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ABSTRACT

In West and Central Africa (WCA), despite the significant increase in plantation forest
establishment, quality and quantity tree germplasm supply is still challenging. This study
explored institutional and operational frameworks for tree seed management and analysed
the extent of forestry and agroforestry plantation within the WCA countries. The study
approach was based on literature review, field visits, interview of staff of tree seed centres
and other institutions in charge of reforestation/afforestation in four countries. The findings
show a net increase of forest plantation by 122% from 1990 to 2015, driven by an enabling
political and institutional framework and the domestication of various indigenous fruit
and timber tree species. Trees and germplasm improvement in the region are still in their
early stage. Tree seeds supply is adequate for exotics, but grossly inadequate for indigenous
species. Overall, seed policies are either inadequate or lacking. The contribution of
the informal sector to seed supply chain remain high, therefore offsetting the quality,
quantity and diversity of germplasm deployed. The study urges for the development
and harmonisation of sound seed policies, technology transfer among countries and the
establishment/strengthening of national tree seed centres for sustainable production and
supply of quality tree germplasm for plantation forestry in WCA.

Keywords: Germplasm sources and supply, informal sector, plantation drivers, priority
species, seed policies and markets, West and Central Africa

RESUME

En Afrique de 1’Ouest et du Centre (AOC), malgré 1’augmentation significative des
plantations forestieres, 1’approvisionnement en semences d’arbres de qualité et en quantité
reste contraignant. Cette étude a exploré les cadres institutionnels et opérationnels pour
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la gestion des semences forestieres et analysé 1’étendue des plantations forestieres et
agroforestieres dans les pays de ’AOC. L’approche méthodologique était basée sur une
analyse documentaire, des visites de terrain, des entretiens avec le personnel des centres
nationaux de semences forestieres et d’autres institutions en charge du reboisement et du
boisement dans quatre pays de la sous-region. Les résultats montrent une augmentation
nette de 122% des plantations forestieres entre 1990 et 2015, grace a un cadre politique et
institutionnel favorable et & la domestication de diverses especes locales d’arbres fruitiers
et forestiers. L’ amélioration des arbres et du matériel génétique dans la région en est encore
a ses débuts. ’approvisionnement en semences d’arbres est adéquat pour les especes
exotiques, mais reste largement inadéquat pour les especes locales. Dans I’ensemble des
pays, les politiques semencieres sont soit inappropriées, soit inexistantes. La contribution du
secteur informel a la chaine d’approvisionnement en semences reste élevée, ce qui remet en
question la qualité, la quantité et la diversité du matériel génétique utilisé. L' étude préconise
le développement et ’harmonisation de politiques semencieres saines, le transfert de
technologie entre les pays et la création/le renforcement de centres nationaux de semences
d’arbres pour la production durable et la distribution de matériel génétique de qualité pour

la plantation forestiere en AOC.

Mots-clés

: Sources des semences, secteur informel, moteurs des plantations, especes

prioritaires, politiques et marchés des semences, Afrique de I’Ouest et du Centre

INTRODUCTION

West and Central Africa (WCA) region is
known to host the second most important forest
landscape in the world (Malhi et al., 2018).
This region is home to a variety of ecosystems
ranging from lowland evergreen rainforests,
semi-deciduous forests, to tropical savannahs
and other woodlands. These ecosystems are
known as the main source of industrial timber
for the continent (Okali and Eyog, 2004). They
also provide non-timber products to meet
subsistence needs of local populations and
contribute to national economy of producing
countries (Eba’a et al., 2015; Hetemaski and
Hurmekoski, 2016). Many people in WCA
countries depend on tree products and services
for food, health, shelter, energy as well as many
other livelihoods needs, and their demand is
estimated to increase given the population
growth and the development of new markets
and products (Leakey and van Damme, 2014;
Endamana et al., 2015; Rasmussen et al.,
2017). However, these forests are under high
pressure of deforestation and degradation,

driven by unsustainable agricultural practices,
infrastructure development and overexploitation
of some high value species. In Cote d’Ivoire
for example, the forest cover decreased from
16 million ha in early 1900 to 2.5 million ha
in year 2000 (FOSA, 2000). In some countries
like Cameroon, although the forest cover
did not significantly change, their economic
and ecological values have been reduced by
selective logging and many other anthropogenic
factors (Marien and Mallet, 2004; EDF, 2013;
Shu, 2013). Recent estimates indicate an overall
decrease of 10% of the forested land in WCA
(FAO, 2014). For the Congo Basin Forest,
reduction in forest area include 20% for humid
forest and 40% of dry forests. Meanwhile,
more than 70% of the forest cover has already
been lost in many Sahelian countries (Ariori
and Ozer, 2005; EDF, 2013; FAO, 2014).
Therefore, to meet increased demand for forest
and tree products, many plantations have been
established in different countries in the region
since early 1900s (FAO, 2000; Chamshama
et al., 2009). Of the 8 million ha of forest
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plantations estimated in year 2000 in Africa,
42% were found in West and Central Africa
(FAO, 2003a; FAO, 203b; Chamshama, 2011;
Koskela et al., 2014). It is estimated that the
increasing demand for ecological services (trees
for soil fertility improvement, conservation
of water catchment), forest products (fruit,
fuelwood, fiber, fodder and timber), climate
change adaptation and mitigation will only be
met from expanding cover of planted forests
rather than from natural forest (FRA, 2015;
Sloan and Sayer, 2015). Therefore, an efficient
tree germplasm supply system is of critical
importance for establishing sustainable forest
plantations and agroforestry programs (Nyoka
et al., 2011; Thomas et al., 2015).

Tree Seed System is composed of actors
(organisations, individuals) involved in different
roles/functions  (breeding, = multiplication,
testing, processing, storage, marketing) toward
tree seeds production and distribution to meet
different tree planting objectives (Figure
1). Lillesg et al. (2011) described eigth tree
seed supply systems based on the three main
components of the input supply chain (seed
sources, seed procurement, seeds and seedlings
distribution) and the dichotomic (centralised
or decentralised) control approach involved

Tree planters

Objectives
Increasing rates of tree planting
and productivity

Tree Species and
amounts of
germplasms

Deployment pathways?

M. L. AVANA-TIENTCHEU et al.

in the management at each component level.
These were further grouped into three major
models namely the Government Model, the
Non Govenmental Organisation Model (NGO
Model) and the decentralised Model. The
application of this approach of seed systems
classification is important in all countries to
rightly understand the type of tree germplasm
sources being used as well as the logistical
and institutional processes involved in their
deployment (Lillesg et al., 2018).

One key element for improving tree
performance and production is to ensure the
availability of high-quality germplasm to meet
plantation needs (Koskela et al., 2014; Thomas
et al., 2015). National tree seed centers are
therefore expected to play an important role
in the procurement, collection, processing,
storage and distribution of high-quality forest
tree seeds. In addition, they serve as ex situ
seed gene banks use for the conservation of
forest genetic resources, to undertake research
and to formulate policies that guide tree seed
procurement and deployment (Phartyal et al.,
2002; Koskela et al., 2014; Thomas et al.,
2015). However, an earlier evaluation indicated
that most of the 50 National Tree Seeds Centers
established from 1960 to 2005 in tropical

Tree Seed Supply System
Policy
Seed supply
Gene conservation
Research and development
Extension

Priorities Needs

-Techniques/technologies
- Finances

Figure 1. Principles of tree germplasm Deployment/flow (Adapted from Nyoka et al., 2015)
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countries were either not fully operationals or
unable to satisfy the increasing need for quality
tree seeds for afforestation/reforestation projects
(Nyoka et al., 2015). There is therefore a need
to document alternative approaches of tree seed
systems being developed in different contexts
(Dedefo et al., 2017).

Climate change will exacerbate the current
constraint related to poor access to quality
tree germplasm by affecting distribution,
productivity, pests and diseases risks, grow
and development performance for many tree
species. A recent evaluation of 38 Project
Design Documents (PDD) for 38 Afforestation/
Reforestation Clean Development Mechanism
(CDM) projects had raised a concern about how
to ensure germplasm access to meet the tree
planting objectives (Roshetko et al., 2017). To
address these shortfalls, tree seeds management
systems should build on specific germplasm-
based climate change opportunities as suggested
by Dawson et al. (2011).

In this paper, tree seed production and supply
system in WCA is reviewed with a focus on
the extent of forest plantations and associated
tree germplasm needs, current state of tree
improvement activities, techniques to produce
improved germplasm and planting stocks, status
of existing seedbanks and gene-bank in the
region as well as seed supply, processing and
distribution networks in WCA countries.

RESEARCH APPROACH

This study was carried out in two parts, as a
desktop literature review and field visits in four
west and central African countries namely the
Republic of Congo, Cameroon, Senegal and
Burkina Faso. The study countries were chosen
based on the extent of their forestry plantations
and tree planting activities (Cameroon and
Congo) as well as the existence of an operational
Tree seed centre or programme (Burkina Faso
and Senegal).

Literature review was based on the following

thematic areas:

a) sustainable forest management issues as they
relate to commercial and community tree
planting activities in WCA;

b) species introductions, provenance testing,
and conservation of key species;

c) policies that are affecting afforestation and
reforestation programmes.

The country visits were designed to meet
with key forest plantation industry players,
policy makers, foresters and development
practitioners. Discussions with these actors
yielded information on reforestation and
afforestation rates, the range of species planted,
seed deployment strategies and constraints,
seed demand and supply, mains species being
used in forestry and agroforestry plantations
and on-going forestry and agroforestry projects.
A standard questionnaire was designed and
administered during field visits to managers
of tree seed centres/programmes and other
institutions involved in afforestation and
reforestation activities. These informations
were analysed to understand their seed sources,
procurement and distribution strategies as well
as their national and international collaborating
partners. Information was also collected on
activities for tree planting for both commercial,
non-commercial, indigenous and exotic trees
species, afforestation and reforestation rates,
gaps in planting activities, seed and seedling
production  capacities, opportunities and
constraints, institutions and policies impacting
on germplasm production, research and
development.

For countries not visited, information
was searched in the literature. Telephone
conversations were also conducted with key
actors when possible on some important points
of the questionnaire. The questionnaires were
also sent via emails to those who agreed to fill
them out.
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Information from filled questionnaire were
analysed together with those from literature
review to document the extent of forestry
plantation and tree seed systems in WCA
countries.

FINDINGS AND DISCUSSION

State of forest plantations in WCA. According
to FAO (2015), the planted forests in WCA
covered 16 million ha representing 2.56 % of
the African total forest cover, and accounting
for 5.8 % of the global forest planted area. There
has been a significant increase in tree planting
during the past decades in many countries within
the region. The total area of forest cover in the
region changed from 346.6 to 313.0 million ha
from 1990 to 2015 of which only 3.3 million ha
is planted (Payn et al., 2015). The area of forest
plantation increased from 1, 204, 000 ha in 1990
to 2, 089, 000 ha in 2010 and 3, 300, 000 ha in
2015, representing roughly 20 % of the forest
plantation cover on the African continent (Table
1). The annualised change in planted forest
area from 1990 to 2015 was estimated to be
3.2 % (Payn et al., 2015). The increasing rate
of planted forest cover in some WCA countries
was estimated using the benchmark forest areas
in 1990’s for Ghana (220 %), Cote d’Ivoire (118
%), Rwanda (85 %), Nigeria (80 %), and Senegal
(75 %) (FAO, 2010). Since 1990, the change in
planted forest in WCA FAO-sub region has been
estimated to be 122 %, indicating very high
rates of tree planting (Payn et al., 2015).

The planting approach adopted by many
countries is consistent with the concept of
“Forest Landscape Restoration”. In this
approach, many actors such as farmers plant trees
as part of their land-use, while governments,
NGOs and private sectors are involved in
agroforestry promotion and forestry plantations
management, respectively (Harris, 1993; Eyog
Matig et al., 2002; Marien and Gourlet-Fleury,
2013; Laestadius et al., 2015).
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Most forest plantations within the region are
established and managed by public forestry
agencies, except for the Republic of Congo.
These publicly owned forest plantations are
generally reported to be in poor state due to
inadequate governance frameworks, weak
capacity of forestry departments, inappropriate
silvicultural management, financial constraints,
and lack of purposeful research (MacDicken
et al., 2015). Cote d’Ivoire is reported as the
only WCA country with well managed publicly
owned forest plantations (Payn et al., 2014).

In Central African countries, the new
silvicultural approach for sustainable natural
forest management combined with the
development of forest plantations in degraded
forest and savanna areas constituted the main
strategy to maintain or even extend forest
cover within the region (Marien and Gourlet-
Fleury, 2013). In the dryland part of the region,
many plantations have been established to try
to stop, or even to reverse, the desertification
process, which is the main ecological problem
of numerous countries with arid climates like
Niger, Chad, Mali, Nigeria, Burkina Faso,
Mauritania, Senegal (FAO, 2000a; Sacandé
et al, 2015). Among these tree plantation
programmes, is the Great Green Wall initiative,
launched since 2011 in the Sahel and Sahara
involving 12 countries of which more than 90%
are from West Africa (Sacandé€ et al., 2015).

At the same time, individually owned woodlots
are now widespread in some WCA countries
like Cameroon, Ghana and Nigeria. Though
information on their extent is still unreliable,
these privately-owned woodlots are known
to significantly contribute as major source of
fuelwood, poles and common non-timber forest
products and continue to play an important
role in the livelihoods of rural communities
and national economies (Buongiomo and Zhu,
2014; Whiteman et al., 2015).
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Constraints and opportunities for forest
plantation development in WCA countries.
Despite several forest plantation initiatives,
Ariori and Ozer (2005) demonstrated a
continuous decline, at arate of -2% of forest cover
per year in some Sahelian countries (Burkina
Faso, Chad, Guinea Bissau, Mauritanie, Mali,
Niger, Sénégal) during the second half of the
20th century. From their study, it was shown that
15 out of 44 sites covered by forests in 1955 had
disappeared, while many other forested lands
were reduced by more than 70% of their initial
surface area. The main cause of planted forest
loss identified were increased demand for fuel
and other wood products (93% of respondents)
and forest land conversion into agriculture (89%
of respondents). A similar trend was reported in
other WCA countries (Payn et al., 2015).

In Cameroon, the planted forest cover estimated
at 35800 ha in 1990 was reduced to 6631 ha in
2007, driven mainly by human activities such as
agriculture expansion, firewood exploitation and
settlements (MINEF, — FAO, 2007; Ngueguim,
2014). In 2006, the Government launched
a national program of reforestation with the
aim of sustaining its forest capital and support
decentraliszed organisations (city councils,
community based organiszations, NGOs,
schools, and universities) for the creation and
management of forest plantations for social,
economic and environmental benefits (MINFOF,
2006). As a result of this initiative, recent
estimates indicated that up to 4665 ha of forest
have been planted from 2010 to 2015 (MINFOF,
2016). However, new data on Cameroon forest
cover missed these reforestation initiatives.

In the Republic of Congo, among the 70,000 ha
of forest plantations estimated in 2007, 42 000
ha were made of clonal Eucalyptus established
in the coastal plains of Kouilou and owned by
a private industrial company called Eucalyptus-
Fibre du Congo (EFC). Moreover, the National
Society of Reforestation (SNR) in collaboration

with some forestry industries had undertaken a
programme of enrichment planting of exploited
forests as well as establishment of forest
plantation using species such as Aucoumea
klaineana ~ (Okoumé),  Entandrophragma
cyndricum (Sapelli), E. utile (Sipo), T. superba
(Limba) (Marien and Gourlet-Fleury, 2013).
Agroforestry plantations involving community-
based organisations are being promoted through
the production and distribution of seedlings
of nitrogen fixing shrubs such as Albizzia
lebbeck,  Flemingia congesta, Gliricidia
sepium, Leucaena leucocephala and Piliostgma
malarborium (Matondo, 2013).

In Benin, forest plantations have been estimated
to cover 19000 ha mainly dominated by Tecfona
grandis planted both by state institutions and
farmers for pole production (Aoudji et al., 2014).
A recent assessment in 2013 of land use and
land cover change for a 33 years period in the
country indicated that although tree plantations
are expected to double by 2025, they will not
compensate for the loss of natural woody
vegetation (Toyi et al., 2013). The situation is
different in Senegal, where the area planted
during the period from 1933 to 1998 was
estimated at 65 000 ha, located mainly in the
central northern zone of the groundnut basin.
Since 1990s, State-controlled plantations were
being replaced by village-based and private
planting programmes showing the beginnings
of enthusiasm among local people to participate
in natural resource management programmes
(Diouf et al., 2001).

In Niger, the most important forest ecosystem of
the country is represented by agroforestry parks
dominated by Faidherbia albida, Borassus
aethiopum, Hyphene thebaica, Vitellaria
paradoxa, Prosopis africana and Neocarya
macrophylla, covering an estimated surface area
of 5000 000 ha for Zinder and Maradi (CNEDD,
2014). This agroforestry effort is supplemented
by urban and peri-urban forestry plantations
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under the umbrella of the Great Green Wall
Initiative, with 2500 ha of plantation for the
town of Niamey (CNEDD, 2014). In Togo,
forest plantations have been established since
the colonial period, using exotic species such as
T. grandis, Eucalyptus spp., Cassia spp., Acacia
spp., Leucaena and Anacardium occidentale.

Other success stories on indigenous and exotic
forest/agroforestry tree plantations in some
Central African countries have been reported
to include A. klaneana in Gabon, Terminalia
superba, Eucalyptus spp. and Pinus spp.
(Republic of Congo), cocoa agroforests under
the shade of timber species (Cameroon), Acacia
auriculiformis based agroforestry plantation
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(Democratic Republic of Congo) (Marien and
Mallet, 2004; Biseaux et al., 2009).

The statistics on planted forests are not
reliable in several countries (e.g. Guinea,
Ghana, Liberia, and Chad) because of lack of
inventories, frequent fires, poor maintenance
and/or uncontrolled clearing (Payn et al., 2014).
Although some countries (e.g. Republic of
Cameroon, Congo, Cdte d’Ivoire, Benin, and
Nigeria), have significant areas of industrial
forest plantations using mainly exotic species,
plantations for timber production, which are
expensive and difficult to manage, have been
insufficient to compensate for the extensive
exploitation of natural forests. In addition, the

Table 1. Forest statistics changes for countries in the West and Central Africa region from 2010 to 2015

Country Forest cover % cover 2010 De- 2010 Af- 2010 Re- 2015 %oNet
forestation forestation forestation ~ Plantations change
(ha) (ha yr') (ha yr') (hay™) (ha) (2015)
Central Africa
Central Africa Republic 22 170 000 35.6 400 2000 -1.0
Cameroon 18 816 000 39.8 260 000 -1.0
Congo 2233400 65.4 100 71 000 -1.0
Democratic Republic 152 578 000 67.3 300 60 000 -0.2
of Congo
Equatorial Guinea 1 560 000 559 58 500 -0.7
Gabon 23 000 000 89.3 30 000 0.2
Tchad 4 875000 39
West Africa
Benin 4311 000 39.0 14 600 23000 -1.2
Burkina Faso 5350000 19.6 15 000 14 000 239 000 -1.0
Cote d’Ivoire 1 040 000 327 427 000 0.1
Gambie 488 000 78.8 1 000 0.4
Ghana 9337000 41.0 0 20 000 325000 0.3
Guinee 6 364 000 259 2100 0 104 000 -0.5
Guinee Bissau 1972 000 70.1 1 000 -0.5
Liberia 4179 000 434 200 0.0 300 8 000 -0.7
Mali 4715000 39 146 000 0.0 67 000 135 000 -14
Niger 1 143 000 0.9 150 000 2.1
Nigeria 6993 000 7.7 214 000 420 000 -3.5
Senegal 8273 000 43.0 19000 561 000 -0.5
Sierra Lone 3 044 000 425 700 300 16 000 -0.1
Togo 188 000 35 0.0 1000 46 000 -5.0

Blank denotes very small number rounded off to zero
Source : FAO, 2015; Rodney et al., 2015)
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area planted with high-grade hardwood timber
like that which is extracted from the natural
humid forests is insufficient to have any impact
on the supply of such timber in the foreseeable
future (Toyi et al., 2013). Many plantations in
Cameroon, Gabon and Democratic Republic of
Congo have failed owing to lack of maintenance
and poor management (Chamshama et al., 2009;
Whiteman et al., 2015).

The forest statistics indicate that there is a
strong political commitment in WCA countries
for tree plantation as a major contribution
to environmental restoration and people’s
livelihoods. Expansion of plantations and
the growing of trees by communities need
to be further supported through capacity
development in different domain related to
sound forestry plantation management including
tree germplasm production and improvement
(Koskela et al., 2014; Thomas et al., 2015).

Overview of current state of tree improvement
activities in WCA. In response to the depletion
of forest resources, several activities have been
carried out in recent decades within the region,
on tree germplasm improvement and production
to meet demand from public and private
plantation owners. The aim of tree improvement
is to (i) maximize adaptability of a species to
potential planting sites (and thus its survival), (ii)
maximise growth rate, (iii) increase resistance to
diseases, and (iv) improve the quality of the end-
use products such as timber, fuel-wood, fodder
and soil stabilisation (Barner et al., 1992). The
adaptability to planting site is among the first-
generation improvement programmes in which
the environmental conditions of the potential
planting sites are screened along with those of
the natural distribution range of the species.
This is mainly done using field provenance trials
with the aim to identify which provenance of the
species can perform well in each site (Koskela
et al., 2014). In the context of climate change,
provenance trials are also useful to assess the

plasticity of different provenance through their
adaptability to a wider range of conditions using
multilocation field trials and environmental
data (Dawson et al, 2011). Survival and
growth performances are the main parameters
used in evaluating the suitability of a species
or provenance for a planting site. Meanwhile,
different growth conditions are tested together
with the provenance trials to determine the
appropriate growing conditions for each tested
provenance (Koskela et al., 2014). Resistence
to diseases and quality of end-products are
improved either by selection of provenance or
individual tree providing the preferred products
or expressing better resistance. For timber
species, this could be done by focusing on
sustainable management of genetic variation
to generate, identify and multiply well-adapted
genotypes for operational planting based on
characters such as wood characteristics, height,
stem straightness, and fast growth (Haines,
1994).

The forest tree improvement activities

commonly depend on the expected outcome of

the tree plantation either for income generation,
germplasm  conservation, forest resource
conservation or farm diversification (Simons,

1996). In forestry, seed-based tree breeding

approaches are the most commonly used.

The main tree improvement activities widely

undertaken within the region are:

a) provenance and progeny testing (almost all
planted tree species);

b) multi-criteria and clonal selection and
subsequent vegetative propagation of
improved clones (Eucalyptus and Pinus
spp- in the Republic of Congo; teak
varieties in Cote D’Ivoire);

c) varietal creation (improved FEucalyptus
hybrids for pulp production in the Republic
of Congo), and

d) selection for marketable characters such
as physical, mechanical and chemical
properties of wood, pest and disease
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resistance (e.g. Iroko in Ghana).

Tree improvement methodology adopted in
the WCA region for exotic species included
many phases among which elimination and
selection phase are, followed by testing and
selection of adapted provenances. “Plus trees”
and “families” are selected to establish seed
orchards for the most advanced programmes.
Provenance and progeny testing are known as
the most common and oldest research activity
for more than 75% of the tree species involved
in forestry plantation. Several provenance
trials for exotic and indigenous species have
been established in almost all WCA countries.
The aims of these trials were to conserve gene
pool, provide information on the nature and
extent of genetic variation within and between
provenances throughout the species native
ranges and set a basis for selection of species
for afforestation (Peprah, 1999; FAO, 2001). For
some few species such as F. albida (Burkina
Faso, Cameroun), Parkia biglobosa (Burkina
Faso) and Vichellia spp., the provenance
trials were based on systematic prospection,
germplasm collection and comparative testing
covering the distribution range of the species
within the region (FAO, 2001).

According to FAO national reports from
Cameroon, Cote d’Ivoire, Burkina Faso,
Nigeria, Niger, Mauritania, Mali, Benin,
Senegal, Togo, provenance and progeny trials
were established for more than 30 tree species
including A. occidentale, Anogeissus leiocarpus,
Atriplex spp., Azadirachta indica, Casuarina
equisetifolium, FEucalyptus camaldulensis, F.
albida, Khaya senegalensis, Nauclea diderrichii,
P. biglobosa, Prosopis spp., T. grandis, Vichellia
spp. and Ziziphus spp. (FAO, 2001).

In Cameroon, progeny trials were set up
according to agroecologic areas. Henceforth,
trials for many Acacia species were established
in the dryland area of the Northern part of
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the country, those of Eucalyptus spp., Pinus
spp. and Araucaria spp. were planted in the
humid highland savannah areas in the western
regions while indigenous timber forest species
were planted in the coastal (around Kribi)
and deciduous (Belabo area) forest zones
(Ngueguim et al., 2009). In Senegal, almost
2000 trials involving nearly 30 species have
been established in agricultural, forestry, littoral
and valley zones of the country by the national
tree seed programme (Programme National
de Semences Forestieres), the PRONASEEF,
in collaboration with the National Centre for
Forestry Research (CNRF).

In the Republic of Congo, improved vegetative
propagation techniques have been developed to
produce high-quality germplasm of many exotic
species including Eucalyptus, Pinus and Acacia
species (Matondo, 2013). In this country, genetic
gains for adaptability, growth, bole shape,
wood quality and rooting ability were obtained
with hybrids developed from E. urophyla
and E. grandis. The hybridisation processes
included early selection in the field, controlled
pollination and mass propagation. The Republic
of Congo is reputed for the development of high
performing Eucalyptus hybrids used in their
forestry plantations in the savannah areas.

In Ghana, techniques have been developed for
production of Milicia excelsa (Iroko) clones
that are resistant to the gall forming insect
Phytolyma lata using vegetative and tissue
culture protocols to capture resistant lines.
The techniques and protocols developed have
opened opportunities for large scale planting
of this important timber species in Ghana and
Cote d’Ivoire and as a template for addressing
plantation failure of the African Mahoganies
(Khaya and Entandrophragma spp) as well
as other indigenous species with endemic
pest problems (Aquah et al., 2013). Similarly,
effective establishment of Pinus caribaea with
improved wood physical property has been
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achieved using a mycorrhizal based technique
during the nursery phase to correct certain
deficiencies in the growth of the species (Aquah
et al., 2013).

In Benin, tree improvement mainly focused on
Teak (7. grandis) which is the most used species
in reforestation programme. In Gambia, trials
have been established using indigenous and
exotic species with the objectives of testing
their adaptability in different site conditions,
identifying their nursery requirements for
propagation and to select the most suitable tree
species for each of their needed end-products
or services (firewood, timber, fruits, fodder,
medicine, ornaments and soil improvement).
The tested species included T. grandis, K.
senegalensis, Albizzia ferruginea, Pterocarpus
erinaceus, Prosopis africana, P. biglobosa and
E. camaldulensis. These species were selected
based on the demand and acceptability by the
local communities, legal restrictions, experience
and available information on their silviculture,
compatibility with other land use systems,
among others (Danso, 2001).

A compilation of 88 species involved in
improvement research activities, recorded
mainly from FAO national reports on forest
genetic resources within the region is presented
in Table 2. A synthesis of these activities for all
priority species is presented in Figure 2.

It can be observed from Figure 2 that tree
improvement activities in WCA are still in
their early stages for both indigenous and exotic
species. Also, many of the provenance and
progeny trials were set from external funding
and were reported to be poorly managed, with
inappropriate monitoring and documentation
approach, thus contributing poorly to the species
improvement (Kokesla et al., 2014). This could
explain the low performance usually reported
for many forestry plantations in the region
(Ngueguim et al., 2015).

It is therefore important to raise more awareness
for the need for more investment into tree
breeding for better quality seed sources
and associated benefits expected from tree
plantations. According to Lillesg et al. (2018),
a relatively low level of improvement could
be appropriate provided specific species/
provenances recommendations are developed
for relevant species, and avoiding the use of
clearly inferior planting materials. Such low-
input breeding strategies have been applied
in WCA countries by the World Agroforestry
Centre in the framework of their programme on
the participatory domestication of indigenous
fruit tree species (Tchoundjeu et al., 1998).

Priority forestry and agroforestry tree
species for improvement research in WCA.
Since 1990s, there has been a rapid development
and wide-scale adoption of agroforestry
practices in West and Central Africa, because
of increased demand for non-timber forest
products and increased collection, distribution
and use of agroforestry tree germplasm. The
domestication strategy usually started with the
selection of priority species at national and
regional level based on indigenous knowledge,
socio-economic and improvement potentials
of the candidate species (Franzel et al., 1996).
In the African Humid Tropics, agroforestry
tree species ranking studies were conducted in
Nigeria and Cameroon, which were thereafter
validated and generalised for all the humid
countries of the region (Franzel et al., 2008).
Fourtheen indigenous species were identified
as priority for domestication including six fruit
trees, three medicinal plants, one vegetable,
three spices and oily plants. Six ranking criteria
based on the value of expected benefits from
domestication were used to identify the top five
priority fruit trees species as follows: Irvingia
gabonensis, Dacryodes edulis, Chrysophyllum
albidum,  Ricinodendron  heudelotii  and
Garcinia kola (Franzel et al., 1996). Although
some species had a broad geographical spread

42



Table 2. Priority forestry species for improvement activities in WCA
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No Species Provenance & Sexual or veg. propagation Hybridisation Molecular analyses
progeny trials

1 Acacia auriculiformis Cmr, Be, CI, Gh, Ma,

2 Acacia macrostachya Bf

3 Acacia mangium Co, Cmr, Ma X

4 Acacia nilotica Bf, Cmr, Ma, Nr, Nia, Sen Bf, Cmr, Ma, Nr, Nia, Sen Bf, Cmr, Ma, Nr, Nia, Sen

5 Acacia senegal Bf, Cmr, Ma, Nr, Nia, Sen Bf, Cmr, Ma, Nr, Nia, Sen

6 Acacia seyal Bf, Nr

7 Acacia tortilis Bf, Ma, Nr, Sen

8 Acacia albida Ma X

9 Acacia holosericea Cmr

10 Adansonia digitata Be, Bf, Cmr, Gh, Ma, Nr, Nia, Sen Be, Bf, Cmr, Gh, Ma, Nr, Nia, Sen Be, Bf, Cmr, Gh, Ma, Nr, Nia, Sen

11 Afzelia africana Bf

12 Albizialebbeck Ma

13 Allanblackia floribunda Cmr

14 Allanblackia parviflora Gh

15 Anacardium occidentale Sen

16 Anogeissus leiocarpus Be, Bf, Ma, Be, Bf, Ma,

17 Aphania senegalensis Sen

18 Azadirachta indica Bf, Cmr, Nr, Sen Bf, Cmr, Nr, Sen Bf, Cmr, Nr, Sen

19 Balanites aegyptiaca Bf, Nr, Sen, Ch Bf, Nr, Sen, Ch

20 Bombax costatum X

21 Borassusaethiopum Ma

22 Boscia senegalensis Nr

23 Casuarina equisetifolia Sen Sen

24 Cedrela odorata Be, Cmr, Car

25 Ceiba pentandra Gh

26 Cola nitida Cmr

27 Cola nitida Nia

28 Cola cordifolia Ma

29 Combretum ghasalense Ma

30 Combretum glutinosum Ma

31 Combretum micranthum Ma

32 Cordia alliodora Gh

33 Cordyla pinnata Ma

34 Crossoptyx febrifuga Ma

35 Dacryodes edulis Cmr Cmr Cmr
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No Species Provenance & Sexual or veg. propagation Hybridisation Molecular analyses
progeny trials

36 Dalbergia sissoo Cmr Cmr

37 Delonixregia Cmr, Ma

38 Detarium microcarpum Bf, Sen

39 Detarium senegalensis Sen

40 Eucalyptus alba Co

41 Eucalyptus cloeziana Co Co

42 Eucalyptus citriodora Co Co Co

43 Eucalyptus grandis Co Co Co

44 Eucalyptus pelleta Co Co

45 Entandrophragma angolense Gh

46 Eucalyptus camaldulensis Bf, Cmr, Car, CI, Ma, Nr, Nia, Sen, To Bf, Cmr, Car, CI, Ma, Nr, Nia, Sen, To Bf, Cmr, Car, CI, Ma, Nr, Nia, Sen, To

47 Eucalyptus urophylla Co Co Co

48

49 F albida Bf, Cmr, Nr, Sen Bf, Cmr, Nr, Sen

50 Garcinia cola Cmr

51 Glyricidia sepium Bf, Ma

52 Gmelina arborea Cmr, Car, Gh

53 Gnetum africanum Cmr

54 Irvingia gabonensis Cmr

55 Irvingia wombolu Cmr

56 Khaya ivorensis Gh

57 K senegalensis Be, Bf, Cmr, Ma, Nr, Nia, Sen Be, Bf, Cmr, Ma, Nr, Nia, Sen Be, Bf, Cmr, Ma, Nr, Nia, Sen

58 Landolfia senegalensis Ma Ma, Sen

59 Lannea microcarpa Bf

60 Leucaena leucocephala Bf, Cmr, Ma

61 Milicia sp. Gh

62 Moringa oleifera Bf, Cmr

63 P biglobosa Bf, Cmr, Ma, Nr, Sen, Ch Bf, Cmr, Ma, Nr, Sen, Ch Bf, Cmr, Ma, Nr, Sen, Ch

64 Pausinystalia johimbe Cmr

65 Pericopsis elata Cmr, Gh

66 Pinus spp Co Co

67 Prosopis africana Bf, Nr, Sen

68 Prosopis juliflora Nr, Sen Nr, Sen

69 Prosopis juliflora Sen Sen

70 Prunus africana Cmr Cmr

71 Pterocarpus erinaceus Be, CI, Ma

72 Pterocarpus lucens Ma

73 Ricinodendron heudelotii Cmr
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No Species Provenance & Sexual or veg. propagation Hybridisation Molecular analyses
progeny trials

74 Saba senegalensis Sen Sen

75 Sclerocarya birrea Cmr, Ma Cmr, Ma

76 Senna siamea Cmr

77 Strychnos spinosa Ma

78 Tamarindus indica Be, Bf, Gh, Ma, Nr, Nia, Sen, Ch Be, Bf, Gh, Ma, Nr, Nia, Sen, Ch

79 Tectona grandis Be, Car, CI, Gh, Nia, To Be, Car, CI, Gh, Nia, To

80 Terminalia catappa Co Co

81 Terminalia ivorensis Cmr, Gh, Co, Nia Co

82 Terminalia superba Co Co

83 Triplochiton scleroxylon Cmr, CI, Gh, Nia Cmr, CI, Gh, Nia

84 Vepris heterophylla Ma Ma

85 Vitellaria paradoxa Be, Bf, Gh, Ma, Nia, Sen, Ch Be, Bf, Gh, Ma, Nia, Sen, Ch Be, Bf, Gh, Ma, Nia, Sen, Ch

86 Vitex doniana Cmr

87 Ximenia americana Cmr, Ma Cmr, Ma

88 Ziziphus mauritiana Bf, Ma, Nr, Sen Bf, Ma, Nr, Sen

Be=Benin, Bf= Burkina Faso, Ch= Chad, CI= Céte d’Ivoire, Cmr=Cameroon, Gh=Ghana, Ma=Mali, Nr=Niger, Nia=Nigeria, Sen= Senegal.

improvement activities

Hydridisation [l 17.04
sexual and vegetative propagation _ 51.13

20 40 60 80 100

proportion of tree species tested in WCA countries

Figure 2. Synthesis of tree improvement activities undertaken on priority trees in West and Central African Countries
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within the region, none of them were finally
accepted as of interest to the rest of the WCA
region. However, two of the priority tree
species, namely I. gabonensis and G. kola, are
now gaining importance for domestication in
some west African countries (Benin) (Padonou
et al., 2017; Codja et al., 2018) showing the
recognition of their social and economic value
and the need to take in account these countries
in the regional domestication programme on
these species.

In the semi-arid Sahelian zone of West
Africa, more than 28 species were identified
as important. The top ten priority species for
each of the four countries used for the study
are presented in the Table 3. Three species,
namely Baobab (A. digitata), karite (Vitellaria

Table 3. The top priority species for domestication in some dryland countries of WCA (adapted

from Franzel et al., 2008)

paradoxa), and Tamarind (Tamarindus indica)
were of general interest throughout the region
and therefore recommended for a regional
domestication initiative (Franzel et al., 2008).

According to Leakey (2012), existing variability
within agroforestry tree species provides great
potential for the improvement of marketable
characters through selection and vegetative
propagation. Therefore, for species under
domestication, improvement firstly included
phenotypic, molecular, chemical and nutritive
characterisation of the species products in
order to identify improved varieties that could
be used to develop ideotypes (Leakey and
Tchoundjeu, 2001). The reduction of tree height
to ease harvesting and collection of products
and facilitate controlled pollination is also

Species Burkina Faso Mali Niger Senegal
Adansonia digitata X X X X
Azadirachta indica X
Balanites aegyptiaca X X X
Bombax costatum X

Borassus aethiopum X X

Cordyla pinnata X X
Detarium microcapum X
Diospyros mespiliformis X X

F. albida X X X X
Ficus iteophylla X
Hyphaene thebaica X

K. senegalensis X

L. microcarpa X X

Parinari macrophylla X

P. biglobosa X X X
S. birrea X

Tamarindus indica X X X
Vitelaria paradoxa X X X

Vitex doniana X

Ziziphus mauritiana X X X
Total 10 10 10 10
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an important characteristic that is included
in the improvement programme (Leakey
and Akinnifesi, 2008; Makueti et al., 2012).
Standard horticultural techniques namely
marcotting (air-layering), grafting and rooting
juvenile cuttings were developed with the aim
of selecting, propagating and mass-producing
identified ideotypes. The expansion of tree
domestication programme within the region had
favoured the integration of many indigenous
species providing edible fruits and nuts,
vegetables, medicines and other products in tree
improvement research. An assessment done in
2008 indicated that 14 provenances trials of A.
digitata, Tamarindus indica, V. paradoxa and Z.
mauritiana were established from 1990 to 2002
in Burkina Faso, Mali and Senegal (Kalinganire
et al., 2008). In Cameroon, vegetative and seed
genebanks were established for Dacryoides
edulis, Irvingia gabonensis and Prunus africana
(Tchoundjeu et al., 1998).

With the support of local NGOs, community-
based organisations, World Agroforestry Centre
(ICRAF) and other international organisations,
many forestry and agroforestry projects were
implemented or still under implementation in
several countries of WCA as a means of creating
alternative sources of supply for timber and non-
timber products while addressing environmental
challenges such as desertification and natural
resources degradation. The implementation
of these projects has generated demand for
improved germplasm of high value for priority
tree species within the region. Although it was
observed that priority species highly varied
according to climatic, agro-ecologic and socio-
economic conditions of each country, some
species cited in more than 50% of the WCA
countries were selected as regional priority and
included the following:

a) For agroforestry species: A. digitata,
Borassus aethiopum, Cola spp., F. albida,
Garcinia spp., K. senegalensis, P. biglobosa,
Tamarindus indica, Vitellaria paradoxa and
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Ziziphus mauritiana;

b) For indigenous forest tree species: Acacia
spp., Anogeissus  leiocarpum, Ceiba
pentandra,  Diospyros  mespiliformis,
K.  senegalensis, Prosopis africana,
Pterocarpus  erinaceus, Triplochiton
scleroxylon and T. superba; and

c) For exotic forestry and agroforestry species:
E. camaldulensis, Acacia nilotica, A.
auriculiformis, T. grandis, Azadirachta
indica, C. equisetifolia, Pinus caribaea,
Anacardium occidentale and Gmelina
arborea.

Techniques for production of improved
germplasm and planting stocks. The
WCA countries such as Cameroon, Burkina
Faso, Congo, Cote d’Ivoire and Ghana have
developed technologies for tree seedling
production with the assistance of international
research and development organisations.
Vegetative propagation is critical in improving
productivity of timbers species and reducing the
time to fruiting of most indigenous fruit trees
(Leakey, 2004). The vegetative propagation
technologies developed within the framework
of the partipatory domestication programmes
were of low cost and targeted a few priority
species. The technology involved many steps
which were:

a) the identification of plus trees in the natural
or planted stands based on the end-users’s
knowledge on the species products and
services (quality of the timber, fruits/
kernels, straightness of the bole, pest and
disease resistance, etc.);

b) pruning and management of the identified
trees to induce the production of juvenile
and vigorous shoots to be used as cuttings;

¢) establishment of the mist and non-mist
propagation systems as developed by
Leakey et al. (1990);

d) fine-tuning and adaptation of the techniques
through the identification of best treatments
for each of the factors affecting rooting
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ability (rooting substrate, cutting length and
leaf area, auxin application, etc.);

e) Establishment of clonal orchards using
vegetatively propagated seedlings. Species
already planted in clonal orchards included
among others Eucalyptus, Pinus, Teak and
Acacia species in the Republic of Congo,
Cameroon, Cote D’Ivoire and Ghana (FAO,
2001).

A few indigenous timber tree species have also
received some level of attention in Burkina Faso,
Congo, Cameroon, Cdte D’Ivoire and Ghana.
Within the region, vegetative propagation by
stem cuttings is being applied to propagate many
indigenous and exotic tree species with the aim
of determining their rooting potential and to
improve the quantity and quality of planting
materials. Species already tested included A.
klaineana (Okoumé), Baillonnella toxisperma
(Moabi),  Ceiba  pentandra,  Diospyros
crassifolia, Entandrophragma angolense, Khaya
ivorensis, K. senegalensis, Lovoa trichilioides,
Milicia sp., Milletia laurentii, Terminalia spp.,
Lovoa trichilioides, Triplochiton scleroxylon,
and Pericopsis elata, among others) (Ofori et
al., 1996; Tchoundjeu and Leakey, 1996; 2001;
FAOQ, 2003a; 2003b; Ngo Mpeck and Atangana,
2007; Ky-Dembele et al., 2014; Kenfack, 2016;
Na-Karian, 2018).

In Congo, an industrial vegetative propagation
process using cuttings was developed by
The Centre for International Research for
Agricultural Development (CIRAD) and CRDPI
(Centre de Recherche pour le Développement
des Plantations Industrielles) to optimise the
quality and the number of seedlings, reaching
625 million produced per year compared to
25000 cuttings obtained with the formal cutting
process.

In Cote d’Ivoire, the process for the selection
of improved varieties of teak combined
with the development of molecular markers,

infrared spectroscopy techniques, chemically-
based determination of wood properties
and micro-propagation was used to produce
improved germplasm for commercial forestry
plantation. In both countries, the improved
hybrids of eucalypts and teak developed
with the contribution of CIRAD were used to
establish clonal orchards to produce superior
planting materials (Bouvet, 2011). The Society
for the Development of Forests (SODEFOR)
of Cote D’lvoire and CIRAD developed a
micropropagation technique to produce millions
of vitro-plants from the improved clones of teak
(Bouvet, 2011).

In Cameroon, the Agricultural Research Institute
(IRAD) offices in dryland regions have developed a
suite of appropriate techniques which include
seed collection, processing, testing and storage,
seedling production and vegetative propagation
for the production of true-to-type clones for
many indigenous and exotic species. In Ghana,
Aquah et al. (2013) reported the development
of successful technologies to produce superior
planting materials for major native species
including Khaya ivorensis, Entandrophragma
utile, Triplochiton scleroxylon and M. excelsa.
The establishment of clonal trials that would
allow the assessment of the extent of genotypic
variation is not yet a common practice except for
a few species such as 7. grandis, Pinus spp. and
Eucalyptus spp. in Ghana, Cote D’Ivoire and
Republic of Congo (Aquah et al., 2013).

The challenge of WCA countries in producing
improved germplasm is the lack of a seed
certification scheme. There is no means to
distinguish between improved germplasm and
unselected or wild seeds. The -certification
scheme aims to encourage the production
and use of forest tree seeds or propagules that
have been collected, processed, raised, labeled
and distributed in a manner that ensures their
trueness to name (Nyoka et al., 2011; OCDE,
2013; Thomas et al., 2015). Burkina Faso is
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the only country registered by the Organisation
for Economic Co-operation and Development
(OECD) in the WCA region, and therefore
internationally recognised to produce quality
certified tree seeds (kokesla et al., 2014).

Existing, seedbanks and gene-bank in WCA.
In WCA countries, tree seed centres are the
major repositories of tree germplasm. Burkina
Faso and Senegal are the only countries with
well-established National Tree Seed Centres
in the region. However, many countries in the
regions have developed ex-situ conservation
stands (e.g. Burkina Faso, Senegal, Togo,
Nigeria and Niger), botanical gardens,
herbaria, seed orchards (Burkina Faso, Nigeria,
Ghana, Nigeria, Niger, Senegal and Togo) and
experimental plantations such as provenance
and progeny trials.

The National Tree Seed Centre of Burkina
Faso was established in 1983 and serves
almost all the WCA countries (Nikiema et
al., 2001). With a storage capacity of 10 tons
of seeds and a catalogue of more than 150
species, the Centre (CNSF) has facilities such
as a seed laboratory, greenhouses and nurseries
distributed in different agro-ecological zones
of the country. Several native tree species (A.
nilotica var. adansonii, A. senegal, F. albida,
K. senegalensis, P. biglobosa and T. indica)
and exotics (E. camaldulensis, L. leucocephala,
Prosopis chilensis, and Prosopis juliflora) are
conserved in a network of experimental plots
including field collections, clone and seed banks
under the management of research institutions
(CNSF, INERA). The tree species with the
largest number of stands are P. biglobosa, F.
albida and E. camaldulensis represented by
101 clones in two gene banks (FAQO, 2015). In
situ conservation of genetic resources is done
through traditional agroforestry parklands
dominated by P. biglobosa, V. paradoxa, F.
albida, S. birrea, L. microcarpa, B. costatum, K.
senegalensis, F. platiphylla, D. mespiliformis, T.
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indica and C. glutinosum.

In Senegal, PRONASEF (the National
Programme for Tree Seeds) operates as the
National Tree Seed Centre with a storage
capacity of 8 tons. A forest tree seed catalogue
exists although not updated since 2010. In
Cameroon, tree genetic resources conservation
is done mainly through planted or naturally
conserved forest reserves distributed according
to the agro-ecological zonation of the country.
A feasibility study for the creation of a national
tree seed centre has been launched, but the
proper implementation of the suggested
recommendations is still awaited. In Congo, an
arboretum of 20 ha exists in Brazzaville and is
being used for the conservation of more than 80
indigenous and exotic tree species.

In Togo, agroforestry parklands constitute
in situ conservation model and natural gene
banks and act as seed sources for certain
useful species such as P. biglobosa, Vitellaria
paradoxa, Faidherbia albida, S. birrea,
Lannea microcarpa, Bombax costatum, Khaya
senegalensis, Ficus phatiphylla, Milicia
excelsa, Antiaris africana, Afzelia africana,
Diospyros mespiliformis, Tamarindus indica,
and Combretum glutinosum. Two managed
woodlands (Haho-Baloe (300 ha) and Eto (400
ha) have permitted the conservation of many
Eucalyptus species as well as some rare species
such as Garcinia sp and Anogeissus leiocarpum.
The presence of a National Tree seed Centre is
reported in many forestry documents, but the
activities and capacity of the centres are still
poorly documented.

Nigeria has two properly equipped seed centres
with professional and trained support staff.
These tree seeds centres were reported to be
the main sources of seed, for all stakeholders
involved in the forestry sectors (Oni, 2001).
However, an evaluation indicated that the
proper operationalisation of these centres will
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require more sophisticated equipment for seed
collection, handling and processing as well as
standardised and up to date documentation, gene
bank management and computer skills. Ex-situ
conservation activities started in Nigeria with P.
biglobosa in 1993 using 94 accessions collected
and conserved in the seed gene banks of the
Forestry Research Institute (FRIN), 54 of which
were collected from the rest of West Africa (Oni,
2001). Seed orchards exist on State and Federal
Department of Forestry and Forestry Research
stations along with ex-sifu conservation of some
of the indigenous species including P. biglobosa,
V. paradoxa, A. digitata, T. indica, Entada
africana, Moringa oleifera, D. mespiliformis, A.
senegal and A. nilotica. In 2001, it was reported
that within the framework of the World Bank
Assisted National Agricultural Research Project,
(NARP) the Forestry Research Institute of
Nigeria (FRIN) had embarked on the production
of one million seedlings for afforestation and
agroforestry projects partly supplied by these
orchards (Oni, 2001).

In Ghana, several clonal seed orchards have been
established to supply genetically high-quality
planting materials using a seed production
and management technology developed by the
council for Scientific and Industrial Research of
the Forestry Research Institute (CSIR-RORIG).
The same technology has also been used to
establish ten priority species for plantation
development under the National Forest
Plantation Development Programme (Aquah et
al., 2013).

Traditional practice for genetic resources
conservation includes planting pits (Zai) in
degraded area of Burkina Faso as in many other
countries in WCA with rainfall between 300 —
800 mm (Roose et al., 1993; Sawadogo et al.,
2001). This practice also provides an effective
way of improving the management of degraded
lands and reducing soil erosion, vegetation loss
and biodiversity as well as crop yields (Danjuma

and Mohammed, 2015).

Seed supply, processing and distribution
networks. Seed sources and supply in WCA
countries. The seeds directly collected from
natural trees within and outside forests constitute
the main and sometimes the only source of
planting stocks for reforestation specially for
many indigenous species in countries without
an operational Tree seed Centre such as
Cameroon, Republic of Congo, Gabon, Central
African Republic, Chad (Ngueguim et al., 2015;
FAO, 2014; Kokesla et al., 2014). Vegetative
propagation, even for high value fruit tree
species is not yet a common practice within the
region except in the Republic of Congo, Ghana
and Cote D’Ivoire for some few exotic species
(Tchoundjeu et al., 1998; Aquah et al., 2013;
Marien et al., 2013; Matondo, 2013). Therefore,
the challenge for tree planting in WCA countries
is to answer the question on how to achieve
adequate supply of genetically superior seeds
since existing seed trees are continually being
depleted by indiscriminate felling, deforestation
and forest degradation.

Most afforestation projects in the WCA region
are dominated by exotic species and seed supply
and demand can be considered as relatively
adequate. For these exotic species, the demand
for their germplasm was firstly for large scale
tree planting for timber production purpose and
later for research and development (Koskela et
al., 2014). Consequently, many mature planted
stands are spread according to ecological
adaptation of each species as well as their end-
uses. Within the region, seeds of Eucalyptus
spp., Acacia spp., T. grandis, C. equisetifolia
and others could be collected on existing stands
distributed on farmlands, forest plantations,
seed orchards and clonal orchards. The orchards
are supplemented with many planted forest
reserves and private plantations established in
almost all the eco-zones of the region. The main
constraints for sourcing seeds of exotic species
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in the region is the poor management of these
orchards, provenance trials and forest reserves
due to unsustainable funding and limited
human and technical capacities. Reports from
many countries indicated that the seed stands
are under high anthropogenic pressures (FAO,
2012; Ngueguim, 2014; FAO, 2014). Moreover,
for many of these planted stands, germplasm
is always of unknown and poorly documented
origins (Koskela et al., 2014).

Indigenous tree species have often been
unsustainably harvested from natural forests,
but efforts are now being made to increase their
use in reforestation programmes. In general,
bulk seeds are collected from natural stands and
from remnant trees scattered in farmlands and
constitute the major source of planting material
for establishing native forest trees. While most
indigenous species are collected from the natural
forests, a few species of high value and those that
are threatened such as A. senegal, A. digitata,
F. albida, K. senegalensis, P. biglobosa, and T.
indica, have been tested in provenance trials.
Countries with trials include Nigeria, Burkina
Faso, Benin, Senegal and Togo. These trials are
now the sources of selected seeds for some of
these species. In the humid part of the region,
seed orchards and provenance trials have been
established for T. scleroxylon, T. ivorensis, T.
superba, N. diderrichii, C. pentandra, and M.
excelsa in Ghana, Cote d’Ivoire, Cameroon and
Congo. However, seed supply for most of the
indigenous tree species are grossly inadequate
due to poor management of seed orchards, lack
of intensive collections for high value species
and inadequate facilities for seed collections
and storage (Oni, 2001; FAO, 2012, Marien and
Gourlet-Fleury, 2013).

Seed distribution networks and seed markets.
Many seeds used in reforestation programmes in
WCA werereported to be from unknown and non-
documented origins. In Gambia, for example,
there are no nationally recognised seed sources
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and seed collection in most cases is contracted
to unprofessional individuals in the villages
with little or no control of the provenances,
collection process, seed handling and storage
(Danso, 2001). In Cameroon, the National
Agency for Forestry Development (ANAFOR)
is the state institution responsible for sourcing
and supplying forest tree seeds for reforestation
programmes. Indeed ANAFOR had set up three
main seed supply channels: (i) seeds collected
from felled or standing trees by ANAFOR’s
trained technicians; (ii) seed collected and
supplied by ANAFOR staff after identification
and selection of seed trees in the forest or in
plantations; (iii) germplasm exchanged between
eco-regional offices. However, ANAFOR lacks
technical and human capacity for quality seeds
control, handling, processing and labelling.
Moreover, their production capacity is unable
to satisfy the high demand of planting materials
needed to supply the numerous reforestation
and agroforestry programs within the country
(Takoutsing et al., 2013). In Western Cameroon,
where a large proportion of industrial forest
plantations are found, some private Eucalyptus
planters, use practices such as coppicing to
increase the productivity of their plantation.
The main species planted in this region are E.
saligna, Podocarpus mannii, Pinus spp. and C.
equisetifolia.

Limited information is available on tree seed
trade in West and Central Africa, unlike other
agricultural commodities. Tree seed deployment
models in this region are like those described by
Lillesg etal. (2011) for Eastern African countries
and comprise: (i) the government model, (ii) the
NGO model and (iii) the decentralised model
(Figure 3). In the government model, a central
governmental agency takes the lead over seed
sources control, technical quality and supply
chain. The seeds often go to NGOs, community
projects and for some countries to the private
sector. This model is characterised by a clear
chain of activities, regulations and seed
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marketing. Seed sales take place in formal or
officially recognised seed outlets. This situation
is the same in the countries with an operational
tree seed centre like Burkina Faso and Senegal
for WCA region. In the NGO model, seeds are
often collected from available seed trees in
farmlands by NGOs themselves or through seed
purchases from local communities. The physical
(purity, appropriate weight, proportion of non-
seeds materials) and physiological (maturity,
viability, health status, dormancy) quality of
the seeds are not always considered. The seeds
are distributed to other NGOs or NGO clients
which maintain direct contact with farmers
and other stakeholders involved in reforestation
programmes (tree seeds users). This model is
gaining more and more importance within the
region where many national and international
NGOs are promoting tree planting as a win-win
strategy to improve livelihoods and conserve
natural forest resources. As an example, in
Cameroon, Nigeria, Mali, Burkina Faso, Sierra
Leone, ICRAF has been supporting national
NGOs and community-based organisations in
the production and distribution of improved
germplasm of some high value indigenous tree
species (Degrande er al., 2012; Takoutsing et
al., 2013).

The decentralised model of seed deployment
is characterised by farmers, former and active
forest technicians, seeds dealers playing a central
role in the control of sources which is often
limited to availability of early seeding trees in
planted and natural stands. These actors collect
seeds which then goes to dealers, suppliers or
distributors (some government, some private)
and to users that include government, NGOs,
farmers’ organisations, and private forest
companies. This model is common within the
WCA region where many countries do not have
tree seed centres.

Overall, tree seed markets in WCA region
are not well organised. @Non-governmental
organisations, smallholder farmers and forestry

technicians constitute the main tree seed
providers especially in countries without Tree
Seed Centres. The contribution of the informal
seed sector to overall seed supply remains
high indicating that the tree seed production
and distribution has been devolved to many
stakeholders. Private sector is increasingly
taking the role of supplier for commercial seeds
while NGOs and farmers are supplying seed for
most community tree planting projects. However,
statistics on tree seed production are missing for
most countries (Thomas et al., 2015).

Tree germplasm demand, production and
distribution networks. Therange of tree planting
activities, from commercial to community tree
planting requires diversified tree germplasm
supply models. Moreover, the main distributors
of tree’s planting materials are nurseries rather
than seeds dealers as tree species are mostly
planted as seedlings rather than being sown as
seeds (Lillesg et al., 2018). It is not therefore
surprising that privately and community
owned nurseries play an important role in the
production and supply of tree germplasm/
seedlings in many WCA countries. Many types
of nurseries are found in the region ranging from
industrial to semi-industrial nurseries found
in Congo and Burkina Faso, medium-sized
nurseries owned by state institutions such as
ANAFOR in Cameroon to small-scale nurseries
managed by forestry research institutes,
individual and community-based organisations.
However, most of the nursery’s operators are not
skilled in terms of appropriate methods of seeds
collection, handling and processing as well as
techniques to produce improved seedlings.
Their performance strongly depends on their
communication networks, their technical and
financial capacity (Degrande et al., 2012). Yet,
as observed by Lillesg et al. (2018) many of
these nurseries are either owned or committed
to supply national and international NGOs in
meeting their tree planting targets with limited
concern on improving the productivity of the tree
species being planted. Consequently, seeds and
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seedlings sold are always from unknown origins
and are of poor genetic quality (Takoutsing et al.,
2013). Therefore, technical support should be
given to small-scale nurseries if the production
of high-quality seedlings is the top priority.

Table 5 shows the main activities and
stakeholders involved in the tree seed supply
systems in WCA countries as adapted from
Lilleso et al. (2011) and Nyoka et al. (2015).

M. L. AVANA-TIENTCHEU et al.

activities shared among different actors. Even in
countries with an operational tree seed centres,
comminity-based organisations, nursery
operators and NGOs are still major players in
the the tree seeds/seedling supply chain.

Table 5. Synthesis of actors and their potential
roles in the Tree germplasm production and
supply chain in WCA countries (Adapted from
Lillesg et al. (2011) and Nyoka et al. (2015).

It can be observed that the system is highly
decentralised with the responsibilities for many

Decentralised Model (Niger, RoC, NGO Model (All countries)
Ghana, Togo, Nigeria, Cameroon
and other countries without

operational NTSC)

Centralised Model (Burkina Faso,

Senegal)

Seed sources: genebanks, forest
reserves, seed orchards, natural forests,
provenance and progeny trials

Seed sources: forest reserves,
natural and planted stands, farmlands

Seed sources: Farmlands,
natural and planted forests

Seeds collectors: NGO’s

contracted farmers and forest
technicians, private nurseries
operators, ICRAF and NGOs

Seed collectors: farmers, former
forest technicians, private nurseries
operators, CBOs, ICRAF

Seed collectors: State’ contracted
farmers, forest research institutes,
central nurseries operators, NTSC
technicians

¥

Procurers/suppliers: NTCS, forest
research institutes, government agencies

Seeds/seedlmgs dlStl‘lbllt.Ol‘S: Other NGOs and
Seeds/seedlings dstributors: NGOS, centrall anfi private nurseries, NGOs’ clients,
government agencies, extensionists, extensionists, NGOs, ICRAF

government agencies, seeds and

central and private nurseries .
seedlings sellers, ICRAF

|

/N

Seeds/seedlings users: farmers Seeds/seedlings users: farmers and farmers and, CBOs,
associations, NGOS, community farmers association, NGOS, government, farmers community
projects, CBOs, farmers, governement agencies’ C()mmunity projects’ urban and associations projects, councils,
agencies, urban and rural councils, rural councils, private forestry companies private

private forestry companies companies

Figure 3. Tree germplasm procurement and deployment pathways in West and Central African Countries
(adapted from Lilleso et al. (2011) and Nyoka et al. (2015).
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Table 5. Synthesis of actors and their potential roles in the Tree germplasm production and supply chain in WCA countries (Adapted from

Lillesg et al. (2011) and Nyoka ef al. (2015).

Activities

Actors

Farmers, farmer’s CBOs and NTSC Public forestry Nursery operators NGOs
associations and councils Agencies
private companies
Regulations, Policies, laws and programmes X
Seed sources development and mapping X X X (research-oriented NGO)
Seed sources establishment X X X X X X
Seed collection X X X x (ANAFOR and SNR) X X
Trees and seeds improvement research X x (Forestry Research Institute) x (research-oriented NGO)
Seedling production X X X x (ANAFOR and SNR) X X
Seed testing/certification X x (ANAFOR and SNR)
Seeds/seedlings quality control X (compulsory) X (compulsory) X (voluntary) (research-oriented
NGO)
Germplasm distribution/marketing X X X x (ANAFOR and SNR) X X
Seed reserve/seedbanks establishment X x (ANAFOR and SNR) X (research-oriented NGO)
and management
Germplasm conservation and maintenance X X X
(research-oriented NGO (ICRAF))
Facilitation for Germplasm translocation X X X X X
and exchange
Germplasm use for tree planting X X X X X X

* ANAFOR (Cameroon Agency for Afforestation and Forest Development) and SNR (Congo Service of Tree Planting) are public forestry institutions operating like National Tree seed Centres in their resective

countries. CBOs: Community-based Organisations
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Seeds storage behaviour of trees species
used in Forestry plantation in WCA. The
storage of seeds is one of the most important
activities in germplasm management as a mean
of securing the supply of good quality seeds for
a planting programme whenever needed. This is
particularly important for many tree species in
WCA which exhibits irregular fruiting behaviour
with one year of mass fruiting followed by
three to four years of poor or sporadic seed
production (Sacande at al., 2004). However,
the ability of storing many tropical seeds is
limited by the lack of information on their seed
storage behaviour known to be related to their
desiccation tolerance ability. Seeds have been
classified in 3 main categories according to their
desiccation tolerance and longevity: orthodox,
recalcitrant and intermediate seeds (Hong
and Ellis, 1996). Out of the 59 Sub Saharan
Forest genetic resources (SAFORGEN) listed
priority species, 60% indicate good potential for
medium to long term conservation (Sacande et
al., 2004). However, the storage requirements in
terms of desiccation tolerance and conservation
conditions are still very poorly documented for
many of WCA priority species (Sacande et al.,
2004).

Many species in the region have dormant seeds,
with seed-coatdormancy being the most common
type observed. In fact, many species exhibit hard
seed-coats that either prevent seed imbibition
or constitute a physical barrier limiting the
growth of radicle during germination. Methods
used to break seed coat dormancy varied from
soaking seeds in water from 24 to 72 hours
for moderately hard seeds species such as
Combretum spp., Isoberlinia doka, Pterocarpus
spp., I. grandis, Saba senegalensis and S. birrea,
to manual scarification, thermal and chemical
treatments for more harder seed species such
as Ricinodendron heudelotii (Djeugap et al.,
2014), Canarium schweinfurthii, Tamarindus
indica, Prosopis spp. Pilostigma spp. among
others. The Burkina Faso tree seed centre has
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proposed in their 2012-2015 catalogue a list of
15 pre-treatments to break seed coat dormancy
for many WCA priority tree species (CNSF,
2012).

Assessing tree germplasm adaptability to
climate change. Tree plantation has been well
documented to contribute both to climate change
mitigation through reduction of greenhouse
emission and adaptation by providing products
and services to vulnerable populations. However,
tree establishment, growth and development
require a specific set of environmental
conditions also known to be affected by climate
change, therefore impacting on their geographic
distribution and performance. Studies conducted
in west African countries have contributed
to assessing germplasm adapatability to
climate change through the evaluation of their
response to environmental stresses (Bayala et
al., 2017; Vihotogbe et al., 2018). Moreover,
the potential impact of a changing climate to
geographic distribution of some high value
indigenous species was evaluated using climatic
parameters-based niche modelling (Kakai
et al., 2011; Djotan et al., 2018; Vihotogbe
et al, 2018). This knowledge is important
to identify future planting areas, facilitate
germplasm translocation potential, determine
species plasticity potentials and therefore fulfil
species response to climate change (Dawson
et al, 2011). For example, climate change
was proved to have positive consequences
on the distribution in Benin protected area
network and municipalities for Garcinia kola,
a threatened medicinal tree species identified
as regional priority for domestication in WCA
(Djotan et al., 2018). In the same line, Vitellaria
paradoxa seedlings response to drought stress
was not related to the climate at origin of the
seed provenance, indicating that germplasm
translocation within the species range will not
affect growth performance of such species
(Bayala et al., 2018). In fact, shea butter tree
morphology and productivity were found
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to vary according to bioclimatic conditions,
demonstrating an ecological adaptation of
the species to climate gradient (Kakai er al.,
2011). From ecological niches modelling, it
was observed that I. wombulu was highly suited
to Volta forest of the Dahomey Gap while 1
gabonensis showed very poor environmental
suitability, implying different ecological
adaptation for the 2 species. These results,
together with genetic investigation and field
trials in contratsting ecological conditions could
better guide the future domestication strategy of
this top priority species (Vihotogbe et al., 2018).

CONCLUSION

The study has shown that there has been an
overall significant increase in the area of forest
plantation despite the inadequacy of statistics
on planted forests in WCA. The scale of forest
plantations in the dryland areas is still far from
adequate to meet the need for round wood,
fuel wood, as well other forest economic good
and environmental services (fight against
desertification, climate change).

Throughout the region, there is a growing
interest of public, private and community-based
organisations for forest plantation activities.
Many projects and programmes funded by
international organisations are being promoted
and are positively impacting on the demand for
improved germplasms. The growing demand for
quality tree seeds in recent decades has fueled
much interest in tree germplasm production and
improvement. Vegetative propagation has been
developed for common commercially important
exotic species and there but is an emerging
interest for testing and adapting these techniques
on indigenous fruit and forest tree species within
the region.

The responsibilities of the development of
the seed sector are shared among various
institutions and individuals. The study showed
that there is no effective coordination. Most

of the government institutions in charge of
tree germplasm, tree improvement and forest
plantations lack adequate funding to perform
their activities. The contribution of the informal
seed sector to overall seed supply remains high.
There is a widespread lack of trained personnel
and laboratory facilities as well as an overall
poor system of quality control over seeds
distributed to end-users. Seed documentation
capacities are limited. Hence, the seeds
sold are often of poor quality, and improved
germplasm is only produced at high cost by
some few private research institutions, NGOs
and nurseries operators. Most countries do not
have viable seed centres as well as productive
seed orchards and tree germplasm improvement
has not yet taken advantage of biotechnology
because of poor scientific and human capacity
as well as unsustainable funding of forestry
research institutions.

The following are the suggested priority

intervention areas to address these shortcomings:

1. Capacity building and technology transfer
specifically on tree germplasm improvement
combining formal provenance trial with
molecular technologies, taking into account
emerging constraints associated with
climate change.

2. Development of plant breeding and seed
technology curricula in forestry research
and education institutions and facilitate
access to graduate fellowship opportunities
in order to train future technicians and
scientists needed in the private and public
sectors.

3. Development of a network of seed systems
actors to facilitate technology transfer
among countries with advanced seed sectors
and those with seed sectors in development.

4. Seed production quality assurance and
certification: In almost all WCA countries,
except for Burkina Faso, there is no
quality control scheme for germplasm
production and therefore no means to
distinguish between improved and wild
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seeds or germplasm sources. There is a
need to strengthen national seed production
programmes, support the emergence of a
well organized local, private seed enterprises
sectors through capacity building activities,
infrastructure development, putting in place
quality control schemes for priority species.

5. Because of the importance of the informal
seed sector, there is also a need to strengthen
stakeholder capacities in seed production
and collection.

6. Seed storage, distribution and marketing:
There is a need to support the establishment
of seed storage infrastructure and seed
processing equipment and assist farmers
to improve traditional methods of seed
packaging and storage. Also, facilitating
the development of local and regional seed
distribution networks is another priority
intervention to consider.
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