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Future strategiestowardscontrol of mirid (Hemiptera Miridae) and
common insect pests of cocod leobroma cacao L.) in Ghana

Richard Adu-AcheampongJoseph EasmonSarfo, Ernest Felix Appiah, AbraNdamsah,
PhebeTagbor

Cocoa Research Institute of Ghana, P. O. Box &-Bf&fm, Ghana

Abstract
Changing farming systems in cocoa over the lastdeades has brought about the use of

new hybrid plant varieties and intensified ferglizand pesticide applications have increased
the importance of insect pests on cocoa. Histdyicdhe major management tool for
hemipteran pests has been calendar spraying withreational insecticides.Considerable
progress was made at the turn of the last centurgflacing organochlorine insecticides for
cocoa mirid control, buticinadequate timing and inefficient application isipeibly reducing
the viability of otherwise acceptable products. Thtire strategy for miridand other insect
control should be based primarily on the use ofucal practices of removal of excess
chupons, shade management and host variety resst@hese practices are primarily aimed
at minimising dieback disease and stink bug deftonaof pods, and may then be
supplemented in some cases by the use of insexgi¢igh to two applications in February to
May at 28-days intervals) depending on the pestladipns,damage levelsas well asintensity
of activity of pollinating insects, with additionako applications in September to December
when pest problems mayarise. Improved methods @iitoring and prediction should assist
in early identification of specific problems in fdifent farms. The rotational use of different
active ingredients should also take into accourtofs such as application methods,
compatibility and correct timing. Careful plannirsgnecessary to formulate a flexible control

system.

Key words:mirid, pest control, cocoa, farming systems, cdngtoategy, correct timing,
dieback disease, insect pest, flexible controlesyst

Running title: Strategy for pest control in cocoa
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Introduction

Mirids (Distantiellatheobroma [Dist.] and SahlbergellasingularisHagl.) and stink bugs
(Bathycoeliathalassina (Herrich-Schaeffer)are known for their importannecausing losses
in cocoa Theobroma cacao L.) in West Africa (Johnson, 1971, Entwistle, 19T2wusu-
Manu, 1976and Adu-Acheampasical. (2012), with the most prevalent in Ghana besg
singularis. The authors have outlined the problems associatétd miridand stink
buginfestation. Bothnymphal and adult stages fead mject saliva to liquefy plant
tissues.Their feeding punctures provide entry gofot fungal pathogens(Crowdy (1947),
Owen (1956),McGhee (1997), McPherson and McPhe28®d) causing dieback disease
(main mirid damage) and premature ripening andrdgdition of pods and beans, (main stink
bug damage).The main method of mirid control is thg application of conventional
insecticides, but stink bugshave often been cdetidhdirectly by treatments

controlof mirids.

In Ghana, control of the most important pests aoeohas become more difficult nowadays,
compared with three decades ago(Owusu-Manu, 20Digre are several contributory

reasons for this: farmersstill have to be famiiad with optimal techniquesof using the new
generation insecticides that have largely displatieel organochlorine and carbamate
compounds. The global qualitystandards of insest pentrol in cocoa needed to guarantee
high quality produce for global market outlets havereased, setting targets for maximum

residue limits of pesticides, which in some instenare clearly not attainable.

A fast andcorrect diagnosis of pest incidence & fthst important step in attempting any
procedure. Adu-Acheampodgl. (2014) have concluded that pest control systems in
cocoa must be revised as a result of changesnmirfgrsystems, pest cycles and shifts in pest

population peaks.

Before discussing the strategy for mirid controlciocoa in Ghana it would be useful to

examinethe history dfiisinsects control.

Before the 1970s damage caused by mirids was wptkaiated as well asthe importance of
dieback disease that followsmirid feeding on gremardened tissue (pods and stem).
Efforts were concentratedrie understandgpopulation fluctuations of miridson different

varieties of cocoa, their distribution within tre@s well as the effect of water stress on the

incidence of pests.The tendency for average pdpulétves areto remain low until August
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or September. sharp rise an important
bearing on the of another spray sequencs beginning August
(i.e. August-December) instead of an older recontagon of June, July followed by a
three-month gap (Peterson and Bond, 1964). Cuyretwlo seasonal peaks varying from
September-December and February-May in differentcations is an average
phenomenon.Plant breeders at the Cocoa Reseatithttnef Ghana (CRIG) have developed
varieties of cocoa resistant to swollen shoot dadkopod ehigh yielding
this resistance does not seem to be durable enedmin the

varieties are challenged under farmer conditionsryMittle

breedng varieties with resistance to miridsor other insgests. Field
observations usually strong indications that mirids caused less dantage
someTrinitario selections(e.g. SC1) than the comriddest African Amelonado (Anon.
1946). This was confirmed by Adu-Acheampong (200&)p identified SC6 as one of the
tolerant selections to fungal-induced dieback disea cocoa. In compiling its list of
recommended varieties to the seed gardens,CRIG takirm line in rejecting varieties
susceptible to swollen shoot disease and encouhegdevelopment of resistance to black
pod disease. Unfortunately, the Institutedoes otiow an equally firm policy for insect

pests.

Insecticides (nicotine sulphate and DDT) were firdtoduced in the 1940sagainst mirids
accumulated knowledgéa< highlighted as the most
important pests fin the
following years, several insecticides (endrin, diiigl, heptachlor and lindane)against
miridswere introduced, which were alsoaimed at  thecontrol of

mealybug(Planococcoidesnjalensis(Laing), Planococcuscitri (Risso) and

Ferrisia (CKklly) vectors of cocoa swollen shoot virusdisease.

Unfortunately, insecticideswereappliedwhen the gestre alreadypresent in damaging

levels cocoa farm.

The percentage of cocoa trees that was treatedimgtctticides in the 1950sis difficult to
estimate accurately, but:itasrapidly increased in the 1960s(Johnson, 1971). €aedput
reached an alime high of 560,000 tonnes in 1964/1965. Neardytad insecticideused was
againstmirids he adoption of
insecticide use for other insect pests was slaveer

adater on, a growing concern for the environment

3

Comment [SPS1]: Do you mean beginning
of August or do you mean during the
beginning of the August — December period?

Comment [SPS2]:

Comment [SPS3]: Do you mean they were
applied prophylactically?
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and for the conservation of wild lifehas been rais&t present, environmental and consumer
safety dictate the usage of chemicals.In this connection cocoafarmeaigue
because of the large areas they occumearly 2 million hectares in Ghana a

major factor to be taken into account when congidethe strategy for pest control.

During the last two decades, and especially sir@@02there have been very significant
developments in nearly all aspects of coceatinsect control. Farmers have become
very conscious of the importance of insect pestd, @gata accumulated in mirid surveys on
cocoa have enabled objective assessments to be (AadeAcheampong al., 2014).

Although data on yield and financial losses dugdsts are not readily available (due to
varying farm management systems), surveys demoedtcéearly that mirids and stink bugs

are the most important pests.

The field of mealybug-vector control has seen fewaccesses. The use of systemic
insecticidessuch as Azodrin

was a much more
convenient way of controlling swollen shoot virusctorin cocoa. The method suffered a
setback when it was detected that the chemicalsnlynarganophosphate insecticides)

caused tainting of beans (Owusu-Manu, 1977).

For control of pod feeding insect pests, the presgstem of insecticide ensures that
pests are kept at a very low level. A possible darig the future is that famers faced with
increaseinsecticide cosmayprocure cheaper unapproved insecticides and dhet

registeredinsecticide treatment.

mprovemert in the monitoring and forecasting of the majortpem
the new varieties of cocaa >rbut the shift in dominance between the

two important mirid species is not adequately ustbed, and



125  Cultural practices which reduce serious insect ptacks should obviously play an
126  important part in a control system. Such practioesy include pruning,chupon removal,
127  agro-forestry,shade management, removal of aliemahosts, weeding and fertilizer
128 | application. Apart from theséhe main emphasis in insect pest control will betlee use of

129 | resistant varieties reserving the use of chemitals

130

131
132  Biological control

133  Past observations in Sierra Leone indicated lovelsewf mirid infestation. This prompted
134 | asearch for natural enemies in Sierra Leone andCtirgo

135
136 significant effort

137 | to introduce natural enemies

138
139  Host plantresistance

140 Nearly all the damage to cocoa trees of the 19%B4 vas associated with the growing of
141 | very susceptible varieties including Amelonado. Bw variey hasve expressed a

142  satisfactory level of resistance $osingularisandD. theobroma.

143 In one of the few studies to address the issue;Acheampongt al. (2007) found that many

144  local and international cocoa selections were igineferred by mirids as suitable hosts for

145 feeding and oviposition. This apparent lack of dgeneariation in host preference requires

146 | further investigation, genetic variation for resistance has been

147 observed in several other systems (Byeirsl. 1996, Stronget al. 1996). However, the

148  development of a strategy for pest control couldlude varieties resistantto dieback

149 diseaseresulting from hemipteran related fungalasionsas was shown by Adu-

150 Acheampong, (2009).ldentification and categorizatib sources of resistance for developing

151 pest resistant cocoa varieties should be pursuedrdmitional plant breeding.Recent - | comment [SPS4]: What about genetically
152 observations at CRIG haveshown that by mixing s#vewarieties(each of modified plants?

153  themcontributingadifferent form of genetic resistappestoutbreaks can be reduced. Farmers' comment [SPS5]: You should also consider

— the work done on push — pull systems.
154 seem to have understood the need for cocoa varieSewell as shade trees and food
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intercrops. It will be interesting to see whethkistwork will lead to at least a partial

solution, of the cocoamirid problem.

Monitoring and prediction

Hemipteran pest populations in cocoa are spatialigd temporally patchy with many
individuals exploiting cryptic habitats (Williams,953).An ability to predict or forecast
severe outbreaks of pests is obviously an advantdig® planning control programmes as

that can lead to the selective, timely and pregsseof chemicals.

Information from farms can be collected and fedoirg central computer
database,which can be managed by CRIG and the Géealth and Extension Division of
Ghana Cocoa Board. These organizations can regdivenation from many sources apart
from their staff, notably the representatives a&f thany licensed cocoa buying companies
and certification agencies serving farmers, as agltlirectly from farmers themselves. This
information can be processed and released at dbittgi or monthly intervals for use on
radio, television and the press. Farmers can reagdeful guidance on the pests they should
be looking out for. An improvement in the use dbmmation dissemination services would
lead totimely awareness of insect pest problent®aoa farms as well as drastically rediice

response time

There is, however, very little information whichnche used to predict the spread of pests.
Whilst it is unlikely that spraying for insect pesintrol could be based entirely on prediction
systems, a planned programme of timely sprays cbeldnodified if it was known. For

example, that certain weather conditions might d&@tirable for the spread of a particular

insect pest.

Chemical Control

Insecticide use in cocoa in the future should arsupplement the control given by cultural
practices, varietal selection and other methodshiwian Integrated Pest Management

programme.

Comment [SPS6]: Don you mean the status
of the biology of the specific insect?

Comment [SPS7]: Suggest looking at degree
day models. Models based on info submitted
by farmers are problematic as they are often
inaccurate. Suggest you start a monitoring
programme where all the pests as well as
meteorological parameters are monitored
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Experience gained from pestassesssanCRIG maylead to timelychemical treatnseft
cocoawhich is sustainablein the case of cocoanswiatrol. It is common for farmers who
have invested a lot of time and money in maintagniheir cocoa farmg to
sprayprophylaticallyas a precaution agajmsi
s It is also true that the development of some pests, such
asstink bugs and stem borer adults in cocea;
armee also be unable to spray a large area at short notieghé&more, a high
yielding cocoa farm is more likely to be suscegtitd insect pests than a low yielding cocoa
farm (as there would be plenty of feeding and emgnh sites (Adu-Acheamposgal.,
2014), and with a higher potential profit the farmean afford treatment costs. There should,
; be separate timelyrecommendatfon potentially high yielding cocoa farms
outine sprays on cocoa farms with lower than awerpgtential yield generally

uneconomical.

Where insecticide use is planned, the approachlgtmeuflexible, tak into account the
likely occurrence of pesis dependig on factors as geographical
situatiors, varietal choicg weather at critical times, as well as facilitieaitable to the

famer to apply the chemical.

In recent years, insecticides registered for milidse been used in more than 40%of cocoa
farms in Ghana. Discussions with farmers suggestttie majority of the unsprayed cocoa
farms would also have benefited from the governmammical treatment. There are
currently no pest management action thresholdbéaripteranpests of cocda

) isual assessment up to hand-
height (Collingwood and Marchart, 1971) suggest tha rate of increase does not follow a
definite pattern as severely devastated trees aaa Yery low insect numbers.There should,
therefore, be a plan for timely treatment or cageimcy use of insecticide in cocoafarms for
miridand stink bug control. Some of the ways of sidaring insecticide use in cocoa

inTable 1.

Table 1. Area-specific recommendation for mirid atidk bug control in cocoa

Predictior Recommendecreatmer
1. Mirid and stink budamagunlikely (<2C | No sfraying require(, watch ou
individuals/100
2. Mirid and stink bu slight/moderat (20- | Timed spra*spot treatmel

Comment [SPS8]: This should be the case
for all insect control not just mirids

Comment [SPS9]: Is that of the entire tree?

Comment [SPS10]: | disagree! If the plants
were severely damage there should have been
a lot of insects. | know they are undoubtedly
difficult to locate but that does not mean
there are no insects present!
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50 individuals/100 trees

3. Mirid moderate/severe (>50 Spray whole farm and repeat 4 weeks
individuals/100 trees) later.

*Timed spray — insecticide applied as soon as 3#8%s or pods are affected.

In planning apest managementprogrammes; it necessary to consider the speed
of chemical application. It would be unreasonablesty on a calendar spray if a large area is
involved, and it is probably better to use morentbae of the programmes suggested above
in order to spread the work-load. The possibilifyttee likely occurrence of a second (or
more) insect pests will only arise in some circlanses, e.gAnomis sp. caterpillars in the
Volta, Eastern and Ashanti Regions or stem borelt&ih highly susceptible varieties, and it
may not always be feasible to include the apprégriasecticide with a mirid spray,
especially when this is a calendar spray. Neveztiselfarmers are advised to move entirely
away from calendar sprays armdseoptimizesihe biological control component by spraying
strategically. This is difficult in most of Africahere not all farmers have the necessary
spraying equipment. In a situation of a second, ghstinsect would have to be considered
separately or the pest would have to be treatesspective of the miridsituation as has

happened in the past wiinomissp. and other caterpillars.

In June to Augustin many years, mostpests tendctoirointermittently and the economic
benefit from spraying is much less obvious tharirduoccurrence of mirids (i.e. September
to May). Oln most cocoa farms & programme will be aimed at the control of
miridsand pests such as termites. A two-spray regimogramme- two sprays in the first
quarter of the year to control mirids and stink adgtacking cherelles (young cocoa pods)
and a further two treatments in the major pestmeas would cost (at 2014 prices) the
equivalent of about GH¢80.00 ($26.60) per ha feritisecticide. To this should be added the
cost of labour and equipment for the treatment.d&wce from revenues from farmers’
passbooks suggests that over the past few yeatscomsafarms would not repay
this cost. However, as mentioned before, farmers wale achieving high yields find it
necessary to have some insurance against insetst @ed in these cases, the programme

outlined would be justified.

The basic plan for insecticide use would, therefangolve no, two or four
timel applications of recommended insecticidesagainst ghimary pest. Additional

insecticides should only be used in exceptionaé®aben a key pest population increases
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beyond the economic threshold level. Although thees no obvious environmental hazards
associated with the use of the present range abapg insecticides, there may be objections
to the frequent spraying of very large areas scim ghe treatment of cocoa by the spraying
gangs. Furthermore, there is always the possilitiy frequent spraying would encourage
the development of insecticideresistant strainshefinsect pests, destruction of beneficial
non-target s and environmental pollution (e.g. contaminatioh o
water).Negative impactson birds, reptiles and abiphs, which are of the most efficient
predators of insects, are also a very common $fdete of the use of insecticides. Moreover,
many of the chemicals used to control mirids arotnsect pests the WHO
class Il it is particularly important that they are usedyomhen necessary.

Spot spraying (where localized areas are treated, minimum amount of chemical is

used)involves minimal cost and minimum contaminatéthe environment.

Government-assisted spraying (‘mass spraying’)

Government-assisted spraying of pesticides by itechispraying teams in cocoa was started
in 2001. This is a government intervention thatsatmtreat large areas quickly. Although the
areas under treatment can be overwhelmingly lamgmy farmers need to plan their own
treatment. Under the spraying programme dubbedsmapsying’, delays in input supply to
rural farming communities maketimely application mésticides > Also,
there are frequentcases where spraying teams may leen recruited from completely
unfamiliar communities and which may hinder or giedaraying activities. Where chemicals
are to be applied continuouslyin large blocks afaeofarms and especially when these occur
on mountain slopes, the provision of marked walkirgks would be an advantage, but the
teams are often impatient. Nevertheless, the syafgmars to bebenefi

30%annual increasein yield 17The application of sprays are likely to

be much quicker if the farmers made provision ffdas type of spray application.

Comment [SPS11]: | disagree, if you blanket
spray large areas with a contact spray, it will
have considerable ecological consequences.
These consequences may not be visible
initially unless effective bio-monitoring is
carried out but will manifest later and are
difficult to rectify
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A recent survey (Adu-Acheampogical., 2014) showed that the spraying thcocoa

is inefficient due tothe large acreages involved,adl asthe handling of large
amounts of water. Expansion of the size of sprayggms across all communities and
quicker filling from water tanks situated in largiantations is suggested as one method of
speeding the process. Additionally, a more sigaiftcdevelopment will be the use of much
smaller volumes of water through proper nozzleirggdtin applying the chemicals. The
application technologyis one field in which theravd been remarkably littledevelopments
during the last 10 years. Recently it has been shitnat for conventional insecticides, two
application of 55 1/ha by motorised mistblower gbFuary to May, and again in September
to December at 28 days intervalsper season,caragteptable results on miridsand possibly
for stink bugs and other insect pestsas well. H@memore information is needed on the
economics, as well as on the biological efficacytiog insecticides applied under the

government sprayprogramme.

Integration

When planning an Integrated Pest Management Pragear is first necessary to consider
the need for action each insect pest separately and then to atteniptetgrate the
control measures into a system which may also declother chemicals such as herbicides,
fungicides and fertilizers. Where possible, it lviously convenient to apply more than one
chemical at a time, but this can raise probleris timing

and compatibility.

The correct timing and frequency of chemical aggtian is necessary for the chemicalto be
fully effective. It can be very risky in terms of@dental application of higher rates and also
of phytoxicity to compromise on the timing of a ofieal applicationoutside the limits set in

the recommendation for its use. Most insecticidesdnto be applied in relation to a growth
stage of the cocoa trees or the development stagepest; for many hemipteran pests, the
phenology of the host plant is of critical importan Thiscan make planning easier and it
should be possible to devise a system flexible ghoto cope with most eventualities

provided sufficient time is given to planning.

10
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The use of insecticidal mixtures (cocktails) is dmaing more common in cocoa in Ghana
(Adu-Acheampong and Ackonor 2005). Current cothkteecticides are mixtures from the
two main insecticidal classes of neonicotinoid (&égdacloprid SL 200g/litre, thiamethoxam
SC 240g/litre, and acetamiprid EC 100g/litre) mixedth a synthetic pyrethroid (e.g.
eitherbifenthrin EC 100g/litreordeltamethrin EC gllire). Compatibility of chemicals often
raises problems, sincemanufacturers can usualligedanformation on their own products,
but it is difficult to do it for other products. €hrange of products and formulations, and the

possible permutatienfor their use may make the task for compiling anpatibility table

In cocoa insect pestmanagement systems, therdlliglstevidence of one control measure
adversely affecting another. However,evidence sstgteat

cOoCo& mot only have disrupted
the ecological balance of hemipterans;rib affected the entire arthropod

complex (Owusu-Manu, 1976).

Pheromones for cocoa insect pest control

The appeal of sex attractants is that they arergbypspecies specific and, therefore, they are
often used for monitoring purposes. Pheromonesuafertunately not widely used for

insects yet. Behavioural responses exploited te iatocoa has been mainly the - - comment [SPS12]: Is this what you are

) . . . trying to say? Sex pheromones are widely
use of mating and sex attractants which detectt adallemirids only (Sarfo, 2013)and SiNCe | ysed for a variety of species but for stink bugs,
they are not very effective yet. Aggregation
pheromones are being used in some cases
though

the sex ration of the insect is near 1:1, poputelgwels of the pest can be accurately inferred
from trap catches. A great step forward would beleni& male produced pheromones could
be found and used to monitor female populationsctly.Field observation suggests that a
great deal of potential exist for use of synthgifeeromones for the cocoa stem borer,
EulophonotusmyrmeleonFldr. (Lepidoptera Cossidae) (Adu-Acheampetrad., 2004).

Conclusion

The future strategy for insect pestmanagementinoa&oshould be based primarily
onenvironmentally safe pest control alternativegensified research and use of cultural

practices and resistant varieties or pheromonecbaging disruption supplemented with

11
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chemicaltreatments where necessary,will minimizedamaging effects of primary pests. Up
to two timelyapplications of insecticides in Felmuto May or September to December at 28
days intervals may be justified under certain ctiods, but further applications should only
be made when a serious pest problem arises. Beohtlgelarge areas under cocoa in Ghana
(=2 million ha), it is important to take into accouhe effects of chemicals, including their

application, on the environment and on wild life.

Improvements of methods of surveillance and pramictvould assist in early and more
effective identification of specific pest problemBevelopment ofefficient methods of
application would enable a quicker and, thereforete effective use of chemicals. Decisions
on the use of chemicals by smallholder farmerstrhbasbased on consideration of factors

including application methods, compatibility, caréming and the resources available.
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