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Chapter

Cacao Genetic Resources 
Conservation and Utilization for 
Sustainable Production in Nigeria
Festus Olakunle Olasupo and Peter O. Aikpokpodion

Abstract

Theobroma cacao, the source of chocolate, is one of the most important tree-crop 
that serves the purpose of sustaining the economy of millions of households and 
the largest non-oil foreign exchange earnings in Nigeria. The management of cacao 
genetic resources as it affects sustainable production of cocoa in Nigeria is reviewed. 
These include details of the diversity present in the germplasm collections, their 
utilization in varietal development and current status of the field genebanks as 
revealed by DNA fingerprinting using single nucleotide polymorphisms (SNPs) 
markers. Factors contributing to continuing backlash in the annual outputs of cocoa 
in Nigeria are also highlighted. The prospects of advances in the science of cacao 
genomics for up-scaling production and its impacts on the improvement of the 
industry in the country are discussed.

Keywords: germplasm introduction, genetic diversity, cacao breeding,  
cacao genomics, cacao science, sustainable production

1. Introduction

Theobroma cacao L., a member of Malvaceae family [1] is a small under-story 
tree that produces cocoa beans used in the manufacture of chocolate, cosmetics, 
confectioneries and other cocoa products. Recent evident from restricted fragment 
length polymorphisms (RFLP) and microsatellite analyses of ancient Criollo trees, 
consolidated proposition of the humid tropics South American Amazon regions 
as its center of origin [2]. Cacao is now grown as a tree crop in the tropical regions 
of the world between latitudes 20° north and 20° south of the equator [3]. Cocoa 
is one of the most economically important agricultural commodities in Africa and 
has been contributing to gross domestic product (GDP), national income (NI) and 
foreign exchange earnings of many African producing nations. It is marketed in The 
United States of America, Europe, United Kingdom and Asia where its butter and 
solids are used by processing industries. The global exports value of dried beans is 
between USD 8–10 billion per annum and there has been increasing demand for 
chocolate in the developing economies of Brazil, China, Eastern Europe and India 
[4]. In West and Central Africa, more than 96% of cocoa production is carried out 
by smallholder farmers who rely on proceeds from cocoa beans as a major source of 
family income [5, 6]. The world produced 4.744 million metric tons of dried beans 
in 2017 and 76% of the world production comes from Africa with about 7% of the 
continent exports from Nigeria, ranking the country 6th in the world [4]. In Nigeria, 
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cocoa provides means of livelihood to more than 5 million people and serves the 
purpose of sustaining the economy of millions of households to live above poverty 
and hunger. Although most of the country’s budgetary revenue comes from sale 
of crude oil, agriculture contributes significantly to the economy with about 70% 
of the population engaged in agriculture. Income obtained from cocoa exports 
accounts for up to 27% of the 41.48% of Nigeria’s GDP attributed to agriculture [7] 
and it is the largest non-oil foreign exchange earnings. However, cocoa production 
in Nigeria has not been sustainable as it reflected in the decline of the country’s 
export data observed for almost two decades. Many factors are responsible for 
the low farm productivity which in turn is contributing to continuing instability 
and negative downturn in cocoa production in Nigeria [8]. These include but not 
limited to climate variability, diseases and pests infestations and poor access to 
improved planting materials. Development of improved hybrid varieties with good 
yield quality potentials is a necessity for a sustainable cocoa production system 
and this is subject to the amount of genetic variability available within germplasm 
collection. Thus, determined and consistent efforts are required in the acquisition 
of the needed genetic materials/resources for their conservation, evaluation and 
efficient use to develop well-adapted cultivars for combating the cocoa production 
challenges.

2. Germplasm introduction

Cacao was first introduced into Africa from Bahia, the Amazonian Region in 
Brazil by the Portuguese to Principe in 1822, with the establishment of 30 cacao 
plants of the Amelonado type (Lower Amazon Forastero) in Principe and later 
expanded to the neighboring island of Sao Tome [3]. Toxopeus [9] also reported 
that the two cacao trees of the Amelonado variety which were successfully estab-
lished in Sao Tome from a batch of plants brought in from Bahia, Brazil in 1822, 
became the parents of the subsequent cacao trees of the island. Further movement 
of cacao from Sao Tome Principe islands to Fernando Po (the present-day Bioko 
in Equatorial Guinea) took place in 1855 by the Spanish seafarers [9, 10]. Other 
introductions were also made by Swiss missionaries from Suriname, and the first 
set of cocoa seeds were sown on Africa mainland in 1857 [11]. However, the variety 
which was originally brought into the island from Brazil was in its adopted home 
known as ‘Sao Tome Creolou,’ to distinguish it from other varieties that had been 
introduced subsequently. Following the introduction of the variety into West Africa 
and its wide cultivation in the region, it became popularly referred to as ‘West 
African Amelonado.’

The history of cacao genetic materials introduction into Africa and subsequently 
into Nigeria is simply illustrated in (Figure 1). Cacao germplasm introduction to 
Nigeria can be presented as a sub-set of its introduction to Africa using the two 
phases partitioning ideology (Exploratory Colonial Period and Expansionary 
Experimental Pre- and Post-Independence Period) as reviewed by Aikpokpodion [7].

2.1 Exploratory colonial period (1874–1909)

The first era of cacao introduction into Nigeria started in 1874 by Chief Squiss 
Ibaningo, a trader who transported pods of Amelonado cocoa from Fernando Po into 
Bonny (now Rivers State of Nigeria) [1]. Many of the liberated slaves who were settled 
on the Fernando Po Island who had worked as contract labourers in the local cocoa 
plantations also contributed to cacao introduction into Nigeria. In 1880, there was 
an evidence of cacao plantation near Agege, owned by J.P.L Davies, most probably a 
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liberated slave [13], who had been the captain of a freighter plying the West African 
coast and could have obtained the seed from Fernando Po. The first cacao seedlings 
were planted somewhere near Ibadan prior to 1890 [14]. Berry [15] also reported that 
Ogunwale was the first to carry about 200 cacao pods to Ibadan for planting from 
Agege, which must have been from Davies’ plantation. Furthermore, around 1900, 
the Colonial administration also introduced some red-podded cacao (Trinitario) 
materials to the botanical garden established in Agege Lagos in 1888 from British West 
Indies, presumably by the Jamaican curator of the garden. Several cacao germplasm 
materials were also introduced into Nigeria by the missionaries and slave traders. As 
a result of these various introduction efforts, a fair range of variability was presum-
ably present on farmers’ plantations with self-compatible ‘West African Amelonado’ 
types dominating the complex mixture of cacao of diverse origin. Towards the end of 
nineteenth century, cocoa cultivation and industry had started with 95% of national 
export of 21 tons in 1895 coming from the Western Region [12].

2.2  Expansionary experimental pre- and post-independence  
period (1910–2018)

At the beginning of twentieth century, cocoa was already a valuable commodity 
crop in Nigeria. Therefore, further introductions of cacao genetic materials during 
the second era were for economic reasons with the aims of obtaining better income 
and premium due to greater yields and higher bean and chocolate quality. However, 
during the last decade, the “People, Planet and Profit” concept of sustainability has 
become a significant factor in cacao germplasm introduction. This has bearing with 
the concept of “Preventive Breeding” where clones showing resistance to regionally 
important diseases of cocoa growing regions could be introduced through interna-
tional intermediate quarantine centers [7]. This was to ensure that there is present 
in the germplasm collections, adequate sources of resistance to cope with, in case of 
new disease spread in order to prevent local cocoa economy crash that is associated 
with any epidemics.

Series of additional germplasm introductions following the initial successful 
introduction of the Brazilian Amelonado of the Lower Amazon Forastero type have 

Figure 1. 
Points of cacao introduction into Africa (Sao Tome and Principe) and Nigeria (Bonny Island).  Place of 
first introduction to Africa in 1822.  Place of first introduction to Nigeria in 1857.
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been reviewed by authors [3, 7, 16, 17]. The ‘Trinitario’ and ‘Criollo’ types were 
introduced to Nigeria in 1920 which formed hybrids with the original Amelonado 
type [18]. The former Nigeria Department of Agriculture was established in 1910 
at Moor plantation, Ibadan. Nevertheless, the formal germplasm conservation and 
selection programs started around 1931 by O.J. Voelckler at the Nigerian Department 
of Agriculture in Moor Plantation, Ibadan under the Colonial Administration [17] 
with the sole aim of development and release of improved planting materials. In 
1933, further germplasm introductions of some Trinitario and Criollo selections 
were made respectively, from Trinidad and Ceylon (the present day Sri Lanka) [19]. 
However, the outbreak of cocoa swollen shoot virus disease in the 1930s in Ghana, 
Togo and Nigeria almost destroyed the cocoa industry due to narrow genetic base in 
the population. This led to the establishment of West Africa Cocoa Research Institute 
(WACRI) in 1944 with the headquarters in Tafo, Ghana and a sub-station in Ibadan 
by an inter-territorial research thrust under the British West African Colonial 
Administration. Following the institute’s establishment, several accessions from 
Upper Amazon Forastero and ‘Trinitario’ populations collected by Pound [20, 21] in 
Trinidad were introduced in 1944 into Tafo in Ghana by WACRI to widen the genetic 
base of the germplasm [22, 23] and subsequently into Nigeria from Ghana. Open 
pollinated pods from 11 selected accessions of the Upper Amazon Trinidad introduc-
tion that were established in Ghana were also introduced into Ibadan, Nigeria to 
form the F2 Amazon population and these form the source of the open pollinated “F3 
Amazon” or “Mixed Amazon” materials in Nigeria up till present time.

The Nigeria sub-station of WACRI was upgraded to national research station, 
the Cocoa Research Institute of Nigeria (CRIN) in 1964 to focus on research that 
will facilitate improved production of cocoa. Then cacao seeds from 10 differ-
ent crosses were introduced from Wageningen (The Netherlands) between 1964 
and 1965 to raise 390 hybrid seedlings established in CRIN. Between 1965 and 
1967, a large-scale introduction of Upper Amazon cacao materials was made from 
Trinidad as part of the Trinidad-Nigeria Cacao Introduction Scheme sponsored by 
the Cocoa Alliance [24]. This consisted of 313 clones and 701 seedling progenies of 
intra-Nanay, intra-Parinari, intra-Iquitos and inter-P (Pound’s selections) crosses 
derived from a total of 350 crosses [25]. These clones and hybrids introduced from 
Trinidad constituted the “T clones” of CRIN germplasm collections. Materials 
were also acquired from Costa Rica, Indonesia, Fernando Po, Kew Gardens (United 
Kingdom) and Miami (USA) [19]. Between 1998 and 2004, 43 clones were intro-
duced into Nigeria through an international initiative known as “Cocoa Germplasm 
Utilization and Utilization: A Global Approach,” a project sponsored by the United 
Nations Common Fund for Commodity (CFC), through the supervision of the 
International Plant Genetic Resources Institute (IPGRI) as the executing agency 
[26]. Many other genetic materials introductions have not been reported adequately 
purposely because it is considered of hardly any use to publish introductions made 
if most of them did not survive due to the difficulties in their establishment. In the 
late 2017 and early 2018, some clones were introduced from International Cocoa 
Quarantine Center, University of Reading, of which 32 clones were established in a 
new germplasm plot at CRIN, Ibadan.

3. Status of Nigeria cacao field genebank

The genetic resources of cacao are composed of genetic variability that serve as 
the raw materials for the development of new varieties and cultivar improvement 
to enhance the production system for sustaining cocoa industry. These materials 
are conserved ex situ in field genebanks (germplasm plots of CRIN) and various 
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seed garden plots in major producing state of the country as well as in situ, that is in 
farmers’ fields across the growing ecology. Appreciable diversity among these mate-
rials is of fundamental importance in the sustainability of cocoa production as it 
provides the necessary adaptation to the prevailing biotic and abiotic environmental 
challenges and enables changes in the genetic composition to cope with changes 
in the environment. The set of materials introduced during the Colonial era and 
the widely cultivated cacao in Nigeria in the early twentieth century (Amelonado 
and Trinitario varieties) were known to have narrow genetic base. However, 
the incidence of CSSV epidemics in the 1930s led to the introduction of Upper 
Amazon materials into the country’s cacao genepool. Furthermore, several targeted 
germplasm collection efforts were made from mid-1960s up till recent times by 
CRIN breeding programme to broaden the diversity of Nigeria cacao genetic base. 
Research reports from the studies of genebanks collections and cacao accessions 
collected from farmers’ fields in growing ecologies using 12 microsatellite markers 
showed that there is an appreciable improvement in Nigeria cacao genetic diversity 
[7, 16, 17, 27]. Of the 574 accessions studied, a total of 144 alleles were detected 
with a mean allelic richness of 4.39 alleles per locus. Upper Amazon parent popula-
tion was observed to have largest genetic diversity (Hnb = 0.730), followed by the 
Posnette’s Introduction (Hnb = 0.704) while the least (Hnb = 0.471) was recorded in 
the local parent population. Population structure analysis of cacao types grown in 
farmer’s fields showed that the Upper Amazon Forastero, Amelonado, Trinitario 
and others constitute 66, 24, 6 and 4% of cacao grown, respectively (Figure 2).

More recent diversity studies using simple nucleotide polymorphism (SNP) 
markers [28], revealed the presence of cacao genetic groups that cut across the 
major primary populations in Nigeria germplasm collection (Figure 3) thus 
indicating appreciable improvement in the genetic base. This progress has been 
attributed to the international clones recently introduced into the country’s 
cacao collection. However, there is paucity of report on the evaluation of recently 
introduce germplasm materials to enhance their utility in varietal development. 
This may have been responsible for authors’ reports that a small proportion of the 
genetic diversity available in field genebanks at CRIN had been used to develop 
improved varieties supplied to farmers as planting materials [7, 17, 28]. In addition 
to this, the impact of mislabeling and off-type among the parental clones in the 
seed gardens and germplasm accessions of Nigerian field genebanks have been 

Figure 2. 
Population structure indicating cacao types grown on farmers’ fields in Nigeria.
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a significant problem hindering their efficient conservation and use for breed-
ing programs. The occurrence of mislabeling and offtypes was first observed in 
the Nigerian cocoa germplasm collection by the application of SSR markers for 
genotyping [17]. This was recently consolidated by Olasupo et al. [28] through 
the application of SNPs for DNA fingerprinting of field genebank collections in 
which high level of mislabeling was detected in the recently introduced interna-
tional germplasm materials (Table 1). Mislabeling has been identified as one of 
the key factors contributing to the high rate of unwanted/unproductive progenies 
produced in seed gardens because this can seriously compromise the quality of 
seedlings that would be distributed to farmers [17, 29]. Labeling errors in cacao 
field genebanks have been attributed to error from the source of germplasm intro-
duction [30], human mislabeling errors in the nursery [31], sprouted rootstocks 
overtaken the scions due to poor germplasm management and multiplied error 
effect of using wrongly identified clones for new seed garden establishment [28].

In addition, the genetic diversity of cacao that constitute valuable resources in 
field genebanks useful to sustain cocoa production in Nigeria are further threatened 
with the following challenges:

Figure 3. 
Population structure of Nigeria cacao germplasm collections.

Table 1. 
Examples of DNA fingerprints based on multi-locus matching of 28 SNPs between original references and 
Nigerian cacao collection (showing truncated profiles).
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1. Lack of funding for long-term management of collections, for research on 
diversity, evaluation and use in breeding

2. The field genebank collections are predisposed to the challenge of climate 
variability and its associated diseases and pests outbreak

3. Insufficient well trained personnel (expertise) for effective collection, conser-
vation and management of germplasm materials

4. Urbanization and scarcity of land have led to the loss of many germplasm plots 
thereby resulting into extinction of some valuable genetic resources.

5. Problem of old age germplasm plots and the need to rejuvenate the old trees

6. Loss of germplasm to natural disaster (such as fire outbreak). There is the need 
for duplication of most of the field ***genebanks to serve as back-up (prefer-
ably in vitro or cryo-preservation)

7. Insufficient genetic variation in the collections to enhance effective selection 
of some specific traits.

Therefore, there is the need for all the stakeholders to protect the diversity 
of cacao germplasm collections with the aims of continuous supply of planting 
materials that have great potentials for high yield, disease and pest resistance, good 
architecture, drought tolerance and excellent flavor quality in the future.

4. Breeding efforts and impacts on national output

Cacao breeding research in Nigeria can be partitioned into four phase:
First Breeding Phase (1931–1956): The first phase of Nigeria cacao breeding 

started in 1931 [19]. Some of the trials conducted include the progeny trials of 1942 
and 1945 by Voelcker which was the first of its kind in cacao research worldwide. 
Other trials conducted within this period include clonal trial in 1953 and the double 
cross hybrid vigour trial in 1954. The major breeding challenge during this period 
was low level of genetic variability among the parental accession. The main output 
of the programme was the identification of some materials with hybrid vigour and 
clonal propagation of the materials. These were N38 and other clonal selections—
NT (Nigerian-Trinidad hybrid) 39, 114, 164, 215, 216, 284, 310, and 655. Others 
selections from the local clones and West African Amelonado population were 
HH268 and IS36.

In 1938, the West African Cocoa Research Institute (WACRI) started a Cocoa 
Improvement and Varietal Development Programme with the main objective of 
dealing with the threat posed by the cocoa swollen shoot virus (CSSV) disease in 
the West African sub region, particularly Ghana and Nigeria. The two main outputs 
were obtained from this programme.

i. First, introduction of the Upper Amazon genetic materials into Ghana and 
Nigeria cacao genepool which was very efficient in combatting the CSSV 
menace.

ii. Two general purpose varieties were also obtained from the programme. The 
F3-Amazon—a third generation progenies resulting from open pollination 
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of the eleven approved Amazon T (Trinidad) types having broad parental 
background and have been shown to be superior to West African Amelonado 
in establishment ability, vegetative vigor, precocity (earliness in bearing) and 
yield. F3-Amazon variety is also tolerant of CSSV and capsid attack [23, 32]. 
The Mixed Series II Hybrids (WACRI Series II) varieties were produced from 
crosses of Upper Amazon cacao with local selections. The hybrids showed 
better establishment ability (adaptability), precocity and higher yields than 
F3-Amazon [33, 34]. In Nigeria, the yield of Series II Hybrids could be higher 
than F3-Amazon yield by as much as 30% (165 kg/ha) [34].

Second Breeding Phase (1961–1970): The main focus during this period was on 
breeding of cocoa variety for specific ecological needs [35] with four primary 
objectives:

i. Select superior genotypes with high yield and desirable commercial qualities.

ii. Drought resistance or establishment ability

iii. Phytophthora pod rot resistance

iv. Cocoa swollen shoot virus (CSSV) resistance or tolerance

Two major outputs of this programme include selection of 12 “CRIN 
Establishment Ability” Elites which had a significant and prolonged experience in 
the south western part of Nigeria due to increased deforestation. A large number of 
germplasm was also introduced from Trinidad through a programme sponsored by 
the Cocoa Alliance, London [19].

Third Breeding Phase (1971–1980): The objective of this programme among oth-
ers was to develop varieties that are resistant to or tolerant to pod rot disease caused 
by Phytophthora megakarya and P. palmivora. This programme was not fully imple-
mented due to inadequate experts in the Breeding unit coupled with the challenge 
of self-incompatibility, a limitation to selfing of the Upper Amazon cacao trees [24]. 
Inadequate funding of breeding research was anther limiting factor.

Fourth Breeding Phase (1998–2008): This was a 10-year CFC/ICCO/IPGRI 
project with primary objective to develop new cacao varieties that will be high 
yielding, early bearing, resistant to Phytophthora pod rot, resistant to mirids and 
also have good and acceptable physical and chocolate flavor quality. The on-sta-
tion and on-farm evaluations in this programme by CRIN resulted in the selection 
and consequent registration and release of eight new varieties (CRIN Tc-1, CRIN 
Tc-2, CRIN Tc-3, CRIN Tc-4, CRIN Tc-5, CRIN Tc-6, CRIN Tc-7 and CRIN Tc-8) 
in 2010. These hybrid varieties have diverse genetic base, they are early bearing, 
high yielding, with very low input, resistant to major pests and diseases of cacao, 
highly adaptable to cacao ecologies of Nigeria. The low input for high productivity 
attributes of these varieties is of great benefit for sustainable production of cocoa 
in Nigeria.

5. Current production challenges

Although remarkable breeding efforts have been invested through germplasm 
acquisition and development of improved varieties with high yielding potentials, 
cocoa yield at the farm level in Nigeria is still low when compare with the yield 
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potentials of improved varieties and there is continuous decline in the national 
output over the past three decades. Sustainable production of cocoa is achievable 
when prior attention is given to all factors involved in the production line. The fol-
lowing key constraints have been reported by [8] to be responsible for the low yield 
and production of cocoa in the country.

i. In adequate supply of improved planting material

ii. Poor access to improved planting materials

iii. Old age of trees

iv. Black pod disease

v. Poor price of cocoa beans

vi. Stem borer

vii. Mirid

viii. High cost of labour

ix. High price of chemicals and inputs

x. Loss of soil fertility/poor soil

xi. Adulterated chemicals

xii. Termites

xiii. Bryophyte

The solutions to most of these problems require intensive and focused breeding. 
Therefore funding cacao breeding research aimed at addressing these challenges 
should be given prompt attention. The role of the government in proffering solution 
to some of these problems cannot be over emphasized. Government would need to 
subsidize farm inputs needed for cocoa production. In addition to this there is the 
need for public private partnership efforts and intervention of stakeholders in cocoa 
industry to address these challenges.

6. Advances in science for cocoa production sustainability

Recent advancement in the fields of genetics, breeding and biotechnology has 
been used to the benefit of cacao improvement worldwide. The first molecular 
markers used for cacao genetic diversity study were isozymes [36], but these have 
limited numbers of loci and low polymorphisms. Significant progress has been made 
in the past two decades in cacao genomic mapping and germplasm characterization 
as reviewed by Guiltinan et al. [5]. More attention needs to be given to genomic sci-
ences of cacao since these tools could be used in addressing many of the unanswered 
questions in the area of yield, pests and diseases, drought, architecture and flavor 
quality for sustainability of cocoa production. One of the major challenges of cacao 



Theobroma cacao - Deploying Science for Sustainability of Global Cocoa Economy

10

Figure 4. 
Cacao establishment on well irrigated land without the use of plantain shade.

breeding is its long gestation period which takes a minimum of 2–3 years (from seed 
to seed). Cacao breeding is yet to tap from the advantage of marker assisted selection 
in reducing the breeding cycle as it is applicable in many other crops.

Tissue culture technique is useful not only for cryo preservation of germplasm 
materials. Application of somatic embryogenesis through temporary immersion 
technology will enhance mass clonal production of improved seedlings for large 
scale distribution to farmers to solve the problem of insufficient planting materials. 
Recent advancement in cacao science have been reported [37] that makes it possible 
for cacao planted on well irrigated land to survive without the conventional use of 
plantain as shade crop (Figure 4). This technology has the potential to solve the chal-
lenge of deforestation associated with new cacao establishment. This will also help to 
extend Nigeria cacao growing ecology to savannah region for increased productivity.

7. Conclusions

The sustainability and future of Nigeria cocoa production is hinged on the 
amount of diversity of genetic resources conserved and utilized in development of 
planting materials for farmer. Funding of cacao germplasm collections and research 
on its conservation, evaluation and use for breeding should be a top priority and 
collective efforts of public private partnership. There is the need for targeted 
exploitation of useful underutilized genetic resources available in the germplasm 
collections for varietal development in future breeding program. Conservation of 
cacao genetic materials in Nigeria needs re-organization and efficient re-hauling by 
establishment of correctly identified clones in new breeders’ core collection germ-
plasm plot using technologies of barcoding labeling and drip irrigation systems. 
Cocoa production in Nigeria will be revived to attain sustainability if the sector 
could tap from the great potentials of scientific innovations and technological 
advancement to the advantage of the industry.

Acknowledgements

The authors acknowledge and thank the Director/Chief Executive and the 
management of CRIN for granting the permission to publish this work.



11

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

Cacao Genetic Resources Conservation and Utilization for Sustainable Production in Nigeria
DOI: http://dx.doi.org/10.5772/intechopen.82703

Author details

Festus Olakunle Olasupo1* and Peter O. Aikpokpodion2

1 Plant Breeding Section, Cocoa Research Institute of Nigeria, Ibadan, Nigeria

2 Department of Genetics and Biotechnology, University of Calabar,  
Calabar, Nigeria

*Address all correspondence to: festusolasupo@gmail.com

Conflict of interest

The authors declared that they have no conflict of interest.



12

Theobroma cacao - Deploying Science for Sustainability of Global Cocoa Economy

References

[1] Alverson WS, Whitlock BA, Nyfeller 
R, Bayer C, Baum DA. Phylogeny of 
the core Malvales: Evidence from ndhF 
sequence data. American Journal of 
Botany. 1999;86:1474-1486

[2] Cheesman EE. Notes on 
nomenclature, classification and 
possible relationships of cacao 
populations. Tropical Agriculture. 
1944;21:144-159

[3] Bartley BGD. The Genetic 
Diversity of Cacao and its Utilization. 
Wallingford: CABI; 2005. p. 341

[4] ICCO Production Values. 2018. 
Available from: http://www.icco.org/
faq/57.cocoa-production/123 [Accessed: 
Sep 15, 2018]

[5] Guiltinan MJ, Verica J, Zhang D, 
Figuerira A. Genomics of Theobroma 
cacao, “the food of the gods”. In: Moore 
PH, Ming R, editors. Genomics of 
Tropical Crop Plants. Switzerland AG: 
Springer; 2008. pp. 145-170

[6] Aikpokpodion PO. Variation in 
agro-morphological characteristics 
of cacao. Theobroma cacao L., in 
farmers’ fields in Nigeria. New Zealand 
Journal of Crop and Horticultural 
Science. 2010;38(2):157-170. DOI: 
10.1080/0028825X.2010.488786

[7] Aikpokpodion PO. Defining 
Genetic Diversity in the Chokolate 
Tree, Theobroma cacao L. Grown in 
West and Central Africa. In: Genetic 
Diversity in Plants. London, UK: InTech; 
2012. ISBN: 978-51-0185-7. Available 
from: http://www.intechchopen.com/
books/genetic-diversity-in-plants/
defining-genetic-diversity-in-chocolate-
tree-thoebroma-cacao-l-grown-in-west-
and-central-africa [Accessed: Jul 28, 2014]

[8] Aikpokpodion PO, Adeogun SO.  
A diagnostic study of constraints to 
achieving yield potentials of cocoa 

(Theobroma cacao L.) varieties and 
farm productivity in Nigeria. Journal of 
Agricultural Science. 2011;3(4):68-76

[9] Toxopeus H. History of the Nigerian 
cocoa crop in the light of the socio-
economic revolution of the 19th century 
in West Africa. Landbouwkundig 
Tijschrift. 1973;83(12):485-490

[10] GRA W, Lass RA. Cocoa. New York: 
Longman Scientific & Technical; 1985

[11] Lanaud C, Kébé I, Risterucci A, 
Clément D, N’Goran J, et al. Mapping 
quantitative trait loci (QTL) for 
resistance to Phytophthora palmivora 
in T. Cacao. Proceedings International 
Cocoa Research Conference. 
2000;12:99-105

[12] Opeke LK. Development of cacao 
industry in Nigeria. In: Proceedings of 
the 6th Conference of the Agricultural 
Society of Nigeria. 1969. pp. 1-5

[13] Webster JB. The bible and the 
plough. Journal of Historical Society of 
Nigeria II. 1964;4:418-434

[14] Ayorinde JA. Historical notes on 
the introduction and development of 
the cocoa industry in Nigeria. Nigerian 
Agricultural Journal. 1966;3(1):18-23

[15] Berry SS. Christianity and the rise 
of cocoa growing in Ibadan and Ondo. 
Journal of the historical society of 
Nigeria IV. 1968;3:339-451

[16] Aikpokpodion PO, Motamayor 
JC, Adetimirin VO, Adu-Ampomah Y, 
Ingelbrecht I, Eskes AB, et al. Genetic 
diversity assessment of sub-samples of 
cacao, Theobroma cacao L. collections 
in West Africa using simple sequence 
repeats marker. Tree Genetics & 
Genomes. 2009;5:699-711

[17] Aikpokpodion PO, Kolesnikova-
Allen M, Adetimirin VO, Guiltinan 



13

Cacao Genetic Resources Conservation and Utilization for Sustainable Production in Nigeria
DOI: http://dx.doi.org/10.5772/intechopen.82703

MJ, Eskes A, Motamayor JC, et al. 
Population structure and molecular 
characterization of Nigerian field 
genebank collections of cacao, 
Theobroma cacao L. Silvae Genetica. 
2010;59:273-285

[18] Toxopeus H. Cocoa breeding: 
A consequence of mating system, 
heterosis and population structure. 
Proceedings of the Conference on 
Cocoa and Coconuts in Malaysia 1972—
Incorporated Society of Planters. Kuala 
Lumpur, Malaysia

[19] Jacob V, Atanda O, Opeke L. Cacao 
breeding in Nigeria. In: Progress 
in Tree Crops Research in Nigeria. 
Ibadan, Nigeria: CRIN Commemorative 
Publication; 1971. pp 23-33

[20] Pound FJ. Cacao and witches’ broom 
disease of South America. Report on 
a visit to Ecuador, The Amazon Valley 
and Colombia, April 1937–April 1938. 
Department of Agriculture, Trinidad 
and Tobago; 1938. 58 p

[21] Pound FJ. Cacao and witches’ broom 
disease (Marasmus perniciosus). A report 
on a recent visit to the Amazon territory 
of Peru, September 1942–February 
1943. Department of Agriculture, 
Trinidad and Tobago; 1943. 14 p

[22] Posnette AF, Todd JMA. Virus 
disease of cacao in West Africa. 
VIII. The search for virus resistant 
cacao. The Annals of Applied Biology. 
1951;38:785-800

[23] Toxopeus H. F3 Amazon cacao in 
Nigeria. Report of the Cocoa Research 
Institute of Nigeria. 1964. pp. 13-22

[24] Atanda OA. The Third Nigerian 
Cocoa Breeding Programme: A progress 
report 1977. In: 5th International Cocoa 
Research Conference Ibadan. 1977. 
pp. 85-90

[25] Olatoye ST, Esan EB. Recent 
innovation in cacao genetic resources 

conservation in Nigeria. In: Proceedings 
of the International Workshop on 
Conservation, Characterization and 
Utilization of Cacao Genetic Resources 
in the 21st Century. Cocoa Research 
Unit, Port of Spain, Trinidad 13-17 
September, 1992. pp. 281-291

[26] Eskes AB, Efron Y, editors. Global 
Approaches to Cocoa Germplasm 
Utilization and Conservation. Final 
Report of the CFC/ICCO/IPGRI Project 
on ‘Cocoa Germplasm utilization and 
Conservation: A Global Approach’ 
(1998-2004). 2006. Amsterdam, The 
Netherlands: CFC; (ICCO, London, UK; 
and IPGRI, Rome, Italy)

[27] Aikpokpodion P. Genetic Diversity 
in Nigerian Cacao, (Theobroma cacao L.) 
Collections as Revealed by Phenotypic 
and Simple Sequence Repeats Marker. 
Ibadan, Nigeria: The University of 
Ibadan, Nigeria; 2007 131 p

[28] Olasupo FO, Adewale BA, 
Aikpokpodion PO, Muyiwa AA, 
Bhattacharjee R, Gutierrez OA, et al. 
Genetic identity and diversity of 
Nigerian cacao genebank collections 
verified by single nucleotide 
polymorphisms (SNPs): A guide to 
field genebank management and 
utilization. Tree Genetics & Genomes. 
2018;14(32):1-16

[29] Cervantes-Martinez C, Brown JS, 
Schnell RJ, Phillips-Mora W, Takrama 
JF, Motamayor JC. Combining ability 
for disease resistance, yield and 
horticultural traits of cacao (Thoebroma 
cacao L.) clones. Journal of the 
American Society for Horticultural 
Science. 2006;131:231-241

[30] Takrama J, Kun J, Meinharddt L, 
Mischke S, Opoku S, Padi FK, et al. 
Verification of genetic identity of 
introduced cacao germplasm in  
Ghana using single nucleotide 
polymorphism (SNP) markers. 
African Journal of Biotechnology. 
2014;13(2):127-136



Theobroma cacao - Deploying Science for Sustainability of Global Cocoa Economy

14

[31] Padi FK, Ofori A, Takrama J, Djan 
E, Opoku SY, Dadzie AM, et al. The 
impact of SNP fingerprinting and 
parentage analysis on the effectiveness 
of variety recommendations in cacao. 
Tree Genetics & Genomes. 2015;11:1-14

[32] Longworth JF. The effect of cocoa 
swollen shoot on mature cocoa. Tropical 
Agriculture. 1963;40:275-283

[33] Atanda OA. Assessment of WACRI 
series I and II varieties of cocoa in 
Nigeria 2. Pod value, butter fat content 
and flavor assessment. Ghana Journal of 
Agricultural Science. 1975;86:1474-1486

[34] Atanda OA, Jacobs VJ. Assessment 
of WACRI series I and II varieties of 
cocoa in Nigeria 1. Establishment and 
yield. Ghana Journal of Agricultural 
Science. 1974;7:215-220

[35] Atanda OA. Breeding cacao in 
Nigeria. Cacao Growers Bulletin. 
1973;20:17-23

[36] Lanaud C. Genetic studies of 
Theobroma cacao L. with the help of 
enzymatic markers. I. Genetic control 
and linkage of nine enzymatic markers. 
Café Cacao Thé. 1986;30:259-270

[37] World Cocoa Foundation. 
The effect of science in cocoa 
production. Available from: http://
www.worldcocoafoundation.
org/wp-content/uploads/
file_mf/1382644618DAY2Artand 
scienceofcocoabreeding [Accessed: Oct 
15, 2018]


