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Abstract

The objective of this case study was to test the effectiveness of biocontrol for the rehabilitation of 
abandoned, diseased (moniliasis, witches’ broom and black pod) cocoa and to develop testable hypotheses
regarding the effect of shade and biocontrol timing. Three trial fields differed in their shade regimes.
Biocontrol was administered starting either at flowering or pod filling. Disease incidence and yield were
compared with cultural control alone. Biocontrol reduced moniliasis from 49% to 25%, independent of
the shading regime and application time. Witches’ broom was most severe without shade and unaffected
by biocontrol. No significant effects on black pod were observed. Although biocontrol increased 
percentage healthy fruit independent of shading and timing, only the shaded plot with biocontrol from
flowering onwards responded with increased yield. Our hypothesis is: ‘In the rehabilitation of 
abandoned cacao, only fields under sustainable shade management and early onset of biocontrol can realise
their production potential.’
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Introduction

In 1996, the Huánuco Department of Peru
produced 9% of the national cocoa (Theobroma
cacao L.) production: 2,026 metric tons on 4,290
ha. Yields of 472 kg ha–1 were well below the
national average of 710 kg ha–1 (Fujimori et al.,
1997). Three diseases were the most limiting
factor of productivity: witches’ broom (Crinipellis
perniciosa [Stahel] Singer), moniliasis
(Moniliophthora roreri [Cif. & Par.] Evans et al.)
and black pod (Phytophthora palmivora [Butler]
Butler). After the arrival of moniliasis in 1991,
production in the Huallaga Valley, the main cocoa-
producing area of the Huánuco Department, fell
from 1,236 t to 745 t in 1992 and 427 t in 1993
(Evans et al., 1998). Losses of up to 100% and the
lack of economic disease control methods led to

neglect and abandonment of cacao fields.
Currently, over 50% of the national area under
cacao, equivalent to 16,500 ha, are abandoned in
Peru (Servicio Nacional de Sanidad Agraria,
2000), mostly as a result of moniliasis. As a 
consequence, Peru is today a net importer of cocoa
(Fujimori et al., 1996). It is striving to reverse this
trend by rehabilitating abandoned fields to
increase national production. Approximately 7,500
ha of abandoned cacao could potentially be 
rehabilitated (Servicio Nacional de Sanidad
Agraria, 2000) if diseases could be controlled 
economically. Soberanis et al. (1999) estimated
that an increase in national production by 7%
would ensure self-sufficiency and save almost
US$2 million in foreign revenue. In terms of rural
development, durable products with a relatively
high price-to-weight ratio, such as cocoa and



coffee, are ideal commodities for remote areas like
the Huallaga Valley, which has only limited links
with metropolitan and international markets.

Abandonment of farms started a vicious cycle,
as the inoculum pressure from surrounding fields
began to counteract the control efforts on managed
small-holdings (Krauss, 1998). Years of contin-
uous labor input are required in a perennial crop,
such as cacao, for sustainable production.
According to current recommendations (Soberanis
et al., 1999), diseased pods should be removed
every week throughout the year. Furthermore, one
or two pruning cycles are necessary per year to
remove vegetative brooms. Technical assistance
has to support rehabilitation efforts of abandoned
farms. In order to complement cultural disease
control – the only practicable means available to
farmers at present (Soberanis et al., 1999) – native
fungal antagonists were isolated and tested as 
biological control agents against the three major
cacao diseases in Tingo María, Peru. This study
applied mixed inocula consisting of organisms
from a range of climatic zones and cacao produc-
tion systems with the goal to design a versatile and
effective control agent for the whole region. This
paper reports early results about disease incidence
and cocoa yield during the first year of rehabili-
tation of three fields under different shading
regimes and with two different times of control
application.

Materials and methods

Three previously abandoned cacao fields under
different shading regimes and disease management
systems were selected near Tingo María (Table 1).
Tingo María is situated in the eastern foothills of
the Andes mountains at an altitude of 666 m a.s.l.,
latitude 09°49′ S and longitude 75°57′ W. It
receives an annual rainfall of 3,000 mm, with a

mean annual temperature of 24 °C (maximum 29.5
°C, minimum 19.8 °C) and mean relative humidity
of 81% (minimum 67%, maximum 95%; Césare,
1986; Hernández, 1991; Servicio Nacional de
Sanidad Agraria, 1998). These biophysical factors
were similar for all fields. All plots were < 0.5 ha
and cacao trees were spaced 4 m × 4 m. They were
surrounded by a mixture of secondary forest and
arable land planted mostly with banana, plantain
(Musa sp.) and coca (Erythroxylum coca). The 
surrounding mountains were dominated by
primary rainforest with scattered coca fields. A
detailed description of this area and other cocoa-
producing regions in Peru can be found in
Soberanis et al. (1999) and Evans et al. (1998),
respectively. 

Cacao trees were lightly pruned (secondary,
orthotropic shoots were removed) and weeds were
controlled manually. No fertiliser was applied. In
addition to cultural control consisting of weekly
removal of diseased pods in all treatments
including the control, three monthly spray appli-
cations of fungal antagonists were administered to
flower cushions and pods on 20 randomly chosen
replicate trees per plot. Higher application fre-
quencies are currently under investigation. Four
biocontrol inocula were used: one consisted of a
single Gliocladium strain, two contained a mixture
of two different strains each, and the fourth
inoculum consisted of a mixture of five strains.
All strains had been isolated from cacao tissue in
shaded and non-shaded fields in various climatic
zones in the Monzón and Upper Huallaga Valleys
as described by Krauss and Bustamante (1999).
All inocula had a total concentration of 5 × 105

conidia ml–1. 
The order of applying the different inocula was

randomised. Experimental trees were chosen
randomly along planting rows. The selected
planting rows were separated from each other by
at least 12 m to avoid cross-inoculation during
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Table 1. Previously abandoned fields selected for rehabilitation study near Tingo María, Huallaga Valley, Peru. 

Site Crop age Abandonment Shade Onset of disease 
(years) (years) management

Botanical Garden ca 34 18 Dense, mixed Flowering
Tulumayo ca 40 16 None Flowering
Jacintillo ca 35 07 None Pod filling



spraying. A completely randomised, unbalanced
(after pooling) experimental design was used.
Biocontrol applications were started either at the
onset of flowering or pod-filling. Their effect on
disease incidence and yield was evaluated
throughout one production cycle as follows: every
week, diseased pods of any age and healthy mature
pods were harvested, all diseases were identified
and pod counts recorded. Cultural control only, i.e.
weekly removal of the diseased pods, served as
control. Data were analysed by analysis of
deviance for binomial (percentage) or Poisson 
distributed data (counts) using GENSTAT 5,
release 2.2. Means were compared with the 
‘repair-procedure’, which allows to test for dif-

ferences between means with unequal errors
(Genstat 5 Committee, 1993).

Results

Since differences among the different biocontrol
inocula were not significant (data not shown), the
data for all inoculants were pooled for subsequent
analyses. In the cultural control (CC) only, the 
incidence of moniliasis, the main disease, was
higher in the Botanical Garden than in the
unshaded fields (Tables 2 and 3). However, addi-
tional biocontrol (BC) reduced its incidence in the
shaded Botanical Garden from 63% to 30% and,
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Table 2. Disease incidence (% infected pods or flower cushions) following cultural disease control only (CC) or in combination
with biological disease control (BC) in three cacao (Theobroma cacao) fields under different shading regimes and with two 
different times of application. 

Site Moniliophthora roreri Phytophthora palmivora Crinipellis perniciosa

Fruit Flower brooms
(% pods infected) (% pods infected) (% pods infected) (% flower cushions infected)

CC1 BC1 CC BC CC BC CC BC

Botanical Garden
(shade, early 
application) 63d 30ab 4.7a 2.7a 3.2a 3.6a 0.5a 0.5a

Tulumayo
(no shade, early 
application) 48c 22a 4.3a 2.5a 4.9ab 5.4ab 0.5a 0.5a

Jacintillo
(no shade, late 
application) 38bc 25a 3.2a 1.8a 7.1b 7.8b 3.8b 3.9b

1 CC = cultural control alone, BC = biological plus cultural control (comparison of six cells).
a, b, c, d Values for each disease (comparison of six cells) followed by the same letter do not differ at P = 0.05.

Table 3. Proportion of healthy pods and number of healthy pods harvested (per tree and year) in three fields under different
shading regimes and biological disease control applied at two different times.

Site Healthy pods Healthy pods harvested
(%) (number per tree yr–1)

CC BC CC BC 

Botanical Garden (shade, early application) 36a 63c 2.5a 6.4b

Tulumayo (no shade, early application) 44b 70d 2.8a 3.4a

Jacintillo (no shade, late application) 45b 70d 2.9a 2.6a

a, b, c, d Values followed by the same letter do not differ at P = 0.05 (comparison of six cells).



averaged across the three sites, from 50% to 26%
(Table 2). There was no significant difference
between application times. The slight reduction of
P. palmivora incidence on pods in BC relative to
CC from 4.1% to 2.3% (averaged across sites) was
not significant. Shade and time of application had
no influence on P. palmivora. Witches’ broom was
unaffected by biocontrol in all fields. In fruits,
witches’ broom incidence seemed higher in
Tulumayo (unshaded) (although statistically not
significant) and was highest in the unshaded plot
in Jacintillo where control started late. Comparing
the two sites where BC started at flowering, shade
had no influence on the incidence of witches’
broom in flower cushions. However, there were
significantly more flower brooms (excessive
flower production as a result of infection with C.
perniciosa) in Jacintillo (Table 2).

Biocontrol increased the percentage of healthy
fruit by 62% averaged across sites (Table 3).
However, only in the shaded plot (Botanical
Garden), in which biocontrol started at flowering,
did this translate into a net increase in yield per
tree (of 156% compared to the untreated control)
as measured by the number of healthy pods har-
vested during that year. In the two unshaded fields
of Tulumayo and Jacintillo, absolute yield was not
increased by biocontrol (Table 3), although the
agent significantly reduced disease in all three
plots, independent of shading regime and time of
application (Tables 2 and 3).

The physiological characteristics, number of
active flower cushions per tree (observed over six
weeks starting with the first application of bio-
control) and the percentage of cherrelle wilt (a
physiological wilt of young cocoa pods) were 
unaffected by biocontrol. The number of flower
cushions did not differ between fields. Cherrelle
wilt was lower in Jacintillo than in the other two
fields (Table 4).

Discussion

Biocontrol agents are affected by environmental
conditions in the field. Inconsistent performance
of single-strain biocontrol agents in the field has
been attributed to this factor and the use of strain
mixtures of microorganisms which complement
each other was suggested as a solution (Krauss et
al., 2001; Leeman et al., 1996). This topic was
reviewed by Raupach and Kloepper (1998). Given
that cacao in the Huallaga valley is affected by
three major fungal diseases, our goal is their
simultaneous biocontrol. No single strain biocon-
trol agent can be expected to control three
pathogens belonging to families as different as the
basidiomycetes (C. perniciosa and probably M.
roreri) and the oomycetes (P. palmivora).
Furthermore, we isolated antagonists for this study
from shaded and unshaded fields covering a wider
agroecological range than the trial sites and
designed complementary mixtures a priori. The
resulting inocula reduced the predominant disease,
M. roreri, significantly and consistently, even
under adverse conditions such as lack of shade and
a head-start of the disease. Recent studies (Krauss
and Soberanis, 2001) support the hypothesis that
strain mixtures are more effective in the simulta-
neous control of the three cacao pod diseases than
single strains.

Although a fundamental challenge was
overcome, reduced disease losses translated into
net returns only in the shaded field (Botanical
Garden), where disease management commenced
with the onset of the flowering season. Given the
fact that we had no shaded plot with application
of biocontrol commencing at pod filling, it is
impossible to decide whether the crucial factor for
success was shade or a combination of shade with
early application of biocontrol. However, early
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Table 4. Physiological characteristics of cacao in three fields
under different shading regimes and management systems
observed over a period of six week following the first 
application of biocontrol agents.

Site Active flower cushions Cherrelle wilt
(number per plant yr–1) (% wilted pods)

Botanical Garden
(shade, early 
application) 5.4a 12a

Tulumayo
(no shade, early 
application) 4.2a 14a

Jacintillo
(no shade, late 
application) 4.8a 05b

a, b Values within a column followed by the same letter do
not differ at P = 0.05.



onset of biocontrol in the absence of shade was
insufficient (Tulumayo). Therefore, we conclude
that both factors merit further study in fully 
replicated trials. The purpose of this exploratory
study was to generate prioritised, testable
hypotheses for subsequent work. M. roreri attacks
only actively growing cocoa fruit and has a latent
period of about seven weeks (Evans, 1981). Thus,
no laboratory test or bioassay can be used to test
biocontrol agents for effectiveness against this
pathogen. Time-consuming and expensive field
trials are the only reliable efficacy test for bio-
control agents and prioritizing future work 
directions is of utmost importance for developing
biological control against this disease.

Shade regimes are known to have a profound
effect on the cacao diseases investigated here.
Whereas witches’ broom is reduced by shade
(Evans, 1998), Phytophthora pod rot is enhanced
already by moderate shade levels (Lass, 1985;
Beer et al., 1998). The effect of shade on moni-
liasis is more controversial. Both, excessive shade,
possibly the case in the Botanical Garden, and
complete lack of shade have been implicated with
increased disease incidence. Moderate shade levels
of 17% to 50% do not seem to have a significant
effect under typical climatic conditions (Schroth
et al., 2000), as found also in the present study.
The implications for the biocontrol agents of these
diseases are even more complex because fungi
(i.e., both the pathogen and its biocontrol agent)
typically benefit from buffered temperatures and
increased humidity under shade. Undoubtedly, this
aspect requires further study. 

Little is known about the population dynamics
of the biocontrol agents for fungal pathogens
under field conditions. Gliocladium roseum is
known to be an excellent coloniser of aerial plant
parts such as flowers (Yu and Sutton, 1997) and
fruits (Sutton et al., 1996) of many plants. We
therefore assume that our Gliocladium isolates,
which originated from cacao, are well adapted for
the colonisation of cacao flowers and pods. The
subcuticular growth habit of Gliocladium protects
it from the extremes of environmental fluctuations
experienced on plant surfaces (Sutton et al., 1996),
but may also restrict it to a protective rather than
curative mode of action. Young pods (< 2 months)
are more susceptible to moniliasis than older ones
(Evans, 1981). Although biocontrol of moniliasis

in Jacintillo (late application) was significant, its
relative benefit was less pronounced than in the
two plots with early application (Table 2). It is
thus likely that early application of these biocon-
trol agents is important.

The physiological fruit decay, cherrelle wilt,
was unaffected by biocontrol indicating that
increased proportions of healthy fruit (which have
to be filled) did not exert any significant stress
on the plants. In the absence of significant differ-
ences, neither the activity of flower cushions nor
cherrelle wilt, both indicators of production 
potential, explain why trees in two fields were
unable to respond to improved management within
the observation period. Based on this observation
and the fact that both C. perniciosa and M. roreri
are pathogens which thrive on meristematic tissue
and thus benefit from host vigor, the interaction of
biocontrol with fertilisation merits further study.

Conclusions

Moniliasis incidence was reduced significantly by
the biocontrol agent Gliocladium spp. compared
to the cultural control alone. The percentage of
healthy pods increased independent of the shading
regime and onset of biocontrol applications.
However, net yield was increased only in the
shaded plot, in which biocontrol was applied from
flowering onwards. This case study gives rise to
the following hypothesis which should be tested
in future trials: ‘In the rehabilitation of abandoned
cacao, only fields under sustainable shade 
management and early application of effective 
biocontrol agents can reach their full production
potential’.
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