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Illicit Crops in Tropical America:
Deforestation, Landslides, and the Terrestrial
Carbon Stocks

The 250 landslides that simultaneously
occurred in the Rı́o Tarazá basin, Anti-
oquia Department, in Colombia after the
torrential rains of 19 and 20 May 2007
(Fig. 1) rank among the major rainfall-
triggered disasters in this country (1).
According to an official report, about
3000 ha, mostly covered by illegal cash
crops, were wasted, thus reviving the
discussion on the ecological impacts of
illicit crops in Tropical America. These
landslides and debris flow killed 13 peas-
ants associated with coca bush (Erythrox-
ylum coca) crops, forced evacuation of 67
people from indigenous reservations, and
caused the temporary relocation of 600
families from the partially flooded town.
Road infrastructure, lowland crops, and
private buildings were also damaged. Such
a number of landslides far exceeded
previous landsliding recorded in Colombia
during very wet years. For instance, during
La Niña 1999–2000, the wettest year in
record nationwide, the departmental max-
imum was 80 landslides and the municipal
maximum was 8 (1). Larger numbers of
landslides have only occurred after earth-
quakes, volcanic activity, and localized
infrequent torrential rainfall (.200 mm
h�1) in Colombia (2) and other regions of
Tropical America (3).

Landsliding Risk, Deforestation, and

Illegal Crops

Land-use change in the Tarazá basin was
probably the greatest influence on land-

sliding risk. During this rainfall event, a
greater number of landslides occurred on
crop lands and along roads than in
forested lands. Such a pattern has been
previously described in Central America
and the Caribbean, where landsliding has
been extensively studied (4). In rural areas
of the Tarazá municipality, most mature
forests have been converted to coca bush
crops according to the United Nations
Office for Drug and Crime (UNODC) (5).
Contrary to the national trend, coca crops
have steadily expanded since 2000 at both
municipal and department level (Fig. 1). In
2004, this municipality contributed 23% of
cultivated area to the department’s total
(5165 ha). Although cultivated area de-
clined between 2000 and 2005 as a result of
eradication efforts, a 7% increase at the
national level was still observed between
2004 and 2005 because of expansion in
several departments and within National
Natural Parks (2003–2005: þ62%).

Expansion of coca bush crops, and
therefore deforestation, in Tropical Amer-
ica (specifically Colombia, Peru, and
Bolivia) (Fig. 1) is driven by high profit,
high prices in illicit international markets,
and an expert-perceived increase in global
consumption (5). Deforestation in Colom-
bia also has been recently linked to the
internal armed conflict, and particularly to
financing through illicit crops (6, 7). In
contrast, globalization of legal trade has
promoted past (e.g., Puerto Rico) and
current (e.g., Dominican Republic, Argen-
tina) shift from agricultural to industrial-

ized economy that has been accompanied
by rural–urban migration and the aban-
donment of agricultural lands, which
ultimately resulted in forest recovery in
many countries of Tropical America (8).

Illegal Crop Impacts on Forest

Carbon Stocks

Because deforestation will increase in
several countries of Tropical America as
long as illicit economies and armed con-
flicts continue, a scientific approach to
study their ecological impacts is urgently
needed. These impacts have been superfi-
cially discussed by the local scientific
community and mass media; in part this
superficiality is attributable to the limited
data and the impossibility of surveying the
affected areas (6). Biodiversity loss and
water and soil contamination are the main
impacts invoked (6), but little is said of
ecosystem processes such as secondary
succession and water and nutrient cycling.
We focus on the terrestrial carbon (C)
cycle because its anthropogenic alterations
are directly linked to global climate
warming (9). A three-stage conceptual
model is proposed to address the impacts
on terrestrial forest C stocks and flows
based on available literature on forest
succession after deforestation and land-
sliding in other regions of Tropical Amer-
ica. We propose that C is lost from
terrestrial reservoirs throughout forest
succession induced by illicit crops during
i) initial slashing and burning of mature

Ambio Vol. 37, No. 2, March 2008 141� Royal Swedish Academy of Sciences 2008
http://www.ambio.kva.se



and secondary forests, ii) mass wasting
under extreme heavy rainfall, and iii)
seasonal exports of overland flow and
water infiltration.

Land for coca crops initially cleared
with slash-and-burn methods releases
enormous amounts of stored C on above-
ground forest biomass (AGB). Recent
studies in the Porce region (10), near the
Tarazá basin, indicate that mature forests
(.60 y old) stored a total average of 340
Mg ha�1, while secondary forests (4–20 y
old) stored 80 Mg ha�1. Carbon losses
with slashing and burning of AGB should
correspond to 111 and 21 Mg ha�1,
respectively, that could be exported to
the atmosphere as CO2 during forest
burning or to rivers as woody debris and
litter during heavy rainfall. Unless stumps

and coarse roots are upgrafted, below-
ground biomass does not seem to be
significantly reduced by slash-and-burn
agriculture as reviewed for Latin Ameri-
can secondary forests (11), and therefore
most of soil biomass would be lost during
mass wasting (3). Since coca bush crops
are established right after slashing and
burning, it is possible that soil C still
contains most of secondary or mature
forest reservoirs. Accordingly, below-
ground C export (including soil organic
matter and fine and coarse roots) during
mass wasting could reach up to 360 Mg
ha�1 in lands previously covered by
primary forests and 275 Mg ha�1 in
secondary forests.

Even if mass wasting does not occur,
soil C will be gradually exhausted as a
result of erosion as long as coca crops are
active. Recent estimates in Puerto Rico (8)
showed that on a river-basin scale, sedi-
ment yield was greater from plantations,
agriculture, and pastures (26, 22, and 17
Mg ha�1 y�1, respectively) than from
closed-canopy forests (8 Mg ha�1 y�1).
Modeled erosion rate increased 33% to
103% when all basin closed-canopy cover
was converted to pastures or agriculture
covers, respectively (8). High deforestation
rates in the Urabá region in the Caribbean
and most of the Colombian Andes are
seemly responsible for the highest sedi-
ment yields in the Atlantic Ocean of South
America (12). Sediment yield from the
entire Urabá drainage is 86.4 Mg ha�1 y�1

(84.9% of the total for the Colombian
Caribbean), while individual yields for the
Amazon River and the Orinoco River do
not exceed 2 Mg ha�1 y�1. Sediment yields
from river basins dominated by coca crops
might resemble the above figures.

Globally, 42% and 59% of soil C in
mature forest and pastures are respectively
lost when converted to crops (12, 13).
Carbon exported on overland water flow
from Puerto Rican hill slopes was 15 and
17 Mg ha�1 y�1 in pastures and 30-y old
secondary forests, respectively, and 11 Mg
ha�1 y�1 in mature forest (14). However, C
loss with infiltrated water was significantly
greater in pastures (37 Mg ha�1 y�1) than
in secondary and mature forests (23 and 30
Mg ha�1 y�1). These figures indicate that
pastures retain less C and that a major
fraction of soil C is lost through infiltra-
tion during rainy periods. Coca bush crops
are expected to retain less C than forests as
a result of lower vegetation, unprotected
soils, and higher soil respiration rates.
Coca leaves are harvested three to six
times per year, thus providing little op-
portunity to replenish the soil C reservoir.
Besides, mass wasting may occur while
coca crops are still active or soon after
they are abandoned, not allowing devel-
opment of pastures and young secondary
forest. Therefore, soil C recovery due to
crop transformation into pastures (18%),
plantations (19%), or secondary forests
(.53%) (13) seems unlikely for coca crops.

The trajectory of forest recovery from
illicit crops would differ if secondary
succession could start from landslide scars
or abandoned coca bush lands. Forest
recovery from landslides depends on the
spatial heterogeneity induced by scars,
ultimately influencing seed banks, seed
rain, and soil nutrients (15). Small land-
slides exhibit faster recovery rates, reach-
ing a similar tree composition to the
previous cover and to the neighboring
areas. Conversely, large, unstable slides
with newly exposed mineral soil surround-
ed by small mature forest patches take
longer recovery periods and their trajecto-
ries are less predictable (15). Tree compo-
sition remains different after many years,
particularly if grass and ferns impede
pioneer tree colonization; in these cases
recovery of soil nutrient pools may take up
to 50 y because recurrent landsliding in
previous scars may further set succession
back.

Forest recovery from abandoned coca
bush lands may not necessarily be faster
than from landslide scars. Evidence from
Puerto Rico (8) and Colombia (10)
showed that cleared areas recovered ma-
ture forest structure within 15 y and
belowground biomass within 50 y after
pasture abandonment, but tree species
composition takes longer or may never
recover. In Colombia, potential to return

Landslides at Rı́o Tarazá basin on 19 May
2007. (A) Coca bush crops on the left and
forest on the right, (B) landslide affecting a
small watershed, (C) landscape mosaic
formed by illicit crops and landslides, (D)
flooded Tarazá municipality. (Photos: D.
Zuluaga-El Colombiano.

Figure 1. Illicit coca bush crops in Tropical
America (5). (A) Cultivated area in the three
major producers (Colombia, Peru, and Boliv-
ia). Note an increase in Colombia by the mid-
1990s after eradication efforts at Peru and
Bolivia. (B) Exponential increase of cultivated
area in Antioquia Department and at Tarazá
Municipality in Colombia.
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to original structure and composition
seems to be low where forests were cleared
and replaced by illicit crops because
mature forest patches are currently sur-
rounded by a large matrix of exotic-grass
pastures (7). In heavily deforested regions,
remnant forests cover ca. 11%, 72% of
which is secondary and predominantly
young (10–20 y) forest, prone to repeated
clearing.

Conclusion

Illicit crops are a major threat not only to
flora and fauna biodiversity (6) but to
ecosystem processes such as the terrestrial
C cycle. By releasing large C reservoirs and
reducing C sequestration capability, illicit
crops have the potential to propagate
influences far beyond river-basin limits.
We roughly estimate that slash-and-burn
areas and successive landsliding in the
3000 ha affected by illicit crops in the Rı́o
Tarazá released altogether between 103.5
and 517.5 Gg of C. These estimates
surpass previous accounts of C loss (108
Gg in a 2456 ha area) due to deforestation
in the region (10) because soil C stock is
lost during mass wasting. We assumed that
forest cover at Tarazá basin was similar to
other heavily deforested areas in Colombia
(7), (28% primary and 72% secondary) and
that 10–50% of land was denuded, which
greatly exceeds rates in mature forests (15).
Contrary to the arguments of local forest
managers in national mass media, some
forest properties may recover within 15–50

y, while others will never do so within our
lifetimes. This ‘‘ecological disaster’’ is a
unique opportunity for scientific commu-
nities, managers, and politicians to deeply
understand the large-scale impacts of illicit
crops and to address successful restoration
programs at affected areas.
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