and across location. The lowest

sucrose content depicting higher quality was found in Gmelina arborea.

6.2

Recommendations

Based on the result of the study, the following recommendations are made

Beekeepers Association of Nigeria and all stakeholders should create
awareness among beekeepers on the use of Gmelina for hives construction so
as to increase colonisation and reduce abscondment while improving honey
yield.

Further study should be carried out to identify plants visited by bees. This will
further assist in planting the appropriate plant in apiary for increased honey
yield.

Regular examination of the colony (i.e “Going through the bees” a phrase
beekeepers use for opening the hives to examine the condition of the broods,
food storage, signs and symptoms of diseases, swarming e.t.c) should be
regularly encouraged for high yield production

Generally, Nigerians need regular education and awareness on the importance
of “genetic honeybees and trees” resources conservation. More lands need to be

strictly conserved.
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WOOD SPECIES SELECTIVITY FOR BEEHIVE PRODUCTION IN OYO
AND OGUN STATES KEY INFORMANT QUESTIONNAIRE

Preamble:

This questionnaire is designed for the purpose of studying the wood species selected
for beehive production in South West Nigeria. You are kindly requested to provide
correct answers to the questions. The research is purely academic and has nothing to
do with taxation. You are assured of the strict confidentiality of the information

provided.

Thank you for your cooperation
Akinlade A.A.S

1. Name of State

2. Name of the CommuUNIty..........oouiiuiiiiiii i,

3. Age of respondent in years..................... (a) Less than 30  (b) 30-39 (c¢)

4. Sex (a)Male [ ]| (b) Female [ ]

5. Education background of the respondent (a) Primaryl:l Secondary |:|
(c) Post-Secondary |:|(d) No formal education []

6. How long have you been residing in the community. (a) Between 1-5 years ]
(b) Between 5 -10 years [ _](c) Between 10 — 15 years [] (d) between 15 -

[ ] 20 years [] (e) Above 20 years

7. Number of housing unit (approximate):

8. Ethnic group (a) Yoruba (b) Hausa (c) Igbo (d) Others
9. Religion: (a) Christianity (b) Islam(c) Traditional (d) Others
10.

Compendium of wood species used for beekeeping
11. Which type of wood did you use for your hive construction (a) White Wood (b)

12. What is the name of the wood wused for your hive construction?

13. How many hives do you have (a) 1-5 (b) 6-10 (¢) 11-15 (d) Above 15

14. What is the main use of the produce from this bee rearing?
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15.

16.

17.

18.
19.

20.

21.

Do you encounter any problem with your beehives? (a) Yes, (b) No

if yes, what problem is it? (a) Colonisation (b) Disturbance by external bodies
(c) theft (d) others, specify..........

What do you think caused the problem? (a) Types of wood (b) Weather
condition (c) Others specify.............

Do bees colonize your hives fast? (a) Yes (b) No,

If yes, What factor (s) do you think is responsible for the quick colonisation

When did you start beekeeping (Years of beekeeping experience)? (a) Below 5
years. (b) 6-10years. (c) 11-15 years. (b) 16-20years. (e) Above 20 years

Total production of honey (kilograms)

Where do you keep your bee colonies?

No | Site or placement of hive Traditional | Intermediate Movable-
frame
1 | Backyard
2 Under the roof
3 Inside the house
4 Hanging on trees near
homestead

22. Do you have empty beehives? 1. Yes 2. No
23. If yes, list the number of empty hives you have.

No Type's of Numbers | Reasons (use causes in question 30)
beehives
1 Traditional
2 Intermediate
3 Movable-frame
24. Is there an increase in trend in number of bee colonies and honey yield over
the last 5 years, (a) yes, (b) No
25. If yes what are the causes?
26. Did your colonies abscond? (a). Yes (B). No
27. What are the reasons for bees absconding hive?
28. What measures do you undertake to prevent absconding?
29. Do you observe any honeybee diseases in your apiary? 1. Yes
2.No
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30. Ifyes, what are the diseases you observed?

No Local name Stages of bee Symptoms Inc%dence Local control
affected period measure/s

Adult Brood

1

2

3

iv. Colony Management and Honey harvesting

32. Do you visit and inspect your beehives and colonies? (a).

Yes  (b).No

33. If yes, which type of inspection do you perform?

34. Frequency of inspection (a). frequently (b). sometimes(c). rarely

35. If no inspection, what is the reason?

36. Do you clean your apiary? 1. Yes 2. No
Post-Harvest Management

37. Do you strain your honey? ?(a). Yes (b).No

38. If yes, what materials do you use for

straining?

39. If you don’t strain your honey why?

40. For how long do you store your honey?

41. Why do you store honey?

42, If your honey is crystallized, did you change it to viscous honey? (a). Yes.
(b)No_

43, If yes, what methods do you use?

44. What are the factors that govern the price of the honey in your locality?
Describe How?

45. Who are your customers? (a). Middlemen (b). Retailers (c).Wholesalers (d).

Consumers (e).co-operative (f).others specify:
46. Where do you sell your honey?
47. Which honey command greater market value?

VIII. Beekeeping extension

48. Do you have contact with extension agent? (a). Yes (b). No
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49.

50.

51.

52.

53.

Who assisted you in improving your beekeeping production activities?
(a).Agricultural and Rural development (b).Non-Governmental

Organization(c).Research Centre (d).Neighbour(e). Relatives (f).Othersspecify

Which extension media helped you most to learn about beekeeping?

In what area were you trained?

Can you practically apply the training? (a). Yes (b). No

If no, what was wrong with the training?
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Appendix 2: Analysis of variance for physical properties of wood samples

Property SV SS df MS F. Sig.
longitudinal
thickness Wood species 4.05 4 1.01 23.18 0.00*
Location 0.97 0.32 7.41 0.00*
Spp*Location 1.59 12 0.13 3.03 0.00%*
Error 16.61 40 0.04
Total 106.36 42
taflgentlal Location 890.87 4 29271 123.8 0.00*
thickness 5
Wood species 62.82 3 20.94 11.64 0.00*
Location*Wood  213.99 12 17.83 9.92  0.00%*
Error 683.35 380 1.798
Total 14733.99 400
Radial Location 160.51 4 40.13 31.65 0.00*
thickness Wood species 1.04 3 0.35 0.27  0.85™
Location*Wood  30.15 12 2.51 1.98  0.02%*
Error 481.81 40 1.27
Total 5962.07 42
V(.)lumetrlc Location 1786.34 4 446.58 159.8 0.00%
thickness 9
Wood species 64.86 3 21.62 7.74 0.00*
Location*Wood  242.49 12 20.21 7.24  0.00%*
Error 1061.33 40 2.79
Total 37834.98 42
Longitudina Location 0.13 4 0.03 1.78 0.13™
I shrinkage  Wood species 0.03 3 0.00 0.46 0.71™
Location*Wood  0.59 12 0.05 2.63 0.00%*
Error 7.09 40 0.02
Total 20.88 42
Tangential  Location 270.69 4 67.67 54.84 0.00%*
shrinkage Wood species 75.36 3 25.12 20.36  0.00%*
Location*Wood  88.059 12 7.338 5.95 0.00*
Error 468.937 40 1.234
Total 8059.78 42
Radial Location 90.89 4 22.72 28.70  0.00*
shrinkage Wood species 9.19 3 3.06 3.87  0.01%*
Location*Wood  150.40 12 12.53 15.83  0.00*
Error 300.84 40 0.79
Total 3906.43 42
Volumetric  Location 558.48 4 139.62 76.78 0.00*
shrinkage Wood species 136.45 3 45.48 25.01 0.00%*
Location*Wood  381.27 12 31.77 17.47  0.00*
Error 691.00 40 1.82
Total 22079.37 42
Oven-Dry Location 7462.5  305.7 %
Density(%) 2985032 4 3 5 0.00
Wood species 18249.75 3 6083.2 2.49 0.06™
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Location*Wood
Error

Total
Moisture Location
Content(%)
Wood species
Location*Wood
Error
Total

64145.17

927473
83135.50
629.68

182.94
237.40
504.56
10836.03

12
40
42

5345.4

2440.7

157.42

60.98
19.78
1.323

2.19

118.5

45.93
14.89

0.01*

0.00*

0.00*
0.00*

*Significant and ™ Not Significant at 5% probability level
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Appendix 3: Analysis of variance of chemical properties of wood samples

Property SV Df SS MS F-cal F-tab
Alkaloid Location 3 33963.17 11321.04 55.609* 2.84
s(mg/100) Wood species 4 56939.90 14234.98 69.922%* 2.61
Location*Woo 12 483128.63 40260.72 197.760%* 1.95
d
Error 40 8143.33 203.58
Total 42 582174.98
Tanins Location 3 12316385.13  4105461.71 17287.368 2.84
(mg/100g) *
Wood species 4 1450652.10  362663.03  1527.109* 2.61
Location*Woo 12 6317075.37 52642295  2216.673* 1.95
d
Error 40 9499.33 237.48
Total 42 20093611.93
Cardiac Location 3 8940.13 2980.04 382.057%  2.84
(mg/100g) Wood species 4 2913.43 728.36 93.379* 2.61
Location*Woo 12 10788.03 899.00 115.257* 1.95
d
Error 40 312.00 7.80
Total 42 22953.60
Saponins Location 3 174338.32 58112.77 1657.208*  2.84
(mg/100g) Wood species 4 26172.10 6543.03 186.588*  2.61
Location*Woo 12 101547.77 8462.31 241.321%* 1.95
d
Error 40 1402.67 35.07
Total 42 303460.85
Cellulose Location 3 7364.53 2454.84 220.826*%  2.84
(mg/100g) Wood species 4 6885.27 1721.32 154.841%* 2.61
Location*Woo 12 25962.47 2163.54 194.621* 1.95
d
Error 40  444.67 11.12
Total 42 40656.93
Hemicellulos Location 3 11388.58 3796.19 352.043*  2.84
e (mg/100g) Wood species 4 14311.23 3577.81 331.791%* 2.61
Location*Woo 12 88705.83 7392.15 685.516%* 1.95
d
Error 40  431.33 10.78
Total 42 114836.98
Total Lignin  Location 3 2252.05 750.68 184.55* 2.84
Wood species 4 362.07 90.52 22.258%* 2.61
Location*Woo 12 1104.20 92.02 22.627* 1.95
d
Error 40 162.67 4.07
Total 42 3880.98
Flavonoid Location 3 400067.65 133355.88  749.82%* 2.84
(mg/100g) Wood species 4 34531.90 8632.98 48.54* 2.61
Location*Woo 12 135638.10 11303.18 63.56* 1.95
d
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Error
Total
Phenolic Location
Wood species
Location*Woo
d
Error

Total

40
42
3

4
12

40
42

7114.00
577351.65
1528.47

7531.05
27402.32

5.87
36467.71

177.85

509.49 2469.86* 2.84
1882.76 12822.44*  2.61
2283.53 15551.83* 1.95
0.147

*Significant **Not significant at 5% probability level
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Appendix 4: Analysis of variance for Honey samples

Property SV Df SS MS F-cal F-
tab
Moisture Location 3 41.25 13.8 74.19* 2.84
content (%)
Wood species 4 338 0.85 4.57* 2.61
Location*Woo 12 26.52 2.21 11.93%* 1.95
d
Error 40 7.41 0.19
Total 59 78.57
Protein (%) Location 3 0.04 0.01 0.83™ 2.84
Wood species 4 0.06 0.02 0.93™ 2.61
Location*Woo 12 0.26 0.02 1.38"™ 1.95
d
Error 40 0.63 0.02
Total 59 0.99
Viscosity Location 3 45420.13 15140.04 215.01* 2.84
(Centistokes)
(t*4.697)
Wood species 4 25886.10 6471.53  91.90%* 2.61
Location*Woo 12 189098.03 15758.17 223.79* 1.95
d
Error 40 2816.65 70.42
Total 59 263220.93
Ash (%) Location 3 0.05 0.02 0.76™ 2.84
Wood species 4 0.07 0.02 0.85™ 2.61
Location*Woo 12 0.83 0.07 3.49%* 1.95
d
Error 40 0.79 0.02
Total 42 1.74
Carbohydrates  Location 3 2480 8.27 12591* 2.84
(By difference Wood species 4 9.73 2.43 37.06* 2.61
%) Location*Woo 12 53.02 4.42 67.29* 1.95
d
Error 40 2.63 0.07
Total 42 90.19
Sucrose (%) Location 3 80.14 26.71 715.53* 2.84
Wood species 4 3.08 0.77 19.25* 2.61
Location*Woo 12 33.84 2.82 75.55% 1.95
d
Error 40 1.49 0.04
Total 42 118.56
Terpernoid Location 3 81314.58 27104.86 3176.35* 2.84
Wood species 4 570477 1426.19 167.13* 2.61
Location*Woo 12 54589.50 4549.13  533.10* 1.95
d
Error 40 341.33 8.53
Total 59 141950.1
8

*Significant and ™Not Significant at 5% probability level
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Appendix 5: Total mean table of phytochemical properties of honey bees

Terpenoids | Carbohydrat Protein Viscosity Ash Sucrose
e
Gmelina 90.58+3.03 | 82.72+0.18 0.49+0.13 2428.92+8.39 | 0.55+£0.16 | 5.60+0.23
Cordia 85.17+2.61 | 82.35+0.21 0.45+0.13 2459.75+7.45 | 0.55+0.17 | 5.83+0.13
Millenii
Triplochiton | 109.424+2.4 | 82.20+0.22 0.48+0.11 2477.67£4.90 | 0.54+0.10 | 6.17+0.15
Scleroxylon 1
Khaya 99.17+£3.48 | 82.24+0.22 0.49+0.14 2463.42+£10.32 | 0.48+0.11 | 5.5440.18
grandifoliola
Terminalia | 109.25+2.3 | 75.11+0.35 0.48+0.09 2503.83+11.67 | 0.48+0.10 | 5.68+0.18
Superba 1
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Appendix 6 : Wood for Hives construction and rate of Abscondment

Mean %
N abscondment S.D
Terminalia superba 4 33.3000° .00000
Triplochiton scleroxylon 4 24.9750° 16.65000
Gmelina 4 8.3250° 16.65000
Khaya grandifoliola 4 49.8000° 19.05413
Cordia millenii 4 33.3000° .00000
Total 20 29.9400 18.33597
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Appendix 7 : Effect of wood hives on colonisation

Ogun 1 Ogun?2 Oyo2 Oyol Overall
Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D
Terminalia superba 7222 2546 4444 4194 5000 44.10 50.00 44.10 54.17° 35.62
Triplochiton scleroxylon 33.33 28.87 38.89 34.69 38.89 34.69 3889 34.69 37.50° 28.54
Gmelina 83.33 16.67 8333 16.67 94.44 9.62 77.78 9.62 84.72° 13.22
Khaya grandifoliola 38.89 34.69 16.67 28.87 16.67 28.87 38.89 34.69 27.78" 29.59
Cordia millenii 4444 4194 38.89 34.69 50.00 44.10 38.89 34.69 43.06° 33.68
Total 5444 33.01 4444 3545 5000 3934 4889 3241 4944 3444
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Appendix 8: Effect of wood hives on colonisation (%)

%

percenta
ge

Average number of colonisat
Top bar colonised ion

Location Wood species Mean S.D Mean S.D
Onifuufu Terminalia superba 2.67 2.52 50.00 44.10
Triplochiton scleroxylon 2.33 2.08 38.89  34.69
Gmelina 5.00s 1.00 77.78  9.62
Khaya grandifoliola 1.00 1.73 38.89  34.69
Cordia millenii 2.33 2.08 38.89  34.69
Total 2.67 2.13 48.89 3241
Ogunmakin Terminalia superba 4.33 1.53 50.00 44.10
Triplochiton scleroxylon 2.00 1.73 38.89  34.69
Gmelina 5.33 1.53 94.44  9.62
Khaya grandifoliola 2.33 2.08 16.67  28.87
Cordia millenii 2.67 2.52 50.00 44.10
Total 3.33 2.09 50.00 39.34
Adeaga Terminalia superba 3.00 2.65 72.22 2546
Triplochiton scleroxylon 2.33 2.08 33.33  28.87
Gmelina 5.67 0.58 83.33  16.67
Khaya grandifoliola 1.00 1.73 38.89  34.69
Cordia millenii 3.00 2.65 44.44 41.94
Total 3.00 2.36 5444 33.01
Ayetoro Terminalia superba 3.00 2.65 44,44  41.94
Triplochiton scleroxylon 2.33 2.08 38.89  34.69
Gmelina 4.67 0.58 83.33  16.67
Khaya grandifoliola 2.33 2.08 16.67  28.87
Cordia millennii 2.33 2.08 38.89  34.69
Total 2.93 1.94 44.44 3545
Total Terminalia superba 3.25 2.14 54.17  35.62
Triplochiton scleroxylon 2.25 1.71 37.50 28.54
Gmelina 5.17 0.94 84.72 13.22
Khaya grandifoliola 1.67 1.78 27.78  29.59
Cordia millenii 2.58 2.02 43.06 33.68
Total 2.98 2.10 49.44 3444
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Appendix 9: Honey yield per colony (kg) based on wood samples

Wood species Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
Terminalia superba 4.772° 119 4.527 5.018
Triplochiton scleroxylon  5.209° 114 4.974 5.444
Gmelina 5.911° .097 5.710 6.111
Khaya grandifoliola 3.624° 145 3.324 3.925
Cordia millenii 5.165 119 4.920 5.410
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Appendix 10

Honey yield per colony (kg) based on Location

Location2 Mean Std. Error 95% Confidence Interval
Lower Bound  Upper Bound
Adeaga 4978 .099 4.773 5.182
Ayetoro 4.785 113 4.551 5.019
Onifuufu 4.932 113 4.699 5.166
Ogunmakin 5.050 .103 4.838 5.262
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Appendix 11: Mean value of honey yield after harvesting

Location Wood species Mean Std. Error 95% Confidence
Interval
Lower Upper
Bound Bound
Adeaga Terminalia 5.441 194 5.040 5.842
superba
Triplochiton 4 ¢4 237 4.152 5.134
scleroxylon
Gmelina 6.737 194 6.337 7.138
Khaya
grandifoliola 3.563 237 3.072 4.054
Cordia millenii 4.504 237 4.013 4.995
Ayetoro Terminalia 5.044 237 4553 5.535
superba
Triplochiton —— sq, 237 4.096 5.078
scleroxylon
Gmelina 5.209 194 4.809 5.610
Khaya
grandifoliola 3.439 336 2.745 4.134
Cordia millenii 5.645 237 5.154 6.136
Onifuufu Terminalia 5 55, 237 4761 5.743
superba
Triplochiton 4 cq, 237 4.191 5.173
scleroxylon
Gmelina 6.229 194 5.829 6.630
Khaya
grandifoliola 3.440 336 2.746 4.134
Cordia millenii 5.058 237 4.567 5.549
Ogunmakin Terminalia 5.100 237 4609 5591
superba
Triplochiton 5.177 237 4.686 5.668
scleroxylon
Gmelina 5.466 194 5.065 5.867
Khaya
grandifoliola 4.054 237 3.563 4.545
Cordia millenii 5.453 237 4.962 5.944

a. This level combination of factors is not observed, thus the corresponding population
marginal mean is not estimable.
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Appendix 12: Pooled physical properties of the Wood Species in Oyo and Ogun States

Volumetric Oven dry Moisture Content (%)
shrinkage density (%)
Gmelina (Oyo) 5.69+1.35 450.49+15.64 14.83+0.37
Gmelina (Ogun) 6.24+1.39 449.18+15.49 15.17+0.36
Cordia milenni (Oyo) 6.07+1.27 395.61+58.50 15.74+0.52
Cordia milenni (Ogun) 6.56+1.22 397.29+58.48 15.24+0.53
Triplochiton scleroxylon (Oyo) 7.89+1.23 39684429 79 15.9642.07
Triplochiton scleroxylon (Ogun) 8.78+1.06 393.70+29.88 16.57+0.60
Khaya grandifoliola (Oyo) 8.76+1.54 611.55+70.65 18.68+0.53
Khaya grandifoliola (Ogun) 8.80+1.14 608.34+70.85 18.62+2.13
Terminalia superba (Oyo) 6.27+1.52 376.51+33.11 15.05+0.55
Terminalia superba (Ogun) 6.26+1.49 368.54+32.23 17.57+0.11
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Appendix 13: Pooled phytochemical properties of the wood species

Alkaloids Tannins Saponins Flavonoid Cellulose Cardiac Phenol Hemicellulose Total lignin

Gmelina 392.24+2.05 130.59+2.58 71.17+2.20 174.65+6.8 | 101.09+£3.39 | 77.34+1.29 | 38.04+0.18 | 115.835+3.88 18.165+2.45

Cordia 614.83£5.61 | 135.1744.52 | 55.76+£2.24 | 121.58£1.70 | 93.17+2.87 | 27.98+0.17 | 90.585+2.82 23.168+2.10
Milleni 278.17+4.49

Triplochiton | 314.01£10.19 | 616.00£7.09 | 113.50+1.91 | 152.59+1.72 | 131.2542.83 | 95.33+3.08 | 12.8+0.56 | 115.915+2.72 23.333+1.38

Scleroxylon

Khaya 773.08+11.15 | 167.67+£8.62 | 45.34+1.99 | 111.09+£3.56 | 89.25+2.44 | 28.93+0.24 | 130.998+2.49 25.415+1.93
grandifoliola | 217.16+11.66

Terminalia 1300.67+10.16 | 129.75+4.44 | 166.26+16.48 | 107.334£3.59 | 80.92+£2.07 | 63.00+£0.55 | 134.248+3.17 24.000+1.65
Superba 272.17+4.94
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Appendix 14: Wood for Hives construction and rate of Abscondment

Number Hives Percentage
Location Wood species absconded abscondment
Onifuufu Gmelina 0 0
Onifuufu Cordia millenii 1 33.3
Triplochiton
Onifuufu scleroxylon 1 33.3
Khaya
Onifuufu grandifoliola 2 66.6
Terminalia
Onifuufu superba 1 333
Ogunmakin Gmelina 0 0
Ogunmakin Cordia millenii 1 33.3
Triplochiton
Ogunmakin scleroxylon 1 333
Khaya
Ogunmakin grandifoliola 2 66.6
Terminalia
Ogunmakin superba 1 333
Adeaga Gmelina 1 33.3
Adeaga Cordia millenii 1 33.3
Triplochiton
Adeaga scleroxylon 1 33.3
Khaya
Adeaga grandifoliola 1 33.3
Terminalia
Adeaga superba 1 33.3
Ayetoro Gmelina 0 0
Ayetoro Cordia millenii 1 33.3
Triplochiton
Ayetoro scleroxylon 1 33.3
Khaya
Ayetoro grandifoliola 2 66.6
Terminalia
Ayetoro superba 1 33.3
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Appendix 15: SPSS output for data analysed in the study

Oneway
ANOVA
Honeyyield
Sum of Squares df Mean Square
Between Groups 2.466 3 .822 2.732 .048
Within Groups 28.893 96 301
Total 31.359 99
Oneway
Descriptives
VARO00001
N Mean Std. Deviation Std. Error 95% Confidence Interval for Minimum Maximum
Mean
Lower Bound  Upper Bound
Terminalia 9 5.2351 17639 05880 5.0995 5.3707 5.01 5.52
superba
Triplochiton 8 47721 25512 109020 4.5589 4.9854 4.56 5.23
scleroxylon
Gmelina 12 5.9105 713556 21234 5.4432 6.3779 5.17 6.74
Khaya 6 5.1857 56512 23071 4.5926 5.7787 4.45 5.66
grandifoliola
Cordia 6 5.0690 56693 23145 4.4741 5.6640 4.48 5.72
milenni
Total 41 5.3109 .65180 10179 5.1052 5.5167 4.45 6.74
ANOVA
VARO00001
Sum of Df Mean Square F
Squares
Between
7.134 4 1.783
Groups
Within Groups 9.860 36 274
Total 16.994 40
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: VAR00001

Scheffe
(I) Woodspecies2  (J) Woodspecies2  Mean Difference  Std. Error 95% Confidence Interval
(I-J) Lower Bound  Upper Bound
Terminalia Terminalia
superba superba
Iriplochiton 46297 25430 516 -3624 1.2883
scleroxylon
Gmelina -.67544 23077 .096 -1.4244 .0736
Khaya 04941 27583 1.000 -.8458 9446
grandifoliola
Cordia millenii .16608 27583 985 -.7292 1.0613
Iriplochiton Terminalia _46297 25430 516 112883 3624
scleroxylon superba
Triplochiton
scleroxylon
Gmelina -1.13841 23887 .001 -1.9137 -.3631
Khaya ~A1355 28264 711 -1.3309 5038
grandifoliola
Cordia millenii -.29689 28264 .892 -1.2142 .6205
Gmelina Terminalia 67544 23077 096 -.0736 1.4244
superba
Triplochiton 1.13841" 23887 .001 3631 1.9137
scleroxylon
Gmelina
Khaya = 72485 26167 129 -1244 1.5741
grandifoliola
Cordia milleniii .84152 26167 .053 -.0078 1.6908
Khaya Terminalia -.04941 27583 1.000 -.9446 8458
grandifoliola superba
Triplochiton 41355 28264 11 -.5038 13309
scleroxylon
Gmelina -.72485 26167 .129 -1.5741 1244
Khaya
grandifoliola
Cordia milleniii 11667 30215 .997 -.8640 1.0973
Cordia millenii — Terminalia -.16608 27583 985 -1.0613 7292
superba
Triplochiton 29689 28264 892 -.6205 1.2142
scleroxylon
Gmelina -.84152 26167 .053 -1.6908 .0078
Khaya -.11667 30215 997 -1.0973 8640
grandifoliola

Cordia millenii

*. The mean difference is significant at the 0.05 level.
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HCordia milennigeneous Subsets

VARO00001
Scheffe
Woodspecies N Subset for alpha =
2 0.05

1 2

Triplochiton ] 47721
scleroxylon
Cordia 6 50690  5.0690
millenii
Khaya
grandifoliola 6 5.1857 5.1857
Terminalia 9 52351 52351
superba
Gmelina 12 5.9105
Sig. .565 062

Means for groups in hCordia milennigeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size = 7.660.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.
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Univariate Analysis of Variance
Between-Subjects Factors

Value Label N
Location2 1 Adeaga 12
2 Ayetoro 10
3 Onifuufu 10
4 Ogunmakin 9
Woodspecies 1 Terminalia
9
2 superba
2 Triplochiton 3
scleroxylon
3 Gmelina 12
4 Khaya 6
grandifoliola
5 Cordia
SR 6
millenii
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Descriptive Statistics

Dependent Variable: VAR00001

Location2 Woodspecies2 Mean Std. N
Deviation
Adeaga Terminalia superba 5.4412 .06419 3
Triplochiton 4.6429 04575 2
scleroxylon
Gmelina 6.7375 .00272 3
Khaya grandifoliola 5.0629 .82440 2
Cordia milenni 4.5038 .03369 2
Total 5.4129 90656 12
Ayetoro Terminalia superba 5.0444 .04867 2
Triplochiton 45868 03369 2
scleroxylon
Gmelina 5.2094 06215 3
Khaya grandifoliola 5.4394 . 1
Cordia milenni 5.6450 .10856 2
Total 5.1620 37457 10
Onifuufu Terminalia superba 5.2518 .01664 2
Triplochiton 4.6821 01622 2
scleroxylon
Gmelina 6.2294 .85686 3
Khaya grandifoliola 5.4400 . 1
Cordia milenni 5.0582 .53990 2
Total 5.4112 75520 10
Ogunmakin Terminalia superba 5.1000 02912 2
Triplochiton 5.1768 07945 2
scleroxylon
Gmelina 5.4659 .15996 3
Khaya grandifoliola 5.0544 .85061 2
Cordia milenni
Total 5.2289 36227 9
Total Terminalia superba 5.2351 .17639 9
Iriplochiton 4.7721 25512 8
scleroxylon
Gmelina 5.9105 73556 12
Khaya grandifoliola 5.1857 56512 6
Cordia millenii 5.0690 .56693 6
Total 5.3109 .65180 41
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Tests of Between-Subjects Effects

Dependent Variable: VAR00001

Source Type Il Sum  Df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 13.737° 18 763 5.156 .000 .808
Intercept 1021.496 1 1021.496  6901.073 .000 .997
Location2 184 3 .061 414 745 .053
Woodspecies2 7.165 4 1.791 12.101 .000 .688
Location2 ¥ 5.975 1 543 3670 005 647
Woodspecies2
Error 3.256 22 148
Total 1173.434 41
Corrected Total 16.994 40
a. R Squared = .808 (Adjusted R Squared = .652)
Estimated Marginal Means
1. Grand Mean
Dependent Variable: VAR00001
Mean Std. Error  95% Confidence Interval
Lower Upper
Bound Bound
5.251° .063 5.121 5.382
a. Based on modified population marginal mean.
2. Location2
Estimates
Dependent Variable: VAR00001
Location2 Mean Std. Error 95% Confidence Interval
Lower Upper
Bound Bound
Adeaga 5.278 113 5.043 5.513
Ayetoro 5.185 130 4.916 5.454
Onifuufu 5.332 130 5.064 5.601
Ogunmakin 5.199° 130 4.929 5.469

a. Based on modified population marginal mean.
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Pairwise Comparisons

Dependent Variable: VAR00001

q)) ) Mean Std. Error Sig.* 95% Confidence Interval for
Location2  Location2  Difference (I-J) Difference®
Lower Bound  Upper Bound

Adeaga Adeaga

Ayetoro .093 172 .596 -.264 449

Onifuufu -.055 172 754 -411 302

Ogunmakin 078" 173 .654 -.280 436
Ayetoro Adeaga -.093 172 .596 -.449 264

Ayetoro

Onifuufu -.147 183 430 -.527 233

Ogunmakin -014* 184 939 -.395 367
Onifuufu  Adeaga .055 172 754 -.302 411

Ayetoro 147 183 430 -.233 527

Onifuufu

Ogunmakin 133° 184 477 -.248 S14
Ogunmakin Adeaga -.078° 173 .654 -.436 .280

Ayetoro .014° 184 939 -.367 395

Onifuufu -.133° 184 477 -514 248

Ogunmakin

Based on estimated marginal means

a. An estimate of the modified population marginal mean (J).
b. An estimate of the modified population marginal mean (I).

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Univariate Test
Dependent Variable: VAR00001

Sum of Df Mean Square F Sig. Partial Eta

Squares Squared
Contrast 128 3 .043 .289 .833 .038
Error 3.256 22 148

The F tests the effect of Location2. This test is based on the linearly independent pairwise
comparisons among the estimated marginal means.

3. Woodspecies2

Estimates

Dependent Variable: VAR00001
Woodspecies Mean Std. Error 95% Confidence Interval
2 Lower Upper

Bound Bound
Terminalia 5.209 130 4.939 5.479
superba
Triplochiton 4.772 136 4.490 5.054
scleroxylon
Gmelina 5911 A11 5.680 6.141
Khaya 5.249 167 4.904 5.595
grandifoliola
Cordia 5.069" 157 4.743 5.395
millenii

a. Based on modified population marginal mean.
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Dependent Variable: VAR00001

Pairwise Comparisons

D (J) Woodspecies2 Mean Std. Error Sig.® 95% Confidence Interval for
Woodspecies2 Differenc Difference"
e (I-J) Lower Bound  Upper Bound

Terminalia Terminalia
superba superba

Triplochiton x

437 .188 .030 .047 .828

scleroxylon

Gmelina -701° 171 .000 -1.056 -.346

Khaya

grandifoliola -.040 211 .852 -478 399

Cordia millenii .140° 204 499 -.283 .563
Triplochiton Terminalia 437" 188 030 _ 828 _ 047
scleroxylon superba

Triplochiton

scleroxylon

Gmelina -1.138" 176 .000 -1.503 -774

Khaya x

grandifoliola -477 215 .037 -.923 -.031

Cordia millenii -.297° 208 167 -.728 134
Gmelina Terminalia 701 171 .000 346 1.056

superba

Triplochiton 1.138" 176 .000 774 1.503

scleroxylon

Gmelina

Khaya x

grandifoliola 661 200 .003 246 1.077

Cordia millenii .8427° 192 .000 443 1.240
Khaya Terminalia 040 211 852 -399 478
grandifoliola  superba

Triplochiton 477" 215 037 031 923

scleroxylon

Gmelina -.661" 200 .003 -1.077 -.246

Khaya

grandifoliola

Cordia millenii .180° 229 440 -.295 .655
Cordia millenii Terminalia _140° 204 499 563 83

superba

Triplochiton 207 208 167 134 728

scleroxylon

Gmelina -.8427¢ 192 .000 -1.240 -.443

Khaya c

grandifoliola -.180 229 440 -.655 295

Cordia millenii

Based on estimated marginal means
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*. The mean difference is significant at the .05 level.

b. An estimate of the modified population marginal mean (J).

c. An estimate of the modified population marginal mean (I).

d. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Dependent Variable: VAR00001

Univariate Tests

Sum of Df Mean Square F Sig. Partial Eta
Squares Squared
Contrast 7.097 4 1.774 11.987 .000 .685
Error 3.256 22 148
The F tests the effect of Woodspecies2. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.
4. Location2 * Woodspecies2
Dependent Variable: VAR00001
Location2 Woodspecies?2 Mean Std. Error  95% Confidence Interval
Lower Upper
Bound Bound
Adeaga Terminalia superba 5.441 222 4.981 5.902
Triplochiton 4.643 272 4.079 5.207
scleroxylon
Gmelina 6.737 222 6.277 7.198
Khaya grandifoliola 5.063 272 4.499 5.627
Cordia millenii 4.504 272 3.940 5.068
Ayetoro Terminalia superba 5.044 272 4.480 5.609
Triplochiton 4.587 272 4.023 5.151
scleroxylon
Gmelina 5.209 222 4.749 5.670
Khaya grandifoliola 5.439 385 4.642 6.237
Cordia millenii 5.645 272 5.081 6.209
Onifuufu Terminalia superba 5.252 272 4.688 5.816
Triplochiton 4.682 272 4.118 5.246
scleroxylon
Gmelina 6.229 222 5.769 6.690
Khaya grandifoliola 5.440 385 4.642 6.238
Cordia millenii 5.058 272 4.494 5.622
Ogunmakin  Terminalia superba 5.100 272 4.536 5.664
Iriplochiton 5177 272 4.613 5.741
scleroxylon
Gmelina 5.466 222 5.005 5.927
Khaya grandifoliola 5.054 272 4.490 5.619

Cordia millenii

a

a. This level combination of factors is not observed, thus the corresponding population
marginal mean is not estimable.
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Post Hoc Tests

Location2

Multiple Comparisons

Dependent Variable: VAR00001

Scheffe
D ) Mean Std. Error Sig. 95% Confidence Interval
Location2  Location2  Difference (I-J) Lower Upper
Bound Bound
Adeaga Adeaga
Ayetoro 2509 16473 521 -.2473 7492
Onifuufu .0017 16473 1.000 -.4965 4999
Ogunmakin 1841 16965 .760 -.3291 6972
Ayetoro Adeaga -.2509 16473 521 -.7492 2473
Ayetoro
Onifuufu -.2492 17206 562 -.7696 2711
Ogunmakin -.0669 17677 .986 -.6015 4678
Onifuufu Adeaga -.0017 16473 1.000 -.4999 4965
Ayetoro 2492 17206 562 -2711 7696
Onifuufu
Ogunmakin 1823 17677 786 -.3523 7170
Ogunmakin Adeaga -.1841 .16965 760 -.6972 3291
Ayetoro .0669 17677 .986 -.4678 .6015
Onifuufu -.1823 17677 786 -.7170 3523
Ogunmakin

Based on observed means.

The error term is Mean Square(Error) = .148.

152



HCordia milennigeneous Subsets

VAR00001
Scheffe
Location2 N Subset
1

Ayetoro 10 5.1620
i?lgunmak 9 52289
Onifuufu 10 54112
Adeaga 12 5.4129
Sig. 551

Means for groups in hCordia
milennigeneous subsets are
displayed.

Based on observed means.

The error term is Mean
Square(Error) = .148.

a. Uses Harmonic Mean Sample
Size = 10.141.

b. The group sizes are unequal.
The harmonic mean of the group
sizes is used. Type I error levels
are not guaranteed.

c. Alpha = .05.
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Woodspecies2

Dependent Variable: VAR00001

Multiple Comparisons

Scheffe
D J) Mean Std. Error Sig. 95% Confidence Interval
Woodspecies2 Woodspecies2  Difference (I-J) Lower Upper
Bound Bound

Terminalia Terminalia
superba superba

Triplochiton 4630 18695 227 -.1645 1.0905

scleroxylon

Gmelina -.6754" 16965 014 -1.2449 -.1060

Khaya 0494 20277 1.000 _6312 7300

grandifoliola

Cordia millenii 1661 20277 953 -.5145 .8467
Triplochiton — Terminalia -4630  .18695 227 -1.0905 1645
scleroxylon superba

Triplochiton

scleroxylon

Gmelina -1.1384" 17561 .000 -1.7278 -.5490

Khaya 4136 20778 433 S1L1110 2839

grandifoliola

Cordia millenii -.2969 20778 729 -.9943 4005
Gmelina Terminalia 6754" 16965 014 1060 1.2449

superba

Triplochiton 1.1384°  .17561 000 5490 1.7278

scleroxylon

Gmelina

Khaya x

o 7249 19237 .022 .0792 1.3706

grandifoliola

Cordia millenii 8415 19237 .006 .1958 1.4872
Khaya Terminalia 0494 20277 1.000 -7300 6312
grandifoliola  superba

Triplochiton 4136 20778 433 -.2839 1.1110

scleroxylon

Gmelina -.7249" 19237 022 -1.3706 -.0792

Khaya

grandifoliola

Cordia millenii 1167 22213 991 -.6289 .8623
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Cordia millenii Terminalia

-.1661
superba
Tyi .

riplochiton 9069

scleroxylon
Gmelina -8415°
Khaya

-.1167
grandifoliola

Cordia millenii

20277

20778
19237
22213

953

729
.006
991

-.8467

-.4005
-1.4872
-.8623

5145

.9943
-.1958

.6289

Based on observed means.
The error term is Mean Square(Error) = .148.
*. The mean difference is significant at the .05 level.
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HCordia milennigeneous Subsets

VAR00001
Scheffe
Woodspecies N Subset
2 1 2
Triplochiton ] 47721
scleroxylon
Cordia 6  5.0690
millenii
Khaya
grandifoliola 6 31857
Terminalia 9 59351
superba
Gmelina 12 5.9105
Sig. 271 1.000

Means for groups in hCordia milennigeneous
subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .148.
a. Uses Harmonic Mean Sample Size = 7.660.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

c. Alpha = .05.
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Oneway

Descriptives
VAR00001
N Mean Std. Std. Error 95% Confidence Interval for Minimum Maximum
Deviation Mean
Lower Bound Upper Bound

Terminalia 9 52351 17639 05880 5.0995 5.3707 5.01 5.52
superba
Triplochiton 8 4.7721 25512 .09020 4.5589 4.9854 4.56 5.23
scleroxylon
Gmelina 12 59105 73556 21234 5.4432 6.3779 5.17 6.74
Khaya 6  5.1857 56512 23071 4.5926 5.7787 4.45 5.66
grandifoliola
Cordia 8  4.9150 55759  .19714 4.4488 53812 4.45 5.72
millenii
Total 43 52710 66184  .10093 5.0673 5.4747 4.45 6.74
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ANOVA

VARO00001
Sum of Df Mean Square F Sig.
Squares
Between 7.968 4 1992 7.258 000
Groups
Within Groups 10.429 38 274
Total 18.398 42
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Post Hoc Tests

Dependent Variable: VAR00001

Multiple Comparisons

Scheffe
D J) Mean Std. Error  Sig. 95% Confidence Interval
Woodspecies2 Woodspecies2  Difference (I-) Lower Upper
Bound Bound
Terminalia Terminalia
superba superba
Tyi :
riplochiton 46297 25456 516 -3610 1.2869
scleroxylon
Gmelina -.67544 23101 .095 -1.4231 .0723
Rhaya 04941 27611 1.000 -.8443 9431
grandifoliola
Cordia millenii 32010 25456 811 -.5038 1.1440
Tyi : Terminali
riplochiton  Terminalia 46297 25456 516 -1.2869 3610
scleroxylon superba
Triplochiton
scleroxylon
Gmelina -1.13841" 23912 .001 -1.9124 -.3645
Khaya -41355 28293 711 -1.3293 5022
grandifoliola
Cordia millenii -.14287 26194 .990 -.9907 7050
Gmelina Terminalia 67544 23101 095 -0723 1.4231
superba
Triplochiton 1138417 23912 001 3645 1.9124
scleroxylon
Gmelina
Khaya
o 72485 26194 128 -.1230 1.5727
grandifoliola
Cordia millenii .99554" 23912 .006 2216 1.7695
Khaya Terminalia -.04941 27611 1.000 -.9431 8443
grandifoliola  superba
Triplochiton 41355 28293 711 -.5022 1.3293
scleroxylon
Gmelina -.72485 26194 128 -1.5727 1230
Khaya
grandifoliola
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Cordia millenii
Cordia millenii Terminalia
superba
Triplochiton
scleroxylon
Gmelina
Khaya
grandifoliola
Cordia millenii

27069
-.32010

14287
-.99554"

-.27069

28293
25456

26194
23912
28293

921
811

990
.006
921

-.6451
-1.1440

-.7050
-1.7695

-1.1864

1.1864
5038

9907
-.2216

6451

*. The mean difference is significant at the 0.05 level.
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HCordia milennigeneous Subsets

VARO00001
Scheffe
Woodspecies N Subset for alpha =
2 0.05

1 2

Triplochiton 2 47701
scleroxylon
Cordia 8  4.9150
millenii
Khaya
erandifoliola 6 5.1857 5.1857
Terminalia 9 52351 52351
superba
Gmelina 12 5.9105
Sig. 534 121

Means for groups in hCordia milennigeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size = 8.182.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.
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Oneway

Descriptives
VARO00001
N Mean Std. Std. Error 95% Confidence Interval for Minimum Maximum
Deviation Mean
Lower Bound Upper Bound
Terminalia 9 52351 17639 .05880 5.0995 5.3707 5.01 5.52
superba
Triplochiton 8 47721 25512 .09020 4.5589 4.9854 4.56 5.23
scleroxylon
Gmelina 12 5.9105 73556 21234 5.4432 6.3779 5.17 6.74
Khaya 5.1857 56512 23071 4.5926 5.7787 4.45 5.66
grandifoliola
Cordia millenii 8  5.1650 51104  .18068 4.7378 5.5922 4.48 5.72
Total 43 53175 63681  .09711 5.1215 5.5135 4.45 6.74
ANOVA
VAR00001
Sum of Df Mean Square F Sig.
Squares

Between 6.951 4 1.738 6.550 .000

Groups

Within Groups 10.081 38 265

Total 17.032 42
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Post Hoc Tests

Dependent Variable: VAR00001

Multiple Comparisons

Scheffe
D J) Mean Std. Error  Sig. 95% Confidence Interval
Woodspecies2 Woodspecies2  Difference (I-J)
Lower Upper
Bound Bound
Terminalia Terminalia
superba superba
Triplochiton 46297 25028 499 3471 1.2730
scleroxylon
Gmelina -.67544 22712 .086 -1.4106 .0597
Khaya = 04941 27146 1.000 -.8292 9280
grandifoliola
Cordia millenii .07010 25028 .999 -.7400 .8802
Triplochiton — Terminalia _46207 25028 499 -12730 3471
scleroxylon superba
Triplochiton
scleroxylon
Gmelina -1.13841" 23509 .001 -1.8993 -.3775
Khaya -41355 27817 698 -1.3139 4868
grandifoliola
Cordia millenii -.39287 25753 .678 -1.2264 4407
Gmelina Terminalia 67544 22712 086 -0597 14106
superba
Triplochiton 1138417 23509 001 3775 1.8993
scleroxylon
Gmelina
Khaya 72485 25753 117 -.1087 1.5584
grandifoliola
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Khaya
grandifoliola

Cordia millenii

Cordia millenii

Terminalia
superba

Triplochiton
scleroxylon

Gmelina

Khaya
grandifoliola

Cordia millenii

Terminalia
superba

Triplochiton
scleroxylon

Gmelina

Khaya
grandifoliola

Cordia millenii

74554

-.04941

41355

-. 72485

.02069

-.07010

39287

-. 74554

-.02069

.23509

27146

27817

25753

27817

25028

25753

23509

27817

.057

1.000

698

A17

1.000

999

678

057

1.000

-.0154

-.9280

-.4868

-1.5584

-.8796

-.8802

-.4407

-1.5065

-.9210

1.5065

.8292

1.3139

.1087

9210

.7400

1.2264

0154

.8796

*. The mean difference is significant at the 0.05 level.
HCordia milennigeneous Subsets
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VARO00001

Scheffe
Woodspecies N Subset for alpha =
2 0.05

1 2
Triplochiton 2 47721
scleroxylon
Cordia 8 51650  5.1650
millenii
Khaya
erandifoliola 6 5.1857 5.1857
Terminalia 9 52351  5.2351
superba
Gmelina 12 5.9105
Sig. 517 .094

Means for groups in hCordia milennigeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size = 8.182.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

Univariate Analysis of Variance

Between-Subjects Factors
Value Label N

Location2 1 Adeaga 12
2 Ayetoro 10
3 Onifuufu 10
4 Ogunmakin 11
Woodspecies 1 Terminalia
9
2 superba
2 Triplochiton 2
scleroxylon
3 Gmelina 12
4 Khaya 6
grandifoliola
5 Cordia
SR 8
millenii
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Descriptive Statistics
Dependent Variable: VAR00001

Location2 Woodspecies2 Mean Std.
Deviation
Adeaga Terminalia superba 5.4412 .06419 3
Triplochiton 4.6429 04575 2
scleroxylon
Gmelina 6.7375 .00272 3
Khaya grandifoliola 3.5629 11730 2
Cordia millenii 4.5038 .03369 2
Total 5.1629 1.13716 12
Ayetoro Terminalia superba 5.0444 .04867 2
Triplochiton 4.5868 03369 2
scleroxylon
Gmelina 5.2094 06215 3
Khaya grandifoliola 3.4394 . 1
Cordia millenii 5.6450 .10856 2
Total 4.9620 .64576 10
Onifuufu Terminalia superba 5.2518 .01664 2
Triplochiton 4.6821 01622 2
scleroxylon
Gmelina 6.2294 .85686 3
Khaya grandifoliola 3.4400 . 1
Cordia millenii 5.0582 .53990 2
Total 5.2112 97854 10
Ogunmakin Terminalia superba 5.1000 02912 2
Triplochiton 5.1768 07945 2
scleroxylon
Gmelina 5.4659 .15996 3
Khaya grandifoliola 4.0544 .85061 2
Cordia millenii 5.4529 .00000 2
Total 5.0878 .60243 11
Total Terminalia superba 5.2351 17639 9
Triplochiton 47721 25512 8
scleroxylon
Gmelina 5.9105 73556 12
Khaya grandifoliola 3.6857 48174 6
Cordia millenii 5.1650 51104 8
Total 5.1082 .85336 43
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Tests of Between-Subjects Effects
Dependent Variable: VAR00001

Source Type Il Sum  df Mean Square F Sig. Partial Eta
of Squares Squared

Corrected Model 27.995% 19 1.473 13.081 .000 915

Intercept 958.681 1 958.681 8511.554 .000 .997

Location2 358 3 119 1.059 .386 121

Woodspecies2 20.486 4 5.121 45.471 .000 .888

Location2 ¥ 6.419 12 535 4749 001 712

Woodspecies2

Error 2.591 23 113

Total 1152.624 43

Corrected Total 30.585 42

a. R Squared = .915 (Adjusted R Squared = .845)

Estimated Marginal Means
1. Grand Mean
Dependent Variable: VAR00001

Mean Std. Error 95% Confidence Interval
Lower Upper
Bound Bound
4.936 .054 4.826 5.047

2. Location2

Estimates
Dependent Variable: VAR00001
Location2 Mean Std. Error 95% Confidence Interval
Lower Upper
Bound Bound
Adeaga 4978 .099 4.773 5.182
Ayetoro 4.785 113 4,551 5.019
Onifuufu 4932 113 4.699 5.166
Ogunmakin 5.050 .103 4.838 5.262
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Pairwise Comparisons

Dependent Variable: VAR00001

D ) Mean Std. Error Sig.” 95% Confidence Interval for
Location2  Location2  Difference (I-J) Difference”
Lower Bound  Upper Bound

Adeaga Adeaga

Ayetoro 193 150 212 -.118 .503

Onifuufu .045 150 765 -.265 356

Ogunmakin -.072 142 616 -.367 222
Ayetoro Adeaga -.193 150 212 -.503 118

Ayetoro

Onifuufu -.147 160 366 -478 183

Ogunmakin -.265 153 .096 -.581 051
Onifuufu Adeaga -.045 150 765 -.356 265

Ayetoro 147 .160 366 -.183 478

Onifuufu

Ogunmakin -.118 153 448 -433 198
Ogunmakin Adeaga .072 142 616 -.222 367

Ayetoro 265 153 .096 -.051 581

Onifuufu 118 153 448 -.198 433

Ogunmakin

Based on estimated marginal means
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Univariate Tests
Dependent Variable: VAR00001

Sum of Df Mean Square F Sig. Partial Eta

Squares Squared
Contrast 358 3 119 1.059 386 121
Error 2.591 23 113

The F tests the effect of Location2. This test is based on the linearly independent pairwise
comparisons among the estimated marginal means.

3. Woodspecies2

Estimates

Dependent Variable: VAR00001
Woodspecies2 Mean Std. Error  95% Confidence Interval

Lower Bound Upper Bound
Terminalia 5.200 114 4974 5.444
superba
Triplochiton 4772 119 4527 5.018
scleroxylon
Gmelina 5911 .097 5.710 6.111
Khaya
grandifoliola 3.624 145 3.324 3.925
Cordia 5165 .19 4.920 5.410
millenii
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Dependent Variable: VAR00001

Pairwise Comparisons

@D (J) Woodspecies2 Mean Std. Error 95% Confidence Interval for
Woodspecies2 Differenc Difference”
e (I-)) Lower Bound  Upper Bound
Terminalia Terminalia
superba superba
Triplochiton *
437 164 014 097 77
scleroxylon
Gmelina -701° .149 .000 -1.010 -.392
Khaya .
grandifoliola 1.585 184 .000 1.204 1.967
Cordia millenii .044 164 790 -.295 384
Triplochiton Terminalia 437" 164 014 777 097
scleroxylon superba
Triplochiton
scleroxylon
Gmelina -1.138" 153 .000 -1.455 -.822
Khaya .
grandifoliola 1.148 .188 .000 .760 1.536
Cordia millenii -393" .168 .028 -.740 -.046
Gmelina Terminalia 701" 149 000 392 1.010
superba
Triplochiton 1.138" 153 000 822 1.455
scleroxylon
Gmelina
Khaya .
s 2.286 175 .000 1.925 2.648
grandifoliola
Cordia millenii 746" 153 .000 429 1.062
Khaya Terminalia 1.585° 184 000 -1.967 11204
grandifoliola superba
Triplochiton -1.148" 188 000 -1.536 ~760
scleroxylon
Gmelina -2.286" 175 .000 -2.648 -1.925
Khaya
grandifoliola
Cordia millenii -1.541 .188 .000 -1.929 -1.153
Cordia millenii ~ Terminalia _ 044 164 790 _384 905
superba
Triplochiton 393’ 168 028 046 740
scleroxylon
Gmelina -746 153 .000 -1.062 -.429
Khaya .
grandifoliola 1.541 .188 .000 1.153 1.929

Cordia millenii

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).



Univariate Tests
Dependent Variable: VAR00001

Sum of Df Mean Square F Sig. Partial Eta

Squares Squared
Contrast 20.486 4 5.121 45.471 .000 .888
Error 2.591 23 113

The F tests the effect of Woodspecies2. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.
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Dependent Variable: VAR00001

4. Location2 * Woodspecies2

Location2 Woodspecies2 Mean Std. Error 95% Confidence Interval
Lower Upper
Bound Bound
Adeaga Terminalia 5.441 194 5.040 5.842
superba
Triplochiton 4.643 237 4.152 5.134
scleroxylon
Gmelina 6.737 .194 6.337 7.138
Khaya
grandifoliola 3.563 237 3.072 4.054
Cordia millenii 4.504 237 4.013 4.995
Ayetoro Terminalia 5.044 237 4.553 5.535
superba
Triplochiton 4.587 237 4.096 5.078
scleroxylon
Gmelina 5.209 194 4.809 5.610
Khaya
grandifoliola 3.439 336 2.745 4.134
Cordia millenii 5.645 237 5.154 6.136
Onifuufu  Terminalia 5.252 237 4761 5.743
superba
Triplochiton 4.682 237 4.191 5.173
scleroxylon
Gmelina 6.229 194 5.829 6.630
Khaya
grandifoliola 3.440 336 2.746 4.134
Cordia millenii 5.058 237 4.567 5.549
Ogunmakin  Terminalia 5.100 237 4.609 5.591
superba
Triplochiton 5.177 237 4.686 5.668
scleroxylon
Gmelina 5.466 194 5.065 5.867
Khaya
grandifoliola 4.054 237 3.563 4.545
Cordia millenii 5.453 237 4.962 5.944
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Post Hoc Tests

Location2

Multiple Comparisons

Dependent Variable: VAR00001

Scheffe
D ) Mean Std. Error Sig. 95% Confidence Interval
Location2  Location2  Difference (I-J) Lower Upper
Bound Bound
Adeaga Adeaga
Ayetoro 2009 14370 .590 -.2322 .6340
Onifuufu -.0483 14370 .990 -.4814 .3848
Ogunmakin 0751 .14009 .962 -.3471 4974
Ayetoro Adeaga -.2009 14370 .590 -.6340 2322
Ayetoro
Onifuufu -.2492 .15009 447 -.7016 2031
Ogunmakin -.1258 14664 .864 -.5678 3162
Onifuufu Adeaga .0483 14370 .990 -.3848 4814
Ayetoro 2492 .15009 447 -.2031 7016
Onifuufu
Ogunmakin 1234 14664 .870 -.3185 5654
Ogunmakin Adeaga -.0751 .14009 962 -.4974 3471
Ayetoro 1258 14664 .864 -.3162 5678
Onifuufu -.1234 14664 .870 -.5654 3185
Ogunmakin

Based on observed means.

The error term is Mean Square(Error) = .113.
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HCordia milennigeneous Subsets

VAR00001
Scheffe
Location2 N Subset
1

Ayetoro 10 4.9620
i?lgunmak 11 5.0878
Adeaga 12 5.1629
Onifuufu 10 52112
Sig. 418

Means for groups in hCordia
milennigeneous subsets are
displayed.

Based on observed means.

The error term is Mean
Square(Error) = .113.

a. Uses Harmonic Mean Sample
Size = 10.688.

b. The group sizes are unequal.
The harmonic mean of the group
sizes is used. Type I error levels
are not guaranteed.

c. Alpha = .05.
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Woodspecies2

Dependent Variable: VAR00001

Multiple Comparisons

Scheffe
D J) Mean Std. Error  Sig. 95% Confidence Interval
Woodspecies2 Woodspecies2  Difference (I-J) Lower Upper
Bound Bound
Terminalia Terminalia
superba superba
Iriplochiton 4630 16308 126 -.0824 1.0083
scleroxylon
Gmelina -6754" 14799 .004 -1.1703 -.1806
Khaya 1.5494"  .17688 .000 9579 2.1409
grandifoliola
Cordia millenii 0701 16308 996 -4752 6154
Iriplochiton — Terminalia -4630  .16308 126 -1.0083 0824
scleroxylon superba
Triplochiton
scleroxylon
Gmelina -1.1384"  .15318 .000 -1.6506 -.6262
Khaya 1.0864" 18125 .000 4804 1.6925
grandifoliola
Cordia millenii 3929 .16780 275 -.9540 1683
Gmelina Terminalia 6754° 14799 .004 1806 1.1703
superba
Triplochiton 11384 .15318 .000 6262 1.6506
scleroxylon
Gmelina
Khaya 22249 16780 .000 1.6637 2.7860
grandifoliola
Cordia millenii 7455" 15318 002 2333 1.2578
Khaya Terminalia -1.5494" 17688 000 -2.1409 -.9579
grandifoliola  superba
Iriplochiton -1.0864° 18125 000 -1.6925 - 4804
scleroxylon
Gmelina 2.2249" 16780 .000 -2.7860 -1.6637
Khaya
grandifoliola
Cordia millenii -1.4793"  .18125 .000 -2.0854 -.8732
Cordia millenii Terminalia -0701  .16308 996 -6154 4752
superba
Iriplochiton 3929 .16780 275 -.1683 9540
scleroxylon
Gmelina -7455" 15318 .002 -1.2578 -2333
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Khaya
grandifoliola
Cordia millenii

1.4793" 18125 .000 .8732 2.0854

Based on observed means.
The error term is Mean Square(Error) = .113.
*. The mean difference is significant at the .05 level.
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HCordia milennigeneous Subsets

VAR00001
Scheffe
Woodspecies N Subset
2 1 2 3
Khaya
grandifoliola 6 3.6857
Triplochiton 2 47721
scleroxylon
Cordia 8 5.1650
millenii
Terminalia 9 59351
superba
Gmelina 12 5.9105
Sig. 1.000 137 1.000
Means for groups in hCordia milennigeneous subsets are
displayed.

Based on observed means.

The error term is Mean Square(Error) = .113.

a. Uses Harmonic Mean Sample Size = 8.182.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used. Type I error levels are not guaranteed.
c. Alpha = .05.
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Regression
Wood species = Gmelina
Model Summary”
Model R R Square  Adjusted R Std. Error of the
Square Estimate

1 930 .864 814 4.79923
a. Wood species = Gmelina

b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1174.946 3 391.649 17.004 .001°¢
Residual 184.261 8 23.033
Total 1359.207 11

a. Wood species = Gmelina
b. Dependent Variable: Colonisation
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 37.743 3.491 10.810 .000
Flavonoid .028 027 288 7.038 .001
Phenolic .013 .001 428 9.085 .004
Alkaloids .062 .004 691 12.690 .000

a. Wood species = Gmelina
b. Dependent Variable: Colonisation
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Wood species = Cordia millenii

Model Summary”

Model R R Square Adjusted R Std. Error of
Square the Estimate
1 906" .821 7154 1.23285

a. Wood species = Cordia millenii
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA®™P
Model Sum of Df Mean F Sig.
Squares Square
I Eegress“’ 55.746 3 18.582  12.226 .002¢
Residual 12.159 8 1.520
Total 67.906 11

a. Wood species = Cordia millenii
b. Dependent Variable: Colonisation
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error Beta Variance
1 (Constant) 45.708 2.895 15.791 .000
Flavonoid -.003 .017 -.094 -.190 .854
Phenolic -.122 .070 -1.000 -1.737 121
Alkaloids -.013 .007 -.406 -1.750 118

a. Wood species = Cordia millenii
b. Dependent Variable: Colonisation
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Wood species = Triplochiton scleroxylon
Model Summary”

Model R R Square  Adjusted R Std. Error of the
Square Estimate
1 809" .654 525 10.99456

a. Wood species = Triplochiton scleroxylon
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1831.086 3 610.362 5.049 .030°
Residual 967.043 8 120.880
Total 2798.129 11
a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Colonisation
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 280.270 93.744 2.990 .017
Flavonoid -.246 124 -1.562 -1.983 .083
Phenolic -4.597 1.716 -2.909 -2.680 028
Alkaloids -.360 .169 -1.753 -2.134 .065

a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Colonisation
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Wood species = Khaya grandifoliola

Model Summary”
R Square  Adjusted R
Square

Model R Std. Error of the

Estimate

1 .999° 998 997 57735

a. Wood species = Khaya grandifoliola
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1459.215 3 486.405  1459.215 .000°
Residual 2.667 8 333
Total 1461.882 11
a. Wood species = Khaya grandifoliola
b. Dependent Variable: Colonisation
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 66.196 1.578 41.958 .000
Flavonoid .108 .003 .853 36.604 .000
Phenolic -.206 .015 -470 -13.275 .000
Alkaloids -.155 .003 -1.241 -44.599 .000

a. Wood species = Khaya grandifoliola
b. Dependent Variable: Colonisation
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Wood species = Terminalia superba

Model Summary®

Model R R Square  Adjusted R Std. Error of the
Square Estimate

1 970 .940 918 1.60806

a. Wood species = Terminalia superba
b. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 324.595 3 108.198 41.843 .000°
Residual 20.687 8 2.586
Total 345.282 11
a. Wood species = Terminalia superba
b. Dependent Variable: Colonisation
c. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid
Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error Beta Variance
1 (Constant) 30.771 2.353 13.076 .000
Flavonoid .051 .007 -.632 7.600 .000
Phenolic -.091 .022 -421 4.075 .004
Alkaloids -.002 .009 -.034 -.222 .830

a. Wood species = Terminalia superba
b. Dependent Variable: Colonisation
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Wood species = Gmelina

Model Summary”

Model R R Square  Adjusted R Std. Error of the
Square Estimate
1 837" 701 .589 13.22699

a. Wood species = Gmelina
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 3277.164 3 1092.388 6.644 .007¢
Residual 1399.625 8 164.953
Total 4676.790 11

a. Wood species = Gmelina
b. Dependent Variable: Abscondment
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Coefficients™”
Model Unstandardized Standardized T Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info.  Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 49.159 10.127 4.854 .001
Flavonoid -.050 .008 -.427 -6.256 017
Phenolic -.400 .052 -.559 -8.004 .002
Alkaloids -.019 .003 -.330 -6.383 .000

a. Wood species = Gmelina
b. Dependent Variable: Abscondment
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Wood species = Cordia millenii

Model Summary”

Model R R Square Adjusted R Std. Error of
Square the Estimate
1 .897° .805 732 9.99047

a. Wood species = Cordia millenii
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA™"
Model Sum of Df Mean F Sig.
Squares Square
! Eegress“’ 3301.313 3 1100438  11.025 .003°
Residual 798.476 8 99.809
Total 4099.789 11
a. Wood species = Cordia millenii
b. Dependent Variable: Abscondment
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info.  Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 60.068 23.457 2.561 .034
Flavonoid -.112 135 -.429 -.829 431
Phenolic .749 571 787 1.311 226
Alkaloids -.134 .060 -.541 -2.236 .056

a. Wood species = Cordia millenii
b. Dependent Variable: Abscondment
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Wood species =Triplochiton scleroxylon

Model Summary®

Model R R Square Adjusted R Std. Error of
Square the Estimate
1 1.000° 1.000 999 62337

a. Wood species = Triplochiton scleroxylon
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA®™"
Model Sum of Df Mean F Sig.
Squares Square
o Regressio 6666.267 3 2222089 5718314 .000°
Residual 3.109 8 .389
Total 6669.376 11
a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Abscondment
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) -384.230 5.315 -72.290 .000
Flavonoid .638 .007 2.622 90.640 .000
Phenolic 6.474 .097 2.654 66.557 .000
Alkaloids 757 .010 2.386 79.088 .000

a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Abscondment
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Wood species = Khaya grandifoliola
Model Summary®

Model R R Square Adjusted R Std. Error of
Square the Estimate
1 436° .190 -.113 23.53816

a. Wood species = khaya grandifoliola
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

ANOVA®™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1042.479 3 347.493 .627 617°
Residual 4432.359 8 554.045
Total 5474.838 11

a. Wood species = khaya grandifoliola
b. Dependent Variable: Abscondment
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Coefficients™”
Model Unstandardized Standardized t Sig. Fraction
Coefficients Coefficients Missing Info.
B Std. Error  Beta
1 (Constant) -1.845 64.322 -.029 978
Flavonoid -.065 120 -.263 -.536 .607
Phenolic .144 .631 170 229 .825
Alkaloids 145 141 .603 1.029 334

a. Wood species = khaya grandifoliola
b. Dependent Variable: Abscondment
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Wood species = Terminalia superba
Model Summary®

Model R R Square  Adjusted R Std. Error of the
Square Estimate
1 639" 408 .186 13.59468

a. Wood species = Terminalia superba
b. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1017.649 3 339.216 4.835 .019¢
Residual 1478.522 8 70.115
Total 2496.170 11
a. Wood species = Terminalia superba
b. Dependent Variable: Abscondment
c. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid
Coefficients™
Model Unstandardized Standardized T Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 4.608 19.895 232 .823
Flavonoid .026 .057 209 446 .668
Phenolic -.029 .008 -.350 -4.883 .002
Alkaloids .065 .072 429 .891 .399

a. Wood species = Terminalia superba
b. Dependent Variable: Abscondment
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Wood species = Gmelina

Model Summary®

Model R R Square  Adjusted R Std. Error of the
Square Estimate
1 .849° 7122 .617 .58464
a. Wood species = Gmelina
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 7.088 3 2.363 9.763 .003¢
Residual 2.734 8 242
Total 9.823 11
a. Wood species = Gmelina
b. Dependent Variable: Honey yield
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™”
Model Unstandardized Standardized t Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error  Beta Variance
1 (Constant) 5.774 448 12.899 .000
Flavonoid .022 .003 791 7.331 .002
Phenolic .026 .002 .801 13.130 .000
Alkaloids .022 .005 617 4.464 .005

a. Wood species = Gmelina
b. Dependent Variable: Honey yield
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Wood species = Cordia millenii

Model Summary”
R Square  Adjusted R
Square
1 929° 863 812
a. Wood species = Cordia millenii
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Model R Std. Error of the
Estimate

.10695

ANOVA*"
Model Sum of Squares Df Mean Square F Sig.
1 Regression 577 3 192 16.829 .001°
Residual .092 8 011
Total .669 11
a. Wood species = Cordia millenii
b. Dependent Variable: Honey yield
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™”
Model Unstandardized Standardized Sig. Fraction
Coefficients Coefficients Missing Info.
B Std. Error  Beta
1 (Constant) 6.536 251 26.029 .000
Flavonoid .006 .001 1.852 4.269 .003
Phenolic -.033 .006 -2.695 -5.360 .001
Alkaloids -.005 .001 -1.433 -7.062 .000

a. Wood species = Cordia millenii
b. Dependent Variable: Honey yield
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Wood species = Triplochiton scleroxylon

Model Summary”
R Square  Adjusted R
Square
1 715° 511 328
a. Wood species = Triplochiton scleroxylon
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Model R Std. Error of the
Estimate

40825

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 1.395 3 465 2.790 .109°
Residual 1.333 8 167
Total 2.728 11
a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Honey yield
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic
Coefficients™
Model Unstandardized Standardized t Sig. Fraction
Coefficients Coefficients Missing Info.
B Std. Error  Beta
1 (Constant) 8.945 3.481 2.570 .033
Flavonoid -.004 .005 -.858 -915 387
Phenolic -.087 .064 -1.755 -1.359 211
Alkaloids -.005 .006 -.750 -.768 464

a. Wood species = Triplochiton scleroxylon
b. Dependent Variable: Honey yield
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Wood species = Khaya grandifoliola
Model Summary”
R Square  Adjusted R Std. Error of the
Square Estimate
1 935° 873 826 12045
a. Wood species = khaya grandifoliola
b. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Model R

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression .801 3 267 18.413
Residual 116 8 .015
Total 917 11

a. Wood species = Khaya grandifoliola
b. Dependent Variable: Honey yield
c. Predictors: (Constant), Alkaloids, Flavonoid, Phenolic

Coefficients™”
Model Unstandardized Standardized T
Coefficients Coefficients
B Std. Error Beta
1 (Constant) 1.655 .329 5.028
Flavonoid .001 .001 209 1.075
Phenolic .020 .003 1.856 6.297
Alkaloids .004 .001 1.366 5.896

a. Wood species = Khaya grandifoliola
b. Dependent Variable: Honey yield
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Wood species = Terminalia superba

Model Summary®
R Square  Adjusted R
Square
1 935" 875 828
a. Wood species = Terminalia superba
b. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid

Std. Error of the
Estimate
20616

Model R

ANOVA™
Model Sum of Squares Df Mean Square F Sig.
1 Regression 2.383 3 794 18.691 .001°¢
Residual 340 8 .042
Total 2.723 11
a. Wood species = Terminalia superba
b. Dependent Variable: Honey yield
c. Predictors: (Constant), Alkaloids, Phenolic, Flavonoid
Coefficients™”
Model Unstandardized Standardized T Sig. Fraction Relative Relative
Coefficients Coefficients Missing Info. Increase Efficiency
B Std. Error Beta Variance
1 (Constant) 3.331 302 11.042 .000
Flavonoid -.007 .001 -.633 -7.083 .004
Phenolic -.009 .003 -452 -3.034 016
Alkaloids .006 .001 765 5.729 .000

a. Wood species = Terminalia superba
b. Dependent Variable: Honey yield
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