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This paper reviews the current state and future prospects of ethnobotany in Nigeria. A brief historical
background is presented. Books and journals indexed by Scopus and Science Direct were reviewed.
Direct search was also made on the official websites of journals specializing in ethnobotany and allied
disciplines. The field of ethnobotany manifests in all facets of human activities and relates to cultural
and sociological relevance of plants. Ethnobotanical data generated from historical, religious, literary,
linguistic, and pharmacological viewpoints serve as useful information regarding indigenous food
production, traditional agricultural systems, and source for the development of new medicines. Since
the vast majority of ethnobotanical studies conducted in Nigeria center on indigenous medicines,
collaborative efforts geared toward efficient health service delivery is essential. This must include
accreditation or documentation of traditional healers and herbal medicine vendors as well as policies in
drug regulation, quality assurance, and control. Ethical guidelines and equitable sharing of benefits
gained from sale of active compounds from source locations should be instituted and implemented.
Conservation of indigenous plant resources requires the integration of ethnobotanical knowledge into
national development programmes. Curriculum development and inclusion of ethnobotany (as a
distinct subject) in Nigerian schools will direct future investigations in this promising field.

Key words: Ethnobotany, indigenous medicine, traditional botanical knowledge, Nigeria.

INTRODUCTION
The birth of ethnobotany

In 1895, a seasoned American floristic and taxonomic
botanist, John William Harshberger, conceived the term
“‘Ethnobotany”. In a lecture on “food, dress, household
utensils and agricultural tools of plant origin” presented in
1896 at the University of Pennsylvania; he made a formal
incorporation of this term into the botanical diction and

regarded it simply as “the use of plants by the aboriginal
peoples”. Prior to this time, Stephen Powers in 1873
(Cotton, 1996) had termed the concept “Aboriginal
Botany” to describe the study of all forms of vegetation
which aborigines used for commodities such as medicine,
food, textiles and ornaments. Since the introduction of the
term, the definition of ethnobotany has changed from the
later submission of Robbins et al. (1916) down to Martin
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(1995). At present, a working definition by Cotton (1996)
which considers ethnobotany to encompass all studies
which concern mutual relationships between plants and
traditional people is regarded as widely acceptable.
These studies include the ways in which a society relates
to its environment; the relationships may be social,
economic, symbolic, religious, commercial, and artistic
(Aumeeruddy-Thomas and Shengii, 2003). Wickens
(2000) informed that all usages are founded on
ethnobotany.

The dual ideologies in ethnobotany are people and
plants. The people are variously referred to as aboriginal,
local, indigenous, native or traditional people by several
workers in the field. Ethnobotanists and cultural
anthropologists have also reviewed the concepts from
‘man” to “human” to “people” and from “aborigine” to
“primitive” to “traditional” (Bennett, 2006). For a detailed
historical background of ethnobotany in the Old and New
World, the reader is referred to Cotton’s “Ethnobotany
Principles and Applications” (Cotton, 1996).

The scope of ethnobotany

The field of ethnobotany is inherently multi-institutional
and several disciplines have contributed to the growth
and progress of the subject. Ethnobotany is a subset of
ethnobiology (Stepp, 2005) and ethnobotanical studies
form the vast majority of research in ethnobiology due to
the greater importance of plants than animals in some
human societies and their place in food web and nutrient
cycle. Before now, ethnobotany combined the interests of
botany and ethnology, and is approached from two
perspectives, viz. the practical or utilitarian, and the
theoretical or philosophical (Bennett, 2006). At the
professional level, botanists appreciate the economic
benefits of plants; anthropologists are concerned with
traditional perceptions and management of plant
resources whereas ecologists study the interrelationships
between traditional societies and germplasm. Therefore,
botany, anthropology, linguistics, education, archaeology,
economics and resource management are often included
in the study of ethnobotany. These disciplines are inter-
connected to explore the field of ethnobotany in the
modernization of traditional agricultural systems,
industrialization, food security, documentation and
preservation of botanical knowledge, conservation of
plant resources, and social integration.

There are four major fields of ethnobotany, viz. basic
(documentation of traditional botanical knowledge)
(Liengme, 1983; Bhat et al., 1990; Cheikhyoussef and
Embashu, 2013); quantitative (evaluation of use-values,
relative use-values, proportion of agreement, and
preference ranking) (Phillips and Gentry, 1993a, b;
Assogbadjo et al., 2011; Avocevou-Ayisso et al., 2011);
experimental (assessment of benefits, hypothesis testing
and prediction) (Soleri and Smith, 1995; Albuquerque,

2006; Alencar et al., 2009); and applied (practical
application of ethnobotanical information in areas such as
pharmaceutical prospecting and conservation biology)
(Gustafson et al., 1992; Cox, 1994). However, six fields
of study (botany, anthropology, ecology, ethno-
pharmacology, linguistics and economics) are recognized
(Martin, 1995; Cotton, 1996).

The importance of ethnobotany

The significance of ethnobotany cannot be over-stated.
Theoretically, the discipline informs the link between
people and plants, the cultural significance of plants, as
well as ecological relations of plants in human societies.
The practical implications of these are the understanding
of indigenous food production (Omohinmin, 2012),
documentation of traditional botanical knowledge
(O’Brien, 2010), and the scientific evaluation of plants
used in traditional medicine (Gustafson et al., 1992; Cox
and Balick, 1994; Schlage et al., 2000). Ethnobotany also
provides explanation for biodiversity, cultural diversity,
and indigenous bio-resources management practices.
The subject make known the cultural position of the tribes
who used plants for food, shelter, clothing, construction,
tools, and ceremonies (Bussmann, 2006). Studies in
ethnobotany bring to the fore the distribution of plants
and the transfer of botanical knowledge from generation
to generation together with the modes of transfer
(Harshberger, 1896). Today, ethnobotanical studies are
providing clues to new lines of production as well as the
improvement of stale methods of plant product
manufacture.

Ethnobotany as an academic discipline

The activities of the “primitive” people of the Old World
played major roles in the history of ethnobotany since
they concerned themselves with local ecology and non-
industrialised utilization of plant resources. The
publication of “Purposes of Ethnobotany” by Harshberger
(1896) signalled the genesis of ethnobotany as an
academic discipline (Thomas, 2003). However, the
history of ethnobotany started with European explorers,
travellers, and missionaries who observed and
documented the uses of plants by the aboriginal peoples
(Cotton, 1996). These explorations and meticulous
observations led to the discovery of Nicotiana tabbacum
by Christopher Columbus and Banisteriopsis caapi by
Richard Spruce between 1492 and 1870 (Simpson and
Conner-Ogorzaly, 1986). Other contributions of renowned
naturalists and scientists in America and Europe have
been elaborately reported by Cotton (1996). Earlier,
economic botanists dominated the field. Ethnologists,
archaeologists and linguists have also identified with the
history and development of the discipline. This



identification led to series of scientific meetings,
conferences and collaborations on traditional plant
knowledge, evolution, and transmission. The meetings
resulted in the formation of international societies and the
launch of specific journal outlets for the publication of
ethnobotanical research works. Prominent among these
are Economic Botany (first published in 1947 by the
American Society for Economic Botany), Journal of
Ethnobiology (first published in 1981 by American-based
Society of Ethnobiology, and more recently Ethnobotany
Research and Applications (first published in 2003 by the
Botanical Research Institute of Texas). Other outlets that
publish sundry manuscripts on people and plants, and
applied ethnobotany are Journal of Medicinal Plants
Research, Journal of Ethnopharmacology, Ethnobiology
and Conservation, Conservation Biology, Biodiversity
Conservation, Bulletin of African Ethnobotany Network,
American Anthropologist, and Social Pharmacology.

Ethnobotany became fully academic following the first
doctoral degree awarded to David Barrows in 1900 by the
University of Chicago; this was followed by the
establishment of master’s programme in ethnobotany by
Castetter between 1930 and 1950 at the University of
New Mexico with undergraduate studies in ethnobotany
and economic botany (Cotton, 1996). Ethnobotany
became a research subject and applied science in China
in 1960s, as a taught subject in China in 1987 (Hamilton
et al., 2003), an academic programme in the Kumming
Institute of Botany, Chinese Academic of Science in
1987, an academic discipline in Thailand in 1990
(Trisonthi and Trisonthi, 2002), an academic institution in
China in 1996, and as an academic programme in the UK
in 1996 (Hamilton et al., 2003). As at 1996, there were no
reports of African institutions offering courses and/or
programmes in Ethnobotany and Economic Botany
(McClatchey et al., 1999).

Apart from its academic value, many scientists have
now recognised the practical value of ethnobotanical
data. This has led to a relatively new field known as
“applied ethnobotany”, which refers to the practical
application of ethnobotanical data in such areas such as
bio-prospecting and conservation (Cotton, 1996), or
simply as ethnobotany applied to conservation and
sustainable development (Hamilton et al., 2003).

Much of the early ethnobotanical investigations carried
out in the New World were casual observation and free-
listing of useful plants. Hence, the field was regarded as
non-scientific in scope. Phillips and Gentry (1993a, b)
suggested the application of quantitative techniques in
the analysis of contemporary plant-use data. This was
illustrated in the publication of Soleri and Smith (1995)
since studies of multivariate nature are common in
ethnobotanical research (Hoft et al, 1999). The
employment of quantitative methods in ethnobotanical
data collection, processing, and interpretation has
improved the indicative value of ethnobotanical studies
(Hoft et al., 1999).
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This paper aimed to provide an extensive review of
ethnobotany in Nigeria. However, it is non-exhaustive of
all materials on the subject matter. The objectives of this
paper were to: (1) Prepare a review on the current state
of ethnobotany as an academic discipline in Nigeria; (2)
Highlight the future promise of ethnobotany in Nigeria,

and (3) Relate the socio-cultural significance of
ethnobotanical studies in Nigeria with biodiversity
conservation.
METHODS

Books and journals indexed by Scopus and Science
Direct databases were reviewed. Direct search was also
made on the official websites of journals specializing in
Ethnobotany (Ethnobotany Research and Applications,
Economic Botany, Journal of Ethnobiology and
Ethnomedicine) and allied outlets (Journal of
Ethnopharmacology, Ethnobiology and Conservation,
Conservation Biology, Biodiversity Conservation, Journal
of Medicinal Plants Research, Bulletin of African
Ethnobotany Network, American Anthropologist, and
Social Pharmacology). Only papers relating to
ethnobotany were considered. Personal interviews of
local participants at the 24™ Annual Conference of the
Botanical Society of Nigeria (BOSON, 2016) held at the
Department of Botany, University of Ibadan, Nigeria were
also conducted. Information on participants’ level
(student, lecturer, field researcher etc.), research
interests, and undergraduate or graduate programmes
focusing on ethnobotany and/or economic botany, and
level of programme (academic subject, module within a
course or postgraduate course) were solicited.

RESULTS
Ethnobotany as an academic subject in Nigeria

Hitherto, there is no Faculty or Department of
Ethnobotany in any Nigerian universities. The subject
was incorporated following individual interest (by
professors of international exposure) in the field. The first
introduction was as a result of the implementation of
curriculum review. In some institutions (e.g. University of
Ibadan, Ibadan and University of Lagos, Akoka),
ethnobotany is regarded as an academic subject and
administered up to PhD level while professional
programmes in Economic Botany are floated as Master of
Economic Botany (MEB). In other institutions
Ethnobotany and Economic Botany are offered as
courses or modules within an undergraduate programme
in Botany or Biological Sciences (e.g. Federal University
of Agriculture Abeokuta; Ondo State, University of
Science and Technology, Okitipupa, and University of
Nigeria, Nsukka) or as postgraduate diploma programme
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in Ethnobotany and Phytomedicine (e.g. University of
Port Harcourt). In some other institutions, students are
required to take courses such as Forest Resources and
Utilization, Forest Taxonomy etc. These “outside”
courses present parts of ethnobotany as ethnomedicine,
non-timber forest products, and conservation of plant
resources. It is believed that with the present campaign
for the inclusion of traditional medicine in the curriculum
of medical sciences in Nigeria and the official integration
of traditional medicine into Western medicine,
ethnobotany will regain its natural glory.

Ethnobotanical studies in Nigeria

Ethnobotanical studies in Nigeria were initially carried out
generally on the uses of plants by different ethnic groups
(Bhat et al., 1990; Fasola and Egunyomi, 2005; Aiyeloja
and Bello, 2006; Erinoso and Aworinde, 2012; Ariwaodo
et al., 2012). Later specific research works, classified as
ethnomedicine, ranging from plants used in the
management of arthritis (Gbadamosi and Oloyede,
2014), sickle cell anaemia (Egunyomi et al., 2009;
Gbadamosi et al., 2012), sexually transmitted infections

(Gbadamosi and Egunyomi, 2014), breast cancer
(Gbadamosi and Erinoso, 2016), infant illnesses
(Aworinde and Erinoso, 2015), to skin infections

(Ajibesin, 2012; Gbadamosi and Oyedele, 2012; Erinoso
et al.,, 2016) etc. were conducted and reported. Lately,
there has been a shift in emphasis from free-listing and
systematic botany to a nexus between ethnomedicine
and phytochemistry (Gbadamosi et al.,, 2011; Fasola et
al., 2013; Gbadamosi and Oloyede, 2014; Aworinde et
al., 2016; Gbadamosi and Aboaba, 2016).

Although most Nigerian supervisors and students share
common interest in ethnobotany research and
application, majority of the project areas are basic and
involve either documentation of traditional botanical
knowledge (market surveys and oral interview of herb
sellers, farmers/hunters, and traditional doctors) or
phytochemical analyses of plants implicated in such
surveys. Little or no attention is given to quantitative
ethnobotany or test of hypothesis. However, laboratory
experiments to confirm ethnomedicinal claims are
common (Egunyomi et al.,, 2010; Gbadamosi and
Oyedele, 2012; Gbadamosi and Ogunsuyi, 2014,
Aworinde et al., 2016).

A large percentage of the plants implicated in
ethnomedicinal studies in Nigeria have not been
scientifically validated up to the pre- or clinical stages.
Although at the institutional level, active research to
evaluate ethnomedicinal claims is being carried out within
the available laboratory resources of the Drug Research
and Production Unit of the Faculty of Pharmacy, Obafemi
Awolowo University, lle-Ife, Nigeria, and Department of
Medicinal Plant Research and Traditional Medicine,
National Institute for Pharmaceutical Research and

Development, Abuja, Nigeria. Many pharmaceutical
companies in Nigeria have showed little or no interest in
the funding of ethnobotanical researches in spite of the
fact that ethnobotanical studies are valuable sources of
new data on plants especially drug plants. McClatchey
(2005) noted that in the last 30 years, not one new
traditional plant use has been reported and subsequently
converted into a pharmaceutical. This may be as a result
of some respondents (who hold traditional botanical
information) reluctantly disclosing or declining to share
information relating to plant use (Sofowora, 2008) and as
such no modern inductees into global pharmacopoeia.
Cotton (1996) submitted that the collection of useful
ethnobotanical data requires some preliminary
understanding of the knowledge system in terms of
acquisition and subsequent transfer to successive
generations.

One of the authors of this paper personally noted a lack
of respect for the discipline during his postgraduate
studies. At departmental seminars, students and lecturers
often referred ethnobotanists as “traditional doctors” or
“herbal practitioners” and argued that the subject lacked
scientific reputation. As expected, the field attracted little
or no funding. However, proposals advertising
pharmacognosy/medical botany are funded.

DISCUSSION
Current state of ethnobotanical studies in Nigeria

In Nigeria, traditional medicine is filing the gap of
inequalities in access to healthcare and health outcomes
(Kadiri et al.,, 2010). Unlike other science disciples,
ethnobotanical research projects in Nigeria have received
little or no funding. Individual researchers have carried
out ethnobotanical studies with personal earnings.
Although most Nigerian institutions have provisions for
research and publication allowances, the implementation
is subject to availability of funds. It is noteworthy that
collaborative efforts geared toward efficient health service
delivery is essential to universal health coverage.

The primary focus of most ethnobotanical works in
Nigeria has been the cataloguing of useful plants which,
more often than not, fall in the domain of medicinal and
food plants. Other areas such as plants used as
cosmetics, dyes, musical instruments, basketry and
household utensils, are rarely recorded. Hitherto,
published work on Nigerian ritual plants is non-existent.
Available reports are those of Mushroom in Yoruba myths
and beliefs with particular attention to their origin and
medicinal uses (Oso, 1975, 1977). Also, published
information on the ethnobotany of specific tribes or plant
species in Nigeria is scarce, as occurs in reports for tribal
communities (Smith, 1923; Bussmann, 2006), individual
plant species (Houssou et al., 2012; Dafni et al., 2005),
plant family (Chhetri, 2010), and socio-cultural



significance (Dafni et al., 2006; Dafni, 2007).

The knowledge of plants and their uses has continued
to spread in like pace with the plants themselves. The
cultural relevance of plants has deep roots in tribal
customs and beliefs. Nigeria as a nation is not an
exception. Indigenous societies/peoples hold strategic
positions in botanical knowledge acquisition, transfer, and
development. Indigenous plant knowledge is now
considered as a part of national heritage especially with
respect to cultural diversity and integration. This
traditional botanical knowledge (TBK) has encouraged
acculturation and cultural perceptions are incorporated
into Western ideas to form an integrated knowledge
system (IKS). The integration of TBK and Western
Knowledge offers enhanced approach in the management
of diseases/ ailments, improvement in healthcare
services and delivery, sustainable agricultural systems
and better nutrition. This synergy has resulted in a unique
synthesis of medical belief and practice, along with the
development and processing of innovative and effective
drugs.

After a period of relegation of plant significance, causes
of which include industrialization, urbanization, and
western influence, the usefulness of plants are now
gaining new interest, and as such newspaper columnists
and television anchors are promoting public awareness
on plant-human relations especially in the area of
ethnomedicine (e.g. natural healthcare column in Nigerian
national dailies: Punch, Guardian, Nigerian Tribune etc.:
Nigerian Tribune, Thursday, 28 February, 2013, and
other Thursday editions).

The contribution of herbalism to primary health care in
Nigeria has been appraised by Kadiri et al. (2010). In
Nigeria, the role of traditional medical practitioners,
herbalists, herb sellers, traditional orthopaedic specialists,
and birth attendants/midwives has made herbal medicine
practice worthwhile and commendable. The bulk of
ethnobotanical information is held by older people. Thus,
in most traditional societies, young fellows acquire TBK
and many practical skills as they work alongside parents
or older siblings or during apprenticeship programme.

Graduates of botany (especially those having interest in
ethnobotany) are myopic as regards occupational
prospects of this promising field. McClatchey et al. (1999)
informed that pharmaceutical companies, herbal
medicine and food industries, state and federal ministries
of agriculture, and land management firms employ
ethnobotanists. There are also opportunities in
conservation organizations, schools and colleges, or field
research stations.

Early reports of ethnobotanical researches conducted
in other West African countries (Benin, Burkina Faso,
Ghana, Togo etc.) followed the same qualitative trend of
uses of plants for food, medicine, fuel etc. Later, works
on quantitative ethnobotany were reported. In the
Republic of Benin, for example, quantitative indices such
as use values, use frequency of plant properties,
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credibility level, use equitability, interviewee diversity
value, specific reported use, intra-specific use value etc.
have been explored by Fadohan et al. (2010),
Assogbadjo et al. (2011), Avocevou-Ayisso et al. (2011)
and Koura et al. (2011) on the ethnic differences and use
patterns of some plants in Benin. Also, Laleye et al.
(2015) investigated and reported plants used in the
traditional treatment of diabetes. The authors applied a
generalized linear model with a Poisson distribution to
assess the effects of social factors on informants’
knowledge. Other research papers combining some
aspects of ethnobotany and biodiversity conservation
have been published by Lokonon et al. (2013), Agoyi et
al. (2014), and Salako et al. (2014). A national-scale
analysis of plants used in traditional medicine in Burkina
Faso (Zizka et al., 2015) showed that indices such as
relative importance, relative frequency of citation and use
categories lend credence to ethnobotanical studies and
could help identify conservation priorities as well as
facilitate future research in drug prospection. Asase et al.
(2005) combined the fields of ethnobotany and ecology in
the study of some Ghanaian antimalarial plants. The
authors investigated the range and abundance of the
plant species identified during the ethnobotanical survey,
and analyzed the data for taxonomic diversity, growth
forms, preference etc. In the central region of Togo,
Karou et al. (2011) interviewed some traditional healers
who were members of a “Study and Research in Applied
Medicine Centre”. The authors documented indigenous
plants used in the management of diabetes and
hypertension, and emphasized the sustainable use of
plant resources. In contrast, assessment of quantitative
parameters in ethnobotanical studies in Nigeria is scarce.

Future promise of ethnobotany and its application in
Nigeria

Individual responsibilities

Ethnobotanical data can be generated from historical,
religious, literary, linguistic, and pharmacological
viewpoints (Pirani et al., 2011). These data serve as
useful information regarding indigenous food production,
traditional agricultural systems, and source for the
development of new medicines. The people of a particular
region or locality represent major stakeholders in the
health services of a nation. Researchers therefore should
allow the spirit of “give and take” which is the hallmark of
ethnobiological studies (Bridges, 2004). This could be in
the form of community-support assistance (Bridges,
2004) or equitable sharing (with host communities) of the
benefits from pharmacological development (Cox, 2001)
as well as the protection of the intellectual property rights
of the informants.

Liengme (1983) in his review of ethnobotanical research
conducted in southern Africa listed uses of plants under
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food, medicine, magic, ritual and customs, building,
household utensils, musical instruments, and firewood.
Although the author’s paper captured published and
unpublished manuscripts, museum and herbarium
materials, the review stated the ethnobotanical
researches and knowledge in South Africa as carried out
by missionaries, botanists, medical experts and cultural
anthropologists. Also, the publication of Kose et al.
(2015) on the medicinal plants used in the Maseru district
of Lesotho, South Africa further emphasized the need to
document traditional medicinal practices  since
ethnobotanical knowledge in majority of human societies
is passed on orally from one generation to another.
Active documentation reveals gaps in knowledge and
new records of medicinal plant use.

Government responsibilities

In Ghana, Mali, Zambia, and Nigeria, 60% of children
suffering from malaria/fever receive their first line of
treatment from herbal medicine (Abdullahi, 2011).
Accreditation or documentation of traditional healers and
herbal medicine vendors as well as policies to regulate
herbal practice should be the primary concern of the
government. Although there is distrust between traditional
and modern doctors (Abdullahi, 2011), public awareness
(televisions, newspapers, magazines etc.) aimed at
botanical literacy and biological diversity should be
encouraged by the government. Governments (at state
and federal levels) need to encourage herbal medicine
apprenticeship (through entrepreneurship and traditional
medicine fair programme) as well as the establishment of
traditional medicine department in all primary health care
centres. Herbal drug regulation, quality assurance and
control fall in the domain of government responsibility.

Institutional roles

Institutions and research centres have roles to play in
botanical training, plant collection, identification, and
screening of plants for possible bio-activity. Because of
the inter-disciplinary nature of ethnobotany, knowledge of
the environment and cultural significance of plants is
considered essential. For many years, aboriginal peoples
have used knowledge of their local environment to
sustain themselves and to maintain their cultural identity.
These natives are better understood when there is no
language barrier. Institutes of languages, therefore, can
play effective roles in linguistics training as well as
professional services of interpretation especially when
the researcher is not familiar with the local language of
the people. Ethnobotanical inventories to document
economically important plants as well as field and
laboratory studies to confirm ethnobotanical claims
should be conducted. “Traditional Medicine” or “Medicinal
Plants” should be taught as part of curriculum of medical

schools. Ethical guidelines and equitable sharing of
benefits earned from the commercialization of bioactive
compounds from source locations should be instituted
and implemented.

Socio-cultural consideration and

conservation

biodiversity

Ethnobotanical studies help in cultural identification and
preservation of botanical knowledge. The idea that plants
are natural gifts and abundant, and so cannot be
exhausted should be relegated. The enforcement of
sustainable use of plant resources and the establishment
of conservation centres are social interventions required
of the government. Idu (2009) informed that the benefits
derivable from bio-resources should be considered in the
light of environmental concerns and biodiversity con-
servation; the author further submitted that quantitative
evidence, precision and statistical analysis of
ethnobotanical data should form the core values of
modern ethnobotanical research. Conservation of
indigenous plant resources requires the integration of
ethnobotanical knowledge into developmental
programmes and policies of any nation (Avocevou-Ayisso
et al., 2011). Although differences abound in local
knowledge, use, and conservation of plant resources
among different cultures (Hilgert and Gil, 2006), the
socio-economic relevance of these resources may
enhance our understanding of the management practices
and conservation efforts at local and regional level (Dalle
and Potvin, 2004).

CONCLUSION AND RECOMMENDATIONS

This review has highlighted the current status and the
future promise of ethnobotany in Nigeria. The field of
ethnobotany manifests in all facets of human activities
and relates to cultural and sociological relevance of
plants. Governments need to encourage herbal medicine
apprenticeship, establish traditional medicine department
in all primary health care centres as well as herbal drug
regulation, quality assurance and control. Researchers
should support host communities with benefits gained
from the commercialization of pharmaceuticals. The
sustainable use of plant resources will ensure continued
access. Curriculum development and inclusion of
Ethnobotany (as a distinct subject) in Nigerian schools
will direct future investigations in this promising field.
“Traditional Medicine” or “Medicinal Plants” should be
taught as part of curriculum of medical and other related
sciences.
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Kale is one of the nutritious leafy vegetables with a high nitrogen fertilizer requirement. However, soil
fertility is declining progressively due to the imbalanced use of inorganic fertilizer. Discharging bio-
slurry as waste will lead to environmental pollution and disposing will also lead to costs because of its
large volume. Consequently, replacing chemical fertilizers with bio-slurry can not only achieve efficient
resource utilization and disposal cost, but also reduce the amount of chemical fertilizer used and
environmental pollution attributed by chemical fertilizers. Therefore, a pot experiment was conducted in
a mesh house at Hawassa College of Agriculture to evaluate the combined effect of bio-slurry and
inorganic nitrogen fertilizer for growth and yield performance of kale. Five combinations of liquid bio-
slurry and inorganic nitrogen fertilizer were used, that is, 25% bio-slurry + 75% nitrogen, 50% bio-slurry
+ 50% nitrogen, 75% bio-slurry + 25% nitrogen, 100% bio-slurry, 100% nitrogen and O use of either
fertilizer source as a control. Data on phenology, growth and yield attributes were recorded. Results
revealed that the treatment had significant effect on growth and yield attributes of kale. The highest
(455.10 g) leaf fresh weight and fresh biomass (814.86 g) was obtained when 100% sole application of
liquid bio-slurry was used. Based on these results, it can be concluded that application of 100% bio-
slurry can improve the production of kale in the study area.

Key words: Bio-slurry, chemical fertilizers, growth, yield attributes, kale, nitrogen.

INTRODUCTION

Green leafy vegetables occupy an important place
among the food crops as they provide adequate amounts
of many vitamins and minerals for humans (Fasuyi, 2006;
Chinma and Igyor, 2007). Kale (Brassica oleracea L.) is
one of the highly nutritious green leafy vegetables which
belong to the Brassicaceae family, along with Cabbage,

Collards and Brussels sprouts (Fadigas et al., 2010).

Kale is a heavy feeder of nitrogen and therefore, good
nitrogen source is a paramount importance to optimize its
economic yield (Onyango et al., 2012). However, soil
fertility is declining progressively due to the imbalance
use of inorganic fertilizer and loss of nutrient from the
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soil. Moreover, in the tropical countries including Ethiopia,
high cost, scarcity, nutrient imbalance in the soil and soll
acidity are problems associated with the use of inorganic
fertilizer while bulkiness, low nutrient quality and late
mineralization are the bottleneck to the sole use of
organic manures for crop production (Uyovbisere et al.,
2000). Moreover, alternative soil nutrients sources are
expensive for small-scale farmers and the poor timing
and awareness of application for improved productivity of
kale (Onwonga et al., 2013).

Organic materials are important soil amendments that
sustain the productivity of soils in tropical and subtropical
regions where there is low soil organic carbon content
and low input of organic materials (Huang et al., 2010).

Therefore, there is an urgent need to identify and
investigate a cheap, easily available, environmentally
friendly source of fertilizers to enhance balanced supply
of crop nutrition, sustainable nutrient availability, treat soil
acidity and thereby maximize the vyield of leafy
vegetables. In this regard, bio-slurry can play a vital role
in combination with chemical fertilizer and it seems that
there is a general consensus on the ability of bio-slurry to
improve the physical and biological quality of soil besides
providing macro and micro-nutrients for vegetables. At
the same time it prevents adverse environmental impacts
of urban wastes and reduces the dependence on
chemical fertilizers (Karki, 1997).

In Ethiopia, evidence is lacking on the combined effects
of bio-slurry and inorganic nitrogen fertilizers on growth
and vyield of kale. Therefore, the present study was
designed to find out the optimum combination of bio-
slurry and inorganic nitrogen for better growth and yield
performance of kale.

MATERIALS AND METHODS

A pot experiment was conducted under mesh house conditions in
2017 at the experimental site of Hawassa College of Agriculture.
The site is located at 273 km from the capital Addis Ababa. It is
found at an altitude of 1669 masl and 7°4' N latitude with 38°31' E
longitude. The annual rainfall ranges from 900 to 1100 mm and
mean annual temperature is 19.5°C. Experimental soil at a depth of
0 to 30 cm was collected from the teaching and research farm of
Hawassa University. A 3 kg of sieved (2 mm sieve) soil was filled in
the bucket perforated at the bottom to allow air and water
movement. The pots were placed on saucers to avoid treatment
contamination and leaching and also the leached water on saucers
were reapplied on the experimental pots accordingly. Local cultivar
of kale seed and liquid bio-slurry were collected from Ziway market
and Hawassa town, respectively. Treatment wise liquid bio-slurry
was incorporated on the prepared soil containing experimental pot
a week before sowing and split application was carried out for the
inorganic N (at the time of thinning and 1 month after emergency).
Treatment having five recommended combinations of bio-slurry
and inorganic N fertilizer with control treatment were used. The
treatments were adjusted based on the N recommendation (100
kg/ha N) for brassica species. The details are presented as follows:
T1 - Control (where no urea/Bio-slurry applied); T2 - 25% N by Bio-
slurry + 75% N by recommended dose of inorganic fertilizer; Ts -
50% N by Bio-slurry + 50% N by recommended dose of inorganic
fertilizer; Ts- 75% N by Bio-slurry + 25% N by recommended

dose of inorganic fertilizer; Ts - 100% N by Bio-slurry; and Ts -
100% N by recommended dose of inorganic fertilizer.

The treatments were arranged in complete randomized design
(CRD) with three replications. The experiment has six level of N
source including control treatment. In each treatment there were
two pot and two plants per pot with a total of 4 plants per treatment
in each replication. Following the usual media preparation practice
the pot was conventionally filled with 3 kg of 2 mm sieved soil a
weeks before planting. Seeds (15) were sown directly on each pot
at a depth of 1 cm and thinning was conducted until it remains two
plants per pot just before inorganic N treatment was applied. In
accordance with the specifications of the design, each treatment
was assigned randomly to the experimental units. Recommended
cultural practices (watering, thinning, cultivation and weeding) were
applied uniformly throughout the growing period (Haile et al., 2017;
Mbatha, 2008; Onwonga et al., 2013).

Data on phenology, growth and yield parameters of kale were
recorded. Phenology: days to emergence; growth parameters: plant
height (cm), number of leaves per plant, leaf area (cm?), leaf area
ratio (cm?/g), specific leaf area (cm?/g); yield parameters: leaf fresh
weight (g/plant), leaf dry weight (g/plant), total fresh biomass and
total dry biomass (g/plant) was recorded (Mbatha, 2008; Li et al.,
2013; Amanullah et al., 2007).

The data recorded for each of the parameters considered in this
study were subjected to analysis of variance (ANOVA) using a
General Linear Model in SAS software and mean separation was
made based on LSD at 5% (P<0.05) level of significance (SAS
institute, 2002).

RESULTS AND DISCUSSION

Physicochemical characteristics of the soil and bio-
slurry

The physicochemical characteristics of the experimental
soil and bio-slurry are shown in Table 1.

Phenology and growth parameters
Days to 50% emergence

The days to 50% emergence were not significantly
(P<0.05) influenced by the combined application of bio-
slurry with inorganic nitrogen (Table 2). The result is in
contrary to the findings of Vaithiyanathan and
Sundaramoorthy (2016) who noted that application of
recommended doses of organic manures, inorganic
fertilizers and bio-fertilizers increased the seed
germination percentage of Green Gram.

Number of leaves per plant

Number of leaves per plant of kale was (P<0.001)
influenced by the application of liquid bio-slurry with
inorganic nitrogen fertilizer (Table 2). The highest (11)
number of leaves per plant was obtained from T5 (100%
bio-slurry) and it was statistically similar with the pots
which received 100 kg/ha of inorganic N (T6). The lowest
(4.17) number of leaves per plant were recorded from the
treatment that did not receive any N sources (the control
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Table 1. The physicochemical characteristics of the experimental soil
and bio-slurry analyzed at Hawassa University soil laboratory for the
grand project on the effects of combined application of head cabbage,

2017.

Property

Chemical

Total nitrogen (%)

Available P (mg P,0s/kg soil)
Available K (mg K2O/kg soil)
Organic matter (%)
pH-H20(1:2.5)

Exch.Ca? (cmol/kg soil)
Exch. Na*(cmol/kg soil)
Exch. K*(cmol/kg soil)
Exch.Mg?*(cmol/kg soil)
CEC (cmol/kg sail)

Organic carbon (%)

Physical
Sand (%)

Silt (%)

Clay (%)
Texture class

Value

Soil Bio-slurry
0.50 1.53
71.6 301.4
162.4 715.25
10.1 30.6
6.36 7.33
71.97 114.4
0.59 33.2
6.50 28.6

9.5 17.4
30.2 64

5.9 17.7

61 93.93% Water

21 6.07% Dry matter

18 -

Sandy loam -

Table 2. Days to 50% emergence, leaf number and plant height (cm) of kale as affected by the combined application of bio-slurry and

inorganic nitrogen.

Treatment

Days of 50% emergence

Number of leaf/plant Plant height (cm)

T1= Control (no urea/Bio-slurry applied)

T2= 25% Bio-slurry + 75% recommended inorganic N
T3=50% Bio-slurry + 50% recommended inorganic N
T4=75% Bio-slurry + 25% recommended inorganic N
T5=100% Bio-slurry

T6=100% recommended inorganic N

LSD (5%)

CV (%)

3.33 4.17¢ 16.17°
3.67 7b° 22.33%
3.33 6.17° 17.83%
3.67 8° 24.33
4.33 112 37.33°
3.33 10° 28.93°
12.11 1.62 5.52

7.44 11.80 12.66

Means followed by the same letters in the same column are not significantly different from each other at 5% level of significance.

treatment); whereas the other treatment combinations
were in between the two. From the data presented
subsequently, it is evident that, leaf number per plant was
the lowest at the control treatment, increased with
increasing the concentration of bio-slurry reaching
maximum at the maximum concentration of bio-slurry
(Table 2). The lowest number of leaves per plant in the
control treatment could be due to the insufficient nitrogen
supply of plants and resulting in reduction of plant
productivity and thereby reducing the number of leaves
per plant (Shangguan et al., 2000). Moreover, the finding
is also similar to the results reported by Rahman et al.
(2008).

Plant height

The result of the comparative study of liquid bio-slurry
and inorganic N fertilizer on plant height of kale revealed
significant differences (P<0.001) amongst the treatments
(Table 2). Application of 100% liquid bio-slurry gave the
highest (37.33 cm) plant height. The lowest (16.17 cm)
plant height was recorded from the treatment which
received no fertilizer treatment (T1, control) and it was
statistically at par with T3. The highest value in plant
height of kale was significantly increased by 130.86%
more than the control treatment. From the
aforementioned data obtained, plant height of kale was
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Table 3. Leaf area, leaf area ratio and specific leaf area of kale as affected by the combined application of bio-slurry and inorganic

nitrogen.

Treatment Leaf areazlplant Leaf area ratio Specific Izeaf area

(cm?) (cm®/g) (cm®ig)

T1= Control (no urea/Bio-slurry applied) 548.0° 5.56° 5.22¢
T2= 25% Bio-slurry + 75% recommended inorganic N 1822.6° 7.19° 7.94%
T3=50% Bio-slurry + 50% recommended inorganic N 1830.6° 7.03° 7.64%
T4=75% Bio-slurry + 25% recommended inorganic N 2465.3" 8.05% 8.44"
T5=100% Bio-slurry 4890.3° 10.03? 10.97°
T6=100% recommended inorganic N 3172.6° 9.11% 10.08%
LSD (5%) 1032.90 2.19 244
CV (%) 23.65 16.09 16.17

Means followed by the same letters in the same column are not significantly different from each other at 5% level of significance.

influenced by liquid bio-slurry and inorganic N fertilizer.
Plant height was least for the control treatment, but
increased with increase in the concentration of liquid bio-
slurry (Table 2). 100% sole application of liquid bio-slurry
showed a better result on plant height than the control
treatment. This could be attributed to the improvement in
soil structure and enhanced nutrient and moisture
availability and uptake that may have favored plant
growth due to application of organic fertilizer. The
increase in plant height obtained by the application of bio-
slurry incombination with inorganic N fertilizer was in line
with the results reported by Sarwar et al. (2007, 2010).
Moreover, Surindra (2009) noted that the increase in
plant height due to increased rate of organic fertilizer like
vermin-compost could be attributed to the fact that it
contains a good range of some very essential macro and
micronutrients other than N and P which are required for
healthy plant growth.

Leaf area (LA)

Liquid bio-slurry combined with inorganic N fertilizer had
a highly significant (P<0.001) effect on leaf area of kale
(Table 3). Increasing liquid bio-slurry from 0 to 100%
significantly increased leaf area. The treatment (T5) with
100% liquid bio-slurry produced 792.36% higher LA than
the control treatment (Table 3); whereas, the other
treatments were in between the two. The results clearly
indicated that, LA was influenced by the combined
application of liquid bio-slurry with inorganic N fertilizer.
LA was the lowest from the plants which did not receive
any of the two nitrogen sources (T1, control). It increased
with increasing the concentration of liquid bio-slurry,
reaching maximum at the highest concentration of bio-
slurry (Table 3). Leaf area fairly gives a good idea of
photosynthetic capacity of the plant. The treatment T5
(100% bio-slurry) showed significantly higher leaf area
which could be due to increased cell division and
elongation resulting in increased leaf expansion, more
number of leaves due to beneficial influence of bio-

fertilizers which release growth promoting substances
and enhances the availability of nitrogen (Mog, 2007;
Balcau et al., 2012).

Leaf area ratio (LAR)

Leaf area ratio is the ratio of leaf area to the total weight.
It is also a measure of photosynthetic machinery per unit
of plant biomass (Amanullah et al.,, 2007). Different
concentration of liquid bio-slurry with inorganic nitrogen
has highly significantly (P<0.001) affected leaf area ratio
of kale plants (Table 3). The highest LAR of 10.03 cm2/g
was noted in those pots to which N was applied in the
form of 100% liquid bio-slurry which, however, was
statistically similar with T6 (100% inorganic N) and T4
(75% bio-slurry and 25% inorganic N) and the lowest
(5.56 cm2/g) was recorded from T1 (control or 0% N
sources). Leaf area ratio increased with increase in the
concentration of bio-slurry and decrease in the rate of
inorganic N application of kale. This suggests that liquid
bio-slurry increased leaf size is an attempt to maximize
light interception and plant economy for acquisition of
resources needed for growth and development and these
results are in conformity with the work of Amanullah et al.
(2007).

Specific leaf area (SLA)

Specific leaf area is a measure of leaf thickness of the
plant and it was highly significantly (P<0.001) affected by
the combined application of liquid bio-slurry with
inorganic N (Table 3). Maximum (10.9 cm2/g) SLA of kale
was recorded in those plants to which N was supplied in
the form of 100% liquid bio-slurry and it was statistically
at par with 100% inorganic N fertilizer (T6), while the
lowest (5.22 cm®/g) SLA was recorded in T1 (control);
whereas the other treatments were in between the two
(Table 3). These findings showed that the specific leaf
area was significantly influenced by combined application
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Table 4. Yield and yield components of kale as affected by the combined application of bio-slurry and inorganic nitrogen.

Treatment Leaf fresh weight Leaf dry weight Fresh biomass Dry biomass
(g/plant) (g/plant) (g/plant) (g/plant)

T1= Control (no urea/Bio-slurry applied) 104.95¢ 9.71d 139.61d 12.93¢
T2=25% Bio-slurry + 75% recommended inorganic N 252.19¢ 24.09¢ 366.81¢ 34¢
T3=50% Bio-slurry + 50% recommended inorganic N 240.10¢ 22.23¢ 347.22¢ 32.18¢
T4=75% Bio-slurry + 25% recommended inorganic N 276.62¢ 25.61¢ 389.34¢ 36.06°
T5=100% Bio-slurry 455.172 44402 814.862 75.532
T6=100% recommended inorganic N 376.09° 34.820 667.32° 61.820
LSD (5%) 77.77 7.55 96.22 8.89

CV (%) 15.56 16.13 11.91 11.87

Means followed by the same letters in the same column are not significantly different from each other at 5% level of significance.

of liquid bio-slurry with inorganic N. SLA was the lowest
for the control treatment (T1); it increased with increase
in liquid bio-slurry reaching maximum at the maximum
liquid bio-slurry treatment (Table 3). The specific leaf
area is the indicator of leaf thickness and it was the
highest in the highest bio-slurry treatment which may be
due to the presence of growth promoting substances
present in this organic components. These growth
promoting substances were found to have established
role in cell division and elongation which might have
contributed to increased number of cells and facilitated
the better stacking of the mesophyll cells of the leaves.
The results are in conformity with the findings of Oscar
and Tollennar (2006) who reported that leaf area, leaf
area ratio and grain yield of baby corn increased with
increase in the level of N.

Yield and yield components
Leaf fresh weight

Data on leaf fresh weight in Table 4 clearly indicated that
application of liquid bio-slurry with different level of
inorganic N sources has a highly significant (P<0.001)
effect. Maximum (455.10 cm) leaf fresh weight of kale
was recorded in T5 (100% liquid bio-slurry). The lowest
(104.95 cm) leaf fresh weigh of kale was recorded from
T1 (the control) and the other treatment combination is in
between the two. The increase in leaf fresh weight of kale
in the liquid bio-slurry was 325.13% more than that of the
control. It has also been observed that there was
significant  difference between other combination
treatments. These findings showed that the leaf fresh
weight is determined by the application of liquid bio-slurry
with different level of inorganic N sources. The increase
in leaves fresh weight in response to increased rate of
bio-slurry might be ascribed to the availability of optimum
nutrients contained in bio-slurry that led to high leaf area
index and leaf number per plant through facilitated
vegetative growth. This result is in line with the work of

Mehdi et al. (2012) who reported that the application of
municipal solid waste and vermin-compost significantly
increased all the growth attributes such as plant height,
stem diameter, number of leaves, and leaf area index
under well-watered, moderate and severe stress
conditions through which it increases the leaf fresh
weight per plant. Similarly, the increase in leaf fresh
weight on the application of bio-slurry incombination with
inorganic N fertilizer was in line with the results reported
by Sarwar et al. (2007, 2010) and Qureshi et al. (2014).
Moreover, Weiping et al. (2010) studied the influence of
different concentrations of liquid biogas slurry on the
quality of radish, and the results of their experiment
showed that under applications, equal to that of nitrogen's
condition, the biogas slurry was helpful to improve quality
of radish, also promoted soil quality when compared with
a general chemical fertilizer, and decreased chemical
fertilizer quantity that was used.

Leaf dry weight

Leaf dry weight of kale per plant was the lowest (9.71 g)
for the treatment that did not receive the fertilizer
treatment (control or T1), while it was the highest (44.4 g)
for the plants that received 100% liquid bio-slurry (T5);
the other treatments scored in between the two
treatments (Table 4). It is evident from the data presented
subsequently that the leaf fresh weight of kale was
determined by liquid bio-slurry with different levels of
inorganic N fertilizers. The increase in the leaf dry weight
resulting from application of liquid bio-slurry may be
attributed to the presence of a readily available form of
nutrient i.e. ammonia and nitrate. Moreover, its property
to enhance soil aggregation, soil aeration and water
holding capacity, offers good environmental conditions for
the root system of kale. This better availability of soil
nutrients and favorable soil condition resulted in healthy
plants with large vegetative growth, which lead to higher
dry weight of kale. This finding is in agreement with the
results obtained by Wenke et al. (2009) who concluded
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that biogas slurry is an important byproduct of biogas
fermentation, containing abundant nutrient element and
bioactive substances and they proved that biogas slurry
could significantly improve the vegetable quality and
resistances to biotic and abiotic stresses of plants.
Moreover, Zhou (2009) conducted an experiment to
guantitatively study the effect of application of biogas
slurry on growth, yield, nutrition quality of purple cabbage
and soil quality and the results showed that the
application of biogas slurry could remarkably improve
growth and yield.

Fresh biomass

The results of the analysis of variance (Table 4) indicated
that different concentration of liquid bio-slurry with
inorganic N fertilizer significantly (P<0.001) influenced the
fresh biomass of kale. Significantly, the highest (814.86
g/plant) fresh biomass was recorded in T5 (100% liquid
bio-slurry) followed by T6 (100% inorganic N) which
scored 667.32 g/plant. Liquid bio-slurry with inorganic N
fertilizer showed significantly the lowest (139.61 g/plant)
fresh biomass in the non-fertilized pots (Table 4). Fresh
biomass was 82.87% higher than the non-fertilized
experimental pots. This finding showed that fresh
biomass of kale is significantly influenced by the
application of liquid bio-slurry and inorganic N. The
increases in fresh biomass of kale due to the application
of liquid bio-slurry and inorganic N fertilizer could be
attributed to the increase in vegetative growth and
increased production of assimilate which is associated
with increment in leaf area. The increase in fresh
biomass yield of kale due to the application of bio-slurry
(a component of several essential macro and micro
nutrient) might be due to the effect of these nutrients,
which are an integral component of many essential plant
compounds like chlorophyll, proteins and amino acids.
Plant compounds increase the vegetative growth and
produces good quality foliage. These in turn, promote
carbohydrate synthesis through photosynthesis and
ultimately increased vyield of plants (Brady and Weil,
2002). This is also in line with that of Mehdi et al. (2012)
who reported that the application of municipal solid waste
and organic fertilizer significantly increased growth
attributes such as plant height, stem diameter, number of
leaves, and leaf area index of canola under well-watered,
moderate and severe stress conditions. Similarly, Ding et
al. (2011) also studied the effects of biogas slurry on the
growth and quality of Tabe bean and the results showed
that biogas slurry could not only increase the Tabe bean
production, but also improve its nutrition quality. Similar
results were obtained by Qureshi et al. (2014).

Dry biomass

Dry biomass vyield of kale was highly significantly

(P<0.001) influenced by liquid bio-slurry with different
rates of inorganic nitrogen fertilizer (Table 4). The lowest
(12.93 g/plant) and the highest (75.53 g/plant) dry
biomass of kale were obtained from T1 (control), which
did not receive any source of N fertilizer, and from 100%
liquid bio-slurry (T5), respectively. The increase in dry
biomass per plant due to increase in the concentration of
liquid bio-slurry might be due to the increase in number of
leaf per plant. Thus, response of liquid bio-slurry in
combination with different inorganic nitrogen significantly
influenced the dry biomass of kale. The highest and
lowest was achieved by the application of 100% liquid
bio-slurry and control treatment, respectively. Nitrogen
fertilizer, either organic or inorganic, always affects
vegetative growth of the fodder and cereals; and
therefore, the increase in the application of liquid bio-
slurry and yield maximization of kale was in line with the
results reported by Rahman et al. (2008). Similarly, the
increase in dry biomass of kale on the application of
biogas slurry in combination of N inorganic fertilizer was
in line with the results reported by Yu et al. (2010).
Moreover, observation and documentation made by Aktar
et al. (1996) and Souza et al. (2008) are also supportive
of the present findings who reported that when organic
fertilizer is used in the soil, some metallic trace elements
stimulated root growth that ultimately increases the dry
biomass yield of kale crop. In addition, Islam et al. (2010)
conducted an experiment to examine the effectiveness of
biogas slurry as nitrogen source for the production of
maize fodder and based on the result they conclude that
application of biogas slurry has a significant effect on dry
matter, ash content and it will improve the production of
biomass and nutrient content in maize fodder.

Conclusion

Results from the present study showed that the
application of bio-slurry as a nitrogen fertilizer stimulated
the growth and yield of kale. From the current results, it
can be concluded that, growth and yield of kale improved
with 100% sole application of bio-slurry. Therefore, this
treatment can be suggested for better growth, yield and
yield attributing characteristics of kale for Hawassa and
areas having similar agro-ecologies.
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Avocado (Persea americana Mill.) is an important economic tree crop grown in home gardens and farms
all over Ghana. Although there are some studies on diverse aspects of the crop in several parts of the
world, not much has been documented about its morphology in Ghana. This study was therefore
conducted to describe the morphology of avocado in the Ashanti and Central Regions of Ghana. Using
the avocado descriptor as a guide, morphological analyses of P. americana accessions in eight districts
in the two regions were conducted. The study revealed that the avocado accessions had variable
morphological characteristics but were more close to the Western Indian accession.

Key words: Persea americana, accessions, morphology, Ghana, economic tree crop, Western Indian.

INTRODUCTION

Persea americana commonly called avocado is a
polymorphic tree crop that originated from a broad
geographical area stretching from the eastern and central
highlands of Mexico through Guatemala to the Pacific
coast of Central America (Popenoe, 1920; Smith, 1966,
1969; Storey et al., 1986; Dreher and Davenport, 2013).
From its origin, the avocado plant spread very fast to
many parts of the world due to its nutritional value and
the desire for its fruit. The spread to different parts of the
world resulted in different names given to it in different
parts of the world e.g. “avocado” in English, “aguacate” in
Spanish, “avocat” in French and “abacate” in Portuguese
(Ochse et al.,, 1961; Morton, 1987). In West Africa, P.
americana is also known as “custard apple” (Gustafson,

1976) and in Ghana, it is known locally as “pea” or “paya”
in Twi, Fante, Ga and Adangme (Irvine, 1961).

The avocado plant is erect and grows up to =29to 18 m
high with bole diameter ranging from 30 to 60 cm. The
leave could be of several shapes including lanceolate,
elliptic, oval, ovate or obovate (Morton, 1987; Schaffer et
al,, 2013) and may be alternate, dark-green, glossy on
the upper surface and whitish on the underside. Morton
(1987) measured leaf lengths ranging from 7.5 - 40 cm
long and found the fruit to be pear-shaped, often necked,
oval or nearly round and 7.5-33 cm long in length and
may reach 15 cm wide.

The fruit skin is known to be yellow-green, deep-green,
reddish-purple or very dark purple to almost black. The
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Figure 1. Map of Ghana showing the geographical points of the avocado plants used for the study. Map was produced

from the GPS coordinates of each single tree sampled.

fruit may be speckled with tiny yellow dots, may be
smooth or pebbled, glossy or dull, thin or leathery and up
to 6 mm skin thickness, pliable or granular and brittle
(Morton, 1987). Generally, the flesh of avocado is entirely
pale to rich-yellow in colour but in some fruits, there is a
thin layer of soft, bright-green flesh immediately beneath
the skin. The avocado fruit has a single seed enclosed in
two brown, thin, papery seed coats often adhering to the
flesh cavity and may be oblate, round, conical or ovoid in
shape, hard and heavy, ivory in colour and 5-6.4 cm long
(Morton, 1987).

The avocado tree crop is one of the most important in
Ghana. Local people use the fruit and other parts of the
tree for diverse purposes including food and medicine. In
the Ashanti region, the avocado fruit is a major
component of meals when in season (Abraham, personal
observation). The intense utilization of all parts of
avocado makes it a crop of great commercial potential in
the agricultural sector. The potential for
commercialisation has not been utilized in Ghana due to
marginalisation of the crop and inadequate documented
information on it in Ghana. Moreover, there is the need to
conserve all the avocado accessions in Ghana to avoid
extinction of any of them. To do this, it is important to
determine the accessions of avocado in Ghana.
Therefore, this study was conducted to characterize the
P. americana accessions in the Ashanti and Central

regions of Ghana based on their morphology.

MATERIALS AND METHODS
Study area

The study was conducted in eight districts randomly distributed in
the Ashanti and Central regions of Ghana between March and
October 2008. A minimum of two and a maximum of twelve
avocado plants were randomly sampled for study in each study
district bringing the grand total of avocado plants studied in all
districts to 53 (Adansi South: n = 2; Afigya Sekyere: n = 3; Asante
Akyem North: n = 6; Ejisu-Juaben: n = 11; Sekyere East: n = 5;
Sekyere West: n = 12; Obuasi: n = 6; Upper Denkyira: n = 8). The
GPS coordinates of each plant assessed was recorded and used to
produce a map (Figure 1).

Morphological characters studied

Based on a field guide for morphological studies, data on tree, leaf,
fruit and seed characteristics were taken for each avocado plant
selected for study (IPGRI, 1995).

Tree characteristics

The tree characteristics studied were canopy spread, tree height,
trunk surface, branching pattern, distribution of branches and a
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measure of the truck circumference at 30 cm above ground level.

To determine the canopy spread, the distance from the centre of
the crown to the tip of the outermost leaves on two opposite sides
of the tree was measured using a 100 m fibreglass measuring tape
[Rollins & Sons (London) Ltd, Harlow, Essex, UK]. Tree height was
measured with a suunto clinometer (PM-5 Suunto, Valimotie,
Finland). The tree heights were classified into 1-4, > 4-8, >8-12,
>12-16 and >16 m. The appearance of the trunk surface of the
avocado trees was scored according to the criteria described by the
IPGRI (1995) such that a score of 3 represented a smooth surface,
7 represented a rough surface and 9 represented very rough. Other
tree characteristics such as branching pattern, distribution of
branches and the measure of the truck circumference at 30 cm
above ground level were described following the avocado
descriptor (IPGRI, 1995).

Leaf characteristics

Leaf shape was described according to the criteria suggested by
the avocado descriptor (IPGRI, 1995). Data on leaf shape, number
of primary veins, leaf apex shape and leaf blade length (cm) were
taken.

Fruit characteristics

Fruit shape, ridges on fruit, pedicel position on fruit, pedicel length
and nailhead pedicel apex shape, colour of flesh next to skin, colour
of flesh next to seed, fruit skin colour and gloss on fruit skin were
observed and recorded following IPGRI (1995). Moreover, the fruit
length (cm) as the longest part of the fruit, fruit diameter (cm) (the
mid-section of each fruit), fruit weight (g), peduncle length (cm) and
peduncle diameter (mm) were measured. Fruit skin surface was
observed and classified as smooth, intermediate or rough. Using an
electronic digital calliper (Powerfix®, Milomex Ltd, Bedfordshire,
UK), the average fruit skin thickness of five fruits were determined.
Adherence of skin to flesh was graded as slightly, intermediate or
strong.

Seed characteristics

For every avocado fruit studied, the shape of the seed and
attachment of cotyledons to seed were noted. Moreover, the seed
weight (g) was measured with an electronic weighing balance
(Sartorius AG, Gottingen, Germany), and the length of seed cavity
(cm), diameter of seed cavity (cm), length of seed (cm), diameter of
seed (cm) and free space of the seed cavity were measured with an
electronic digital calliper (Powerfix®). The length of seed was taken
as the measure of the longest part of the seed and the diameter
measurement was taken from the mid section of the seed with the
base and tip of the seed as reference points.

Data analysis

The frequency of occurrence of the various morphological
characters of the avocados was determined. Since a cluster
analysis defines a natural population of the same species into
distinctively related phylogenetic main groups and subgroups, the
morphological characters were studied. The protocol utilized
characteristics of the tree, leaves, fruit and seed. In the analysis,
the hierarchical single linkage and Euclidean distance method was
used to produce a dendrogram of morphological similarities
(Statistica, version 7; StatSoft Inc., Tulsa, OK, USA).

RESULTS
Tree characteristics

The tree characteristics varied among the avocado trees
studied (Figure 2). Other tree characteristics were:

Canopy spread

The tree spread (canopy spread) of the avocado trees
studies ranged from 4.9 - 13.17 m with an average of
8.43 £ 0 .25 m. Most (92.4%) of the trees had canopy
spreads between 6 and 12 m.

Trunk circumference

The trunk circumference ranged between 46.30 and
283.10 cm. The modal circumference was 111.0 cm. The
mean tree circumference was 133.04 cm. Majority
(77.4%) of the plants had circumferences between 70
and 160 cm.

Leaf characteristics

The avocado trees studied had several leaf shapes
(Figure 3A) with different leaf apex shapes (Figure 3B).

Number of primary veins

A large percentage (71.7%) of the plants under study had
between 14 and 16 primary veins. Only 3.8% had 18
primary veins. The least number of venation being 12
was represented by 11.3% of the trees.

Leaf blade length

The least average leaf blade length recorded was 12.92
cm while the highest average leaf blade length recorded
was 28.64 cm. The mean average leaf blade length of the
samples used for the study was 19.03 cm.

Fruit characteristics
Fruit shape

The shapes of fruit studied included pyriform (Figure 4A),
narrowly obovate (Figure 4B and C), ellipsoid (Figure
4D), clavate (Figure 4E), rhomboid (Figure 4F), oblate
(Figure 4G) and spheroid (Figure 4H). Other fruit shapes
included high spheroid and obovate. The trees studied
had various fruit characteristics (Figure 5).



™ 5-8 m (20.8%)
®9-12 m (60.4%)
®13-16 m (15.1)
W>16m (3.7%)

B Smooth (1.8%)
M Rough (64.2%)
i Very rough (34%)
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H intensive (49.1%)
B Extensive (24.5%)
» Both (26.4%)

W Irregular (54.72%

B Ascendant (28.30%)
= Verticillate (5.66%)
® Axial (5.66%)

B Horizontal (5.66%)

Figure 2. Percentage of the avocado trees studied with (A) tree heights ranging from 5 m to more than 16 m,
(B) trunk surface being smooth, rough or very rough (C) branching pattern with intensive, extensive or both
branching patterns and (D) distribution of branching being irregular, ascendant, verticillate, axial and horizontal.

B Ovate (3.77%)

B Marrowbhy-Obovate (9.43%)
B Obovate (1.89%)

B Oval (32.08%)

B Rounded (11.33%)

M Lanceolate [5.66%)

W Oblong-Lanceolate (35.85%)

W Very acute (3.7%)

W Acute (49.1%)

B Obtuse (34.0%)

m Very obtuse (13.2%)

Figure 3. Leaf shapes (A) and leaf apex shapes (B) of avocado trees

studied.

Ridges on fruit

More than half (54.7%) of fruits had partial ridges on

them and 17% were entirely covered with ridges (Figure
6A). There were no ridges on fruits of 28.3% of the plants
(Figure 6C).
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Figure 4. Avocado fruits showing various morphological characters. (A) Pyriform shape, broadly ovate seed,
cotyledon not attached to seed; (B and C) Narrowly obovate shape; (D) Ellipsoid shape, free space on seed
base; (E) Clavate shape; (F) Rhomboidal shape, small seed, cotyledon not attached to seed; (G) Oblate shape,
base flattened apex rounded seed; (H) Spheroid shape. Photos: Janice D. Abraham

M Narrowly ohovate (39.6%)

M Rhomboid (20.8%)

M Pyriform (13.2%)

B Clavate (9.4%)

W Highly spheroid (5.7%)

M Ellipsoid {5.7%) vellow (29%)

¥ Oblate (1.9%) Light green (58%)

W Spheroid {1.9%) B Green (30%)
Obovate (1.9%)

W Red (30.19%) E
# Green (26.42%)

= Speckled (22.64%)

W Purple (11.32%)

IILight green (3.77%)

Yellow (53%)

| |
DLl S Light ye llow [47%)

Yellow (1.89%)

W Smooth (37.7%)
o Intermediate (49.13%) B NPAS present (39.6%)

W Rough {13.2%)

B NPAS absent (60.4%)

Figure 5. Percentage fruit shape (A), fruit skin colour (B), fruit skin surface texture (C), colour
of flesh next to skin (D), colour of flesh next to seed (E) and Nailhead pedicel apex shape
avocado fruits studied (F). NPAS = Nailhead pedicel apex shape.
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Figure 6. Avocado fruits showing different morphological characters. (A) a fruit
with a conical pedicel shape (arrowed), (B) a rounded pedicel shape fruit
(arrowed) with a weak glossy skin,(C) a fruit with (i) a central pedicel position on
fruit and (ii) a central fruit apex position, (D) fruit with a very asymmetrical
pedicel position (arrowed) and a strong glossy skin. Photos: Janice D. Abraham.

Pedicel position on fruit

The pedicels were either centrally (50.9%) or
asymmetrically (49.1%) positioned on fruits (Figure 6C
and D).

Pedicel length

Pedicel lengths ranged from 0.68 to 1.5 cm. The pedicel
length of 96.2% of the fruits was > 1.5 cm.

Gloss on fruit skin

Fruits had a strong glossy skin (35.8%) (Figure 6D),
medium glossy skins (35.8%) or weak glossy skin
(28.3%).

Fruit length

The lengths of the fruits ranged between 7 and 19 cm
with an average of 11.10 + 1.52. About half (49.1%) of
the fruits were between 10 and 13 cm long, 34% were up
to 10 cm long and 17% were more than 13 cm long.

Fruit diameter

Most (81.1%) of the fruits were in the same diameter

range of 7 to 9 cm. Only 1.9% was in the range of 9 to 11
cm, while a relatively small percentage (17%) was
between 5 and 7 cm.

Fruit weight

Fruit weight of avocado studied was variable; however,
more than half (58.6%) of them weighed between 220
and 370 g. Only 18.9% weighed more than 420 g, while
11.3% weighed between 170 and 220 g. Another 11.3%
weighed between 370 and 420 g.

Peduncle length

There was a wide range of peduncle length of fruits
studied. Most (83%) of the fruits had peduncle lengths
between 2 and 6 cm. About 47% of the fruits had
peduncle lengths of 4 to 6 cm. Very few (7.6%) had their
peduncle lengths over 8 cm long.

Peduncle diameter

A much larger percentage (92.5%) of fruits had their
peduncle diameters between 4 and 8 mm. Only 7.6% of
the fruits had peduncle diameters between 8 and 12 mm.
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Base flattened, apex rounded shaped seed
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D
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Ellipsoid shaped seed

Figure 7. Various seed shapes of avocado. Photos: Janice D. Abraham.

Fruit skin thickness

The skin of the fruit had thickness ranging between 2 and
8 mm. The skin thickness of 96.2% of the fruit was
between 2 and 6 mm. Only 3.8% had skin thickness of 7
mm.

Adherence of skin to flesh

There was a strong attachment of flesh to skin in 13.2%
of the fruits; 67.9% had a slight attachment, while 18.9%
had an intermediate strength of attachment.

Seed characteristics
Shape of the seed

Among the avocado fruits studied, five different seed
shapes were identified: broadly ovate (Figure 7A; 37.7%),
base flattened and conical apexes (Figure 7B; 35.8%),
base flattened and rounded apexes (Figure 7C; 18.9%),
cordiform (5.7%) and ellipsoid (Figure 7D; 1.9%).

Some of the seeds had their cotyledons attached to the
seeds while others did not (Figure 8A). The weights of
avocado seeds studied were between 25 and 125 ¢
(Figure 8B). The diameter of seed cavity and diameter of
seeds were different (Figure 8C and D, respectively).

Length of seed cavity

The seed cavities of 92.4% of fruits studied were
between 4 and 8 cm, and 7.5% had seed cavities of 8 to
10 cm.

Length of seed

The seeds were between 2 and 8 cm in length: 2-4
(1.9%), 4-6 (84.9%), 6-8 cm (13.2%).

Free space of the seed cavity

Seed cavity space was as follows: space on the seed
base only (66%), spaces on both seed apex and seed
base (32.1%) and space on the seed apex only (1.9%).

A dendrogram of the relationships between all avocado
plants based on 35 morphological characters identified
three major distinct groups (Figure 9). The first distinct
group (A) was defined with samples one and eight at
either ends, with four subgroups. The four subgroups had
samples 1-30, 42-50, 40-33; however, sample eight stood
alone. The second distinct group (B) had samples three
and six at either ends. This also had four subgroups
made up of samples 3-17, 15-21, 37-19 and 23-6. The
third distinct group (C) was between samples 11 and 39.
This group had three subgroups made up of samples 35-
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Figure 8. Percentage of seeds with cotyledon attached or not attached (A), seed weight (B), diameter of
seed cavity (C) and diameter of seeds (D) of avocado fruits studied.
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Figure 9. Single-joining tree of avocado individual plants, using Euclidean distances from morphological parameters.
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51, 12-41 and 48-39.

DISCUSSION

All the avocado plants studied had heights above 5 m,
suggesting that all the plants were fully matured. In terms
of management, it has been suggested that avocado
plants between the heights of 3 and 4.5 m are relatively
easier to manage and more productive than taller plants
(Partida Jr., 1996). This implies that, it will be very difficult
for the farmers to manage their tall plants. It is therefore
necessary for breeders to try to cross the existing trees
with improved accessions that have shorter heights to
enhance commercialisation and easy harvest of fruits.
This is because harvesting from tall trees is very difficult
and expensive. Shorter avocado trees with good canopy
development produce more fruits than taller ones.

In California, it has been reported that, avocado fruit
yield reduced from about 2,177 to 725 kg/ha over a three
year period when the canopies were crowded such that
there was not enough sunlight through (Partida Jr.,
1996). When such trees were pruned to open up the
canopy to allow more light through, and the tree heights
limited to about 3.6 m, yield increased again (Partida Jr.,
1996). It has also been observed that not only did the fruit
yield increase but cost of harvesting was significantly
reduced on pruned trees. It is thus possible that,
Ghanaian avocado farmers might have better yield and
income from their avocado farms and plantations when
the trees are pruned down to between 3 m and 4.5 m in
height. The average canopy spread of avocado plants
studied was 8.4 m, and the crowns ranged between 4.9
and 13.17 m. Such large crowns may be too much for
proper management. Management of such trees will be
relatively easier when the crowns are pruned.

The trunk circumference of avocado trees range
between 46.30 and 283.10 cm which is equivalent to
diameters between 14.74 and 90.11 cm. Such plants are
considered very large fruit plants. However, the sizes of
the avocados are evidence of good and healthy growth.

The most common branching distribution of the plants
studies was irregular. However, Paz-Vega (1997) noted
that horizontal branching could enhance flowering. By
tipping the branches, more side shoots were formed. This
created complex branching systems in avocado. This
method could thus be effectively used to control the size
and shape of avocado plants, as well as enhance yield.
Removal of excess branches by girdling could reduce
vegetative growth; and thus increase flowering and
fruiting (NURez-Elisea and Crane, 2000; Kim et al., 2017).
The study results showed that, nearly half of the avocado
plants had intensive branching.

Avocado leaves have variable lengths. They may have
lengths of up to 22 cm (Irvine, 1961) or 40 cm (Morton,
1987). The leaves of the avocado plants sampled in this
study had leaf blade length between 12.92 and 28.40 cm

long. Large leaf is distinctive of both West Indian and
Guatemalan races, and their hybrids, but the West Indian
species are said to have the largest leaf size among the
species (Bergh and Lahav, 1996). Hence, the plants
studied might very well relate to these two species.
Almost 50% of the trees had leaves with acute apex. This
is a feature of a normal avocado leaf. However, improved
cultivars have some leaf shape variations. The
observation therefore means that new improved cultivars
have not been introduced in the study area. The
accessions spreading are the ones which were
introduced over a century ago. There is therefore the
need to introduce come improved cultivars to the area to
bring more diversity and enhance the commercial value
of the existing plants. This will make commercialisation of
the plants more attractive to farmer.

The average avocado fruit length of 11.10 + 1.52 in this
present study is comparable to previous measurements
of West Indian Avocados averaging 15 cm (Crane, 2008).
Most of the avocados had fruit lengths above 10 cm
which suggest that there are more West Indian avocado
than Guatemalan in Ghana. Indeed, about 72% of all
avocados studied had ridges on them. This is also a
characteristic morphological feature of West Indian
avocado. The shapes of the avocado fruits studied,
including obovate, rhomboid, pyriform and ellipsoid are
typical of West Indian avocados. Over 70% of all the
avocados studied had these shapes, pointing to the West
Indian as the origin of these avocados. These facts
strongly suggest that there were more West Indian
avocado in Ghana. Furthermore, more than 70% had
medium to strong glossy skin. Very few (13.2%) had
rough skin which is characteristic of Guatemalan avocado
(Bergh and Ellstrand, 1986).

A typical avocado fruit weighs about 200 to 300 g fresh
weight (Paz-Vega, 1997). In the study, more than 50% of
the avocado fruits sampled weighed between 220 and
370 g. These weights are impressive in a developing
country like Ghana where no plant growth regulators
(PGR) (Lovatt, 2005) are used to enhance growth and
development of crops. This implies that, there are
potentially a lot of avocado accessions in Ghana that
could do without the use of PGRs. Majority of the fruits
had thin skin thickness with a few thick skin thickness of
5 mm. Thin and medium fruit skin thickness is a
characteristic feature of West Indian species and their
varieties.

The results showed five different seed shapes. Majority
of the fruits had large seeds, while a few had small
seeds. Literature shows that large seeds are
characteristic features of Mexican and West Indian races
while small seeds are typical characteristic features of the
Guatemalan race (Bergh and Lahav, 1996).

Three major clusters were obtained using the
characters measured in a dendrogram. This indicates
that avocado samples from the various districts in the
Ashanti and Central Regions of Ghana were not



exclusively different. It is likely that the same set of
planting materials circulates in the study areas and that
one should not expect much morphological variations in
these areas. Many farmers in Ghana are migratory
whose produce are sold in other parts of the country such
as the Greater Accra, part of the Western, Central and
some parts of the Volta Regions. The seeds of the fruits
they sell are used as propagules in these places.

Avocado samples with similar morphological characters
were grouped together such that samples 1, 2, 43 and 30
though collected from different locations shared a lot of
morphological characters as compared to samples 1 and
3 which were collected from the same location. These
two samples did not have many characters in common.
The samples in the second distinct group were closely
linked. This implies that these samples share a lot of
morphological features together when compared with the
samples in the third distinct group which appear to have
much diversity within the group. Some of the samples in
the third group (e.g. sample 48) stood independent
almost to the end of the link before joining the group.
Samples 16 and 39 were joined to the tree at the last
cluster; this showed that they share very few
morphological characters with the other samples. This
showed that there were some degree of morphological
diversity between the avocado accessions found in the
study area.

These diverse morphological variations suggest genetic
diversity and ecological adaptation of accessions which
have common ancestor. This may have resulted from the
different climatic and soil conditions in the environment in
which the seeds were planted. In addition to the
environmental adaption, cross pollination between the
populations found at a place over a long period of
cultivation may have led to the variation observed. The
similar feature observed between accessions from
different locations may have resulted from the retention of
some parent gene over the long period of crossing with
other accession. There is therefore the need for
identification of these genes to enhance breeding and
commercialisation of the plant if the traits are good.

Conclusion

All the avocado trees studied had height above the 3 and
45 m range which is recommended for high fruit
productivity. This means that the trees studied may not
reach their optimum productivity as expected and
harvesting may be expensive for the farmers. The leaves
and other morphological characters of the avocados
studied exhibited characteristics that relate to the West
Indian and Guatemalan races. Moreover, the results of
the field work indicate the samples from the various
districts were not exclusively different from each other. A
probable reason may be that the seeds of the same
accessions might have been used as propagules by
migratory farmers. The accessions in the area might be
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the same as the ones introduced over a century ago.
There is the need to introduce some commercially
improved accession to the old stock to bring more genetic
diversity and enhance the chances of commercialisation
and export of the avocado to make farming and
propagation attractive to farmers. There is need for
germplasm collection of the existing stock to enhance
conservation of genes.
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