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ABSTRACT: A Field experiment was carried out in a cocoa plantation in Brazil to evaluate whether a fungal biocontrol
agent (Trichoderma spp.) and a chemical adjuvant could enhance the efficacy of cuprous oxide sprays that are applied
to control witches’ broom disease. The experimental design was comprised of 16 plots containing approximately 50
mature cocoa trees each. Each plot measured approximately 1000 m?. Treatments were allocated to plots randomly.
Treatments were: control (no spray), cuprous oxide, cuprous oxide plus adjuvant, and cuprous oxide plus adjuvant plus
fungus. Sprays were applied monthly from April to September in line with official recommendations for the control of
witches’ broom disease. Sprays were applied using a motorized backpack mistblower. Monthly assessments of disease
incidence were made from March to November. Assessments were made on five randomly selected trees from 15
marked trees located in the center of each plot. Assessments were comprised of the numbers of healthy and diseased
pods observed on trees, the numbers of green and necrotic axillary and terminal brooms, and the numbers of healthy and
diseased pods taken from trees at each harvest. The results show that disease incidence was the highest in the control
plots where the fewest healthy pods were harvested. The overall incidence of disease varied from 25 to 45% across
all treatments. Statistically, the results show that there were no significant differences among treatments, including the
control. No significant improvements in the efficacy of copper-based sprays were measured as a result of adding the
fungus or the adjuvant to the spray. Also, no significant improvements in disease control were recorded when using
cuprous oxide on its own. We concluded that copper sprays were ineffective in controlling the disease. This paper
discusses our results in the light of official recommendations for the control of the disease.

he region of Bahia in Brazil was the second largest  introduction, in 1989, of the fungal pathogen (Crinipellis
producer of cocoa in the world until the accidental  perniciosa [Sahel] Singer) that causes witches’ broom
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~ disease (Pereira et al., 1990). C. perniciosa is a fungus
which is indigenous to the Amazon region (Evans, 1981)
and attacks the pods as well as the canopy causing both
direct (attack of pods) and indirect yield reductions
(reduced photosynthesis) (Orchard and Hardwick, 1988;
Pereira, 1999).

The methods of disease control used to date include
crop sanitation, chemical control, and the planting of
tolerant material (Baker and Crowdy, 1941; Cronshaw,
1979; Evans, 1981; Rudgard, 1987; Fulton, 1989; Laker
et al., 1990; Laker, 1991; Laker, 1992; Anon., 1993).
The chemical control product recommended by the
Brazilian government organization, Comissdo Executiva
do Plano da Lavoura Cacaueira (CEPLAC), is cuprous
oxide which is a protective fungicide. Despite this
recommendation, yields in Bahia are continuing to
decline. The scientific literature regarding the efficacy
of cuprous oxide for disease control is, at present, mixed
(Thorold, 1953; McGregor, 1984; Laker et al., 1988,;
Anon., 1993).

The approach taken in the experiment described in
this paper was to assess the efficacy of cuprous oxide
sprays and to ascertain whether the use of a strain of
Trichoderma and/or an organosilicone/latex-based
adjuvant could improve the effectiveness of the spray.
Fungi in the genus Trichoderma are known to inhibit
other fungi (Samuels, 1996) and the species used in this
trial had been shown to be effective against C.
perniciosa in small-scale studies (Bastos, 1996). The
adjuvant used in the experiment was comprised of a
novel sticker-spreader formulation designed to enhance
both retention and resistance to weathering.
Environmental loss of product is a problem with copper
as there is a large amount of wash-off that occurs during
tropical downpours (McGregor, 1984).

Materials and Methods

The field trial was carried out at S&o Jorge farm,
near Itabuna, Bahia, Brazil. Plots were marked out so
as to each contain approximately 50 mature cocoa trees
(Thacker et al., 1998). Four different treatments were
applied, each being replicated four times. The
treatments included a control (no spray), cuprous oxide
(Copper Sandoz), cuprous oxide plus an adjuvant
(Tactic, a mnovel spreader-sticker comprising an
organosilicone and latex-based formulation), and
cuprous oxide plus adjuvant plus a fungus (Trichoderma
spp. - strain isolated from the Amazon basin, not yet
identified). These treatments were allocated randomly
to the plots.

The treatments were applied at five week intervals
from April to August. Applications were made using a
motorized backpack sprayer operating at a rate of 400
ml/tree. The concentrations for cuprous oxide and
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Tactic were 3 and 0.75%, respectively. Tap water was
used for diluting the spray. The treatment mixtures
were made up prior to spraying and were thoroughly
stirred before application to re-suspend the cuprous
oxide. Trichoderma was cultured at the Almirante
Cacau Research Center in 20L fermentors using
molasses yeast extract as the substrate (Papavizas er al.,
1984). The cultures were composed of clamydospores
(10"/ml) and conidia (10%ml). The presence of
clamydospores was important as these are
environmentally-resistant structures (Lumsdem and
Lewis, 1989; Papavizas et al., 1984).

Assessments were carried out on 15 marked trees
from the center of each plot. On each occasion, five
trees from the marked 15 were randomly chosen.
Disease assessments were carried out each month, from
March to November. The assessments entailed counts
of the number of necrotic brooms, green axillary and
terminal brooms, vegetative cushion brooms, healthy
pods, and pods infected with C. perniciosa. The pods
assessed were a minimum of 6 cm in length. This length
was picked as it was highly likely that small pods (those
less than 6 cm in length) would be missed when
assessments were made.  Assessments of disease
incidence were also carried out at each harvest (Table
1).

The schedule for the experiment is given in Table 1.
The field trial ran from March 1998 to November 1998.
The schedule was structured so as to be repeated at 5-
week intervals. The first week was a disease assessment
followed by a spray week. After a week’s interval, the
harvest was performed which was then followed by
another week’s interval prior to the start of the cycle
once again.

The raw data were analyzed using two-way analysis
of variance. Means’ separation were carried out using
95 % confidence limits. Percentage disease incidence in
plots was calculated based on pooled data for individual
treatments.

TABLE 1

Disease assessment and spraying cycle’.

Disease Spray Application Harvest
30 March 1998 6 April 1998 20 April 1998
08 May 1998 11 May 1998 25 May 1998
08 June 1998 5 June 1998 29 June 1998
13 July 1998 29 July 1998 03 August 1998

17 August 1998
21 September 1998
26 October 1998
30 November 19982

'Each activity took about one week to complete for the experimental area.
?Field trial completed.

24 August 1998 08 September 1998
13 October 1998

16 November 1998
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TABLE 2

Results of the two-way analysis of variance.

Assessment Source of  Degrees of Fonatic. Prvalie
Parameter Variation Freedom
Infected pods Time 8 14.71 p<0.001
observed on Treatment 3 3.15 p<0.05
trees Interaction 24 0:72. . NS!
Green brooms Time 8 2.24 p<0.05
observed on Treatment 3 3.08 p<0.05
trees Interaction 24 0.70  NS'
Necrotic (dry) Time 8 5.07 p<0.001
brooms observed Treatment 3 2.39 NS
on trees Interaction 24 0.94 NS
Time 6 25.34 p<0.001
Harvested pods ~ Treatment 3 491 p<0.01
Interaction 18 1.06 NS
NS = not significant.
Results

Figure 1 shows the mean number of infected pods
that were observed on trees for each treatment and
sampling occasion. The number of observed infected
pods remained relatively low (< 1 per tree) until August.
Thereafter, the number of observed infected pods
increased to approximately 3 per tree. Although the
number of infected pods was the highest in control plots
from August to the end of the trial in November, this
difference was statistically significant on only one
sampling occasion. Statistical analyses of these data are
given in Table 2. The number of infected pods varied
significantly with time and among treatments (most
notably for the August assessment). However, these
significant differences were inconsistent. No significant
differences were observed between any of the cuprous
oxide-based treatments.

The harvest data for infected pods (Figure 2)
supports the above results. Most infected pods were
harvested from control plots. However, no consistent
statistical differences, and no differences among any of
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Pods/Tree

26-Oct  9-Nov

30-Mar  4-May  8-Jun 13-Jul  17-Aug  21-Sep  5-Oct

Sample Date

Figure 1. Mean number of infected pods observed on trees
for the different treatments through time.
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Figure 2. Mean number of infected pods havested from the
different treatments through time.

the cuprous oxide-based treatments were recorded.
Statistical analyses of these data are given in Table 2.
The September harvest was significantly more infected
in control plots, presumably following the assessment
data collected in August (Figure 1). However, this was
the only obvious difference between the control and
fungicide-treated plots.

The mean number of green and dry (necrotic)
brooms assessed are shown in Figures 3 and 4,
respectively. Statistical analyses of these data are given
in Table 2. The number of green brooms remained fairly
constant across treatments at 2 to 4 per tree per sampling
occasion (Figure 3). The number of green brooms was
the highest in the control plots but this difference was
statistically insignificant. No differences among cuprous
oxide-based treatments were apparent. The number of
necrotic brooms (Figure 4) slowly increased as the
experiment progressed. Once again, although the
number was the highest in the control plots, statistical
differences among treatments were not recorded.

The total numbers of healthy and infected pods
harvested from trees are shown in Figure 5. Overall
disease incidence, calculated from these data, varied
from 45% in the control plots to 25% in the plots that
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Date
Figure 3. Mean number of green auxiliary and terminal
vegetative brooms observed on trees for the different
treatments through time.
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Figure 4. Mean number of dry, brown, necrotic brooms
observed on trees for the different treatments through time.

were treated with cuprous oxide plus adjuvant plus
Trichoderma. All of the plots that were treated with
cuprous oxide-based sprays gave a higher yield of
disease-free pods than the control plots. However, there
were virtually no differences in the number of diseased
pods harvested from the plots that received cuprous
oxide-based sprays.

Overall the data presented in Figures 1 to 5 indicate
that more disease was present in the control plots than in
any of the plots sprayed with a copper-based
formulation. In addition, the highest yields were
recorded in plots that had been sprayed with a copper
formulation, of any type. Also, no differences in disease
incidence on yield were recorded among copper-based
treatments. Finally, there were no statistical differences
between the control plots and any of the treatment plots
that could be identified as a definite trend.

Discussion and Conclusions

Yields for cocoa growers in Bahia, Brazil have
steadily decreased following the arrival of the
aetiological agent of witches” broom disease. The aim
of the research described in this paper was to investigate
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Figure 5. Total number of healthy and infected pods
harvested from marked trees in the different treatments
through time.

methods for improving the efficacy of the fungicide that
is recommended for use in the control of the disease.
Unfortunately, the data collected indicate that the official
recommendations that growers receive may not be
sound. Although disease incidence was highest and crop
yield lowest in control plots, these results were not
statistically significant. Indeed, a simple economic
analysis concerning the cost-effectiveness of cuprous
oxide sprays has indicated that it would be better not to
spray at all (Laine ef al., 2000).

These results may not be altogether surprising.
Aitken (1997) reported that most farmers do not make
the required number of fungicide applications
recommended by CEPLAC. In his paper, Aitken cites
economic constraints as the reason why these
applications are not made. However, it may also be the
case that farmers are not convinced concerning the
efficacy of the fungicide. Indeed Thorold (1953),
questioned whether copper-based sprays were effective
against C. perniciosa. What is surprising, therefore, is
that the official recommendations still suggest the use of
these products.

Given that we were unable to show that cuprous
oxide, on it’s own, worked effectively against witches’
disease, it is not surprising that our spray additives did
little to improve product efficacy. In other situations,
both the adjuvant and the biocontrol agent assayed have
been shown to improve pesticide efficacy. That these
products did not improve the efficacy of the fungicide
sprays used has more to do with a lack of active
ingredient efficacy than with a lack of additive efficacy.

Clearly, the situation for cocoa farmers in Bahia
will continue to worsen. What is required immediately
are trials to evaluate cost-effective fungicides that can be
used as part of an integrated disease management
program for cocoa crops. Such an integrated program
would include cultural (phytosanitation), biological, and
chemical approaches to disease management. If such
work is not undertaken, we can only imagine the worst
for farmers attempting to grow cocoa in Brazil.

Acknowledgments

The research described in this paper was supported
by Loveland Industries and Mars.

References
Aitken, W.M. 1997. Chemical and phytosanitation control of
witches’ broom for cocoa. In: Proceedings of

ACRI/CAOBISCO/IOCC Witches Broom Workshop, 1-14.
Cocoa Producers’ Alliance, Lagos, Nigeria.

Anon. 1993. Summary report of the International Witches’ Broom
Project IWBP). Cocoa Grower’s Bulletin 46. 32pp.

Baker, R.E.D. and S.H. Crowdy. 1941. Witches’ broom disease
investigations. Seasonal variations in intensity of infection and
their effect on control methods. Tropical Agriculture 18:107-
116.



MANIPULATING COPPER SPRAYS FOR DISEASE CONTROL IN COCOA

Bastos, C.N. 1996. The potential of Trichoderma viride in the
control of Witches’” broom (Crinipellis perniciosa) of cocoa.
Fitopatologie Brasil 21:509-512.

Cronshaw, D.K. 1979. Fungicide application together with cultural

- control practices to control cocoa diseases in Ecuador.
Tropical Agriculture 56:165-170.

Evans, H.C. 1981. Witches’ broom disease — A case study. Cocoa
Grower’s Bulletin 32:5-19.

Fulton, R.H. 1989. The cocoa disease trilogy: black pod, monilia
pod rot and witches’ broom. Plant Disease 73:601-603.
Laine, L.V., J.R.M. Thacker, and R.O. McLean. 2000. Cuprous
oxide - a recommended fungicide for use against witches’
broom disease on cocoa? Cocoa Growers Bulletin (in press).

Laker, H.A. 1991. Evaluation of systemic fungicides for control of
witches’ broom disease of cocoa in Trinidad. Tropical
Agriculture 68:119-124.

Laker, H.A. 1992. Evaluation of antisporulants for the control of
Crinipellis perniciosa, causal agent of witches’ broom disease
of cocoa. Agrotrépica 4:7-15.

Laker, H.A. and J.W. da Silva e Mota. 1990. Witches’ broom
disease of cocoa in the state of Rondonia Brazil: historical
perspectives and present situation. Cocoa Growers’ Bulletin
43:45-57.

Laker, H, T.N. Sreenivasan, and D. Raj Kumor. 1988. Recent
investigations on chemical control of witches’ broom disease of
cocoa in Trinidad. In: 10" International Cocoa Research
Conference, Dominican Republic, 331-336. Cocoa Producers’
Alliance, Lagos, Nigeria.

Lumsden, R.D. and J.A. Lewis. 1989. Selection, production,
formulation and commercial use of plant disease biocontrol
fungi: problems and progress. In: Biocontrol of Fungi for
Improving Plant Growth, J.M. Whipps and R.D. Lumsden
(Editors), 171-190. Cambridge University Press, Cambridge.

McGregor, A.J. 1984. Comparisons of cuprous oxide and
metalaxyl with mixtures of these fungicides for the control of
phytophthora pod rot of cocoa. Plant Pathology 33:81-87.

33

Orchard, J.E. and K. Hardwick. 1988. Photosynthesss,
carbohydrate translocation and metabolism of host and fungal
tissues in coca seedlings infected with Crinipellis perniciosa.
In: 10" International Cocoa Research Conference, Dominican
Republic, 325-330. Cocoa Producers’ Alliance, Lagos,
Nigeria.

Papavizas, G.C., M.T. Dunn, J.A. Lewis, and J. Beagle-Ristaino.
1984. Liquid fermentation technology for experimental
production of biocontrol fungi. Phytopathology 74:1171-1175.

Pereira, J.L. 1999. Renewed advance of witches’ broom disease of
cocoa: 100 years later. In: 12* International Cocoa Research
Conference (in press).

Pereira, J. L., A. Ram, J.M. de Figueiredo, and L.C.C. de
Almeida. 1990. First occurrence of witches’ broom disease in
the principle growing region of Brazil. Tropical Agriculture
67:188-189.

Rudgard, S.A. 1987. Witches’ broom disease of cocoa in
Rondonia, Brazil: infection of vegetative flushes and flower
cushions in relation to host phenology. Plant Pathology
36:523-530.

Samuels, G.J. 1996. Trichoderma: a review of biology and
systematics of the genus. Mycological Research 100:923-935.

Thacker, J.R.M., L.V. Laine, S.D. Cave, R.O. Mclean, W.M.
Aitken, S. Lambert, K.P. Hebbar, and C.N. Bastos. 1998.
The effects of an organosilicone/latex-based adjuvant and the
fungus Trichoderma on the efficacy of copper sprays used for
the control of witches’ broom disease in cocoa. In: Proceedings
of British Crop Protection Council Conference - Pests and
Diseases, 561-566. British Crop Protection Council, Farnham,
U.K.

Thorold, C.A. 1953. Observations on fungicide control of witches’
broom disease, black pod and pink disease of Theobroma
cacao. Annals of Applied Biology 40:362-376.




