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A Guide to Pesticide Use in Cocoa  

Preface 

More than seven years have now passed since the changes to legislation in the European Union (EU) 

and Japan which have ǎƻ Ψconcentrated mindsΩ over crop protection practices in cocoa sector (and 

other commodity crops).  From the 1st September 2008, assessment of the quality of cocoa imported 

into the EU included measurement of traces of substances that have been used upstream in the 

supply chain, including pesticides used on farms or in storage.  The issue was originally laid-out by 

the ECA/CAOBISCO Pesticides Working Group§, with a paper1 that identified the need for άthe cocoa 

sector as a whole act[ing] quickly to ensure that the appropriate Maximum Residue Limits are in 

ǇƭŀŎŜΦέ 

Far from being ǘƘŜ άpotential disaster to farmersέ, predicted by some, these measures have 

ǇǊƻŘǳŎŜŘ ǊŜŀƭ ōŜƴŜŦƛǘǎ Ψƻƴ ǘƘŜ ƎǊƻǳƴŘΩΥ ƴƻǘ ƭŜŀǎǘ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ Ƴŀƴȅ ƻŦ ǘƘŜ Ƴƻst toxic pesticide 

products that were reported as being a serious cause of illness in rural cocoa growing communities.   

Nevertheless cocoa, like other tropical crops, continues to be attacked by insects, diseases and other 

pests that must be controlled effectively and safely.  Crop losses have been quoted as a contributory 

factor in recent industry and media reports bemoaning elevated cocoa prices and warning of a 

άǇƻǘŜƴǘƛŀƭ ŎƘƻŎƻƭŀǘŜ ǎƘƻǊǘŀƎŜ ōȅ нлнлέ.  At the time of writing this third edition, reports of residue 

exceedance continue to be a concern, but supply-chain managers and consumers should not be 

surprised if they fail to understand the concerns and constraints of cocoa farmers.  For example, the 

risk of Phytophthora megakaryia black pod disease in the most humid parts of central and west 

Africa, may account for treatments near to harvest and high residues in cocoa beans. However, from 

ǘƘŜ ŦŀǊƳŜǊǎΩ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǇƻǘŜƴǘƛŀƭ ŎǊƻǇ-losses of more than 80% make such decisions appear 

rational.  The possibilities that the pesticide spray has been poorly applied as well as ill-timed are 

almost certainly as important as the selection and dosage of the product itself. 

Pesticides can provide practical control solutions, but must be approved and used on the basis of 

Good Agricultural Practices (GAP) and specifically, Integrated Pest Management (IPM).  How will 

GAP/IPM be implemented and certified (see sections 1.8 & 1.9)?  Many ΨƛǎǎǳŜǎΩ continue to be 

raised: notably the recent concerns that certain insecticides have on pollinators, leading to a 

moratorium in the EU for four insecticides.  What impact might this have on cocoa (section 2.8)? 

In this third edition, I have also devoted a whole chapter to information on application, since this 

ǊŜƳŀƛƴǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƴŜƎƭŜŎǘŜŘ ŀƴŘ ΨǿŜŀƪŜǎǘ ƭƛƴƪǎΩ ƛƴ ǇŜǎǘƛŎƛŘŜ ǳǎŜΦ  Lǘ ƛǎ ƴƻǘ ŀƴ ŜȄŀƎƎŜǊŀǘƛƻƴ ǘƻ 

                                                           

§
 The Joint Pesticides Working Group, is coordinated by the European Cocoa Association (ECA) and CAOBISCO and 

was tasked to: 

Á compile a list of pesticides currently used on cocoa in producing countries. 
Á develop a joint position on pesticides MRLs for cocoa and for cocoa products, with scientific information to support 

the position. 
Á adopt an action plan to defend the joint position from a regulatory (EU Commission and EU national authorities) and 

producing country/field point of view.  
Á implement a Joint Action plan at EU and national level together with producing countries. 
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state that many smallholder cocoa farmers are now using 19th century technology to apply 21st 

century crop protection products.  Attempts to introduce effective GAP will always be confounded 

while farmers are equipped with sprayers that are impossible to calibrate accurately (section 4.3). 

The purpose of this manual is to: 

1. Summarise important underlying policymaking (Chapter 1) and technical issues with pesticides.  

Chapters 2 - 4 will be of particular interest to GAP practitioners seeking more background 

information on pesticide science relating to the cocoa crop. 

2. Help define a Ψroad mapΩ for establishing good crop pest management, storage and distribution 

practices for bulk cocoa.  A summary of GAP in the field crop is given Chapter 5, with drying and 

storage issues examined in Chapter 6.  Finally, recommendations relating to pesticide use are 

made in Chapter 7, with various terms and lists of key pesticides included in the Appendices. 

My approach continues to be to provide: (a) a concise overview of the technical issues with 

Ψproblems and solutionsΩΤ (b) emphasis on practicality; (c) specific reference to compounds that are 

or may be used on cocoa, but neither naming nor recommending individual commercial products;  

(d) emphasis on the needs of smallholders and (e) linkages to web-based and other resources: 

including lists of the status of key active ingredients (Appendix 3), which are updated regularly.  The 

last point is important and you are encouraged to visit the ICCO site: www.icco.org/SPS/, with 

updates for Appendix 3 on http://www.dropdata.org/cocoa/cocoa_SPS_blog.htm . 

I have also broadened the scope of this edition by including more information on the pesticides 

themselves, including rodenticides, and issues affecting the Americas and Asia (with 70% of the 

ǿƻǊƭŘΩǎ ǇǊƻŘǳŎǘƛƻƴΣ ǘƘŜ ŦƻŎǳǎ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ƻƴ !ŦǊƛŎŀύ. Yet again, I find myself having to summarise 

many important issues, so I strongly encourage reference to further sources of information.  Yet 

again I must thank the increasing number of colleagues who continue to send me their valuable 

comments and of course welcome further comments and suggestions.  Although the Guide 

ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ ŀ ΨŘȅƴŀƳƛŎ ŘƻŎǳƳŜƴǘΩΣ now finalised, it is our intention to increase its impact by 

translating it into other languages of cocoa-growing countries.  

RPB, IPARC.  Revision: 12 August 2015 

 
 
 
 
 
 
 

http://www.icco.org/SPS/
http://www.dropdata.org/cocoa/cocoa_SPS_blog.htm
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1 INTRODUCTION 

1.1 Pest management and cocoa production world -wide 

The nature of cocoa production has changed considerably over the last century, with enormous 

shifts, not only in how the crop is produced, but also where it is grown.  Information on the origin 

and production of the crop is available from a number of sources including the International Cocoa 

Organisation (ICCO)*.   

 

 
Recent cocoa production (above) and sǘŀǘƛǎǘƛŎǎ ŦƻǊ ǘƘŜ ΨǘƻǇ ŘƻȊŜƴ ǇǊƻŘǳŎŜǊǎΩ ƻǾŜǊ р ȅŜŀǊǎ (below): 

the latter represent 95% of global production.   

                                                           
*
 http://www.icco.org/about-cocoa/growing-cocoa.html  
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Recent cocoa production has been relatively stable, but over longer periods, dramatic changes have 

occurred.  Having originated in the upper Amazon, Theobroma cacao was increasingly cultivated in 

the Americas (including the Caribbean), and in 1900 the region still accounted for some 4/5 of the 

World production.  By 1980, proportion had reduced to approximately 36%, then 12% by 2000; this 

of course was due to many factors, but ranking highly amongst them must be the spread of the 

indigenous Moniliophthora diseases - wƛǘŎƘŜǎΩ ōǊƻƻƳ and frosty pod rot.  In contrast, African 

production increased from 16% in 1900 to some 70% of World production, where it has remained 

since.  Australasian production, currently dominated by Indonesia, increased from approximately 5% 

to 19% over the 20th century, but is now barely 15%; in this case, a significant contributory factor has 

ōŜŜƴ ŀ ΨƴŜǿ ŜƴŎƻǳƴǘŜǊΩ ǇŜǎǘΥ ǘƘŜ Ŏocoa pod borer. 

1.2 The need to understand and address pest and pesticide issues in cocoa 

Most cocoa farmers are small-holders, who usually minimise inputs for pest and disease 

management, and may not be willing or able to invest their time or resources in any pest 

management when cocoa prices are low.  However, pod diseases such as Phytophthora megakarya 

(black pod in W.Africa) and Moniliophthora roreri (frosty pod rot in Latin America) have the capacity 

to reduce yields by more than 80%.  In many cocoa growing areas, major constraints to production n 

include the black pod diseases (Phytophthora spp.) and farmers spray on a regular basis, since 

copper compounds and other fungicides are efficacious2.  

Pesticides have now been used on cocoa for more than 60 years, with notable early research carried 

out independently in the former West African Cocoa Research Institute (now the research institutes 

of Ghana and Nigeria), Brazil, Cameroon, Costa Rica, Côte d'Ivoire, Indonesia, Malaysia and Togo.   

By the early 1970s a number of effective control techniques had become ΨestablishedΩ, and there was 

little incentive for change until environmental awareness increased in the 1990s.  Notable amongst 

these were concerns over the widespread use of lindane for the control of cocoa insect pests; this 

chemical was eventually phased out: but not until the early 21st century in some countries.  Many 

farmers believe that pesticides work, at least against some cocoa pest problems, and continue to use 

them depending on the pest and country (Table 1.1).   

The cocoa industry promotes a ΨƎǊŜŜƴ ƛƳŀƎŜΩ ŀƴŘ Ŏultural methods (removal of diseased plant parts, 

etc.) are the most proven and cost effective first line of defence against diseases and insects.  

However, pesticides are used on cocoa in certain circumstances (most often category 1 in the table 

below).  Implementation by farmers of all control methods is often poor, and furthermore:  
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Table 1.1 A guide to problems against which pesticides may be in current use (based on industry 

ǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ ŀǳǘƘƻǊΩǎ ƻōǎŜǊǾŀǘƛƻƴǎύΦ 

Cocoa Pest  Region Use* 

Black pod rots  Phytophthora spp. Ubiquitous 1-2 
- especially: P. megakarya  W. Africa 1 
²ƛǘŎƘŜǎΩ ōǊƻƻƳ ŘƛǎŜŀǎŜ  Moniliophthora (Crinipellis) 

perniciosa  
Latin America  2-3 

Frosty pod rot  Moniliophthora roreri  Latin America  2-3 
Capsids (Miridae)  Sahlbergella singularis, 

Distantiella theobromae 
W. Africa 1 

 Helopeltis and related spp. Africa & Asia 1-2 
 Monalonion spp. Latin America 2-3 
Swollen shoot virus (CSSV)  Vectors: mealy-bugs such as 

Planococcoides njalensis  
W. Africa  3 

Vertebrates (many spp. 
depending on region)  

Squirrels, rats, larger mammals, 
woodpeckers, etc. 

Ubiquitous  
damage 

1-2 

Cocoa pod borer  Conopomorpha cramerella  SE Asia  1-2 
Vascular streak die-back 
(VSD) 

Ceratobasidium (=Oncobasidium) 
theobromae3  

SE Asia  2 

Other diseases including 
- root diseases 
- minor pod diseases 

Several spp. including: 
Ceratocystis & Roselinia spp 
Botryodiplodia theobromae 

 
Depends on Sp. 

 
3 

Insect pests of cocoa 
trunks, including termites, 
stemborers, etc 

Various spp. including:  
Zeuzera sp. (S.E. Asia) 
Eulophonotus sp. (Africa) 

Locally-serious in 
many cocoa 
growing areas. 

2-3 

Pests of young cocoa Many spp, - often polyphagous Ubiquitous 2 
Weeds (especially in 
young cocoa) 

Many spp (includes mistletoe on 
mature trees) 

Ubiquitous 2 

Insect pests of storage: 
- Beetles 
- Warehouse moths 

Many spp. including:  
Cryptolestes ferrugineus, etc. 
Ephestia spp. 

 
Ubiquitous 

 
1 

* Key: 
1: Common (although not necessarily ubiquitous) use of pesticides: often dependent on economic 

circumstances of farmer 
2: Localised use of pesticides (may be frequent if cocoa grown commercially) 
3: Pesticide use rare, ineffective or experimental: cultural and other control methods recommended. 

1.3 Stakeholders 

To state the obvious, the two major stakeholders are cocoa producers and the increasing number of 

consumers.  Adapting ŀƴ ƻōǎŜǊǾŀǘƛƻƴ ƛƴ IŀƳƛƭǘƻƴ ϧ /ǊƻǎǎƭȅΩǎ ǳǎŜŦǳƭ ōƻƻƪ4, there are a number of 

other participants in debate on pesticides, each with their own agenda: 

Á The Agrochemical (now often called Life Sciences~) industry: principally the half dozen 
multinational research-based companies which have invested hugely in new technologies 
(and wish to protect their investments with patents and confidentiality).  They provide 
Governments with regulatory data to show that their products are safe and effective. 

Á Companies producing ΨgenericΩ products benefit farmers by pushing down the prices of 
agrochemical products when patents expire (Ψoff-patentΩ compounds).  In some countries 
they are owned / supported by Governments.  It is not always appreciated by the general 
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public that their interests (and those of their respective sales people) may be different to 
those of research-based companies. 

Á Consumer groups and activists: who voice concerns, which are often shared by the general 
public, but which may be taken out of context.  Their work was pioneered by Rachael Carson, 
whose book Silent Spring (1962) highlighted the hazards, many now undisputed, of 
unrestricted use of the older pesticides.  It has ōŜŜƴ ŀǊƎǳŜŘ ǘƘŀǘ ǘƘŜȅ ƴŜŜŘ άǊŜƎǳƭŀǊ ŜȄǇƻǎŞǎ 
ƻŦ ǳƴǎŀŦŜ ǊŜǎƛŘǳŜǎ ƛƴ ŦƻƻŘ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ ǇǊƻŦƛƭŜǎΦέ 

Á The Media are interested in selling newspapers or television time, with priority given to 
colourful and sensational stories.  It is debatable whether it is in their interests to provide a 
completely objective balance to such stories, but presenters often guide the debate. 

Á National Governments (and increasingly, International bodies such as the European 
Union): have to balance the various interests and provide an appropriate legislative 
framework for the various players involved.  For example, the UK Health and Safety 
Executive (HSE: formerly Pesticides Safety Directorate - PSD) disclose documents (on the 
Web pages and elsewhere) emphasising that this frameworƪ Ƴǳǎǘ ōŜ άŜǾƛŘŜƴŎŜ ōŀǎŜŘέΦ  
Governments are also a major source of support to researchers Χ 

Á Research ScientistsΥ ǿƘƻ άǎŜŜƪ ǊŜǎŜŀǊŎƘ ƎǊŀƴǘǎ ώŀƴŘϐ Ƴŀȅ ǘǊȅ ǘƻ ƛƴŦƭǳŜƴŎŜ ǊŜǎŜŀǊŎƘ ŦǳƴŘƛƴƎ 
bodies by carefully timed and purpose-designed press releases or may overemphasise a 
ǎŀŦŜǘȅ ŎƻƴŎŜǊƴ ƛƴ ƻǊŘŜǊ ǘƻ ǎŜŎǳǊŜ ŦǳƴŘƛƴƎΦέ 

The cocoa supply and chocolate industries therefore can expect to receive diverse advice on the 

subject!  Nevertheless decisions must now be made, with minds concentrated by recent regulatory 

developments, but with incomplete knowledge about the pesticides in question. 

1.4 Risk and Hazard 

Pesticides are often described as άƘŀȊŀǊŘousέ or άǊƛǎƪyέ: but these terms are sometimes used 

loosely.  They have specific meanings: 

   RISK = (INTRINSIC) HAZARD x EXPOSURE 

Exposure may have two elements: time and level of contact with the hazard.  This is an important 

ŎƻƴŎŜǇǘ ŀƴŘ Ƙŀǎ ōŜŜƴ όƳƛǎύǳǎŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ ǘƻ ǎǳƎƎŜǎǘ ǘƘŀǘ άǘƘŜǊŜ ŀǊŜ ƴƻ ƘŀȊŀǊŘƻǳǎ ǎǳōǎǘŀƴŎŜǎΣ Ƨǳǎǘ 

ŘŀƴƎŜǊƻǳǎ ǿŀȅǎ ƻŦ ǳǎƛƴƎ ǘƘŜƳέΦ   

An analogy may be useful here.  Motor vehicles are intrinsically hazardous: and note that far greater 

numbers of people die in motor accidents every year than from all forms of pesticide poisoning.  We 

only take a risk when we are exposed to vehicles (as drivers, passengers or other road users) - and 

most people are prepared to take-on that risk.  Some cars are more hazardous than others (e.g. 

those with many safety features and do not go fast) and roads have speed limits (risk reduction).  

When a person is a long way from any motor vehicle (exposure = zero), the risk is zero.  Since for 

most people economic life must continue, the concept of reducing risk to levels that are As Low as 

Reasonably Achievable (ALARA) is more practical than eliminating risk - which can be considered 

impossible in practice.  Of course, the criteria set for ALARA can be both political and subjective. 

Readers are also reminded that there are also risks to the cocoa crop itself.  For example, an analysis 

of the crop in Ghana5 revealed that key pests (such as black pod) collectively constitute the greatest 
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risk to cocoa supply: either as existing sources of crop loss or the existential threat of invasive alien 

species.  Other risks to cocoa production include ageing trees, price fluctuations and attractiveness 

of other crops and sources of income. 

1.4.1 Risks with  chemical pest control  

Chemical pest control methods have been, at different times, places and for the various analysts, 

considered as: 

Á crucial for sustaining a healthy crop or  
Á expensive and of limited cost efficacy, or 
Á environmentally unsound in the complex cocoa agro-ecosystem.   

Improved crop varieties and various alternative biology-based control techniques may eventually 

offer sustainable long-term solutions.  The major over-arching issues with pesticide use include:  

Á Safety aspects including real and potential risks to growers and consumers (see chapter 3). 
Á Cost - effectiveness: perhaps of greatest interest to many farmers.  
Á Technical problems with pesticide applications: ǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ ǘƘŜ ΨǘƘǊŜŜ wǎΩ including 

development of resistance by pests (resulting in loss of effectiveness) which may cause 
farmers to increase dosages and thus add to the risk of high residues.  Resurgence where 
insecticides can actually make minor pest problems worse (see section 0). 

Á Other sustainability concerns including general impact on the environment and non-target 
organisms (e.g. the build-up of copper in the soil after long-term use for disease control).  

Safety aspects are of course by far the greatest concerns for the general public and thus regulators, 

but pesticides can be important tools for farmers and cannot simply be wished away.  Consumers do 

not always appreciate the high levels of disease and insect pressure that occur in tropical countries, 

ŀƴŘ ǎƻƭǾƛƴƎ ǇŜǎǘ ŎƻƴǘǊƻƭ ǇǊƻōƭŜƳǎ ŦƻǊ ƎǊƻǿŜǊǎ ǊŜƳŀƛƴǎ ŀ ŎǊǳŎƛŀƭ ǇŀǊǘ ƻŦ ǘƘŜ άǇŀŎƪŀƎŜέΦ 

1.4.2 Other SPS Risks 

Consumer concerns on food safety and threat of contaminants to human health have caused 

tightening of regulations in consuming countries.  This increases the risk of disruption to cocoa trade, 

so poor Sanitary and Phyto-Sanitary (SPS) standards have the potential to harm the welfare of 

farmers in a number of cocoa-growing countries.  

Although not the subject of this Manual, readers should be aware that in addition to pesticide 

residues, food safety and cocoa quality concerns include: 

Á Mycotoxins : especially Ochratoxin A (OTA): often due to poor crop drying 
 ς potential damage to DNA (mutagens) 

Á FFA (Free/trans Fatty Acid): also an indicator of poor cocoa quality 
ς risk of exacerbating diabetes 

Á PAHs (Polycyclic Aromatic Hydrocarbons) : usually due to smoke from badly designed crop 
dryers ς are often carcinogens (risk of causing cancer) 

Á Heavy metals: often associated with crops grown on volcanic or polluted soils, include: 
o Cadmium (Cd) ς highly toxic and carcinogenic 
o Lead (Pb) ς carcinogen can cause miscarriages and infertility in males 
o Mercury (Hg) ς damages nervous system 
o Cr(VI) (hexavalent chromium) ς toxin and carcinogen 
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1.5 International  pesticide regulation 

1.5.1 National regulations  

The Food and Agriculture Organisation (FAO) of the United Nations and other international bodies 

have consistently encouraged national pesticide registration schemes, which have now been 

implemented in most countries.  However, it is not always easy to implement regulations (especially 

those that are technical in natureύ ƛƴ ǊŜƳƻǘŜ ǊǳǊŀƭ ŀǊŜŀǎΣ ŀƴŘ ǇǊƻŘǳŎǘǎ Ƴŀȅ ŀƭǎƻ Ǉŀǎǎ ǘƘǊƻǳƎƘ ΨǇƻǊƻǳǎ 

ƴŀǘƛƻƴŀƭ ōƻǊŘŜǊǎΩΦ  ¢ƘŜ ŦŀǊƳŜǊ ǘƘŜǊŜŦƻǊŜ Ƴŀȅ ōŜ ŦŀŎŜŘ ǿƛǘƘ ŀ ōŜǿƛƭŘŜǊƛƴƎ ŀǊǊŀȅ ƻŦ ǇǊƻŘǳŎǘǎΣ ǿƛǘƘ 

little advice provided on their appropriate use.   

In all countries the primary role of registration is to protect human health.  The FAO code of conduct 

on the importation of chemicals is based on the principle of prior informed consent (see below), 

where importing countries have a right to know about pesticides that have been banned or 

restricted in other countries.  It is the responsibility of Governments to provide appropriate guidance 

on the use of hazardous compounds, ranging from easily comprehensible labelling to outright 

banning of the most toxic products.  

1.5.2 Prior Informed Consent: pestic ides 

Prior Informed Consent (PIC) is a convention that was finalised by 50 Governments at a Diplomatic 

Conference in Rotterdam in September 1998.  This ΨwƻǘǘŜǊŘŀƳ ConventionΩ creates legally binding 

obligations for countries to implement PIC procedures. It was initially built on a voluntary PIC code of 

conduct, initiated by UNEP and FAO.  The Convention entered into force on 24 February 2004 with 

two major objectives:  

Á to promote shared responsibility and cooperative efforts among Parties in the international 
trade of certain hazardous chemicals in order to protect human health and the environment 
from potential harm; 

Á to contribute to the environmentally sound use of those hazardous chemicals, by facilitating 
information exchange about their characteristics, by providing for a national decision-making 
process on their import and export and by disseminating these decisions to Parties.  

With pressure on global agriculture to increase production, developing countries frequently provide 

a market for older, cheaper and more hazardous pesticides.  They often include generic compounds 

from producers in expanding economies, which seek less controlled markets.  Furthermore in some 

countries, locally-produced generic products are actively promoted in the interests of industrial 

development and low prices for farmers.  

PIC is a process which identifies and shares government decisions to ban or severely restrict 

pesticides, and includes dissemination of decisions to importing countries where information may be 

difficult to obtain.  While promoting shared responsibility between importers and exporters, the 

exporting countries must ensure their industries comply with importing country decisions.  Pesticides 

currently in the PIC Convention include (amongst other substances): 2,4,5-T, aldrin, captafol, 

chlorobenzilate, chlordane, chlordimeform, DDT, dieldrin, dinoseb, 1,2-dibromoethane (EDB), 

endosulfan, fluoroacetamide, HCH (lindane), heptachlor, hexachlorobenzene, mercury compounds, 
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and certain formulations of parathion, methamidophos, monocrotophos, and phosphamidon.  Other 

pesticides will be included in the PIC Convention if they: 

Á have been banned or severely restricted on the basis of a science-based risk/hazard 
evaluation in two regions;  

Á ŀǊŜ άǎŜǾŜǊŜƭȅ ƘŀȊŀǊŘƻǳǎ ǇŜǎǘƛŎƛŘŜ ŦƻǊƳǳƭŀǘƛƻƴǎέ ǿƘƛŎƘ ŎŀǳǎŜ ƘŜŀƭǘƘ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
problems under conditions of use in developing countries. These may be included following a 
verified incident in a developing country. 

1.5.3 The Codex Alimentarius  

The Joint FAO/WHO Food Standards Programme and the Codex Alimentarius Commission (often 

shortened to Codex) was set-up to provide internationally-recognised standards for protection of 

consumersΩ health and to ensure fair practices in the food trade. It was initially believed that, if all 

countries harmonized their food laws and adopted internationally agreed standards, άsuch issues 

would be dealt with naturallyέ. Through harmonization, the founders envisaged fewer barriers to 

trade and more freedom of movement among countries, which would be to the benefit of farmers 

and their families and would also help to reduce hunger and poverty.  The Codex commission 

adheres to a code of ethics for international trade in food, with the following general principles: 

1. International trade in food should be conducted on the principle that all consumers are entitled 

to safe, sound and wholesome food and to protection from unfair trade practices. 

2. No food should be in international trade which: 

(a) has in it or upon it any substance in an amount which renders it poisonous, harmful or 

otherwise injurious to health; or 

(b) consists in whole or in part of any filthy, putrid, rotten, decomposed or diseased substance or 

foreign matter, or is otherwise unfit for human consumption; or 

(c) is adulterated; or 

(d) is labelled, or presented in a manner that is false, misleading or is deceptive; or 

(e) is sold, prepared, packaged, stored or transported for sale under unsanitary conditions. 

The Codex Alimentarius has always been a science-based activity.  Experts and specialists in a wide 

range of disciplines have contributed to every aspect of the code to ensure that its standards 

withstand the most rigorous scientific scrutiny.  Codex operates through a number of specialist 

committees*: which include Contaminants in Foods and Pesticide Residues. 

One scientific committee is the Joint FAO/WHO Meeting on Pesticide Residues (JMPR).  JMPR was 

established in 1963 following a decision by FAO Conference that the Codex Alimentarius Commission 

should recommend maximum residue limits (MRLs) for pesticide and environmental contaminants in 

specific food products to ensure the safety of foods containing residues. It was also decided that 

JMPR should recommend methods of sampling and analysis. 

- JMPR members are independent scientists who are expert in aspects of pesticides, 
environmental chemicals and their residues and who are appointed in their own right and not 
as government representatives. 

                                                           
*
 http://www.codexalimentarius.org/committees-task-forces/en/?provide=committees  

http://www.codexalimentarius.org/committees-task-forces/en/?provide=committees
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- JMPR is independent of the Commission. 
- FAO appointees draft MRLs for substances under evaluation, based on field trials that are 

conducted worldwide. WHO appointees conduct toxicological evaluations of the pesticides. 
- Reports of evaluations are published. 
- There is close cooperation between JMPR and the Codex Committee on Pesticide Residues 

(CCPR). CCPR identifies those substances requiring priority evaluation. After JMPR evaluation, 
CCPR discusses the recommended MRLs and, if they are acceptable, forwards them to the 
Commission for adoption as Codex MRLs. 

The following table lists the current Codex MRLs that apply to cocoa beans*.  The Codex MRLs for 

deltamethrin, fenitrothion and lindane were revoked in 2003.   

Maximum Residue Limits for Cacao beans (commodity code SB 0715)  

 Pesticide MRL Year of Adoption  

 Hydrogen Phosphide 0.01 mg/Kg  Po 
 Thiamethoxam 0.02 mg/Kg 2011 (*) 
 Clothianidin 0.02 mg/Kg 2011 (*) T 
 Endosulfan 0.2 mg/Kg 2007  
 Metalaxyl 0.2 mg/Kg 1991  
 Methyl Bromide 5 mg/Kg 1999 Po 

(*) At or about the limit of determination. 

Po: The MRL accommodates post-harvest treatment of the commodity. 

T:   Temporary? 

1.6 Global trade and cocoa SPS regulations 

The following ICCO map graphically illustrates the complexity of trade in cocoa beans and why 

emphasis has been placed on European import tolerances.  However the USA - and increasingly Asia 

- are also major consumers. 

 

Distribution and main trade routes of cocoa: 2005-06 (Source: http://www.icco.org/statistics/cocoamap.pdf.) 

                                                           
*
 http://www.codexalimentarius.net/pestres/data/commodities/details.html?id=239  (accessed May 2015) 

http://www.icco.org/statistics/cocoamap.pdf.%20Accessed%2018/08/09
http://www.codexalimentarius.net/pestres/data/commodities/details.html?id=239
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1.6.1 EU regulations for pesticides and commodities  

In 1991, the European Commission started a community-wide review process for all active 

ingredients (AI - also known as active substances) used in plant protection products within the 

European Union (EU).  A defining moment for the use of pest control products in Europe was the 

introduction of Directive 91/414/EEC.  The process involved evaluation of substances, followed by 

recommendation on their acceptability to the European Commission.  Acceptable substances were 

included in a positive list of AI ƪƴƻǿƴ ŀǎ ά!ƴƴŜȄ LέΣ ƛŦ ǘƘŜ Ǌƛǎƪ ǘƻ ŎƻƴǎǳƳŜǊǎΣ ǿƻǊƪŜǊǎ ŀƴŘ ǘƘŜ 

environment was considered acceptable.  The original Directive made a distinction between 

άŜȄƛǎǘƛƴƎέ όƻƴ ǘƘŜ ƳŀǊƪŜǘ ōŜŦƻǊŜ Wǳƭȅ мффоύ ŀƴŘ άƴŜǿέ ŎƻƳǇƻǳƴŘǎ όƛƴǘǊƻŘǳŎŜŘ ǘƻ ǘƘŜ ƳŀǊƪŜǘ 

afterwards).  If the compound could not be included in Annex I, authorisation for products containing 

that substance was withdrawn within a period specified in the Commission Directive.  This review 

programme effectively resulted in a very substantial reduction (>50%) of pesticides available for use 

in EU countries.  Directive 91/414/EEC was seen from outset a continuing review process in which:  

άΧ ōŀǎŜŘ ƻƴ ǎŎƛŜƴǘƛŦƛŎ ŀǎǎŜǎǎƳŜƴǘǎΣ ŜŀŎƘ ŀǇǇƭƛŎŀƴǘ ώƘŀǎϐ ǘƻ ǇǊƻǾŜ ǘƘŀǘ ŀ ǎǳōǎǘŀƴŎŜ ŎƻǳƭŘ ōŜ ǳǎŜŘ 

safely regarding human health, the environment, ecotoxicology and residues in the food chain.έ   

Regulation EC 1107/2009* replaced 91/414/EEC, which was repealed on the 14 June 2011 and 

provides even stricter controls on AI, with a shift in emphasis from risk to hazard-based assessment 

of pesticides6.  In addition, fumigants, rodenticides and other pest-control products used in stores, 

are subject to the Biocides Regulation EU/528/2012 (see section 6.5).  

From the end of 2003, the European Food Safety Authority (EFSA) was set-up to deal with risk 

assessment issues, with the European Commission retaining risk management decisions.  The 

standards of this assessment and the policy of their use are constantly improved in a number of 

expert groups and documented in guidance documents.  The UK Chemicals Regulation Directorate 

(CRD) of the Health & Safety Executive (HSE)Ϟ examined the 286 substances previously included in 

Annex 1 to Directive 91/414/EEC and under review for EC 1107/2009, in light of possible practical 

consequences to EU farmers7.  They considered that criteria might consist of: 

Á no cat 1 or 2 CMR (substances that are carcinogenic, mutagenic or toxic to reproduction) unless 
exposure negligible 
Á no endocrine disruptors (ED: see Box 1 &ϟ) unless exposure negligible  
Á no POPs (persistent organic pollutants) 
Á no PBT (persistent Bioaccumulative Toxic) chemicals 
Á no vPvB (very persistent, very bioaccumulative) chemicals 
Á withdrawal of substances with an ADI (acceptable daily intake), ARfD (acute reference dose) or AOEL 

(acceptable operator exposure level) which is significantly lower than those for the majority of 
approved substances 
Á no substances considered to cause a risk of developmental neurotoxic or immuno-toxic properties 
Á no substances with a high hazard quotient for bees  
Á no substances which cause concerns and/or can leach easily into groundwater. 

                                                           
*
 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:309:0001:0050:EN:PDF  
À
 Formerly Pesticide Safety Directorate (PSD) UK (December 2008): Revised assessment of the impact on crop protection in 

the UK of the ócut-off criteriaô and substitution provisions in the proposed Regulation of the European Parliament and of 

the Council concerning the placing of plant protection products on the market. 
ÿ
 http://ec.europa.eu/environment/chemicals/endocrine/definitions/endodis_en.htm (accessed May 2015) 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:309:0001:0050:EN:PDF
http://ec.europa.eu/environment/chemicals/endocrine/definitions/endodis_en.htm
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Regulation 396/2005/EC came into force on 1 September 2008 and sets MRLs for pesticide residues 

in food and animal feed produced, or being imported into, the EU.  MRLs were first published as 

Regulation 149/2008/EC in March 2008 in the form of Annexes to 396/2005/EC; these were updated 

before they came into force and continue to be subject to review (see section 3.2).  All cocoa beans 

imported into the EU must conform to the new Regulation, although temporary MRLs (tMRL) may 

apply to certain AI for a transitional period.  Information is on: 

http://ec.europa.eu/food/plant/protection/evaluation/index_en.htm - the DG SANCO site which 

ŀƛƳǎ ǘƻ άƳŀȄƛƳƛǎŜ ǘǊŀƴǎǇŀǊŜƴŎȅ ƻƴ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ǇǊƻŎŜŘǳǊŜέΦ  NOTE: it is important to 

differentiate between the MRLs on produce, which are regulated by the annexes of EC 396/2005 and 

approvals for pesticide use in EU which is currently regulated by EC 1107/2009.  However, the two 

regulations are linked by common issues described here. 

Chapter 3 includes a number of issues that might appear to be not directly related to residue 

tolerances.  One of the main objectives of this manual is to guide staff in the cocoa industry through 

the various, multi-disciplinary aspects of peǎǘ ƳŀƴŀƎŜƳŜƴǘΥ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ Ψǎǘŀȅ ŀƘŜŀŘ ƻŦ ǘƘŜ ƎŀƳŜΩ 

with pesticides and not just try to keep up with existing legislation.  To a certain extent, many were 

taken by surprise by EU regulation EC 396/2005, which itself continues to undergo amendment (i.e. 

to its Annexes).  

The details of the proposed legislation have taken several years to be agreed.  Research institutes in 

cocoa producing countries should now be considering how best to manage key pest species, if 

ǎǳōǎǘŀƴŎŜǎ Ǉƻǎǎƛōƭȅ ΨǳƴŘŜǊ ǘƘǊŜŀǘΩ όe.g. certain pyrethroids and neonicotinoids) were to be deemed 

unsuitable for use with food crops.  A support programme in training/capacity-building (EDES-

COLEACP) funded by the European Development Fund, provides guidance for self-assessment* 

(http://edes.coleacp.org/).  Further legislative developments in other cocoa consuming regions 

(especially N. America and Asia) should, of course, also be reviewed constantly. 

1.6.2 Regulations in the United States of Americ a 

In the USA, the Environmental Protection Agency (EPA) regulates pesticides with two federal statutes 

(see http://www.epa.gov/opp00001/regulating/laws/fqpa/backgrnd.htm ) under the Food Quality 

Protection Act (FQPA) of 1996.  The Federal Food, Drug, and Cosmetic Act (FFDCA), establishes the 

amount of pesticide residues permitted on food for consumption. The EPA produces fact sheets, 

prepared as part of EPA Registration and Re-registration programmes. Where a Fact Sheet has been 

issued for a ΨƴewΩ active ingredient, this is noted.  The EPA also requires that all approved pesticides 

are clearly labelled with instructions for proper use, handling, storage and disposal: regulated under 

the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). 

In addition, the Food and Drug Administration (FDA) provides guidance food commodities and 

pesticides on: http://www.fda.gov/Food/FoodborneIllnessContaminants/Pesticides/ (but at the time 

of writing, reports appear to be 3 years in arrears). 

                                                           
*
 See: http://edes.coleacp.org/files/documents/edes/publications/SAC%20COCOA.pdf  

http://ec.europa.eu/food/plant/protection/evaluation/index_en.htm
http://edes.coleacp.org/
http://www.epa.gov/opp00001/regulating/laws/fqpa/backgrnd.htm
http://www.fda.gov/Food/FoodborneIllnessContaminants/Pesticides/
http://edes.coleacp.org/files/documents/edes/publications/SAC%20COCOA.pdf
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Box 1: Endocrine Disruptors (ED) and Highly Hazardous Pesticides (HHP): impacts on cocoa 

There is a risk that approvals for further AI may be withdrawn at some time in the future within the EU and 
elsewhere: based on several indicators, including ΨEndocrine disruptionΩ (ED).  The current definition in the EU of 
an ED is: "an exogenous substance or mixture that alters function(s) of the endocrine system and consequently 
causes adverse health effects in an intact organism, or its progeny, or (sub)populations".   

The UK CRD report on the possible impact of hazard-based assessments (section 1.6.1), included reference to the 
9/ ммлтκнллф ǎǘǊƛŎǘǳǊŜΥ άǎǳōǎǘŀƴŎŜǎ ǊŜƎŀǊŘŜŘ ŀǎ ƘŀǾƛƴƎ ŜƴŘƻŎǊƛƴŜ ŘƛǎǊǳǇǘƛƴƎ ǇǊƻǇŜǊǘƛŜǎ ǘƘŀǘ Ƴŀȅ ōŜ ƘŀǊƳŦǳƭ ǘƻ 
humans or non-target organisms cannot be autƘƻǊƛǎŜŘέΦ  {ŜǾŜǊŀƭ ƻōǎŜǊǾŜǊǎ ƘŀǾŜ ǇƻƛƴǘŜŘ-out that no definition 
was included during the adoption of these regulations.  ED effects are disputed among scientists and a functional 
definition of the term remains to be agreed in the EU.  At the time of writing, the European Commission is 
άworking on a proposal for science-based criteria for endocrine disruptors, as required in the Plant Protection 
Products and the Biocidal Products RegulationǎέΣ ǿƛǘƘ ŀ proposed deadline for their resolution in 2016.  A public 
consultation was launched in 2014 and all stakeholders are encouraged to take part.  

5ƛŎǘƛƻƴŀǊȅ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨŘƛǎǊǳǇǘΩ ŀǊŜ wide ranging: ŦǊƻƳ ŎŀǳǎƛƴƎ άŎƻƴŦǳǎƛƻƴ ƻǊ ŘƛǎƻǊŘŜǊέ ǘƻ ŀƭǘŜǊŀǘƛƻƴ ƻǊ 
interruption of a process.  It could be argued that, since an animal's endocrine functions are signalling 
mechanisms and are known to be influenced by a wide range of naturally-occurring and permitted synthetic 
substances, any attempt to assess ED on a hazard rather than a risk basis is untenable.  The removal of 
smalƭƘƻƭŘŜǊ ŦŀǊƳŜǊǎΩ ŜȄǇƻǎǳǊŜ ǘƻ IIt όŎƭŜŀǊƭȅ ŘŜŦƛƴŀōƭŜ ōȅ ǘƻȄƛŎƛǘȅ ŎƭŀǎǎύΣ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ фмκпмпκ99/ ŀƴŘ 
396/2005/EC processes has been beneficial, but further reduction of AI diversity could be deleterious to cocoa 
productivity (which could have environmental consequences, since farmers would need to cultivate more land to 
obtain the same yields).  Every effort should be made to inform the relevant authorities of the potential 
consequences for crop production and farmer livelihoods before any decisions are made on the status of 
'strategic AI' (e.g. as in Appendix 3A), without suitable alternatives having been identified.   

Whereas pesticide registration constitutes sovereign national decisions, categorisation of substances as ED in 
consumer countries may eventually result in the reduction of MRLs to the default 0.01 mg/kg for cocoa and other 
food crops: a consequence describŜŘ ƛƴ ƻƴŜ !ŦǊƛŎŀƴ ŎƻǳƴǘǊȅ ŀǎ ΨōŀƴƴŜŘ ōȅ ǘƘŜ ƳŀǊƪŜǘΩΦ  ¢ƘŜǊŜ Ƙŀǎ ōŜŜƴ ƳǳŎƘ 
speculation on the potential consequences of further withdrawal of AI to cocoa and other imported commodity 
crops and initial approaches have been similar to that taken with HHP, i.e. identify the substances under threat 
and ask what the alternative pest management measures would be.  I here suggest that: 

¶ For sustainable pest management of a given pest, more than 2 MoA are needed, with competing AI and 
products within each MoA (here used in its broadest sense to include proven-effective, biological control). 

¶ Restriction of AI to only 1-2 MoA could become a significant problem for management of key cocoa pests and 
proposed changes have to be taken in the round.  For example, withdrawing all OPs and most pyrethroids on 
suspected ED problems, together with NNI for bee toxicity could result serious difficulties with mirids and 
other key insect pests.  This may already be an issue for control of storage pests (see chapter 6). 

¶ If an AI is to be banned, 2-3 years are needed for disposal of old stocks of products containing that AI.  If AI 
withdrawal removes a whole MoA and there are not at least 2 alternatives, at least 5 years will be needed 
(probably more) for the necessary research, development and registration of substitutes. 

¶ ¢ƻ ǎǳƳƳŀǊƛǎŜΥ ŀ ΨǇǊŜŎŀǳǘƛƻƴŀǊȅ ŀǇǇǊƻŀŎƘΩ ǎƘƻǳƭŘ ŀƭǎƻ ŀǇǇƭȅ ǘƻ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǘŜŎǘ ŎǊƻǇǎΦ 

Section 5.3 shows some of the new hazard labelling signs to be included on pesticide labels.  In this process, a 
new hazard catŜƎƻǊȅ ά{ŜǊƛƻǳǎ ƘŜŀƭǘƘ ƘŀȊŀǊŘέ Ƙŀǎ ōŜŜƴ ŀŘŘŜŘΣ ƳŜŀƴƛƴƎΥ 

¶ May be fatal if swallowed or enters airways 

¶ Causes damage to organs or may cause damage to organs 

¶ May damage fertility or the unborn child 

¶ Suspected of damaging fertility or the unborn child 

¶ May cause cancer or suspected of causing cancer 

¶ May cause or suspected of causing genetic defects 

¶ May cause allergy or asthma symptoms or breathing difficulties if inhaled  

The pictogram will be used for everyday substances such as turpentine, petrol and lamp oil and presumably 
could, once defined, include ED pesticide substances (even if only suspected).  Would the use of such signs on 
pesticide products give the user sufficient prior informed consent?  In household situations the answer is clearly 
thought to be yes. 
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1.6.3 Regulations in Japan 

On 29 May 2006, the Ministry of Health, Labour and Welfare (MHLW) established a positive list 

system for agricultural chemicals remaining in foods, including cocoa, as part of the implementation 

of its Food Sanitation Law.  The MRL list is available on: 

http://www.mhlw.go.jp/english/topics/foodsafety/positivelist060228/dl/index-1a.pdf.  A number of 

samples were found to have excessive residue levels and shipments have been rejected over the 

years.  The high rejection rate has been attributed to the method of analysis used, which was 

different to that used by other importing countries, but is now being harmonised (see section 3.5).   

1.6.4 Proposed Regulation in the PR China  

Concerns about food quality and health have become a major issue in China, with specific proposals 

for enhanced regulation of cocoa products*Υ άSupervision over the use of imported cocoa shells as 

well as manufacturers of cocoa products and foodstuff containing cocoa powder as an ingredient will 

be intensified, according to a circular jointly released  Χ by China Food and Drug Administration and 

the General Administration of Quality Supervision, Inspection and Quarantine.έ  The circular called 

for strict labelling of products, in Chinese and άchecks on production permits of cocoa product 

manufacturers, as well as supervision of manufacturers of cocoa-related food products.  The circular 

also urged local food, product quality and quarantine authorities to jointly check cocoa products and 

related food companies for safety risks and alert superior departments of any issues.έ 

1.7 Hazard Analysis and Critical Control Points (HACCP)  

HACCP is a systematic approach to administering safety in production processes, which emphasises 

the prevention of hazards rather than product inspection. HACCP is thought to have originated in 

World War II armaments manufacture, but is now also associated with the various stages of food 

production and distribution. 

¢ƘŜǊŜ ƛǎ ƴƻǿ ƎŜƴŜǊŀƭ ŀƎǊŜŜƳŜƴǘ ǘƘŀǘ ǘƘŜǊŜ ǎƘƻǳƭŘ ōŜ ǎŜǾŜƴ I!//t ǇǊƻŎŜŘǳǊŜǎ ƻǊ ΨǇǊƛƴŎƛǇƭŜǎΩΥ ǿƘƛŎƘ 

are included in the international standard ISO 22000 FSMS 2005, which may form an organization's 

Ψ¢ƻǘŀƭ vǳŀƭƛǘȅ aŀƴŀƎŜƳŜƴǘΩ ǎȅǎǘŜƳ: 

1. List all hazards associated with each step and think-through suitable preventative measures 

to control the hazard: these may be micro-biological, chemical or physical in nature and, at 

each step, describe the preventative measures that can be used to control these hazards. 

More than one preventative measure may be required to control a specific hazard. 

2. Identify the Critical Control Points (CCP):  identification of a CCP in the system can be 

facilitated by the following flow chartϞ Χ 

                                                           
*
 Xinhua News Agency, Beijing, 29 Oct. 2013 
À
 Source: http://www.eden.gov.uk (accessed 24/1/2012) 

http://www.mhlw.go.jp/english/topics/foodsafety/positivelist060228/dl/index-1a.pdf
http://www.eden.gov.uk/
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If a hazard has been identified at a step where control is necessary for safety and no 

preventative measure exists at that step, or any other steps, then the product or process 

must be modified at that step, or an earlier or later stage, to include a preventative measure. 

3. Establish Critical Limits for each CCP: these limits depend on the hazard assessed and should 

be specified for each preventative measure.  For pesticides and other contaminants these 

are MRLs. 

4. Establish a Monitoring System for each CCP: monitoring procedures must be able to detect 

any loss of control at a CCP.  Data derived from monitoring must be evaluated by designated 

people or organisations, with knowledge and authority to carry out corrective actions when 

necessary.  

5. Establish corrective action: specific actions must be developed for each CCP in order to 

correct noncompliance.  Such actions must ensure the CCP is brought under control and 

include details of what to do with affected product. 

6. Validate the HACCP System: in order to maintain confidence in the system, ensure the 

HACCP system is working as intended and identify any areas for improvement.  

7. Establish and maintain Record Keeping and documentation: in order to be effective the 

keeping of records is essential.  
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1.8 What do IPM and GAP mean in practice? 

There is a commonly-held view that pest control is best achieved within a framework of Integrated 

Pest Management (IPM) - or more generally Integrated Crop Management (ICM).  The practical 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ΨLtaΩΣ ŀ ǘŜǊƳ ŦƛǊǎǘ ŎƻƛƴŜŘ ƛƴ мфст ōȅ wΦCΦ {ƳƛǘƘ ŀƴŘ wΦ Ǿŀƴ ŘŜƴ .ƻǎŎƘΣ Ƙŀǎ ōŜŜƴ ŀ 

matter of considerable debate: especially in relation to the use of pesticides.  The definition that has 

ōŜŜƴ ŀƎǊŜŜŘ ōȅ ǘƘŜ ¦bΩǎ CƻƻŘ and Agricultural Organisation (FAO), and supported by agrochemical 

bodies, several NGOs, and the International Farmers Organization is that: 

άLƴǘŜƎǊŀǘŜŘ tŜǎǘ aŀƴŀƎŜƳŜƴǘ όLtaύ ƳŜŀƴǎ ǘƘŜ careful consideration of all available pest control 

methods and subsequent integration of appropriate measures that discourage the development of 

pest populations and keep pesticides and other interventions to levels that are economically justified 

and reduce or minimise risks to human health and the environment. IPM emphasizes the growth of a 

healthy crop with the least possible disruption to agro ecosystems and encourages natural pest 

ŎƻƴǘǊƻƭ ƳŜŎƘŀƴƛǎƳǎέ *.  

1.8.1 Sustainable Use Directive 2209/128/EC   

IPM is also a requirement reflected in the European Directive on the Sustainable Use of Pesticides.  

In 2009, the European Parliament established a framework for Community action to achieve: 

άNational Action Plans aimed at setting quantitative objectives, targets, measures, timetables and 

indicators to reduce risks and impacts of pesticide use on human health and the environment, and at 

encouraging the development and introduction of integrated pest management and of alternative 

approaches or techniques in order to reduce dependency on the use of pesticides, should be used by 

Member States in order to facilitate the implementation of this Directive. Member States should 

monitor the use of plant protection products containing active substances of particular concern and 

establish timetables and targets for the reduction of their use, in particular when it is an appropriate 

means to achieve risk reduction targets. National Action Plans should be coordinated with 

implementation plans under other relevant Community legislation and could be used for grouping 

together objectives to be achieved under other Community legislation related to pesticides.έ   

Under the Sustainable Use Directive, pesticide use in EU countries, from the beginning of 2014, 

should only take place within the general principles of IPM.  Member states are now obliged to 

iƳǇƭŜƳŜƴǘ ǘǊǳŜ ΨƛƴǘŜƎǊŀǘƛƻƴΩΥ ŜǎǘŀōƭƛǎƘƛƴƎ an optimal mix of pest management techniques including:  

Á Cultural methods, such as removal and burning of diseased plant parts, pruning, removal of 
infected/infested pods and regular complete harvesting.  

Á Clonal selection and other genetic methods that confer resistance to pests; these are long-
term measures (much of the research currently taking place is unlikely to be implemented at 
the farmer level for several years to come).  

Á The conservation and/or manipulation of biological agents (e.g. biopesticides and insect 
predators such as ants).  

Á Application of chemical pesticides, but only on the basis of rational and responsible use. 

                                                           
*
 Internal Code of Conduct on the Distribution and Use of pesticides, FAO, November 2002 
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How best to implement IPM in cocoa growing countries?  In a recent article*, Dr Rob Jacobson 

suggested a number of key messages for both policy makers and practitioners, including: 

Á Do not under-estimate the complexity of IPM 

Á Seek input from experienced practitioners 

Á Apply sensible time frames for implementation 

Á Training is vital 

Á ¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎǊƻǇ ŀƴŘ ǿƻǊƪ ƻƴ ŎǳǎǘƻƳŜǊǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ ŦƻǊ ǉǳŀƭƛǘȅ ŀƴŘ Ŏƻǎǘ ƻŦ ǇǊƻŘǳŎŜ 

Á Provide adequate resources for R&D to develop alternative control measures 

Á Target specific pesticides which will still be required 

Á LƴŎƭǳŘŜ ΨǎŀŦŜǘȅ ƴŜǘǎΩ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ second lines of defence against key pests 

Á Never relax ς always be prepared for the next challenge. 

1.8.2 A &ÁÒÍÅÒȭÓ 0ÅÒÓÐÅÃÔÉÖÅȩ 

Legislators in cocoa growing countries must be guided by requirements of the consumer, but it is 

imperative that any measures taken are appropriate for farmersΩ ƴŜŜŘǎΦ  Many of the latter are 

smallholders ς who when faced with pest problems seek effective solutions and continue to turn to 

the use of pesticides to provide remedies.  CǊƻƳ ǘƘŜ ŦŀǊƳŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ όǎύƘŜ Ƴight: 

Á wish to buy pesticide products for other crops or domestic use, that may be unsuitable for 
cocoa and leave harmful residues; 

Á be presented with a bewildering array of products, not to mention sales persuasion, when 
visiting the agricultural supply store; 

Á be offered illegal or counterfeit products: this is a major concern of responsible suppliers.  
To find out more, go to https://croplife.org/crop-protection/anti-counterfeiting/. 

 
Which product to choose?  Is it effective?  Is it safe?  Is it genuine? Is it affordable? 

                                                           
*
 Newsletter of the Association of Applied Biologists: issue 79, Autumn 2013 

https://croplife.org/crop-protection/anti-counterfeiting/
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1.8.3 Responsible Pesticide Use (RPU) as a component of GAP 

An international meeting: the Round Table for a Sustainable Cocoa Economy (RSCE I), held in Ghana 

during October 2007, included cocoa farmers, cooperatives, traders, exporters, processors, 

chocolate manufacturers, wholesalers, governmental and non-governmental organizations, financial 

institutions as well as donor agencies.  Consensus was reached on a number of action points for 

ƳŀƛƴǘŀƛƴƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŎƻŎƻŀΣ ŀƴŘ ƛǎ ƻŦǘŜƴ ŎŀƭƭŜŘ ǘƘŜ ά!ŎŎǊŀ !ƎŜƴŘŀέΦ  tŜǎǘ ƳŀƴŀƎŜƳŜƴǘ ƛǎǎǳŜǎ 

featured highly in the list of the priorities, with the following key needs (amongst several others) 

identified: 

Á Remunerative prices and increased income for cocoa farmers, including consideration of the 
impact of fiscal policies; 

Á Development and promotion of Good Agricultural Practices (GAP) to increase productivity 
and quality in a manner that respects both the environment and social standards; 

Á Reduction of losses due to pests and diseases by introduction of Integrated Pest 
Management (IPM); 

Á Promotion and support of local services providing improved planting materials, fertilizers, 
pesticides, etc. and provide related training; 

Á Mechanization of farm operations to reduce costs where possible; 
Á Increased labour efficiency through better management practices; 
Á Sustainable commercialization includes the development of efficient supply chains to 

increase the margin received by farmers, while maintaining cocoa quality and improving 
traceability in the value chain. 

As its name suggests, GAP encompasses a large number of crop production procedures that must be 

safe, effective, recommended and enforced: either on a national or crop basis.  The object of using a 

pesticide is to achieve effective pest control, while leaving a minimum amount of pesticide residue 

on the crop (within practical limits).  These limits are regulated, but established principally by the 

agrochemical company wishing to register its products, having carried out a number of trials: that 

conform to agreed and rigorous protocols. 

Insect pest and disease control strategies that rely on the application of a limited number of 

pesticides are almost certainly not sustainable.  A research and extension ΨvacuumΩ in appropriate 

pesticide research since the late 1980s, has combined with years of poor returns for cocoa crops.  In 

consequence, most smallholder farmers are unaware of recent control agents and techniques for 

pest management, and often apply older, often more hazardous, products.  

There is now an urgent need for implementation programmes that transfer rational pesticide 

techniques in each of the major cocoa growing regions, firstly addressing questions such as: 

Á What are the true levels of pest control and operational costs (over large areas)?  
Á Can we replace all the currently-used and hazardous (WHO/EPA class I and II) products in the 

near future?  
Á Why are older pesticides so popular? 
Á Are there other control techniques that have a minimal environmental impact, yet 

effectively control target pests? 

The term responsible (or rational) pesticide use (RPU) describes the targeted and safe use of 

pesticides as part of a pest management strategy.  Three key elements to mitigate the adverse 

effects of pesticides are improvements in the selectivity of the products themselves and the 
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precision of their application in both space and time.  Other potential benefits include: reduction of 

costs (for both pesticides and labour), improved safety and reduced environmental impact.  RPU 

therefore is about the tactics and tools for managing issues such as residues within an IPM strategy 

which in turn is a component of Good Agricultural Practice.  Subsequent chapters attempt to provide 

essential background information, leading to a practical description of ways in which pesticides 

should be used; namely: 

1. Diagnosis of the problem 
2. Product selection 
3. Good application techniques 
4. Timing of application - not only for better pest control, but specifically for residue 

management communicated to the user via the Pre- Harvest Interval (PHI - which is the 
minimum permitted time between the last spray and harvest). 

  

In practice, RPU can only really be achieved with accuracy and understanding about pesticides 

themselves, their properties and application techniques; this will be the subject of Chapter 2.   

1.9 Certification 

Many of the major chocolate manufacturers now emphasise the need for traceability along supply 

chains and collaborate with various certification organisations, three of which are described below.  

Early experience revealed how difficult it can be to even maintain labour standards (let alone less 

ΨǾƛǎƛōƭŜΩ SPS standards) in remote areas, with often complex cocoa supply chains: leaving some to 

question whether certification is positive for farmers or not.  The ICCO commissioned a study* on the 

merits, possible disadvantages and costs of certification to farmers: with a review of research into its 

ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΦ  Lǘ ǿŀǎ ƴƻǘŜŘ ǘƘŀǘ ά!ƴ ŀǾŜǊŀƎŜ ƻŦ уф҈ ȅƛŜƭŘ 

ƛƴŎǊŜŀǎŜ ƛƴ DƘŀƴŀ ŀƴŘ млм҈ ƛƴ /ƾǘŜ ŘΩLǾƻƛǊŜ - which are a consequence of several interventions by 

certification, such as increased access to pesticide, fertilizer, training and consequence good 

agricultural practices - and a premium [price] per ton, ŀǊŜ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ƭŜǾŜǊǎ ŦƻǊ ǘƘŜ ōǳǎƛƴŜǎǎ ŎŀǎŜΦέ  

However, farmers often have to commit themselves to an initial outlay (in both money and effort) 

and concerns have also been raised about the equitability of distribution of premiums ς especially to 

                                                           
*
 http://www.icco.org/about-us/international-cocoa-agreements/doc_download/302-study-on-the-costs-advantages-and-disadvantages-of-

cocoa-certification-october-2012.html  
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http://www.icco.org/about-us/international-cocoa-agreements/doc_download/302-study-on-the-costs-advantages-and-disadvantages-of-cocoa-certification-october-2012.html
http://www.icco.org/about-us/international-cocoa-agreements/doc_download/302-study-on-the-costs-advantages-and-disadvantages-of-cocoa-certification-october-2012.html
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smallholders.  Larger farmers and cooperatives may benefit from the activities (with somewhat 

contrasting emphases) of the certification schemes: 

 
 

  

Certification bodies that may be or are currently involved with cocoa traceability and GAP 

CEN-ISO\  Certification: European Committee for Standardisation (CEN) and International 

Organization for Standardization (ISO) announced (in October 2014) that a standard for sustainable 

and traceable cocoa that has been under development over recent years and is proposed to be 

released in 2016*.  The web site (https://www.cen.eu/) sǘŀǘŜǎΥ ά/9bϥǎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŦƻƻŘ 

safety are in line with the European Union's objective to achieve the highest possible level of health 

protection for the consumers of Europe's food.  EU food safety legislation establishes a cascade of 

methods that shall be used for official control purposes. Preference is given to methods that comply 

with internationally recognized rules or protocols, like those described in CEN publications. 

Therefore a majority of European Standards and other deliverables developed by CEN in the area of 

Food and Feed are supported by Mandates from the European Commission requesting development 

ƻŦ ǾŀƭƛŘŀǘŜŘ ƳŜǘƘƻŘǎ ƻŦ ŀƴŀƭȅǎƛǎ ƻŦ ŦƻƻŘ ŀƴŘ ŦŜŜŘΦέ  ¦ƴŘŜǊ ǘƘŜir Ψ±ƛŜƴƴŀ !ƎǊŜŜƳŜƴǘΩ όмффмύ /9b ŀƴŘ 

ISO aim to avoid duplication of standards, thus a truly international cocoa certification scheme is 

under development. 

Fairtrade International (FLO) (http://www.fairtrade.net): is a non-profit, multi-stakeholder 

association involving 25 member and associate member organizations.  It sets labour and economic 

ŀǎ ǿŜƭƭ ŀǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǇƘȅǘƻǎŀƴƛǘŀǊȅ ǎǘŀƴŘŀǊŘǎΥ άCŀƛǊǘǊŀŘŜ {ǘŀƴŘŀǊŘǎ ƛƴŎƭǳŘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 

environmentally sound agricultural practices. The focus areas are: minimized and safe use of 

agrochemicals, proper and safe management of waste, maintenance of soil fertility and water 

resources and no use of genetically modified organisms.  Fairtrade Standards do not require organic 

certification as part of its standards.  However, organic production is promoted and is rewarded by 

higher Fairtrade Minimum PrƛŎŜǎ ŦƻǊ ƻǊƎŀƴƛŎŀƭƭȅ ƎǊƻǿƴ ǇǊƻŘǳŎǘǎΦέ  They emphasise IPM and the use 

of pesticides with lower toxicity in their Document for Small Producer OrganizationsϞ. 

The Rainforest Alliance (http://www.rainforest-alliance.orgύ άǿƻǊƪǎ ǘƻ conserve biodiversity and 

ensure sustainable livelihoods by transforming land-use practices, business practices and consumer 

ōŜƘŀǾƛƻǳǊΦέ  ²ƻǊƪƛƴƎ ǿƛǘƘ ŀ ƴŜǘǿƻǊƪ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƎǊƻǳǇǎΣ ŦŀǊƳŜǊǎ Ƴǳǎǘ ŎƻƳǇƭȅ ǿƛǘƘ 

appropriate standards ŦƻǊ ǇǊƻǘŜŎǘƛƴƎ ǿƛƭŘƭƛŦŜΣ ǿƛƭŘ ƭŀƴŘǎΣ ǿƻǊƪŜǊǎΩ ǊƛƎƘǘǎ ŀƴŘ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ 

order to be awarded the certified seal (as illustrated).  Linked to the Sustainable Agriculture Network 

(SAN: www. http://sanstandards.orgύΣ ǘƘŜȅ ǳǎŜ ŀ ƭƛǎǘ ƻŦ άProhibited PesticideǎέΦ  

                                                           
*
 Nieburg O, 27-Oct-2014.  Is there a place for certified cocoa after the ISO/CEN sustainability standard? 

http://www.confectionerynews.com/Commodities/Certified-cocoa-after-the-ISO-CEN-standard  
À
 http://www.fairtrade.net/fileadmin/user_upload/content/2009/standards/documents/2013-02-12_EN_SPO_Explan_Doc_3_.pdf  

http://www.fairtrade.net/
http://www.rainforest-alliance.org/
http://sanstandards.org/
http://www.confectionerynews.com/Commodities/Certified-cocoa-after-the-ISO-CEN-standard
http://www.fairtrade.net/fileadmin/user_upload/content/2009/standards/documents/2013-02-12_EN_SPO_Explan_Doc_3_.pdf
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UTZ Certified (http://www.utzcertified.org/) producers comply with a Code of Conduct covering 

good agricultural practices, social and environmental criteria: with a model of continuous 

improvement. From year ƻƴŜΣ ǘƘŜȅ άƘŀǾŜ ǘƻ ŦǳƭŦƛƭ the core criteria concerning safety, farm 

management and record keeping, employees and environmental protection.  In the subsequent 

years more detailed requirements are added to these points to allow the producer to develop and 

improve Χ ǿƛǘƘ compliance checked yearly by an independent auditor.έ   The scheme originated in 

the Netherlands, with an initial focus ƻƴ /ƾǘŜ ŘΩLǾƻƛǊŜΣ then other cocoa producing countries.  UTZ 

Certified performs public consultations for its Code of Conduct, which includes recommendations on 

pesticides that may or may not be used on cocoa (also for coffee, tea and rooibos). 

1.9.1 Criteria of  certifiers  

The precautionary principle is an especially strong concept in Europe (as opposed to the caveat 

emptor approach often found elsewhere) and often has been used as a guiding principle to constrain 

the use of pesticides.  There is no reason why the precautionary principle cannot be consistent with 

GAP and leading proponents in Europe for this approach (as opposed to organic agriculture) are a 

group of national organisations linked by the European Initiative for Sustainable development in 

Agriculture (EISA - http://www.sustainable-agriculture.org). 

Potential users should understand the criteria by which GAP ς and particularly SPS standards ς are 

evaluated by certification schemes.  Decision making may have been influenced by other 

organisations and pressure groups such as the ISEAL Alliance (http://www.isealalliance.org/) and the 

Pesticide Action Network (PAN: http://www.pan-europe.info/, http://www.panna.org/), who 

ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŎƻƳǇƛƭŀǘƛƻƴ ƻŦ άprohibitedέ ƻǊ άōŀƴƴŜŘέ pesticide lists.  Unfortunately, certain lists 

have recently included substances that are actually permitted for use in both cocoa-producing and 

OECD countries and conflate controversial (but permitted) products with obsolete and other highly 

hazardous pesticides. 

Certifiers therefore risk sending ΨƳƛȄŜŘ ƳŜǎǎŀƎŜǎΩ ǘƻ ƎǊƻǿŜǊǎ: with recent caǎŜǎ ƻŦ ŜŦŦƻǊǘǎ ǘƻ άōŀƴέ 

important MoA groups, without identifying effective, viable, alternative pest management 

techniques.  The ECA/CAOBISCO Pesticides Working Group have argued that it is crucial to 

coordinate-with and strengthen the activities of relevant Regulatory Authorities ς which are the only 

competent and legal entities actually able to ban harmful substances. 

1.9.2 Organic Cocoa 

CƻƭƭƻǿƛƴƎ ŀ ƴǳƳōŜǊ ƻŦ άŦƻƻŘ ǎŎŀǊŜǎέ ŀƴŘ consumer concern over food safety, organic cocoa 

production has enjoyed substantial growth since the beginning of the century*: but tempered 

perhaps by the post 2008 recession.  Where certification is successfully implemented, the farmer 

benefits from elevated crop prices, although some argue that production may include cocoa that is 

άƻǊƎŀƴƛŎ ōȅ ŘŜŦŀǳƭǘέ - ǿƘŜǊŜ ŦŀǊƳŜǊǎ ǎƛƳǇƭȅ ŘƻƴΩǘ ǳǎŜ ƛƴǇǳǘǎ ǎǳŎƘ ŀǎ ŦŜǊǘƛƭƛǎŜǊǎ ŀƴŘ ǇŜǎǘƛŎƛŘŜǎ όƻŦǘŜƴ 

with low productivity) ς rather than adhering to the principles of organic farming. 

                                                           
*
 http://www.icco.org/about-us/international-cocoa-agreements/doc_download/114-a-study-on-the-market-for-organic-cocoa-september-

2006.html  

http://www.utzcertified.org/index.php?pageID=224
http://www.sustainable-agriculture.org/
http://www.isealalliance.org/
http://www.pan-europe.info/
http://www.panna.org/
http://www.icco.org/about-us/international-cocoa-agreements/doc_download/114-a-study-on-the-market-for-organic-cocoa-september-2006.html
http://www.icco.org/about-us/international-cocoa-agreements/doc_download/114-a-study-on-the-market-for-organic-cocoa-september-2006.html
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At present, there are several interpretations of organic agriculture in use in different regions of the 

world, reflecting different approaches (agricultural/technical, economic or scientific and 

philosophical).   A general definition was formulated by the Codex Alimentarius in 1999: άhǊƎŀƴƛŎ 

agriculture is a holistic production management system which promotes and enhances agro-

ecosystem health, including biodiversity, biological cycles, and soil biological activity. It emphasizes 

the use of management practices in preference to the use of off-farm inputs, taking into account that 

regional conditions require locally adapted systems. This is accomplished by using, where possible, 

agronomic, biological, and mechanical methods, as opposed to using synthetic materials, to fulfil any 

specific function ǿƛǘƘƛƴ ǘƘŜ ǎȅǎǘŜƳΦέ  Most certifiers are affiliated to International Foundation of 

Organic Agriculture Movements (IFOAM:  www.ifoam.org/).  IFOAM promotes four principles of 

organic agriculture: (i) health: of soil, plant, animal, human and planet; (ii) ecology: working with 

systems and cycles; (iii) fairness: characterized by equity, respect, justice and stewardship; (iv) care: 

working in a precautionary and responsible manner. 

Organic production is not uncontroversial, with arguments against8 including the damage done by 

ŜȄǘŜƴǎƛǾŜ όƭŀƴŘ ǳǎŜύ ŀƎǊƛŎǳƭǘǳǊŜ ǘƻ ǿƘƻƭŜ ŜŎƻǎȅǎǘŜƳǎΥ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ άǎǳǎǘŀƛƴŀōƭŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴέ9 

needed to feed a growing human population and limited remaining agricultural land.  In addition, 

organic agriculture is only rŀǊŜƭȅ ΨǇŜǎǘƛŎƛŘŜ-ŦǊŜŜΩΣ ŜǾŜƴ ǘƘƻǳƎƘ ǇǊƻǇƻƴŜƴǘǎ ǎǘŀǘŜ ǘƘŀǘ ǘƘŜȅ are 

ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ǎǳōǎǘŀƴŎŜǎ ǿƘƛŎƘ ŀǊŜ ΨōƛƻŀŎŎǳƳǳƭŀǘƛǾŜΩ ƻǊ ΨǾŜǊȅ ǇŜǊǎƛǎǘŜƴǘ ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΩΦ  

Notoriously, copper fungicides continue to be permitted: and in areas where cocoa diseases such as 

Phytophthora megakarya predominate, crop loss could be very severe for organic producers that 

rely solely on cultural controls alone.  Being elemental, copper is not degradable and builds up in the 

soil with continued use10: although limited studies to date have not identified deleterious effects of 

medium-term exposure to soil organisms11.  It can be argued that in contrast, some synthetic 

chemicals used by conventional producers, are safer to apply (copper compounds vary in toxicity 

between class I to III) and degradable in the environment*.  In the EU, it was proposed that use of 

copper should be below 8 kg/ha/year after 2002, and the IFOAM suggested that it should be 

withdrawn altogether after 2010Φ  IƻǿŜǾŜǊ ΨƻǊƎŀƴƛŎΩ farmers still spray copper: but now usually to a 

limit of 6 kg/ha/year.  This probably represents a maximum of 4 sprays per season at normal 

application rates; the use of copper fungicides is discussed further in section 2.5.2. 

                                                           
*
 At registration, pesticide manufacturers must declare the breakdown pathways of AI and their metabolites. 

http://www.ifoam.org/
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CƻŎƻŀ ǘƘŀǘ ƛǎ ŎŜǊǘƛŦƛŜŘ ŀǎ ōŜƛƴƎ ΨƻǊƎŀƴƛŎΩ ŎŀǊǊƛŜǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ǇǊƛŎŜ ǇǊŜƳƛǳƳΦ  Worldwide, there are 

several systems and marks for certifying organic produce, for example: 

 

  

 

 

   

Examples of organic certification marks 

¢ƘŜ Ψ9ǳǊƻ-ƭŜŀŦΩ ƭƻƎƻ (bottom right) became compulsory from 1 July 2009 for pre-packaged organic 

food produced in any of the 27 EU member states.  Within the 9¦Σ ƭƻƎƻ ōŜŀǊƛƴƎ ǘƘŜ ǿƻǊŘǎ άhǊƎŀƴƛŎ 

CŀǊƳƛƴƎέ ƻǊ ǘǊŀƴǎƭŀǘƛƻƴǎ ǘƘŜǊŜƻŦ όōƻǘǘƻƳ left and centre) can be used on a voluntary basis by 

producers whose systems and products have been found to satisfactory.  EU Regulation No 

889/2008 lays down detailed rules for implementation of Council Regulation (EC) No 834/2007 ς 

which repeals and replaces Regulation E(EC) No 2092/91, in order to define more explicitly the 

objectives, principles and rules applicable to organic production, and in order to contribute to 

transparency and consumer confidence as well as to a harmonised perception of the concept of 

organic production*. 

1.9.3 Striving  for ȬsustainabÌÅ ÉÎÔÅÎÓÉÆÉÃÁÔÉÏÎȭ 

This Manual focuses on appropriate pesticide use for sustained maximisation of yields, within a 

GAP/IPM context that might be used in the farm, or in storage of bulk cocoa.  IPM - previously 

perceived by some as a nicety - has become a necessityΥ ƴƻ ƭƻƴƎŜǊ Ŏŀƴ ƛǘ ƳŜŀƴ άLƴŎǊŜŘƛōƭȅ tƻǇǳƭŀǊ 

aŀƴǘǊŀέΦ  It is a rigorous, multi-disciplinary approach for crop production and serious political 

pressure is now applied for its implementation.  Over the coming decade, there will be an increasing 

demand for new, but practical and effective, IPM techniques for growers of cocoa and other crops. 

The long-standing debate on pesticide related issues shows no sign of diminishing, matched only by 

the need for increased production of cocoa and other foods.  I will conclude this chapter with two 

headlines and a picture, taken in a leading cocoa producing area, which illustrates another 

perspective: ά¢ƘŜ ƭƻǎǎ ƻŦ ǘǊƻǇƛŎŀƭ Ǌŀƛƴ ŦƻǊŜǎǘ ƛǎ ƳƻǊŜ ǇǊƻŦƻǳƴŘ ǘƘŀƴ ƳŜǊŜƭȅ ŘŜǎǘǊǳŎǘƛƻƴ ƻŦ ōŜŀǳǘƛŦǳƭ 

areas. If the current rate of deforestation continues, the world's rain forests will vanish within 100 

years causing unknown effects on global climate and eliminating the majority of plant and animal 

ǎǇŜŎƛŜǎ ƻƴ ǘƘŜ ǇƭŀƴŜǘΦέ12 

                                                           

* http://eur -lex.europa.eu/LexUriServ/site/en/oj/2007/l_189/l_18920070720en00010023.pdf  

http://eur-lex.europa.eu/LexUriServ/site/en/oj/2007/l_189/l_18920070720en00010023.pdf
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2 PESTICIDES AND THEIR PROPERTIES 

2.1 What is a pesticide? 

¢ƘŜ ǘŜǊƳ άǇŜǎǘƛŎƛŘŜέ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ǎƛƳǇƭȅ ŀǎ ŀƴȅ ǎǳōǎǘŀƴŎŜ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ǘƻ ŎƻƴǘǊƻƭ ŀ ǇŜǎǘΥ ŀǘ ŀƴȅ 

ǎǘŀƎŜ ƛƴ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴΣ ǎǘƻǊŀƎŜ ƻǊ ǘǊŀƴǎǇƻǊǘΦ  Lǘ ƛǎ ƴƻǿ ƎŜƴŜǊŀƭƭȅ ŀƎǊŜŜŘ ǘƘŀǘ ǘƘŜ ǘŜǊƳ άǇŜǎǘέ 

applies to any organisms that harm crops, be they insects, diseases, weeds, etc.  In the past there has 

ōŜŜƴ ǎƻƳŜ ŎƻƴŦǳǎƛƻƴ ǿƛǘƘ ǘƘŜ ǘŜǊƳ άǇŜǎǘƛŎƛŘŜέ - which has at times been applied specifically to 

insect control agents - and weed-killers (herbicides) that have been managed separately as an 

agronomy issue. 

The main pesticide groups include: 

Á Fungicides - for crop diseases such as black pod 
Á Herbicides - kill weeds  
Á Insecticides: control insect pests, but they may also be 

- acaricides: controlling mites 
- nematicides: controlling nematodes (eelworms) 
(Note: not all insecticides kill mites and nematodes; on the other hand, many insecticidal 
products are sold mainly as acaricides and nematicides). 

Á Rodenticides - kill rats and mice (they are often much less effective against squirrels) 
Á Other pesticide types include molluscicides (that kill slugs and snails) and bacteriacides, but 

they are not usually used on cocoa.  Occasionally, some substances have multiple action (e.g. 
metam is a fungicide, herbicide and nematicide). 

Each of these main groups are further classified: either according to their chemical type or by their 

biological mode of action (MoA): see 2.5. 

¦ƴŦƻǊǘǳƴŀǘŜƭȅ ǘƘŜ ǘŜǊƳ άǇŜǎǘƛŎƛŘŜέ ƛǎ ƻŦǘŜƴ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ǿƻǊŘǎ ǘƘŀǘ ŀƭǎƻ ƳŜŀƴ άƳŜŘƛŎƛƴŜέ ƻǊ 

similar.  Once again, it is important to be accurate and specific: there is a common misconception 

amongst farmers that all pesticides do some good, whatever their properties, yet they may actually 

be harmful. 

2.2 Names and composition of pesticides 

From a legal point of view, one of the main methods of communication between an agrochemical 

company and the user is the product label.  The most noticeable words on the label will usually be 

the trade name (or brand)Σ ŀƴŘ ƻŦ ŎƻǳǊǎŜ ƛƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇŀƴȅΩǎ ƛƴǘŜǊŜǎǘ ǘƻ ǇǊƻƳƻǘŜ ƛǘǎ 

particular brand of pesticide.  However, it is the active ingredient (AI: also called the active 

substance) and its concentration that is of most interest from the point of view of efficacy, safety 

and residue tolerances.   

Routine use of brand names can cause confusion because: 

Á Often (and increasingly) the brand name represents a product containing a mixture of active 
ingredients 

Á Different brand names may be used for the same product in different countries and 
languages 

Á Active ingredients - especially of successful products - may be changed over time 
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Á The formulation names (and numbers used in the name) may not conform to international 
standards. 

Labels should also give the chemical name - which follows rules of nomenclature set by the 

International Union of Pure and Applied Chemistry (IUPAC) as adapted for indexing in Chemical 

Abstracts.  In practice, the common names (for which there are ISO standards) are generally used for 

describing active ingredients.  For example, a commonly used pyrethroid insecticide, used on cocoa 

is: 

Common Name (ISO) - lambda-cyhalothrin - ǿƘƛŎƘ ƛǎ ŜŀǎƛŜǊ ǘƻ ǊŜƳŜƳōŜǊ ǘƘŀƴ ǘƘŜ Χ 

Chemical Name - of two stereo-isomers: (S)- -hcyano-3-phenoxybenzyl (Z)-(1R,3R)-3-(2-chloro-3,3,3-

trifluoroprop-1-enyl)-2,2-dimethylcyclopropanecarboxylate and (R)- -hcyano-3-phenoxy-benzyl (Z)-

(1S,3S)-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-dimethylcyclopropanecarboxylate  

Trade names are numerous (especially now that the patent for the compound has expired) but they 

ƛƴŎƭǳŘŜΥ ΨYŀǊŀǘŜΩΣ ΨYǳƴƎ CǳΩ ŀƴŘ ΨaŀǘŀŘƻǊ όŀǎ ǳǎŜŘ ōȅ ǘƘŜ ǎŀƳŜ /ƻƳpany in different countries)§. 

 

 

 

 

 

A label of another pesticide: the 

active ingredient and its 

concentration (in this case a 

200 g/l imidacloprid SL 

formulation) are often in very 

small writing.  Precautions are 

often described in the form of 

pictograms (pictures in the bottom 

right of this label)§. 

 

2.2.1 Active ingredients (AI), composition, formulation  

For the purposes of toxicology, residue analysis and efficacy, it is the AI, as described by its ISO 

common name that will be the focus of scientific analysis.  However, pesticide products very rarely 

consist of pure technical material.  The AI is usually formulated with other materials and this is the 

                                                           
§
 Inclusion of compounds or products are for illustration only and does not imply recommendation or otherwise. 
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product as sold, but it may be further diluted in use.  Formulation improves the properties of a 

chemical for: handling, storage, application and may substantially influence effectiveness and safety. 

Formulation terminology should follow a 2-letter convention: (e.g. GR: granules), listed by CropLife 

International (formerly GIFAP then GCPF) in the Catalogue of Pesticide Formulation Types 

(Monograph 213): also recognised by FAO.  Some manufacturers still fail to follow these industry 

standards, which can cause confusion for users.   

By far the most frequently used products are formulations for mixing with water then applying as 

sprays.  Water miscible, older formulations include: 

 Emulsifiable concentrate  EC 

 Wettable powder  WP 

 Soluble (liquid) concentrate SL 

 Soluble powder   SP 

Newer, non-powdery formulations with reduced or no use of hazardous solvents and improved 

stability include: 

 Suspension concentrate  SC 

 Capsule suspensions  CS 

 Water dispersible granules  WG 

The major groups of pesticide formulations can be illustrated as follows:  

 

Very occasionally, some pesticides (e.g. malathion) may be sold as technical material (TC - which is 

mostly AI, but also contains small quantities of, usually non-active, by-products of the manufacturing 

process).  Ultra-low Volume (ULV) techniques that use oil-based solution (UL) or suspension (OF) 

formulations have yet to be extensively tested in cocoa, although fogging techniques were used in 

certain countries having large cocoa plantations.  DP (dusts) are now rarely used and known to be 

inefficient and hazardous (replaced with micro-granules: MG for other crops such as rice).   
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In the EU, formulation materials are now covered by new regulations called REACH14 (EC 1907/2006): 

designed to promote the use of alternative methods for the assessment of the hazardous properties 

of substances; several chemical groups previously used in pesticide formulations (e.g. Alkyl Phenol 

Ethoxylate or APE surfactants) have been dis-allowed. 

2.3 Biological activity of pesticides 

The purpose of applying a pesticide is to achieve a biological effect on the target pest.  This effect is 

often described by scientists as a response and it is dose dependent - which usually means that the 

higher the dose, the more individuals in a population of organisms will be affected (and ultimately 

killed).  The population in question could be the target pests, but also unintentionally exposed 

human beings or other non-target organisms (beneficial or harmless animals and plants).  This is 

assessed in laboratory experiments called bioassays, where response is measured over a range of 

doses (different quantities of pesticide [AI] delivered individually to target organisms).   

Described on a graph, the response is non-linear (i.e. not in a straight line), but usually in the form of 

a sigmoid όΨ{Ω ǎƘŀǇŜŘύ ŎǳǊǾŜ - see illustrations.  The first diagram shows that this sigmoid curve has 

been derived from the normal distribution - the bell shaped curve that describes natural variability 

which is widespread in living organisms (e.g. the height of people, the weight of cocoa pods, the 

ability of animals to withstand drought).  By analysis of this dose response line, an estimate can be 

made of the median lethal dose or LD50 of a pesticide to a group of organisms (i.e. the exact dose 

which would kill 50% of a test population of pests).   

The LD50 is derived from the dose-response curve and represents the dose at which 50% of test 

organisms (such as pests) are killed.  In practical experiments, there is often considerable variability 

in measured mortality at different dose rates and statistical methods (called logit or probit analyses) 

are used to determine LD50s as accurately as possible.   

Other levels of response can be used such as LD10 and LD90 (i.e. the 10% and 90% level of control 

respectively) but LD50 is most commonly used since it represents the point at which the dose can be 

estimated most accurately.  In some bioassays, the pesticide is not administered directly to the 

target, so the true dose applied to a given individual is not known.  Different dosages (see section 

4.1) may have been applied (e.g. different rates of surface deposit from various concentrations of 

pesticide mixtures) in which case the median lethal concentration or LC50 will be quoted. 
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 Ҩ Ҩ Ҩ Ҩ Ҩ Ҩ Ҩ Ҩ Ҩ 

 

Origin of the sigmoid dose-response curve from the normal distribution curve (above) accumulated on a 

0-млл҈ ǎŎŀƭŜΦ  ¢ƘŜ ŘƻǎŜǎ ŀǊŜ ƻƴ ŀ ƭƻƎŀǊƛǘƘƳƛŎ ǎŎŀƭŜ όǿƛǘƘƻǳǘ ǿƘƛŎƘ ǘƘŜ Ψ{Ω ŎǳǊǾŜ ǿƻuld be highly 

asymmetrical).  From this relationship, statistics such as the LD50 can be derived (below). 

 
 



 Guide to Pesticide Use in Cocoa: 3
rd

 edition (Aug. 2015)   33 

2.4 Pesticide properties and modes of dose transfer  

There are hundreds of pesticides that work in various ways: and the different types of control action 

affect the amount, efficiency, speed and mode of dose transfer to the target pest.   

 
A summary of the major insecticide dose transfer mechanisms. 

Farmers (and researchers) may not always appreciate that, except in certain circumstances, direct 

contact with spray is a relatively unimportant dose transfer mechanism.  Many insecticides rely on 

pests picking up a lethal dose after crawling over deposits (secondary contact) or by ingestion.  

Fungicides such as copper, which only have protectant action, must similarly be well distributed on 

the surface of the plant, in order to prevent infection by fungal diseases.  In practice, contact 

insecticides and protectant fungicides must be applied with a good coverage of spray droplets in 

order to make contact with the target (although copper deposits may redistribute over the surface 

of the plant by rainwater).  Fumigant action is especially important for control of storage pests.  

Certain older insecticides (e.g. lindane, endosulfan: see Insecticides below) were especially effective, 

since fumigant action often helped to compensate for inadequate application in the field (difficult at 

the best of times with cocoa).  Repellency may not always be beneficial - especially if deposits are 

short lived or if pests consequently pick up sub-lethal doses.  However the concept of lure and kill 

(where an insecticide is mixed with an attractant) has been used very successfully for control of pests 

such as fruit-flies. 

Ingestion of insecticides may occur via various routes: either from a residual deposit (as illustrated) 

or by translocation - where pesticides have an ability to be absorbed into the plant and are 

redistributed, including to the site of attack.  Depending on their physical-chemical properties (see 

below) some pesticides may be trans-laminar (travelling short distances through the surface of 

leaves into the tissues) or systemic (where the insecticide, fungicide or herbicide is translocated over 

greater distances). 



 Guide to Pesticide Use in Cocoa: 3
rd

 edition (Aug. 2015)   34 

Systemic action is an important feature of many modern fungicides and herbicides, besides being 

often effective for control of sucking insects (aphids, capsids, mealybugs, etc.ύ ŀƴŘ ΨŎǊȅǇǘƛŎΩ ǇŜǎǘǎ 

(e.g. insects that are unlikely to come in contact with a pesticide spray by burrowing into the plant).  

Systemic translocation is usually acropetal, moving up the plant from the point of application, or 

towards the edges of leaves if these are sprayed.  Only herbicides (and rare examples of 

phosphonate fungicides and one recently introduced insecticide) move down the plant (basipetal 

translocation) towards the roots.   

2.4.1 Physical and chemical properties (and where to obtain inf ormation)  

Readers wanting to know more about pesticides can consult the Pesticide Manual15, which is 

available either as a book or electronically (the latter is updated annually)*.  Again, the importance of 

accuracy cannot be over-emphasised, and a reference work such as this is an essential tool for policy 

makers, senior crop protection scientists, etc.  The Pesticide Manual includes information on: 

Á Names: both international nomenclature and common product brand names 
Á Physical chemistry and methods of analysis 
Á Commercialisation and toxicological reviews (including Chemical Abstracts Service Registry 

Number [CAS RN] and status in EU regulations) 
Á Mode of action, common uses and formulation types 
Á Mammalian toxicology 
Á Ecotoxicology and environmental fate 

Although much of this information is specialist in nature, anyone advising on pesticides should be 
familiar with the function of certain crucial entries.   

Information on properties such as: vapour pressure, solubility and partition coefficient (log P) can 
give important clues on whether the behaviour of a compound in the plant or environment.   

Á Solubility: Unless stated otherwise, units for solubility in water are in mg per litre (mg L-1). 
Measurements are influenced by the temperature, the pH and the method used. 

Á Partition Coefficient: Kow (expressed as Log P): is a measure for the lipophilicity/ 
hydrophilicity of a substance. With most pesticides and other organic substances, Kow 

provides a useful predictor of their properties, provided the molecular weight is not too high. 
It is a dimensionless parameter and is the measured ratio (at equilibrium) of dissolved mass 
of the substance, between equal layers of n-octanol and water.  Kow is often expressed as 
Log P (which is log to the base 10 of the Kow) and is considered to be a good indicator of: 

- systemic action, with low values (generally of <=2) indicating likely systemic 
translocation of pesticides or pesticidal breakdown products; very low (or negative) 
values often indicate basipetal translocation: as with many systemic herbicides 

- accumulation in organisms and food chains (bio-accumulation: with a positive 
correlation with log P) 

Á Vapour pressure (vp): is a measure of how readily it will volatalise and for pesticides can be 
considered advantageous or in a negative light: 

- a pesticide with fumigant action can have useful penetrative powers, but ... 

- a high vp can cause vapour drift and environmental pollution; first noted with some 
of the early synthetic auxin herbicides. 

The usually used SI unit for vapour pressure is the milliPascal (mPa = g·m-1·s-2 or 0.001 N·m-2) 

                                                           
*
 An free online resource listing many pesticide properties can be found on: http://sitem.herts.ac.uk/aeru/ppdb/en/search.htm  

http://sitem.herts.ac.uk/aeru/ppdb/en/search.htm


 Guide to Pesticide Use in Cocoa: 3
rd

 edition (Aug. 2015)   35 

Á Henry's constant: or air-water partition coefficient (sometimes Kaw) describes the 
concentration ratio of a substance in equilibrium between air and water - thus the tendency 
of a material to volatilise from aqueous solution to air. Sometimes measured, but more 
usually calculated, as the ratio of vapour pressure (in Pascals) × molecular weight / solubility 
(mg L-1). 

Á Adsorption Coefficient, Koc: is the ratio (at equilibrium) of the mass of a substance, adsorbed 
onto a unit mass of soil, relative to the mass remaining in water solution. It is heavily 
influenced by the organic carbon content (OC) of soil and the value is also dependent on the 
type of soil and the soil pH; it must therefore be used carefully and a range of given values is 
commonplace. 

2.5 Mode of Action (MoA) groups 

Historically, pesticides have often been classified according to their chemical groups and this is useful 

for understanding the properties of a given compound (as above).  However, the first entry given for 

most compounds in the Pesticide Manual3 is the mode of action (MoA) group: which possibly 

represents the most useful pesticide classification for biologists.   

aƻ! ŜƴǘǊƛŜǎ Ƴŀȅ ōŜ ǎƻƳŜǘƘƛƴƎ ƭƛƪŜΥ ΨCw!/ DмΩΣ ΨLw!/ н!Ω ƻǊ Iw!/ DΩΦ  CǊƻƳ ŀ ǇŜǎǘƛŎƛŘŜ ƛƴŘǳǎǘǊȅ Ǉƻƛƴǘ 

of view, one of the most important threats to product sustainability and innovation is the onset of 

resistance (see Section 2.6).  Research-based companies collaborate (under the auspices of CropLife 

International) in order to develop better understanding of MoA mechanisms and thus create a 

άŎƻƳƳƻƴ ƎƻƻŘέ ōȅ ƳƛǘƛƎŀǘƛƴƎ ǘƘŜ ƻƴǎŜǘ ƻŦ ǊŜǎƛǎǘŀƴŎŜΦ  /ǳǊǊŜƴǘƭȅΣ ǘƘŜǊŜ ŀǊŜ ŦƻǳǊ ǎǇŜŎƛŀƭƛǎǘ 

committees: 

Á Fungicide Resistance Action Committee (FRAC)  

Á Insecticide Resistance Action Committee (IRAC) 

Á Herbicide Resistance Action Committee (HRAC) 

Á Rodenticide Resistance Action Committee (RRAC) 

MoA describes the way a pesticide attacks some biological process (often a certain biochemical 

pathway in a particular kind of living cells) within the pest.  For example: 

Á Selective herbicides might attack specific photosynthetic process in the chloroplasts of 
susceptible plant cells (i.e. weeds not crops). 

Á Pyrethroid and neonicotinoid insecticides (NNI) attack nerve cells (and have a fairly broad 
spectrum).  

Á Phenylamides that attack specific nucleic acid synthesis pathways in Oomycetes such as 
Phytophthora  

Classification of pesticides by using MoA is important for: 

Á Resistance management  (often effective by rotating 3 or more MoA on a seasonal basis) 
Á Understanding the biochemical pathways by which a substance is effective, thus: 

ü Determining its likely effects (and often speed of action) on the target pest; 
ü Providing a convenient classification of pesticides for biologists. 

Having entered an organism, pesticides are often metabolised ς or changed - into one or more 

different chemicals.  The metabolites (changed products) may be either more toxic or less toxic than 

the original pesticide ingredient.  Given enough time, an organism may be able to metabolise certain 

pesticides to non-toxic metabolites and survival or death may depend on the rate of metabolism 
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before the toxic activity is complete or irreversible.  On the other hand, some pesticides are effective 

only after they have been metabolized to a lethal compound in the organism.  

The MoA will often determine Spectrum of action: the degree to which a pesticide discriminates 

between target and non-target organisms.  A selective pesticide affects a very narrow range of 

species other than the target pest. The chemical itself may be selective in that it does not affect non-

target species or it may be used selectively in such a way that non-target species do not come into 

contact with it.  Non-selective pesticides kill a very wide range of weeds, insects, plant disease 

organisms, etc. 

2.5.1 Insecticides  

Insecticides (as opposed to fungicides and herbicides) are perhaps most controversial of the 

pesticides.  Historically, they have included some of the most toxic substances applied by farmers, 

but modern insecticides now include substances which can be formulated into products that are in 

toxicity class III or better (see section 3.1.1).  The following is a brief description of the IRAC MoA 

groups, with a summary of properties of insecticides in current use for cocoa given in Table 2.1. 

Group 1 insecticides inhibit the Acetylcholinesterase (AChE) pathway at nerve junctions. Because the 

AChE mechanism in insect synapses is similar to that of mammals, many group 1 compounds are 

extremely or highly hazardous (toxicity class I), although there are exceptions (e.g. malathion, 

temephos: which are in toxicity class III).  This group contains a number of systemic compounds (e.g. 

carbofuran, carbosulfan, dimethoate, monocrotophos) and with vp values of >1 may have significant 

vapour action.  They are divided into two chemical sub-groups: 

Á A: carbamates such as promecarb and propoxur that have been used on cocoa, but are now 

withdrawn in the EU.  Fenobucarb (BPMC) is still widely used against sucking pests in Asia, 

but not in Europe, so residue tolerances above LOD for these compounds in the EU are 

bound to be temporary. 

Á B: organophosphorous (OP) insecticides such as malathion, chlopyriphos and pirimiphos 

Group 2 compounds are called GABA*-gated chloride channel antagonists and include two sub-

groups: 

Á A: older organochlorine compounds: HCHϞ (the purified gamma isomer of which is called 

lindane) and the cyclodiene group of compounds called, that includes endosulfan. Both HCH 

and endosulfan have historically been very important insecticides in cocoa, but are now 

obsolete and have been withdrawn.  Their fumigant action (high vp: see section 5.2.2) was 

considered to be a useful property for farmers - substituting for poor application - but is now 

unacceptable on environmental grounds; in 2009 the production and agricultural use of 

lindane was banned under the Stockholm Convention on persistent organic pollutants 16. 

Á B: the relatively new (reported in 1992) group of chemicals called phenylpyrazoles  or 

fiproles, represented by fipronil.  Highly potent against a wide range of insects, it can be used 

                                                           
*
 GABA: gamma amino butyric acid: important for nerve transmission in both invertebrates and vertebrates - but 

binds less strongly (so may be less toxic) to the latter. 
À
 HCH: hexachloro-cyclo-hexane or (incorrectly but well-known) benzene hexachloride: BHC 
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at very low rates of application and formulated into products classified as toxicity class III.  

Nevertheless, fipronil has a toxic sulfone metabolite (MB46136) and, unusually, it has been 

ŀǎǎƛƎƴŜŘ ŀ aw[ ƻŦ лΦллр όǿƘƛŎƘ ƛǎ ōŜƭƻǿ ǘƘŜ ΨŘŜŦŀǳƭǘΩ [h5 ǾŀƭǳŜύΦ  !ƭǎƻΣ ǿƛǘƘ ŀ ƪƴƻǿƴ ƘƛƎƘ 

impact on non-target organisms, it should be deployed with great care and is primarily used 

for its very effective protection of seedlings (and wooden structures) from termite attacks. 

The organo-chlorine compound DDT actually belongs to the same IRAC group (3) as pyrethroids (see 

Box 2 below) - all these chemicals attack the insect nervous system, but in different ways.  DDT and 

most compounds in groups 1-2 represent Ψold insecticide chemistriesΩ and have been most heavily 

decimated by regulatory and commercial factors over the past two decades.  The few that remain 

(mostly OPs) are usually ΨsofterΩ representatives of their class.  They are considered practical and 

attractive to farmers because they are cheap, fast acting and have a broad spectrum of action.  In 

terms of pest management strategy they help maintain diversity of MoA for resistance management 

(IRM), OPs in particular do not build-up in the environment and some have such a short persistence 

that they rarely present residue problems.  Nevertheless, they are suspected endocrine disruptors 

(see Box 1) and a recent review17 ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ άThe majority of well-designed studies found a 

significant association between low-level exposure to OPs and impaired neurobehavioral functionέ ƛƴ 

humans.  It is therefore probable that OPs are unlikely to remain permitted in most countries beyond 

the end of the decade. 

Pyrethroids (IRAC MoA group 3) 

Previously the most important Insecticides by market share, now the second largest sector of the 

synthetic insecticide market: they are highly effective against agricultural and public health major 

pests.  First introduced thirty years ago by a team of Rothamsted Research scientists led by M. Elliott, 

they represented a major advancement in activity and relatively-low mammalian toxicity.  Their 

development was especially timely with the identification of problems with DDT (see box 2): which 

belongs to the same MoA group (they interfere with sodium transport in insect nerve cells). 

Work consisted firstly of identifying the most active components of pyrethrum, extracted from East 

African chrysanthemum flowers and long known to have insecticidal properties.  Pyrethrum rapidly 

knocks down flying insects, but has a low mammalian toxicity and negligible persistence - which is 

good for the environment but gives poor efficacy when applied in the field.  Pyrethroids can be 

described as chemically stabilized forms of natural pyrethrum. 

The 1st generation of pyrethroids, developed in the 1960s, include bioallethrin, tetramethrin, 

resmethrin and bioresmethrin.  They are more active than the natural pyrethrum, but are unstable in 

sunlight.  Activity of pyrethrum and 1st generation pyrethroids is often enhanced by addition of the 

synergist piperonyl butoxide (which is not itself biologically active). After EC 1107/2009, many 1st 

generation compounds were not included re-registered, probably because the market is simply not 

big enough to warrant the costs (rather than any special concerns about safety). 

By 1974, the Rothamsted team had discovered a 2nd generation of more persistent compounds 

notably: permethrin, cypermethrin and deltamethrin.  They are substantially more resistant to 

degradation by light and air, thus making them suitable for use in agriculture, but they have 

significantly higher mammalian toxicities.  Over the subsequent decades these were followed with 
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other proprietary compounds such as fenvalerate, lambda-cyhalothrin and beta-cyfluthrin, but most 

patents have now expired, making them cheap and therefore popular (although permethrin and 

fenvalerate were not re-registered under the 91/414/EEC process).  One of the less desirable 

characteristics, especially of 2nd generation pyrethroids is that they can be irritant  to the skin and 

eyes, so special formulations such as capsule suspensions (CS) have been developed. 

 

Pyrethroids have been widely used against cocoa insects, especially mirids in West Africa (also 

Helopeltis and cocoa pod borer in SE Asia).  They belong to commonly-used examples include: 

bifenthrin, deltamethrin, cypermethrin and lambda-cyhalothrin.   Synergized tetramethrin has been 

applied extensively for control of warehouse pests - partly due to its low persistence and irritancy, 

but (together with permethrin) it has not been re-registered.  First generation pyrethroids have been 

replaced with natural pyrethrum (usually synergized) and other permitted, 2nd generation Ψknock 

downΩ insecticides such as cypermethrin.  These must be used very carefully due to greater 

persistence and the general risk of insecticide resistance.   

Neonicotinoid insecticides (IRAC class 4A) 

bƛŎƻǘƛƴŜΣ ǘƘŜ ΨŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘΩ ŦƻǊ ǎƳƻƪŜǊǎΤ ƛǘ ƛǎ ŀƭǎƻ ŀ ǾŜǊȅ ǇƻǘŜƴǘ ƛƴǎŜŎǘƛŎƛŘŜΦ  .ŜƛƴƎ a natural 

ǇǊƻŘǳŎǘΣ ΨǘƻōŀŎŎƻ ǘŜŀΩ was previously permitted for organic pest management, but purified nicotine 

would be classified as most toxic (class 1) if sold commercially.  As with pyrethrum and the 

pyrethroids, the commercialised synthetic analogues, cŀƭƭŜŘ ΨƴŜƻƴƛŎƻǘƛƴƻƛŘΩ ƻǊ ΨƴƛŎƻǘƛƴȅƭΩ ƛƴǎŜŎǘƛŎƛŘŜǎ 

(NNI) are more stable than their natural progenitors in sunlight.  Unlike pyrethrum and pyrethroids 

Box 2: DDT in cocoa growing countries 

¢ƘŜ ŀŎǊƻƴȅƳ Ψ55¢Ω (dichloro-diphenyl-trichloroethane) invokes many of the (often negative) 

perceptions about pesticides.  The first major synthetic insecticide, introduced in the 1940s, 

this compound was accompanied by others in the group of chemicals called organochlorines.  

By the 1960s, Rachael Carson i and others were pointing out their negative side-effects, 

particularly associated with over-use in agriculture (environmental impact, resistance and 

resurgence).  Perhaps the greatest alarm amongst the general public was caused by residues 

ƻƴ ŦƻƻŘΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŘŜǘŜŎǘƛƻƴ ƻŦ 55¢ ŀƴŘ ƛǘǎ ōǊŜŀƪŘƻǿƴ ǇǊƻŘǳŎǘǎ ƛƴ ƳƻǘƘŜǊǎΩ ƳƛƭƪΦ  Lǘ 

ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƻƳǇƻǳƴŘǎ ǘƻ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ŀ ΨǇŜǊǎƛǎǘŜƴǘ ƻǊƎŀƴƛŎ ǇƻƭƭǳǘŀƴǘΩ όthtύΦ  

However, DDT has undoubtedly saved millions of lives: it is cheap and provides long-term 

ŎƻƴǘǊƻƭ ƻŦ ƳŀƭŀǊƛŀ ƳƻǎǉǳƛǘƻŜǎΣ ǿƛǘƘ Ƙŀǎ άŀ ǊŜƳŀǊƪŀōƭŜ ǎŀŦŜǘȅ ǊŜŎƻǊŘ ǿƘŜƴ ǳǎŜŘ ƛƴ ǎƳŀƭƭ 

quantities for indoor residual spraying (IRS) in endemic regioƴǎέ ii.   

DDT is now never recommended in agriculture, but there are reports of misuse, with IRS 

insecticides being ΨdivertedΩ onto crops, so residues on food continue to be monitored.  

Malaria is frequently endemic in cocoa growing areas, so mis-use is possible; for this reason, 

practical MRLs have been set at: 0.5 ppm in the EU, 0.15 ppm in Russia, 1.0 ppm in the USA 

and 0.05 ppm in Japan. 

i  Carson R (1962) Silent Spring. Houghton Mifflin (1962); Mariner Books (2002). 
ii Yamey, G. (2004). Roll Back Malaria: a failing global health campaign. BMJ 328: 1086-1087. 



 Guide to Pesticide Use in Cocoa: 3
rd

 edition (Aug. 2015)   39 

ōǳǘ ƛƴ ŎƻƳƳƻƴ ǿƛǘƘ ƻǘƘŜǊ ΨƴŜǿ ŎƘŜƳƛǎǘǊƛŜǎΩΣ NNI typically have relatively low mammalian toxicities 

compared with their natural analogue, with several products available in toxicity class III. 

Table 2.1  Properties of some insecticides in current use for cocoa 

 Solubility 
(mg/l or ppm) 

log P 
(KOW) 

Vapour 
pressure 
(mPa) 

bee tox. 
oral  ̱  
ό˃ƎκōŜŜύ 

bee tox. 
contact 
ό˃ƎκōŜŜύ 

WHO 
tox. Class 

(AI) 

EU 
reg. 

status 
        

OPs & Carbamates  IRAC group  1       
diazinon 60 3.3 12 "Highly toxic to bees" II Y 
dimethoate 23.8 0.704 0.25 0.12 (topical) II Y 
chlorpyrifos (ethyl)  1.4 4.7 2.7 0.36 0.07 II Y 
fenitrothion 14 3.43 18 "toxic"  II N 
fenobucarb (BPMC) 420 2.79 13 -  II N 
malathion 145 2.75 5.3 - 0.71 III N 
pirimiphos methyl 10 4.2 2 "toxic"  III Y 

        

phenylpyrazoles IRAC group  2       
fipronil 1.9 4 3.7 x 10

-4 
0.004 

18
 II M 

        

Pyrethroids IRAC group  3       
ʲ ŎȅŦƭǳǘƘǊƛƴ ϝ 0.0012-0.0021 5.9 1.4-8.5 x 10

-5 
< 0.025 (FAO) Ib Y 

bifenthrin <0.001 >6 1.81 x 10
-7 

0.1     0.015 II Y 
ʰ ŎȅǇŜǊƳŜǘƘǊƛƴ  0.01 6.94 2.3 x 10

-2
  0.059  II Y 

deltamethrin 0.0002 4.6 1.2 x 10
-5 

0.079 0.051 II Y 
˂ ŎȅƘŀƭƻǘƘǊƛƴ  0.005 7 2 x 10

-4 
0.038 0.909 II Y 

Natural        : pyrethrin I 0.2 5.9 6.9 x 10
-2
 0.022 0.013  II Y 

 pyrethrum : pyrethrin II        9 4.3 2.7 x 10
-2
 (48 hr.)  Y 

        

Neonicotinoids IRAC group  4       
nitro(guanidine)-substituted       
clothianidin  300+ § 0.7 1.3 x 10

-10 
0.0038 >0.044 III (EPA) M 

imidacloprid  610 0.57 4 x 10
-7 

0.005 ς  
0.07 ʍ 

0.018 ς 
 0.024 ʍ 

II M 

thiamethoxam  4,100 -0.13 6.6 x 10
-6 

0.005 0.024 III M 
cyano-substituted (pyridylmethylamine)      
acetamiprid  4,250 0.8 <1 x 10

-3 
14.5 8.1 II Y 

thiacloprid  1,850 0.73  3 x 10
-7 

17.3 38.8 III Y 

ˍ US EPA defines a pesticide as highly toxic to bees if the LD 50 ƛǎ ғ н ˃ƎκōŜŜ
*
  

ϝ ʲ ŎȅŦƭǳǘƘǊƛƴΥ п ǇŀƛǊǎ ƻŦ ŜƴŀƴǘƛƻƳŜǊǎ 
§: depends on pH 
ʍΥ ǾŀǊƛƻǳǎ ǎǘǳŘƛŜǎ  

There are now about a dozen NNI that have been developed since imidacloprid was introduced in 

1991 by Bayer AG and Nihon Tokushu Noyaku Seizo KK.  They belong to three chemical sub-groups, 

of which two are of current interest in cocoa.  All NNIs are systemic having a high solubility and log P 

values of <1 (see Table 2.1).  Probably the most controversial aspect with these compounds is the 

relatively high toxicity of some AI to bees (in spite of having passed through a whole raft of 

environmental testing before registration).  In Europe, the problem was managed by engineering 

controls that greatly reduce drift: of spray droplets and dust from seed dressings.   

                                                           
*
 US EPA (2013): Technical Overview of Ecological Risk Assessment Analysis Phase: Ecological Effects Characterization, 

 U.S. Environmental Protection Agency, Washington, DC. www.epa.gov/oppefed1/ecorisk_ders/toera_analysis_eco.htm  

http://www.epa.gov/oppefed1/ecorisk_ders/toera_analysis_eco.htm
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In 2013, a moratorium was placed on three NNI: clothianidin, imidacloprid and thiamethoxam in the 

EU (see section 2.8).  At this stage, we can only speculate on the practical medium-long term 

consequences of this moratorium and any further restrictions in cocoa consuming countries.  

Withdrawal from use in the EU could result in diversion of products to secondary markets (with 

ǇƻǎǎƛōƭŜ ŎƻƴǎŜǉǳŜƴǘ ΨǇǊƛŎŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΩ ƻǊ ΨŘǳƳǇƛƴƎΩ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǾƛŜǿǇƻƛƴǘύΦ  !ƭǎƻ ŜȄǇŜŎǘ 

cyano-substituted NNI ǘƻ ōŜ ǇǊƻƳƻǘŜŘΣ ƧǳǎǘƛŦƛŀōƭȅΣ ŀǎ ΨƳƻǊŜ ōŜŜ-ŦǊƛŜƴŘƭȅΩ ƻǊ ǎƛƳƛƭŀǊ; table 2.1 shows 

that they are more >2 orders of magnitude less toxic to bees than the nitro-group, especially via the 

oral route.    

Toxicity of AIs to honey bees is of obvious interest to cocoa growing areas where hives are 

maintained. There is also a research need to assess the impact of insecticide products to principal 

cocoa pollinators such as Forcipomyia spp. sensu lato (Diptera: Ceratopogonidae) and other midge 

families including the Cecidomyiidae.  In his 1972 book19 9ƴǘǿƛǎǘƭŜ ǎǘŀǘŜŘ άLǘ ƛǎ ŘƻǳōǘŦǳƭ ƛŦ ǘƘŜ ŜŦŦŜŎǘǎ 

of insecticides on insect pollination of cocoa or on the pollination mechanism have been adequately 

ƛƴǾŜǎǘƛƎŀǘŜŘέΦ  ¢Ƙƛǎ remains true today, but research into this important aspect is being undertaken 

by the COCOAPOP project, which provides useful references* on taxonomy, surveying, ecology, etc. 

Other insecticidal modes of action  

The insecticides described above all act on biochemical pathways in the insect nervous system and 

are ǘƘǳǎ ōŜ ƎǊƻǳǇŜŘ ŀǎ ΨƴŜǳǊƻǘƻȄƛŎΩ or otherwise active on insect coordination.  As understanding of 

the effects of insecticides on target biochemical pathways improves, updates are made available by 

IRACϞ.  Research-based agrochemical companies continue to explore new markets for their 

proprietary AIs and these are listed here in Appendix 3C, as information is made available.   

Companies ƘŀǾŜ ǊŜŎŜƴǘƭȅ ŜƳǇƘŀǎƛǎŜŘ ǘƘŜ ΨƴŀǘǳǊŀƭ ƻǊƛƎƛƴΩ ƻŦ ŀ ƴǳƳōŜǊ ƻŦ aƻ! ƎǊƻǳǇǎ (see table 2.2): 

for example, groups 5 and 6 consist of fermentation products, with relatively large complex 

ƳƻƭŜŎǳƭŜǎ ŎŀƭƭŜŘ ΨƳŀŎǊƻŎȅŎƭƛŎ ƭŀŎǘƻƴŜǎΩ.  These were derived from Saccharopolyspora spinosa and 

Streptomyces avermitilis respectively.  There is considerable interest in the latest MoA group (28), 

the diamides or ryanodine receptor modulators, which are synthetic analogues of water-soluble 

extracts of the tropical shrub Ryania speciosa; exposed insects exhibit general lethargy and muscle 

paralysis leading to death, but mammalian toxicity is very low. 

There are also reports of limited use of nereistoxin analogues (group 14) being used in cocoa: a small 

group of commercial alkaloid pro-insecticides derived from Nereis spp. (marine ragworms).  

Examples are cartap hydrochloride, thiocyclam and thiosultap-sodium: like NNI and spinosyns they 

affect, in this case block, the nicotinic acetylcholine receptor (NAchR) channel in insect nerve 

synapses.  Although available in Asia and Africa, they cannot currently be recommended since MRLs 

have yet to be established in the EU and elsewhere. 

aŀƴȅ ƻŦ ǘƘŜ ΨƴŜǿŜǊ ŎƘŜƳƛǎǘǊȅΩ ŀŎǘƛǾŜ ǎǳōǎǘŀƴŎŜǎ ŀǊŜ especially attractive since they have low 

mammalian toxicities, thus helping to overcome one of the major criticisms of insecticide use.  Some 

MoA groups, often of lower toxicity to both mammals and non-target organisms (IPM compatible) 

                                                           
*
 http://www.cocoapop.eu/about-the-project/papers (accessed July 2015) 
À
 http://www.irac-online.org/documents/moa-classification/?ext=pdf  

http://www.cocoapop.eu/about-the-project/papers
http://www.irac-online.org/documents/moa-classification/?ext=pdf
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are decades old including non-neurotoxic compounds that specifically target insect biochemical 

pathways.  These include various mechanisms in the formation of insect cuticle, regulation of ecdysis 

(moulting) and other endocrine functions unique to insects and other arthropods.  Usually slow 

acting (e.g. taking more than 2-3 days to show activity in the field), non-neuro-active products have 

proved more difficult to sell, involve greater levels of farmer training and may encounter difficulties 

at the registration stage (see section 2.7).  Nevertheless, the need to find effective control measures 

against pests such as cocoa pod borer and maintain a diversity of MoA for resistance management, 

may yet establish a role for insecticide groups 15, 18 and possibly others.  The tetronic acid 

spirotetramat (group 23) was the first insecticide to exhibit downward (basipetal) translocation, 

making it very effective against certain sucking insects; it is undergoing evaluation against the mealy-

bug (Pseudococcidae) vectors of cocoa swollen shoot virus disease (CSSVD). 

Table 2.2  Some alternative insecticidal Modes of Action considered for use in cocoa 

Group Mode of Action Examples Possible use in cocoa 

a. Insecticides acting on the nervous system or nerve-muscle interface 

5 Nicotinic acetylcholine 
receptor (NAchR) allosteric 
activators  

Spinosyns such as 
spinosad 

Broad spectrum against 
Coleoptera, Lepidoptera, etc. 

6 Chloride channel activators Avermectins such as 
emamectin benzoate 

Broad-spectrum activity 
against Lepidoptera   

28 Ryanodine receptor 
modulators (diamides) acting 
at the nerve- muscle interface 

chlorantraniliprole 
(CTPR), cyantranil-iprole, 
flubendiamide 

Lepidoptera such as cocoa 
pod borer 

b. Non-neurotoxic MoA 

9B Selective feeding blockers: 
modulate chordotonal organs 

pymetrozine Hemiptera such as mirids 

18 Ecdysone receptor agonists 
(mimics action of moulting 
hormone lethally accelerating 
the process) 

methoxyfenozide Relatively specific for 
Lepidoptera:  possibly useful 
against cocoa pod borer. 

23 Inhibitors of lipid biosynthesis 
(acetyl COA carboxylase) 

Tetronic acids such as 
spirotetramat 

Possibly useful against 
Pseudococcid CSSVD vectors 

Finally, it is important to mention here the potential for microbial control agents (MCA) including 

entomopathogenic fungi (e.g. Metarhizium and Beauveria spp.) and viruses.  These have yet to be 

assigned MoA groups by IRAC, but the bacterium Bacillus thuringiensis, the most important 

biopesticide world-wide Ƙŀǎ ōŜŜƴ ŀǎǎƛƎƴŜŘ ƛƴǘƻ ƎǊƻǳǇ мм!Υ Ψmicrobial disruptors of insect midgut 

membranesΩΦ  Lǘ Ƙŀǎ ōŜŜƴ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘŜ ΨcryΩ proteins that generate this action could be 

expressed in the cocoa husk and efficacious against pod borer20, but genetic modification in this crop 

is considered highly controversial, even in the Americas. 
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2.5.2 "Fungicides"  

The term "fungicide" refers, as its name suggests, to agents that control fungi.  However, the same 

substances may also be active against Oomycetes (or water moulds): the important group of 

organisms that contain Phytophthora spp., but have now been assigned to a completely different 

kingdom (the Chromalveolata).   

Perhaps the most widely-used fungicides are various copper compounds, which are active against a 

wide spectrum of plant diseases.  Copper is more likely to be a soil/environmental issue, and since 

these compounds are essentially contact fungicides, it would be difficult to distinguish exogenously 

applied sprays from back-ground levels in residue tests.  The MRL set for copper ions, is 50 mg/kg.  

Organic producers are still permitted to use copper, albeit on a restricted basis (see section 1.8.2).  

The MoA of copper compounds is described as multi-site (FRAC group M1), therefore the risk of 

fungicide resistance is considered to be low. 

Phenylamide compounds (FRAC group A1) have protective, curative and systemic action against 

Phytophthora: disrupting the unique nuclear RNA synthesis pathways in Oomycetes.  Metalaxyl was 

discovered by Ciba Geigy (now Syngenta) in 1977.  It consists of a number of isomers and it was later 

discovered that one in particular, metalaxyl-M, showed greatest biological activity.  In 1996 the 

company re-patented the latter as mefenƻȄŀƳ όƳŀǊƪŜǘŜŘ ŀǎ ΨwƛŘƻƳƛƭ-ƎƻƭŘΩύ ǘƘǳǎ ŘƻǳōƭƛƴƎ ǘƘŜ ǇŀǘŜƴǘ 

life.  Residue studies and submissions for registration in the EU refer strictly to this isomer, which 

was included on EU/91/414 Annex 1 effectively a new substance (confirmed under legislation 

02/64/EC).  Supervised GAP residue trials for the latter were carried out by Syngenta on fermented 

dry beans and using the local processing methods, in order to obtain MRLs.  Residue trials included 

rates of 90 g mefenoxam/ha (2 x normal rate).  Under EU legislation, the status of (chemically) 

unresolved metalaxyl has now been clarified and the MRL includes mixtures of all constituent 

isomers including metalaxyl-M (i.e. the sum of isomers). 

 

Residue analysis has recently focused on metalaxyl and benalaxyl, especially since farmers might 

spray within its one month pre-harvest interval (PHI: one of the principal means of mitigating high 

residue levels).  Extension efforts should therefore focus on timely application (regular monitoring) 

and only applying copper fungicides near to harvest.  It is also thought that there is a high risk of 

resistance to these AI by Phytophthora spp. and agrochemical companies have introduced 

alternative MoA.  Carboxylic Acid Amide (CAA) fungicides (FRAC group H5, previously placed in F5) 

disrupt cell wall deposition (the cell walls of Oomycetes differ from the fungi, and contain glucan-

cellulose rather than chitin).  Two AI: dimethomorph (DMM) and mandipropamid have now been 

registered for use against Phytophthora in cocoa and provide much needed MoA diversity for better 

resistance management.   
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Table 2.3  Properties of some ǎȅǎǘŜƳƛŎ ōƭŀŎƪ ǇƻŘ ΨŦǳƴƎƛŎƛŘŜǎΩ  in current use for cocoa 

 FRAC 
code 

Solubility 
(mg/l or ppm) 

log P (KOW) WHO tox. 
Class (AI) 

EU reg. 
status 

      

metalaxyl (~M isomer) A1 (4) 8400 (2600) 1.75 (1.71) III Y 

benalaxyl A1 (4) 28.6 3.54 III Y 

dimethomorph (DMM)  H5 
*
 18 (pH 7) 2.63 III Y 

mandipropamid H5 
*
 4.2 3.3 IV Y 

In Appendix 3C, experimental MoA groups that are known to include AI active against Oomycetes are 

marked with ʍΥ ǘƘŀǘ ƛƴŎƭǳŘŜ ƻǘƘŜǊ Cр ŀƴŘ /у όvȄLΥ vǳƛƴƻƴŜ Ȅ LƴƘƛōƛǘƻǊύ ŎƻƳǇƻǳƴŘǎΦ 

2.5.3 Herbicides and sprouting inhibitors  

Herbicides, or weed killers, occupy the largest global share of the pesticide market, although their 

use by smallholders is limited in comparison with intensive farming, amenity weed control, etc.  

Perhaps their greatest use in cocoa is in larger-scale, commercial plantings.  They are most typically 

applied at an early stage to prevent young plants from being choked by weeds.  Control is rarely 

required once the canopy closes (although mistletoes may become a problem in poorly managed 

cocoa). 

Herbicides have been classified in several ways and, as with other pesticides, a number of chemical 

families can be grouped by their modes of action (using letters in the HRAC nomenclature). In 

practice, herbicides are often grouped according to their mode of use: 

Á contact herbicides, where only the part of the plant sprayed is killed, such as the 

photosynthesis inhibitors paraquat  and diquat (MoA group D) 

Á systemic - pre-emergent and post-emergent herbicides include compounds that: 

- disrupt amino acid synthesis in chloroplasts e.g. various salts of glyphosate (group G) 

- disrupt cell division in broad-leaved weeds: including synthetic auxins such as 2,4-D, 

triclopyr and picloram (group O). 

Triclopyr is used as stump arboricide which has a specialised use in Cocoa swollen shoot virus disease 

(CSSVD) control campaigns: to prevent re-growth of old trees, before re-planting with improved 

cocoa varieties. 

During recent surveys in cocoa, glyphosate and paraquat have been recorded as widely used on 

ŎƻŎƻŀΦ  DƭȅǇƘƻǎŀǘŜ ƛǎ ƴƻǿ ǇǊƻōŀōƭȅ ǘƘŜ ǿƻǊƭŘΩǎ ǘƻǇ-ranking pesticide by sales, especially available as 

two salts (isopropylamine and trimesium) from a wide range of companies. 

The synthetic auxin herbicide, 2,4-D has caused considerable concern, appearing as residues in cocoa 

beans from more than one country.  The active substances include a number of saltsϞ, acid and 

esters, some of which are moderately volatile (vp of acid = 1.9 x 10-2 mPa) and have a characteristic 

odour.  In some cases, it transpired that residues originated from the ground on which cocoa beans 

                                                           
*
 Target site group H: cell wall biosynthesis ï FRAC code 40 - previously in FRAC target site group F5 
À
 many 2,4-D salts dissociate to the acid in water; at pH 7, log P of acid = 0.177, water solubility = 44.6 g/L. 
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had been dried (roadsides, courtyards, etc.) previously treated with herbicides, or had been exposed 

to run-off after rain.  The use of drying mats for cocoa beans, elevated off the ground, is therefore an 

important SPS recommendation and it is vital that exposure (including vapours) to cocoa beans is 

avoided at all stages in the supply chain: including storage and transportation. 

In principle: 

- Approved herbicides present a low 
risk when used judiciously for weed 
management in establishing trees 

- Χ ǿƘƛŎƘ ŜǎǇŜŎƛŀƭƭȅ ƳŜŀƴǎ ŎŀǊŜ ƛƴ 
application: avoiding the 
production and drift of small 
droplets onto non-target areas. 

- Care and oversight is needed along 
the whole cocoa bean production 
and supply chain 

- Χ ƘŜǊōƛŎƛŘŜ ǊŜǎƛŘǳŜǎ Ƴŀȅ ƻǊƛƎƛƴŀǘŜ 
from outside the cocoa garden. 

 
 

2.5.4 Pesticides  for vertebrate pests  

A range of vertebrate pests, from elephants to smaller rodents and birds, have been recorded as 

cocoa pests21.  It is significant perhaps, that vertebrates are probably responsible for most natural 

sowing of cocoa seed, with the Brazilian kinkajou (Potos flavus) specifically associated with cocoa in 

its centre of origin.  The most consistently damaging species are probably rats and squirrels, with 

studies indicating crop losses of between 1% and 20%.  Losses in SE Asia and certain islands appear 

to be especially high, with anecdotal reports of high damage where cocoa is grown near food crops 

such as rice; the World average loss may be 5-10%.   

For many years there were essentially two groups of rodenticides: acute and chronic agents, which 

are by necessity all highly toxic to mammals.  The older, acute toxicants such as zinc and aluminium 

phosphides could ōŜŎŀƳŜ ƛƴŜŦŦŜŎǘƛǾŜ ŘǳŜ ǘƻ Ψōŀƛǘ ǎƘȅƴŜǎǎΩΥ ǿƘŜǊŜ Ǌŀǘǎ ƭŜŀǊƴŜŘ ǘƻ ŀǎǎƻŎƛŀǘŜ ǘƘŜ ŦƻƻŘ 

bait with the poison.  Sodium fluoroacetate (Ψ1080Ω) is another inorganic acute poison: considered 

effective for area-wide control operations (including aerial applications), but it has become 

ǳƴŀŎŎŜǇǘŀōƭŜ ŦƻǊ άŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ŀƴƛƳŀƭ ǿŜƭŦŀǊŜ ŀƴŘ ǎƻŎƛŀƭ ǇǊŜǎǎǳǊŜǎέ.    

Anti-coagulants kill by preventing blood clotting, but the first generation of agents (e.g. warfarin) 

could be subject to bait shyness.  They were supplemented ǿƛǘƘ ŀ ƴǳƳōŜǊ ƻŦ ΨǎŜŎƻƴŘ ƎŜƴŜǊŀǘƛƻƴΩ 

anti-coagulant rodenticides (SGAR): that only require a single feed by the pest and have a delayed 

action.  Anti-coagulants, including the three permitted for use in the EU (bromadiolone, difenacoum 

and warfarin) are all subject to the default MRL of 0.01 mg/kg.  Formulated together with the 

toxicant and a food-bait (often grain), with a warning colorant within a waxy, waterproof matrix: bait 

block (BB) formulations could simply be tied singly to cocoa trees but are now only for indoor use in 

EU only due to impact on raptors such as owls (see below).   
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Squirrel (above) and rat damage Block bait formulation tied to a cocoa tree 

The success of rodent control operations often depends on the scale of treatment and timing: it is 

usually better to apply over larger areas (e.g. whole villages) when alternative food sources for the 

pest are most scarce (e.g. the beginning of the field crop growing season).  Very small-scale 

operations, such as treatments in single houses, may have only a short-term effect and be a false 

economy; large-scale campaigns should be accompanied with public education about the hazards of 

baits and supplies of the anti-coagulant antidote (vitamin K1).  

A combination of rodenticide resistance and concerns about their toxicity has prompted 

investigations into alternative methods over the last decade.  A review of these22 included certain 

plant extracts and cholecalciferol (calciferol or vitamin D3): which may be efficacious on its own or 

used in combination with SGARs such as coumatetralyl.    

Biological rodent control approaches have included the use of barn owls, with their successful 

establishment in a cocoa-coconut agro-ecosystem in Malaysia23.  Rodenticides must be used 

carefully, UK studies on their impact showed increased presence with widespread towards the end 

of the 20th century, but only 7% of contaminated owls (forming 2% of all owls examined) were 

judged to have actually died of rodenticide poisoning24 . A microbial control method uses a product 

based on the protozoan Sarcocystis singaporensis25 . 
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2.6 Technical problems with pesticides ɉÔÈÅ ȬÔÈÒÅÅ 2ÓȭɊ 

Besides residues, which will be discussed further in chapter 3, two other phenomena can be 

described ŀǎ ΨǘŜŎƘƴƛŎŀƭ ƛǎǎǳŜǎΩΣ ƛƴ ǘƘŀǘ ǘƘŜȅ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǇŜǎǘ ŎƻƴǘǊƻƭ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ 

toxicological and environmental risks associated with pesticide use.  However, in both cases one of 

the practical consequences is that some farmers, by not understanding these phenomena, may be 

encouraged to apply more pesticides in the short-term, thus increasing the risk of high crop residues. 

1. Development of resistance: where pests adapt over time after exposure to control agents, which 
become ineffective (e.g. loss of effectiveness of certain fungicides for the control of 
Phytophthora spp.).  Among the first cases of insecticide resistance detected was against 
organochlorines by cocoa mirids26. 
 
Resistance is an evolutionary process thŀǘ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ŀǎΥ άŀ ƘŜǊƛǘŀōƭŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ 
sensitivity of a pest population that is reflected in the repeated failure of a product to achieve 
the expected level of control when used according to the label recommendation for that pest 
ǎǇŜŎƛŜǎέ όǎƻǳǊce: IRAC). 
 
Furthermore, the problem may be compounded by cross-resistance: where resistance to one 
pesticide confers resistance to another active substance, even if the pest has not been exposed 
to the products containing latter. Because insect and fungal populations are usually numerous 
and reproduce quickly, the rate at which resistance evolves is greatest when fungicides and 
insecticide are over-used. 

2. Pesticide induced resurgence: especially following the use of broad-spectrum insecticides that 
ŎŀǳǎŜ ŀ ΨŦƭŀǊŜ ǳǇΩ ƻŦ ǇŜǎǘǎ ǘƘŀǘ ǿŜǊŜ ǇǊŜǾƛƻǳǎƭȅ ƻŦ ƳƛƴƻǊ ƛƳǇƻǊǘŀƴŎŜΤ ǘƘƛǎ ƛǎ ǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ ǘƘŜ 
άǇŜǎǘƛŎƛŘŜ ǘǊŜŀŘƳƛƭƭέΦ  !ƴ ŜȄŀƳǇƭŜ ƻŦ ǊŜǎǳǊƎŜƴŎŜ ƛƴ ŎƻŎƻŀ ǿŀǎ ǘƘŜ ŘǊŀƳŀǘƛŎ ƛƴŎǊŜŀǎŜ ƛƴ 
populations of the trunk borers Eulophonotus myrmeleon (Cossidae) and Tragocephala castinia 
theobromae (Cerambicidae), which were previously considered to be minor pests, following 
destruction of their natural enemies with applications of BHC and dieldrin - applied to control 
insects such as mirids27. 

2.7 Efficacy (including AI mixtures) 

There are two approaches to the regulation of efficacy of plant protection products: 
Á ! ǾƛŜǿ ǘƘŀǘ ΨǘƘŜ ƳŀǊƪŜǘ ǿƛƭƭ ŘŜŎƛŘŜΩ ŀōƻǳǘ ŜŦŦƛŎŀŎȅ ŀƴŘ ǘƘŀǘ ǘƘŜ ǇǊƛƳŀǊȅ ǊƻƭŜ ƻŦ ǊŜƎǳƭŀǘƛƻƴ ƛǎ 

to ensure safety.  This is considered appropriate in the USA and elsewhere, with farmers 
often benefiting from sophisticated agricultural extension support networks. 

Á aƻǊŜ ΨƛƴǘŜǊǾŜƴǘƛƻƴƛǎǘΩ ǇƻƭƛŎƛŜǎ όŀǎ ƛƴ 9ǳǊƻǇŜύΥ ǿƘŜǊŜ ǘƻȄƛŎƻƭƻƎȅ ǎǘǳŘƛŜǎ ŀǊŜ ƭƛƪŜǿƛǎŜ 
emphasised, but companies must also demonstrate efficacy against key target pests in order 
to obtain registration.   

A view taken in many cocoa growing countries is that farmers should be supported with advice on 

effective products, often via Government research and extension agencies.  As described above, the 

list of pesticides that are suitable for use with cocoa has changed dramatically over the past decade, 

in light of changes to the regulatory environment in the EU, Japan and other importing 

countries.  With the recent controversy surrounding the neonicoǘƛƴƻƛŘǎΣ ŎǳǊǊŜƴǘƭȅ ŀ ΨǎǘǊŀǘŜƎƛŎΩ aƻ! 

for the crop, research and registration Authorities must maintain an on-going review of registered 

pesticide products appropriate to 21st century needs.  However, as with other crops, policy makers 

must also foster a stǊŀǘŜƎȅ ŦƻǊ ΨǎǳǎǘŀƛƴŀōƭŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴΩΥ ƛƴ ǘƘƛǎ ŎŀǎŜ ƳŀƛƴǘŀƛƴƛƴƎ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ 
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appropriate and efficacious range of active substances, preferably belonging to 3 or more MoA, for 

control of key cocoa pests.  This objective has been a factor when compiling the list in Appendix 3A. 

In many cocoa growing countries, the withdrawal of older (and sometimes not so old), neurotoxic 

compounds has not been accompanied with commensurate adoption of newer products: so 

insecticides currently available in cocoa growing areas belong to only 2-3 MoA, often dominated by 

pyrethroids.  This has potentially deleterious consequences for both integrated pest and resistance 

management strategies, besides perpetuating outdated pest control perceptions amongst 

farmers.  In addition, chemical control against key insect pests was often established using 

compounds with fumigant action (e.g. HCH, endosulfan) that helped to compensate for poor 

application; this property is no longer acceptable to regulatory authorities.  Researchers must 

therefore adapt mid-20th century protocols for pesticide screening where the end-points of assays 

rarely exceeded 48 hours, thus excluding many IPM-compatible non-neurotoxic substances (and 

possibly biological agents) that constitute a majority of the known insecticidal MoA.  A further 

difficulty, illustrated below and a notorious problem with cocoa mirid experiments, is that control 

mortality increases over time to levels that exceed standard analytical assumptions. 

 

Over recent years the number of products (including those of research-based companies) that 

contain mixtures of insecticide AI has risen substantially.  Whereas there has long been a resistance 

management narrative for AI mixtures of fungicides with very specific target biochemistry, 

entomologists have generally discouraged insecticide mixtures because of the likely impact of 
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insecticide mixtures on non-target organisms.  IRAC have now brought out a document on this issue* 

which includes the following statements: 

Á In the majority of settings, the rotation of insecticide modes of action is considered the most 
effective IRM approach. 

Á Most mixtures are not primarily used for purposes of IRM. 
 
Mixtures of insecticides may provide commercial advantages for controlling pests in a broad range of 

settings, typically by increasing the level of target pest control and/or broadening the range of pests 

controlled.  There are cases when they help with combating a pest complex using a single spray (such 

as in cotton pest management) but broadening the spectrum of activity can quickly compromise 

IPM.  There is a risk that mixtures use of more chemicals than are genuinely required and a number 

of regulatory agencies are essentially opposed to their use. 

2.8 Pesticides and pollinators 

A growing controversy on the causes of bee decline (sometimes referred-ǘƻ ŀǎ ΨŎƻƭƻƴȅ ŎƻƭƭŀǇǎŜ 

ŘƛǎƻǊŘŜǊΩύ ƻǾŜǊ ǊŜŎŜƴǘ ȅŜŀǊǎ Ƙŀǎ ƴƻǿ ǊŜǎǳƭǘŜŘ ƛƴ ŀƴ 9¦ ƳƻǊŀǘƻǊƛǳƳ ƻƴ ǘƘŜ ƴŜƻƴƛŎƻǘƛƴƻƛŘǎ όbbLύΥ 

clothianidin, imidacloprid and thiamethoxamϞΦ  ¢Ƙƛǎ ŦƻǊƳǎ ŀƴ άhƴƎƻƛƴƎ ǊŜǾƛŜǿ ƻŦ ŀŎǘƛǾŜ ǎǳōǎǘŀƴŎŜǎέ 

by the EU and a possible re-evaluation of fipronil is also of interest to cocoa producers.   

The restriction on clothianidin, imidacloprid and thiamethoxam followed risk assessments by the 

European Food Safety Authority (EFSA)ϟΣ ǿƘƛŎƘ άŎƻƴŎƭǳŘŜŘ ǘƘŜ Ŧƻƭƭƻǿing for all three substances: 

1. Exposure from pollen and nectar. Only uses on crops not attractive to honey bees were 
considered acceptable. 

2. Exposure from dust. A risk to honey bees was indicated or could not be excluded, with some 
exceptions, such as use on sugar beet and crops planted in glasshouses, and for the use of some 
granules. 

3. Exposure from guttation. The only risk assessment that could be completed was for maize treated 
with thiamethoxam. In this case, field studies show an acute effect on honey bees exposed to the 
substance through guttation fluid. 

9C{!Ωǎ ŎƻƴŎƭǳǎƛƻƴǎ Ŏƻƴǘŀƛƴ ǘŀōƭŜǎ ƭƛǎǘƛƴƎ ŀƭƭ ŀǳǘƘƻǊƛǎŜŘ ǳǎŜǎ ŦƻǊ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ŀǎ ƎǊŀƴǳƭŜǎ ƻŦ ǘƘŜ 

ǘƘǊŜŜ ǎǳōǎǘŀƴŎŜǎ ƛƴ ǘƘŜ 9¦ ΦΦΦέΦ  {ǳōǎŜǉǳŜƴǘƭȅΣ ŀ ǊŜǎǘǊƛŎǘƛƻƴ ƻŦ ǳǎŜ ƻŦ ǘƘŜ о bbL ǿŀǎ ŀŘƻǇǘŜŘ ōȅ ǘƘŜ 

Commission. The move followed votes on 15 March 2013 to Member States' experts meeting at a 

Standing Committee on the Food Chain and Animal Health and on 29 April 2013 at an Appeal 

Committee where EU Member States did not reach a qualified majority ς either in favour or against 

the Commission's proposal.  The UK was one of the states voting against, influenced by a DEFRA 

evaluation of studies§ purporting to link the 3 NNI to bee harm: this provides a useful literature 

search and found that much of the evidence was based on laboratory work and would not normally 

occur in field scenarios. Prof. J Beddington suggested the EU was in danger of failing to understand 

Ǌƛǎƪ ǎŀȅƛƴƎΥ ά¢Ƙƛǎ ǇƻǘŜƴǘƛŀƭƭȅ ƭŜƎƛǘƛƳƛǎŜǎ ŀƴ ƻǾŜǊƭȅ ǇǊŜŎŀǳǘƛƻƴŀǊȅ ŀǇǇǊƻŀŎƘ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǎŎƛŜntific 

ŜǾƛŘŜƴŎŜ ǎƘƻǿƛƴƎ ŀƴȅ ǊƛǎƪΦέ   

                                                           
*
 http://www.irac-online.org/content/uploads/IRAC_Mixture_Statement_v1.0_10Sept12.pdf  
À http://ec.europa.eu/food/animal/liveanimals/bees/pesticides_en.htm (April 2013) 
ÿ http://www.efsa.europa.eu/en/press/news/130116.htm?utm_source=homepage&utm_medium=infocus&utm_campaign=bee

health (Jan. 2013)  
§ http://www.defra.gov.uk/environment/quality/chemicals/pesticides/insecticides-bees/ (May 2013) 

http://www.irac-online.org/content/uploads/IRAC_Mixture_Statement_v1.0_10Sept12.pdf
http://ec.europa.eu/food/animal/liveanimals/bees/pesticides_en.htm
http://www.efsa.europa.eu/en/press/news/130116.htm?utm_source=homepage&utm_medium=infocus&utm_campaign=beehealth
http://www.efsa.europa.eu/en/press/news/130116.htm?utm_source=homepage&utm_medium=infocus&utm_campaign=beehealth
http://www.defra.gov.uk/environment/quality/chemicals/pesticides/insecticides-bees/
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In the USA, the Environmental Protection Agency (EPA) similarly has been petitioned by activist 

groups, including beekeepers, to likewise ban NNIs.  A USDA report* describes several possible 

causes of national decline in honeybees, including: habitat loss, poor diet, diseases, parasites 

(especially Varroa destructor) and pesticide exposure (including sub-lethal effects that affect bee 

behaviour). Research so far points to a combination of these factors: which may be responsible for 

the 30% decline in honeybees annually since 2006.  As in the EU, engineering controls can help 

minimise off-site dust movement from treated seeds, together with other standard good agricultural 

practices. 

Registration Authorities in cocoa growing countries should remain vigilant and likewise maintain 

their on-going review of registered pesticide products appropriate to 21st century needs.  However, 

ŀǎ ǿƛǘƘ ƻǘƘŜǊ ŎǊƻǇǎΣ ǇƻƭƛŎȅ ƳŀƪŜǊǎ Ƴǳǎǘ ŀƭǎƻ ŦƻǎǘŜǊ ŀ ǎǘǊŀǘŜƎȅ ŦƻǊ ΨǎǳǎǘŀƛƴŀōƭŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴΩΥ in this 

case maintaining a diversity of appropriate and efficacious range of active substances in various (>2) 

modes of action for control of key cocoa pests.   

Those concerned with pesticide policy in cocoa should be aware that NNIs and fipronil are now very 

ƳǳŎƘ Ψƛƴ ǘƘŜ ŦƛǊƛƴƎ ƭƛƴŜΩ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀŎǘƛǾƛǎǘǎ ŀƴŘ ǘƘŀǘ ǘƘŜƛǊ ǊŜƎǳƭŀǘƻǊȅ ǎǘŀǘǳǎ ƛƴ 9ǳǊƻǇŜ ŀƴŘ bΦ 

America could change eventually.  Short and medium-term strategies to manage these issues are 

required now.  Imidacloprid-based insecticides in particular are now widely marketed in cocoa 

growing countries and MRL violation cases appear to be increasing.  Attention to label rates (and 

clarity) for NNIs, field application practices and pre-harvest intervals in cocoa are clearly a priority 

issue for registration and extension staff. 

2.9 Biological control methods (and organic production)  

As discussed in sections 1.7 and 1.8, there is no reason why the precautionary principle cannot be 

consistent with GAP: provided that it is under-pinned with rigorous science and, with available land 

becoming increasingly scarce, not a threat to productivity.  GAP/IPM Programmes rely heavily on the 

natural enemies, especially to keep insect pest populations in check where possible, with judicious 

use of pesticides only when needed.  Withdrawal of older, especially broad-spectrum AI has brought 

about increasing recognition of biological agents as potential substitutes. 

Amongst the practical issues in organic agriculture, is establishing precisely which pest management 

interventions are permitted or otherwise.  Advice can even be conflicting as the editors of the 

Manual of Biocontrol Agents28 have found.  A useful guide to the compatible management methods 

is on http://www.nysaes.cornell.edu/pp/resourceguide/index.php .  

Biological control (BC) of pests has had a long history of highly cost effective success, but there have 

also been many cases of failure or incomplete control.  There are various approaches to 

implementation29, and important strategies are: 

¶ Ψ/ƭŀǎǎƛŎŀƭΩ ōƛƻƭƻƎƛŎŀƭ ŎƻƴǘǊƻƭ, where a co-evolved agent is taken, very often from the area of 

origin of the target disease (pest), and released in a way that it can multiply and reduce host 

population levels to a low level.  Although there are many entomological examples (e.g. 

                                                           
* http://www.usda.gov/documents/ReportHoneyBeeHealth.pdf (October 2012) 

http://www.nysaes.cornell.edu/pp/resourceguide/index.php
http://www.usda.gov/documents/ReportHoneyBeeHealth.pdf
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parasitoids are often the most effective solution to invasive Homopteran outbreaks), cases of 

successful classical BC against other pest categories is rare.   

¶ Inoculation biological control: where an agent is released with the expectation that it will 

multiply and control the pest for an extended period, but not permanently.  Whereas classical 

BC is also inoculative, inoculation biocontrol is usually used for situations such as the 

introduction of parasitoids and predators into glasshouses and where the older term 

ΨŀǳƎƳŜƴǘŀǘƛƻƴ ./Ω Ƴŀȅ ƴƻǘ ƎƛǾŜ ŀ ŎƭŜŀǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ ǘŀƪƛƴƎ ǇƭŀŎŜΦ 

¶ Biopesticides: a form of inundative biological controlΦ  ¢ƘŜ ǘŜǊƳ άōƛƻǇŜǎǘƛŎƛŘŜέ ƛǎ Ƴƻǎǘ ǳǎŜŦǳƭ 

when applied strictly to living microbial control agents which: 

1. are specific as individual products and thus confer some environmental advantage (unlike 

many but not all chemicals), and  

2. have a limited period of activity - and are therefore usually used with normal pesticide 

application techniques (unlike certain other biological control agents). 

¶ Conservation of natural enemies: one of the more indirect advantages of all types of BC is that 

by not using broad-spectrum pesticides control of a pest may possibly be enhanced by 

preservation of its natural enemies.  
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3 SAFETY AND RESIDUES 

Pesticide residues are a matter of great concern since members of the general public perceive a risk 

but feel it is a matter over which they have little control.  In response, authorities attempt to 

regulate by setting standards and monitoring exposure. This results (necessarily) in an arcane set of 

procedures and terminologies.  A full list of terminologies and acronyms can be found on 

www.dropdata.org/download,  with some of the more common ones listed in Appendix 1.  Again, 

this booklet can only summarise these complex issues but full accounts can be obtained from 

Standard texts. 1,30 

3.1 Classifying the hazards of pesticides 

There are at least four aspects to pesticide safety:  

Á acute (short-term) risks to farmers and other spray operators 
Á impact of pesticides on the environment 
Á ǊŜǎƛŘǳŜǎ ǊŜƳŀƛƴƛƴƎ ƻƴ ŦƻƻŘ όŀƴŘ ŀƴƛƳŀƭ ŦŜŜŘύ ŀƴŘ ǊŜƭŀǘŜŘ ǘƻ ǘƘƛǎΧ 
Á real and perceived concerns about longer term effects of pesticides (including combinations 

of substances) 

3.1.1 Acute Hazards and Operator Safety  

The World Health Organisation (WHO) provides an internationally recognised system for classifying 

the acute hazard of pesticides.  They are grouped in terms of their median lethal dose (LD50) from 

Class I (most toxic) to Unclassified (unlikely to cause harm) with each class bounded by a 10-fold 

range of dose (in mg/kg body weight).   

The WHO system recognises a 4-fold reduced hazard with solid formulations, in comparison with 

liquids.  The classification was further developed by the US Environmental Protection Agency (EPA), 

which also recognises inhalation, eye and skin sensitisation effects.  Both classifications should be 

based on formulations (where such information is available), but unfortunately, detailed information 

on individual products is often difficult to obtain, and many entries in the Pesticide Manual3 are 

estimated from AI values.  Member countries of the EU evaluate each product on a case-by-case 

basis and, if necessary, assign one of nine risk symbols and a large number of associated risk 

phrases*; this scheme also has been adopted by the International Labour Organisation.   

i. The World Health Organisation (WHO) classification  
 (LD50 to rats mg/kg body weight: of formulations where information is available) 

Class  Solids Liquids 
  Oral dermal oral dermal 

Ia Extremely Hazardous ¢ 5 ¢ 10 ¢ 20 ¢ 40 
Ib Highly Hazardous 6-50 11-100 21-200 41-400 
II Moderately Hazardous 51-500 101-1000 201-2000 401-4000 
III Slightly Hazardous җ рлм җмллм җ нллм җ пллм 
(U) Unlikely to present acute 

hazard in normal use 
> 2000 - > 3000 - 

                                                           
*
 See: http://europa.eu/legislation_summaries/consumers/product_labelling_and_packaging/l21273_en.htm 

http://www.dropdata.org/download
http://europa.eu/legislation_summaries/consumers/product_labelling_and_packaging/l21273_en.htm


 Guide to Pesticide Use in Cocoa: 3
rd

 edition (Aug. 2015)   52 

 
ii. The US Environmental Protection Agency (EPA) system 

Class All formulations: LD50  
(mg/kg) 

Inhalation: 
LC50 (mg/l) 

Eye effects Skin effects 

 oral dermal    

I ¢ 50 ¢ 200 ¢ 2 Corrosive, corneal opacity 
not reversible within 7 days 

Corrosive 

II 51-500 201-2000 0.2 ς 2 Corneal opacity not 
reversible within 7 days, 
irritation persisting for 7 
days 

Severe irritation at 
72 hours 

III 501-5000  2001- 20,000 2 ς20 No corneal opacity, 
irritation reversible within 7 
days 

Moderate 
irritation at 
72 hours 

IV > 5000 > 20,000 > 20 No irritation Mild or slight 
irritation at 
72 hours 

 
In some countries toxicity classification is illustrated by a colour coded stripe or triangle indicating 
the hazard of the product.  This is excellent, but unfortunately not universal.   
 
To summarise, for farmers and operators that do not have access to good protective equipment, the 
guiding rule should be: 

 - Class I pesticides extremely / highly hazardous DO NOT USE 
 - Class II pesticides moderately hazardous  take great care 
 - Class III pesticides slightly hazardous take care 
 - Unclassified / Class IV pesticides unlikely to be hazardous still take care 

Certain pressure groups, including the Global IPM Facility (supported by FAO and other organisations 

working with Farmer Field Schools) have suggested that Class I and II products should be withdrawn 

from general use, since smallholder farmers are unlikely to use appropriate personal protective 

equipment (PPE).  With the development of new insecticide products there are now only a very few 

cases where Class I pesticides can be justified at all, let alone for smallholder agricultural problems.  

However, complications could occur if all Class II products were to be withdrawn immediately. The 

problem here is especially with insecticides, where there is often a need for resistance management 

strategies involving alternations in the use of different groups of compounds.  Therefore, a phased 

restriction / withdrawal of the more hazardous compounds may be more appropriate, before safer 

products become available. 

EC Regulation No 1272/2008*, of the European Parliament and Council, provides a harmonised basis 

classification, labelling and packaging of substances and mixtures: including for example, such 

aspects as pictograms (see sections 4.1 and 5.3).  The original Directives it replaced: 67/548/EEC and 

1999/45/EC were repealed on 1st June 2015 and Regulation (EC) No 1907/2006Ϟ, concerning the 

Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) and which established a 

European Chemicals Agency, was also amended.  

                                                           
*of 16 December 2008: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008R1272  (accessed 20/6/2015) 
Àof 18 December 2006 http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32006R1907 (accessed 20/6/2015) 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008R1272
http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32006R1907
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3.1.2 Other measures of toxicity and implications  

From an operational point of view, acute toxicity is paramount, but other criteria are important - 

especially in food safety assessments.  In order to register a pesticide, other toxicological information 

is required including: 

Á Chronic (sub-acute) toxicity over long periods (years) that include generation studies to find 
out if fertility has been impaired 

Á Carcinogenicity - whether the substance is likely to cause cancers 
Á Teratogenicity - whether the substance can damage embryos 
Á Genotoxicity - whether the substance damages genetic material 
Á Irritancy (especially for spray operators) and 
Á Metabolism - it is important to know how the substance is metabolised, into what 

(metabolites may be more toxic than the original pesticide) and how all metabolites are 
excreted. 

Two important measures (and their associated terms) are especially prominent in legislation and 

debate.  They are actually not linked to one another, but in some ways can be thought of as 

reflecting hazard and risk.   

Á Ψ¢ƻȄƛŎƻƭƻƎƛŎŀƭ ƳŜŀǎǳǊŜǎΩ ōŀǎŜŘ ƻƴ ƪƴƻǿƴ ǎŀŦŜǘȅ ƭƛƳƛǘǎΥ ƛƴŎƭǳŘƛƴƎ !ŎŎŜǇǘŀōƭŜ 5ŀƛƭȅ Lƴtake 
(ADI: a key indicator for pesticide approval, described in section 3.3)  

Á Measures and limits of actual residues based on field studies: including Maximum Residue 
Levels (MRLs: practical specifications for food producers) for a given crop. 

3.2 What are MRLs? 

Pesticide residues on crops are monitored with reference to Maximum Residue Limits (MRL) and are 

based on analysis of quantity of a given AI remaining on food product samples.  The MRL for a given 

crop/AI combination, is usually determined by measurement, during a number (in the order of 10) of 

field trials, where the crop has been treated according to GAP and an appropriate pre-harvest 

interval (see section 3.6) has elapsed.  For many pesticides, however, this is set at the Limit of 

Determination (LOD) ς since only major crops have been evaluated and understanding of ADI is 

incomplete (i.e. producers or public bodies have not submitted MRL data ς often because these were 

not required in the past).  LOD can be considered a measure of presence/absence, but true residues 

may not be quantifiable at very low levels.  For this reason the Limit of Quantification (LOQ) is often 

ǉǳƻǘŜŘ ƛƴ ǇǊŜŦŜǊŜƴŎŜ όŀƴŘ ŀǎ ŀ ΨǊǳƭŜ ƻŦ ǘƘǳƳōΩ ƛǎ ǳǎǳŀƭƭȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н· ǘƘŜ [h5ύΦ  Useful further 

information on detection limits is on http://en.wikipedia.org/wiki/Detection_limit.   

It follows that adoption of GAP at the farm level must be a priority, and includes the withdrawal of 

obsolete pesticides.  With increasingly sensitive detection equipment, a certain amount of pesticide 

residue will often be measurable following field use.  In the current regulatory environment, it would 

be wise for cocoa producers to focus on pest control agents that are permitted for use in major 

importing countries.   

http://en.wikipedia.org/wiki/Detection_limit
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Testing for residues is carried out following internationally agreed and validated methods (and 
good laboratory practice [GLP] standards apply in some countries).  Procedures include extraction 
ŀƴŘ άŎƭŜŀƴ-ǳǇέ ŦǊƻƳ ǎŀƳǇƭŜǎΣ ŦƻƭƭƻǿŜŘ by analysis using various instruments, depending on the 
residue being analysed.  Appropriate equipment for individual compounds is included in Pesticide 
Manual entries.  Analysis techniques include: gas chromatography (GC), gas-liquid chromatography 
(GLC), gel permeation chromatography (GPC), high-pressure liquid chromatography (HPLC) and 
various mass spectrometry techniques, so such laboratories are expensive to set-up and maintain.  
(photos: Jean Ponce Assi, SACO-CHOCODI) 

It should be stressed that MRLs are set on the basis of observations and not on ADIs and it is also 

generally understood that MRLs would considerably over-estimate actual residue intakes.  MRL 

studies take place after years of initial development and it is most unlikely that an agro-chemical 

company would even carry them out (with a view to registering the product), were toxicological 

studies to raise serious question marks about a new compound. 

3.2.1 Default MRLs 

For substances that are not included in any of the annexes in EU regulations, a default MRL of 0.01 

mg/kg normally applies.  Default MRLs apply with Codex and in Japan, but at the time of writing have 

yet to be set in the USA.  It is interesting to note that at least one registered AI (fipronil and its 

metabolite), the MRL is even lower than default.   

3.3 -ÅÁÓÕÒÅÓ ÏÆ ȬÓÁÆÅÔÙȭȡ !$), ArFD, OELs, etc. 

A pesticide can only be approved for use if the risk to consumers, based on potential exposure, is 

acceptable. The limit set for a pesticidal active ingredient (AI), the ADI, is an estimate of the amount 

ǘƘŀǘ Ŏŀƴ ōŜ ŎƻƴǎǳƳŜŘ ŘŀƛƭȅΣ ŦƻǊ ŀ ƭƛŦŜǘƛƳŜΣ ǿƛǘƘƻǳǘ ƘŀǊƳ ǘƻ ǘƘŜ ǇŜǊǎƻƴΦ  ¢ƘŜ ǘŜǊƳ άŀŎŎŜǇǘŀōƭŜέ ƛǎ 

considered to involve a 100 fold safety factor from a measure called the No Observed Effect Level 

(NOEL) obtained in laboratory studies, which is 10 times lower than the Lowest Observable Effect 

Level (LOEL). 














































































































