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ABSTRACT

Research was conducted to studytile effect of time of harvesting
't.< l. /; ~ " :- _ ~.;: .~.~

on the development of theblack poddisease of cocoa caused by

Phytophthora palmivora, ability to process and ferment the pods

produced. Infected pods were harvested at one, two, three, four, five and

six week after inoculation to determine the effect of time harvesting on

the mycellial growth and sporulation of the fungus, the mineral contains

of the dried beans as well as the suitability and ability of the pods and

beans produced to undergo processing and fermentation. The results

show that harvesting at two weeks after maturity was the most promising

as it had the leastmycellial growth, the highest number and weight of

fresh pods and beans, dried pods and beans, fresh beans, dried pods and

beans, fresh beans, dried beans, highest ether extract, moisture content,

nitrogen free extract, crude far and least crude fibre and ash contents

coupled with a high processing and fermenting rate than harvesting at

one, three, four, five and six weeks after maturity.
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CHAPTER ONE

1.0 INTRODUCTiON

Cocoa tTheobroma cacao),a tree crop which is one or the major

economic crops in the world is native to Brazil from where it was

transported to other parts of the world including West Africa. Other

countries or the world where cocoa is cultivated include Chana, lvoy

Coast- Nigeria Benin Republic, l.cuador. Venczuala, India (Opckc 1972).

Cocoa, palm produce. rubber. cotton and ground nut were the 111:1in

stay of the Nigerian economy in the fillies to the early seventies before tile

discovery of oil in large quantities and of the Western Region in particul.ir

with cocoa alone accounting. for over eighty percent01" the region's

earnings. The achievement or the then regional government (free education

and health delivery system, industrial area development. good roads.

inlrastructural development ere) were all hinged on fanning and especially

on cocoa. Appendix II (Anon 2002).

Cocoa is used by manymanufacturing industries as raw materials to

produce beverages, dyes, drugs etc. The crop is highly valuable and this is

why it is in high demand in food and drug industries in the developed

world. (Akinwale - Ojo 19(5). The demand lor cocoa beans has not been

met as a result of low productivity due to depletion in soilfertility, bad

weather, effects 01"" pests and diseases etc. Some or the most important

fungal diseases of cocoa in Nigeria include: the swollen shoot disca..c

caused by cocoa swollen shoot virus (CSSY), Brown pod disease induced

by Botryodiplodia theobromae and black pod disease inducedhy

Phutophthora palmivora (Adcgbola 1972).
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The Black pod disease constitutes a major production constraint in

cacao (Theobroma cacao L)plantations. This disease occurs in almost all

the countries where cocoa is grown (Filani 1975) sometimes inflicting

heavy losses. Estimates of annual world cocoa production losses to black

pod disease total 10% and in West Africa, 20-35%. The disease is caused

by the fungus Phytophthora paltnivora (Anon 1992). The fungus -

Phvtophtltora pa/mivora belongs to the Division -Mycota. sub-division -

EIIII1)'CO/a, class - Phycomycetes. order - Peronosporales and family -

Pvthiaceae. Its mycelia are hyaline and non-septate, producing accxual

sporangia and sexual zoospores (Luzet al 1999). Primary infections or the

hosts result from sporangium germination directly by germ tube or

indirectly by producing motile zoospores. Infection of host tissue occurs by

direct penetration of the epidermis through the stomata. (Opcke 1972). The

fungus produces intercellular mycelium which ramify throughout the entire

pod and enter the flower cushion through the peduncle causing local canker

and proximal infection of new pods (Purdyet al., 1998). Heavily infected

plants are characterized by pods having brown discoloration that eventually

spreads over the whole pod which blackens and .shrivels up at a later stage

of the disease. (Schmdtet al.. 1997). The attack ofP. palmivora on young

pods cherelles are not usually assessed because of interference: with chcrellc

wilt and other pathogens attacking young cocoa fruits that arc normally less

than two months old and had not attained the maximum length of about

l Ocm (or two-thirds of the mature fruit size) hence the actual damage to the

cocoa industry seems tohav e been under-estimated (Schmdtet al 1997,

Purdy et al., 1998).

Black pod disease C<1Il readily be controlled by the application of

2



fungicides such as Bordeaux, Ridornil plus, Pcrenox or other Copper

compounds (Maddison, 19XO). l lowcver the use or chemical has been

regarded as unsafe and uneconomical for resource poor farmers in Africa

who lack the knowledge about the use or chemicals and where land holding

are usuallys small (Urquant 1961). Consequently, control based on

phytosanitary and cultural measures such as regular removal and

destruction of infected pods. removal or superfluous shade trees. regular

weeding and prompt harvesting or ripe pods could be a viable control

option lor the disease.

The present study examines the effect or time or harvesting of cocoa

pods on the incidence of black pod disease on cocoa and cocoa quality.
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CHAPTER TWO

2.0 LITERATURE RE flEW

2.1 Diseases associated with Cocoa

Black pod disease 01' cocoa caused by the fungus -Phytophthora

palmivora is the most important fungal disease of cocoa in West Africa and

allover the world where cocoa is produced. It is so important to have

warranted a research in Papua New Guinea in the earlyf Itics (Adcgbola,

1972) and by Thorold and Owens in both Ghana and Nigeria respectively at

the same time (Darkwa 1973),

Field and laboratory studies shows that a lot of fungal disease

pathogens are capable of causing rotting of cocoa pods however the

following fungi are associated with rolling of crops generally and cocoa in

particular, Phytophthora p.ipsiticas, P. cititophithora (A Iforcst 1993),

Fusarium so/ani (Mart) Sac; Fusarium decemcellure. Botryodiplodia

theobronia (Pat) (Rappaport 1993).Monillis spp., Thievalaviopsis spp.,

Colletotrichum spp.(Maddis()n 1980); Morasimus eq uiperiin us, Corticutn

salmonicola, Thread blight and the 1110st devastating of these pathogens,

Phytophthora spp (William') 1977) as well as seven other species of

Phytoplithora have been identified as the causal agents or the black pod

disease in different countries as follows:

P. megakarya and P. infestoins are commonly found in Ghana, Nigeria and

Cameroun while P. palmvora is prevalent ill Ghana. Brazil. Ivory Coast

and Nigeria. P capsci is C0l111ll0n in Trinidad. Venezuela and Malaysia.P.

4
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citrophora, p_nicotina, and Y megasportna are equally devastating In

Bruz il. Venezuela andMalax sia.

Of all these, three arc the most dcvastrating and widely spread -P.

palmivora. P. capsci and P. infeststans (Anon 2000).

Phvtophthora palmivora is or great concern for cocoa production as

farmer are very familiar with the disease but control still remains evasive

and it is devastating in m,IIlY ways, it is therefore of great importance to

cocoa and to many countries including Ivory Coast, Ghana. Nigeria, Brazil,

Ecuador, Cameroun and Malaysiaere in which cocoa is the back bone or

their economy and foreign exchange earnings (Engelset (1/ 2(00).

2.2 Black Pod Disease ivmptoms

The fungus is awidely distributed facultative parasite (Thorold

IlJ77). i\ spore landing on;t moist surface of cocoa pod sends out a slender

hypha I filament into the pod through the epidermis. The fungus consists of

an intercellular network (Mvcelium ; of hyphae which goes through the pod

sending out side branches into the cells (Dark wa 1973).

The black pod disease exhibits a dark brown soft lesion on cocoa

pods. Lessioned area is linn to the touch except when rotting has

progrcsscds lor a considerable length or time. When secondary invaders like

Botryodiplodia theobroma come in, white creamy sporulation appear which

turn straw coloured infairly dry conditions. Apart from cocoa the diseases

is also found on coffee and rubber (Mclaughlin,1974). Adcbayo (1977)

)
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observed that the reaction of infected pods to different temperature and

humidity levels can also be(I determining factor or identi lying the disease,

Il)J' example the colour ofl ' paltnivora lesions ranged from dark or brown

in pods kept at 25-26°C ami about 100°;() relative humidity to very high

brown in those kept at high temperature and low humidity. Fusarium

solani can easily be confused with those orP. paltnivora. (Afforest 1993).

The two main important diseases of cocoa in Nigeria arc the pod rot

caused by Botryodiplodia tlteobroma and the black pod caused byP.

palniivora. Of these two. the black pod disease takes the lead (appendix

IV) causing heavy damage 10 the cocoa plants and un-estirnatcd hardship to

the cocoa farmer who suffers "serious and untold economic losses. The

virulence and fecundity orP. palmvora to survive is responsible for its

ability to infect cocoa plantation within a short period of time and with

devastating effect (Anon 19(J7).

Also the swollen shoot disease caused by the cocoa swollen shoot

(CSSV) should not be underestimated in the cocoa plantation as the duo of

black pod disease and the swollen shoot disease are capable or attacking

various parts of the cocoa tree and ultimately reducing the yield inaffected

farm (Custracersa 1964). (Appendix III& TV).

Phytophthora palmivora is endemic in Nigeria, Cameroon. Ghana,

Brazil, l.cuador and the Ivory Coast. it is also vcry endemic in areas with

prolonged high relative humidity periods during the cocoa cropping season.

This fungus attacks sever.il tropical crops apart from cocoa and such

()



tropical crops are cashew. coconut. areca pal.n, oil palm. Betel palms.

rubber, citrus, coffee, coconuts. cotton etc. but cocoa is its major host

(Turner 1972). However each or the crops are attackedby different strains

or the fungus and more than one strain or the fungus attacks cocoa (Anon

1994). P. palmivora attacks all parts or the cocoa plant provided there is

adequate soil moisture and temperature. Its infection could occur <It any

time (Adchayo 1975). PriI1LII)' pod infection in cocoa may be as a result or

rain splash. zoospore migration. contact with infected pods or through

insects, animals and human agents. Reproduction can also be sexual or

asexual. Fertilization inP. paltnivora is Amphigynous and Oospores formed

develop pathogenically. The fungus is widely distributed in the wanner

parts of the world with the possible exception or French Guyana as over

eighty hosts are known. Thorold (1977) discussed the factors affecting

incidence of the black pod disease or cocoa as high relative humidity

associated with a well distributed rainfall and low temperature. In Nigeria

the peak season of the black pod disease in Icction was reported to be July

to September and minimally in October to November (Adcgbola1072). In

Ghana (Ahenkorah 1974) found out that it occurred in June to mid October.

Asarc-Nyako in 1973 also reported that studies of the cropping and disease

patterns in Ghana revealed that cropping and disease incidence were earlier

in certain parts of the country (Ghana) than in other parts and that the

amount or rainfall was not necessarily correlated with the disease incidence,

as disease curves reached peak earlier than yield curves. Cropping in

7
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Amclconado which was l.ucr than in non-Amclconado i.c. Amazon. mixed

Amazon Ilybrids ami the local Trinitario were less in Icctcd. Chcrcllcs

which were the most numLTOUS were11",. cast infected or all the varieties.

Both Amclconado and non-Amclconudo types which cropped earlier on the

trunk than in the canopy \\ ere on the average as perdisc.i-,c incidence as

incidence occurred earlier on the trunks while thecanopy which cropped

later had a signi ficantly 10\\ cr disease incidence than the trunk (Akinwale -

Oio 1995).

As the favourable disease infection periods are observed within

spcci fie periods or the year in the countries where the disease occurs it is

reasonable to expect thatCOUll! that produce all or most or their pods at the

epidemic period (May to October) are likely tosuffer more Irorn the disease

than those bearing outside the epidemic period. Pod production and black

pod disease are probably the most important mark determinants in cocoa.

The two yield factors has consciously featured not only in the first and

second but also in the third iucrian cocoa Breeding It oarammcs. The aim~ . ~ ~

of the Programmes were to identify Irom the cocoa population under study

promising genotypes particularly in respect of high yield and low black pod

disease incidence (Turner 1965, 1972).

Black pod disease attack which is higher on the matured pods than

on the chcrclles has its source or inoculum in the soil (Okaisabor 1(75).

Newhall (1971) observed that diseased pods. cushion and infected leaves

are all important sources of primary inocuiuin for the P. )J(I!JII{~'o!'([ induced
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black pod disease but Blcncovc (1961) and Darkwa (1973) noted that the

relative importance of each in initiating black podepiphytotics may differ

from one geographical or gco-ccological area to another. Theepiphytotic

induction of cocoa black pod disease depends on the initial supplyor

inoculum and the innate susceptibility of the cocoa plants and the

environmental condition under which the cocoa is growing which in turn

are regulated by the local climate.

Black pod incidence is known to be favoured by 10\\ temperature or

22 -25"C high relative humidity or ~o<X). but adversely affected hy high

temperature and low relative humidity. It is known that climatic condition

under the cocoa canopy arc slightly di Ifercnt from those outside the cocoa

stand (Macdonald 1932) and (Darkwa 1973) and as such the disease is

favoured under the cocoacanopy.

Phytophthora palmivora can be round in the soil. old black pods

hanging on the tree, flowers. pods and bud cushion and in pods left on the

trees from the previous year's harvests. Pod infections arc often associated

with some predisposing factors. (Darkwa.1973) and (Wharton. 1974)

analyscd the infections on a number or trials and found out that 25% or the

infections were due to contact with a diseased pod. A similar percentage

followed injury to the pod a 5 - 27% was due to drip. resulting in great

yield losses.

The first symptom or the disease is a brown water soaked spot which

appears on the pods a few clays alter infection. This sport enlargesruiidiy

9
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and darkens until the whole pod is invaded and blackens. The fungus then

forms its own fruiting .bodics (sporangia) on the surface of such diseased

pods. These contains the spores by which the fungus infects pods (Newhall

1968 and Filani 1975). The infestation later results into brown spot with

irregular water soaked edges on the pods which later gets larger with

whitish mould where new spores may have formed. Formed spots then

coalesce and turn dark brown to form larger spots which turn black

covering larger areas and in severe cases the entire pod.

MydefLia spores are spread to other pods both by invertebrates (ants,

termites, flies ere) and also by vertebrates (man, apes, rodents. monkeys,

etc). Water splash and drips1'1'011'1 infected pods above the lower fresh pods

is another source of spread or the disease. Thorold(1975) also observed that

cultural operations is also another means or spread. Among the numerous

effects of the pod rot disease on cocoa are immature pod production.

deformed cocoa beans, immature ripening or pods. premature shedding of

the pods, reduced cocoa beans sizes, Beans from infected pods have less

sugar and with higher free fatty acids(I·Ti\.) and excess butter fats (Opcke

1972). Slaty beans which would Iail to meet. Food and Agricultural

Organisation (FAO) and World Ilcalih Organisation (WHO) minimum

standard would be produced thereby causing reduction in the fanner's

carrungs.

Chemicals that are available in the market for the control or the

disease are Percnox, Cupavatc, Bordeaux mixture, Kocidc, Brestan,

10



Kokobre Sandoz, Ridomil. Bcnl.uc ere (Adcgbola 1(75). The use or

resistant varieties which is all alternative controlnicusurcs has been

reported (Adcgbola 1972). and this has been in the use or LAFI 0.7 in

Western Samoa which is,I prominent l'OCO<l producing areas or the World

and it was round to be rcxixuuu to tile disease (Soungo2()()()). In Nigeria.

the Cocoa Research Institute or Nigeria and researches arc still on to prove

them to be so by the useor their products

(cocoa beans) and rooted cuttings (Wrigley.1962; Adcbayo.I 97')). The

result or this investigation \\ ould go a long way in helping the resource poor

farmers in Nigeria and other partofthe world where cocoa is grown.

Other varieties that arc- resistant to black pod disease had been

reported in Brazil and Cameroon. Such varieties should beol ~rcat

economic value to both the lurmcrs and to the consumers\\110 would have a

healthier product.

2.3 Control of Black Pod Disease of Cocoa

The first attempt at working onP. pahnivora was made by a German

Scientist called Glenditeeh in 1953. Since then black pod has been

investigated by several workers during the late twenties. alter the lirst

researcher (Dade. 1928) and Adcbayo (1975). reported that the reductions

in the number or insect pests .uid the attendant inoculation which led to the

reduction in the number of \\ ounds through which the parasite caninfect

pods may account for reduction in pod loss due tl black pod disease. l lc

II
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further indicated that ability to thrive underdifferent conditions can be

used to advantage in the controlor the disease. Thus control measures used

in Ibadun Oyo State could he different from those used atlkorn in Cross

River State.

In order to control this disease. the Cocoa Research Instituteor

Nigeria (CRN) and the Cocoa Research Institute of Ghana (CRG) were

saddled with the problemor finding possible control measures even though

preference has been place 011the non chemical control measures. the use or

chemical (fungicides) cannot be overlooked or ignored since it is still the

most effective and fastest means or controlling the black pod disease or

cocoa (Mathews, 1978; Anon1980). In the light of this, some fungicides

have been used over the years. but with the evolution orbiotypcs or the

fungus, resistance to theIuncidcs by the fungus has been developed;

Continuos research is needed to cater lor the variation in the concentration

and composition of the fungicide. Chemical control is thus burdensome and

expensive.

Newhall (1971), recommended spraying trees with twelve or more

pods after every 15-201llmor rain !~i11in a year in Costa Rica. Asare-Nyako

(1975) was able to control black pod disease and obtained economic yield

in Ghana by spraying with Bordeaux at weekly interval. However, clean

propagating materials, effectiveculrix arion practices, adequate pest and

disease management strategies continued to make a good cultural control

measures for the black pod disease (Anon CTA,1998). Wharton (1955)

1:2
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round that control with Bordeaux mixture and Pcrcnox could be

uneconomical in Ghana and both orthem recommended good sanitation and

cultural practices. Anon (ll)l)7) indicated that crop could yield well without

the use or chemicals suchas fungicides. insecticides and herbicides and that

the yield may even be better where little or no chemicals are used but with

adequate cultural methodsand good Iarm management. (Anon 19l)X and

Anon 1(98)

Chemicals used to control and prevent fungal attack on crops arc

classi lied according to their mode or action such as contact. systemic or

both combined together. Some areknown for the potency or their active

inarcdient
b Perenox a cuprous oxide sprayed at 4.5g/litrc andat an

interval or 14-21 days, Kokobrc Sandoz also a cuprous oxide sprayed at

l-l.Sg/litrc and at an interval or 1-1--21 days, Procida I3I3S 1(% copper

sulphate sprayed at 10+ -lg/litrc and at an interval of 1-1-days. Kocide

having copper hydroxide sprayed at -1-.5g.llitre and at an interval or 14-21

days. Brestan 60% copper hydroxide sprayed at 1.5g/litreat an interval or

14-21 days, Bordeaux mixture with copper sulphate sprayed 109 and lime

4g/litre and at an interval of 14-21 days. Ridomil plus 50wpwith rnctalaxyl

+. cuprous oxide and applied at 3.3g/litre at an intervalof 28-30 days. All

the aforementioned chemicals have been used for the control of the black

pod disease and have about equaleffective properties but with Copper

sulphate plus lime (Bordeaux ) and Ridomil plus 50wp having the best

result because or their preventivepO\\cr while Ridomil and Bordeaux with

13
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its curative power on regular spraying in the Fernando PoIsland. loss. ,

has been reduced to asIov. as 10(10 (Are, 1974). Cocoa die backdisca-

caused byOuchobasidium (common in the Pacifies) was controlled by tl.;

use or Procida 8BS1% (Wharton. 1(55). Ridomil plus 50\\[1 is a system

fungicide penetrating effect and can be used for the control or all run

especially theP. palmivora and the c!O\\I1ymildew or maize (/arks. 1975)

Other methods that can be adopted in the control or the black P'

disease or cocoa involves application or systemic fungicides and dcpcu. -;

on the seasonal variation in the population or sources or inoculum .. ()'l

break or P. palmivora vary with time and according to the regions and c\ \ ,]

from one country to another. Generally.P. palmivora appears in May 1\)

October in African countries. The incidence increase to reach a peak in ('Il

break in July- September with this type of development there is needu

commence control measures (spraying. sanitation or plotsctc) as carly .»:

May with the on set of the rains. (Endct al. 2000).

Luz et al, (1999) also stat cd that constant and periodic removal,I'

parasitic organisms such as mistletoes toes, regular weeding and prunn.g

are also some or the methods or control that could be practiced.

Apart Irorn the direct economic reasons why cocoa should1)(;

improved, the following arc the other reasons why cocoa production sho.td

be improved through disease control especially, the pod rot disease,

Retention of traditional flavour and aroma

Qual ity of beans

1-+
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Processing ability olthc seeds

For rood production and industrial materials (Anon 2(02),

15
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 The Study Site

Identical but independent trials. were conducted in199811999,

1999/2000 and 2000/2001 at the lbulc Seed Garden, Tree Crop Unit of the

On do State Ministry of Agriculture and Rural Development. Akurc. The

study site was located in the rainforestzone of south Western Nigeria. The

physical and chemical properties have been described by Smyth and

Montgorneryt lvoz) and that thealfisols and mollisols with plioI' 3.8-6.7,

clay content of 16-67%. CEC of 5.63-16.20 and iron oxides 01'0.23-8.72%

are more suitable than the ultisols and oxisols. Rainfall in the area averages

1300mm per annum in a bimodal pattern with a long seasonfrom April to

August and a short one from September to early November. The two

seasons are separated by a short dry spell. the August dry spell (Appendix

V).

3.2 EXPERIMENTAL DESIGN

The trials each consisted or SIX treatment compnsing live

randomized single tree replicates of nine(9) years old c20xc64 hybrid

cocoa trees planted in 1990 from rooted cuttings. Treatments were hand

pollinated cocoa flowers which were harvested at one, two, three, four, five

and six weeks after maturity (12345and6 WAM) following artificial

inoculation with Phytophthora paltnivora pathogen at Ir ll maturity i.c

twenty weeks after pollination.
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3.3 Pollmatiorrvr-r " '1

Prior to artificial pollination. (Adcbayo 1977) all the pods and

already fertilized flowers "ere removed with a sharp harvesting knife.

leaving only matured but unopened flowers on each tree. To prevent

pollination by insects, the unopened flowers were covered with hoods made

or mosquito nets that were firmly secured with safety pins. After twenty

lour hours when the flowers had opened. pollen grains were collectedIrorn

the male trees (c69) andtransferred on to the stigmas 01" the female trees

(c20) with the aid of forceps. The artiIicially pollinated flowers were now

covered with the hoods for seventy tV\0 hours to preclude anyextraneous

pollination by insects. Successful pollination and was considered to have

taken place if after seventy-two hours theflowers would be in swollen

ovary state which is anindication that fertilization has been effected on the

ovules while dried and shrunken (dead) flowers were indication or

unsuccessful pollination ane! thus no fertilization, such flowers were pruned

01T.

3.4 Inoculation

At maturity i.e. twenty weeks alter pollination, (Adcnikinju 1989) all

the healthy pods were tagged and Surl;ICC disinfected with20(% solution o l

sodium hypochlorite (Nut )('1) 111 order to prevent any surface

contaminations that may interfere with proper identi I ication of till.'

pathogenic fungus used for the inocula! ion exercise.1\ cut surface or Iern

in area was then made with a sharp pocket kni Ic on the healthy pods witl:
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similar cuts being made on the advancing edges or pods naturallyinfected

with the black pod diseased. The diseased part was then inoculated onto the

healthy pods. The diseased pods which acted as sources or inoculum

together with ant tents on trees andmummified pods were all removed and

burnt or buried. Infection or healthy pods by black pod disease\V,iS later

confirmed through isolation or fungi from the inoculated spot and viewing

them under the microscope.

3.5 Data collection and analysis

Data collected include weekly measurements or radial growth or the

fungus on the pods over a period of six weeks alter maturity,fresh weights

and dry weights of beans upon extraction.

3.5.1 Fresh weights

Five pods from each of the treatment were harvested broken by

knocking them on a logor wood. their beans extracted separately on

treatment basis and weighed with the aid or a 50kg capacity pocket balance

at the experimental site.

3.5.2 Dry weights

The extracted beans \\ ere dried at13S()c for 2 hours in a moisture

extraction oven. Dry weights of the beans were determined with sensitive

electronic weighing balance.

3.5.3 Proximate analysis of the beans

18
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Analysis of the moisture content. crude far. crudefibre. cth. :

extract, ash and nitrogen luc extract were carried out andtested for by USil1;

Soxhet Method of extraction at theCoop Cocoa Factory at their l lcsha

Owo Express Road Akurc. by a qualified biochemist according toth.

method described by Association of Analytical Chemist (AOAC)1090 <I

follows:

Five pods from each of the treatment (one, two, three,four, jive an.:

six weeks after maturity) were randomly selected, processed on described

by Adcnik inju 1989 and kept separately in a closed air tight container from

which samples were taken for analysis.

3.5.3.1 Moisture content determination

The moisture content of the beanswere determined using theOVCl1

method which is based on weight lossor water due to evaporation.

Clean and dried porcelain disheswere weighed using. Mettler balance

and their respective weights were recorded (WI) 5g of each wet sample

were weighed (W2) out from the prepared samples and later dried at135(JC

lor 2 hours to a constant weight (W3) and allowed to cool in a dissccto:

before weighing. The loss in weight during drying was expressed ii,

percentages in accordance with AOAC 1990.

%MC = Loss in weight
Original weight of sample

x 100
1

W2 - W3
W2-Wl

x 100
I

% MC=-:c A

3.5.3.2 Determination of crude fat (butter fat)
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109. or each sample were put in extraction thimble. Water \\"iI',

removed by the oven drying method at135(JC for Zhours to pcrmu

penetration of the samples by ether. The samples were extractedwith

Soxhlet extractor for 7 hours. The ether was then evaporated from th,.

samples and what remains were the crudefat which were weighed .md the

percentage crude fat in each sample calculated in line with;\0;\(' 19l)1)

thus:

wt or crude l~\t x

wt of sample used
100
I

% crude 1~1l - B

3.S.3.3 Determination of crude fibre (dry matter)

Alter the removal or the crudefat. the remaining residuewas boiled

III sulphuric acid (1.25%) for 30minutcs. filtered and aIIO\\\:d to cool 1"0:

30minutes in 1.25% sodium hydroxide. It was again filtered to remove

proteins, sugars, minerals etc. present and the residuesno« \\"hich is dn

matter (crude fibre) were dried and weighed. Percentage crudeIibrc wu-

then calculated in line withAOAC 1990 thus:

wt or crude tibre x
wt of original sample

100 =

I
% crude fi bre c

3.5.3.4 Determination of protein content

5g of each sample were weighed into a nitrogen freefilter paper. The

samples were then digested in concentrated sulphuric acid with sodium

sulphate and a catalyst-to convert or remove all ammonical nitrogen present.

Excess sodium hydroxide was added to make the solution strongly alkaline.

Water and distilled ammonia verc added and the nitrogen in the sample"

20



were determined by titration. The amountor protein in the samples \\,\S

then calculated by multiplying the amount of nitrogen by6.25 (as protein is

said to contain 16%nitrogen). The percentage protein (ether extract)\\US

thus calculated according to/\O;\C 19<)0:

Amount of protein in sample x 100 = Protein content or thc sample
o

Wt of sample

3.5.3.5 Determination of ash content

109 of each sample\\LlS weighed into small crucible, it was then red-

heated in furnace at 600°Clor 7 hours. It was later weighed after it has'--

cooled down to room temperature the ash content was then calculated

thus:

wt or ash
wt or original sample

100
I

% ash L

3.5.3.6 Determination of the sugar and starch content of the

21

samples

The sugar and starch content of the samples' value was determined

by the difference, that is all ana lysed properties were summed up and

subtracted from 100 in line \\ ith ;\OA(, 1990.

100% - (% water+ crude fat + crude fibre + ash)= % sugars and

starch.

3.5.3.7 Ability to process and ferment the cocoa beans

Five cocoa pods which were randomly selected from each or the
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treatments ( 1.2J.4,5and 6 WAM) \\'LTe harvested and processed a.cording

to Adcnikinju 1989 and physical observations were carried out on them;1')

follows:

I. the case with which the beanswere extracted from the pods.

2. the number of pods that were easily processed.

3. the stateof.the beans ( wetnessand dryness).

4. the position of the beans inside the pods (theadhcrcncss to the pod-

firmness and looseness).

5. Fermentability of the beans produced.

The pods were dehydrated as a result01" heavy infection, the bcan-.

were loose dried up giving room for weevils to attack themand the)

cannot be fermented.

3.5.3.8 Statistical Analysis

The data collected were subjected to statistical analysis of \ ariancc

(ANOvA). And means were compared using Least SignificantDifference

(LSD) at 5% according toLittle and I-IiIls (1978).
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CI-IAPTEI~ FOUR

4.0 RESULTS

The mean 01" the results obtained in19t)XI199t) and 20()()/}{)()1 wvrc usc.]

as there were no significant dilfcrcnccs between the results or the twoseasons

trials .

..•.1 Comparative effect or time of harvesting on the mycelial growth of

Pltytopltthora palmivora when artificially inoculated Oil cocoa pods

It was observed that podsat one. two. three, and lour weds alter

maturity has the leastmycelial growth in that order with 1.00. 1.3!). IA()

and 2.00cm2 area coverage. The leastor I.OOcm2 was recorded II)r0111.:

week alter maturity and the highestor 3.20cm2 was recorded lor sixweeks

alter maturity and showed no significant di ffcrcnce from one another.

However, mycelial growth on pods at live and six weeksafter muturitx

differed significantly from one to lour weeks different groups were

observed, lig, I.

4.2 Effect of time of harvesting on fresh pods with beans

The results showed that fresh pods and beans harvested at one. two.

and three weeks after maturity were signiIicantly di Ifcrent from one another

as they gave 8, 10 and 9g respectively. However. theywere equally

significantly different from those offour. live and six weeks altermaturity

which yielded 6, 3 and 2.3g respectively. The results also showed that

harvesting at two weeks after maturitywas more than at oneweek and

thereafter the weights were decreasingwith increase in age(i.c. delay in the

time of harvesting). With pods harvestedat one, two and three weeksafter

maturity weighing 8. 10 and 9g respectively and pods harvested at four
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weeks alter maturity with ()g while pods harvested at 5 and 6 weeksark!"

maturity had 3 and 2.3g, which were significantly differentIrorn OI1~'

another (fig. 2).

4.3 Effect of time of harvesting on the fresh cocoa beans

The results obtained were similar to what was obtained when till'

fresh pods with beansweighed together. On comparison, it wasobserved

that the weight of the fresh beans were decreasing with increase in age.Ai
"

two weeks after maturity -the weight was the larger (lOg) whi lc it\\'~I"

smaller (1.8g) at six weeks after maturity. However. harvesting at one and

three weeks after maturity were not significantly different in weight from

one another 'with 8 and 9g respectively, but were significantly different

from those of five and six weeks after maturity which weighed2.2 and I .~g

respectively. There was no signilicant difference between them.TilLIS the

fresh beans weights were in lour significantly different groups as follows:

Group I with beans of pods harvested at one and three weeks afterm.uurit. '

Group II made up of harvesting at live and six weeks.

;

Group III consisting of\two weeks after maturity and

Group IV comprising or harvesting at [our weeks altermuturitx .,

Significant differences occur with the groups.
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-t4 Effect of time of harvesting on weight of dried pods with beans

The result obtained showed similar trend with those obtained when

fresh pods with beans were weighed as they were decreasing in weight

with increase or delay in timeDr harvesting alter maturity.

Pods harvested at two. three and lour weeks alter maturity were not

significantly different from one another with 5, 4.60 and 4.40g weight

respectively but weresignificantly different from those of 1.40 and 1.20g

weights recorded for weeks live and six after maturity which were not

signi ficantly different from one another but from those of I week alter

maturity with 6g.

The effect of time ofharvesting on the weight of the dried pods with

beans where in three significantly di ITerent groups thus: Group I.... with

two, three and four weeks alter maturity with 5, 4.6 and 4.4g weight and

Group U.... Having five and six weeks alter maturity with 1.4 and 1.2g

weight and Group III - one week alter maturity with 6g (Fig 4).

4.5 Effect of time of harvesting on weight of dried beans

The result were similar to those obtained for those of fresh pod- with

beans, as they equally showed decreasing weights with increase in age.

However. beans harvested at two, three and lour weeks alter

maturity with 15, 14 and 13.X4g weights were not significantlydifferent

from one another but when compared with those of five and six weeks alter

maturity which had .4 and .3g weights were significantly different from one

another. Those of weeks five and six after maturity were not significantly

different from one another but significantly different from those of
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one, two, three and four weeks after maturity, so also harvesting at one

week is significantly different from those or two, three, lour. live and six

weeks after maturity (Fig5).

4.6 Effect of time of harvesting on Proximate Analysis of

the dried beans

The following parameters were determined lor the various samples;

moisture content, either extract (protein) crude fat, Nitrogen free extract.

Ash and Crude fibre, The difference obtained were in two major groups

thus:

* Those minerals (nutrients) that were decreasing with increase in age

(time of harvesting)

Those that were increasing with increase in time or harvesting

The mineral or nutrient contents in the first group that are decreasing

with increase in age are Ether Extracts (E/E) otherwise known as Protein.

*

Moisture Content (M/C) or Water Content (W/C) Crude fat(elF) and

Nitrogen Free Extract (NI:I':) Ash Content (A/C) the decrease was gradual

when analysed in the six treatments that is one, two, three. lour, five and six

weeks after maturity as shown in Figures 6, 7, 8,9 and 10,

The only mineral or nutrient that was progressively increasing with

increase in time or harvest ing as contained or shown in figureII is the dry

matter or crude fibre contc It of the dried beans,
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4.7 Effect of time of ha rvesting Oil ether extract (E/E) of the dried

beans

The ether extractCOil lent or the six treatments decrease with increase

in age, the result showed lour significantly different groups with one and

two weeks after maturity and having IOOmg each in group I, weeks three

and four after maturity had XOmg and 60mg respectively while the fourth

group of weeks live and six alter maturity had 20mg each. Ether extract in

all the groups were not significantly different within the groups but

significantly di fferent from one another. Fig. 6.

4.8 Effect of time of harvesting on the (M/C) of dried beans

Harvesting at six weeks alter maturity has the least moisture content

of 8mg while harvesting at one, two and three weeks alter maturity has the

highest of 14.80mg each. I Iowcver. the result obtained were in Jour

significantly different groups whose members were not signi Iicantly

di fferent from one another but diIferent from those of other groups with

one, two and three weeks alter maturity having 14.80mg each in the first

group and four, five and six weeks after maturity and having 12, I () and

8mg in the other three groups respectively as shown infig 7.

4.9 Effect of time of harvesting on the crude fat content (CFC) of the

dried beans

The result obtained for the crudefat content of the dried beans was

shown in figure 8 which followed the same trend with moisture content tor•....

the six treatments. It was observed that weeks one and two alter maturity
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has 1.80 and 1.60g being the highest were signi Iicantlydifference from

one another ingroup I and II respectively. while weeks three and four alter

maturity with 1.28 and 1.2..J.grespectively, showed no significant diIfcrcnt

from one another and were in group III which were signi ficantly di ffcrcnt

from the members of group 1. Weeks live and six alter maturity showed

0.96 and 0.92mg respectively giving the least crudefat content and as

shown are in group IV whose members were not significantly different

from one another but different from those of the other groups (Fig.X).

4.10 Effect of time of harvesting on the nitrogen free extract (N FE) of

the dried beans

The result also show cd the same trend with what was obtained for

the effect on moisture and crude fat contents as shown in Jig.<). Itwas

observed that high NFE was observed from one to three weeks after

maturity, which significantly decreased as the harvesting period increased

up to 6 weeks after maturity as observed in this study. The NFL ranged

between 2.50 - 0.5mg for 1-6 weeks alter maturity (fig. 9).
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4.11 Effect of time of harvesting 011 the Ash Content of the beans

The ash content when tested lor the dry beans was found to be

decreasing with increase in time orharvesting. It was similar to what was

obtained when the moisture. crude 1~lt and nitrogen free extracts were

determined on the beans and was round to be in six significantly different

groups whose members were not significantly different from one another

(within) but were different from members01" the other groups as shown in

jig 10 as each time of harvesting constitute a group or its own.

Weeks live and six alter maturity recorded the least ash content of

3.40mg and 2.20mg respectively and were significantly different jl'OI11one

another. However the highest ash content 9.90 and 8.90mg were obtained

in one and two weeks after maturity respectively.

4.12 Effect of time of harvesting on the Dry Matter Contents (Crude

Fibre) of the dried beans

In the dry matter contents of the dried beans, the result 6. 6.4. 7. 7.2,

7.6 and 8.8mg obtained were found to be increasing with age (delay in

harvesting) and similar to those obtained for themycelial growth when

artificially inoculated as the crude fibre content is increasing with age.

At one, two, three and lour weeksafter maturity dry matter recorded

were 6.0, 6.4, 7.0 and 7.20g respectively while the highest or 8.70g was

recorded for 6 weeks after maturity. (fig II).



4.13 Effect of time of harvesting on (%) processability of pods and

fermentability of the beans produced

The effect of time 0" harvesting on the pods produced showed that

all the pods were processablc i.c. the beans can be easily extracted from the

pods but all the beans can not befermented because some of the beans were

already dried shrivelled and wcevillcd

Beans from one, two and three weeks after maturity were all

processable and fermentable while the beans produced from lour, live and

six weeks after maturity were only proccssable (easily extracted) not

fermentable and weevilled Fig.J 2. Chemical qualities started declining

with increased pod infection as five and six weeks after maturity were the

most affected while those0" one. two and three weeks after maturity has

more or large amount of nutrients in form of ether extract, moisture content,

nitrogen free extract, crude rat and lower or smaller crude fibre content,

those of four, five and six \\ ceks after maturity has a relatively high crude

fibre and low or smaller ether extract. nitrogen Cree extract ash and crude

fat content due to heavyinfection by the black pod disease of cocoa and

dryness of the pods and beans.
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CIIAPTER FIVE

5.0 DISClJSSION

Of the six harvesting periods considered, one and two weeks alter

inoculation showed considerable control of the black pod disease or cocoa

caused by Phytophythora paltuivora. The degree of control compares

favourably with results obtained in Ghana (Anon, 1979) where Ridomil and

Pcrcnox were used. This is,tiS() in consonance with the work or (Adckagun.

1997) where it was reported that Bordeaux mixture at low concentrations

controlled cocoa black pod.

Cocoa pods which mature in twenty weeks and suffers no infection

up to that stage (Adebayo. 1(75) agrees with this report since pods at

twenty weeks i.e point of maturity shows no visible sign or infection by

Phytophthora palmivora (Adcnikinju, 1972 and AsareNyako, 1973) as the

beans were still succulent, proccssable and fermentable.

The variability in pod xizc, weight and circumference were also in

agreement with (Sorias 1(71). The remarkable increment in both the

number of infected pods and mycelial growth of the fungus were also in

agreement with Blencove 1971: Turner 1965; AsarcNyako 1975: Anon

1995a and Anon 1995b that the longer the pods (matured) are left on the

field the more they are in Icctcd and the beans one loose, wecvillcd and

dried in the pods ..

Pods harvested six \\ ccks after maturity were nearly dried - up and

the beans were loose in the pods, this agrees with (Adenik inju 1974 and

Adenikinju 1989). The amount of mucilage around the beans generally

increased with maturity and \\ ere less tightly packed th.m what obtained
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in pods harvested at one wed alter maturity which agrees with the workor

Esan (1989).

Lastly, at six weeks [he beans become more easily proccss.iblc as

they were already dried and louse in the pods as a result01" heavy in Icction

by the fungus Phytophtliora palntivora Akinwale-Ojo, 1995, 1996;

Dcbenham, 1997; Bamigboyc. 1997 and Oluyide, 1997 reported similar

results about dryness and dehydration and that the beans arc not

fermentable.

The laboratory analysis (page34-37, 40 and 41) showed that the

longer the harvesting intervals. the higher the crude fibre content and the

lower the crude Protein, C; Iucosc, Sucrose. This harvesting interval also

confirmed the increasing r.uc01' the volatile acids while the non-volatile

acids decreases with age (Adcnikinju. 1989; Dehenham 1997 and Esan

1989). (Appendix VI).

It should be noted that while themycelial growth and the Crude

Fibre content were increasing with delay in harvesting the Nitrogen Free

Extract (NFE) crude protein and crude fat were decreasing which is in

agreement with (Akinwalc-Ojo. 1996). The flavour and aroma of the beans

were not tested for as the flavour and aroma is a result01" the two way

processes of fermenting all the farm and roasting in the factory(Iward,

2000). Cocoa flavour will change within a few months of production.

(Anon, 1999)

It should be noted that the harvesting dates can be influenced on the

one hand by the choice ofdd)S before harvesting and on the other hand by

the level of maturity and the period 1'01' which the mature harvested pods
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arc left on the field before processIng as it also affects the fungi

development. The method ol harvesting also plays an important rule in polls

infection. Advantages of Iimcly harvesting over chemical methods arc

specificity i.e. specific with interval in days or weeks and has no direct or

indirect negative impact 01' the environment, it is non toxic to both thc

producer and consumer as \\ ell as to the cocoa tree itself, it has no chemical

use, it is a financially and l imc attractive option as there is no additional

cost thereby saving the timeI'm application of chemicals. It is compatible

with other methods even chemical ones, users need not be literate as it

requires no technical know 110\\. Disadvantages associated with cultural

method of control is that it becomesfully apparent alter a long period, it

requires the full cooperation and coordination of all the farmers in a given

farming area as a single dc . i.u ion may result in a total loss (C'lA, 1977;

Anon 2000).

5.1 CONCLUSION AND RECOMMENDATION

The use of any economical methodor control or the black pod

disease of cocoa that requires low cash, management, inputs and time in

place of using pesticides, (as using or implementing a full chemical control

programme increase pod production cost by30-50(10 therefore the use01"

harvesting intervals, a cultural. low costing and effective means) should be

seen as an alternative bla. k pod disease control method to the use of

chemicals.

Apart from being too costly, the breaking down of the resistance in

resistant programmes mal.,», the use of resistance varieties to be an
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effort in futility and thi; still leaves harvesting interval as the only

alternative option and to achieve this thefollowing must be adhered to

strictly:

Harvesting should commence two weeks after maturity i.e. twenty-

two weeks after pollination as cocoa pods mature in twenty weeks alter the

day of pollination.

Tree canopies should be WL'11;11](.1 thoroughly reduced by way or pruning,

removal of chuppons and overhead shades before flower cutting and

pollination commence.

Leftover of last year harvest should be well and thoroughly harvested

to prevent disease inoculum from spreading downwards from the

unharvested andinfected pods 11<Ingingon the trees.

l lusks or harvested and processed pods should either he burnt or

buried away from the plantation.

Harvesting intervals i.c. day or harvesting should be adhered to

strictly (specificity).
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APPENDICIES

APPENDIX I

ANOV A: MYCELIAL GROWTH

Blk 4 1.

_.
,

MS F Cal TTab
.

6.55

).57 3.91 15.64 2.71
-

94 0.49 1.96 2.81
.

04 0.25

Source

29

SS

14

DF

Total

Treatment 5 1(

SSE 20 5.

LSD = 0.66

ANOV A: WEIGHT OF FRESH PODS AND BEANS
-- ---_.

Source DF SS MS F Cal T Tab

Total 29 282.34

Treatment 5 254.04 50.81 242.00 2.71

Blk 4 24.13 6.03 28.71 2.87

SSE 20 4.17 0.21
I.

LSD = 0.61

ANOV A: WEIGHT OF FRESH BEANS ALONE
.

Source DF SS MS F Cal
.

---
Total 29 363.67

.- --

Treatment 5 304.57 60.91 41.72
--- ---

Blk 4 3.00 7.50 5.14
.-.- r-

SSE 20 29.10 1.46
-'--

r Tab

2.71
- -------1

2.87
.-.--

LSD = 1.59
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ANOVA: WEIGHT OF DRY POD AND BEANS

SSource OF L •

Total 29 1

Treatment 5 J(

Blk 4 I(

SSE 20 1 1

22.04

>0.50

).53

.01

LSD = 0.98

, ----
IMS F Cat TTab
I

20: 10 36.55 2.71
----

2.63 4.78 2.87

0.55
----

ANOVA: WEIGHT OF DRY BEANS ALONE
--

Source OF SS
.-

Total 29 784.22

Treatment 5 699.65
'--

Blk 4 69.57
--~

SSE 20 15.60

LSD = I. 17

---
MS F Cat TTab

-- I---

-

139.93 177.14 2.71
-

17.39 22.30 2.87

0.78
---

ANOVA: EITHER EXTRACT (E/E) OF THE DRY BEANS

Source OF SS MS F Cat TTab
-----

Total 29 345.17

Treatment 5 336.67 67.33 224.43 12.71
---

Blk 4 2.59 0.65 21.66 2.87
.~

SSE 20 5.11 0.30
----.J

LSD = 0.72
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ANOY A: MOISTURF CONTENT (M/C) OF Tl-I E DRY

BEANS

Source OF S.

Total 29 3

Treatment 5 21

Blk 4 6

SSE 20 23

s
05.20

2.80

g.53

.S7

LSD = 1.44

- --
MS F Cat TTab

- -- --~---

42.56 3.58 2.71
- -

17.13 1.44 2.87
- I

1.19
I-~

ANOYA: CRUDE FAT CONTENT (CFC) OF THE DRY

BEANS

Source OF SS

Total 29 3.65

Treatment 5 2. C)()

Blk 4 0.24

SSE 20 0.31

LSD = 0.19

-e-

MS F Cat TTab
- '-

- i- -

0.59 29.50 2.71

0.07 3.50 2.87

0.02
.-~ --

ANOYA: NITROGEN FREE EXTRACT (NFE) OF THE DRY

BEANS

Source OF SS MS F Cal TT~
-

Total 29 14.37 I
J

Treatment 5 13.77 2.75 137.50 2.71
-- -

Blk 4 0.09 0.02 1.00 2.87
- -

SSE 20 0.45 0.02
-----.

LSD = 0.19
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ANOYA: ASH CONTENT (A/C) OF THE DRY COCOA

BEANS

Source OF "-

Total 29 ')-

Treatment 5 ')-

Blk 4 ')
-

SSE 20 4 .97

MS F Cat TTab

47.55 190.20 2.71

6.03 24.12 2.87

,0.25
I

S

66.84

37.74

-1-.13

LSD = 0.66

ANOYA: DRY MATTER (CRUDE FIBRE) OF THE DRY

BEANS

Source DF "-

Total 29
...,
-)

Treatment 5 ')

-

Blk 4 4.

SSE 20 7.

S

7.21"

-+.87

38

96

MS F Cat TTab

--
4.97 12.43 2.71

1.10 2.75 2.87

0.40

LSD = 0.83
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ANOYA: PROCESSABILITY AND FERMENTABILITY OF

THE POD

M
---- -TTTabS F Cal

----- -------1---
86.30 43.01 2.71

28.13 23.85 2.87

3.63
-_. --

Source DF SS
--

Total 29 45

Treatment 5 29

Blk 4 13

SSE 20 35

04.70
---!--

:11 .50 5

00.53 3
-._-f-

2.67

LSD = 4.87

APPENDIX II

COCOA PRODUCTION (ONDO STATE) 1990-2000

YEARS PRODUCTION (mt) ONDO NIGERIA (mt)

1990 55,004.50 137,51 1.25

1991 68,129.50 170,000.00

1992 41,973.00 130,000.00

1993 65,292.00 130,000.00

1994 58,255.25 138,000.00

1995 44,894.2-+ 155,000.00

1996 44,770.00 158,000.00

1997 41,181.00 152,000.00

1998 27,895. 0 165,000.00

1999 31,154.50 170,000.00

2000 24,047.00 156,000.00
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PATHOGEN 1970 19

P. palmivora 71 75

B. theobioma 20 18

Fusarium spp 6 3

Others 3 4

Total 100 10C
I
I
I

111

STATISTICS ON POD INFECTION BY DISEASES.

71 197211973=~74 T

56 63 54 3
._-_._.... .-- .. -~.- -- -

24 16 23 I

-+--- ....---+----1-

12
--+--~-+-

1412 4

-- -. I

otal Average

19 63.8
-_..-f--.~

01 20.2
--
7 9.4

3 6.6

00 100
-.~.-.- .-~----

8 9 9 3

100 100 100 5
...._----'------'-

Culled from 5 Int. Cocoa Res.Conl. Report 1977.

APPENDIX IV

PERCENTAGE DAMAGE CAUSED BY PHYTOPHTHORA

PALMVORA AND COCOA SWOLLEN SHOOT VIRUS OF

COCOA.

P. PALMVORA C.S.S.V

1975 31.30 19.00

1965 53.20 33.50

1975 71.40 37.70

1985 73.70 34.20

1995 83.40 59.90
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MONTH RAINFALL

April 1150111111

May 1375111111

.June 1750111111

.July 1600111111

August 1550l11m

September 1400111111

October 1210111111

November I 150111111

TOTAL 11185111111

AVERAGE 1398. I3111m

APPENDIX V

TEMPERATURE RELAT

35"C 57%

19"C 171 (Yo

18()C 188%

17"C 83%

31 "c 81%

30"C 72%

34"C 63%

35"C 57%

219°C 572%
-----

27.37°C 71.50%
-

IVE IlUMIDITY
--- ----------1

---- ------1

APPENDIX VI

ACCEPTABLE NUTRIENT LEVEL!N COCOA BEAN

I CONTENTS PERCENTAGE CYo)

Moisture content 10.70

Ash Content 08.53

Crude Protein Content 19.28

Ether Extract Content 09.78

Crude Fibre Content 06.28

NFE Content 45.43

TOTAL 100.00

Called from 5th lnt. Cocoa Res. Conf Report for 1977.
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