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Abstract

Cacao (Theobroma cacao L.) is an important Neotropical crop originating in South America and dispersed by European explorers, arriving in
Madagascar in the late 19" century. Although Madagascar is an important producer of cocoa for the premium chocolate market, the varietal
composition and genetic diversity in cacao germplasm from Madagascar, especially in traditional cacao farms, remains unknown. A total of 190
cacao accessions, including 40 farmer accessions collected from traditional cacao farms in Madagascar, and 150 accessions representing seven
reference cacao populations, were analyzed using Single Nucleotide Polymorphism (SNP) markers. Multivariate analysis and Bayesian
stratification resulted in the clustering of the 40 farmer accessions into three groups: Criollo, Amelonado and Trinitario. These three traditional
varieties were commonly cultivated in tropical America in the 18t century, but most of them have been replaced by improved varieties. The
present study demonstrated that Madagascar is distinctive in that all three traditional cacao varieties, Criollo, Amelonado and Trinitario, are still
maintained on-farm for cocoa production, as in Mesoamerica and the Caribbean several hundred years ago. Results from the present study are
significant in terms of understanding the early dispersal of cacao from tropical America and Asia to Africa, in addition to the well-documented
route from Brazil to Sdo Tomé & Principe. The results also provide new information for planning future conservation and utilization of cacao
germplasm in Madagascar.
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INTRODUCTION

Cacao (Theobroma cacao L.), a perennial crop native to the
South American rainforest, has its center of diversity in the
upper Amazon!'-3l, Cacao cultivation started in Mesoamerica
as long as 3,000 years ago. The earliest evidence for cacao use
is from ancient Olmec and Maya pottery dating to about
1900-1500 BC#-6,

Cultivated cacao is traditionally subdivided into Criollo,
Forastero and Trinitariol”8l. Criollo was thought to be the only
cacao variety cultivated in Mesoamerica before Europeans
arrived2910], Forastero cacao encompasses a range of
populations from South Americal2'" and the Trinitario group
is believed to be hybrids between Criollo and Forastero
germplasm from Venezuela?”l. Today, few cultigens are
ancient Criollo, although this type can still be found in some
Mesoamerican rainforests!®12131, Criollo and many Trinitario
are renowned for their distinct aroma and flavor, making
them preferred raw materials for fine flavored chocolate. The
fine flavored farmer varieties are highly valuable for the inter-
national premium chocolate market or for future breeding of
new cacao varieties with improved quality attributes!'4.

Dispersal of cacao from tropical America to Southeast Asia

© The Author(s)

started in 1560, when the Spaniards introduced 'Venezuelan
Criollo’, a fine flavor variety, from tropical America to
Indonesial'sl. Cacao production started in northern Sulawesi
where cocoa was processed and consumed locallyl'el,
Another introduction of the Criollo variety was from Mexico
to Indonesia in 1670, via the Acapulco-Manila galleons(217,
The crop is thought to have then spread to other regions,
including the Malay Peninsula and areas of South Asial'5],

A cacao, with typical Criollo appearance, was introduced to
Madagascar in the late 1800’s and cultivated in the
Sambirano valley!'8l, This first introduced variety was called
'Madagascar Criollo''>! and the putative source was Reunion
Island!'9, Fauchére speculated that Reunion had received this
variety, similar to 'Old Red Ceylon', from Ceylon (Sri Lanka),
where it had been initially called 'Venezuela Criollo'. A second
introduction to Madagascar, in the early 1900’s, was believed
to be a Trinitario type, locally called 'Tamatave', suggesting
introduction on the east coast!'9,

In 1910, Madagascar only produced 'Madagascar Criollo',
exporting 28 tons of cacao beans!'%. In 2017, Madagascar had
an annual cocoa production of 8,000 metric tons[20. Despite
relatively small-scale production, the superior quality of the
Madagascar cacao bean is recognized among chocolate
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experts worldwide. So far a series of studies on assessment of
genetic diversity have been carried out in West and Central
African countries, but little information is available in Mada-
gascar, Malawi and East African countries, such as Tanzania
and Ugandal?"l, In this study, we used 96 SNP markers to
genotype farmer varieties collected from traditional farms in
Madagascar. Our objective was to assess genetic identity of
these fine-flavored varieties and elucidate their origin. Our
results will help establish baselines for sustainable conser-
vation and utilization of Madagascar cacao germplasm.

MATERIALS AND METHODS

Plant materials

A total of 190 samples, including 40 farmer clones sampled
from four traditional farms in the Sambirano valley, in
northwest Madagascar (Fig. 1), and 150 reference clones were
used (Table 1).

For the Madagascar farmer varieties, four healthy young
leaves were collected from each tree. Dry samples were
prepared using silica gel and the dried leaves were sent to the
USDA Beltsville Agricultural Research Center, Maryland, USA.
The 150 reference samples were collected from various ex situ
national and international genebanks.

SNP genotyping

The DNeasy® Plant Mini kit (Qiagen Inc., Valencia, CA, USA)
was used to extract DNA from the dried cacao leaves
following the specified kit instruction. The dry leaf tissue was
placed in a 2-mL microcentrifuge tube with one %-inch
ceramic sphere and 0.15 g garnet matrix (Lysing Matrix A; MP
Biomedicals. Solon, OH, USA). Tissue disruption was
performed in two 1 minute high-speed (30 Hz) shaking steps
in a TissueLyser Il (Qiagen Inc.). After that, lysis solution
(DNeasy® kit buffer AP1 containing 25 mg mL~" polyvinylpo-
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lypyrrolidone) and RNase A were added to the powdered leaf
samples and the mixture was incubated at 65 °C. The
remainder of the extraction method followed the manufac-
turer’s suggestions. DNA was eluted from the silica column
with two washes of 50 pL Buffer AE, which were pooled,
resulting in 100 uL DNA solution. DNA concentration was
determined using a NanoDrop spectrophotometer (Thermo
Scientific, Wilmington, DE, USA) with absorbance at 260 nm.
DNA purity was estimated by the absorbance of 260:280 ratio
and the 260:230 ratio.

SNP loci were identified from expressed sequence tags
(ESTs) from a wide range of cacao plant parts that displayed a
good representation of the cacao transcriptomel2223], The
selection of 96 SNP loci for the panel used in the current study
was chosen based on the screened result of 1536 SNPs using
lllumina's Golden Gate Assay (Michel Boccara, unpublished
data) and their application in previously reported
research24-271. The detailed sequence information of the 96
SNPs is presented in Supplemental Table S1. The protocol for
SNP genotyping of cacao used the Fluidigm 96.96 Dynamic
Array™ (Fluidigm, San Francisco, CA). The genotyping
followed the procedure of a 96.96 Dynamic Array IFC, as
described by Wang et al.l28l, The genotyping results were
acquired on an EP1™ imager (Fluidigm Corp.), recorded with
Fluidigm Genotyping Analysis Software (Fluidigm, San
Francisco, CA) and exported for data analysis.

Data analysis

The exported raw data of SNP locus and sample calls was
first organized in Microsoft Excel 2007. Methods of
multivariate analysis, as implemented in GenAlEx 6.5[2930],
was used to assess the relationship among the individual
cacao samples from Madagascar, as well as their relationship
with reference cacao groups. The DISTANCE procedure of
GenAlEx 6.5[2930 was performed to compute pairwise genetic
distances. Principal Coordinates Analysis (PCoA), as imple-

Fig.1 Map showing sample collecting site of traditional farmer clones in the Sambirano valley, in northwest Madagascar.
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Table 1. List of 190 cacao accessions, including 40 farmer clones from
Madagascar and 150 reference accessions used in SNP genotyping.

# Accession Type of variety*
1 MAO1 Criollo
2 MAO02 Amelonado
3 MAO03 Criollo
4 MAO04 Amelonado
5 MAO5 Amelonado
6 MAO06 Criollo
7 MAO07 Criollo
8 MAO08 Amelonado
9 MA10 Amelonado
10 MA11 Criollo
11 MA12 Criollo
12 MA13 Amelonado
13 MA14 Trinitario
14 MA15 Criollo
15 MA16 Trinitario
16 MA17 Trinitario
17 MA18 Amelonado
18 MA19 Trinitario
19 MA20 Amelonado
20 Izaka1 Uknown
21 Izaka2 Uknown
22 Izaka3 Uknown
23 Izaka4 Uknown
24 Izaka5 Uknown
25 Izaka7 Uknown
26 Izaka8 Uknown
27 Izaka9 Uknown
28 Izaka10 Uknown
29 Somiall Trinitario
30 Somia12 Amelonado
31 Somia13 Amelonado
32 Somia14 Trinitario
33 Somia15 Criollo
34 Somia16 Trinitario
35 Somial7 Criollo
36 Somia18 Trinitario
37 Somia19 Trinitario
38 Somia20 Amelonado
39 Somia21 Amelonado
40 Somia22 Trinitario
Reference accessions
GgerZit;;C Sasr;r;gle Country of origin Source
IMC 20 Peru ICGT, Trinidad
Nanay 20 Peru ICGT, Trinidad
Parinari 20 Peru ICGT, Trinidad
Nacional 20 Ecuador INIAP, Ecuador
Scavina 20 Peru ICGT, Trinidad
Amelonado 20 Puerto Rico, ICGT, Trinidad;
Nicaragua, CATIE, Costa Rica;
Costa Rica, SPCL, USDA
Trinidad
Criollo 20 Puerto Rico, ICGT, Trinidad;
Nicaragua, CATIE, Costa Rica;
Costa Rica, SPCL, USDA
Trinidad
Trinitario 10 Trinidad ICGT, Trinidad
Total 190

* Perceived type of variety by local farmers based on morphological
characteristics.
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mented in the same program, was applied based on the
pairwise distance matrix. The standardized option was taken
for both distance and covariance, as described by Peakall and
Smousel29:30],

To analyze population structure of the 190 cacao samples,
the model-based Bayesian cluster analysis software
STRUCTURE v2.3.4B" was used. The 40 cacao samples were
analyzed together with the 150 reference samples represen-
ting seven distinctive cacao germplasm groups, which were
selected based on known passport data of germplasm collec-
tion, as well as the history of cacao germplasm utilization in
Africa and Asial?. The analysis used an admixed model with
the number of clusters (K value) set to 7, corresponding to the
possible cacao genetic groups presenting in the Madagascar
cacao accessions. For K = 7, ten independent runs were
performed using 200,000 iterations after a burn-in period of
100,000. The result was visualized using the program CLUMPP
1.1.2821 and DISTRUCT1.183],

RESULTS AND DISCUSSION

The genetic relationships among the farmer accessions and
reference clones were shown by Principal Coordinates
Analysis (Fig. 2). The plane of the first three main PCO axes
accounted for 40.5%, 30.2% and 5.7% of total variation
respectively. The 190 samples were grouped into eight
clusters representing seven original cacao germplasm groups
of Criollo, Amelonado, Nacional, Iquitos Mixed Calabacillo
(IMQ), Scavina (SCA), Nanay (NA), and Parinari (PA), as well as
10 reference hybrid clones between Criollo and Amelonado
(Trinitario). Out of the 40 Madagascar farmer accessions, nine
were grouped with reference Criollo, 12 were grouped with
Trinitario and 19 were grouped with Amelonado. No
accessions from Madagascar were grouped with the cluster of
Upper Amazon Forastero (Fig. 2).

The Bayesian clustering analysis generated a consistent
result as with the PCoA, which separated the 190 samples
into eight respective genetic groups: IMC, Nanay, SCA, PA,
Nacional, Amelonado Criollo and Trinitario (Fig. 3). These
eight groups represented all known cacao germplasm that

Principal coordinates (PCoA)
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Fig. 2 PCoA plot of 190 cacao accessions, including 40 farmer
varieties from Madagascar and 150 reference clones from the
International Genebanks. The plane of the first three main PCO
axes accounted for 76.3% of total variation. First axis = 40.5% of
total information, the second = 30.16% and the third = 5.72%. All
accessions correspond to the sample list in Table 1.
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Fig. 3 Inferred clusters in the 40 Madagascar farmer selections and 150 reference international clones using STRUCTURE (K = 7), where K is

the potential number of genetic clusters that may exist in the overall sample of individuals. Clusters of individuals are represented by colors.
Individuals with multiple colors have admixed genotypes from multiple clusters. Each color represents the most likely ancestry of the cluster

from which the genotype or partial genotype was derived.

were distributed to Asia and Africa before the 1990sB34.
Therefore, they covered all possible sources of ancestry
contribution to the current farmer varieties in Madagascar.
We used the assignment coefficient (Q-value) as a criterion to
classify the analyzed accessions. If an accession had an
assignment coefficient 2 0.80 for a specific genetic group, this
accession was classified as belonging to a single genetic
group or having a single ancestral origin. On the other hand,
if a genotype had a Q value below 0.80 for a specific genetic
group, then this accession was denoted as a hybrid. The
ancestral origin of a hybrid accession could be from two or
more germplasm populations. Based on this criterion, there
are nine Criollo, 16 Amelonado and 15 Trinitario in the 40
Madagascar samples (Fig. 3, Table 2). The 15 Trinitario
accessions from Madagascar were assigned as hybrids with
their admixed ancestry coming from Criollo and Amelonado
(Fig 3, Table 2). Again, no ancestry of Upper Amazon
Forastero was detected among the Madagascar samples. On
average, the reference clusters of Criollo and Amelonado
have a coefficient of membership (Q value) of 0.988 and 0.948
respectively.

SNP genotyping of the Madagascar farmer accessions
revealed a clear germplasm group composition of three
clusters corresponding to ancient Criollo, Amelonado and
Trinitario. Despite there being over 100 years of cultivation
since the early introduction of cacao into this island, ancient
Criollo, Amelonado and Trinitario are still maintained in
Madagascar. Results from the present study clarified the
genetic identity of the so called 'Madagascar Criollo''*] which
was cultivated as far back as the late 19t century on the
island. Apparently Criollo was the first introduced group in
Madagascar, which had previously been transferred from
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Mesoamerica to the Philippines and Indonesia. From there,
Criollo was transferred to the island of Mauritius at the
beginning of the 18th century and to Madagascar in late 19th
century via the island of La Reunion. Another account
suggests that Criollo could have come to Madagascar from
Venezuela by way of Trinidad, Ceylon (Sri Lanka) and La
Reunion Island.

Our results also confirmed that different cacao germplasm
groups were introduced into Madagascar later and suggest
that the possible source of introduction may be East Africa.
Cacao was cultivated in Zanzibar, Tanzania as early as 1891. In
1895, British Central Africa (now Malawi) imported 100 cacao
pods from Grenadal?l. These Grenada accessions might have
been dispersed to Madagascar via East Africa. Given their
original source in Mesoamerica and the Caribbean in the late
19t century, it's not a surprise that Amelonado and Trinitario
were among the introduced germplasm. The current result is
compatible with the local grower’s observation that the so
called 'Forastero' cacao in Madagascar has oval-shaped green
pods with shallow rows, dense and hard shells and small flat
purple beans, typical characteristics of Amelonado cacao.
Varieties of the Amelonado type have better disease
resistance and productivity than Criollo in Madagascar. It thus
may have replaced the majority of the Madagascar Criollo in
production. Moreover, it's worth noting that the classification
of the collected varieties by local researchers, based solely on
morphological characteristics (Table 1) is highly consistent
with the result revealed by SNP analysis (Table 2). This
consistency suggested that in Madagascar, the three
traditional varieties, Criollo, Amelonado and Trinitario, have a
clear difference in terms of morphological characteristics thus
it's reliable to manage local germplasm using morphological

Li et al. Beverage Plant Research 2021, 1: 4
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Table2. Assigned parentage for 40 Madagascar cacao accessions based on seven reference germplasm groups, using Bayesian clustering analysis.

Name of . .

accessions Assigned parentage (Q-value) based on seven reference populations

Name Nacional IMC Nanay Parinari Scavina Criollo Amelonado Result of assignment

MAO1 0.000 0.001 0.000 0.000 0.000 0.997 0.000 Criollo
MAO02 0.001 0.001 0.001 0.001 0.001 0.001 0.995 Amelonado
MAO3 0.000 0.000 0.000 0.000 0.000 0.998 0.000 Criollo
MA04 0.006 0.023 0.023 0.012 0.002 0.118 0.816 Amelonado
MAO5 0.001 0.001 0.001 0.001 0.001 0.047 0.948 Amelonado
MAO06 0.000 0.000 0.000 0.000 0.000 0.998 0.000 Criollo
MAOQ07 0.001 0.000 0.000 0.000 0.000 0.997 0.000 Criollo
MAO08 0.001 0.004 0.005 0.009 0.008 0.047 0.926 Amelonado
MAT10 0.000 0.001 0.001 0.002 0.001 0.001 0.995 Amelonado
MA11 0.000 0.000 0.000 0.000 0.000 0.998 0.000 Criollo
MA12 0.000 0.000 0.000 0.000 0.000 0.998 0.000 Criollo
MA13 0.001 0.001 0.001 0.002 0.001 0.001 0.994 Amelonado
MA14 0.001 0.001 0.001 0.001 0.001 0.291 0.705 Trinitario
MA15 0.000 0.000 0.000 0.000 0.000 0.997 0.000 Criollo
MAT16 0.001 0.001 0.001 0.001 0.001 0.403 0.591 Trinitario
MA17 0.001 0.002 0.002 0.002 0.001 0.569 0.424 Trinitario
MA18 0.000 0.001 0.001 0.001 0.000 0.000 0.998 Amelonado
MA19 0.001 0.001 0.001 0.001 0.001 0.289 0.707 Trinitario
MA20 0.001 0.002 0.002 0.001 0.000 0.001 0.993 Amelonado
Izaka1 0.016 0.010 0.003 0.001 0.014 0.083 0.875 Amelonado
Izaka2 0.001 0.001 0.005 0.002 0.001 0.248 0.743 Trinitario
Izaka3 0.001 0.001 0.001 0.001 0.002 0.110 0.885 Amelonado
Izaka4 0.000 0.002 0.001 0.001 0.000 0.001 0.995 Amelonado
Izaka5 0.002 0.002 0.003 0.001 0.001 0.387 0.604 Trinitario
Izaka7 0.001 0.001 0.002 0.002 0.001 0.562 0.433 Trinitario
Izaka8 0.004 0.003 0.003 0.002 0.001 0.186 0.802 Amelonado
Izaka9 0.001 0.001 0.003 0.001 0.000 0.286 0.707 Trinitario
Izaka10 0.001 0.001 0.001 0.002 0.001 0.290 0.705 Trinitario
Somiall 0.001 0.001 0.001 0.002 0.001 0.488 0.507 Trinitario
Somia12 0.001 0.001 0.001 0.001 0.001 0.010 0.985 Amelonado
Somial3 0.000 0.002 0.007 0.002 0.001 0.001 0.986 Amelonado
Somia14 0.001 0.001 0.001 0.001 0.001 0.260 0.736 Trinitario
Somia15 0.000 0.000 0.000 0.000 0.000 0.998 0.000 Criollo
Somial6 0.001 0.001 0.002 0.002 0.001 0.344 0.650 Trinitario
Somia17 0.000 0.001 0.000 0.000 0.000 0.997 0.000 Criollo
Somia18 0.001 0.002 0.003 0.002 0.001 0.445 0.547 Trinitario
Somial9 0.001 0.001 0.001 0.001 0.001 0.487 0.507 Trinitario
Somia20 0.000 0.001 0.001 0.001 0.000 0.000 0.997 Amelonado
Somia21l 0.001 0.005 0.005 0.002 0.001 0.002 0.982 Amelonado
Somia22 0.001 0.001 0.002 0.007 0.001 0.366 0.622 Trinitario

descriptors.

The origin of the Trinitario cacao in Madagascar has not
been fully elucidated. The present results suggest one
possible explanation being that Trinitario cacao was
introduced to the island. In terms of their SNP profiles, the
Trinitario clones in Madagascar were very similar to the
Trinitario varieties collected from traditional farms in
Nicaragua?4.. The present study therefore suggests that the
original forms of Trinitario, Amelonado and Criollo were
transferred from Mesoamerica and the Caribbean region to
Asia and the Pacific and then from there to Africa. This type of
Trinitario can be referred to as 'classical Trinitario' because
they only have parentage from Criollo and Amelonado. In
contrast, some of the Trinitario cacao stayed in Mesoamerica
and the Caribbean region was later influenced by other
Upper Amazon Forastero germplasm and became a complex
of hybrids, with parentage contributed by at least three
original introduction eventsi35. Nonetheless, according to

Li et al. Beverage Plant Research 2021, 1: 4

Fabrice et alB®l, Trinitario cacao in Madagascar was
developed on the island from the 1960s to 1980s, by crossing
the introduced Criollo and Amelonado varieties, by
researchers in the National Center for Applied Research in
Malagasy Rural Development, Madagascar.

Results from the present study are significant in terms of
understanding the early dispersal of cacao from Mesoamerica
to Africa, in addition to the well-documented route of Bahia,
Brazil to Sdo Tomé & Principe. Due to the large size of
Madagascar and its isolated geographic setting, this island is
home to many threatened and endangered species. About 80
percent of the plants and animals found there are found
nowhere else in the world. The geographical isolation appa-
rently played a significant role in maintaining the original
genetic identities of the traditional varieties once commonly
found in Mesoamerica. Although these varieties often have
lower yield and are more vulnerable to a variety of biotic and
abiotic threats, they often have preferred fine flavor for the
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craft chocolate industry, which are increasingly sought after
by gourmet specialty markets. The gourmet specialty markets
and supply chains are providing opportunities to differentiate
the small volumes of fine flavor cocoa from the rest of the
bulk cocoa, so there is a price premium to offset the reduced
yields. Conservation through use of threatened cacao
diversity, therefore may provide incentives for a demand-
driven on-farm conservation. Knowledge of on-farm genetic
diversity will provide a sound scientific basis for logical
decision-making and increase the credibility of the planning
process for in-situ conservation. It's necessary to collect a set
of representative samples of these traditional varieties and
add them into the ex situ genebank. Meanwhile, selecting
high yielding and fine flavor clones will promote the use of
elite clones by farmers. The results also suggests a lack of host
resistance to cacao diseases in the Madagascar cacao
germplasm. Genetic improvement is needed to combine
traits of fine flavor, diseases resistance and high yield, to
provide a genetic foundation for sustainable production of
fine flavor cocoa in Madagascar.

Madagascar is a relatively small cocoa producer. Approxi-
mately 33,000, mainly smallholder cocoa farmers, produce
approximately 8,000 metric tons of cocoa beans per year,
accounting for less than 0.2% of world production!20l.
Nonetheless, Madagascar is the only African country that is
classified as a fine cocoa producer according to the ICCO.
Malagasy cocoa production has been classified as 100 % fine
cocoa by the ICCO since 2016B7. The cocoa sector is
recognized to have the potential to boost economic growth
and producers' income for local peoplel38l. Cocoa production
in Madagascar is concentrated in the Sambirano valley within
the Ambanja district, where most cacao plantations are small
farms. In recent years, the international cocoa price has seen
large price fluctuation for bulk cocoa. The price fluctuation is
mostly related to the trade of bulk cacao grown in the large
producing countries, such as Ghana, Ivory Coast and
Indonesia, which make up the majority of the world cacao
supply. On the other hand, demand for fine flavor cocoa
beans has been rapidly increasing in the international
market!39, Promoting production of fine flavor cocoa that can
achieve a premium price in high-end markets will likely create
sustainable livelihoods for small holder farmers and provide
local communities with job opportunities. Moreover, while
cocoa production in other countries is largely grown in
monocultures, requiring the removal of all surrounding trees,
farmers in the Sambirano, Madagascar plant cacao in an
agroforestry system. As a tropical understory crop, cacao is
suitable for intercropping with many perennial species. The
agroforestry system not only results in higher productivity
through increased soil fertility and reduced risk of pests,
diseases, and weed outbreaks, it also provides additional
sources of income to small cocoa farmers. This system also
initiates the process of agroecological restoration which
improves carbon storage and nutrient cycling. Therefore,
cocoa cultivation in the agroforestry system is beneficial for
both environment and the people of Madagascar.

CONCLUSION

Using DNA fingerprinting with SNP markers, we showed
that Madagascar is distinctive in that all three traditional
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cacao varieties, Criollo, Amelonado and Trinitario, are still
maintained on-farm for cocoa production, the same as was
seen in Mesoamerica and the Caribbean several hundred
years ago. Results from the present study are significant in
terms of understanding the early dispersal of cacao from
tropical America to Africa, in addition to the well-
documented route from Brazil to Sdo Tomé & Principe. The
results also provide new information for planning sustainable
conservation and utilization of traditional cacao varieties in
Madagascar, especially for expanding the production of fine
flavor cocoa for gourmet specialty markets. We acknowledge
that the present study only analyzed samples from the
Sambarino valley, where most traditional varieties exist. In the
future, it's necessary to understand the genetic diveristy in
other regions of Madagascar. A full-scale survey of genetic
diveristy will be useful to support the development of the
cocoa industry in Madagascar.
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