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ABSTRACT
Gilbert, G. S., and Parker, I. M. 2008. Porroca: An emerging disease of coconut in Central
America. Plant Dis. 92:826-830.

Porroca is a lethal disease of coconut (Cocos nucifera) emerging in Central America. Previously
known only from Colombia, it has spread rapidly across the Isthmus of Panama in the last dec-
ade. Porroca is characterized by the production of stiff, dwarfed leaves, usually followed by the
death of the palms within 2 years. We describe the long-distance spread of the disease as deter-
mined from regular censuses of more than 200,000 coconut palms in the indigenous Comarca of
Kuna Yala and the Republic of Panama. Spread is temporally and spatially variable, with the
disease moving across the landscape as much as 40 km per year. Porroca may represent a signifi-
cant new threat to coconut production in the Caribbean Region.
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Porroca is a lethal disease of coconut
(Cocos nucifera L.) currently described as
only found in Colombia and Panama
where it has caused localized losses of
thousands of coconut palms over the last
several decades (3-5,8). Beginning in the
1980s, it spread quickly westward along
the Isthmus of Panama. Because of the
severity of the disease and the observed
recent expansion of its range, porroca is of
potential concern for coconut production
throughout the tropical and subtropical
Americas. Here we provide a detailed de-
scription of the symptoms, development,
and patterns of spread of porroca in Pa-
nama over the last decade.

Several names have been proposed for
this disease, including porroca (which
supposedly derives from an indigenous
word in Colombia) (5), hoja pequefia
(little leaf) (9), and coconut apical
necrosis (3). The last of these names is
clearly inappropriate since necrosis is a
minor and variable component of the
symptoms associated with the disease. We
adopt the name porroca of coconut
because of the historical precedent and its
widespread use.
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The literature on porroca is quite limited
and not widely available. The first report
of this disease was made by Ferrand in a
1960 FAO report on oil-producing palms
in Colombia (5). Ferrand noted that por-

Colombia on the Carribean Coast between
Monteria and Barranquilla, with particular
intensity in the region near Cartagena (Fig.
1). In surveys from 1958 to 1959, porroca
was not found east of the Rio Magdalena
on the Caribbean Coast, nor at all on the
Pacific Coast. According to Ferrand, por-
roca was limited to coconut-growing areas
with long, dry seasons, and anecdotes sug-
gest increased disease severity following
drought years. Porroca was absent, how-
ever, from the extremely dry region of
Santa Marta, just east of Barranquilla.
More than 30 years later, in an internal
report to the Panamanian Ministry of Agri-
culture (MIDA), Mufioz reported that por-
roca first appeared in Panama in 1976 near
the border with Colombia, near the town of
Puerto Obaldia; palms with similar symp-
toms appeared in the Pacific Province of
Darien in 1988 (Fig. 1) (8). In 1976, just
one palm showed symptoms of porroca in

roca was the cause of death of thousands
of coconut palms annually in northwestern

plantations in the Caribbean Province of
Col6n near the towns of Portobelo and

Caribbean
Sea

+10°N 77°W

mbre de Dios

Pacific
Ocean

Fig. 1. Historical records of porroca disease of coconut (dashed lines) and observed distribution in
Panama in 2001 (solid line) and 2006 (dotted line) in this study. First reports indicated that porroca
was restricted to a portion of the Caribbean slope of Colombia (5). In 1976, it first appeared across the
Panamanian border (8) and subsequently spread to the Colén and Panama provinces in the 1980s and
1990s (3.4). Palms with porroca-like symptoms were reported from a site in Darién Province, near
Meteti in 1988 (3,4,8). The 2001 survey found porroca along the Caribbean Coast and on offshore
islands from the Colombian border to the end of road access west of Colén and throughout the Col6én
and Panama provinces in central Panama. By 2006, it had spread along the Pacific slope. Extensive
searches showed no symptomatic palms within 100 km further west than the indicated areas. Darien
province was not surveyed.



Santa Isabel (8). Esquivel reported symp-
tomatic palms in the province of Panama
by 1980 and west of the Panama Canal by
1990 (3,4) (Fig. 1). To the east of Colom-
bia, coconut palms with porroca symptoms
became more common in French Guiana
and northeastern Ecuador beginning in the
early 1990s (Bernard Perthuis, CIRAD,
personal communication).

During the 1990s, porroca became no-
ticeably more common in the province of
Panama, causing widespread concern
about the effects of this disease on coconut
production on the isthmus. An epidemic of
porroca was of particular concern on the
Caribbean Coast where coconut production
is economically and culturally vital to the
indigenous Kuna people of the Comarca of
Kuna Yala and the Afro-Antillean Costefio
people in regions east and west of the city
of Colén. The Kuna rely heavily on coco-
nut as a staple food, a primary source of
cash income, and a cultural icon (10,11).
The local impacts of porroca can be se-
vere; in one plantation in Colén Province,
coconut production was reduced from
12,000 nuts to fewer than 2,000 nuts per
month within 5 years from the first appear-
ance of porroca (8).

In palms affected by porroca, the apical
meristem, internal parts of the trunk, and
the roots of symptomatic palms appear
normal and there is no macroscopic or
microscopic evidence of fungi, bacteria,
nematodes, or other damage (5). No patho-
gen causing porroca has been found. In the
absence of the identification of a disease
agent, various authors have suggested that
viruses, soil nutrients, moisture conditions,
insect attack, and interactions of these
factors should be further investigated (5,9).
However, Muifioz suggested that porroca
does not appear to be associated with par-
ticular soil moisture or nutrient conditions
in Panama and that treatment with insecti-
cides, fungicides, nematicides, and antibi-
otics had no effect on porroca symptoms
(8). In a brief description of porroca in an
account of the principal diseases of coco-
nut in Caribbean Colombia, Ramirez
Naranjo was the first to note that affected
palms sometimes recover (9).

Since previous studies presented only
brief descriptions of the disease, we pro-
vide here the first detailed description of
the symptoms, development, and patterns
of spread of porroca of coconut.

MATERIALS AND METHODS
Description of symptom development.
To provide a detailed description of the
symptoms and development of porroca,
symptomatic coconut palms (Cocos
nucifera L., Atlantic Tall ecotype) were
felled, dissected, and studied in detail.
Studies were done in two locations in the
Republic of Panama; in 1999 at the re-
search plantations of the Ministerio de
Desarrollo Agropecuario (MIDA) of Pa-
nama (9.57194°N, 79.48639°W), near

Nombre de Dios, Colén Province, and
in 2001, at Didistuku (9.00694°N,
77.78861°W), a mainland cooperative
plantation of the Kuna people of Dubpak
(Isla Pino) (Comarca of Kuna Yala = San
Blas Province). Additional healthy palms
were studied at Dubpak (9.00861°N,
77.75972°W) in 2001.

Disease distribution and spread in Pa-
nama. We documented the recent geo-
graphic expansion of the incidence of por-
roca disease across Panama by recording
the status and location of nearly 200,000
coconut palms in eastern and central Pa-
nama in repeated surveys between 1998
and 2006. Reconnaissance in 1997 indi-
cated that porroca was not present in west-
ern Panama. Between 1998 and 2001, we
conducted surveys along the Caribbean
Coast of central and eastern Panama as
well as road-based surveys in central Pa-
nama. By 2000, porroca was found
throughout the coastal region, so from
2001 to 2006, we focused our attention
primarily on expansion westward in inland
areas and along the Pacific slope of central
Panama. We used a Trimble Pro-XRS GPS
unit (Trimble Navigation Ltd., Sunnyvale,
CA) to map the linear position of all
healthy and symptomatic palms either by
boat (coastal surveys) or car (road sur-
veys).

Coastal surveys. In annual surveys from
1998 to 2001 (June to August), with the
help of Edgardo Soo and Victor Manuel
Avila from the Kuna General Congress, we
mapped the distribution of porroca in cen-
tral and eastern Panama. There is no road
access in Kuna Yala, so the Kuna Yala
surveys were conducted by boat along the
Caribbean Coast from Nombre de Dios
(Colén Province) eastward through the
Comarca of Kuna Yala to the Colombian
border. Surveys encompassed 392 km of
coastline and all 306 islands in the San
Blas Archipelago that had coconut palms.
For most of this region, the mountainous
terrain abuts the coastline, so most coconut
palms are restricted to a narrow band near
the coast. We did not survey palms in
inland plantations along rivers, which rep-
resent only a small fraction of coconuts in
the region because Kuna grow few coco-
nuts away from the coastline (6). Islands
were small enough to see all palms clearly
from a boat just offshore. We usually ob-
served the palms with binoculars from a
distance of 20 to 100 m, which provided
an optimal viewing angle to see the young
leaves where porroca symptoms first de-
velop. Within the Comarca, we mapped
more than 167,000 coconut palms
(103,000 on the mainland and 64,000 on
islands). Of 392 km of coastline, less than
14 km did not have a significant density of
coconut palms (defined as >2 palms per
kilometer) and there were no coastal
stretches longer than a few hundred meters
nor any islands without coconuts. Approxi-
mately 30,000 additional palms were

mapped along 92 km of coast between
Nombre de Dios and the western border of
Kuna Yala.

Road surveys. To census palms in cen-
tral Panama (i.e., near to and west of the
Panama Canal), we drove on accessible
roads in the provinces of Colén and Pa-
nama both west and east of the Panama
Canal, and the Pan-American Highway
and side roads west to the city of Santiago
de Veraguas, which is 100 km beyond the
westernmost symptomatic palm we have
observed. All palms clearly visible from
the road were mapped using the GPS unit
mounted on a car. This compressed the
locations of palms to the nearest position
on the road, with care taken not to count
the same palm from multiple roads. In the
road census, we mapped approximately
50,000 palms along approximately 750 km
of roadway. Palms in central Panama are
found in scattered patches, restricted pri-
marily to small plantations and areas
around homesteads and houses, so a road
survey allowed us to inspect a large pro-
portion of the palms in the region. These
surveys were conducted annually from
1998 through 2006, with the exception of
2005.

Mapping local disease increase. To ex-
amine the local rate of spread of porroca,
we monitored coconut palms located in
small discrete plantations or on islands
where disease was already established in
1998. In Nombre de Dios, we revisited 15
apparently healthy palms every 2 to 8
months between 14 January 1999 and 21
June 2001. In Kuna Yala, we followed the
disease progress of individual coconut
palms on three islands (Detail 3:
9.32081°N, 78.24050°W, n = 233 palms;
Detail 4: 9.30667°N, 78.17994°W, n = 49;
and Detail 7: 8.77244°N, 77.55756°W, n =
28) and three discrete mainland patches
(Detail 1: 9.42847°N, 78.84350°W, n = 18;
Detail 2: 9.35731°N, 78.35464°W, n =
153; and  Detail 6: 8.78200°N,
77.58036°W, n = 230) during the annual
censuses from 1999 to 2001. All palms
were mapped with sufficient detail to allow
identification of individual palms from
census to census. Each patch contained at
least one symptomatic palm in 1999. In
Nombre de Dios, porroca was already well
established in nearby plantations, whereas
in Kuna Yala, disease was rare in the land-
scape at the start of the study.

RESULTS

Symptomology. Porroca of coconut is
characterized by extreme dwarfing of new
leaves (Fig. 2A, C, and E), so that in the
course of 2 to 3 years, a palm is left with
only a tuft of very small leaves (Fig. 2B),
followed soon by death of the palm. Symp-
tomatic leaves are short with rigid leaflets
of a normal green color, usually with some
necrosis that gives them a “burnt tip” ap-
pearance. Onset of symptoms is abrupt,
with a sharp transition to producing new
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leaves less than one-half the length of nor-
mal. Palms with the “classic” porroca sil-
houette demonstrate a typical abrupt tran-
sition from long, healthy leaves to dwarfed
leaves (Fig. 2A and E). Only leaf length
and form is affected, not the number of
leaflets. Symptomatic leaves were less
than one-half the length of healthy leaves
(209 + 37 cm, n = 48 versus 488 cm * 43
cm, n = 56, respectively) (Fig. 2C). The
number of leaflets per leaf did not differ
between healthy leaves (104.6 £4.8,n=5)
and symptomatic leaves (98.0 £+ 4.4 leaf-
lets per leaf, n=3) (r=1.9,df=6,and P =

0.10), but leaflet density (142.3 £ 13.7
leaflets per meter) was more than sixfold
greater on symptomatic leaves than on
healthy leaves (¢ = 20.6, df = 6, and P =
0.0001).

In the earliest known description from
Colombia, Ferrand (5) noted gray longi-
tudinal streaks at the base of the petioles of
the apparently healthy basal leaves, with
streaks increasing in intensity on sympto-
matic leaves. We found this to be variable,
with discoloration found at the bases of
fewer than one-half of the leaves on four
dissected palms. Streaks were not associ-

ated with mycelium, fungal reproductive
structures, nematodes, or signs of any
other pathogens (5). Internally, the apical
meristem of symptomatic palms, including
developing leaf and flower buds, were
white, intact, and free from any signs of
necrosis, rot, or damage.

The trunk diameter of symptomatic
palms decreases sharply at the growing
apex (Fig. 2B and F). This reduction is
abrupt and rapid, over a distance of a few
tens of centimeters. A tapering trunk di-
ameter can be caused by many factors and
is often observed in palms growing in un-

Fig. 2. Symptoms of porroca disease of coconut. A, Newly developed leaves are abruptly and extremely dwarfed compared with healthy basal leaves. Palms
in this advanced state generally die within 2 years (~24 leaves) of producing the first dwarfed leaf. B, As basal leaves naturally senesce over 2 to 3 years, the
affected palm is left with only dwarfed leaves. C, Leaves of a severely affected palm (foreground) have short, dense leaflets compared with the leaf of a
healthy palm (background). D, Fruits produced during the first few months of symptoms are small and deformed. E, The silhouette of a palm that had been
symptomatic for more than a year. F, Trunk diameter at the apex reduces rapidly in affected palms. G, Occasionally, symptomatic palms recover, abruptly
producing leaves of normal length.
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favorable soils or poorly managed planta-
tions, but in those cases, the diameter re-
duction is more gradual, reducing over a
meter or more. Symptomatic palms may
continue to produce fruit for several
months, but fruits are small and deformed
(Fig. 2D); palms in advanced stages of
porroca no longer produce fruit (Fig. 2B).

Although porroca is usually fatal, palms
may sometimes recover with the symptoms
disappearing as abruptly as they appear (9).
A palm with classic symptoms—Iarge,
healthy, older leaves, symptomatic dwarfed,
younger leaves, and strongly reduced apical
trunk diameter—can abruptly produce
leaves of normal length and the apical trunk
diameter again increases (Fig. 2G).

Distribution and spread in Panama.
Porroca spread rapidly in Panama between
1998 and 2006 (Figs. 3 and 4). In 1998, it
was locally common but still restricted to
mainland sites in eastern Kuna Yala (near
Puerto Obaldia at the Colombian border)
and in Colén Province east of the Panama
Canal. A few symptomatic palms were
found along the Transisthmian Highway
between Colén and Panama City and in
isolated clumps along the Pan-American
Highway on the Pacific slope west of the
canal.

By 2000, however, symptomatic palms
had spread westward throughout the Co-
marca of Kuna Yala and appeared on 53
islands across the archipelago (Fig. 3). In
addition, the incidence of porroca intensi-
fied greatly in Colén Province, along the
Transisthmian Highway and westward
along the Pan-American Highway (Fig. 4).
Most new infections were of only one to
several palms on an island or a mainland
area, whereas areas with long-established
infections contained many symptomatic
palms. Overall, the number of sympto-
matic palms in Kuna Yala increased 18-
fold in 2 years, with 46, 627, and 827
symptomatic palms in 1998, 1999, and
2000, respectively, with new infections
appearing as much as 40 km from previ-
ously known infections. Although the rate
of increase is dramatic, these individuals
represented only 0.6% of coconut palms in
Kuna Yala. In 2001, however, we found
only 570 symptomatic palms, and many
previously symptomatic palms had died or
recovered. Because of the coarse temporal
scale of our surveys, it is difficult to calcu-
late an accurate rate of recovery. However,
if we divide the observed number of recov-
ered palms by the number of palms with
porroca symptoms in the previous year we
estimate 21.4% recovery for 1999-2000
and 21.5% recovery for 2000-2001.

Road surveys showed that porroca was
established throughout Col6n Province and
immediately west of Panama City by 1999.
Disease incidence remained stable overall
from 1999-2001 (1999; 691/34,876
(1.98%): 2000; 622/29,770 (2.09%): and
2001; 695/38,612 (1.80%) (Fig. 4). How-
ever, in central Panama, among the 8,100

palms surveyed along the Pan-American
Highway south of 8.8°N latitude, inci-
dence of porroca increased 10-fold over 7
years (1999; 0.2%: 2000; 0.48%: 2001;
0.48%: and 2006: 2.52%). The disease
front of porroca spread at least 45 km
southwest along the Pan-American High-
way between 1999 and 2006 (Fig. 4). Two
outlying palms with porroca symptoms
seen in 2001 west of Penonomé were not
found again in a visit in 2004 (census data
not presented) nor in the 2006 census.
Local disease increase. Over 2 years, 7
of 15 originally healthy palms in one small
plantation (Nombre de Dios) developed
symptoms of porroca. In the six Detail areas
selected for study of individual palms over
time (Fig. 3), the local rate of increase of
porroca was highly variable. Detail 7
showed a 1.8-fold increase in porroca
incidence. In contrast, two sites showed as
much as 50% decline in porroca incidence,
in one case primarily because diseased
palms died and in the other case because
they recovered. The remaining three sites
showed no change in disease incidence.
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DISCUSSION

Porroca is a lethal disease of coconut
that is currently spreading northward from
Colombia into Central America. The
spread of porroca can be rapid (we ob-
served possible long-distance spread of as
much as 40 km or more in some years) and
its impact severe, but both of these charac-
ters can be temporally and spatially highly
variable. At the leading edge of spread,
symptomatic palms may simply die with
no further local spread or disease incidence
may increase very rapidly, quickly affect-
ing as much as one-half of the palms in a
discrete stand or on an island. Long-dis-
tance spread and local variability may
mean that local measures such as culling
will not be effective measures of disease
control. A pilot experiment in Kuna Yala
evaluating culling and traditional use of
smoke as pest control measures on small,
individual plantations did not yield mea-
surable reductions in disease spread (un-
published data).

There is no evidence that porroca can be
transmitted through seeds and such trans-
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Fig. 3. Rapid spread of porroca through the Comarca of Kuna Yala, Republic of Panama, between
1998 and 2001. Filled circles in each year show the locations of symptomatic palms found during
annual censuses of approximately 200,000 palms. No island or any stretch of coastline of more than a
few hundred meters was without coconut palms. Outlines of Panama and Darien provinces are shown
for geographic reference; surveys were conducted only along the Caribbean Coast and islands. Loca-
tions of six Detail sites for the temporal study of disease development on individually mapped coconut
palms are indicated as Detl, Det2, Det3, Det4, Det6, and Det7.
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Fig. 4. Distribution and spread of porroca in central Panama. Small gray dots indicate positions of
healthy coconut palms (and general path of the roads) and large black dots indicate palms with porroca
symptoms. The gray area in the Col6én Province was not surveyed in 2006.

mission is unlikely since fruit production
ceases quickly with the onset of symp-
toms. Additionally, regional trade in fruits
is almost exclusively with the Caribbean
Coast of Colombia where porroca already
exists, and thus seed transmission is
unlikely to have large epidemiological
consequences.

The phenomenon of recovery—the
abrupt production of normal leaves after
months of producing the dwarfed leaves
typical of porroca—is intriguing and mer-
its careful study. Recovery from symptoms
is usually associated with virus, viroid, or
phytoplasma infections (1,2,7). We have
detected a Stolbur-group (16SrXII) phyto-
plasma in meristematic tissue of palms
with porroca symptoms (N. Harrison, G.
Gilbert, and 1. Parker, unpublished data),
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but have not been able to demonstrate yet
that it is the cause of porroca.

It is not known whether porroca can af-
fect other palms in agricultural or forest
ecosystems, although we have not ob-
served porroca-like symptoms in other
species of palms during 9 years of work in
porroca-infested areas. Elucidation of the
causal pathogen will facilitate examination
of host range, potential vector associations,
and mechanistic studies of pathogen
spread.

The threat to coconut production in Cen-
tral America is potentially large if porroca
continues its recent rate of spread. Com-
pared with eastern and central Panama,
coconut density in western Panama is low
and patchy, even along the coasts where
mangrove forests and low human popula-

tions do not support extensive stands of
coconuts. It is possible that this low den-
sity of coconuts may slow or prevent the
continued westward movement toward
Costa Rica and the rest of Central Amer-
ica, but the long-distance movement seen
in Kuna Yala suggests otherwise.
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