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ABSTRACT

By examining the effect of trade and its concomitant effects of exploitation on the
conservation and managemeof African Rosewood in Ghana, the cost of the shift to
indigenous savannah species timber species such as African Rosewood is demonstrated
in this thesis. Institutional determinants such as the "Chinese factor”, a lopsided export
market for Air dried lunber, abuses of the legal process, regulatory and administrative
lapses amongst other factors continue to fuel the unbridled exploitation of the species.
Using results from this study conducted in the natural distribution range of the dpecies

6 regionsof Ghana, the results indicate that there are significant disturbances within the
population structure of African rosewood, at both the regional and national levels. The
plot of the mean stem number per diameter class natjoshadis not present an inverke
shaped curve as evidence of a balanced diameter structure of African Rosewood in
Ghana. It further highlights the effect of the arbitrary interim 20cm dbh interim felling
limit using the observed disturbances in the 20cm, 30cm, 40cm, 50cm and 60cm+
diameter classes. Utilising this data, questions on the sustainability of dynamic stock and
the stock above the felling limit are raised. The study demonstrates the amenability of
tissue culture to be successfully applied Rterocarpus erinaceuysshowing thatthe
optimum combinatiomf cytokinin treatment for the experimental set up is observed from
the results to be 2.0mg/L BAP and 1.0mg/L Kinetin. In conclusion, the study
recommends a tissue culture oriented conservation or management programme for

African Rosewood.

Xl



CHAPTER ONE

1.0 INTRODUCTION

1.1 Backgroundto Study

Timber exports from Ghana have traditionally been based on extraction from natural
forests in its High Forest Zone (HFZ) and in recent times from plantations. From 1948 to
1990, the area of the High Forest Zone decreased substantially from the original 8.2
million hectares (Mha) to about 21% of the original area, without a concomitant increase
in the production capacity of the remaining forested areas (Tuffour, 1992), il ines
anticipated that attention will shift not only towards more sustainable sources of timber
such as plantations, but also to species within the savaromwd that have export
demand. Indigenousagannah species such as African Rosewood that previously had
little export valuecurrentlydemonstrate gerlative qualities as timber amdmmand a

price premium, over teak and red star species dugtlochiton scleroxyton(Local
Name:Wawa) as evidenceoly export data for the past decdd@¢DD, 19942013). They

also pasess the potential for use iardstry management programmes as plantation
species. These superior qualities reflect on its price on the world market, with prices for
Rosewood between USED0-US$3,000 per cubic metre. Prices within the Chinese local
markets are reported to ven higher (Schumanet al, 2009 ITTO, 2013 Yuhzu

Wood Market, 2013 Global Wood Market, 20)3 Data fromthe Timber Industry
Development Division(TIDD) indicates that the year on year increases in exported
volume and value of African Rosewood (TIDR20042013), does come at a cost:

Exploitation of the Resource Base



The cost okxploitation of the resource base of African Rosewood is demonstrated in thi
thesis to be depletion of the resource base, um@ssessectonsequent effects on
biodiversity and genetic diversity and the loss of potential national foreign income
earnings. These provide the push required for conservation and sustainable management
of the species. The study examines the effect of tradeitangftendanteffects of
exploitation on the conservation and management of African Rosewood in Ghana.
demonstrates the empiaicreasons why tissue culturersquired to propagate African
Rosewood an@roposes that even though themay besignificant costs commitments for

a tissue culture oriented conservation or managempeygramme, itis an expedient
means ofaugmenting the depleting resource base duehéoldw regeneration and
survival rate of the species in the w{lduvall, 2008 Zida et al, 2008 Sawadogo, 2006
Kabore, 2004 and Bonkounget al, 1998 andAppendix; photographs of 14 month old
seedlings at less than 30cm highhe study concludes by reporting on the development

of anin vitro methodof propagation for the species using axillary buds as explants.

Pterocarpus erinaceyslso known as African rosewood is a deciduous tree of up-to 15
25m tall, belonging the family Leguminosae; sub family Papilionaceae. The species is
distributed through Senegal to Cameroon and the Central African Republic and is
predominantly found in th&udan, Guinean Savannahs dackest transition zones of
Ghana. It is not found within the high forest zone. The wood is highly valuethdor
production offurniture, cabinet work, musical insiments, fuel wood and charcoal.
(Duvall, 2008). The speciedsa holds pharmacological promissince thebark, roots,
leaves, fruit and sap are all used in herbal medicine preparatiopducesa leafy

fodder high in proti|e; an excellent animal feed crucial for the survival of livestock



during the dry season, whidirestock keepers rely heavily on. In 199¥er 78% of all

fresh foliage, i.e. about,d92 tons sold in Bamako, Mali as feed for small ruminants
came from African rosewood(Duvall, 2008). African rosewood also shows great
potential for use in agroforestry systems, because it may improve soil fertility as the roots
nodules contain nitrogen fixing bacteria. This multipurpose tree species is currently
undergoing very high rates of extraction from natural stands as a resulgaf iigging.

It faces severe threats from environmental degradation and climate change and is
currently listed as Near Threatened on the IUCN Red list (IUCN, 3.1, ZDA@)current

levels of exploitation have resulted the implementation of three (3)atte and export

bans during the course of this research waHe latest ban been implemented on the 5th

of August, 2014During the course of the first ban, the Ghana News AgéG&A) on

the 10" of February, 2013 carried a news article with the headlMédls calls for probe

into missing 64 rosewood containeMr Thomas O. Mills, a member of the Lands and
Forestry Taskforce called on the Sector Minister to probe the disappearance of some 64
containers of rosewood. These containers containing rosewood are alleged to have been
illegally exported to Asiand otherdestinationdGNA, 2013) Evidently just placing a

ban on exportnay beinadequate, especially when there is as well a huge local demand
for the species afsiel wood for charcoal burning angossibly in the near future fohe

local woodwork industrylt is anticipated that the high unsustainable rates of exploitation
will threaten plant biodiversity and subsequently the livelihood security of rural

communitieswithin its distribution range.

Traditionally, extraction of African Rosewood had until recent times been driven by

charcoal production, which generally fed into the domestic markets. Data available from



Samar et al 2012 indicated thaffrican rosewoodwas the most preferred species fo

fuel woodand charcoal production in Ghana, with the predominance usage rate of about
72.2%. Given that, biomass fuels mainly firewood and charcoal still account for over
35% of energy supplies in dewging countries (World Bank, 20} including Ghana,

this translatesnto a significantly high dependency rate on the species. Recent trends,
such as the licensing of companies to export charcoal by the Energy Commission
(Authors field notes, 201 RMSC - FC, 2012)without the accompanying regulation for

the sources of raw materials of production and the reported levels of legal and illegal
logging driven by Chinese dendhrfAuthors field notes2013 RMSCGFC, 2012) have
resulted in a multileveled pressure on theouese base of the species. These levels of
exploitation are regulated only on two fronts; as legal timber and exported charcoal. This
level of regulation, especially in the case of charcoal does not extend to the production

phase or to the domestic charcomrket.

In spite of these high rates of exploitation the species has a slow growth rate. Duvall
(2008), reports that seedlings were only 15cm and 42cm tall after a period of one (1) and
two (2) years respectively, as the species develops a long taphectuperlative quality

of the species, coupled with the slow rate of growth within its natural range accounts for
the accelerated depletion of the species. It is therefore believed that tissue culture could
help reverse the downward trend of the spe@sst could be used to augment the low
rates of regeneratiorand survivalthrough the provision of quality planting material for

use in woodlots and plantations establishment. Tissue culture has broadened the options
for the propagation and production aéble plants from threatened andnthreatened

plant species; as it has demonstrated great potential in the collection, multiplication and



storage of plant germplasntowever, in Ghana its use in the propagation and
conservation efforts of tree plant sp=chas not been widespread; even though it offers
the ability to produce fAnatural o product s,
germplasm storage, enable the production of disease free plants and allows rapid
multiplication. This is due in part téactors such as lack of the technical knbow,
inadequate infrastructure and the cost oitno propagated plants as compared to

A n o r madpdgated segdlings. Arga al (2002) report having produced 7,500 shoots
from 10 explants originating fromsngle plant and hypothesized that within a period of

six months, a minimum of 3,000 plants could be produced from a single explant. Through
the provision of quality planting material, the rates of regeneratiginsurvivalcould be
augmented through initvo propagation andhe level of timber production from off

reserve lands could subsequently be increased within the distribution range of the species.

There is also aearth of information on the growth rategeneration success, natural
mortality andthe impact of fire, insects and disease on African rosewood. The absence of
these, are seen as a reflection of weak orenastent strategy required for management

of emerging species such as African rosewood. The association between some
management toolsuch as the felling limit, felling intensities and environmental
degradation raises more questions than answers. These questions on sustainability are
confirmed through an analysis of the 2012 stocking iramgnfor African rosewood
(Dumenu &Bandoh, 201 The study examines the need to revisit the management and

conservation regime of the species.



1.2  Problem Analysis

Lack of information about factors contributing to exploitation of African Rosewood as
timber may hinder a coherent comprehension ofombt the problem, but in developing
pathways for its sustainable utilisation. As timber, the species has gaindet mar
premium, dudo increased demand for the species in the Middle East and Asia (TIDD,
20042013) and this is fuelling the unbridled expladition. African rosewoogbossesses
similar qualities as generic Rosewood from Dalbergia spp and is marketed as its
replacementwithin the Asian and Chinese markdtie to CITIES restrictionsrotheir
trade Global Witness and EIA, 2008BBC News Report201Q Dumenu & Bandoh,
2014.Thi s fAnewo u sieGhantis ih direct confli@ with egsaditionaluse

in charcoalproduction and could lead to significantly higher pressures on the resource
base, even though it possesses the potentialrierae much higher levels of foreign
exchange. Whereas its use as timber is regulated on the legal front, the sigiefietn

of illegal timber bychainsawoperatorsand production of charcoal from the species for
both the local and export market is quetely unregulated. There is currently no
available data on the volumes of African rosewood utilised or traded within the local

economy.

The continuedsurvival of the species iandermined by its increasing importance as
timber and fuel wood. It is alsoebeved that this could be at variance with other uses
such as it being a source of fodder, harnessing of its pharmacological properties and its
ability for soil improvement in agroforestry. The low rate of regeneration of the species,
as a result of thelmv growth rate of wildlings, herbivory, fire, drought and other

stressors4ida et al, 2008; Kabore, 2004 Sawadogo, 20Q9uvall, 2008), places local



populations of the species under enormous pressure and may hamper any serious attempts
at management and <conser vat iAfrican rosewoed s u st e
resource base over the next couple of decades may possibly be drawn into question as a
result of the above factors. The resultant potential effects of these processes on levels of

genetic diversity of the species anddiversity could be severe

1.3  Justification

In recent times, the growing importance of A#nc rosewood as premium timber
(possibly an alternative to generic Rosewood fraalbergia spp) and a high value
wood for charcoal burning due to its high calorific value of 21,000kJ/kg (Duvall, 2008),
has placed enormous pressure on the species within its natural distribution ranga. Na
regeneration of the species is gradually proving inadequate due to the high mortality rate
of both seeds and seedlings (Kabore, 2@akponet al, 200§ and due also in part to

the combination of factors such as drought, fire and herbivory (Sawad6g6). This is
compounded by the levels of exploitation currently been witnessed (TIDD;ZIAB)

and the generally unsustainable nature of

To address the continual degradation and overexploitation of the spdwestudy
attempts to address the problem of overexploitation of the speceswvoyold approach.
Firstly, through facilitating an understanding of the institutional variables that surround
the trade of the species in Ghana and how these impinge mustanability of the
species in Ghana. Secondly, the stddtermines theegeneratiompotential of the species

using issue culture



In vitro culture has enabled a variety of plant taxa to be micropropagated in the absence
of viable conventional propagation methods and has played a significant role in plant
biodiversity conservation as a technology forséx conservationlt providesthe ability

to bypass dormancy factors and the slow rate of growth that affects thetmodf the
species from seedhereby reducing seedling growth time and increasing the seedling
production rateThe technology further offers a system that is edf&ctive, allows the
propagation of selected genotypes with subsequent high multiplication rates andsprovide

planting stock that are sufficiently robust enotglensure high survival rates.

Additionally, the provision of measures such as tissue culidkrsupport the sustainable
utilisation of the species, through the provision of quality seedlings. The growing
economic, commodity and social needs of the communities dependent on African
rosewood for their livelihoods can then be met. The strategyfedlls on increasing

populations bthe highly preferred species.

Expectedoutputs n the medium to long term include tlestablishmeinof woodlots,
plantationsand fodder bank#/hich mayhelp reducepressures on the remaining natural
stands.This strategycan then béed into national conservation and management plans
may also guide managers of the timber resource in the allocation of yield and in other
production constraint@/Nerger, 2011)whilst concurrently allowing a proper evaluation

of thestumpage fees and local pricing of the species.



1.4  Objectives of the Study

The overall goal of the studyto:

1 Determine theinstitutional variables of Pterocarpus erinaceu¢Common Name:
African Rosewoodjrade in Ghanand its implication orsustainability of the speciges

and to assess the regeneration of the species through tissue culture

1.4.1 Specific Objectives
1. To determinethe institutional variablesof African Rosewoodrade in Ghanand to
assess its implication on specgesstainability.

2. To assesshe regeneration potential of the species using tissue culture.

1.5 Significance of Study

Envisaging the future sustainability of African Rosewarath assist in planning for a
sustainability programrhe knowledge gaineg@rovides the baseline informatiomtended
to inform policy andsubsequently integratianto the Systmatic Planning framework of
relevant bodies such as the Forestry Cassion of Ghana, CSHRorestry Rsearch

Institute d Ghana,\various plantation development bodies and the private sector.

The study providethe empirical justification whyhe tissue culture approach shoudd
consideregdas means t@augmentthe low rates of regeneration of African Rosewood
(Kabore, 2004)Thesewill allow for acceleratd development of stock levels throtitje
development of plantations, woodlots and fodder banks using high quality planting

material established from tissue culture.

The combination of both laboratory work (primary quantitativeadand the analysis of

other data sources paamique challenges to any researcltarstly, the extensivenature
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of data collection, the time intensive nature of analysing both text andrirudata from
various sources, requirthe researcher to be conversant with both quantitative and
gualitative forms of research (Creswell, 200dpwever, these challenges are offset by
the ability to demonstrate the justification for a tissue culture oriented management and
conservation appeh to indigenous forestry species suchAigcan rosewoodwhich
possessignificant potential as plantation, social or community forestry species or simply

as species for climate change mitigator restoration species
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CHAPTER TWO

2.0 LITERATURE REVI EW

2.1. Rosewood Timbers

Rosewood timber usually refés acollection of hardwood timber from species that are
loosely related and possess a rich brownish to black hue, with derkation The wood

has a strong fArose | iked sweet smell t hat
Dalbergiaspp k nown as the ATrue RoseficoCGstal ar e
America and AsiaOther species arfeterocarpusindicus, Pterocarpus erinaguswhich

is commonly referred to as African rosewoddachaerium scleroxylon (Table 1.
However, almost all timbers traded as rosewoods are posupply as a result of

overexploitation andre listed on the IUCN Red list.

Table 1. A Selection of Species Commonly Called Rosewood

Species Name Native Region IUCN Status

Dalbergiaretusa Central America IUCN Red List, Appendix 3
Dalbergiasissoo Himalayan foothills in Northern India| IUCN Red List, Appendix 3
Dalbergiabaronii Eastern Madagascar IUCN Red List, Appendix 3
Dalbergiachapelieri Eastern Madagascar IUCN Red List, Appendix 3
Dalbergiachlorocarpa Western Madagascar IUCN Red List, Appendix 3
Dalbergiagreveana Madagascar IUCN Red List, Appendix 3
Dalbergiahildebrantii Madagascar IUCN Red List, Appendix 3
Dalbergialatifolia Tropical Asia: From Nepal t( IUCN Red List, Appendix 3

Indonesia
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Table 1 Contd.

Species Name

Native Region

IUCN Status

Dalbergianigra Brazil IUCN Red List, Appendix 3
Pterocarpusndicus Southeast Asia IUCN Red List
Machaeriumscleroxylon Tropical South America (Mainly [IUCN Red List

Brazil and Bolivia)

Pterocarpus erinaceus

Through Senegal to Cameroon

IUCN Red List, Appendix 3

Dalbergialouvelii

Eastern Madagascar

IUCN Red List, Appendix 3

Dalbergiamadagascariensis

Northern and Eastern Madagascar

IUCN Red List, Appendix 3

Dalbergiamelanoxylon

From Senegal to Eritrea
Ethiopia to Kenya, South to Namibi
Botswana, Northern South Afric

and Swaziland

IUCN RedList, Appendix 3

Dalbergiamollis

Western and Central Madagascar

IUCN Red List, Appendix 3

Dalbergiamonticola

Eastern Madagascar

IUCN Red List, Appendix 3

Dalbergianitidula

DR Congo and Uganda, South
Angola, Zimbabwe,
Northern SouttAfrica.

Mozambiqu

IUCN Red List, Appendix 3

Dalbergiapurpurascens

Madagascar

IUCN Red List, Appendix 3

Dalbergiatrichorpa

Western Madagascar

IUCN Red List, Appendix 3

2.2  SpeciedDescription

Pterocarpus erinaceuss found in Africa ands commonly known ag\frican Rosewood

(Plate R & b). It belongs tahe pantropical genuBalbergieag family Leguminosae; sub

family, Papilionaceae.

It is a deciduous tree that grows to abou2bh tall and has an open rounded crown. It

has a straighbole up to 1m in diamet, thisis cylindrical and branchless for up to 10m
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under good conditions, it may however present a twisted, fluted and low branched bole
under poor conditiongDuvall, 2008) The bark presents fissured andscaly surface,

with a greyish brown to black and an inner yellowish brown bark. It exudes a reddish
translucent gum upon slashing which hardens quickly. The stems are densely pubescent
and become a glabrous gri@uvall, 2008) The species presents leaves that alternate and
imparipinrate with (5)7-11(-15) leafletsof about 611cm long and &cm acrossThese

are ovate to elliptic in shape, usually notched at the apex and rounded at the base.
Inflorescence, a lax panicle about-20cm long sets at the end of the branches. Its
flowers are bisexual and papilionaceous with a golden yellow colour. The fruit is a flat
samara about-Zcm in diamete(Plate 2) with smooth red talark brown kidney shaped

seeds (Duvall, 2008).

Plate 1a: Leaves and Fruitsdrawing of Plate 1b: Photographs ofLeaves and Barkof
African Rosewood African Rosewood(Source: Brunkenet al., 2008)

Plate 2: Samara of African RosewoodPicture taken in CSIR-FORIG, 2013
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2.3 Origin and Geographic Distribution
The species idistributedthrough Senegal to Cameroandthe Central African Republic
(Figure 3. In Ghana,it is predominantly found in the Suda@uinean and Guinean

Savannahs.

)

=
=)

DNon-Shaded areas indicate areas outside natural distribution ranggesbcarpus species

Key:

.Shaded area indicates natural distribution range of Pterocarpus species

Figure 1. Geographic Distribution of African Rosewood

2.4  Anatomy and Properties

The wood has an energy value of about 21,000kJ/kg and is not permeable to

preseratives(CIRAD, 2012) It is resistant to freshwater organisms, termites, dry wood
borers and fungi. The heartwab@ yellowish to reddish browwith purplish streaks, this
presents a distinct demarcation from the sapwood whict8@2thick and is pale cream
to yellowish in colour. The fresh wood has an unpleasant siedlspecies presents the
following IAWA hardwood codess given belowWheder et al,, 1989) (For full list of
species IAWA codes, please refer to the Appendix)

2: indistinct or absent growth ring boundaries

14



5: a diffuseporous wood

22: intervessel pits alternate

26: intervessel pits medium-fOum).

58: gums and othefeposits in heartwood vessels

136, 142: mineral inclusions. Prismatic crystals present in chambered axial

2.5 Ecology

2.5.1 Distribution Range

In Ghana,Pterocarpus erinaceusccurs in the Sudan, Guinean Savannahs Forést
Transition zones which are characterised as-seinhito subhumid. It can be found on

all soil types, though it prefers free draining, light to medium, acid to neutral soils.

The Sudan Savannah zowgich covers an estimated area of 1,90Cikncharacteried

by a unimodal rainfall regime lasting-6 monts and a long dry period of & months in

a year. Average annual rainfall, temperature, relative humidity, wind speed, sunshine
hours and solar radiation are 88B, 28.6C, 54%, 8lkm/day, 7.9 hours and
20.4MJ/m2/day respectivdlgPA, 2002)The potential evaporation is,662nm per

annum and the annual aridity index is 0.60.

The Guinean savannaiovers almost the northern tvtirds of the Ghana with an area

of 147,90@&n?, it experiencesimilar rainfallpatternto theSudan Savannah zoGEPA,
2002). Average annual rainfall, temperature, relative humidity, wind speed, sunshine
hours and solar radiationrea 1033nm, 28.2C, 61%, 138m/day, 7.3 hours and
19.6MJ/nt/day respectively. Té potential evaporatiois 1,720mm per annum and the

annual aridity index is 0.60rhe ForesSavanna Transitional Zone (Deriv&€avannah
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covers about 8,380 and most of the trees species present in the zone are similar to
those in the forest zone and occur in association taltiio medium tall grassg&PA,

2002)

The tree flowers when leafleBlate 3 & 4) between December and Aplnd isvisited

by bees most likely responsible for pollination. Natural regeneration may be abundant, if
the species is protected from gragi The root nodules contain nitrogen fixing bacteria
and the tree may demonstrate some potential in agroforestry systems, however
Pterocarpus erinaceudhas low nitrogen fixing potential in comparison to other

leguminous treeKramer &Kozlowski, 1979)

Plate 2: Flowering African rosewood Plate 3: Bole of African Rosewood
(Source: Brunkenet al, 2009 (Picture taken in Atebubu Forest District)

The germinated rate of untreated seeds is about B@%ever treatment by either
soaking in water, with sulphuric acid and mechanical scarification can yield germination
rate of over 70%. The optimal germination temperature 48%6. The seedlings have a
slow growth rat€Zida et al,, 2008)ard Duvall, (2008reports that in Mali seedlings were
only 15cm and 42cm tall after a period of one (1) and two (2) years respectively, as the

species dvelops a long taproot.oppiced tregshoweverit is believed may grow more
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than 1m per yeaiThe species however rsives bushfires, with minimal impact, though
it is recommendedn plantations saplings below five years require protection from
wildfire (Bonkoungouet al, 1998. The species does not appear to be susceptible to

genetic erosion as it is widespread andurs abundantly in many parts of its range.

2.6  Contribution to Rural Li velihoods and Poverty reduction

African rosewood is a true multipurpose tres it produces valuable products such as
wood, fodder, fuel, medicine and shows potential for use in agroforestry systems. The
species provides important contributions in addressing the issues of poverty and
livelihoods, through the areas of income getiera energy provision, subsistence and
vulnerability and agriculture and rural developm@®O, 1991) These are crucial to

farmers, herders and communities in its distribution range.

Unlike timber from Dalbergia species which is actively traded on theénternational

market; African rosewood has been mainly used by local artisans and small scale timber
merchants. There is an abundance of literature that indicates its importance in local
markets; however the international trade of the species appear®totihe ascendancy.

It is highly valued for furniture, cabinetry and can also be used for heavy construction; it

is commonly used for house posts in the Upper East regionalsasised for musical
instruments, novelties, interior trim, and precisionipment. However, Duvall(2008

reports that locallyoverbrowsing for livestock and overexploitation for timber seem to

be on an unsustainable basis. This has led to a ban been placed on the harvesting of

timber in countries such as Mali and even Ghana.
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African rosewood provides higluality leaf fodder with an average nutritive value in dry
matter of 5.3 MJ kg as net energy, 169% of crude protein and 0.15% phosphorus.
Pastoralists traditionally lopped wild trees in silvopastoral systems to feeditesiock
during the dry season (Bonkoungeual, 1998). Increasingly, this fodder is brought to
urban and semirban markets for salén 1990, over 1,098ns of African rosewood
were sold in Bamako, Mali as fodder, this formed approximately 78% of all feed sold for
small ruminants in the market. This is an important commodity for local communities,
both as an income earner and feed for their livestock (Duvall, 2008). It waatestithat
vendors generated revenue between UB#&y from this activity (Duvall, 2008). Given

the fact that half the Malian population lives below the international poverty line of
US$1.25, this was a significant income generating activity. In Gharstdigk keepers

rely heavily on the leafyranches to feed their livestockhd high livestock densities of

the three northern regions; the Upper West, Upper East and Northern Regions which hold
74.%%, 36.%06 and 43.4% of the national cattle, sheep and gtmaiks respectively with
densities of about 77 to 103 per km in the Bawku and Lawra districts respectively (EPA,

2002), highlight the enormous pressure on the species.

The consumption of fuelwood and charcoal is particularly important in the provision of
the energy needs of both rural and urban households in Ghana. It is estimated that about
84% of Ghanaians in both urban and rural areas depend on charcoal and fuelwood for
their energy needéEnergy Commissiorof Ghana 2014. This need has buoyed the
growh of a vibrant sector of the informal economy: the charcoal burning industry, whose
exact contribution to GDP and the labour pools is unknown. Kristeztsain(2003 in a

local knowledge informanbased valuation concerning the use of 20 woody species
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showed thaPterocarpus eriaceuswas of high importance as a spedmsfuelwood and
charcoal. Theyndicated the clear preference the respondents had for the species and the
prime value they placed on it in comparison to other species. African rosésvagidly

gaining prominence as a premium species for charcoal burning, disehigh calorific

value. Samaet al (2012 reported that in Ghana, African rosewood was the most
preferred species for charcoal burning, with a usage rate of about 72.&&atEhis

clearly unsustainable and in the absence of a management plan for the species, the

availability of the speciem the natural forest and savannaili be significantly reduced

The World Bank(2000) reportstates that 75% to 90% of people in developing countries
depend solely on natural products as a source of medicine. In Ghana, the species
contributes to reducing the vulnerability of rural communitig® do not have access to
healthcargas it has consatablepharmacological properties. The bark, leaf and roots of
African rosewood are used in traditional medicine and play a pivotal role in improving
the quality of life of communities within its distribution range. Decoctions and infusions

of the root orbark are used in treating wounds, dysmenorrhoea, bronchial infections,
toothache, dysentery and other bacterial infections. Root preparations are administered as
an enema to treat sexually transmitted diseases such as gonorrhea. The bark exudates
(kino) contain between 3@0% kinotannic acida strong astringent, antioxidants and
phenolic compounds. In-mitro tests against several human pathogens, the bark extract
showed invitro antibacterial and antifungal activities. It also demonstrated moderate in

vitro antimalarial activity against strainstasmodium falciparunDuvall, 2008).

The species has a lower nitrogen fixing potential in comparison with other leguminous

trees. Notwithstanding thists presence in the Sudan and Guinean savannah is of prime
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importance to soil fertility and degradation mitigation within the area. The Environmental
Protection Agency (EPA) ranks the regsorhich cover about 50% of Ghaaa liable to
desertification, lightly to severely degraded, with low soil organic contahtaanutrient
depletion rate of 35 kg N,k¢ P and 20 kg K k& (EPA, 2002 The species could play

an important role in the restoration of nitrogen depleted soils and may also be used as a
priority pioneer species for the rehabilitation of degraded aedeaploited forests, it is
therefore important that the potential for use within agroforestry systems in the region is
explored and vigorously implementdd. agroforestry systems; it can therefore improve
soil fertility, serve as angaoforestry fodder bak. It could bevital on farmlandsto
sustaining agricultural productivity and improving marginal soils, since with the
exception of nitrogen from biological nitrogen fixation, the plant nutrient resource of
farmers is essentially fixed if chemical inpat® not suppliedBonkoungotet al, 1998.

It could alsoprovide a source of fuelwooébr the needs of rural communities 1ha plot

of African rosewoodwith trees at 70cm dbh can provide fodder for about 24 heads of
cattle of 250kg, 1,851.3tnof timber and 2,286.9%0f firewood (Bonkoungouet al,

1998. Due to the absence of conclusive studies in the literature search, it may beepossibl

that the nitrogen fixation potential may vary in different management systems.

2.7  Threats to African rosewood

Even though environmental processes such as climate change and desertification are
profoundly altering the natural range African rosewoodthe main threats to the species

have been of an anthropogenic nature. Activities such as illegal mpopglarly called

Agal amseyo ar e destroying t h ebrowsiagndnd wi t h

overexploitation by livestock and fodder collection, coupled with the unregulated and

20



unsustainable exploitation of the species for timber both locally and snogéa for
export is also placing the species under severe pre@late 5 and 6)Harvesting for
timber or fodder is now illegal in several countries, including Mali. The increasing
preference for the species in charcoal production is also a worrgng giving the

unsustainable usage and preference rates.

Other threatsn Ghana have been of a regulatory nattinese have included tlaosence
of national and local management strategies in the utilisatiédfriciin rosewoodwithin
the savannah ecoggs has left a gap which is being abused to the detriment of all the

relevant stakeholders.

These threats are compounded by the slow growth of the species, which is reported to
have a yearly height increment of-15cm during the first year and 25et@cmin the

second yearBonkoungouet al,1998 Duvall, 2008), even though survival is high. This
slow rate of regeneration poses a complex that places the future of this multipurpose tree
in jeopardy, as it is envisaged that demand for species mawytfstrip its availability. It

is believed that tissue culture could be used to augment the low rate of regeneration

through the provision of quality planting material for use in woodlots and plantations.

Plate 4: A felled tree of African Rosewood Plate 5: Lumber obtained from African rosewood
in the Atebubu Forest District (Picture credits: Author, 11/12/2012)
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2.8  Statusof Species

The species is listed on the IUCN red list, version @Q12 as Near Threatened. This

has largely been due to the synergistic effects of three factors; over exploitation due to its
increasing importance as timber and fuelwood, environmental degradation and climate
change (IUCN, 3.1, 2012)}owever, in Ghana, the sgries has not le& classified
according to the Degree oftUi | i sat i on or is GoRsederelias dLedsers t 0O
Used Species (LUS) in Schedule 3 of LI 164 sudies have been conducted on
sustainability estimates of the species in Ghana, but éxpdoi trends over the past

decade are cause for concern.

2.9  Tissue Culture

Tissue culture technology is of great interest for the collection, multiplication and storage

of plant germplasm Engelmann 1991) as it has broadened the options for the
propagtion and production of viable plants from threatened rmwthreatenedplant
speciesHowever,in Ghana its use in the propagation and conservation efforts of tree

plant species has not been widespread; even though it offers the ability to produce
Anaatluor product s, provide genetic i mMpr ov e me
enable the production of disease free plants and allows rapid multiplication. This is due in

part to factors such as lack of the technical kitmw, inadequate infrastructure arbt
costofinvi t ro propagated plants as comphar ed t c
perception that tissue culture is of practical use to only difficult to propagate species
continues to contribute to the limited applicability of the technology madae, but it is

important to recognise that it may offer economic advantages for some species which are

considered relatively easy propagateKonkumadiet al, 2009 Lineberger, 1980)Arya
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et al(2002 report having produced 7,500 shoots from 10 explants originating from a
single plant and hypothesized that within a period of six months, a minimum of 3,000
plants could be produced from a single expldite tissue culture system allows the
propagation b selected genotypes with high multiplication rates in an aseptic,
temperatureontrolled environmentTissue culture hagreated new opportunities in
global trading, benefited growers, farmers, nursery owners, and has éedpraval
employment. This it idelieved could be exploited in management systems of African
rosewood for the gain of communities within its range and the nation at(Bwoga et

al., 2007)

Integrating tissue culture into forestry conservation and manageragtammegPalo
&Gerardo,1996) of African rosewoodwill allow the production of high quajitand
uniform planting material. Such materizdn be multiplied on a yeaound basis under
diseasdree conditions anywhergrespective of the season weatherfor subsequent
transfer o the field this is the main advantageéTissue culture. The methamuld also

be a useful way of circumventing or eliminating disease which can accrue in stock plants.
Tissue culture plantlets may also have increased branching and flowering, greater vigour
and higher yield, mainly due to the possibility of elimination of diseaBesvitro

propagatiorhas several purposes:

1 Rescueof threatened germplas(Raunescu, 2009)
T Production ofmaterial for conservation biology research.
1 Bulking up germplasm for storage in various forms of ex situ fagiRgmsayet al,,

2000)
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1 Supplying material for various purposes to remove or reduce pressure from wild
collecting.

1 Growing those species with recalcitrant seeds that cannot be maintained in a seed
store(Ruiz et al, 2008.

1 Make available material for conservation education and display.

1 Producing material for reintroduction, reinforcement, habitat restoration and
managemen{Sudhersaret al, 2003; Botanic GardensConservationinternationa|

2001)

2.10 In-Vitro Propagation of Woody Plants

Tissue culture technology is based on the thebtgtipotency i.e.the ability of a single

cell to develop into whole organism. Virtually any growing part of the plant can in theory
be used for tissue culture. In practice though; the lateral meristems, shoot apices and
excised plant parts such asJea are commonly use(Dirr & Heuser, 1987) The
fundamental types of vegetative regeneratin tissue culture have bee8hoot apex
culture, axillary shoot proliferation, adventitious shoot initiation, organogenesis and
embryogenesis. The major comporemtf the technology include choice of explant
(excised part of plant), growing of explant on a defined medium in glass vessel (in vitro),
elimination and or prevention of diseases, providing appropriate cultural environment and
transfer of hardening of pldlets from culture vessel in the nursery. These constitute
protocol for tissue culture, which varies from species to species and variety to variety

within the same species.
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3.0

CHAPTER THREE

MATERIALS AND METHODS

3.1 Institutional Determinants of African Rosewoodirade

3.1.1 Description of Study Areas

Table 2 provides a breakdown of both the forest and political districts that constitute the

study area African Rosewood is known to occur in six (6) regions; namely the Ashanti,

Brong Ahafo, Northar, Upper East, Upper West and Volta regions. Using\i&igonal

Stocking inventory for African Rosewood (RMSG-C, 2012), a minimum of four (4)

political districts were selected on the basis of species abundance. The study involved a

total of twenty (20)visits to all forest districts within thstudy area. These visits were

used in the administration of senaind unstructuredjuestionnaires used famterviews

with the staff of Forestry Services Division (FSD). The visits also provided the

opportunity fordirect field observation, and were as well used in the collection of field

reports and species inventory data.

Table 2: Forest Districts and Political Districts within which Rosewood occurs

Region Forest District Political Districts
Upper East Bolgatanga Bongo
Tongo
ChianaPaga
Navrongo Sandema
Upper West Tumu Sisala East
Sisala East
Lawra Wa east
Wa east
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Table 2 Cont'd.

Region Forest District Political Districts
Volta Jasikan Biakoye
Nkwanta Krachi East
Nkwanta South
NkwantaNorth
Ashanti Kumawu Sekyere
SekyereAfram Plains
Brong Ahafo Atebubu Sene East
Sene West
Pru
Prang
Dormaa Jaman North
Jaman South
Kintampo Kintampo Municipal
Nkoransa North
Sunyani Nkoransa South
Tain
Northern Bole Bole Bamboi
Sawla Tuna Kuba
Buipe Central Gonja
West Gonja
Yendi Saboba
Yendi
Zabzugu
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3.12

Map of Study Area

F11oN
Sudan Savanna
Transition Zone WA
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Figure 1. Map of Ghana with study areas highlighted

Figure 2 provides a map of the natudatributionrange of African rosewoodt shows

that the species is found primarily within the Transition, Sudan and Guinean Savannah

and the Dry Sendeciduoudorest vegetative zones of Ghana.

3.2

RESEARCH DESIGN

This study is a mixed method studVashakkori and @&ddlie, 198, Tashakkori and

Charles, 200B8and consists of both qualitative and quantitativethods. The study uses

the embedded approach of t@®ncurrent Transformative Strate¢@€reswell, 2009)

which allowsboth qualitative and quantitative ddtabecollected at the same time
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Data collection process consisted of three parts: In the first phase, extensive quantitative
secondary data, such TIDD reports, TIF forms, FSheciesinventory datg grey
literature and other data sousder the period 994 to 2013 wereollected reviewed and

expert consultation took place. The second phase consisted of the administragom of
structuredandunstructured questionnaires to the following stakeholders: Managers of the
Forestry Resource; Forestry Comnuoss of Ghana (FC) and tRerestry Services
Division (FSD), Forestry Research Institute of Ghana, Timber contractors, illegal Timber
gangs and Communities leaders. Field study locations peposivelyselected for the
interviews observatiorand administratiomf questionnairg, forestry resource managers
from theBrong Ahafo,Ashanti and Northernegions werenterviewed.The views of the
stakeholders were sought on general knowledge about the species, perceptions
usefulness and availaibyl andtrendsof exploitation Legal governancend otherissues
related to the conservation and management of the speeies collected.The third

phase was the development of a tissue culture protocol in the laboratory to augment rates

of regeneratiomnd survival.

The triangulation framework is produced for the three most important data sources for

each research questiare represented in Table 3
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Table 3: Triangulation Framework

RESEARCH DATA DATA DATA
QUESTIONS SOURCE 1 SOURCE 2 SOURCE 3
a) What are the Field study, TIDD reports FSD TIF data
institutional factors Semi and 20042013
driving exploitation? unstructured
interviews
b) How significant are Stocking TIDD reports FSD TIF data
thesefactors on inventory data 20042013
African rosewood 2012.
stock?
c) How cantissue Laboratory Refereed
culture serve as a Work journal
means for ensuring a papers.
sustainable supply of
the resource?

3.2.1 Sampling design and Data collection

i. Reliability and Validity of Data Sources
All study siteswere selected upon the basis of data presented in the National r&focki
inventory for Rosewood (RMSEC, 2012) in Ghana.

ii. Data Collection
A total of 40 espondents wengurposively selecte{Table 4),to persons with extensive
knowledge and experience aboutdstry and African rosewood@he semi structureénd
unstructured questimaires were administered to the Resource managers at the various
district forestry and regional forestoffices. All other respondents were interviewed in

thein the field
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Table 4: The Population and Sample Size

Forest District Number of Respondents

Bolgatanga

Navrongo

Tumu

Lawra

Jasikan

Nkwanta

Kumawu

Atebubu

Dormaa

Kintampo

Sunyani

Bole

Buipe
Yendi

N N | N B W N R W RPN DN W

TOTAL:

IS
o

Source:Author'sField Notes 2012

iii.  Coding and Clustering
Qualitative data for the study was collected through the unstructured, semi structured
interviews and focus group discussions, with the following groups of persons:
1 Managers of the African Rosewood resource: FSD/FC, FRIRIG,RMSCGFC.
1 Focal persons within communities in the distribution range of African Rosewood
1 Persons involved in African Rosewood extraction: timber contractors, permit

holders, illegal operator
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Iv.  Instrumentation
The interviewschedule sought to identifive (5) main factorsextent of trade in African
rosewood, regulatory and administrative process, issues of resource governance, abuse of
the legal process and the sepiolitical environment.

v. Analysis of Data
The information gattred from thesemi structuredand undructured interviews was
manually clustered and coded. It was thamalysed using a Fishbone or Ishikawa
Diagram, as developed W¥aoru Ishikawa (Ishikawa, 1976This method presented the
study with the ability to contribute to the understanding of the problem with a Process

analysis and Root and Cause diagram.

All other secondarglata on the African Rosewood population structiaed export
informationwas analsedusing Statistical Package for Social Scienti§BPSS velien

16, IBM) in the form of graphs or tables. The statistical tools used included inferential
statistics and ANOVAThe results ad recommendations obtained gmesented in the

Chapters 4, 5 and 6.

3.3  Tissue Culture

The materials used include

Preparation Room

a. Autoclave (Express Autoclave: Model Number ST 19)
b. Water distillation unit

c. Hot plate with magnetic stirrer

d. pH meter
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e. Analytical balance

f.

Microwave oven

Transfer room

a.

b.

C.

Laminar flow cabinets
Safety burners and Glass bead sterilizers

Microscope

Growth room

a.

b.

Air conditioners for temperature regulation
Thermometefor temperature recording
Artificial lighting: two(2) 65W cool daylight fluorescent tubes per $hel

Shelving unit frames made of wood and laminatleown in Figure 3

Design for shebring unit

e
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Fluorescent tubes (fIth: 1 or 1.5 m long, 65 A7,
cool day-light, two lightsfier, 8/shelwving unit.

Figure 2: Design for Shelving Units

Consumables

A.

a.

Reagents for media preparation and explant sterilisation
Agar

Analytical grade sucrose

Antioxidants:activated charcoal

MS stock solutions
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e. Plant Growth regulatorgwuxins: NAA, Cytokinins: Kinetin, BAP
f. Buffers for pH meter

g. 70% alcohol

h. Fungicide for surface sterilisation

l. 10% sodium hypochlorite or bleach

J.  Sterile distilled water

B. Equipment for media preparation and explant sterilisation
a. Glassware

b. Pipettes (6099um), (22ml)

c. Surgical blades, knives, forceps, and scissors

d. Millipore filters

e. Culture bottles

f. Syringe

3.3.1 Experimental Methods
Collection and management of plant materialant materialsised in this stdy were
collected inthe Atebubu forest district of Ghana and consigiegloung vigorously
growing shoots on mature treeghich possessed all the qualities of juvenile tissue.
Sample preparatioon site includedurface sterilisationwvashing theyoung shoots
thoroughly and transporting theim cool boxes for subsequent transportation to the
Forestry Research Institute of Ghana (GHIBRIG) at Fumesua.
Establishment of sterilization protocoRll the glassware, metallic equipment and
culture medium used for this section were sterilized by autoclaving at B2fT06

kg cn? pressure for 15 min before us€he study evaluated two methods in
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edablishing theasepticculture these were scored for the number of contaminants
observed after awo-week period and also the effects on the explants. The
sterilisation regime was conducted to determine the most suitable or optimum

steriisation protoco(Table 5.

Table 5: Sterilisation Regime Table

Treatments Hydrogen 0.1% Fungicide | Sodium Hypochlorite

10%

Peroxide 10%

Explants preparationExplants in Treatment A were subjected twva-step
procedure: fielcsterilizationand subsequent laboratasterilizationor Treatment B,

as seen in Table &ntrimmed explants were washed in three changes of distilled
water in the field, followed by moderate shaking in 10% hydrogen peroxide for 10
minutes. Explants wettdenrinsed thrice with sterile distilled water andrnsported

to the laboratory and subjected to Treatment B given below.

Explants in Treatment B were subjected to only laborasbeyilizationwhich included
0.1% Fungicide and 10% concentration of sodium hypochlohitethe laboratory,
untrimmed explantsvere washed with detergent water and sterile distilled water. The
explants were then trimmed asdbjected tdhe sterilisation regimeas given below in

the laminar flow hood

a. 0.1% of fungicide was prepared by weighing 0.5g of Diethane and dissolving it in

500ml of sterile distilled waterThe trimmed explants were put the Diethane
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solutionfor 20 minutesplaced on an orbital shakandwere rinsed thrice with sterile
distilled water

b. The explants were then transferred to 10% sodium hypochlorite soltdio 10
minutesandwere rinsed thrice with sterile distilled water

c. Explants were blotted or dried with pre sterilised blotting paper or tissue.

3.32 Media Preparation and Inoculation
The culture media was prepared withe protocol & Murashige & Skood1962 using

3% sucrose. The pH of the medium was adjusted to 5.79, before the addition of 4.8g/I of

agar. This was autoclaved for 25 minutes atodtzand media were dispensed in 20ml

aliquots(Plate 9 & 10)

Plate 6: Axillary Bud of African Rosewood Plate 7: Bead Steriliser for maintaining
sterile instruments

Plate 8: Media Preparation Plate 9: Media dispensing
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Axillary buds of trimmedexplants were aseptically excised in the laminar flow hood
(Plate 78 & 11) and transferred to MSgar culture media (Murashige 8oog, 1962as
prepared below and were supplemented with plant growth regulators according to Table

6. Explants wereincubated at 25°C with a 1% photoperiod using cool daylight

fluorescent tubes.

Plate 10: Explants been excised undeasepticconditions
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3.4  Stock Solutions Preparation

3.4.1 Preparation of Major and Minor Nutrients Solutions

Table 6: Major and Minor Mineral salts concentration in MS media formulation

Stock Solutions mg/L
Solution 1

Potassium Nitrate (KN¢) 1900
Ammonium Nitrate (NHNOs) 1650
Solution 2

Copper Sulphate Pentahydrate (CuS€-0) 0.025
Magnesium Sulpahtdeptahydrate (MgS£7H,0) 370
Manganese Sulphate (MngO 16.9
Zinc Sulphate Heptahydrate (ZnSO4.TH 8.6
Solution 3

Potassium iodide (KI) 0.83
Calcium chloride (CaGI2H.0) 440
Cobalt Chloride Hexahydrate (CoCl.gbl) 0.025
Solution 4

Boric Acid (H3BOs) 6.2
Potassium dihydrogen phosphate @grRiG) 170
Sodium nolybdenate dehydrate (NaMaQH;O) 0.25
Solution 5

Iron (ii) Sulphate Heptahydrate (FeSTH.O) 27.8
Sodium EDTA 37.3
Solution 6

Glycine 2.0
MesaInositol 100
Nicotinic Acid 0.5
Pyridoxine HCL 0.5
Thiamine HCL 0.5

(Murashige and Skoog, 1962)

The gock solutions were prepared by weighing outdbeve listed quantities in Table 6

into volumetric flasks and dissolving them in 2000ml of distilled water.
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3.4.2 Preparation of Plant Growth regulators solutions

In order to obtain a final concentration of 1g/L or 1mg/ml, the following steps were

followed:

a)

b)

d)

Preparation 06-Benzylaminopurinetock solution:
0.025g of BAP were weighemhd placed in a beaker
5mis of 1M dilute HCL was adddd dissolve it
The resulting solution was topped up to 25mls in agpeelised falcon tube with
sterile distilled water and filtered using a Millipore filter of 22um diamélée stock
solution was aliquoted and stored in the freezer.

Preparation oKinetin stock solution:
0.025g of Kinetin was weighed
A few mis of IN NaOH was added to dissolve it
The resulting solution was topped up to 25mls in agpeelised falcon tube with
sterile distilled water and filtered using a Millipore filter of 22urardeter The stock
solution was aliquoted and stored in the freezer.

Preparation oNAA stock solution:
0.025¢g of NAA was weighed
A few mls of IN NaOH was added to dissolve it
The resulting solution was topped up to 25mls in agpeelised falcon tubevith
sterile distilled water and filtered using a Millipore filter of 22um diameter
The stock solution was aliquoted and stored in the freezer.

Preparation of IBA stock solution:

0.025g each of IBA was weighed
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About 5mis of methylated spirit was addeditssolve it
The resulting solution was topped up to 25mls in agpeelised falcon tube with
sterile distilled water and filtered using a Millipore filter of 22um diamélée stock

solution was aliquoted and stored in the freezer.

3.5 Experimental Variables

3.5.1 Experimental design

The sample sizevas 1B, with 10 explants each per treatment. Environmental conditions
were maintained at a constant on the shelves and growth fidwmexperimental units

were randomized on the shelves. The control was a negative control that had no plant
growth regulators present. Cultures were prepared using the standard MS protocol, and
were kept under the same conditiongeTcultures were incubated at 250@6der a 16

hourphot operiod with a |ight intensity of 34

3.5.2 Treatments
The variables examined to optimize the mpmapagation protocol included:hé
determination of the optimum concentration of cytokinins: BAB&zylaminopurine)

and Kinetinmedia on shoot growth @ffrican rosewood

Plant Growth Regulators (PGRused at3 different levels or concentrations for shoot
growths were given below:

a. BAP (6-Benzylaminopurine)

b. Kinetin

c. NAA (1- Naphthalene acetic acid)
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Table 7: Concentrations andCombinations of Plant growth regulators usedShoot

apexculture
Kinetin
BAP Levels in mg/L 0 0.5 1.0
0 0 +0 0+0.5 0+1
1 1+0 1+05 1+1
2 2+0 2+0.5 2+1
5 5+0 5+0.5 5+1
NAA 0.4 1+05+04 2+10+04|5+1.0+04

Therewere fifteen (15) treatments in total, this includkd control, five(5) single plant

growth regulator treatments and nine ¢@jnbination treatmen{Jable 7.

3.5.3 Data Collected

Data collected included growth perfornt@ characteristicsbgd elongation, shoot

growth, root growthroot growth, etc) and theresence of contamination, €idize et al,

1999)

Plate 11: Explants randomised on the shelves in the growth room
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3.5.4 Statistical methods of Analysis

A statistical design of Completely Randomised Design was used with three replicates

(Plate 12) This was generated using the Microsoft EXcBand function. Data was

analysed using the following:

a. ANOVA: for continuous data such as shoot length.

b. PoissonRegression: for count data, such as the presence or absence of contamination
(Compton &Mize, 1999 Mize et al,, 1999.

c. Logistic regression; for data such as, shoot, root, callus or nothing f¢Go@apton

&Mize, 1999)
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CHAPTER FOUR

4.0 RESULTS

4.1 Institutional determinants of African Rosewood tade

A total of six types of institutional determinants that affect the management and
conservation of African Rosewood in Ghana were identified. These were:

a. Regulatory and Administrative

b. Legal and Governance

c. Poliical

d. Business dynamics

e. Sociocultural

f. Socioeconomic

These categories are analysed on an Ishakawa or fislthageam (Ishakawa, 1976)
(Figure4). The positions of the various categories are not weighted ortgéaton the

Ishakawadiagram
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Figure 4: Fishbone diagram describing institutional determinants
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Figure 4 shows theimpact of these factors on the conservation and management of
African RosewoodThis is seen to range frorthe desire to get rich quick to complex
issues such ahe level of politicalinterference in administrative and regulatory issues.
These factors do not act in isolation or individually, but act in condiénteach otheto
negatively impact the conservation and management praattidfrican rosewood. There
werealso significant degrees of interrelatednegiin and amongsihe various Category

classes

4.1.1 Governance

Plate 12: Conveying Harvested African Rosewood in Gurunkpe near Buipe

The following governance pitfallsundefineduser rights, resource use conflicts and the
absence of Social Responsibility Agreements (SR®ere identified in most
communities visitedIn most communities most personsncluding traditional rulers
interviewed believedhat their access téfrican rosewood as timber should not be
hindered by law, because they possessed unfettered access to it for use as charcoal,
fuelwood, fodder and for medicinal purposékhis led to numerousresource use

competitiors and conflics nationwide, in particulain the GurunkpeTownship Fakwasi
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and DwanStool Lands(Plate 13) In these communitiegontractors were compelled to
negotiate fifeeso with townsfolk before the
some cases it led to outright conflict in certain cases between the communities and
officials of the FSD/FC, requiring the presence ofithitary to enable harvested timber

to be conveyed@Platel3).

4.1.2 The Legal process

There have been wholesale abuses of large sections ofTithber Resources
Management Regulationd.11649), 1998 (LI11649, 1998)and the Timber Resources
Management Act(Act 547), 1998 (Act 547, 1998) These have ranged from illegal
chainsaw operations to the failure of the Forestry Commission of Ghana (FC) to revise
the stumpage fee per cubic metre in response to the increasing price per cubic metre of
Rosewood logsThis and other factorkave resultedin anextremely low stumpagealue

of GH¢2.39 and a resultant artificially low log price.

There were also been significant abuses of the permit granting system through the use of
Salvage and Titver utilisation permits (IP) in harvestingharvest timber in all forestry
districts visited However, in thelain Forestry district due to the construction of the Bui
dam, some areas were under salvage permit. These permits by law are to be used in the
small scale harvesting ofitber for social or community purposes in the case of the TUP,

most importantltimber from these permits cannot be sold or exported

In all Forestry districts visited, it was observed that these two permits appeared to be a
means by which African Rosewoadas harvested. The implications of this are that all

African Rosewood timber harvested and exported under these permits stands a high risk
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of being deemed illegal. Even though this issue was confirmed by Global Witness
(Global Witness, 2013)t has been ehied categorically by the Forestry Commissain

Ghanain an advertiser's announcement (F.C., 2013)

There were also issues of the regularisation of illegal rosewood timber through the sale or
transfer of LMC or conveyance permits for the transfertimber harvested without
permits to the TemaPort. Other issues were related, but not limited to the absence of

stump and log marking after harvesting and other factors.

4.1.3 Socioeconomic Interplay

Plate 13: Large scalefelling of African Rosewood in Kintampo Forest District

The study observed feeéi fori all grab of Rosewood timber as a result of this increased
demand by all manner of persons, including politicians and traditional leaders. Large
areas were clear felled tfe species to satisfy this huge demand in communities across
the distribution zone of the specigdate 14)

4.1.4 Political and Sociocultural factors

During the study periodan extremely high occurrenad involvement of politicians,

traditional rulers and community leadevere witnessedh the legal and mostly illegal
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extraction of African rosewoodTraditional rulers routinely connived withlebal
operators by selling them land. This land was then harvested of its rosewood timber.
some cases, there was the tacit involvement of traditional leaders in the extraction as
witnessed in the Atebubu forest distri@afidoh &Dumenu, 2014)The severity of this
involvement transcends not just involvement in extraction, but interferendéein
administrative processes of the FSD/FC by such individuals. Evidence abounds of
instances in which some Districts Managers of FSD received orders sometimes from
above to give person "X", the right to harvest or buy rosewood timber. These usually
camein the form of phone calls, permits issued from Accra, etc

4.1.5 Regulatory and Administrative Lapses

In almost all the FESD offices visited, inadequate logistics and funding of the resource

manager by the central government was witnessed.

4.1.6 Industry Practice

High levels of corruption coupled with low levels of prosecution for illegally harvesting
timber were witnessed in most of the forest districts visited. This was compounded by the
flow of money from the Chinese buyers who paid well foe timber from African

rosewood and lubricated the gears of the regulatory institutions.

4.2  Afri can RosewoodProducts types and \blumes Exported

4.2.1 Direction of Export

Over 90% of all Rosewood exports from Ghana are destined for China, namely to the
ports of Guangdong, Guangzhou and Hong K@tigure5). From the ports, it is actively

traded using the trade name: Paduak through a network of middlemen and timber
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importing firms for the production of luxury furniture, musical instruments and

woodwork tomeet the growing demands of the rapidly expanding Asian middle class.

Belgium
0%

Hong

Kong

1%

Figure 5: Destination of Rosewood Exports

4.2.2 Wood Product Types

Figure 6shows the eight (8) wood product types exports of African Rosewood; namely

Air dried lumber, Kiln dried lumber, Profile Boards, Sliced Veneer, Plywood (Overland),

Poles, Lumber Overland and Processed L/Moulding.

Processed
L/Moulding
0%

(Overland)
0%

Sliced
Veneer
22%

Figure 6: Percentages of Wood Product Tge Exported (TIDD 20042013)
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Air dried lumber is the predominant wood product type and constitutes over 75% of all

exports for the decade (20@913) under consideration.

4.2.3 Price at Tema Port of Exit
The active export of African rosewood in Ghana lregu 2004.Figure 7 shows the

increasing premium of African Rosewood using the Tema Port of Exit price per cubic

meter.
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Figure 7: Average Price/nt of African Rosewoal air dried lumber for 2004-2013 TIDD, 2013)

Comparingthe initial export value ofif 350. 639 i n 200 4thetpaceaf 53 3. 8!
African Rosewood air dried lumber shows volatility over the past decade, averaging

U416. 079 over the decade period and attain

4.2.4 Exported Volumes

From Figure 8, the highesblume of export of African rosewood was seen in June 2013
(12,956.79r1), followed by 2009 (10,114.37An It is also seen that as of June, 2013 over
12,956.79m o f African rosewood with a wvalwue of
representing a 70,000% increase in volume and 100,000% increase ifRiglue 7 &

8).
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Figure 8: Annual Volume appreciation Jan 2004June 2013(Source: TIDD 20042013)

4.3  Population Structure of African rosewood In Ghana
4.3.1 Diameter class distribution
Below are the plot of mean stem numbees 1ha on a regional and national bé&sighe

natural distribution range of African rosewood.
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Figure 9: Plot of National Mean StemNumbers per 1ha
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From Figure 9, the number afverageindividuals of African Rosewoodationally per

lha increased from 67 stemer 1lhain the 09.9cm diameter class to 350 stems per 1ha

in the 1019.9cm diameter class. The number of individuals subsegaetreased with

increasing diameter to 9.39 stems per 1lha in the 60cm diameter Tes210cm

diameter class is indicative of the poor rates of regeneration present in the national

population.

Assessing this on a regional basis
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The Ashanti regiorlisplays the lowest national mean stem numbers per 1ha across the

Figure 10: Plot of Ashanti Region Mean Stem Numbers per 1ha
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Figure 11: Plot of Upper East Region Mean Stem Numbers per 1ha
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The plot of mean stemumbers for the Upper east reg@asmshown in Figure 15hows a
bell shaped curved distribution, indicative of a very high proportion of tresslia

10-20cm dbh to 560cm dbh diameter classes.
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Figure 12: Plot of Volta Region Mean Stem Numbers pefLlha

The Volta, Upper West, Northern ar@fong Ahafo regions present similar trends within
their plot of means of stem numbers per ,liere arelow densities forthe 210cm
diameter class which increagethe 1620cm diameterlass and subsequently declime

the 60cm+ diameter class. The Volta region is the only region which showed an increase
at the 60cm+ diameter clasthis is evidence of a high proportion of 60cm+ stems

(Figures 13, 14 & 15)
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Figure 13: Plot of Upper WestRegion Mean Stem Numbers per 1ha
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Figure 15: Plot of Brong Ahafo Region Mean Stem Numbers per 1ha

Table 8: Mean Stem Numbers per Diameter Classes (Source: FSD/RMSC, 2012)

Class Ashanti Volta Brong Ahafo Upper East Upper West | Northern
0-9.9cm 550 1775 2275 288 488 1288
10-19.9cm 1588 4075 14875 1638 6138 6688
20-29.9cm 600 1500 3763 1700 3538 4651
30-39.9cm 75 1000 1238 1963 1475 2138
40-49.9cm 50 550 663 1951 463 676
50-59.9cm 50 225 50 588 126 413
. =60cm 25 475 25 213 50 151
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4.3.2 Stem abundance and Volume distribution of African Rosewood in Ghana
The mean volume of African rosewood was highest in Upper East and Northern regions
(Table 8). However,the BrongAhafo had the higheshumber of mean stem84%),

followed by the Northern region22%) respectivelyof national stock¢Table 9.

Table 9: Stem abundance and Volume of African rosewood on a regional basis

Percentage Volumes per 1ha Stem Abundance per 1ha
Region Volumesm? % Stem Volume Abundance % Stem Abundanc
Ashanti 9.29 2.38034231¢ 29.38 4.07767
Upper East 98.08 25.13067541 83.41 11.5765
Volta 63.95 16.3856718% 96 13.3239
Upper West 58.65 15.02767244 122.78 17.0407
Northern 89.65 22.97068771 160.05 22.2134
BrongAhafo 70.66 18.1049502¢ 228.89 31.7678

From Table 9, it is seen thdte Ashanti region showed the lowest abundance of stems
per 1ha (29.38 stems per 1ha) and the lbw&sn volumes nationwide (9.2%ver 1ha).

A gradual increase in mean stem numbers amldmes can be seen throughout the
various regions with Brong Ahafo showing the highest aburelasf mean stems,
228.8%er lha and mean stem volume®).69. Though the abundance of African
Rosewood in the Upper East region waktively low 83.41 meantems per 1ha the
region's stem volume was the highest amongst the regions. This suggests that African

rosewood trees in the region had many large diameter stems.
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4.3.3 Interim Felling Limit and African rosewoodstemabundanae

The interim felling limit for African Rosewood has been given by the Forestry
Commission of Ghana to be 20cm dBlnom Table 10total stem numbers above 20cm
present a mixed picture throughout the various regions, ranging from 8 stems per 1ha in

the Ashanti region to 80 stems etNorthern region.

Table 10: M ean volumes in M below and above élling limit per 1ha on a regional

basis
Stem Numbers Below 20cm Stem Numbers Above 20cm
Ashanti 21.38 8.0
Volta 58.5 37.5
Upper West 66.26 56.52
Upper East 19.26 64.15
Northern 79.76 80.29
Brong Ahafo 171.5 57.39
Total Stem Numbers 416.66 303.85
% Stem Numbers 57% 43%

The total proportion of stems above 20cm dbh per 1ha nationwide which are available for
harvestare shown to bd3% of total African rosewood stock§able 10) The effect of
the 20cm dbh interim felling limit is also seen from the highly significant p values in the

20cm, 30cm, 40cm, 50cm and 60cm+ diameter classes.

4.4  Analysis of Tissue Culture data
The study was conducted &ssessegeneration potential d&frican rosewood to tissue

culture techniqueusing MS medium It determined the optimal concentrations and
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combinationsof three (3) plant growth regulators in the medium for efficiemicro

propagatiorvia axillary budculture. The results obtainede pesenedbelow.

4.4.1 Effectiveness ofSterilization Protocol

Table 11: Contamination Rates and Explant Mortality in Steriliz ation Protocol

Establishment

Treatment Concentration (ml) % Exposure Percentage Explant
Times/min Contamination | Mortality
A 20%Hydrogen peroxide 10
10% Sodium hypochlorite | 10 19.2 83.5%
0.1% Fungicide 20
B 10% Sodium hypochlorite | 10
38 41%
0.1% Fungicide 30
Control Sterile Distilled Water 97 0.0%

Table 11 shows the rates of contamination and explant mortality during the establishment
of the protocol. The effectiveness of the protocol to adequately control microbial
contamination in the explants was seen to be dependent on two factors: the difration
the exposure period and the components of the sterilisation protocol. This was especially

so, when contact time for the fungicide was increased from 20 minutes in Treatment A to

30 minutes in Treatment Bhis factor is particular importance due to teason that the

explants were harvested from the field and were not grown in a controlled environment.

However, long total exposure times to the sterilants as observed in Treatment A, were

seen to negatively impact on the survival and mortality of theaekpFrom Table 11

the optimum sterilisation treatment is Treatment B, with a percentage contamioftion

56




38% aml an explant mortality of 41% he high mortality of explants in both setups can
be attributed to the very long distances traveiledharvesing and transporting the

samplego and from EjuraAtebubu to Fumesua.

4.4.2 Rates of Contamination

Extremely high rates of contamination were seen on all {{®eeeplicates of théissue
culture expement within the experimental peripdregardless ofthe optimized
sterilisation protocol degned and implemented he plot of the frequencies is shown

belowfor the first three weeks.
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Figure 16: Frequency Graph for Contamination rate

It is observed that consistently all experimental units withinsikieen (16) Treatments
and replicates showed skewed distribution for the levels of contamination orHigtes (
16 & 17). The level of contamination increased from Week 1, peaked in Week 2, finally
declining in Week 3. The rates of contamination aren se# to vary widely between
experimental units in treatments for each given webHke mean rate of count of

contamination was given as 3.2361, with a standard deviation of 2.99180.
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Figure 17: Population Pyramid Plot of Individual Treatments and Rates ofContamination

The contaminants were identified and chanaotel to be fungiAspergillusflavusand

Cladosporium herbariuras can be seen ilatel5.

-
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Plate 14: Plate of Fungal growth in an Experimental Unit

A Poisson regressiomsing Statistical Packages for Social Scientists (SPSS, version 16)
of the count rates of contamination was conducted to understand the naturentrend a
extent of contamination dhereplicatedweekly count data obtained for the peri&yen

though thiswas recommended method of analysis in literature, upon analysis it was seen

that the mean differed from the variance significantly (Td&)e This indicated that the
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