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JOINT OPENING CEREMONY

1st INAFORESTA Workshop on ‘Cocoa agroforestry: improved livelihoods and environmental services to society’

5th INCOPED International Seminar on ‘Developing Effective Sustainable Crop Protection Systems for Cocoa Production’
5th INGENIC Workshop on ‘Cocoa Breeding for Farmers’ Needs’
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18.00

Introduction by the Convener (Dr. Andreas Ebert)

Welcome address by Dr. Joao Louis Pereira,

Chairman of International Permanent Working Group for Cocoa Pests and Diseases (INCOPED)

Welcome address by Dr. Bertus Eskes,

Chairman of the International Group for Genetic

Improvement of Cocoa (INGENIC)

Welcome address by Dr. Howard Shapiro,

Co-founder of the International Group for Cocoa Trees, Forests and the Environment (INAFORESTA)

Welcome address and official opening of Workshops and Seminar by

Mr. Hope Sona Ebai,
Secretary General of Cocoa Producers Alliance (CPA)
19:00

Introductory presentation to the Workshops and Seminar.

Cocoa production in Bolivia: from Jesuits to organised farmers 

(Dr. Eduardo Somarriba)

19.30

Welcome Cocktail 
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Hotel  Ramada Plaza Herradura
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Sunday, 15th October, 2006

16.30-17.30
Registration: Seminar Secretariat, Hotel Herradura

18.00-19.30
Opening Ceremony: Bougainvillea Room, Hotel Herradura

19.30-21.00
Welcome Cocktail at Foyer/breakfast area

Monday, 16th October, 2006

07.30

Registration: Seminar Secretariat, Hotel Herradura

Technical Programme

Terms of Reference for Session Chairpersons:
1.
To introduce speakers, moderate discussion and keep to the times scheduled.

2.
To summarise session topics and discussions.

3.
All session chairpersons are automatically panellists of the panel discussion.

Role of Session Secretary: To assist Session Chairperson:
1.
To record critical points in the discussion.

2.
In the preparation of session summaries.

	Monday, 16th October, 2006



	Session 1a:
	Integrated Pest Management - Advances in Conventional Methods



	Chairperson:

Secretary:
	J. L Pereira
S. Surujdeo-Maharaj

	08.00-08.15
	

	08.15-08.30 
	K.A. Holmes, E.S. Johnson, U. Krauss, R. Bateman, B. Bailey, G. Samuels, C. Suárez-Capello, S.E. Thomas, H.C. Evans, V. Adonijah and E. Rosenquist

Towards Integrated Control of Frosty Pod Rot (Moniliophthora roreri) of Cacao: A Model Programme for Pest and Disease Control

	08.30-08.45
	

	08.45-09.00
	U. Krauss, C. Steuten, V. Adonijah and K. Holmes

Early Detection of Frosty Pod Rot as Key to Cost-Effective Control

	09.00-09.15
	T.C.N. Ndubuaku, U.M. Ndubuaku and J.C. Anikwe

Studies on the Incidence, Damage and Control of Termites on Cocoa in Nigeria

	09.15-09.30
	H. Mahot, R. Babin, L. Dibog, P.R., Tondje, C. Bilong

Biocontrol of cocoa mirid Sahlbergella singularis Hagl. (Hemiptera: Miridae) with Beauveria bassiana Vuillemin. First results of activities carried out at IRAD, Cameroon

	09.30-10.00
	Discussion

	10.00-10.15
	Coffee/cocoa break

	Session 1b:
	Integrated Pest Management - Advances in Conventional Methods



	Chairperson:

Secretary:
	B. Bailey
M. Bekker

	10.15-10.30
	C. Suárez-Capello, F. Amores and O. Lopez 

New Sources of Resistance to Moniliophthora roreri

	10.30-10.45
	C. Suárez-Capello and P. del Pozo 

Evaluation of Several Early Screening Tests to Determine Cocoa Resistance to  Crinipellis perniciosa

	10.45-11.00
	S. Surujdeo-Maharaj, P. Umaharan and D.R. Butler

Evidence of polygenic inheritance of resistance to Witches’ Broom Disease Caused by Moniliophthora perniciosa in Theobroma cacao L.

	11.00-11.15
	E.S. Johnson, M.C. Aime, J. Crozier, J. Flood and R.J. Schnell
A New Morpho-Type of Phytophthora palmivora on Cacao in Central America

	11.15-11.45


	H. B. Bisseleua D and S. Vidal
Impact of Ants on Black Pod Disease Incidence in Cocoa Plantations in the Humid Rainforest of Cameroon

	11.45-12.15
	Discussion

	12.15-13.15
	Lunch Break


	Session 2:
	Integrated Pest Management - Novel Methods

	Chairperson:

Secretary:
	I. Okopu
J.E. Sarfo

	13.15-13.30
	J.C. Anikwe 

Preliminary Study on Exploring the Tailor Ant, Oecophylla longinoda, as a Potential Biological Control Agent for the Brown Cocoa Mirid, Sahlbergella singularis, in Ibadan, Nigeria

	13.30-13.45
	B.A. Bailey, H. Bae, M.D. Strem, L.M. Jackson, A.M. Mehta, J. Crozier, S.E. Thomas, K.A. Holmes and G.J. Samuels 

Alteration in Fungal/Plant Gene Expression Following Colonization of Theobroma cacao by Endophytic Trichoderma Species: A Role in Defence or Stress Tolerance?

	13.45-14.00
	K.A. Holmes, K.Solis, M. Bekker, C. Arroyo, S.E. Thomas, U. Krauss and C. Suarez-Capello 

Strain Selection of Endophytes for Colonisation of Cacao Pods and Ability of Selected Endophytes to Colonise Stem Cushions and Persist to Mature Pods

	14.00-14.15
	G.M ten Hoopen, J. Crozier, A. Buddie, J. Flood, P. Bramley, C. Astorga and U. Krauss
Genetic Population Structure Of Clonostachys byssicola and Genetic Disease Resistance in Cocoa (Theobroma cacao L.)

	14:15-14.30
	R.L. Melnick, B.A. Bailey, S.N. Maximova, M.J. Guiltinan and P.A. Backman 

Bacillus spp. As Biological Control Agents of Cacao Disease

	14.30-14.45
	K.A. Holmes, C. Suárez-Capello, K. Solis, S.E. Thomas, G. Samuels, H.C. Evans 

Use of Endophytes to Protect Cocoa Seedlings against Cocoa Diseases

	14.45-15.15
	Discussion

	15.15-15.30
	Coffee/cocoa break

	Session 3:


	Integrated Pest Management: Basic Scientific/ Technological Support



	Chairperson:

Secretary:
	C. Suárez-Capello
J. Crozier

	15.30-15.45
	A.Y. Akrofi, I.Y. Opoku and M. Assuah 

Meeting Farmers’ Demand: Production and Supply of Safe Planting Materials from Phytophthora megakarya Infected Cocoa Seed Gardens in Ghana

	15.45-16.00
	R. Bateman, C. Súarez-Capello, David Arias, Raquel Guerrero and Prakash Hebbar 

Assessing the Options for Spray Interventions to Control the Moniliophthora Cocoa Disease Complex of Cocoa in Ecuador

	16.00-16.15
	R.P. Bateman, P. Hebbar, C. Súarez-Capello, R. Guerrero, B. Luke, M.C. Bon, G. Samuels, P. Tondje, G. Niella, A. Pomella and A.C. Arnold
Development and Use of ‘Mycoharvesters’ for Formulating Conidia of Trichoderma spp. and Beauveria bassiana for Insect Pest and Disease Management in Cocoa

	16.15-16.30
	M. Bekker, C. Arroyo, Y. Donnan and U. Krauss 

What Causes Moniliophthora roreri to Germinate?

	16.30-16.45
	Y. Donnan, C. Arroyo, A. Gamboa, G.M. ten Hoopen and U. Krauss 

Cocoa Pod pH and Implications for the Screening of Biological Control Agents of Cocoa Diseases

	16.45-17.15


	Discussion

	19.00
	INCOPED, INGENIC & INAFORESTA PARTICIPATORY DINNER


	Tuesday, 17th October, 2006



	Session 4:
	Other Pests and Technology Transfer



	Chairperson:

Secretary:
	K.F. N’Guessan
H.B. Bisseleua

	08.00-08.15
	F. Baah and C. Garforth

Farmer Field Schools and the Management of Cocoa Pests and Diseases in Ghana

	08.15-08.30
	J.E. Sarfo and I.Y. Opoku

Report on an Unusual Attack on Cocoa by a Defoliator, Anomis leona Schaus (Coleoptera: Noctuidae), in Ghana.

	08.30-08.45
	C. Suárez-Capello, C. Harris, F. Amores

Delivering Integrated Pest Management Technology to Cocoa farmers in Ecuador

	08.45-09.00
	F. Baah and C. Garforth 

Towards Effective Management of Cocoa Pests and Diseases in Ghana: The Role of the Radio

	09.15-09.45
	Discussion

	09.45-10.00
	Coffee/cocoa break

	10.00-10.45
	Sub-regional Reports

	10.45-11.45
	Panel Discussion on Sub-regional Reports and INCOPED Affairs.

Co-chairpersons: J.L. Pereira and A.Y. Akrofi  

Secretary: U. Krauss

	11.45-12.00
	Closing address - Chairman of INCOPED

	12.00-13.00


	Lunch 


SPONSORED BY (in alphabetical order)
British Mycological Society (BMS)
Centro Agronómico Tropical de Investigación y Enseñanza – CATIE

Cocoa Producers’ Alliance
Directoraat-Generaal Internationale Samenwerking (DGIS)
Mars Inc.
United States Department of Agriculture (USDA)
 Towards integrated control of frosty pod rot (Moniliophthora roreri) of cacao: A model programme for pest and disease control

Keith A. Holmes1, Elizabeth S. Johnson2,4, Ulrike Krauss2, Roy Bateman1,3, Bryan Bailey4, Gary Samuels4, Carmen Suarez5, Sarah E. Thomas1, Harry C. Evans1, Valex Adonijah2 and Eric Rosenquist4
1CABI, Silwood Park, Buckhurst Lane, Ascot, Berks., SL5 7TA, UK.

2CABI-CATIE, c/o Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), 7170 Turrialba, Costa Rica.
3International Pesticide Application Research Centre (IPARC), Imperial College, Silwood Park, Ascot, Berks. SL5 7PY, UK.

4United States Department of Agriculture-Agricultural Research Service, BARC, Beltsville MD 20705-2350, USA.

5Estacion Experimental Tropical – Instituto Nacional de Investigacion de Agropecuarias, Pichilingue, Quevedo, Ecuador.

Abstract
Frosty pod rot (Moniliophthora roreri) of cocoa (Theobroma cacao) is a major biological constraint to cocoa production in Latin America. The pathogen is still in an invasive phase and poses a continuing threat to other cocoa growing areas of Latin America (Brazil and Bolivia), having recently invaded Mexico. The consequences of failing to manage frosty pod rot may be devastating should the pathogen spread further afield to West Africa. It has already impacted on the livelihoods of many smallholder farmers and their communities, who had traditionally relied on cocoa for their income. The potential for economic and environmental impact is very real. With this in mind, in 1998 USDA-ARS looked to develop a collaborative research programme, to find a means to control this devastating disease.

Conventional control measures, including phytosanitation, have failed to halt the progress of frosty pod rot through Latin America. Alternative strategies were pursued to reduce the impact of frosty pod rot. Plant breeding, crop sanitation, rational pesticide use and biological control were, and are, still being investigated as a means to develop an integrated crop management (ICM) strategy, tailored to meet the needs of the smallholder farmers.  Individual pathways for control of the frosty pod pathogen were investigated with an eventual view to combine all components in a definitive integrated control. 

Here we report on the development of this research programme and how the components have been combined in the field to produce the beginning of a control strategy for frosty pod rot and the identification of resistance genes as a long-term means of identifying resistant germplasm. This foresighted control programme can be a model for facing the challenges of current, or future, pest and disease in cacao.

 EARLY DETECTION OF FROSTY POD ROT AS KEY 
TO COST-EFFECTIVE CONTROL
Ulrike Krauss 1, Chantal Steuten 2, Valex Adonijah 3 and Keith Holmes 4
1CABI-CATIE-CLARC, c/o Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), 7170 Turrialba, COSTA RICA.

2CABI-CATIE-DGIS, CATIE, 7170 Turrialba, COSTA RICA.
3CATIE, 7170, La Lola Experimental Station, COSTA RICA.
4CABI, Silwood Park, Buckhurst Lane, Ascot, Berks., SL5 7TA, UNITED KINGDOM

Abstract

Moniliophthora roreri causes frosty pod rot (FPR) and losses of around 70-80% in most areas where it is well established.  FPR can lead to complete crop failure.  Cultural control has proven the central pillar of any integrated FPR control approach.  Diseased pods have to be removed from cocoa trees before the pathogen sporulates on infected pods.  

The pathogen has a latent phase of approximately seven weeks.  By the time external symptoms appear, the marketable product, the cocoa beans, are largely destroyed.  Currently, growers in FPR-affected countries are able to recognize the disease one week before sporulation, necessitating costly phytosanitation in weekly intervals, if sporulation is to be prevented effectively.  Although this is the only sound approach from an epidemiological point of view, this frequency is cost-effective in a few low-wage regions only. However, less frequent phytosanitation results in sporulating pods on the trees and thus exacerbates FPR and increases subsequent control costs.  This paper presents a possible solution to this dilemma.

If growers and their field workers could be trained to recognize early, subtle symptoms of FPR one to two weeks earlier than they can at present, this would reduce the necessary removal frequency to once in every 15-20 days and thereby the cost of disease management.  This paper discusses possible training approaches and tools as well as likely challenges in achieving this goal.
STUDIES ON THE INCIDENCE, DAMAGE AND CONTROL OF TERMITES ON COCOA IN NIGERIA

T. C. N. Ndubuaku, U. M. Ndubuaku and J. C. Anikwe
Entomology Group, CRIN, Ibadan., Department of Crop Production, Olabisi Onabanjo, University, Ago-Iwoye, Ogun State, Nigeria.

Abstract

Termites (Nasutitermes sp and Microtermes sp) attack on cocoa is common in cocoa plantations in Nigeria.  They carry soil particles from the ground to construct shelter tunnels on tree trunks from the base to the aerial branches.  These tunnels are extensions of subterranean nests. A study on the incidence of termite’s infestation of cocoa was conducted in Ibadan and Owena in Oyo and Ondo State, respectively.

Termite presence or absence and damage of flower cushions were noted.  The effect of tree age on infestation was determined using trees of 10, 20, 30 and 40years old.  The experimental layout was randomized block design with 4 replicates each of 20 trees.  Soil samples from tunnels were analyzed to determine the role of termites on the infestation of cocoa trunks by epiphytic bryophytes which depress flower production in cocoa. Three conventional miricides namely, Basudin 600 E.C., Dursban 40 E.C. and Unden 20 E.C. were each evaluated at 0.25% a.i. in preliminary field trials for their toxicity against termites on cocoa.  Application was by means of the conventional knapsack sprayer (Maruyama). There were two spraying methods namely, “blanket” spraying (the double tree, T2, application method for control of mirid) and “spot” spraying (with the nozzle directed at termite shelter tunnels).  Each treatment was replicated time in a randomized complete block design.  The tunnels on cocoa trunks up to hand height were scraped 24 hours after insecticide application and the percentage mortality of termites found in the tunnels was recorded. 

The percentage of infested trees ranged from 36% to 82% (mean = 58%).  The level of infestation significantly increased with age of trees.  Average number of shelter tunnels on the infested trees was 3 and ranged from 1-7. Twenty two percent of cocoa cushions underlying the tunnels were completely damaged.  Extensive damage to bark was observed at centers of high termite activates. A positive correlation (r) was found between incidence of termites and trunk infestation by bryophytes.  The role of termites on the incidence of bryophytes is discussed. 

In the “spot” spraying treatment, all the three insecticides were effective against termite within the tunnels as mortalities of over 96% were recorded. Blanket spraying was not effective (mortalities <28%).  The suitability of these insecticides in the development of an Integrated Pest Management (IPM) programme for termites on cocoa will be further investigated.

BIOCONTROL OF COCOA MIRID SAHLBERGELLA SINGULARIS HAGL. (HEMIPTERA: MIRIDAE) WITH BEAUVERIA BASSIANA VUILLEMIN. FIRST RESULTS OF ACTIVITIES CARRIED OUT AT IRAD, CAMEROON

H. Mahot1*, R. Babin2, L., Dibog3, P.R., Tondje3 and C., Bilong1
1Université de Yaoundé I, Facultés des Sciences, BP 812, Yaoundé, CAMEROON,

2CIRAD, Direction Régionale, BP 2572, Yaoundé, CAMEROON,

3IRAD, BP 2067, Yaoundé, CAMEROON

E-mail: mahotclaudine@yahoo.fr

Abstract

Mirids are the main detrimental pests of cocoa in Africa. In Cameroon, Sahlbergella singularis Hagl. is the most common species. The laboratories of entomology and biological control of the Agricultural Research Institute for the Development (IRAD) at Yaoundé, develop research activities aiming to control the populations of this pest by the use of entomopathogenic fungi. 5 strains of Beauveria bassiana Vuillemin were sampled and isolated on Water Agar medium from infected mirids, obtained in a laboratory rearing and in an experimental plot of Nkolbisson research station. Each isolate was grown on potatoes dextrose agar (PDA). The growth rate and the sporulation ability of each strain were studied for conidia suspension of 105, 106 and 107 conidia/ml. These two characters allowed the differentiation of the strains, and then, three among them were selected for the pathogenicity tests towards S. singularis. For these tests, cocoa cherelles were immersed in conidia suspension of the 3 selected strains at the concentration of 106 conidia/ml. Then, they were introduced in plastic boxes measuring 10x7x2cm. S. singularis nymphs of 4th and 5th stages, coming from a laboratory rearing, were introduced in the boxes, where they fed on the cherelle. The pathogenicity of the strains was assessed by observing the daily mortality of the nymphs. All the isolate tested were pathogenic to S. singularis, but to varying degrees. The mortality of the nymphs appeared since the third day and it was total on the sixth day, for two of the three strains.

New sources of resistance to MONILIOPHTHORA RORERI

Carmen Suárez-Capello, Freddy Amores and Otto López
NATIONAL COCOA PROGRAM, INIAP, EET Pichilingue, Km 5.5 vía Quevedo-El Empalme. Tel: (+593)52761736, odolopez83@yahoo.com
Abstract

Studies carried out within an old cocoa hybrid population at the Pichilingue Tropical Research Station showed twelve trees with a year incidence of frosty pod rot below 15%, while the population average was around 60%.  In order to establish if this apparent resistance was genetic in origin, the present study was performed, challenging every tree with the disease under controlled conditions.  A minimum of thirty pods per tree were inoculated with a spore suspension (5 x 104) of Moniliophthora roreri.  Three highly susceptible trees from the same population (>50% infection) and the clones SCA12, EET387 (resistant), EET 19, EET 48 and EET 103 (susceptible) were used as control.   Fruits were hand pollinated using IMC 67 pollen, inoculated when 85 days old and were covered with plastic bags all throughout the study to avoid natural infection.  Weekly monitoring of the selected trees was conducted to record incubation period.  At maturity, fruits were harvested and the degree of infection or external and internal severity was recorded following formerly established scales.  One tree performed as immune with no infection while EET387 and another two presented less than 30% infected fruits.  SCA 12 presented 70 and 75% disease incidence, and the rest presented the expected >50% of infection.  Components of resistance acting on these trees are discussed.

EVALUATION OF SEVERAL EARLY SCREENING TESTS TO DETERMINE COCOA RESISTANCE TO Crinipellis perniciosa

Carmen Suàrez-Capello1 and Patricio del Pozo2
1Plant Pathologist, INIAP, E-mail: protveg@hotmail.com 
2Research student, Instituto Nacional Autónomo de Investigaciones Agropecuarias, Estación Experimental Tropical Pichilingue, Departamento Nacional de Protección Vegetal.

P. O. Box 24. Quevedo, provincia de Los Rios, ECUADOR.  Tel.: (+593) 052 761736

E-mail: pato1979delpozo@yahoo.com

Abstract

Early tests to detect disease resistance that are both reliable and repeatable have led to design of several methods by cocoa breeding programs with variable results.  A study was conducted in Ecuador to compare some of the most recently used tests (“Agar drop” on tree branches, spore germination on leaf disks and water extracts of parental plants, the “Holliday” test –immersion of pregerminated seeds in the spore suspension-, and a modification of this - spraying a define amount of inoculums on the pregerminated seeds-; and the “belt spray method”).  Hybrid seeds and branches of  SCA 6, SCA 12, CCAT 4675 y BE 10 were used in all tests, using a 1 x 104 spores/ml suspension of C. perniciosa.  All but the “Holliday’s” tests allowed for discrimination of different levels of resistance.  The two methods that imply spore counting were time consuming and limit the amount of material that can be evaluated; the “agar drop” method on adult plants depends very much on weather conditions that may influence consistency of results.  The “belt spray method” although required strict timing/synchronization of conditions, still presented good levels of discrimination and showed the best correlation with field results. A detailed description of every method was part of this study.
EVIDENCE OF POLYGENIC INHERITANCE OF RESISTANCE TO WITCHES’ BROOM DISEASE CAUSED BY MONILIOPHTHORA PERNICIOSA IN THEOBROMA CACAO L.

S. Surujdeo-Maharaj1, P. Umaharan2 and D.R. Butler1

1Cocoa Research Unit, University of the West Indies, St. Augustine

2Department of Life Sciences, Faculty of Science and Agriculture, University of the West Indies, St. Augustine.

E-mail: S. Surujdeo-Maharaj: surujmaha@yahoo.com
Abstract

Witches’ broom disease caused by Crinipellis perniciosa severely restricts cocoa production in the Americas.  Breeding for resistance has however been unsuccessful due to lack of an effective screening method and a poor understanding of the genetics of resistance.  The genetic basis of resistance to the disease was investigated using the new agar-droplet screening method.  Twelve genotypes were intercrossed in 7 M x N mating designs, while another 12 parents were used in biparental crosses.  Resistance was assessed based on incubation period and broom diameter and data analyzed by North Carolina Design II and Parent-Offspring Regression analysis.  Significant differences were observed among parents and among F1 progenies for the measures of resistance.  Frequency distributions of symptom severity for the progeny families were continuous with evidence of transgressive segregation.  Additive genetic effects were predominant for both measures of resistance and was 8-9 fold larger than non-additive effects.  Estimates of narrow sense heritability were 0.79 and 0.78 for broom base diameter and incubation period respectively.  There was a strong linear relationship (r2 = 0.85) between mid parental values and progeny means for broom base diameter.  These results indicate that resistance to the Witches’ Broom disease is polygenic and biparental with a predominance of additive genetic effects.  The utilization of this information in effective breeding programmes for resistance to witches’ broom disease is discussed.  

Keywords: resistance breeding, horizontal resistance.

A NEW MORPHO-TYPE OF PHYTOPHTHORA PALMIVORA ON CACAO IN CENTRAL AMERICA.

Elizabeth S. Johnson1, M. Cathie Aime2, Jayne Crozier3, Julie Flood3 and Raymond J. Schnell4
1USDA-ARS PSI SPCL, Rm 223 Bldg 001 BARC-West, 10300 Baltimore Avenue, Beltsville, MD 20705, USA.

2USDA-ARS PSI SBML, Rm 319 Bldg 011A BARC-West, 10300 Baltimore Avenue, Beltsville, MD 20705, USA.

3CABI Bioscience, Bakeham Lane, Egham, Surrey, TW20 9TY UK

4USDA-ARS SHRS, 13601 Old Cutler Road, Miami, FL 33158, USA.

Abstract

Several species of Phytophthora have been implicated as the cause of black pod disease, one of the most serious constraints to cocoa production worldwide. These include (i.e., P. arecae, P. capsici, P. citrophthora, P. megakarya, P. megasperma, P. nicotianae var. parasitica and P. palmivora). Only P. palmivora has a global distribution and can cause up to 100% of crop losses in the Caribbean and Central America during periods of particularly high rainfall or in wet years.  In the Americas, black pod disease is also caused, to a lesser extent, by P. capsici and P. citrophthora has been isolated from diseased cacao pods in Brazil. The primary infective agents are zoospores for all known isolates of P. palmivora, which are released singly and require free water for their liberation and subsequent infection of the host.  

Two Phytophthora isolates (Cr10 and Ni5) purified from infected cacao pods from the Atlantic coasts of Costa Rica and Nicaragua, respectively, were observed to release the majority of their zoospores ‘en masse’. These zoosporic balls germinate to form the infective agent causing the characteristic necrotic circular lesion on the pod surface. Isolates are papillate and perform as well as known P. palmivora isolates in aggressiveness tests although releasing a thousand-fold fewer single zoospores. Sporangia characteristics for Cr10 (L=47.2 µm, B=29.9 µm, L/B ratio=1.6:1, pedicel length=2.6 µm) and Ni5 (L=49.5 µm, B=29.5 µm, L/B ratio=1.7:1, pedicel length=2.3 µm) are well within the range reported for P. palmivora. Both Cr10 and Ni5 were also determined to be of Mating Type A2 typical for the P. palmivora cacao pathogen in Central America.  


Previous studies have shown sequence variation of five genes to be good indicators of species-level diversity in Phytophthora: these include three nuclear-encoded genes, the ITS (internal transcribed spacer regions 1 and 2 and intervening 5.8S rDNA gene), translation elongation factor EF-1α, and β-tubulin; and two mitochondrial-encoded genes, cytochrome c oxidase subunit I, and the NADH dehydrogenase subunit. Sequence data for these five genes were generated to compare Ni5 with six geographically diverse isolates of P. palmivora from Colombia (Co4), Costa Rica (Cr15), Ecuador (Ec1), Panama (Pa1), Trinidad (TRD- P47) and Tobago (TBO-P1) Sequence homology for all seven isolates were confirmed by BLAST analyses against the GenBank databases (http://www.ncbi.nlm.nih.gov/) and found to share 100% identity to each other and with other known strains of P. palmivora. Results indicate that these isolates belong to a new morpho-type of P. palmivora, which releases zoospores ‘en masse’. Implications to cocoa production will be discussed.

PRELIMINARY STUDY ON EXPLORING THE TAILOR ANT, OECOPHYLLA LONGINODA AS A POTENTIAL BIOLOGICAL CONTROL AGENT FOR THE BROWN COCOA MIRID, SAHLBERGELLA SINGULARIS IN IBADAN, NIGERIA

J. C. Anikwe

Cocoa Research Institute of Nigeria, P.M.B 5244, Ibadan, NIGERIA.

Abstract

Preliminary studies on the possible exploration of the tailor ant, Oecophylla longinoda as a biocontrol agent of the mirid, Sahlbergella singularis was undertaken in the laboratory coupled with field observations of the ant in a 4-ha cocoa plantation. Field observations revealed the tailor ants to be very pugnacious as well as being an efficient natural enemy of mirid. There was a general absence of any other insect pests, particularly mirids, and damage symptoms of mirid lesions on pods, fan branches and twigs found on cocoa trees inhabited by the tailor ants. The ants were very much abundant in the field as determined by the presence of two species of mealybugs, which served as their primary source of sustenance. An average number of 24 nests were counted per tree while 78 nests were collected during the entire period of observation. The tailor ants gave a mean predation of 75% of mirids in the laboratory after 24 hours of introduction whereas mean predation level reached 100% by 48 hours. The study showed that if the tailor ants are well manipulated within the environment, they could be utilized as an effective biocontrol agent for insect pests of cocoa, with sound ecological consequences among other benefits.

Keywords: Oecophylla longinoda, Sahlbergella singularis, biocontrol,

aLTERATION IN FUNGAL/PLANT GENE EXPRESSION FOLLOWING Colonization of Theobroma cacao by endophytic Trichoderma species: a ROLE IN DEFENCE OR STRESS TOLERANCE?

Bryan A. Bailey1, Hanhong Bae1, Mary D. Strem1, 

Lauren M. Jackson1, Ambi M. Mehta1, Jayne Crozier2, Sarah E. Thomas2, Keith A. Holmes2 and Gary J. Samuels3
1USDA-ARS Sustainable Perennial Crops Laboratory, BARC-West, Beltsville, Maryland, USA, 
2CABI, UK Centre (Ascot), Silwood Park, Berks, SL5 7TA, UK
3Systematic Botany and Mycology Laboratory, BARC-West, Beltsville, Maryland.20705, USA.
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Theobroma cacao (cacao), the source of chocolate, is cultivated in tropical climates where the crop is exposed to many biotic and abiotic stresses.  Endophytic Trichoderma species are being studied due to their potential for moderating the responses of cacao to biotic and abiotic stresses.  The endophytic abilities of Trichoderma species differed based on the cacao tissues studied, the method of inoculation, and the isolate used.  Two isolates were studied in greater detail and results indicated that Trichoderma harzianum isolate DIS 219f was more aggressive when colonizing cacao than Trichoderma ovalisporum isolate DIS 70a.  The aggressiveness of DIS 219f was confirmed by DNA markers using QPCR.   Isolates DIS 219f and DIS 70a were also endophytic on the leguminous crop pigeon pea with isolate DIS 219f again being more aggressive.  Gene expression was also determined using RNA marker and QPCR.  Genes putatively encoding an ornithine decarboxylase, a GST, a zinc finger protein, a carbohydrate oxidase, and an unknown protein were induced in cacao seedlings following colonization of cacao by isolate DIS 70a.  The same cacao genes, plus a wound response gene, were induced by isolate DIS 219f.  Fungal gene expression was also altered during cacao colonization.  Our ability to detect altered fungal gene expression depended on the isolate studied.   The fungal genes characterized included genes encoding/putatively enzymes involved in breakdown of plant cell components including carbohydrates (cellulases and alcohol oxidase), proteins (serine protease) and lipids (Enoyl-CoA hydratase/isomerase).  The endophytic relationship between some isolates of Trichoderma involves a complex system of genetic cross-talk involving both partners and strongly influenced by environment.  The implications for resistance to pests and diseases and stress tolerance will be discussed.

Strain selection Of Endophytes For Colonisation of CACAo pods and Ability of selected Endophytes to colonise flower cushions and persist to mature pods

Keith A. Holmes1, Karina Solis2, Mirjam Bekker3, Claudio Arroyo3, Sarah E. Thomas1, Jayne Crozier3, Ulrike Krauss3 and Carmen Suarez2
1CABI, Silwood Park, Buckhurst Lane, Ascot, Berks., SL5 7TA, UK.

2Estacion Experimental Tropical – Instituto Nacional de Investigacion de Agropecuarias, Pichilingue, Quevedo, Ecuador.
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Abstract
Co-evolved endophytic fungi, in particular Trichoderma spp., have been identified as prospective novel Classical biocontrol agents for the fungal diseases of cacao (Theobroma cacao) in Latin America; witches’ broom and frosty pod rot. 

Trichoderma ovalisporum, a recently identified new species, has shown potential in in-vitro and in-vivo studies as a biocontrol agent of Moniliophthora roreri, the causal agent of frosty pod rot of cacao. A number of isolates from different hosts have been collected from the Amazon basin. A field study was carried out in CATIE’s La Lola Field Station in Costa Rica to assess the ability of different strains of T. ovalisporum, and selected other Trichoderma species, to colonise and persist on cacao pods. Approximately 6 week old, hand pollinated and protected pods were sprayed with spores of the Trichoderma isolates.  The pods were subsequently harvested and assessed for the presence of the Trichoderma species after 12 weeks.  All Trichoderma isolates were re-isolated but to varying degrees. 

A study was also undertaken in Ecuador at EET – INIAP to compare the ability of a selected T. ovalisporum and T. koningiopsis (another newly identified endophytic Trichoderma species) to colonise flower cushions and subsequently colonise flowers and persist to mature pods. Flower cushions were initially sampled to determine the presence of indigenous Trichoderma spp. in the tissues. The flower cushions were subsequently inoculated with either T. ovalisporum or T. koningiopsis. Isolations were made from flower cushions, emerging flowers and pods over 16 weeks to determine the presence of the applied Trichoderma spp.

Here we report on the results of these studies and discuss the implications for control of frosty pod rot, and cacao pests and diseases in general.

GENETIC POPULATION STRUCTURE OF CLONOSTACHYS BYSSICOLA AND GENETIC DISEASE RESISTANCE IN COCOA 
(THEOBROMA CACAO L.).
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Abstract

A previous study has shown that the genetic disease reaction of cocoa (Theobroma cacao) towards Phytophthora palmivora and Moniliophthora roreri, the two most important cocoa pod diseases in Central America, and mycoparasite abundance on cocoa flowers and pods, are independent phenomena. The most commonly isolated native mycoparasites encountered in that study belonged to the genus Clonostachys. The purpose of this study was to look in more detail at the relationship between Clonostachys and cocoa genotypes and to determine whether resistance to M. roreri and P. palmivora is mediated by genetically distinct populations of C. byssicola.


A total of 62 isolates of Clonostachys were used in this study: 58 isolates of C. byssicola, originating from cocoa hybrids with differential genetic disease reactions towards M. roreri and P. palmivora, two C. rosea isolates, one C. cf. byssicola isolate from the rhizosphere of cocoa and one C. byssicola isolate from cocoa from a different agro-ecological production area. Molecular analysis using ISSR primers was undertaken to study the genetic variation between the C. byssicola isolates. 


Results show that the 58 isolates could be divided into five groups. No relationship was found between the genetic composition of C. byssicola isolates/groups and the cocoa genotypes with differential genetic disease reactions they originated from. These results strengthen previous findings that mycoparasite composition and genetic disease reaction on cocoa are independent and control strategies such as biological and genetic control should lead to additive effects.

BACILLUS SPP. AS BIOLOGICAL CONTROL AGENTS OF CACAO DISEASE
R. L. Melnick1, B. A. Bailey2, S. N. Maximova2, M. J. Guiltinan2 and P. A. Backman1*
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Abstract
The ability of endospore-forming Bacillus spp. from vegetable crops to colonize cacao leaves and to reduce disease severity of black pod rot in a detached leaf assay was evaluated. Bacillus cereus isolates BT8 and BP24 colonized cacao leaves for the duration of the experiment (68 days) when applied to foliage with the polysilicon adjuvant Silwet L-77. Colonization with BT8 was characterized by fluctuating ratios of epiphytes to endophytes and ratios of vegetative cells to endospores. Colonization with BP24 consisted primarily of epiphytes and vegetative cells during the experiment. Bacterial colonists did not travel systemically to colonize leaves that emerged after initial colonization. Colonization of cacao leaves with BT8 resulted in significantly reduced Phytophthora capsici disease severity in detached leaf assays from 32 to 68 days following initial colonization. Newly emerged leaves of colonized cacao plants exhibiting reduced disease despite lacking bacterial colonist support a concept of systemically induced resistance. The signal for induced resistance probably originates from colonized leaves, causing a defence response in both colonized and non-colonized leaves. These results indicate that Bacillus spp. could potentially be developed into biological control agents for cacao diseases. 

USE OF ENDOPHYTES TO PROTECT COCOA SEEDLINGS AGAINST COCOA DISEASES
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Abstract

A large scale field trial has been planned in Ecuador with some of the most promising endophytes previously isolated from cocoa stems.  While the selected hybrid seed is being prepared, some assays were performed in order to define best inoculation methods for seedlings.   Pregerminated open pollinated seedlings of EET 19 (susceptible to both diseases) and SCA 12 (Tolerant to FPR and resistant to WB) were inoculated with Trichoderma koningiopsis, T. ovalisporum and four non identified Trichoderma species (214, 233g, 219b and 219f-CABI).  Methods used were 20 min immersion; seedling spray and direct exposure of seeds to the fungus, leaving them in contact with each fungus on Petri plates for two days. A suspension of 1 x 106 spores or infection units for mL were used for each.  Seedlings were then kept in cones with sterile substrate and irrigated weekly with sterile water.  First harvests of seedlings were carried out five weeks after infection; each seedling was fragmented in 10 sections from collar to apex and placed on weak PDA.  T. ovalisporum and T. koningiopsis were recovered from all stem pieces; 233g, 219b and 219f were recovered on 50-80% of the samples; the strain 214 now identified as T. paucisporum that has shown strong antagonistic effect to Moniliophthora roreri, was not recovered.  Implications for a large scale experiment are discussed.

MEETING FARMERS’ DEMAND: PRODUCTION AND SUPPLY OF PLANTING MATERIALS FROM PHYTOPHTHORA MEGAKARYA INFECTED COCOA SEED GARDENS IN GHANA
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Abstract

Cocoa is the main commodity crop of Ghana and it is financially important for the livelihood of many rural communities. The recommendation is for cocoa farmers to establish new farms and rehabilitate old ones with improved seed materials from approved polyclonal seed gardens. Transporting infected planting materials in the form of pods and seedlings to uninfected areas has, however, been identified as one of the means by which P. megakarya spread. To reduce the spread, several measures including a complete ban on the use of pods from seed gardens in P. megakarya endemic areas as planting material were put into place in the early 1990's. When this ban was advocated, only 2 seed gardens located at Bechem and Akomadan were infected. Presently, P. megakarya has been found in six other seed gardens (Jamasi, Goaso, Sankore, Akaa, Ampeyo, Buako). To meet the increasing farmers’ demand for seed pods in the P. megakarya infected areas, the policy on the complete ban was reviewed and precautionary measures to facilitate the distribution of seed pods without spreading the pathogen was put in place. This paper highlights the practical measures put in place in the P. megakarya endemic seed pod producing gardens in Ghana in order to make disease-free planting materials available to farmers. The impact of the measures on seed pod production and distribution for sustainable cocoa production in the country are also highlighted. 
ASSESSING THE OPTIONS FOR SPRAY INTERVENTIONS TO CONTROL THE MONILIOPHTHORA COCOA DISEASE COMPLEX OF COCOA IN ECUADOR

Roy Bateman1, Carmen Súarez-Capello2, David Arias2, Raquel Guerrero2 and
Prakash Hebbar3

1International Pesticide Application Research Centre (IPARC), 
Imperial College London, Silwood Park Campus, Ascot, Berks, SL5 7PY, UK (r.bateman@imperial.ac.uk)

2Instituto Nacional Autónomo de Investigaciones Agropecuarias (INIAP), 
Estación Experimental Tropical Pichilingue, Quevedo, Los Ríos, Ecuador
3Masterfoods Inc., Hackettstown, NJ 07840, USA

Abstract

We describe a series of field tests that examine the relative efficacy of control agents for the management of frosty pod rot (Moniliophthora roreri) and the witches’ broom pathogens (Moniliophthora perniciosa).  Research and development to date has focused on the optimisation of delivery systems for chemical fungicides and microbial control agents (MCAs) through improved MCA formulation, field testing and spore monitoring techniques.

Only copper hydroxide sprays significantly increased yield in the Rio Lindo fungicide trial during 2005: which was a dry year with relatively low FPR incidence.  Taken together with other trials, copper fungicides remain the most robust recommendation for the protection of pods against the Moniliophthora diseases.  In order to be cost-effective, the number of spray applications should be kept to a minimum, and we report that an economic benefit can be achieved with only 5 sprays per season.  Trichoderma spp. have a potential role in lowering levels of disease inoculum and reducing the number of chemical sprays.  Results to date indicate they may best be deployed as part of a “mixed regime” that includes copper hydroxide for pod protection: and which appears to have little deleterious impact on Trichoderma in the field.  The use of such interventions is discussed in the context of safety with pesticide use and other IPM measures, such as the need for good crop canopy management.  This research programme serves to back-stop farmer participatory training co-ordinated by the Andean Countries Cocoa Export Support Opportunities (ACCESO) initiative.

DEVELOPMENT AND USE OF ‘MYCOHARVESTERS’ FOR FORMULATING CONIDIA OF TRICHODERMA SPP. AND BEAUVERIA BASSIANA FOR INSECT PEST AND DISEASE MANAGEMENT IN COCOA
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Abstract
The development of a promising microbial control agent into a successful biopesticide product depends on a number of factors, but efficient mass production systems (using cost-effective substrates) and reliable formulations are especially crucial.  Current mass production techniques for anamorphic beneficial fungi, including Trichoderma spp. and Beauveria bassiana, usually involve 2-stage production techniques culminating in aerial conidiation on solid substrates such as broken rice.  For most application systems, the fungal product must be formulated in a way that is easy for operators to handle and does not cause blockages in filters, restrictors and other spray nozzle parts.  High quality spore separation enables the development of other stable, suspension formulations, and by concentrating conidia into a pure product, facilitates drying to low moisture contents (in order to maintain shelf life).  In addition, the process reduces operator contamination hazards - especially inhalation of dust.


This paper describes recent development of ‘MycoHarvesters’: at a laboratory-scale in Ecuador and Cameroon and production-scale in Brazil.  Depending on the scale of the equipment, initial separation of the conidia from the rice is achieved either by tumbling (in large scale) or by creating a fluid-bed effect on the inoculated substrate (laboratory scale).  Spore products can now meet the size specification required for reliable spraying of cocoa and other crops, and methods of particle size analysis and subsequent formulation are discussed.

WHAT CAUSES MONILIOPHTHORA RORERI TO GERMINATE?
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Abstract

An integrated approach for the control of Moniliophthora roreri requires understanding of the epidemiology of the pathogen and in particular of its infection process; without germination there is no infection. Surprisingly, very little is known about the factors that regulate germination of M. roreri.


In laboratory experiments the effect of different media on germination of M. roreri was tested (V8-juice agar, half-strength potato dextrose agar, water agar and yeast extract agar). For the latter different pH-values, ranging from pH = 3 to pH = 12, were tested. Subsequent germination tests were done using water agar to which amino acids, present in yeast extract agar (YEA), were added individually. The effects of prolonged laboratory cultivation of M. roreri on germination, spore volume and pathogenicity were also investigated.


YEA supported the highest germination rate for M. roreri (up to 80%). Water agar enriched with the amino acids tyrosine, leucine and or asparagine showed significantly higher germination levels than water agar; however, germination levels did not exceed those on YEA. Optimum pH value for germination on YEA was pH = 7. For germination experiments the range of pH = 5 to pH = 9 is acceptable.  Neither germination, nor spore volume was altered by prolonged laboratory cultivation. Results of field pathogenicity tests are reported. The implications of these results in obtaining a better understanding of the epidemiology of M. roreri and in particular the processes that may regulate germination, and thus the beginning of the infection process, are discussed.

COCOA POD pH AND IMPLICATIONS FOR THE SCREENING OF BIOLOGICAL CONTROL AGENTS OF COCOA DISEASES
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Abstract

Effectiveness of biological control agents (BCAs) in field trials is often disappointing compared with results from tests carried out in controlled environments. The BCA identification procedures and the lack of ecological considerations on target disease before application have been blamed for these failings. Cocoa pod pH is a physiological property with potential to directly influence BCAs of cocoa disease and their effectiveness. Little is known, however, about the pH of the flowers and pods of cocoa (Theobroma cacao). The objective of this study was to investigate the pH of cocoa flowers and pods. This will provide insight into the potential of pH to influence the effectiveness of BCAs and its importance in the elaboration of biocontrol strategies. A series of pH measurements were taken in different positions on the pod as well as the pH of pods of different colour, developmental stage, shading conditions and health.


Pod pH was measured using pH indicator paper applied to the area of interest with distilled water. The average cocoa pod pH was basic (average 8.5). Significant differences were found between pods of different colour (8.33 for green compared to 8.69 for red, P= 0.0089), along the surface of the pod (increase from 9.11 to 9.86 from peduncle to apex, P=0.0001), throughout the developmental stages (7.37 for flowers, 9.56 and 9.53 for cherelle and immature pods, respectively and 8.32 for mature pods, P<0.0001) and between shading conditions (9.23 in shaded and 8.26 in non-shaded conditions, P<0.0001).

Although the exact biological significance of these variations remains to be determined, the range of pH values encountered has clear potential to influence BCAs and their effectiveness. Successful BCAs of cocoa disease need to be effective under these pH conditions. Furthermore, it would be of interest to preferably select for BCAs able to withstand similar changes in pH without loosing effectiveness. Therefore, we suggest that screening procedures for successful BCAs not only focus on desirable characteristics for biocontrol, but also on how they perform under the different pH conditions encountered at the target site.

FARMER FIELD SCHOOLS AND THE MANAGEMENT OF COCOA PESTS AND DISEASES IN GHANA
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Abstract

A major bottleneck in the management of the major pests and diseases of cocoa in Ghana is farmers’ lack of knowledge of the dynamics of these biological agents.  This is often a consequence of the top-down extension approach used by agents in their interactions with farmers.  Farmers are often told what to do with little attempt to explain the underlying principles involved in the control and management practices. Farmer field schools (FFS), an experiential farmer training and learning model based on adult education principles have been used successfully in South-Asia in particular and elsewhere to educate farmers in the control of major pests and diseases.  FFS was introduced in Ghanaian cocoa extension recently in pilot projects in the Central and Ashanti regions.  This paper examines how the FFS approach has enhanced farmers’ knowledge of the management of the major cocoa pests and diseases. 
REPORT ON AN UNUSUAL ATTACK ON COCOA BY A DEFOLIATOR, ANOMIS LEONA Schaus (COLEOPTERA: NOCTUIDAE)  IN GHANA.
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Abstract
Anomis leona Schaus (Lepidoptera: Noctuidae), is considered a minor pest of cocoa in Ghana, causing insignificant damage to leaf flushes at the onset of rains. In February 2006, there were reports of an unusual severe attack of the insect in five of the 16 cocoa growing areas, in the Bibiani district of the Western Region of Ghana. From March to April, 2006 a survey was carried out on farms from each affected area to assess the situation. Two farms were selected randomly in each of the five areas and 100 trees selected from 0.5ha plot demarcated from the farm. A census of infested and uninfested pods was taken, and the infested pods were categorized as severe if the endocarp was eaten to expose the beans, and less severe if the damage was only superficial (restricted to the pericarp). Larvae of the insect within hand height of the trees were recorded. The outbreak covered about 500 hectares and affected about 100 farmers. Larval stages of the insect were implicated and they initially attacked leaves on which the eggs had probably been laid. The attack was initially restricted to young and succulent leaves but it extended unto pods as the leaves aged and hardened. Green pods of all stages were attacked, even though  cherelles and younger pods were more susceptible. The pods were damaged as the larvae ate the pericarp and gradually bore through the endocarp to reach the beans, resulting in premature pod ripening and eventual wilting. Severe pod damage ranged from 30% to 50% and larval numbers per tree were between six and nine. Three pathogens, Colletotrichum gloesporium, Lasiodiplodia theobromae and Trachysphaera fructigena were associated with the insect damage. To control the menace, the farmers were advised to spray with any of the recommended insecticides for mirid control in Ghana. Confidor (Imidacloprid) was therefore, applied at 150ml in 55 litres of water per hectare and a 24hr post-treatment assessment showed that the insect had been successfully controlled. For prompt control of future outbreaks, it was recommended that cocoa farmers and extension personnel should be educated on the early detection and reporting of such outbreaks.    

Delivering Integrated Pest Management Technology to Cocoa farmers in Ecuador
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Abstract

It is acknowledged that the integrated pest management strategy is a knowledge intensive activity, it demands from users’ full understanding of the plant as a crop, and of the growing conditions.  However IPM usually gets to producers as a large instruction list stating what has to be done on his crop.  It has not been taking into account that great majority of farmers do not have a good perception of the microscopic nature of disease agents, of changing processes of many insects, neither from the most simple epidemiological processes that may allow them to relate a disease like Witches´ broom or Frosty pod rot with events that happened two, three or more months back.  This study intends to share with the cocoa community, attempts made in Ecuador to overcome this bottleneck between generation and use of IPM research results. Some teaching tools about IPM principles, cause-effect relationships of factors that favor diseases, and life cycles of Moniliophthora roreri and M. perniciosa are presented along with testimony collected from farmers that participated on the preparation of these tools.

TOWARDS EFFECTIVE MANAGEMENT OF COCOA PESTS AND DISEASES IN GHANA: THE ROLE OF THE RADIO
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Abstract

The effective management of cocoa pests and diseases in Ghana remain a key challenge in the effort to raise farm-level productivity.  Farmers consider the prevalence of pests and diseases on their farms as a major constraint.  Studies have shown that often there is dearth of knowledge among farmers on the nature and control of these biological agents.  This situation has not been helped by difficulties in the cocoa extension machinery in recent times following the unification of cocoa extension with mainstream Ministry of Agriculture extension services.  Recent developments in the telecommunications sector in Ghana including the liberalisation of the airwaves have resulted in the springing up of several frequency modulation (FM) stations all over the country.  These radio stations have shown the potential of providing platforms for the education of cocoa farmers in the management of the major pests and diseases. This paper discusses how this potential could be harnessed by extension and research institutions to provide farmers with needed information and advice in their decision-making processes.
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