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ABSTRACT

Ploetz, R. C. 2007. Cacao diseases: Important threats to chocolate pro-
duction worldwide. Phytopathology 97:1634-1639.

Theobroma cacao, cacao, is an ancient, neotropical domesticate. It is
now grown throughout the humid, lowland tropics and is the basis of a
multibillion dollar confectionary trade. Diverse diseases impact produc-
tion of the crop. They reduce yields by ca. 20%, but could cause far
greater losses if certain highly damaging diseases were to become more
widely distributed. Among the most potentially dangerous of these dis-
eases are frosty pod, caused by Moniliophthora roreri, and witches’
broom, caused by M. perniciosa (previously Crinipellis perniciosa).
These two diseases occur only in the Western Hemisphere, and severe

losses would follow their introduction to West Africa and Asia, where ca.
86% of all cacao production occurs. Elsewhere, Cacao swollen shoot
virus and the damaging black pod agent, Phytophthora megakarya, are
found in Western Africa; whereas vascular streak dieback, caused by
Oncobasidium theobromae, is present only in Asia. Breeding programs
are challenged by minimal resistance to some of the diseases. Progress
that has been made is threatened by the “emergence” of other serious
diseases, such as Ceratocystis wilt (Ceratocystis cacaofunesta). During
this symposium, new insights are discussed on the biology, origins,
pathology and phylogeny of the pathogens; as well as the biological,
chemical and genetic management of the diseases that they cause.

The neotropical, jungle understory tree, Theobroma cacao, is
the source of chocolate. Linnaeus’ name for the genus (theos
[God] + broma [beverage] = beverage of the Gods) recognizes the
Maya’s belief in the plant’s divine origins (16). The plant’s com-
mon and species names are a Spanish version of the Nahuatl name,
kakau (16). The common name cocoa is a mistaken spelling of
cacao; it now refers to the commercial product, not the crop (7).

T. cacao originated in the headwaters of the Amazon River
(eastern Ecuador and Peru) (7,40,57). Archeological records indi-
cate that it was domesticated at least 2,600 years ago in Meso-
america (7,45). Cacao seeds (beans) were used as currency and in
a beverage the Aztecs called xocoatl. The Aztec name was cor-
rupted to chocolatl by the Spaniards and was the precursor of the
word chocolate (16). The solid, sweetened product that is known
today as chocolate was first made in Europe in the early 1800s.

T. cacao is a member of a large family, the Malvaceae, which is
comprised of the former families Sterculiaceae (cacao and kola),
Bombacaeae (baobab, durian, and kapok), Malvaceae sensu lato
(cotton, hibiscus, and okra), and Tiliaceae (basswood) (36). Re-
cent phylogenetic analyses indicate that the current, more broadly
defined Malvaceae is monophyletic (36).
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Cacao is one of the most important tropical crops (23). Almost
4 million metric tons (MMT) of beans were produced in 2005,
and the 2.7 MMT that were traded internationally in 2003 were
worth $4.2 billion. In 2001, the global chocolate market was
worth $73 billion.

Although the crop began to be disseminated globally shortly
after European contact, virtually all production remained in the
Western Hemisphere well into the 19th century (Fig. 1). By 1900,
20% of all beans came from outside the Americas (10), and by the
turn of the 21st century, the west had become a relatively minor
producer. In 2005, 86% of the total came from the Eastern
Hemisphere, 78% of which originated in only four countries (23)
(Table 1). Principle reasons for this change in the primary centers
of cacao production were damaging diseases in the Americas that
do not occur in Africa and Asia.

This review and papers that follow are from a symposium on
cacao diseases that was held at the joint APS/CPS/MSA meeting
in Québec City in 2006 (1,17,22,27,28,31,53,63). In this brief
summary, this topic is introduced and three important diseases
that could not be covered during the symposium are discussed.

PRODUCTION CONSTRAINTS

Diverse factors impact cacao production worldwide. Among the
biotic constraints are mirids (Heteroptera: Miridae), which cause
estimated annual losses between 100,000 and 200,000 MMT. The
species involved include Sahlbergella spp., Distantiella theo-
broma, and Helopeltis spp. in West Africa, and Monalonian spp.
in Latin America. The cocoa pod borer, Conopomorpha cramerella,



causes annual losses of 40,000 tons in Asia. Mammals and birds
cause significant, but mainly local, problems (3,9,19,69). Indirect
losses result from mealybugs, which vector the Cacao swollen
shoot virus (CSSV), and a Xyleborus beetle that vectors Cerato-
cystis cacaofunesta, cause of Ceratocystis wilt.

Although they are important, pests cause less damage to cacao
than do diseases. Purdy et al. (60) listed several dozen cacao
diseases, most of which are caused by fungi. Less common patho-
gens include alga, bacteria, nematodes, parasitic plants, strameno-
piles, and viruses. The top five diseases reduce production by
about 20% annually (ca. 800,000 tons or 3/4 billion dollars) (9)
(Table 2). Diseases would be even more destructive if the most
damaging had wider distributions.

The major diseases of cacao are listed in Table 2 in descending
order of the losses they cause (3,9,22). Among the most poten-
tially damaging diseases are those caused by closely related hemi-
biotrophic basidiomycetes (2). Frosty pod, caused by Monilioph-
thora rorei, is most worrisome (53). Although it is currently
responsible for less damage than the leading diseases, this is due
to its absence in the major producing countries. In Peru, where it
occurs alongside black pod and witches” broom (number one and
two diseases in Table 2), frosty pod is most prevalent, severe, and
serious in terms of yield losses (21,53).

After frosty pod, witches’ broom, caused by M. perniciosa (pre-
viously Crinipellis perniciosa), may pose the second greatest threat
worldwide (Fig. 2) (21,22). It also has a narrow geographic range,
and is found in only three of the top 10 producing countries (Tables
1 and 2). Witches’ broom can cause significant losses (21). It deci-
mated production in Brazil, first in Rondonia in the 1970s (50% pod
losses within 6 years), then in Bahia in the early 1990s (60% re-
duction in 5 years). Elsewhere in South America and the Caribbean,
losses are reported to range from 30 to 90%. Brazil, the world’s num-
ber one and two producer for much of the 20th century, now ranks
a distant 5th due mainly to the impact of witches’ broom (23).

The introduction of frosty pod and witches’ broom to West Africa
would be disastrous (21). About 70% of the world’s production of
cacao occurs in this region (2.7 MMT in 2005). Production there
relies largely on susceptible Amelonado genotypes. Environmental
conditions throughout the cacao-producing areas would appear to be
conducive to the rapid spread of both diseases. Losses of upwards
of 1 MMT could be expected if either disease crossed the Atlan-
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Fig. 1. Regional trends in global cacao production since 1830. Data are from
references (10,23,40).

tic, and smallholders who produce most of the crop in West Africa
(80% of the farms are <3 ha in size) would be severely impacted.

Most of the remaining diseases in Table 2 also have narrow
distributions. Black pod occurs throughout the tropics, but the
most damaging agent, Phytophthora megakarya, is found only in
West Africa (20,22,27). Two other new encounter pathogens,
CSSV and Oncobasidium theobromae, as well as one that may
have coevolved with cacao, Ceratocystis cacaofunesta, also have
limited ranges (5,18,41).

Safe movement of cacao germplasm. The safe movement of
pathogen-free germplasm is a high priority of cacao improvement
programs, and criteria have been established to facilitate this goal
(25). Seed are preferred when disseminating germplasm because
few cacao pathogens are internally or externally carried with seed.
When seed are not available or desired (because cacao is an out-
crossed plant, seedlings are usually hybrids), virus-indexed in
vitro material is preferred (25). Failing this, budwood can be
used. However, it should be treated to eliminate insects and mites,
and should be maintained in quarantine to confirm that it is not
infected with viruses (11,12,14,39,49) or systemic fungi, such as
0. theobromae (28,37).

In the following papers, the status and management of most of
the diseases in Table 2 are reviewed (1,17,22,27,28,31,53,63). In
the present paper, three diseases that were not covered in the sym-
posium are discussed: cacao swollen shoot, cushion gall and
black root rot.

Cacao swollen shoot. Cacao swollen shoot is restricted to the
Eastern Hemisphere (a report from Trinidad has not been con-
firmed) (41). It was first described in 1936 in present-day Ghana
where 200 million cacao trees have been destroyed in attempts to
manage the disease (41). The disease is also found in Benin, Cote
d’Ivoire, Indonesia (Sumatra), Liberia, Malaysia (Sabah), Nigeria,
Papua New Guinea, Sierra Leone, Sri Lanka, and Togo (13,41).
Losses in 2001 were estimated at 50,000 MMT (9).

CSSV, a member of the genus Badnavirus, causes this disease
(41). CSSV is genetically variable and different strains cause an
array of symptoms depending on host genotype (25,41). Symptoms
include all or some of the following: leaf and pod chlorosis; tran-
sient red leaf veins and mottling; root atrophy and stunting; and
root and stem swelling. Highly pathogenic strains cause severe leaf
chlorosis and result in rapid deterioration and death of cacao (14).

CSSV particles are bacilliform and measure 121 to 130 x
28 nm. CSSV has a circular double-stranded DNA genome, which
is ca. 7 kb. The genome has five putative open reading frames
(47). Maximum DNA sequence variability among the six strains
of CSSV that have been analyzed to date is 29.4%, which is
comparable to variability known for two other badnaviruses,
Banana streak virus and Sugarcane bacilliform virus. Sequence
variation in CSSV complicates its detection.

TABLE 1. The 10 most important producers of cacao in 2005*

Production

Country (MT) % Total

Ivory Coast 1,330,000 33.9
Ghana 736,000 18.8
Indonesia 610,000 15.5
Nigeria 366,000 9.3
Brazil 214,774 5.5
Cameroon 180,000 4.6
Ecuador 137,178 3.5
Colombia 55,298 1.4
Mexico 48,405 1.2
Papua New Guinea 42,500 1.1
World total: 3,923,183 Other: 5.2

Africa: 67.85

Asia and Oceania: 18.08
Western Hemisphere: 14.06

4 Figures are in metric tons (23).
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CSSV is moved in vegetative materials (it can latently infect
cuttings that are used for clonal propagation for up to 20 months),
and is vectored by at least 14 species of mealybugs (Homoptera:
Coccidae) in the genera Planococcus, Planococcoides, Pseudo-
coccus, Dysmicoccus, and Ferrisia (25). The virus is not sap-
transmissible in cacao, nor is it seed-transmitted. About 40
species in the Malvaceae are infected and develop symptoms,
whereas 150 species in 28 other families are not susceptible (14).
Several of the affected species are indigenous West African
plants, including baobab, kapok, and Cola spp.

Although CSSV is apparently a new-encounter pathogen of
cacao, its origin is not clear. Because the original reports were
from West Africa and several relatives of cacao are alternative
hosts in this region, it is generally accepted that infection in these
species antedated that in cacao in West Africa (14). However,
Tinsley (68) and Lockhart and Sachey (41) argued that the
evidence for this assumption is equivocal. The only species that is
commonly infected by CSSV in nature, Cola chlamydantha, is
found only in Western Ghana. Based on historical evidence and
infectivity assays, Bald and Tinsley (6) suggested that C. chlamy-
dantha was not a primary host but was, in fact, affected by CSSV
that came from cacao. The presence of CSSV in Asian countries,
in which West African cacao germplasm has not been introduced,
also argues against a West African origin for CSSV.

CSSV was not introduced to Africa via cacao, but it is in this
crop that the virus is now spread (66). Thus, management of

TABLE 2. The major diseases of cacao, Theobromae cacao

swollen shoot depends upon identifying and eradicating infected
cacao plants. Enzyme-linked immunosorbent assay (ELISA) and
immunoelectron microscopy (IEM) have been developed for de-
tecting CSSV (62). However, these assays are not reliable for all
strains of this serologically heterogeneous virus (41) (at least
eight serogroups of CSSV exist [35]). Polymerase chain reaction
amplification may provide a more reliable means of identification
(41,46). Budwood should be tested for the presence of virus by
grafting it to West African Amelonado seedlings, which develop
conspicuous symptoms when infected (25).

Before leaving the discussion of this disease, it is important to
note that swollen shoot interacts with other diseases. Opoku (48)
reported that cacao trees that were affected by CSSV were
predisposed to Phytophthora canker in Ghana. A more interesting
interaction occurs with the cushion gall disorder. Cushion gall is
caused by Albonectria (syns. Calonectria and Nectria) rigidius-
cula (anamorph: Fusarium decemcellulare), usually in close
association with mirids (54). Thresh (67) and Longworth (42)
concluded that swollen shoot did not kill trees in Nigeria unless
they were also debilitated by A. rigidiuscula and mirids. However,
in Ghana death occurred when trees were affected by severe
strains of CSSV, even when they were protected from the cushion
gall factors (14).

Cushion/green point gall and dieback. Two types of symp-
toms are associated with A. rigidiuscula infection of cacao (i)
disorganized meristematic growth on which forms caulinary and

Annual
losses Impact®
Disease MT*  Current Future Agent(s) Current geographical distribution References
Black pod 450 oAk ##%  Phytophthora arecae Philippines and Vanuatu 3,9,20
P. capsici Brazil, El Salvador, Guatemala, India, 22,25-27
Jamaica, Mexico,Trinidad, Venezuela
P. citrophthora Brazil, India, Mexico
P. heveae Malaysia
P. megakarya Cameroon, Fernando Po, Gabon, Ghana,
Nigeria
P. megasperma Venezuela
P. nicotianae var. parasitica Cuba
P. palmivora Pantropical
Witches’ broom 250 Fkk *##%  Moniliophthora perniciosa Bolivia, Brazil, Colombia, Ecuador, 2,3,9,21,22,26,
(syn. Crinipellis perniciosa) Grenada, Guyana, Panama, Peru, 33,57,59,61
St. Vincent, Surinam, Trinidad and
Tobago, Venezuela
Swollen shoot 50 w3 ##%  Cacao swollen shoot virus Benin, Cote d’Ivoire, Indonesia 3,6,9,11,13,14,
(Sumatra), Liberia, Malaysia (Sabah), 25,34,35,41,42,
Nigeria, Papua New Guinea, Sierra 46-48,50,55,
Leone, Sri Lanka, Togo 56,62,66-68
Frosty pod (moniliasis) 30 ** %% Moniliophthora rorei Belize, Colombia, Costa Rica, Ecuador, 1-3,9,21,22,25,
El Salvador, Guatemala, Honduras, 26,33,53
Mexico, Nicaragua, Panama, Peru,
Venezuela
Vascular streak dieback 30 ** ** Oncobasidium theobromae Burma, China (Hainan Island), southern  3,9,25,28,33,37,
India, Indonesia, Malaysia, Papua New 38
Guinea (main island, New Britain and
New Ireland), the Philippines, Thailand
Ceratocystis wilt (mal de machete) n/a ok o Ceratocystis cacaofunesta Brazil, Colombia, Costa Rica, Ecuador 5,17,18
(syn. fimbriata)
Cushion (green-point) gall n/a * * Albonectria (syns.: Calonectria Western Hemisphere, Africa and Sri 29,30,33
and Nectria) rigidiuscula Lanka
(anamorph: Fusarium
decemcellulare)
Black (Rosellinia) root rot n/a * * Rosellinia bunodes Tropical America, India, Indonesia 4,8,15,24,32,33,

R. paraguayensis

R. pepo

(Java and Sumatra), Malaysia 44,51,52
(peninsular), Philippines, Sri Lanka
Grenada 64,65
Central America, West Indies, West
Africa

4 Diseases are listed in order of current loss estimates; figures are in 1,000s of metric tons (MT) or are not available (n/a) (3,9).
b Relative impact is as follows: * = low; ** = moderate; *** = high; **** = very high. Future impact is based on the potential destruction a given disease would

cause if it were disseminated outside its current geographic range.
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vegetative primordia (= cushion galls or green point galls), and
(i) dieback (29,30,33,54). These symptoms are discussed due to
their impact and the fact that they can be confused with those of
witches’ broom (58). Another symptom that is associated with
this pathogen on cacao, descending tracheomycosis (43), is not
discussed.

Holliday (33) reviewed pre-1970 publications; little of note has
been published since. First reported in British Guiana in 1905,
this disease became prevalent in both hemispheres in the 1950s,
prompting the bulk of the published research that is currently
available. Today, the gall symptom is widely distributed in the
Western Hemisphere and West African production areas.

Flower cushions are affected most often, but galls also develop
at leaf nodes and at wounded areas on main branches or trunks
(29). Cushion galls usually produce no flowers or a few that do
not set pods (58). Galls are hemispherical, may be quite large
(Hansen [29] reported a 48-cm-diameter, 3-kg gall in Costa Rica),
and are comprised of many small buds (green points) most of
which may be lost as the gall ages (Fig. 3). Seedlings are most
susceptible and develop symptoms within 2 weeks of inoculation
(33). Symptom development on flower cushions and pod stalks
was more variable often taking up to 5 months. The identity of the
same pathosystem in Africa and the Americas was confirmed
when strains of A. rigidiuscula from both hemispheres were
shown to cause galls and to be sexually compatible (29).

Dieback, wherein stagheads of debilitated branches develop, is
also caused by A. rigidiuscula. This situation can be complex
(33). In West Africa it is initiated by pathogens or insects, includ-
ing A. rigidiuscula, mirids, CSSV, Diplodia theobromae and
Phytophthora palmivora. Mirids, yield deterrents in their own
right, facilitate infection by A. rigidiuscula and are important
factors in disease development (33).

Management of these diseases includes the removal and burn-
ing of symptomatic trees. Although cushion gall and dieback
symptoms can be confused with those caused by witches’ broom,
they differ in several ways. Pod distortion and basidiocarps of
M. perniciosa only develop on trees with witches’ broom. In ad-
dition, terminal distortions that resemble symptoms of witches’
broom can develop in volunteer seedlings with dieback, but not in
mature tree shoot terminals and leaf axils of trees (58).

Black (Rosellinia) root rot. Black root rot (also known as
Rosellinia root rot) of cacao was first reported in 1893 in Latin
America and the Caribbean (65). The disease’s common name
refers to black hyphae that are produced on affected cacao roots.

Over 50% of the farms in some cacao-growing areas of Colom-
bia have been affected by this disease and, 7 years after planting,
less than half of the original trees in these areas survived (4,15).
Black root rot killed up to 20% of the 3-year-old trees in the Bigua-
Peruibe region in Brazil (24), and between 1997 and 2001, 45 clones
in the germplasm collection of the Centro Agronomico Tropical
de Investagacion y Ensefianza (CATIE) in Costa Rica were lost
due to a combination of this disease and Ceratocystis wilt (44).

The genus Rosellinia is a geographically and morphologically
diverse assemblage of fungi. Petrini (51) recognized three cate-
gories of species: strict saprophytes (nonpathogens), endophytes
that are occasionally pathogenic, and severe root pathogens.
Three in the later group are significant problems on cacao, Rosel-
linia bunodes, R. pepo, and R. paraguayensis. Each of these spe-
cies falls in the D4 cluster of Petrini and Petrini (52); it contains
tropical taxa with Dematophora anamorphs.

R. bunodes, R. pepo, and R. paraguayensis affect many impor-
tant tropical crops, such as banana, coffee, tea, citrus, rubber,
avocado, and timber species (8,64). Black root rot is less aggres-
sive than another serious root disease of cacao, Ceratocystis wilt,
but often interacts with it and other factors. Despite Petrini’s (51)
characterization of R. bunodes, R. pepo, and R. paraguayensis as
severe root pathogens, they are less important than other cacao
pathogens in Table 2.

Black root rot is particularly important in acidic soils with high
organic matter content. Because the responsible species have wide
host ranges and persist in colonized organic debris, black root rot
can be difficult to manage (33,65). Adopted in various manage-
ment schemes have been: sanitation (removal of infected debris);
soil treatment with fungicides, fumigants or solarization; and
biological control (44).

CONCLUSIONS

T. cacao has a long history as a significant crop in the neo-
tropics (7,45). Its more recent importance in West Africa and Asia

Fig. 2. Symptoms and signs of witches’ broom. A, Green broom (biotrophic phase) formed at a flower cushion. B, A broom that is transitioning from the
biotrophic (bottom branch) to necrotic phase (top branch). Basidiomes of Moniliophthora perniciosa (formerly Crinipellis perniciosa) eventually form on necrotic

brooms and other necrotic infected tissues such as C, pods.

Vol. 97, No. 12, 2007 1637


http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO-97-12-1634&iName=master.img-004.jpg&w=359&h=238
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO-97-12-1634&iName=master.img-004.jpg&w=359&h=238
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO-97-12-1634&iName=master.img-004.jpg&w=359&h=238

Fig. 3. A large green point gall, caused by Albonectria rigidiuscula, that has formed at the base of a cacao accession at the USDA-ARS Subtropical Horticultural

Research Station in Miami, FL.

has been enabled, in large part, by the absence of several Ameri-
can diseases. Very significant losses would occur if these diseases,
in particular frosty pod and witches’ broom, spread to African and
Asian production areas.

In general, the most important pathogens of cacao have re-
stricted geographic distributions. Management of the diseases that
they cause will rely on effective quarantines to limit the distri-
butions of exotic pathogens (25). Where these diseases are found,
cultural measures (mainly sanitation) are most effective, although
biological and chemical treatments are also being developed and
used (31). Eventually, disease-resistant, high-yielding clones may
provide the most effective tool to manage these diseases (63).
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