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ABSTRACT

Ghana being a leading cocoa producer, depends heavily on pesticides
although the crop is strictly entomophilous, primarily pollinated by
ceratopogonid midges. This study in Ghana, investigated impact of
confidor 200SL (Imidacloprid) and aqueous neem seed extract (ANSE)
insecticides on abundance of pollinators and fruit-set in cocoa Three pol-
linator sampling methods (motorized aspirator, pan and McPhail traps)
were used. Results show significantly more abundant midges on ANSE
treated farms compared to confidor treated farms, 2 (t = 4.34; df =69; P <
0.001) and 60 — 120 (t = 1.85; df = 39; P < 0.041) days after spraying
insecticides (DASI). Midge population recovered within 30 DASI under
both insecticide treatments culminating in comparable abundance over
this period. Fruit-sets within 30 DASI were however significantly higher
indicating that fruit-set is affected though midge population recovered.
Although both insecticides were deleterious to the midges, ANSE was
lesser and therefore preferred to confidor. This result show both insecti-
cides did not discriminate against beneficial insects, hence it will be im-
portant to consider a more comprehensive approach to the study of man-
aging insect fauna complex within cocoa agroecosystem.
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The synchronous popul ation dynamics of thema:
jor cocoapests(mirids) and pollinators (ceratopogonid
midges), particularly inWest Africawhich accountsfor
over 70% of globd production of thecrop, posesgreat
challengein managing cocoafarms. Failure or ineffi-
cient pest control will lead to heavy lossespecidly where
amean of 6 miridsper 10 treesiscons dered economi-
cdlyinjurious?. Mirid popul ation peaksfrom August
— September and may be sustained until December!2€l,

A second peak usually occursin February® but effi-
cient management inAugust — December may prevent
the second popul ation surge’®28l, Popul ation of cocoa
pollinating midgesa so buildsup fromApril, reaching
itspeak in June— August, and least abundance occurs
in December — March!101424,

Thefirst flower bloom of cocoaoccurs between
February and April dependingontherainfall. Thispe-
riod coincideswith thelowest midge populaionwhich
limitspollinationat thiscritical period. A second peak
of bloom occursin June— July but reduces drastically
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fromAugug, at thetimethat pollinators abound 242729,
Baseonthemirid population dynamics, August to De-
cember have been determined to be the most appro-
priate period to control the pestswith insecticidesand
thisregime possibly could have adverse effect on the
pollinators. Availabledataoninsecticide— midge inter-
actionisscanty, and whereavailablethey aremostly on
insecti cides obsol ete to cocoa production, leaving re-
searchersand policy makersto only extrapolate. Itis
thereforeimperativeto assess pollinator popul ations
under current production conditions.

Ghanacurrently undertakes mass spraying of co-
coafarmsthrough the CocoaDiseases and Pest Con-
trol (CODAPEC) programmefromAugust — Decem-
berl>3, This prophylactic application of syntheticinsec-
ticides on cocoahasbeen criticized by Leston*® due
to possibleeffect on beneficia insects. Integrated ap-
proacheslikebiologica control®52 symptomatic or
‘spot” chemical application!*®#, botanical insecticide
usage*1>2U and pheromone traps® have been sug-
gested asalternatives. Managing mirids bel ow the eco-
nomicthreshold by asinglenon-chemica method, how-
ever, looks gloomy!® and thus combination of neem,
biological and pheromone traps have been recom-
mended“. The use of neem may however affect the
miridsaswel| asbeneficid insectsincluding parasitoids,
predatorsand pollinators. More studieswill therefore
berequiredinthe management of theinsect faunawith
neem productswithin the cocoaagroecosystem.

Studies on the use of neem have extensively fo-
cused onitspest control efficacy without acritical ook
at itseffects on beneficia insects, particularly pollina
tors. Thehigh prospectsof neeminintegrated manage-
ment of cocoa pests makesit ideal candidate whose
effect on cocoapollinators must beinvestigated inad-
ditionto evaluation of its pestscontrol efficacy. This
study, therefore, assessed the effect of asyntheticin-
secticide, confidor 200SL (Imidacloprid) used in
CODAPEC mass spraying and botanical insecticide,
Aqueous Neem Seed Extract (ANSE) on cocoapolli-
nators.

MATERIALSAND METHODS

Sudy areas

The study was conducted in 18 cocoafarms, se-
lected from three cocoa growing regions in Ghana:

K ubease-Wuraponso (Ejisu-Juabeng District, Ashanti
Region), Abrafo-Ebekawopa (Twifo Heman Lower
DenkyiraDistrict, Central Region) and Edwenease
(Mpohor Wassa East District, Western Region). Six
cocoafarmsof varying sizes (1.6 —4.0ha) and mixed
varietiesof Upper Amazoniaand CRIG hybridswere
selected fromeach region.

Application of insecticides

I nsecticide spraying was designed to conform to
the CODAPEC massspraying. Threefarmsfrom each
growing region wererandomly sel ected and sprayed
with confidor 200SL whilethe other threefarmswere
sprayed with ANSE. Recommended application dos-
age of 150ml/ha (60ml/acre) of confidor 200SL was
used in the selected farmg¥. A 20%w/v ANSE was
prepared by adding water to 20kg of grounded neem
seedstoattain 100 liters. Mixturewas stirred thoroughly
and allowed to stand for 24 h before sieving off the
debrig?2?l, Farms earmarked for ANSE application
weretreated at arateof 100L/ha(Cudjoe, A.R., CRIG
2007: personal communication) after 17 00 hours, to
prevent the main active ingredient of neem
(Azadirachtin) from breaking down by sunlight. For
uniformity, confidor wasalso sprayed at 3—5 pm. The
T2 spraying method, where two oppositesides of co-
coatreesare sprayed, was employed using motorized
mistblower!®. Both insecticideswere applied monthly
from September to December 2008.

Experimental design and sampling methods

Smaller cocoafarms (1.6 — 2.4ha) were divided
into four quadrants, each quadrant having mean area
(#SD) of 0.5+0.1ha only 2.0haportion of larger farms
(2.5—4.0ha) were divided for sampling although entire
farmswere sprayed. Abundance of midgesand cocoa
fruit-set were sampled using thethree complementary
methods, described by Frimpong et al.*, outlined be-
low from September 2008 to April 2009:

1. Focal treeobservation and sampling with mo-
torized aspir ator : One cocoatreewith openflow-
erswas sel ected from each quadrant and experi-
mental trees per sampling day were changed de-
pending onthe availability of flowers. One meter
section (0.3mfrom thesoil) of thetrunk of experi-
menta tree per quadrant was marked with indel-
ibleink. All insectsvigiting open cocoaflowerswithin
the marked section over 10 minute period were
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collected using motorized aspirator onthe 2™ and
30" days after application of insecticides (DASI)
from September (last week of themonth) to De-
cember. Flower sampling continued at 60, 90 and
120 daysafter thelast insecticide spraying in De-
cember, to assesstheresidual effect of theinsecti-
cidesonthe pollinators. All insects (except | epi-
dopterans) trapped were stored in 70% ethanol for
later identification in thelaboratory. Some speci-
mensweresent for barcoding dueto identification
difficulties. However, specimenscould only beiden-
tified tothefamily level (www.boldsystems.org/
views/taxbrowser.php?taxid=567).

2. UV-bright painted pan traps (UVPPT) and
McPhail traps: A set of yellow, blue and white
UV PPT werefilled to three-quarters (3/4) full with
soapy water and hung in the canopy of another
marked cocoatree (different from thosein focal
tree set up) on each quadrant. On athird cocoa
treewithin each quadrant, aM cPhail trapwasaso
set up. UVPPT and McPhail trapswere set soon
after spraying and alowed to stay inthe canopy for
2 days (approximately 48 hours). Trapswere set
at 2, 30 DASI from September to December as
well as60, 90 and 120 days after thelast spraying
in December.

3. Fruit-set: Another cocoa tree (different from
treesusedinthepallinator sampling) wasrandomly
selected from each plot and 0.3 - 1.3m section of
the trunk, measured from the soil, was marked?.
All open flowers, cherelles and pods within the
marked sectionswere excised on thefirst month
(September) of sampling. All flower buds, open
flowers, cherdles(includingwilted) and podsinthe
marked sections were counted monthly (30, 60,
90 and 120). New cherellesweremarked within-
delibleink whileswilted cherelles and ripe pods
were excised on each sampling day. Cocoa bud
takes 28 days to open fully®! and drops after
approximately 2 daysif not pollinated™ andit was
therefore assumed that counted budswould have
opened and been pallinated within the 30 dayssam-
plingintervals. Thepercent fruit-set F withinmarked
sectionsat 30, 60, 90 and 120 DA S| were calcu-
lated ag?:

FC.+C,+P +P) (C, +P)]
= F,+F,

x100

—=> RegUlOr Peper

Where C , unmarked cherellesfor themonth; C ,
wilted cherelles; P , unripepods; P, ripepods,C
previous months’ cherelles; P, unripepods; F,.
95% of flower buds [according to McKelvie,
estimated 95% of flower budsbecome open flow-
ers]; F_, openflowersof the previousmonth

Analysesof data

Statistical analysiscovered only the magjor polli-
nators, midges, because of their shear abundancerela
tiveto other pollinatorsand a so observation of astrong
positive correl ation between the midges and fruit-set
of cocoa®. Normality and homogeneity of insect
countsand cocoafruit-set were eval uated by plotting
scatter diagrams of meansagainst variances*?. Data
werethen transformed to V(X +0.5) before Student t-
test was used to compare the effect of thetwo insec-
ticides using Minitab 13.3. Data were back-trans-
formed beforeinterpreting them.

RESULTS

Conventionally acclamed primepollinators of co-
coa, midgeswerethe predominant pollinatorsbeside
minors such as cecydomyiids, ants, Hypotrigona
(Liotrigona) (stinglessbeewhose pollination statusis
unconfirmed; Frimpong et al.™). Resultsand discus-
sions presented here pertainto only the ceratopogonid
midges.

Generdly, thenumbersof midgesand cocoafruit-
set in farmstreated with ANSE were higher than the
confidor treeted farmsindl samplingintervas(2, 60, 90
and 120 DASI) except at 30 DA S| where midge abun-
danceweresmilar (Figure 1). Thedifferencesbetween
thetwoinsecticidetreatmentsat 2DASI (t=4.34; df =
69; P <0.001) and 60— 120 DASI (t = 1.85; df = 39;
P < 0.041) were significant. populationsat 30 DAS|
were only marginally higher (t = 1.00; df = 67; P >
0.321) infarmstreated withANSE (13.86+0.23) com-
pared to that in confidor treated farms (11.75+0.19)
(Figure 1b). However, fruit-setsin farms sprayed with
ANSE (2.97+0.16%) and confidor (2.20+ 0.13%) at
30 DASI differed significantly (t =1.06; df =63; P <
0.001) (Figure 1b). Thefruit-set of 1.26+ 0.04% and
0.66+0.06% recorded in ANSE and confidor treated
farmsrespectively a 60— 120 DASI shows the former
issignificantly higher (t = 3.60; df =52, P<0.001).
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Figurel: a) Mean (+SE) number of ceratopogonid midges
and b) M ean (+SE) percent fruit-set of cocoa 2,30 and 60 —
120daysafter spraying cocoafarmswith confidor and ANSE..

Midge popul ationsrecorded 2 days after spraying
ANSE and confidor generally decreased consecutively
from thefirst spraying in September throughthelastin
December (Figure 2). Both the number of midgesand
cocoafruit-set at 30 DASI (October — December) and
60— 120 days post spraying period (January — April)
also decreased in subsequent months, reaching their
lowest in February — March after the effect of dryness
had peaked in January and March (Figure 3). The
graphical presentation (Figures2 and 3) also show gen-
eral trendsof higher numbersof midgesand fruit-setin
ANSE treated farmsthan confidor over themonthsin
dl thesamplingintervals.
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Figure2: Monthly mean (+SE) number of ceratopogonid
midges 2 days after spraying cocoa farmswith ANSE and
confidor insecticides (monthly applications, September -
December).
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Figure3: a) Monthly rainfall inrelation tob) M ean (+SE)
number of ceratopogonid midgepopulation and ¢) M ean (+SE)
per cent pod of cocoa.

DISCUSSION

Our study highlightsthe possibleimpact of insec-
ticides on populations of the main cocoapollinators,
midges and consequently fruit-set. Cocoaobligatorily
requiresinsect pollinatorsfor crosspollination whether
self-incompatible or self-compatible!”?. Thismeans
management practices, such asgratuitousinsecticide
application, which tend to limit the abundance of the
prime pollinatorswill affect fruit-set and subsequent
yield of cocoa.

We observed that both ANSE and confidor in-
secticides reduced midge popul ations aswell as co-
coafruit-setsbut to different extents. Thisisapparent
from the outcome wherelesser numbers of midges
were recorded at 2 DASI compared to 30 DASI,
throughout the spraying months (September — Decem-
ber), under both insecticide treatments. For example,
whilethemean number of midgesat 2 DASI were 7.3
and 3.3 infarmstreated with ANSE and confidor re-
spectively, 13.7 and 11.8 respectively wererecorded
30 DASI. Confidor, however, was generally more
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deleteriousto midgesthan ANSE aslower numbers
of thepollinatorsand fruit-set wasobserved infarms
treated with theformer insecticide.

The higher number of midges and fruit-set at 30
DASI compared tothat at 2 DASI in both treatments
asoimpliesthemidge popul ationswereableto recover
within 30 days after spraying. Thisrecovery may have
been facilitated by provision of better breeding condi-
tionsfrom September through November. Midgesbreed
inrotting organic substrateswhoseavailability depends
on rainfal 12, Thisnotwithstanding, the significantly
lower midge popul ationsrecorded 2 days after spray-
ing confidor and ANSE, and margindly lower numbers
at 30 DASI imply ahigher recovery intheformer insec-
ticides. Thusconfidor had higher direct mortaity effect
on adult midges while the ANSE probably has more
adverseeffect on theimmatureformsthan confidor. De-
ducing from the 21 daysegg —adult development span
for midges**4, immatureformsof midgesprobably re-
covered closeto 30DAS (ieafter 21 DAS]) and there-
forecould not effect significant pollination beforethe
farmsweresprayed again. Thesignificantly higher fruit-
set recorded 30 daysafter spraying ANSE could there-
forebeattributed to rel atively lower spontaneous mor-
taity (2 DASI) on adult midges, compared to confidor.
Thusréatively smaller proportion of thestock popula-
tionwaseiminated by ANSE at each spraying and this
resulted in higher pollinator abundanceinthesefarms
for greater part of the month, compared to confidor.

Confidor dsoexhibited longer resdud effect onthe
pollinatorsthan ANSE becausel ower numbersof midges
and fruit-sets were observed under confidor at 60 —
120 DASI than ANSE. Two factors, insecticidesand
dry weather conditions, accountsfor theleast pollinator
populationsin February and March, and their additive
effect inhibited the recovery of midgesfrom January
through March. Drying up of breeding substrates natu-
raly reducesnumbersof bothimmatureand adult midges
inthedry season*2, Thissuggest that the December
spraying should becarried out at early part of themonth,
asthiswill dlow substantid recovery of the pollinators
(aswas observed inrainy months) beforethe onset of
thedry season. Moreover, therewill berdatively higher
stock of pollinator populationsat thetrangitionfrom dry
to rainy season (March — April) to replenish the de-
pleted popul ationsrequired to pollinate the high num-
bersof flowersproduced at thisperiod. It must beem-
phasized that thetrangtion fromdry torainy seeson marks
one of the peak flower bloom of the crop.

—=> RegUlOr Peper
CONCLUSION

Applying both confidor 200SL (Imidacloprid) and
Agueous Neem Seed Extract (ANSE) insecticidesin
cocoaecosystemsinfluenced pollination servicesof the
crop. Confidor wasmoredd eterioustothemidgeshence
reduced cocoafruit-set to agrester extent compared to
ANSE. Thispaper istherefore advocating for amore
comprehend vegpproachto thestudy of theinsect fauna
complex within cocoaagroecosystem with regardsto
themanagement of both pestsand beneficia insects.
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ABBREVIATIONS

CODAPEC : CocoaDiseasesand Pest Control
ANSE : Agqueous Neem Seed Extract
DASI : DaysAfter Spraying Insecticide
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