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ABSTRACT

This study was conducted to evaluate pollination and yield along the
vertical plane of cocoatrees. Assessment of fruit-set, survival of set fruits
to maturity, pod size, and number of seedsin pods at the canopy, mid- and
basal-trunk sections of cocoa tree was conducted. Contrasting pattern in
fruit-set, number of pods and number of seeds per pod aong the vertical
sections were recorded. While the least fruit-set occurred at the canopy
level, mid trunk recorded the least and highest pod survival and beans per
pod respectively. This inconsistency appears not to follow any known
phenomenon in cocoa reproduction, and behaviour and efficiency of
pollinatorsareimplicated. Pod sizeswere similar despite significant variation
in the number of seedsper pod and correlations between pod size, number
of pods and number of beans per pod were not statistically significant.
Pod production dynamics relative to pollinators and pollination needs
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intensive assessment.

INTRODUCTION

Cocoaisoneof thetropical cropswhoselow pro-
portion of flowersthat are pollinated naturaly hasgen-
erated interest anong researcherd®3, Thisismainly due
toitshigh economicvadueintheinternational commod-
ity market. It isthe main stay of many rural folksin
West Africawhich produces about 70% of world’s to-
tal production*®. Optimizingyieldisthereforeimpor-
tant for sustained production of the crop and onekey
areaisenhancing natural pollination.

Cocoaexhibitsuniquecharacteristicsfrom pollina-
tion through pod development. The flower is non-
scented and has no nectart®, which arekey attractants
and reward for pollinatorsof flowerd”. Hord patsare
intricately arranged such that most generaist pollina-
torsarebarred from effectively transferring pollento
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sigmaof theflower. Pollination can thusbe effected by
pollinatorsthat have co-evolved or adapted to thisin-
tricatearrangement of theflord parts®. Amongtheguild
of insects found on the cocoa flower, only
ceratopogonid midges have been confirmed to effec-
tively pollinateit through dexterousmanoeuvresonthe
flora partd®19. The population density, spatial distri-
bution and behaviour of midgesdirectly influencefruit-
set henceyield of the crop3tY-

Although intensive studiesreating to cocoapolli-
nation have been sporadic over decades®?, important
dridesresultinginincreasingtheoverdl yield of thecrop
has been achieved*3. Shade cover™, availability and
spatial distribution of breeding substrates™laswell as
light intensity and rel ative humidity*® have been found
to affect midge population and their activities. Other
studieson pollenflow, pollenthresholdfor fertilization,
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flower and fruit devel opment have offered researchers
insight into waysof increasing yield productionf*”1l,
Cocoaiscauliflorousand pollinator accessto flowers
may bedifferent at the dense canopy compared to the
trunk, and thishasthe potentid to influence pollination
andfruit survival at different sectionsof thetree. Hand
breeding iswidely used by breedersand for produc-
tion of hybrid seedsfor planting hence understanding
thisdynamicswill hep determineif pallinationintengty
should be staggered a ong the cocoatree or not. How-
ever, dynamicsof pallination and pod productionaong
vertical plane of the cocoatreerelativeto pollinator
services il appearsto bein obscurity. A study aimed
at opening up thisaspect for moreintensiveresearch
was carried out by investigating the dynamics of fruit-
set and pod production along the vertical plane of the
cocoatree.

METHODOLOGY

The study was conducted in two cocoa farms
(N05°19.410' W001°24.211' and N05°19.516'
W001°24.107") at Abrafo in the Central Region of
Ghana, between October 2009 and May 2010, as part
of investigationto identify factorsthat affect fruit set
and pod yield in cocoa. Cocoaflowers produce pods
throughout the year but the peak and lean periods are
influenced by seasons. The study period wastherefore
designed to cover thedry season and part of rainy sea-
son. Both farms had mixtures of hybrid and Upper
Amazonvarietiesof 15— 25 years old trees, with the
latter variety beingrelatively ol der.

Eachfarmwasdivided into 4 plots, each measur-
ing 1.2 + 0.2SD acres. Eight cocoa trees were ran-
domly sl ected from each plot and thelr measured heights
ranged between 3.7m and 5.5m. Three vertical sec-
tionsof eachtrunk at heights0.30— 1.30m (basal trunk),
1.31-2.30m (mid trunk) and 2.31 — 3.30m (canopy)
were measured and marked with permanent marker.
Dueto themany branches at the canopy section (2.31
—3.30m), the trunk and two branches were selected
andtheir means used.

Fruit-set along vertical planeof cocoatree

Flower buds dueto dehiscewithin 24 hoursat the
sdlected trunk sectionswere marked ontheflower gak
with black inddlibleink before 10:00h. Buds about to
open areidentified by the prominenceof groovesaong

thelinesof dehiscing of sepals. Budswere checked the
next morning, withinthe sametime period that they were
marked, and those that had open remarked with red
inddibleink andthe numberswererecorded. A total of
23,928 open flowers were marked and the numbers
for canopy, mid trunk and basal trunk were 7,884,
8,856 and 7,188 respectively. Open flowerswerein-
spected again, approximately after 72 hours, and those
that had set fruit were counted. Flowersthat are not
pollinated usudly drop after 48 hourshenceintact flow-
erstill onthetreeswere considered pollinated*®. Pol-
linated flowersarea so visiblethrough the enlargement
of the ovary and drying up of the tips of the sepals.
Another set of flowerswere marked after the 72 hours
and pollinated ones checked as before. Results of the
two set of experimentswere pool ed together asasingle
replicate. Thiswasreplicated monthly (last week of the
month) from October through May.

Fruit yield along vertical planeof cocoatree

Podswithin each vertical sectionwere harvested
as and when they ripe and labelled according to the
categories between October and May. The number of
meatured podsmeasured for canopy, mid trunk and basa
trunk were 124, 67 and 115 respectively. Thefollow-
ing parameterswere determined:

1 Number of pods: The number of pods harvested
for each category on each sampling day was re-
corded. Pod surviva was aso cal cul ated from per-
cent of set fruitsthat reached maturity.

2 Pod Sze: Pod sizeswere determined by measur-
inglength and girth of the podsusing tapemeasure.
Pod |ength was determined by measuring the dis-
tance between the point of attachment to pod stock
and the apex of pod. Thegirthwasalso measured
by winding thetape measure d ong widest section
of the pod.

3 Number of beans per pod: Labelled pods were
dit openwiththeblunt edgeof cutlassand thenum-
ber of beansinthem counted.

Data analysis

Fruit set, number of podsat maturity and number
of beans per pod at the different tree heights were
anaysed through one-way ANOVA at 95% confidence
interval, using Minitab release 13.3. Datawere square
root (X + 0.5)¥2 transformed before andysisand back
transformed beforeinterpretation. Correl ation between



RRBS, 8(9) 2014

K.Frimpong-Anin et al.

339

pod length, pod girth, number of podsand number of
beans per pod were analysed by calculating their
Pearson correlation coefficients.

RESULTS

Theresults showed that the mean number of open
flowersproduced at the canopy, mid- and basal -trunk
werestatigticaly uniform (p>0.339) (TABLE 1). There
were s gnificant differencesin mean number (p<0.016)
and percent fruit-set(p<0.021)at the three sections of
the cocoatree. While the numbers of fruit-set at the
basal- and mid-trunk sectionsweresmilar, both were
significantly higher than that at the canopy level. The
mean number of pollinated flowersthat set fruit over
the experimental period ranged from 18.24t0 26.67
with the canopy section recording the least. This
correspondsto 18.51%t0 26.67% of tota flowerswithin
these sections of thetree setting fruit.

—=> Regulor Paper

pods and beans per pod were similar at the canopy
and basal-trunks.

The lengths (p>0.433) and girths (p>0.845) of
pods,asmeasureof fruit size, werenot significantly dif-
ferent withinthethree sections(Figure 1). Thegirthsof
pods, however,exceeded the length of pods by over
7cm. Therewereweak positive correl ation between
pod girthand length, aswell aspod girth and number of
pods (TABLE 2). Similarly, the positive correlation
between pod length and number of podswas not sig-
nificant. The pod length and girthwere negatively cor-
related but they werea so not satitically significant.

DISCUSSION

The observation that both the number of fruit-set
and proportion of flowersthat set fruit at the canopy
level wasthelowest and d so differencesin number of
beansin pods at different sections of cocoa, may be

TABLE 1: Pollination and yield variablesalongthevertical planeof cocoatree

Vertical section of Mean number of Fruit-set M atured pods M ean number of
cocoa tree open flowers Mean % Mean % survival beans/pod
number number
Canopy 9855:29.72a  18.24+1.0la 1851+0.97a 1550+4.73a 57.81:7.44  43.73+1.35a
(2.31- 3.30m)
Mid trunk 110.70+£23.28a 23.56+1.81b 21.28+1.32b 8.37+2.06b 23.80+5.77 46.05+0.29b
(1.31- 2.30m)
Basal trunk 80.85:33.63a  23.96£2.66b 26.67+2.60c 14.37+2.96a 40.19+3.78  43.39+0.47a
(0.30 - 1.30m)

Number of cocoa trees (N) = 64.M eans followed by same letter in a column are not significant at a=0.05.

Although the number of fruit-set at the mid- and
basal-trunk sectionswerenot Sgnificantly different, their
percent fruit-setswere sgnificantly different.

The number of mature cocoa pods also varied
among thevarious sectionsof thetree butthetrend was
different from that observed infruit-set. The number of
podsat themid trunk wass gnificantly lower (p<0.008)
than those at the basal-trunk and canopy sections
(TABLE1). Least proportion of fruit-set at mid-trunk
survived to maturity and though the patternwassimilar
to thenumber of matured pods, significant differences
exist amongthethree sections. It wasonly at the canopy
level that over 50% of set fruits reached maturity.
Againthetrend of variation in number of mature pods
was exactly oppositethat of number of beans per pod
relativeto thethree sections. The number of beans per
pod at mid-trunk was significantly higher than both
canopy and basaltrunk sections. Both the number of

linked to thebehaviour of pollinating midgesand abun-
danceof flowers. Ceratopogonid midgesaretheprime
pollinatorsof cocoain al growing areasathough suit of
insactscontribute, asincidenta pollinatorsandtheir limi-
tation critically affect fruit-set™>4, Thesemidgesbreed
in decaying organic substrates such asmoist rotting

TABLE 2: Correation between pod size, number of podsand
number of beansper pod.

_ Pearson Correlation p-

Variable Coefficient () value
Girth— Length +0.236 0.460
Girth — Number of +0.208 0.516
pods
Girth — Number of 0374 0.231
beans per pod
Length — Number of +0.304 0.337
pods
Length - Number of -0.309 0.328
beans per pod
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Figurel: Podlength and width at different sectionsof cocoa
tree.

cocoapod husksand leaves, plantain and bananastems,
and decaying treestumpsontheground. They areaso
found to be more abundant among cocoatreescloseto
their breeding microhabitat resulting in higher fruit-set
among thesetreeg %520, Winder!?! al so observed that
pollinating midges are scarcely available beyond 2m
abovethegroundlevd.

There are so many branches at the canopy and
thereforealot of flowersareavailable at this section.
Consequently, morefloral resourceswill beavailable
for therdatively fewer pallinating midgesinthecanopy
compared to lower partsof thetree. Thus, relatively
less proportion of flowersin thecanopy will bevisited
by pollinating midges. Thisissupported by theresult
that the numbers of fruit-set for basal-trunk and mid-
trunk were similar but proportion of flowersthat was
pollinated within the basa-trunk was higher. Based on
thisargument, the number of beans per pod was ex-
pected to beleast a canopy section sincethelesser the
frequency of visitation, the lesser the pollen balls de-
posited®8. Conversdly,number of beansat the canopy
wassmilar tothebasd section, which supposedly had
higher vidtationresultinginggnificantly highrateof fruit-
Set.

Thehigh unexpected number of beansat the canopy
leve therefore showsthat though low proportion of flow-
erswaspollinated at that section, they wereefficiently
pollinated. Falqueet. a.*® demonstrated that thereisa
positive correl ation between thenumber of pollengrains
deposited and the number of beans per pod and that
intensively pollinated flowersresult inincreased num-
ber of beansin pods. Thissuggeststhe quantity of de-
posited pollen grainswashigh a thecanopy leved , point-
ingto possibleinvolvement of another pollinating agent
since varieties sampled were self-incompatible.
Kaufmanni?3 observed in Ghanathat Las oglossumsp.
was moreefficient (but not ascommon as midges) co-
coapollinator which normaly forageinthe canopy, and
might bethe candidate responsiblefor the high pollina:
tion efficiency on the canopy flowersinthisstudy. Co-
coapollinator survey in threedifferent cocoagrowing
areas, including farms used in this experiment, by
Frimpong et a .[» identified Hypotrigona (Liotrigona
parvula Darchen) (rather than Lasioglossumsp.) for-
aginginthecocoacanopy eventhoughtheir pollination
efficiency statusfor cocoaisyet to be determined. Thus
observeddiscordance between fruit-set and number of
beansisprobably dueto the complementary pollina-
tion effort by these stingless bees.

Itisa soworth noting that the mid-trunk recorded
the highest number of seedsper pod though the num-
ber of fruit-set at thissection and basal-trunk weresmilar
but differed in percent fruit-set. Thisal so suggeststhe
possibility of variationin pollinationintendty at different
tree sections. The question asto whether different pol-
linator species, even among the ceratopogonid midges,
prefer foraging at different heightsand that pollination
efficiency isinfluenced by them appearsmore complex
and needsto beinvestigated.

Flower-drop and cherellewilt which occursfew
daysand from third week after fertilization respectively
are phenomenain cocoathat tend to be higher inflow-
erstha reca velower number of pollengraing®®?l. Thus
heavily pollinated flowershave higher chance of surviv-
ing to maturity barring diseases and nutrient defi-
ciency®. Onthe contrary, the high fruit-set and num-
ber of beans per pod observed on mid-and basal-
trunksdid not result in highpod survival . For instance,
mid-trunk section recorded rdlatively high fruit-set and
number of seeds per pod but extremely low pod sur-
vival. Sincethis pattern does not appear to follow any
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known phenomenon, itislikely that someexternd pres-
sures such as pests and mechanical removal by wind,
man or others may be responsiblefor these observa-
tions.

It can dso beinferred fromtheresultsthat thereis
anegdtivecorrdation, though not satigticaly sgnificant,
between pod size and number of beans in the pod.
Moreover, pod sizesdong the different sectionsof co-
coatreeswere comparable and therefore significant
variationin the number of beansin pods suggest sizes
of beansal so vary. Observationsindicate that bigger
podsdo not necessarily contain higher number of beans.
There wereinstances where smaller pods contained
more beans than bigger pods and these bigger pods
werefound to havethicker and woody pod husks. Itis
suggested that aresearch into therel ation between pod
size, weight and number of beansbe conducted.

The number of beans did not affect pod size be-
cause the correlation between the two was positive
though not setigticaly Sgnificant. Thismeanstheremay
be notrade off between increased number of pollinated
flowers (fruit-set) and pod sizes but rather apossibe
one betweeen increased pollination and bean sizes.
Further assessment of theserelationshipsisalso rec-
ommended.

CONCLUSION

Pollinationishighest at the basal section of cocoa
tree and this may be attributed to the abundance of
pollinating midges at thelower level and the high num-
ber of flowersresulting from branches at the canopy
level. Natural pollination and yield dynamicsof cocoa
seem more complex and further study inthisareais
required for practica application.
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