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ABSTRACT

The resistance of cacao (Theobroma cacao L.) leaves and pods to

Phytophthora pa/mil/ora (Butler) Butler was investigated in 25 international

genotypes of cacao in five laboratory experiments and a field trial at Cocoa

Research Institute of Ghana at Tafo. Tissue-paper-mount and punch-

inoculation methods were used to distinguish between resistance at the

penetration and post-penetration levels based on lesion frequency and size,

respectively. A significant clonal difference for leaf and pod resistance at the

two stages of infection was observed. Correlation between resistance of leaves

and pods was positive and significant at both penetration and post-penetration

stages of infection. The occurrence of such a characteristic of cacao leaf

suggests the possibility of the use of leaves of cocoa seedlings for the

prediction of pod resistance to the black pod disease. The linear correlation

between the detached pod tests and leaf disc' test was significant. A highly

.significant difference was observed among levels of infection of distal,

proximal and mid regions of pods inoculated with Phytophthora po/mil/ora.

The reliability of the tests was evaluated by correlating results of the
/

inoculation tests with the level of field infection. These correlations were

generally positive and significant, both for detached pod and leaf tests. The

high positive correlation between detached leaves and pods and natural

Phytophthora pod rot infection in the field showed that detached organs can be

used for prediction of resistance in the field. SCA 6, T85/799, LAFI, ICS 1

and GU 225V were noticed to be promising clones for breeding against black

vi



I
II
I
I
;
I

I
j,
I

I
I
i
!,
,

pod disease. The susceptible clones were MO 20, T79/501, VENC 4-4, PA

120 and MOCORONGO.

The results suggest that routine application of the detached leaf and

pod tests if carried out under uniform conditions and in standardized manner

should both be sufficient in selection of new varieties with high levels of field

resistance to black pod.
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CHAPTER ONE

INTRODUCTION

Cocao (Theobroma cacao L.) of the family Sterculiaceae is a major

economic crop in Ghana. The crop is an understorey tree species found in the

tropical forests of Central and South America (Wood and Lass, 1985).

The cocoa bean, used in the manufacture of chocolates, cocoa powder

and cocoa butter, has become a commodity of economic importance in many

countries which derive a major part of their foreign exchange earnings from it.

In 2002, foreign revenue derived from sale of cocoa in Ghana was 463 million

US dollars, representing 22.4% of foreign revenue from agricultural and non-

agricultural sources (Anon, 2003).

Pests and diseases are among the factors which limit cacao production

in Ghana. Of the diseases, black pod is the most serious constraint to cacao

production. The disease affects the pods, beans, flower cushions, leaves, stems

and roots. Adomako (2007) reported that yield loss in cacao was largely due to

black pod representing 64.1% of total yield loss. In 1985 worldwide losses due

to black pod were estimated at £1540 million (Evans and Prior, 1987). On

pods, the predominant symptom is a brownish or black lesion on the husk,

leading to blackening and rotting of the pod. On stems, the symptoms appear

as cankers (Opoku et al., 2007). Even though damage due to the leaf and root

infections by Phytophthora species are difficult to estimate, their effect on the

health and productivity of cacao trees are known to be significant.
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Phytophthora species is a serious pathogen in West Africa. Pod ro~ and stem

canker caused cacao pod losses of up to 63% and the death of up to 10% of

trees annually on Kar Kar Island, Papua New Guinea (Guest et al., 1994).

Black pod is a serious disease in Ghana and can cause between 60 -100% crop

losses (Dakwa, 1988). Pod rot disease is economically important in Indonesia,

the Philippines, India, the Pacific Islands and Jamaica and often causes severe

losses due to loss or"entire trees.

Dakwa (1987), Luterbacker and Akrofi (1993) and Opoku e~ al. (1999)

have reported two species of Phytoplzthora viz. Phytophthora palmivora and

Phytophthora megakalJ'a as the causal agents of black-pod disease in Ghana.

Phytophthora megakalJ'a is of more recent occurrence in Ghana and the more

destructive of the two pathogens. In areas invaded by Phytophthora

magakalJ'a, the pod losses have increased from an average of 15% due to

PhytophtllOra pa/mivora to 30- 35% due to Phytophthora magakalJ'a (Kebe,

1999).

The control of black pod disease is therefore a major challenge for

world cocoa cultivation and selection of resistant materials is an effort being

made in many producing countries to control Phytophthora. According to Tan

and Tan (1990), several methods have been adopted by farmers to control

diseases caused by Phytophthora species in cacao of which the most common

is the use of copper-based fungicides. Although this is reasonably effective,

the high cost of chemical control poses a serious challenge to peasant

farmers who produce over 50% of the world cocoa. Moreover, these

chemicals are toxic to animals including man and therefore pose a great

danger to peasant farmers most of whom are illiterates (Anon, 1995). These

2
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Phytophl/lora species is a serious pathogen in West Africa. Pod rot and stem

canker caused cacao pod losses of up to (i3% and the death of up to 10% of

trees annually on Kar Kar Island, Papua New Guinea (Guest el al., 1994).

Black pod is a serious disease in Ghana and can cause between (iO -100% crop

losses (Dakwa, 1988). Pod rot disease is economically important in Indonesia,

the Philippines, India, the Pacific Islands and Jamaica and often causes severe

losses duc to loss of entire trees.

Dakwa (1987), Luterbacker and Akrofi (1993) and Opoku et al. (1999)

have reported two species of Phylophthora viz. Phytophthora palmivora and

Phytophthora megakarya as the causal agents of black-pod disease in Ghana.

Phytophthora megakarya is of more recent occurrence in Ghana and the more

destructive of the two pathogens. In areas invaded by Phytophlhora

magakm:\'G, the pod losses have increased from an average of 15% due to

Phytophrhora palmivora to 30- 35% due to Phytophlhora magakarya (Kebe el

al., 1999).

The control of black pod disease is thercfore a major challenge for

world cocoa cultivation and selection of resistant matcrials is an effort being

made in many producing countries to control Phyrophthora. According to Tan

and Tan (1990), several methods have been adopted by farmers to control

diseases caused by Phyrophrhora species in cacao of which the most common

is the use of copper-based fungicides. Although this is reasonably effective.

the high cost of chemical control poses a serious challenge to peasant

farmers who produce over 50% of the world cocoa. Morecl\·er. these

chemicals are toxic to animals including man and therefore pose a great

danger to peasant farmers most of whom are illiterates (Anon, 1995). These
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problems have led to a greater appreciation of the need for an ~Itemative

method of control such as the use of resistant cultivars. Breeding for resistance

to black-pod disease has hence been long regarded as the most economical,

environmentally friendly and effective control method (Iwaro et al., 2000b).

Genetic studies have shown that resistance to black pod attack is polygenically

inherited and could be improved by recurrent selection (Iwaro et al., 1999).

Field obser~ations of cacao cultivars have also shown consistent

differences in levels of infection and although no selection has shown

complete immunity, there is sufficient variability for incorporation into

breeding programs. Adomako (2006) reported significant differences between

cacao genotypes in the levels of black pod disease in two field trials.

In breeding for resistance to black-pod, there is the need to screen the

progenies in order to select the most resistant plants. However, progress in

breeding has been hampered by lack of quick screening methods to identify

level of resistance to black pod infection can be determined (Dakwa, 1988).

These methods therefore do not offer a quick assessment of the results of

breeding for resistance. The pod tests for resistance and those based on pod

extracts are useful for identifying resistant parents, but they require too much

time for progeny testing. Consequently, tests at the seedling stage that provide

information about pod resistance are earnestly sought to save time and cost.

However, it has not been firmly established that there is a correlation between

3
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the reactions of detached leaves and pod tests to Phytophthora palmivora

infection in the field.

Wheeler (1992) emphasized the need to understand the relationship

between pod resistance and leaf resistance to Phytophthorapalmivora and the

relationship between detached leaves and pod tests to Phytophthora palmivora

infection in the field to expedite the screening of germplasm.

The main objective of the study was to evaluate the efficacy of

resistance screening methods used in breeding black pod disease resistance in

cacao.

The specific objectives were to determine:

I. Clonal differences in leaf and pod resistance at the penetration stage of

infection.

2. Clonal differences in leaf and pod resistance at the post-penetration

stage of infection.

3. The relationship between resistance of leaf and pod at the penetration

stage of infection.

4. The relationship between resistance of leaf and pod at the post-

penetration stage of infection.

5. The relationship between leaf disc scores and penetration and post

penetration resistance ofpod, respectively.

6. The relationship between laboratory screening methods and natural

field infection ofPhytophthora palmivora.

4
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CHAPTER TWO

LITERATURE REVIEW

The Cacao Plant

Cacao (Theobroma cacao L.) - which literally means "food of the

gods" is one of 22 species that constitute the genus Theobroma, a member of

the family Sterculiaceae and the principal commercially important member of

the genus. Botanically, the term 'cacao' refers to the tree and its fruits whilst

'cocoa' describes the bulk commercial dried fermented beans, as well as the

powder produced from the beans. Cacao in its natural environment occurs as

an understorey plant.

The centre of greatest diversity and origin of the tree is the dense

tropical forests of the upper Amazon and Orinoco River basins of South

America, where it occurs as a sub-canopy plant. Theobroma cacao is assumed

to have spread naturally westward and northward to Guyana and Mexico and

Central America at the time of European contact in the fifteenth century.

Currently, extensive production occurs in the tropics of the old world, owing

to the high disease prevalence in the native American tropics of the cacao tree.

Cacao production systems vary greatly within and between countries and

planting materials are still largely made up of unselected seedling populations.

There is also little information on the possible interaction between cacao

genotypes and production systems (Eskes, 2004).

5
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Cacao Types

The species TheobrolIla cacao comprises a large number of highly

morphologicaIly variable populations. Three main populations of cacao have

been identified, namely, the CrioIlo, the Forastero and the Trinitario

(Cheeseman, 1944). The Forasteros constitute the largest cacao population and

even though they have less flavour than the CrioIlo, they constitute the bulk of

the cocoa produced in West Africa as weIl as that of the world. The Trinitarios

are thought to have been hybridized from CrioIlo and ForasteroinitiaIly from

Trinidad (Coe and Coe, 1996). The CrioIlos are the best flavoursome cocoa

but are difficult to establish and prone to attacks by diseases and pests.

The Black-pod Disease

Of all cacao diseases world-wide, Black pod or Phytophthora pod rot

causes the largest loss of cocoa production.

Phytophthora species is typicaIly found in tropical or warm, temperate

countries with high rainfall. It is believed to have arisen in South-East Asia

where much genetic diversity of the Phytophthora species occurs (Blaha et al.,

1994; Mchau and Coffey, 1994). The record of Phytophthora species for

Equitorial Guinea is from the Island ofBioko (prior, 1985).

Taxonomy and Morphology ofPh)'top!lthora species

The family Pythiaceae comprises the genera Phytophthora,

Pythiogetoll and Pythilllll (BlackweIl, 1949). Butler originally described

Phytophthora species as Pythillm palmivo17l1ll, later transferring it to

Phytophthora because zoospore cleavage occurs inside the sporangium, not in

an external vesicle.

6
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Until 1979, it was considered that the causal pathogen of Phytophthora

pod rot of black-pod was Phytophthora palmivora, a ubiquitous and extremely

diverse species encompassing a wide range of morphological and pathogenic

variants (Brasier et al., 1981). A worldwide study of isolates of Phytophthora

pal1l1ivora from diseased cacao showed that Phytophthora pal1l1ivora

comprised a complex of organisms which included a new species,

Phytophthora 1I1egakarya and also 'MF4' later assigned to Phytophthora

capsici (Brasier and Griffin, 1979).

Laboratory research has demonstrated that the Phytophthora isolates

originally designated by E.J.Butier and others as Phytophthora palmivora

were really a complex of several species, now designated as Phytophthora

pal1l1ivora, Phytophthora 1I1egakGlya, Phytophthora capsici, Phytophthora

citrophthora and possibly Phytophthora 1I1egasper1l1a. These species may be

distinguished by the deciduous or persistent nature of the sporangia. The

deciduous species (Phytophthora pal1l1ivora, Phytophthora megasperma and

Phytophthora capsicI) can be distinguished by the length of the sporangial

pedicel (Idosu and Zentmyer, 1978).

There are other differences in the morphology of sporangia,

chlamydospore production, and in some of the species, in chromosome

number and size. Phytophthora palmivora has short, thick sporangial stalks

less than 5Jlm long. This is the most common species pathogenic to _cacao

worldwide.

Phytophthora megakarya has thin sporangial stalks ranging usually

from 5 to 15Jlm in length (Brasier and Griffin, 1979). This species has limited

distribution, but it is the primary black pod pathogen in Nigeria.

7
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Sansome et al, (1975) and Brasier and Griffin ( 1979) rep.orted that

Phytophthora pall11ivora and PhytophtllOra l11egakGl)la differ in size and

number of chromosomes; Phytophthora palmivora has 9-1a small

chromosomes and Phytophthora l11egakal)'a has five large chromosomes.

Phytophthora capsici has long sporangial stalks, up to 250~m long

and sporangia with length to breadth ratios often over 2.0. This species is

found in Central and South America and in Cameroon in West Africa. It is the

principal black pod pathogen in Brazil. This strange distribution, quite

widespread in Latin America but in only one country in West Africa,

indicates that this species must have been carried from Latin America,

probably from Brazil, to Cameroon in cacao material, possibly early in the

development of the cocoa industry in West Africa (Blaha et al., 1994).

Recently, a fourth species, Phytophthora citrophthora, was found to be a

cause of black pod and canker of cacao in Brazil (Kellam and Zentmyer,

1981a). This species has persistent sporangia and also forms chlamydospores.

Gregory and Madison (1981) noted that differences in the

epidemiology of black pod disease that have been observed in different parts

of the world may be due to the presence or absence of these different

species of Phytophthora. It is most likely that Phytophthora arecae was a

morphological variant ofPhytophthora pall11ivora described before the wider

variation within the species had been determined and was considered a

synonym ofPhytophthora pall11ivora by Blaha et al, (1994).

In Ghana, the black pod disease is known to be caused by two species,

Phytophthora pall11ivora and Phytophthora l11egakal)Ja (Dakwa, 1987;

Luterbacker and Akrofi, 1993; Opoku et al., 1999).
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Many differences exist in the type of symptoms produced by

Phytophthora palmivora and Phytophthora megakalJ1a on the pod and on the

stem (Dakwa, 1987; Opoku et al., 1996). Generally, losses due to

PhytophtllOra megakalJJa range from 60-80% in newly affected farms to

about 100% in old affected farms in the black pod season. Losses for

Phytophthora palmivora are estimated as 4.9-19% (Blencowe and Wharton,

196 I; Dabva, 1984). In studies conducted in twenty one farms, Phytophthora

megakalJ1a canker area tended to be located at the base or near the base of

the tree trunk (up to 40cm above ground level) whilst Phytophthora

pallllivora cankers are usually concentrated on the tree trunk at heights

between 41 and 100cm from the ground level ( Opoku et al., 1996). Unlike

Phytophthora pallllivora which may have large lesions without any visible

spores, sporulation ofPhytophthora lIlegakarya is generally evident even on

smaIl lesions (Opoku et al., 2004).

Host Range ofPhytoplzthora species

Phytophthora species infect more than 200 species of economic,

ornamental, shade and hedge plants. In cool temperate countries, it is

occasionaIly recorded on material imported from the tropics. All palms are

potentially affected; Cocos nucifera(Coconut) and Arec~ catechu(Betelnut

palm) are most commonly infected (CPC- Global module, 2000).

The primary hosts of Phytophthora . species are Theobroma cacao

(Cocoa), Cocos nuciftra, Hevea brasiliensis (Rubber), Carica papaya

(Pawpaw), Areca catechu.

The secondary hosts are Piper nigrlllll (Black pepper), Ananas

comoslls (Pineapple), Elaeis gllineensis (Oil palm), Areca, Annona,

9
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Artocmpus altiUs (Breadnut), Manilkara zapota (Sapodilla), AnacardiulII

occidentale (Cashew nut), Citrus, Durio zibethil1us (Durian), plants of the

palm family and (Grapefruit) (CPC- Global module, 2000).

Esenam (1971) reported that since banana plants (Musa spp.) are

commonly interspersed in West African cacao farms, infection of banana

flowers and fruits by Phytophthora pallllivora may initiate outbreaks of

black pod disease.

The Disease Cycle of PltytoplttllOra species

In every infectious disease, a series of distinct events occurs in

succession and leads to the development and perpetuation of the disease and

the pathogen. This chain of events is called a disease cycle. The primary

events in a disease cycle are inoculation, penetration, establishment of

infection, colonization (invasion) ,growth and reproduction of the pathogen,

dissemination of the pathogen and survival of the pathogen in the absence

of the host (Agrios, 1997).

Inoculation

Inoculation is the coming in contact of a pathogen with a plant. The

inoculum lands on or is otherwise brought into contact with the plant to cause

infection. In Phytophthora species, the inoculum may be spores or fragments

of mycelium.

Oospores, chlamydospores and even parts of hyphae probably survive

longer under harsh conditions than do the sporangia and zoospores of

Phytophthora species; these more persistent structures can be important forms

of primary inoculum (Gerlack et al., 1976; Zentmyer, 1980).
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There are two types of inoculum of Phytophthora species.. Primary

inoculum, which survives the dormant period and causes the original infection

(Agrios, 1997). If the initial infection by primary inoculum can develop

extensively enough to incite disease, then the disease is in effect a single cycle

disease and the behaviour of primary inoculum is of utmost importance

(Cother and Griffin, 1974). The second inoculum is produced from primary

infections and it cau~es secondary infections. The highly simulatory effects of

prolonged or repeated periods of dew, rain or saturation of soil on

.j: Phytophthora species do not spread rapidly enough in established hosts to

incite discernible disease and that several infection foci or secondary

infections are usually required according to McKenzie (1981). He further

observed that, most Phytophthora diseases are multiple-eycle, compound

interest diseases, and the behaviour of secondary inoculum, which usually

takes the form of sporangia and zoospores has more impact on the rate of .

disease development than does the behaviour of primary inoculum, given

that minimum amounts of primary inoculum are present and functioning.

The sources of inoculum of Phytophthora may be plant debris and the

soil. In the Solomon islands, Jackson and Newhook (1978) observed that

mature cocoa leaves play an important role in retaining inoculum intercepted

from sporulating lesions on pods and that plant debris in leafaxils and

jarquettes also contributes to available inoculum.

In Nigeria, Phytophthora palmivora and Phytophthora megakarya

have been regularly isolated from the soil of cacao plantations of both young

and mature cacao trees. Gregory (1981) observed that, these pathogens were

not found in soils with no history of cocoa cultivation. In Cameroon, Abego

11
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Onamena et al. (1985) reported that the soil is the most important source of

infection and trapping of spores at the start of the rainy season (March

May) on immature pods placed on a soil suspension, and observed a

population of Phytophthora megakmya and Phytophthora palmiVora in the

soil. Tarjot (1967) studied an old Amelonado plantation during the dry season

and found Phytophthora palmivora in quantity on debris on the ground, in the

soil, in the flower cushions from ground level to a height of over 2m in the

bark of shade trees. In the state of Bahia, Brazil, de Figueirede et al. (1982)

observed that spores of Phytophthora species can remain viable on heaps of

pod husks for three months.

Germination of Propagules of Phytophthora species and Penetration of

Host Plant.

Germination of sporangia of Phytophthora species can be divided

into two types, namely, induction and formation of the germ tube and growth

of the germ tube with or without formation of a new sporangium. Ho and

Hickman (1967) found that germination of zoospores that had formed on plant

roots began within 30min and that all zoospores had produced germ tubes

within 30 hours. Agrios (1997) observed that after spores germinate, the

resulting germ tube must grow or the motile secondary spore (zoospore) must

move toward a site on the plant surface at which successful penetration can

take place.

Phytophthora species may either penetrate plant surfaces through

natural openings or through wounds. Penetration directly through the

periclinal wall of an epidermal cell is most common. Hohl and Suter (1976)

reported penetration via stomata as the usual mode of entry into the leaf in at

12



~' ?

I
J

:I

~ ,

I

f I

I
J

,J

I
I
I

least one instance. Few quantitative data are available, but one study found

that epidermal cells next to guard cells were penetrated preferentially. Agrios

(1997) observed that direct penetration through intact plant surfaces is

probably the most common type of penetration in fungi. Phytophthora species

that penetrate their host plants directly do so through a fine hypha produced

directly by the spore or mycelium or through a penetration peg by an

appressorium.

Bohl and Stossel (1976) reported that, the extent to which haustoria

are encased by cell wall appositions is believed to constitute an actual

resistance mechanism. It is equally evident that susceptible host-parasite

interactions involving other Phytophthora species are not characterized by any

suppression of the formation of appositional material either on the most cell

walls adjoining hyphae or around haustoria (Bohl and Stossel, 1976).

Wetness and temperature are without doubt, the main physical factors

governing germination behaviour of sporangia. Duniway (1979) reported that,

sporangia must be in contact with liquid water to germinate either directly by

the growth of germ tubes or indirectly by the releasf; ofzoospores.

Bohl and Suter (1976) reported that penetration of the host cell most

likely involves enzymatic dissolution of the wall, because no evidence of

mechanical deformation of the wall microfibrils has been found. Shimony and

Friend (1975) observed that, the fungus forms an infection vesicle once in the

host cell from which one or more intercellular hyphae are produced.

13
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Infection of Host by PltyloplttllOra species

Agrios (1997) reported that infection is the process by which

pathogens establish contact with the susceptible cells or tissues of the host

plant and procure nutrients from them. Successful infections result in the

appearance of symptoms, that is, discolored lesions, malformed or necrotic

areas on the host plant. Between about 24 and 48 hours after infection, the host

cells become necrotic. The cells often appear plasmolysed, and the structure of

cell organelles becomes disorganized (Shimony and Friend, 1975). Hohl and

Suter (1976) also reported rupture of the host tonoplast and degeneration of

the cytoplasm as symptoms of successful infection.

Pectinolytic enzymes secreted by the fungus dissolve the pectin that

holds the cells together, resulting in maceration of the tissues. The fungus

grows between and through the cells. Protolytic enzymes breakdown the

protoplasts of invaded cells and in some cases, cellulolytic enzymes cause

complete collapse and disintegration of the cell walls. As a result, older trees

show sparse foliage, shorter, cupped and yellow leaves, and dieback of twigs

and branches in some diseases, such as the collar rot of apple trees, foot rot of

citrus trees and black pod of cacao trees. Doke and Tomiyama (1980)

observed that current physiologic knowledge of the susceptible

Phytophthora infestans- potato interaction favours the production of soluble

glucans by the fungus that can suppress the resistance response of the host.

These soluble glucans are specific suppressors, characteristic of particular

races of the pathogen. Kuc et at. (1976) reported that the insoluble glucans

present in fungal cells elicit nonspecific reactions in host tissues. Cell necrosis

14
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however, fails to restrict further development of the fungus, which continues

to grow and eventually sporulates.

Kitazawa and Tomiyama (1970) observed that most striking feature of

early stages of infection by Phytophthora in.festans is the lack of host cell

necrosis. The cytoplasm of infected host cells shows no detectable changes

in the number or structure of organelles nor any difference in the activity of

the endoplasmic reticulum. However, the cytoplasm does appear more dense

around some haustoria of intercellular hyphae. The overall impression is that

in initial stages of invasion of a host cell, disturbance of the cytoplasm is

minimal.

Hohl and Suter (1976) observed that the length of the infection period

of Phytophthora varies with the particular pathogen-host combination, with

the stage of development of the host and with the temperature of the

environment. For a successful infection to occur it is not sufficient that a

pathogen to come in contact with its host; rather, several other conditions must

also be satisfied. First of all, the plant variety must be susceptible to the

particular race of the pathogen in which case the race of the pathogen is

said to be virulent on the variety of the host plant. Also, the temperature and

moisture conditions in the environment of the plant must favour the growth

and multiplication of the pathogen. Agrios (1997) observed when these

conditions occur at an optimum, the pathogen can invade the host plant and as

a consequence, an infection occurs. In many interactions, good evidence exists

that individual host cells react in apparently incompatible manner;

characteristic of this cell response is the formation of deposits of papilla-like

material (Aist, 1976) on host walls around the haustoria. These wall deposits
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have been seen in such diverse disease situations as susceptible tobacco roots

infected with Phytophthora parasitica var. nicotianae (Hanchey and Wheeler,

1971) and Soybean hypocotyls infected with Phytophthora megasperma f. sp

glycinea (Stossel et al. 1981).

Wilson and Coffey (1980) also observed similar deposits in susceptible Irish

Potato tuber and leaf tissues infected with Phytophthora infestans. Umaerus

(1970) reported red~ced penetration of the host, restricted growth of the

fungus in the host and reduced sporulation capacity as incompatibility signs of

host cell.

Spread of PlzytoplztllOra species

The pathogen exists in a number of phases during its life cycle. Wood

and Lass (1985) reported that Phytophthora species may exist as mycelium,

Chlamydospores, sporangia, oospores and zoospores. The mycelium is found

in varying amounts in rotting cacao pods. Chlamydospores have especially

thick walls and are present in old infected pods which remain attached to the

tree. These chlamydospores will then spread rapidly through newly formed

pod tissues. In cacao, infected rootlets produce sporangia, which are released

into the soil as motile zoospores when there is enough moisture. Gregory and

Madison (1981) and Gregory et al. (1984) reported that rain splash disperses

this zoospore inoculum from the soil by 'ballistic droplets' at least 0.5m into

the canopy, initiating primary infection foci. Rain splash on the soil and on

diseased pods and leaves also creates 'aerosol droplets' that move the inoculum

upwards by convection. Taylor and Griffin (1981) observed that these droplets

of water, with the movement of insect vectors, especially ants, distribute the
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inoculum within the canopy and to healthy pods. Infected pods .can also

produce stem and branch cankers which destroy the flower cushions and infect

pods developing from other flowers. Cankers are also produced following the

infection of wounds, caused by insects or man. Because of the absolute

requirement of available water for dispersal and pathogenesis, diseases of

aerial parts are worse in areas of high rainfall and high humidity, poor

drainage, and where shade trees or dense plantings slow the drying of plant

! " surfaces. Waterlogged crops are particularly susceptible to disease. In coconut,
, ,
! :

T'

previously infected canopy tissue, nuts, soil and roots are likely sources of

infection. Thevenin (1994) demonstrated that rain splash transmitted the

pathogen between bunches and nuts within the canopy, but organic material in

the leafaxils was not linked with disease symptoms.

Butler (1981) observed that germ tubes from zoospores or from the

sporangia can penetrate the pod surface at any point on a pod of any age to

give a mycelium provided there is free water on the pod surface. 'This

mycelium will then spread rapidly through the pod tissues. On the other hand,

studies of relative humidity in West Africa (Wood, 1974) have shown that

long periods during which the atmospheric humidity is at saturation point

are necessary for the rapid spread ofthe disease. Tarjot (1971) earlier reported

similar findings from Ivory Coast. Recent work in Nigeria identified rainfall as

the most important meteorological variation probably because it both disperses

inoculum by splash and provides suitable conditions for infection.

Ward (1981) observed that in areas with heavier or more frequent rainfall,

relative humidity and duration of pod surface wetness are important in

determining the level of infection. The state of Bahia, Brazil, is one such area
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and work there has shown that the duration of pod surface wetness is.a critical

factor in the rate of disease spread. The microclimatic factors of relative

humidity, wind speed, air and pod temperatures were measured. The air

temperature usually rose rapidly in the morning but the pod temperature

laooed behind and dew therefore tended to form on each pod, giving a thin
00

layer of free water. The probability of infection was high if the pod remained

wet for more than 2-3 hours in the presence of zoospores. Butler (1980, 1981)

observed that in a saturated atmosphere which often occurs during June, July

and August, the pod surface remained wet for as long as 4 - 5 hours giving

sufficient time for zoospore germination and pod penetration.

In Nigeria penetration by Phytophthora zoospores was observed within

one hour of inoculation. Zentmyer (1980) observed that the duration of pod

surface wetness required to initiate the infection process is very short and this

is in agreement with recent work on avocado where zoospores of

Phytophthora cil1l1alllOllli penetrated the roots within one hour of inoculation.

Gregory and Madison (1981) reported that sources of infection of a

substantial percentage of infected pods are not known. These infections

possibly arose from spore deposition by living vectors, rain wash or splash

from sporulating cankers or splash from infected flower cushions.

Robinson (1976) observed that Phytophthora il1.festal1s llnd

Phytophthora pallllivora shed sporangia over a range of conditions varying

from dry air to water. The flight range for Phytophthora il1.festal1s is greater

than 10km, and the population can spread hundreds of kilometers in the course

of one season.
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Sources oflnfection ofPhyfophtllOra species

In Nigeria, Phytophthora palmivora and Phytophthora megakaJJla

have been regularly isolated from the soil of cacao plantations and from the

superficial feeding roots of both young and mature cacao trees. Ward and

Griffin (1981) reported that these pathogens were not found in soils with no

history of cacao cultivation. Abogo Onamena et al. (1985) also reported that

attempts to isolate any Phytophthora species capable of infecting cacao pods

was not possible from soils not planted to cacao.

Gregory (1981) suggested three ways in which Phytophthora infecting

roots could be harmful to cocoa plantations. It could provide a reservoir of

inoculum for pod infections throughout the season; it could make individual

trees less productive, explaining perhaps, why neighbouring trees sometimes

differ so dramatically in production, or the pathogen could infect the roots

of young plants on replanting, thereby stunting their growth. Kellam and

Zentmyer (1982) have shown that the various species have different survival

rates in artificially infected soil.

In Cameroon, the soil is a most important source of infection and

trapping of spores at the start of the rainy season (March - May) on immature

pods placed on a soil suspension, showed a population of Phytophthora

megakGlJ'a, Phytophthora palmivora, Phytophthora capsici and occasionally

Phytophthora parasitica.

Phytophthora megakGlJ1a was the most common species and was

found at all the depths studied namely 0 - 2.5cm, 2.5 - 15cm , 15 - 20 em

and 20 - 30 em. Phytophthora palmivora was rare at the time of year on
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the surface debris but appeared in significant numbers at depths f~om 2.5 -

30cm.

Evans (1973) has shown that insects are involved in the spread of

Phytophthora in Ghana. In particular the small black ant Crematogaster

striatllla uses dead plant tissues; including pieces of old infected pods, to

construct tents around the peduncle of developing pods. Babacuah (1982)

confirmed the role ofant or scale insect colonies on the vertical and horizontal

spread of Phytophthora on cacao in Ivory Coast. Infection is aided and

accelerated by wounds on pods caused by harvesting knives as well as rodent

or insect injuries.

Kliejunas and Ko ( 1976) and Podger (1972) reported that mycelium,

chlamydospores and oospores may be dispersed passively in transplanted

infected plants; by the movement of soil, gravel and dead plant material by

various agricultural, horticultural or forestry practices; or by adhering to

equipment and machinery, off-road vehicles, shoes, tyres or animals.

Survival of Phyfophfhora species

Agrios (1997) reported that the chances of continued existence of a

pathogen are increased if the pathogen has the capacity not only to parasitise

the host but also to survive in its absence. Many successful pathogens survive

as dormant or resting propagules and are also saprophytic, at first in dead host

tissue and later in soil or water. Different species ofPhytophthora vary in their

capacity to persist either as dormant propagules or as saprophytic colonizers of

dead organic material.

20



Survival in Host Tissue

Phytophthora injestans and PhytophtJlOra elJlthroseptica survive in

stored potato tubers, which provide enough inoculum to start epidemics in

susceptible host populations if environmental conditions are favourable.

Survival lasts at least from one season to the next, usually 6 - 8 months.

The inoculum is in the form of mycelium, which is protected and kept

moist within host tissue and survives at temperatures below zero. Oospores

survive for longer periods. Phytophthora pa/mivora survives 2-4 weeks on

infected cocoa pods. Shea et at. (1980) recovered Phytophthora cinnamomi

'1 from dead Theobroma cacao roots two years after death of the plant. They

I concluded that the stump, lower stem and root system of Theobroma cacao

provided a large, protected reservoir of inoculum from which large

populations of zoospores invaded cacao trees. Gray (1976) reported that

Phytophthora pa/mivora survives for years in dead host tissue if moisture is

sufficient.

Gregory (1981) suggested that survival, germination and seasonal

changes in PhytophtJlOra soil populations could be associated with root growth

, i and infection of superficial feeding roots by the pathogen.
i

Survival in the Absence of a Host

A pathogen must be able to survive between active parasitic phases, for

example, on a crop, or it may become extinct. The surviving inoculum forms

the springboard for epidemics. Okaisabor (1974) reported that most epidemics

initiated by Phytophthora species originate from soilborne inoculum; for

example, PhytophtllOra pa/mivora, cause of black pod disease, and

Phylophthora nicotianae var parasitica, cause of fruit rot of guava.
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Phytophthora may survive in soil in the form of mycelium, cysts,

chlamydospores and oospores. Drying, cold and antagonistic or competitive

microorganisms are limiting factors. Shea et al. (1980) demonstrated that

Phytophthora palmivora survived on larger organic particles in irrigated soils.

Garrett (1970) suggested that Phytophthora survives in the form of dormant

resting bodies which have been produced in plant tissue colonized either

saprophyticaIly or parasiticaIly.

Physical Factors Affecting Development ofPhytophthora species

The development of fungi is governed by different kinds of biological,

physical and chemical factors. Ayers and Zentmyer (1971) reported that, the

reason for the stimulation of sporangium production of Phytophthora

cinnamomi in soil seems to be the presence of exudate by certain soil bacteria,

which is a chemical factor. Gisi et al. (1980) reported that sporangium

production is governed by soil matric potential, which is a physical factor.

Temperature

Temperature is an important parameter for mycelial growth,

sporulation and spore germination in Phytophthora species. Temperatures at

and above the optimum for mycelial growth favour germ tube development by

sporangia. Crosier (1974) reported that the optimal temperature for germ tube

development of Phytophthora infestans sporangia is 24"C, whereas zoospore

differentiation occurs at 12"C.

Englander and Roth (1980) reported that sporangia are formed within a

wide range of temperatures and suggested that the optimal temperature range

is usually very narrow. McDonald and Duniway (1978) reported that
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sporangia differentiate and release zoospores in the presence of f~ee water

and at temperatures below those favouring optimal growth ofthe fungus.

Agrios (1997) reported that plants as well as pathogens require certain

minimum temperatures to grow and carry out their activities. Pathogens differ

in their preference for higher or lower temperatures. Dakwa (1988) reported

that, in Ghana, throughout a wide range of controlled temperatures (10 -

34'C), sporangia in ,vater germinated indirectly by zoospores within six hours.

Moisture

Agrios (1997) observed that the moisture level has an important

influence on the growth and reproduction of Phytophthora species. The high

moisture requirement is satisfied by high relative humidity and free water on

the plant surface for species such as Phytophthora infestans and Phytophthora

palmivora that are pathogens of leaves or pods.

Okaisabor (1974) observed that a film of water on the leaf for 6 - 8

hours allows infection, penetration, sporangial formation and dispersal of

Phytophthora infestans and Phytophthora palmivora. These depend on the

temperature and high relative humidities. Soil-borne Phytophthora species

require high soil moisture and many species require free water for production

and dispersal of zoospores. As an illustration of the differen~e in soil moisture

characteristics, Reeves (1975) concluded that a shower of rain may suffice for

sporangial formation and zoospore release on sandy but not on clay soil.

Species of Phytophthora vary in water requirements; for example,

maximum zoospore formation and release occur on flooded soils for
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Phytophthora megasperma (pfender et al., 1977) but under slig~tly drier

conditions for Phytophthora cinnamomi.

Symptoms ofInfected Cacao plants

In cacao, the whole plant is attacked causing black pod, bark or stem

and cushion canker, cherelle wilt and chupon blight. On pods, the disease

begins with a circul~r brown lesion that enlarges to cover the whole pod,

which eventually becomes black and mummified, and sometimes covered in a

white mass of sporangia. Inoculation of detached pods with various isolates of

Phytophthora palmivora showed differences in colour, outline and rate of

growth of the lesion, either discrete or confluent masses of sporangia , and

varying amounts of aerial mycelium Turner (l960a).

Pod infection may also develop from the stalk via an infected flower

i. cushion. Stem cankers are characterized by oval to round, rusty-brown

i
i discoloration of the external bark. The symptoms of collar infections are dark

brown, irregular, water-soaked lesions with reddish-brown exudate; these

lesions are not noticeable unless accompanied by a gummy exudate. Attack of

I
young shoots results in die-back (Zadoks, 1997).

Control of Black pod disease

Breeding for resistance

It is generally believed that replacement of susceptible cultivars by

ones showing durable resistance to the pathogen is one of the most effective

and sustainable control methods of the disease (Iwaro et al., 2000). Simmonds

(1994) observed that resistance to black pod disease is horizontal.
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Few cacao accessions have significant resistance to PhytQphthora

\ '1

\ i
i
I
I
I
I

1

r I
;!
I

I
\

palmivora, although some resistance to stem canker has been found in some

South American stock (Evans and Prior, 1987). Resistance to stem canker may

not confer resistance to black pod and the majority of the world's cacao is still

moderately susceptible to infection.

Leaf bioassay (Nyasse et aI., 1995), seedling stage screening (pinto et

al., 1989) and fruit inoculation techniques (phillips-Mora and Galindo, 1989)

are now available to be used in screening for cacao varieties resistant to black

pod disease. Some resistance has been found in clones TSH 1076 (Okey et al.,

:I 1996), in Fl hybrids from crosses between Trinitario clones (DR, DRC, ICS)
, I
I and Scavina clones (Sca6, Scal2) (Iwaro et al., 1992), and in clones BE 5,

EEG 8 and 9 and MA 15 (Pinto et al., 1989).

Adomako (2006) also reported PA 150, Alph.B36 and Pound 7 as the

most promising parents that can be used to produce progenies with enhanced

resistance to black pod disease in Ghana.

Rocha and Medeiros (1968) have observed two types of resistance in

cacao pods, one to the penetration of the pod by the pathogen; and the other to
!

I
!
I
I
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I

I
I

I

the growth of the pathogen after penetration.

Atanda et al. (1973) reported that a promising approach to control

black pod disease is to breed for disease escape, so that the tree produces the

bulk of its crop when climatic conditions are least conducive to the spread of

the disease. He further suggested that breeders could select for short cropping

cycle or for profuse flowering early or late in the season, depending on the

climate of the area in question.
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Methods of screening for black pod disease resistance
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Field trial

Kebe et af. (1999) reported that field trials are the most reliable test but

are expensive and can only be employed for a pre-selected number of

genotypes. Paulin et af. (1994) observed significant genetic variation for

Phytophthora pod rot on mature pods in cacao breeding trials. Iwaro and

Butler (2001) reported significant variation in the reactions of 742 accessions

which were assessed in two field trials for resistance to Phytophthora pod rot.

Significant variation was observed among accessions and a higher level of

susceptibility was observed in the third year of field observations (65%) than

in the first and second years when the levels were 15 and 25%, respectively.

Adomako (2007) reported significant differences of black pod infection

among 20 progenies in a field trial at Tafo-Akim in Ghana. Cilas et af. (1998)

1 reported that percentage pod rot observed on progenies in the same trial over

1 nine years according to monthly harvesting data was significantly different.

,j Iwaro et af. (2005) observed significant differences among 40 genotypes

assessed for resistance to Phytophthora pod rot. Thirteen of the 40 accessions

were found to be resistant «10% pod rot), while 16 accessions were

moderately resistant (10 - 25% pod rot). Eleven accessions were classified as

susceptible (> 25% pod rot).

Iwaro et af. (2005) also reported significant differences among the

years of field observations. There was a significant interaction between clones

and years.

Blaha and Latode (1997) reported that a major difficulty in selecting

resistant varieties was the lack of knowledge on the environmental versus
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genetic factors determining field resistance. Soria (1974) reported that

assessment of black pod infection in the field, under natural infection
i ,

conditions can be biased by the micro-environmental conditions in which the

epidemic develops.

Detached Pod tests

Iwaro and Umahaaran (1998) and Iwaro (1996) have reported that

;1 ino,"',Hon of d,ta,h,d pod, ""',, on opportunity foc copid ,,,,,,,m,n' of

. I' pod resistance to Phytophthora infection. Nyasse et at. (2002) reported a

:I significant difference in detached pod inoculations which were carried out on

four clones, with well-known levels of field resistance, used as parents for a

,
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diallel crossing design. They confirmed a significant positive relationship

between inoculation of attached wounded pods and detached pod tests. With

the detached pod test, the replicate means were positively correlated to the

overall means.

Blaha et at. (2000) observed that detached pod tests for evaluation of

Phytophthora pod rot can be both repeatable and reliable. The level of

repeatability of the test results influences the number of replicates that has to

be carried out in order to obtain reliable results. Latode (1977) reported highly

significant differences in resistance of cacao clones (hybrid progenies,

seedlings within progenies and clones) to Phytophthora megakarya when

detached pods were inoculated.

Efombagfi et at. (2004) has observed that detached pod tests, if appEed

under standard conditions can be of great value to speed up selection for

Phytophthora pod rot-resistant varieties. Kebe (1999) reported that the
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repeatability for the detached pod test was very significant with coeff,icient of

rank correlation varying from 0.77 to 0.94.

Iwaro (2000) reported that if the recommended age of the pods chosen

for the test needs to be inferred from the size of the pods, the reactions to

infection may be more variable. In that case, two replicates of five pods each

may be required. Tahi (2003) reported that the results of detached pod and leaf

disc tests were well correlated.

Iwaro et al. (1997) established a relationship between detached pod

and leaf resistance at the post-penetration stage of infection, but noted that the

mechanism of resistance was different in the two organs at the penetration

stage of infection.

Detached leaf tests

The detached leaf tests available are entire leaf test at penetration stage

of infection, entire leaf test at post-penetration stage of infection and leaf disc

test.

Nyasse et al. (1995, 1997) reported significant differences among

cacao clones assessed for resistance to Phytophthora pod rot by the leaf disc

test.

Blaha et al. (2000) observed that in the leaf disc test two replicates are

considered enough to estimate the average susceptibility of clones or seedling

progenies with inoculation of40 - 60 discs from three to five clonal plants:

Kebe et al. (1999) reported highly significant correlations between

inoculation series using the leaf disc test. They further suggested that, the high

coefficients of rank correlation (r = 0.55-0.90) between average disease

severity values of inoculation series can be obtained with different types of
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test materials. Tahi et al. (2000) observed a significant correlation.between

leaf disc test and the average scores in the three series of pod inoculations on

the same clones.

Tahi (2003) reported that, for the leaf disc test special attention needs

to be paid to the availability of leaves at the right development stage for all

treatments and also to the uniformity of the exposure of the leaves to light, as

these factors may significantly modifY the results. Tarjot (1972), Tondje et al.

(1988), Nyasse et al. (1995) and Thevenin et al. (2004) have all reported that

older leaves tend to become more resistant than younger leaves and that

:I disease severity scores on leaf discs increase with time after inoculation.

Greathouse et al. (1971) recommended interflush two and three leaf

stages of development for leaf disc screening tests. Tahi et al. (2000) reported

that when field or nursery leaves of nine clones were inoculated at the

hardening stage results correlated with natural field infection of pods with

Phytophthora palmivora. Nyasse et al. (2002) demonstrated the same for

inoculation of leaf discs collected from progeny trees from a diallel trial, when

compared to general combining ability (GCA) values of the same clones for

field infection levels of Phytophthora megakmya. Nyasse et al. (1995) earlier

showed that the ranking of leaf disc test results obtained with a Phytophthora

palmivora isolate was similar to that obtained with a Phytophthora megakmya

isolate. Iwaro et al. (1997a) reported that leaf disc inoculations can be

correlated with pod inoculations.

Eskes et al. (2000) recommended the leaf disc inoculation method for

large-scale screening of cacao for resistance to Phytophthora in an
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international project including evaluation of thc samc caeao c1on~s in 10

diffcrcnt cocoa producing countries.

Iwaro cf al. (1997b) demonstratcd that resislancc to Phl'fop!tf!to/'{/

palmil'Ora existcd at two Icvcls. the penctration levcl, which detcrmincs lesion

number and the post-penetration level, which determines lesion sizc.

)waro cf al. (1993, 1997b), Nyasse et al. (1995) reported that with regards to

post-pcnetration inoclJlation of leafeorrelated with detached pod inoculation.
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CHAPTER THREE

MATERIALS AND METHODS

Cacao Genotypes

A genetically diverse set of25 cacao clones were used for this study.

The accessions represent 25 international clones being evaluated at the Cocoa

Research Institute of Ghana (CRIG). The clones were planted in the K5

extension plot (plate 1) at CRIG using randomized complete block design with

five replications.

The morphological and agronomic characteristics of the 25 clones are

presented in the Table 1.

Magnification: x2

Plate 1. A label showing the K-S extension plot at CRIG.
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Table 1 Continued.
Characteristics

Genotype Origin Group Reaction Dry Pod shape % Yield

to Black bean Fat
pod weight

BEIO Brazil F PR Fair Amelonado 52.5 high

M020 P~ru F MS Large Intermediate 48.8 high

MAN 15-2 Brazil F PR Fair .Intermediate 54.9 fair

GU225V French F PR Large Intermediate 49.7 high

T79/501 Trinidad T MS Fair Amelonado 51.5 high

F= Forastero, T= Trinitario, C =Criollo

PR = Potentially resistant, S= Susceptible, MR = Moderately resistant, MS =

Moderately susceptible, R= Resistant

Location and Climate

The study was conducted at Tafo in the Eastern Region of Ghana

(Fig.!). The region is in the forest zone .The soil at the experimental site

belongs to the forest ochrosol (Adu and Mensah-Ansah, 1969). The region has

a bimodal rainfall pattern with an average range between 1200mm and

1930mm. The major rainy season is between April and July with short spells

in August. The minor rainy season on the other hand, begins in September and

ends in November followed by a dry very hot period from December to

March, Ahenkorah et al. (198). Relative humidity values of 99 to 100% are

generally recorded at night and early morning. Relative humidity values drop

to about 70% by mid-day especially on sunny days (CRIG Meteorological
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Station, 1989). Temperatures are almost unifonnly high throughout the year

with mean annual minimum ofabout 25°C Asomaning (1971).

Figure 1. Map of Ghana showing location ofEastern Region
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Isolation of Plzytoplltlzora species from Black pod Infected Pods .from the

Field.

Isolation of Phytophthora species was done from naturally infected

pods collected from the K-5 extension plot on which the 25 genotypes were

planted. The diseased pods were washed and blotted dry. The pods were then

surface sterilized with 70% ethanol. The infected parts of the pods were cut

into 5 mm cubes and plated separately on water agar medium in Petri dishes.

All inoculated plates were incubated for three days on the laboratory bench at

room temperature of 25°C. Plates were observed daily for fungal growth from

tissue segments.

Fungal growths were transferred onto Carrot Agar Medium that was

prepared to obtain pure culture of the isolated fungi. Emergent colonies were

examined under light microscope and identification of the Phytophthora

species was made. Based on the characteristic' seaweed' odour of the infected

pod, growth of isolate on carrot agar medium, sporangial shape and size and

pedicel length, the organism was identified as Phytophthora palmivora

(Lawrence, 1978).

The isolate was grown on a Carrot Agar Medium and from a 10-day

old culture, a zoospore suspension was obtained by inundating each culture

plate (9cm diameter) with lOml sterile distilled water.

The zoospore suspension was then refrigerated for 25 minutes (5°C).

The pathogenicity of the isolate was maintained by regular inoculation in the

laboratory of green mature cacao pods followed by re-isolation on Carrot Agar

Medium.
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Sampling of Icavcs from the Field

The new flushes from bud brcak of the clones were tagged (Plate 2) so

that their exact ages could be determined at the time of harvest. For each of the

inoculation series, leaves were collected from all of the 25 clones in each

replication. In the field, 15 leaves were harvested from each clone in each

replication. The average ages of the leaves for each treatment were established

by following the growth of young flushes from bud break in the field. After

: I collecting the matured leaves (Plate 3), they were placed in labelled

polyethylene bags into which a few drops of distilled water were sprayed

before hand. The bags were then kept in the dark till the next morning. This

was done to minimize any effect of leaf sampling time that may occur with

large time lapses between harvesting of leaves (Tahi, 2003). The leaves were

washed thoroughly with tap water, blotted dry with Whatman Number 3 paper

and were then surface sterilized with 70% ethanol.
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Magnification: x3

Plate 2. Tagged branch end with new leaf flushes following bud break
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Magnification: x2

Plate 3. Matured leaves ready to be harvested for leaf disc test.

Leaf Inoculation Tests

Assessment ofLeaf Resistance to Phytophthora palmivora by the Lcaf Disc

Test

Leaf disc inoculation as described by Nyasse et ai. (1995) was carried

out. Sixteen leaf discs of 1.5cm in diameter from each clone in a replication

were cut with a cork borer, totaling 80 (5xI6) discs per clone. Leaf discs were

placed with their abaxial surface upwards on moist plastic foam in five trays

70 cm long, 60 cm wide and IS cm deep. Discs belonging to the same

replication were randomly arranged in groups of 25 within each tray, giving

16x25 =400 discs per tray. Inoculation was carried out the same day, after

preparation of all leaf discs. After the concentration of zoospores had been

determined with a hemacytometer and adjusted to 200,000 per mI, droplets of

lOJlL were placed on each disc (plate 4). The trays with discs were incubated
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at room temperature of 25°C and each covered with another plastic tray in the

laboratory avoiding direct sunlight until observations were carried out (Plate

5). On the sixth day of incubation, disease severity symptom (DS) was

recorded using a 0 - 5 assessment seale developed by Nyasse ct 01. (1995).

0= absence ofsymptoms,

I= very small necrotic spots,

2= larger number and size of necrotic spots,

3=coaIescence of brown spots into medium-sized lesions,

4= large uniform brown lesions and

5= very large brown lesions, often expanding outside the area covered by the

inoculum dropleL
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Magnification: x2

Plate 4. A tray containing leaf discs inoculated with Phytophthora

paImivora zoospore suspension.
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Magnification: x2

Plate 5. Covered trays containing inoculated leaf discs incubated at room

temperature.

Assessment ofLeaf Resistance to Phytophthora paImivora at the

Penetration Level of Infection.

Leaf resistance at the penetration stage of infection was assessed with

the tissue-paper mount method of inoculation as described by Iwaro et al.

(l997b).

Mature leaves at the interflush-2 stages as described by Greathouse et

al. (1991) were surface sterilized with 70% alcohol and rinsed in sterile

distilled water. The surface - sterilized leaves were then placed in plastic trays

lined with moist plastic foa.m, with the abaxial surface facing upwards.
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From each genotype in a replication. five leaves were plnced in one

tray. Tissue paper-mount inoculation of the leaf samples was done by applying

a 30 pL drop of zoospore suspension on the leaf surface on which a piece of

tissue paper (area: I cm2
• thickness: 0.23 111m) was placed to allow a uniform

spread of the zoospore suspension within the area covered by the tissue paper

(Plate 6). A leaf from each clone was inoculated with sterile distilled water as

a control in each experimcnt. The 25 gcnotypes were arranged in a

randomized complete block design with five replications and incubated at

room temperature in plastic trays lined with moist plastic foam and covered

with another tray. After 6 days of incubation. the tissue paper mounts were

carefully removed and the penetration resistance was determined by counting

the number of lesions. The experiment was repeated to confirm the

consistency of results obtained.
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Magnification: x2

Plate 6. Photograph showing the tissue paper mount inoculation of lcaf

samples in a tray.
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Assessment of Leaf Resistance to Pltytoplltltora pa/mivora at .the Post

penetration Level ofInfection.

Assessment of leaf resistance at the post-penetration stage of infection

was based on punch inoculation method (Iwaro et al., 1997b). The area of

lesion formed was used as an indication of post-penetration resistance. A

4mm diameter hole was punched in the leaf lamina and the hole was covered

at the adaxial surface with a spot plaster. A 4mm diameter filter paper disc

previously immersed in a 200,000 zoospores per ml suspension was inserted in

the hole from the abaxial side (Plate 7). A leaffrom each clone was inoculated

with sterile distilled water in place of zoospore suspension as a control.

Inoculated leaves were arranged in a randomized complete block design with

five replications and incubated at room temperature of 25°C in trays lined

with moist plastic foam and covered with another tray. After incubation for six

days, the lesion areas on leaves were cut and measured with a leaf area meter

(MK2, Delta T Services, Burnwell, and Cambridge, England). This

experiment was repeated to confirm the consistency of results obtained.

43



.
.:\ .. ,.

' "
d • .i .

. ~ t '

Magnification: x2

Plate 7. Photograph showing the holes punched in the lamina of leaf

samples inoculated at the abaxial surface with filter paper discs

previously immersed in a 200,000 zoospore per mI suspeusion of

Phytophthora palmivora.

Sampling of Pods from the Field

Mature unripe pods of sizes similar to those of ripe ones at

approximately four months old were used as test samples. Pods were harvested

with care and kept in labelled plastic bags. The pods were covered with cotton

wool (plate 8) in order to avoid surface damage which may occur when many

pods were kept together in close contact with each other. The harvested pods

were washed thoroughly with tap water and blotted dry with Whatman

Number 3 paper. They were then surface sterilized with 70% ethanol.
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Magnification: x2

Plate 8. A black polyethene bag containing sampled pods covered with

cotton wool.

Pod Inoculation Tests

Assessment of Pod Resistance to PllytoplltllOra palmivora at the

Penetration Level of Infectiou.

Resistance of pod at the penetration level was assessed using the

multiple-point inoculation (Iwaro et al., 1997b). The multiple point

inoculation was perfonned on the pod surface, in which 10flL drops of

inoculum were placed at three points along the ridges with a micropipette. A

distance of about 3cm was maintained between inoculated points to avoid

merging of adjacent lesions. A zoospore concentration of 200,000 per ml was

used. A pod from each clone was inoculated with sterile distilled water in
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place of zoospore suspension as a control. The 25 clones were replicated five

times with appropriate controls and arranged in a randomized complete block

design. The pods were incubated at 25°C in a 40cmx60cm transparent

polyethene bags. A beaker of water to maintain a humid atmosphere was kept

in the bag with the mouth of the bag closed. After 6 days, pods were assessed

for the number of established lesions (plate 9). The number of established

lesions on pods was used as an indication of penetration resistance. The

experiment was repeated.

Magnification: x2

Plate 9. An experimenter counting the number of established lesions on

cacao pods.
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Assessment of Pod Resistance to PlIytoplltllOra palmivora at the Post

penetration Level ofInfection.

Assessment of pod resistance at the post-penetration stage of infection

was based on stab inoculation method (Iwaro et al., 1997b). The area of lesion

formed was used as an indication of post-penetration resistance. For the stab

inoculation, a standard wound 4mm in diameter was created on the pod

surface with a cork 'borer. The wounded spot was inoculated with a piece of

cotton wool (Plate 10) previously immersed in a 200,000 zoospores per m!

suspension and covered with a spot plaster. This concentration of inoculum

was reported as optimum in similar inoculations conducted by Screenivasan

(I995), Sitapai (I989), and Okey (I996). Inoculated pods were arranged in a

randomized complete block design with five replications and incubated at

room temperature in a 40cmx60cm transparent polyethylene bags (Platel 1). A

beaker of water to maintain a humid atmosphere was kept in the bag with the

mouth of the bag closed. After incubation for six days, the size of the

established lesion was traced on a transparent paper (plate 12). The lesion size

was determined from brown paper cutouts trimmed to the size of each lesion

and was measured with a leaf area meter.
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Magnification: x3

Platc 10. Photograph showing punched holes on thc pods inoculated with

a piece of cotton wool previously immcrsed in 200,000 zoospores pcr ml

suspension.
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Magnification: x3

Plate 11. Transparent polyethene bags with inoculated pods incubated at

room temperature.
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Magnification: x3

Plate 12. An experimenter tracing the margin of an estahlished lesion on

the pod surface onto a transparent paper.

Distal, Proximal and Lateral Inoculation of Pods with Phytoplztlzora

palmivora at the Post-penetration Level ofInfection.

Mature unripe pods, approximately four months old, and of sizes

similar to those of ripe ones were harvested from 15 clones among the 25

clones located on the K5 extension plot. Nine pods were collected from each

clone and were stabbed at distal, proximal and mid regions with a cork borer.

The wounded spots were inoculated with a piece of cotton wool previously

immersed in a 200,000 zoospores per m1 suspension and covered with a spot

plaster. Inoculated pods were arranged in a randomized complete block design

with three replications and incubated at room temperature of 25°C in a
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40cmx60cm transparent polyethylene bags. A beaker of water to maintain

humid atmosphere was kept in the bag with the mouth of the bag closed. After

incubation for six days, the size of the established lesions at the distal,

proximal and mid regions of the pods was determined from brown paper

cutouts trimmed to the size of each lesion and were measured with a leaf area

meter (plate 13). Data obtained from the inoculated pods were subjected to

Analyses of Variance to determine the significance of differences among the

15 clones and the regions ofthe pod inoculated.

Magnification: x3

Plate 13. Leaf area meter used for mcasuring lesion area.
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Field Observation for Resistance to Black pod Disease

Data on the field observations of Phytophthora palmivora infection in

the field were collected from all the 25 clones in each replication monthly

from July to December, 2007. Each clone has eight trees per plot in the five

replications. Each tree of a clone was observed monthly from July to

December and the following variables were recorded:

-Number of healthy pods (that is, not showing any symptoms ofPhytophthora

pod rot).

-Number ofpods with Phytophthora pod rot symptoms (plate 14).

The percentage ofpods affected by Phytophthora pod rot was expressed as:

Numbers ofpods with Phytophthora pod rot symptoms
Total number ofpods produced

Magnification: x2

Plate 14. A cacao tree showing pods with Phytophthora pod rot symptoms

in the field.
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CHAPTER FOUR

RESULTS

Clonal differences in leaf and pod rcsistancc at the pcnctration stagc of

infection.

Clonal differences in leaf and pod resistance at the penetration stage of

infection are presented in Table 2a.

Analysis of variance of number of lesions obtained from the tissue

paper-mount test indicated that there were highly significant differences

(P<O.OOI) among genotypes in their reactions to Phytophthora palmivora at

the penetration stage, based on the number of lesions observed per square

centimeter on leaves and pods (Table 2a). It can be seen that the number of

lesions on leaves observed among the genotypes varied from 6.68 for SCA 6

to 44.96 for MO 20. They were significantly high on leaves of MO 20, PA

120, T79/ 501, EQX 78 and VENC4-4. Fewer lesions per square centimeter

were recorded on leaf surfaces of SCA 6, T85/ 799, rCSI, LAF 1 and GU

225V.

There were also highly significant differences (P< 0.001) among

genotypes for the number of lesions on inoculated pods (Table 2a). The table

shows that the mean number of lesions produced on pods ofT79/501 and MO

20 were significimtly large, 11.08 and 13040, respectively. Significantly fe'ver

lesions were produced on pods of SCA 6, T85/ 799, LAF I, and rcs 1.
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The results showed that the 25 genotypes had varying levels of

resistance to Phytophthora palmivora.

At the penetration level of resistance on leaf, 10 genotypes were observed to

be resistant, six were moderately resistant and nine genotypes were susceptible

(Figure 2).

The genotypes that were resistant included LECTEEN 37i, rcs 43,

EET 59H, PA 107, SCA 6, LAFI, T85/799, rFC 5, rcsI and GU 225V. The

moderately resistant genotypes were LECTEEN 37f, EQX 3360-3, PA150, UF

676, BE 10 and MAN 15-2. The susceptible genotypes were PA 150,

MOCORONGO, SPEC 54i, EQX 78, AMAZ 15-15, IMC 47, VENC 4-4, MO

20 and T79/501 (Table 2b)

At the penetration stage of resistance on pod, 6 genotypes were

resistant, 15 genotypes were moderately resistant and 4 genotypes were

susceptible (Figure 2). The resistance genotypes were EET 59H, SCA 6, LAF

I, T85/799, ICSI and GU 225V. The moderately resistant genotypes included

MOCORONGO, LECTEEN 37i, ICS 43, SPEC 54i, EQX 78, PA 107,

LECTEEN 37f, AMAZI5-15, EQX 3360-3, rFC 5, IMC 47, PA 150, UF 676,

BE 10, and MAN 15-2.The susceptible genotypes were PA 120, VENC 4-4,

MO 20 and T79/501 (Table 2b).
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Table 2a. Lesion number on leaves and pods of 25 Cacao Genotypes after

inoculation with P!lytopllt!lora palmil'ora

Mean lesion number on:

Genotype
Leaf Pod

PA120 40.96 e 10.52 be

MOCORONGO 33.72 e 8.04 efg

LECTEEN 37i 15.96 jk 7.64 fghi

1CS 43 18.80 7.88 efgh

SPEC 54i 30.96 f 8.20 efg

EQX 78 41.84 be 9.24 d

EET 59H 13.28 5.52 jk

PA 107 13.92 kl 6.84

LECTEEN 37f 16.52 ij 7.16 hi

SCA6 6.68 0 2.28 m

LAF1 12.32 1m 5.52 jk

T851799 10.64 mn 4.40

AMAZ 15-15 33.60 e 8.60 de

EQX 3360-3 16.84 ij 6.88

IFC 5 13.40 6.00 j

IMC47 37.48 d 8.36 ef

PA 150 26.64 g 8.20 efg

UF676 18.16 ij 8.04 efg

VENC 4-4 43.76 ab 10.00 c

ICS 1 11.44 Imn 5.16 k

BE 10 17.24 ij 7.44 ghi
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Tahlc 2a Continucd.

Gcnnlypc

Leaf

Mean lesion number on:

Pod

:'10 ~(l 44.% a 13.40 a

\L\i' 1:'-~ 2132 h X.24 efg

Gl122:,V 9.60 n 5.6X jk

T/9/:'O I 44.28 ah II.OX b

Lsd 2.43 0.74

""CV 5.15 4.X7

:'lean 23.X 7.61
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T:Jhle 2h. Distrihution of genotypes into leyels of resistance hased on

lesion numher 011 le:Jf:Jlld pod.

Lenl of resistance

Rcsistant gcnotypes

Le:Jf

Leeteen 37i

ICS -13

EEl 5911

P/\ 107

SCA 6

LAF I

T85/799

IFC 5

ICSI

Pod

EET 5911

SCI\ (j

LAF I

T851799

ICSI

GU 225

~ loderately

genotypes

GU 225V

resistant LECTEEN 37f

EOX 3360-3

PA 150

UF676

BEIO

~IAN 15-2
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MOCORONGO

LECTEEN 37i

ICS 43

SPEC 54i

EOX 78

PA 107

LECTEEN 37f

Ai\IAZ 15-15

EOX 3360-3

IFC 5

PA 150



Tahle 2h Continued.

Levcl of resistanc('

Sm,ccpt iblc genotypes

Leaf

PA 120

MOCORONGO

SPEC 5.Ji

EQX 7S

,\MAl IS-IS

I~IC -17

VENC 4-4

~IO 20

T79/50J
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Pod

UF CJ7CJ

BE 10

MAN 15-2

PA 120

VENC 4-4

i\IO 20

T79/50J
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LLN =Leaf lesion number, PLN = Pod lesion number

Figure 2. Distribution of resistance levels of the 25 genotypes at the

penetration stage of infection of leafand pod.

Clonal differences in leaf and pod resistance at the post-penetration stage

of infection

The clonal differences on leaf and pod resistance at the post-

penetration stage ofinfection are shown in Table 3.

Analysis. of variance of lesion sizes obtained from the punch-

inoculation tests of leaf indicated that lesion sizes on leaves varied highly

significantly (P< 0.001) among the genotypes (Table 3).

60



SCA 6 produced the smallest lesions. Lesions were significantly large

on MO 20, T79/ 501, VENC 4-4, EQX 78 and PA 120 and intermediate on PA

107, ICS43, IFC 5, BE 10, EQX 3360-3, LEECTEEN 37fand LECTEEN 37i.

A highly significant difference (P<O.OOI) was also observed among

genotypes for pod resistance to Phytophthora palmivora invasion based on

size of lesions (Table3a). Significantly smaller lesions were recorded on

SCA 6. Lesions on LAF 1, T85/799, GU225V, and ICSI were moderate,

whereas significantly larger lesions were produced on the rest of the

genotypes.

At the post-penetration stage of resistance on leaf, five genotypes were

resistant, nine genotypes were moderately resistant and 11 genotypes were

susceptible (Figure 3). The resistant genotypes included SCA 6, LAF 1,

T85/799, rcs 1 and GU 225V. The moderately resistant genotypes were

LECTEEN 37i, EET 59H, PA 107, LECTEEN 37f, EQX 3360-3, IFC 5, UF.

676, BE 10 and MAN 15-2.

The susceptible genotypes were PA 120, MOCORONGO, ICS 43,

SPEC 54i, EQX 78, AMAZ 15-15, rMC 47, PA 150, VENC 4-4, MO 20 and

T79/501 (Table 3b).

At the post-penetration stage of resistance on pod, five genotypes were

resistant, 13 genotypes were moderately resistant and six genotypes were

susceptible (Figure 3). The resistant genotypes were SCA 6, LAFI, T85/799,

ICSI and GU225V. The moderately resistant genotypes were LECTEEN 37i,

ICS 43, SPEC 54i, and EQX78, EET 59H, PA 107, LECTEEN 37f, 2QX

3360-3, IFC 5, PA 150, UF 676, BE 10 and MAN 15-2.
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i PA 120. ~lOCORONGO. AMAZ 15-15. fMC 47. VENC4-4. MO 20 and

1'79/501 were susccptihle (Tahle 3h).

TW0 distinct pJttems 0f sprend were ohserved an1Clng the gcnotypes

(Plate 15). In !.'cl10types with relati\'ely small lesions. such as SCA 6. necrosis

was restricted pred0minantly within the mesophyll. On the contrnry. rnpid

spreJd 0f Icsi0ns through both mesophyll and veins was ohserved in ~IO 20.

and T79:'50 I resulting in \'ery large lesions (PlJte 15D). Plate 15 shows how

lesi0n sizes spread in lea\'es of resistant. moderalely resistant and suseeptihle

gen0types.

Plate 16 shows lesions on pods of resistant. moderately resistant and

susceptible genotypes. SCA 6 and T85!799 fwd small lesions whilst MO 20

and 179/50 I had large lesions. Lesion size on pod of ;-'IAN 15-2 was

intemlediate between that of SCA 6 and MO 20. TIle uninoeulated pod of

PA 120 which is a control de\'eloped no lesions.
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Table 3a. Lesion size on leaves and pods of 25 cacao genotypes

I
inoculated with PlzytoplztllOra palmivora

! Genotype Mean lesion size (cmz) on:
I

I
Leaf Pod

PA120 47.46 e 140.88 b

j

,I MOCORONGO 41.58 e 84.60 d
. I

I LECTEEN 37i 32.52 jk 44.84 k

I 52.70 ijI ICS 43 39.20
j
I

I SPEC 54i 40.50 f 74.12 e

r

EQX78 47.72 be 69.50 f

EET 59H 23.92 35.41 m

PA 107 23.08 kl 34.32 m

LECTEEN 37f 30.62 ij 64.38 g

SCA6 4.50 0 13.08 P

LAF 1 12.24 1m 21.29 0

T851799 10.89 mn 21.12 0

AMAZ 15-15 42.06 e 82.64 d

EQX 3360-3 30.50 ij 42.15

IFC 5 22.90 50.74 j

IMC47 46.66 d 83.12 d

PA 150 43.40 g 63.14 (J

'"
UF 676 35.88 ij 53.06

VENC 4-4 47.14 ab 95.5 e

ICS I 10.86 hnn 23.08 0
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Tahlc 3a Continucd..-,

I

J\lcan Ic~ion sizc (em l
) on:' I Genotypc:1

; I
Leaf PodI

I' "j,
I

I, '

DE 10 30.32 ij 64.54 g

: i i\1020 67.14 a 162.66 a

i\IAN 15-2 37.24 h 59.06 h

GU 225V 16.39 J1 26.98 J1

T79/501 59.55 ab 161.09 a

L~d 1.17 2.10

%C" 1.75 1.63

:'\lean 33.8 64.96
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Tahlc 3h. Distrihution of thc 25 into Icvels of rcsistancc hascd 011 Icsion

sizc on Icafand pod

Lc\"C1 of resistancc Grouping of genotypes according to lesion sizc

Rcsistant GcnCllypc
Leaf
SCA 6

LArl

T85!799

ICS I

GU 225V

Pod
SCA Ii

LArl

T85f799

ICSI

GU 225

~I0dcratcly Rcsistant LECTEEN 37i LECTEEN 37i

Gcn01ypc EET 59H

PA 107

LECTEEN 37f

EQX 3360-3

Ire 5

UF 676

BEIO

MAN 15-2

ICS 43

SPEC 54i

EQX 78

EET 591-1

PA 107

LECTEEN 37f

EQX 3360-3

IFC 5

PA 150

UF676

BEIO

MAN 15-2

Susceptible Gcnotype PA 120
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Figure 3. Distribution of resistance levels of the 25 genotypes at the post-
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penetration stage of infection of leaves and pods.
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(A) SCA6 (B) BE 10

(C) EET 59H (D) M020

_._._•.•.._-_._--- ......-----------

............
~

_.J _. .

'.'
I
j

I

-_.-._ ..1
Magnific.'ltion: x3

Plate 15. The pattern of spread of lesions in leaves after inoculation with

Pltytopltt/lOro po/mil'oro at the post-penetration stage of infection. (A)

SCA 6 (resistant), (B) BE 10 (moderately resistant), (C) EET 598

(moderately resistant) and (D) MO 20 (susceptible)
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Plate 16. The pattern of spread of lesions in pods after inoculation with

Pllytoplltltora palmivora at the post-penetration stage of infection.
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A -SCA 6 (resistant), B-T85/799 (resistant). C-MAN 15-2 (moderately

resistant), D -T79/501 (susceptible), E- MO 20 (susceptible), F'- PA 120

(control).

Relationship between penetration resistance of leaves and pods.

Figure 4 is a graphical representation of the relationship between penetration

resistance of leaves and pods.

A correlation analysis between number of lesions on leaves and pods showed

significant correlation (r = 0.88 I and P< 0.001) at the penetration level of

infection (Figure 4).

r = 0.881
P< 0,001
Y = 3.82 +0. lax

Lesion number on leaves

Figure 4. Relationship between number of lesions on leaves and pods of25

Cacao genotypes inoculated with P!lytopllt!lora pa/mivora.
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Relationship between post-penetration resistance in leaves and pods.

Figure 5 is a graphical representation of the relationship between post-

penetration resistance in leaf and pod. A correlation analysis between leaf

lesion size and pod lesion size indicated significant correlation (r =0.898 and

P< 0.001) at the post-penetration levels of infection (Figure 5).

50

CJ)

"t:J
o
a. 100

c::
o
Q)
N
'iii
c::
o
'iii
Q)

...J

r= 0.898

P<O.OOI

y= -13.93 + 2.34X

10 20 30 40 50 60 70

Lesion size on leaves (cm2)

Figure 5. Relationship between size of lesions on leaves and pods of 25

cacao genotypes inoculated with PhytophtllOra palmivora.
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Clonal differences in resistance scores of leaf disc tests

Table 4 shows clonal differences in resistance scores of leaf disc tests.

Analysis of variance of disease severity scores on leaf discs of the 25 cacao

genotypes inoculated with Phytophthora palmivora indicated that there were

highly significant differences (P< 0.00 I) among some genotypes in their

reactions to Phytophthora palmivora. From the table, it can be seen that the

disease severity scores varied from 0.96 for SCA 6 to 4.28 for MO 20.

In Figure 6 are shown the distribution of disease severity scores of

resistance to Phytophthora palmivora among the 25 genotypes in Trial-I,

Trial-2 and Trial-3. The figure shows that disease severity varied among the

25 genotypes. None of the genotypes was highly resistant or totally immune to

the Phytophthora disease. Also, none of the genotypes was observed to be

highly susceptible to Phytophthora palmivora in all the trials.

Table 4 shows that in Trial-I, SCA 6 and T85/799 were resistant. The

moderately resistant genotypes were EET 59H, PA 107, LAFI, IFC 5, ICSI

and GU 225V. The moderately susceptible genotypes were LECTEEN 37i,

ICS 43, LECTEEN 37f, EQX 3360-3, UF 676, BE 10 and MAN 15-2. The

susceptible genotypes were PA 120, MOCORONGO, SPEC54i, EQX 78,

AMAZ 15-15, IMC 47, PA 150, VENC 4-4, MO 20 and T79/50I.

In Trial-2, SCA 6 and ICS I can be seen to be resistant. The

moderately resistant genotypes were EET 59H, PA 107, LAF I, T85/799,

IFC5 and GU225V. The moderately susceptible genotypes were

MOCORONGO; LECTEEN 37i, ICS 43, SPEC 54i, LECTEEN 37f, AWAZ

15-15, EQX 3360-3, IMC 47, PA 150, UF 676, BE 10 and MAN 15-2. The

susceptible genotypes were PA 120, EQX 78, VENC4-4, MO 20 and T79/50I.
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Table 4. Reaction of 25 cacao genotypes to inoculation with PhytophtllOra

pa/mil'ora using the leaf disc inoculation.

Mean leaf disc score( I-5 point scale)

Genotype Trial -I Trial-2 Trial-3

PAI20 4.06 b 3.82 ab 3.36 b

MOCORONGO 3.64 c 3.44 cde 2.94 cd

LECTEEN 37i 3.10 de 3.04 gh 2.88 cde

ICS 43 3.18 d 3.08 fgh 2.54 de

SPEC 54i 3.54 c 3.28 defg 3.12 bc

EQX78 3.62 c 3.54 cd 2.90 cd

EET 59H 2.00 g 1.96 k 1.86 fg

PA 107 2.10 g 2.32 j 2.48 e

LECTEEN 37f 3.18 d 3.02 h 2.70 cde

SCA6 0.96 j 1.08 m 1.20 h

LAFI 1.58 h 1.58 1.68 fg

T851799 1.32 1.54 1.52 gh

AMAZ 15-15 3.60 c 3.44 cde 2.74 cde

EQX 3360-3 2.70 f 2.70 2.84 cde

IFC 5 2.20 g 2.16 jk 1.96 f

IMC47 3.62 c 3.32 def 2.98 bc

PA 150 3.48 c 3.42 de 3.88 a

UF676 3.14 de 3.20 efgh 2.98 bc

VENC 4-4 3.90 b 3.68 bc 3.92 a

ICS I 1.52 hi 1.42 1.54 gh

BEIO 2.92 e 3.12 fgh 3.00 be
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Table 4 continued.

Genotype Mean leaf disc score ( I-5 point scale)

Trial-I Trial-2 Trial-3

M020

MAN 15-2

GU 225V

T791501

LSD

%CV

S.E

4.28

3.40

1.48

4.06

0.21

3.58

0.10

a

c

hi

b

75

4.02

3.30

1.60

3.80

0.23

4.08

0.12

a

def

ab

4.12 a

2.88 cde

1.52 gh

3.98 J

0.36

6.64

0.18
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Figure 6. Distribution of scores for resistance to Phytophthora palmivora

among 25 genotypes assessed by the leaf disc test in Trial-I, Trial-2 and

Trial-3.

0= highly resistant or immune; 1 = resistant; 2= moderately resistant;

3= moderately susceptible; 4= susceptible; 5= highly susceptible.
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Magnification: x3

Plate 17. The spread of lesions on leaf disCs of after inoculation with

Phytophthora palmivora.

The alphabets in Plate 17 represent the 25 cacao clones as follows:

A=PA 120 I =LECT37f Q=PA 150 Y=T791501

B = MOCORONGO J =SCA6 R=UF676

C=LECT.37f K=LAFI S=VENC4-4

D=ICS43 L=T851799 T=ISC I

E=SPEC54i M=AMAZ 15-15 U=BE 10

F=EQX78 N = EQX3360-3 V=M020

G=EET59H O=IFC5 W=MANI5-2

H=PA 107 P =IMC47 X=GU225V
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I Repeatability of leaf disc test results

I The repeatability ofleaf disc test results is shown in Table 5. The table

Ij shows that there was a high correlation coefficient (r = 0.993, P< 0.00 I)

I between the results of Trial-I and Trial-2. Similarly, a high correlation

coefficient (r = 0.928, P<O.OO I) was observed between Trial -1 and Trial-3

and Trial-2 and Trial-3 (r =0.938, P< 0.001) respectively.

Table 5. Coefficients of correlation between mean disease severity values

observed for genotypes in leaf disc inoculation trials in routine

PlzytoplztllOra palmivora resistance screening experiments.

Coefficient of correlation between mean disease

severity scores in inoculation trials

Series

Trial 1

Trial 2

Trial 3

Trial 1 Trial 2

0.993**

Trial 3

0.928**

0.938**

All coefficient of correlation were significant at 0.1 % probability.
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Correlation between disease severity scores in the leaf-disc test and

penetration resistance in pod.

The relationship between leaf disc scores and lesion number on pods is

graphically represented in Figure 7. It is clear from the figure that correlation

between leaf disc score and penetration reaction of pod was significant (r =

0.924, P < 0.001).

12
r = 0.924

en
P < 0.001

8. Y = 1.29 + 2.18X

c:
0...
~ 7

::Jc:
c:

.Q

~
2

2 3 . 4

Leaf disc scores

Figure 7. Relationship between number of lesions on pods and leaf disc

scores in 25 cacao genotypes inoculated with Phytophthora palmivora.
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Correlation bctwccn discasc scvcrity scorcs in thc Icaf-disc tcst and post-

pcnctration rcsistancc in pod.

The relationship between lcaf disc scores and size of lesions on pods is

graphically represented in Figure 8. The figure shows a significant correlation

(r =0.846 and P< 0.00 I) between leaf disc scores and the reaction of pods at

the post-penetration stage of infection.
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y= -37.37 + 35.25X

Leaf disc scores

Figurc 8. Rclationship betwccn lesion size on pods and Icaf disc scores in

the 2S cacao genotypes inoculated with P!Jytop!Jt!Jora pa/mil'ora.
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Field Infection of PhytophtllOra pa/mivora of the 25 Cacao genotypes.

Table 6 contains the field infection of Phytophthora of the 25 cacao

genotypes studied. The field resistant levels of the 25 genotypes to

Phytophthora pa/mivora were significantly different (P< 0.001) from each

other.

Figure 9 illustrates clearly the infection rates of the genotypes to

Phytophthora infectjon within each of the months that the field study was

carried out. In July (Figure 9a), IFC5 was least infected. The moderately

infected genotypes were EET 59H, PAI07, SCA6, T851799 and GU225V

whilst PA 120, MOCORONGO, LECTEEN 37i, LECTEEN 37f, ICS 43,

SPEC54i, EQX78, LAFl, AMAZI5-15, EQX3360-3, IMC47, PA150, UF676,

VENC4-4, ICSl, BElO, M020, MAN 15-2 and T79/501 were highly infected.

In August (Figure 9b), it can be seen that EET59H, PAl 07 and SCA

6 were least infected. The moderately infected genotypes were T851799, IFC5

and GU225V and the highly infected genotypes included PA 120,

MOCORONGO, LECTEEN 37i, ICS 43, SPEC 54i, EQX78, and LECTEEN

37f, LAFl, AMAZI5-15, EQX3360-3, IMC47, PA150, UF676, VENC4-4,

ICSl, BE 10, MO 20, MAN 15-2 and T79/501.

In September (Figure 9c), MOCORONGO, LECTEEN 37i, SCA 6 and

T851799 were highly infected. The moderately infected genotypes were EQX

3360-3, IFC5 and GU225V whilst the highly infected genotypes were PA 120,

ICS 43, SPEC 54i, and EQX 78, EET 59H, PAlO7, LECTEEN 37f, LAFI,

AMAZ 15-15, IMC 47, UF676, VENC4-4, ICSI, BE 10, MO 20, MAN 15-2

and T79/501.
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In October (Figure 9d), PAI20, LECTEEN 37i, ICS 43, SCA6,

T851799, AMAZ 15-15, EQX 3360-3,IFC 5,ICS I, MAN 15-2 and GU 225V

i were least infected and the moderately infected genotypes were

I MOCORONGO, SPEC 54i, EQX 78, EET 59H, PA 107 and LECTEEN 37f.

i The genotypes which were highly infected included LAF I, IMC 47, PA 150,

I UF 676, VENC4-4, MO 20 and T79/50I.
I
I In November. (Figure ge), EET 59H, PA 107, SCA 6, T851799, IFC5,

. I

,I IMC 47, UF676 and GU225V were least infected. The moderately infected

genotypes were PAI20, MOCORONGO, SPEC 54i, EQX78, LECTEEN 37f,

AMAZ 15-15, PA 150, MAN 15-2 and T79/50I. The highly infected

genotypes were LECTEEN 37i, ICS 43, LAF I, EQX3360-3, VENC4-4, ICSI

and M020.

In December (Figure 9f) , PA 120, MOCORONGO, ICS43, SPEC 54i,

EQX 78, EET 59H, PA 107, LECTEEN 37f, SCA6, LAFI, T851799, AMAZ

15-15, EQX 3360-3, IFC 5, IMC 47, VENC4-4,ICSI, BE 10, MO 20, MAN

15-2 and GU 225 V were least infected. The moderately infected genotypes

were LECTEEN 37i, UF 676 and T79/50I whilst the highly infected genotype

was PA 150.
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Table 6. Percentage of field Pltytoplttltora palmivora infection obsenred

over six (6) months.

Months of observation ( 2007)

Genotype July August Sept. Oct. Nov. Dec

PA120 60.4 60.4 85.0 7.4 17.4 0.0

MOCORONGO 75.0 78.9 0.0 10.8 20.0 8.7

LECTEEN 37i 87.5 92.3 0.0 0.0 33.3 13.3

ICS 43 53.7 100.0 84.6 3.0 36.4 3.3

SPEC 54i 54.3 44.8 30.8 21.7 15.8 4.8

EQX78 48.1 54.8 41.7 19.2 17.6 5.9

EET 59H 23.8 5.9 66.7 20.6 0.0 1.1

PA 107 24.2 7.4 36.2 13.7 0.0 5.2

LECTEEN 37f 41.2 31.0 58.9 25.5 23.1 4.3

SCA6 12.5 6.7 0.0 0.0 0.0 0.0

LAFI 50.0 71.4 100.0 57.9 33.3 3.1

T851799 13.5 11.1 0.0 2.3 3.0 0.0

AMAZ 15-15 51.4 65.3 37.5 8.2 22.7 0.0

EQX 3360-3 83.3 89.7 16.7 6.3 72.7 0.0

IFC 5 4.0 22.6 17.2 1.7 7.7 3.8

IMC47 30.2 36.2 73.3 65.4 10.2 10.2

PA 150 67.2 72.1 100.0 68.8 24.0 50.2

UF 676 46.9 57.5 90.0 66.1 5.6 14.4

VENC 4-4 75.0 84.6 57.9 53.6 50.0 0.0

ICS 1 25.7 75.0 50.0 9.8 33.3 0.0
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Table 6 Continued.

Months of Observation (2007)
Genotype

July August Sept. Oct. Nov. Dec.

BEIO 75.0 87.8 33.3 22.7 41.7 3.8

M020 62.5 77.3 72.2 35.8 40.0 1.6

MAN 15-2 34.8 49.2 50.0 9.5 25.0 3.8

GU225V 25.0 20.0 17.5 8.0 0.0 1.8

T79i501 49.4 54.6 97.8 61.9 21.'1 11.5

Lsd

S.e

3.15

1.59

3.24

1.63

6.83

3.'14

7.93

3.99

1.71 1.39

0.86 0.70

<10%= resistant. 10- 25%= moderately resistant. > 25% = susceptible.
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Figure 9a. Percentage b!ack pod infection ofthe 25 genotypes in July.
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In Table 7 are presented the meteorological data during the period

when data was collected \In black pod infection in thc field. The table shows

that amount of rainfall. number of wet days and relative humidity were high

in the months of July. August and September. Maximum temperalllrc \\ as

however lower in the months July. August and September as compared to

October. ~ovember and December.

Tahle7. J\leteorologieal data for .July-Oeeemher 2007. CRIG metcorology

ecnt re.

f'.lonth Rainfall (mm) Wet days (Iumidity (%) Temp. (DC)

July 268.8 14 86.6 29.1

August 392.2 17 89.5 28.8

September 180.7 13 85.8 29.1

October 140.2 9 82.2 32.0

~ovember 53.7 7 81.4 31.7

December 53.5 4 75.3 32.2
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Variations in black-pod infection in the period of field study.

Significant differences (p< 0.001) were observed among the months of

field observations in terms of black-pod infection. Figure lOis a graphical

presentation of the variations in black-pod infection of the genotypes in the

field during the period of study.

There was a higher level of cacao pod infection of 47.0% in the month

of July. 54.3% in August and 48.7% in September than 24.0% in October,

22.2% in November and 6.03% in December as shown in Figure 10.
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Months offield observation

Figure 10. Percentage of Pliytophthora palmivora infection in the field

observed over six months
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,\ vcrage of field infection of cac.10 pods of the diffaent genotypes by

!'/~\'(()!,h(llOra palmi!'nra observed o\'er six months :Ire presented in Table S.

The table shows that in the field. the genotypes studied varied in

resislance to blJck pod infection. The resistant genotypes were SCA 6.

Tf\5/79fl and lIT 5. TIle moderately resistant genotypes were I:I:T59/1. PA

107 and Gl; 225V. The susceptible genotypes \\erc P,\ 120. MOCORONCiO.

LECTEEN 37f. /CS -B. SPEC 54i. EQX 71\. I.ECTEEN 37f. LAF I. "MAZ

15·15. EQX 3360-3. l~lC 47. PA 150. UF 676. VENC4-4. ICS I. BE 10. MO

20. T\lAN 15-2 and T/9f501.
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Tahlc S. Plryt0l'lrtlrmrn pod rot infcction ovcr six months••July to

Dcccmhcr.2007.

Genotype ~lcall monthly pcrcclltagc infccti(lll

PA 120 31\.4 ahcd

~lOCORO~GO 32.2 bede

LECTEE~ 37i 37.7 abed

ICS 013 016.8 abc

SPEC :'o1i 28.7 bcdefg

EQXn 31.2 bedef

EET 5911 19.7 cdefg

PA 107 14.5 defg

LECTEE~ 37f 30.7 bedef

SCA6 ~ .., gj.-

L\F 1 52.6 ab

TS5! 799 5.0 fg

:\1\1:\2 15- 15 30.9 bedef

EQX 3360-3 014.8 abe

IFC 5 9.5 efg

l~lC 017 37.6 abed

PA 150 63.7 a

UF676 46.8 abe

VENC 4-4 53.5 ab

ICS 1 32.3 bede

BEIO 44.1 abe
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Tnhlc 8 Continucd.

Clone

~10 ~o

MAN 15-2

GU 2~5V

T79/501

LSD

'!;'CV

~1can month Iy percentage in feet ion

.JR.2 ab

2R.7 bedefg

12.1 <Jefg

.J9A ab

22.12

59

33.7

< I0%= resistant. I(J- 25%= moderately resistant. > 25% = susceptible.
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Relationship between field infection and the reaction of detached pods to

Phytophthora palmivora at the penetration stage of infection

The relationship between average of field infection and lesion number

on pods is graphically represented in Figure 11.

The results of the reaction of pods at the penetration level show a

higher correlation (r = 0.622 and P =0.001) with the average offield infection

in the months of July"to December, 2007.
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y", 0.59 + 4.35X

r= 0.622

P =0.001

7 12
Lesion number on pods per cm2

Figure 11. Relationship between lesion number on pods and average

monthly PhytophtllOra palmivora pod rot infection observed over six

months.
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Relationship between field infection and the reaction of detached pods to

Ph)'tophthora palmil'ora at the post- penetration stage of infection

The relationship between average of field observations and size of lesions on

pods is graphically represented in Figure 12.

A correlation coefficient of 0.472 (P = 0.017) was obtained between the

field infections in the months of July to December 2007, (Figure 12).

reaction of pods at the post-penetration level of infection and the average of

Lesion size on pods (cm2)

150

y= 21.58+ 0.19X
r =0.472

p= 0.017

'0050

t3 .0

.!!l
~ 30
o
~ 20

.!!1
:Q 10
QJ

IT:

~ 60
L-
a.
a..
'::R so
o

I

I
I
I
i
I

I
!'

ii
Ii

I
I
I
I
I
j
i
I

I
Figure 12. Relationship between size of lesions on pods and average of six

months of field infection of Ph)'toplttllOra palmivora pod rot.
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Relationship between field infection and the reaction of detached leaves to

Pllyfophtllora palmivora at the penetration stage of infection

The relationship between average of field infection and lesion number

on leaves is graphically represented in Figure 13.

The results of the reaction of leaves at the penetration level however

show a significant correlation (r = 0.498, P = 0.025) with the average of field

infection in the months ofJuly to December, 2007.

'C' 60
c..

0...
~ 500

..I<:
U 40I1l
:::
I1l.... 30
0

Q)
> 20.m
"C
Q) 10

u:::
0

5 15 25

Y=18.72+0.63X
r = 0.498
p= 0.025

35 45

Lesion number on leaves

Figure 13. Relationship between lesion number on leaves and average of

Pllyfopll fll ora palmivora pod rot infection in the field over six months.
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Relationship between field infection and the reaction of detached, leaves to

P/lytop/ltllOra pa/mil'ora at the post-penetration stage of infection

The relationship between average of field infection and size of lesions

on the leaves is graphically represented in Figure 14.

A correlation coefficient of 0.602 (P = 0.001) was obtained between

the reaction of leaves at the post -penetration level of infection and the

average offield infections in the months of July to December, 2007.

Y=12.79 +0.62x

r= 0,602

P = 0,001

'2 60
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::R so
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0 40
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ro.... 30
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32
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u:::

10 20 30 40

Lesion size on leaves (cm2)

Figure 14. Relationship between lesion size on leaves and average of

P/lytoplzt/lora pa/mivora pod rot infection in the field over six months.
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Relationship between field infection and the results of the leaf disc test

The relationship between average of field infection and leaf disc scores

December, (Figure 15) 2007.

is graphically represented in Figure 15.

A correlation coefficient of 0.625 (P = 0.001) was obtained between

4
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+ +

y= 3.81 +10.29X
r= 0.625
p= 0.001
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Figure 15. Relationship between leaf disc scores and average of

Phytopht/lOra pa/11livora pod rot infection in the field over six months.
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L{'~inn ~ilt,~ on diq:l!. prn\ill1:11 :Jnll mill rr~ion of pods

In T;Jblc () ;lre <.h"\'11 the ~i/e, nf Ic,inn-.•11 the dislal. pr,1\irnal and

mid rc;:i"l1' f\f lhe rod. ;lflcr inn,'IJ!;:ti'Hl :11 lht: rc'peeli\c rC!!i"n" \\ith

·\nal:- •. j, pr \';ni.ln.:e nf le,inl1 '.lIe-, ohlail1cd fn'1l1 the punch

inc>,\Il:ili"n Icq, nr p:lf1' of r"d, indicated Ihal Ie,inn ,i/e, nn pnd-. \arit:d

hih:hl~ ,it,:flific.lnll:. (I', O.f1 rJl) ,1flll,n!! the c!t\nc, v,helher ifloculated at the

diqal rq:if'fl ('r rr,.'.im:J! rq:inn or the mid rq:i"n.
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Table 9. Lesion sizes on pods inoculated at the distal and proximal ends

and at mid-region with Pltytoplltltora palmivora.

Lesion size at inoculated regions

Genotype Distal End Mid region Proximal End

I

I
rcs 43 44.1 de 51.3 de 55.7 de

1

SPEC 54i 62.9 c 71.3 c 76.0 c

I EQX78 62.1 c 68.9 c 74.0 cd

Ii EET 59H 31.3 ef 36.6 ef 41.6 ef
I

I PA 107 32.0 ef 36.6 ef 44.7 ef

LECTEEN 37f 56.0 cd 63.3 cd 68.1 cd

LAF I 20.3 f 25.0 f 29.7 f

T85/799 19.4 f 22.3 f 27.1 f

PA 150 60.7 cd 66.2 cd 71.2 cd

UF676 46.8 cde 52.2 de 57.3 de

VENC4-4 80.9 b 92.3 b 97.1 b

rcs I 23.7 f 24.8 f 29.3 f

M020 108.6 a 120.1 a 124.9 a

MAN 15-2 51.9 cd 59.8 cd 64.6 cd

T79/501 118.6 a 131.8 a 136.8 a

Lsd 15.05 15.99 16.61

%CV 13.46 12.69 12.19

MEAN 32.8 36.9 39.9
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The differences among sizes of lesions at the distal, proximal and mid

regions of pods are presented in Table 10.

There were highly significant differences (P<O.OOI) among lesion sizes

at the distal, proximal and mid regions of pods inoculated with PhytophtllOra

pa/lIIil'ora. The lesions at the proximal end were larger than those at the mid

region and distal end of the pods.

Table 10. Differences in lesions at different regions of pods inoculated

with Ph)'tophthora pa/lIlfvora.

Region of pod inoculated

Proximal end

Mid-region

Distal end

Lsd

%CV

99

Lesion size

66.54 a

61.50 b

54.63 c

3.225

3.17
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Variation of clones

A cluster analysis of the 25 genotypes based on the pooled data of the

various experiments carried out in this study has been presented as a

dendrogram in Figure 16. From the figure it is quite clear that the 25

genotypes were grouped into two distinct populations, one being considerably

larger than the other. The larger population was made up of clusters'!' to 'IV'.

It can be seen that the two distinct populations were made up of different

genetic groups.

The smaller population was made up of only cluster 'V'. Cluster 'V' as

can be seen from the table consisted of only Parinari genotypes namely PA

150, PA 120 and PA 107. The three Parinari genotypes were collected from

Peru and they belong to the Forastero population of cacao. The dendrogram

shows that the genetic divergence between the larger population and the

smaller population was wide with a similarity distance of25.

It is clear from the dendrogram that the five clusters were not mere

groupings of the genotypes with similar morphological characters, but also as

distinct genetic groups. Each of the five clusters consisted of a number of

genotypes.

Cluster IV had the largest intra-cluster variance followed by those of

Clusters I and II. The least intra-cluster variance occurred in Cluster III and V.

It is interesting to note that all the genotypes in Cluster I originated from the

lower Amazon region and they were LAF 1, LECTEEN 37f, LECTEEN 37i,

EQX 78, EQX 3360-3 and BE 10. The names, origin and populatioll of

genotypes in each cluster are given in Table 11. In Cluster II were grouped

some genotypes which were grouped Forasteros and they were IMC 47,

100
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AMAZ 15-15, SPEC54i, MAN 15-2, MOCORONGO, VENC4-4, IFC 5 and

MO 20. From the cluster analysis, it can also be seen that some Trinitario

genotypes; T851799, T79/501 and UF 676 were grouped with some Forastero

genotypes; SCA 6, EET 59H, and GU 225V in cluster IV. Also, Imperial

College Selection (ICS) genotypes; ICSI and ICS 43 originated from Trinidad

were grouped in Cluster III.

Table 11: Distribution of the 25 genotypes into clusters

Cluster Genotype Origin Population

LAFI 9.0 Peru Forastero

LECT 37f 52.6 Ecuador Criollo

LECT 37i 30.7 " "

EQX78 37.7 " Forastero

EQX 3360-3 44.8 " "

BEI0 44.1 Brazil "

II IMC47 37.6 Peru "

AMAZ15-15 30.9 " "

SPEC 54i 28.7 Colombia "

MAN 15-2 28.7 Brazil "

MOCO 32.2 " "

VENC 4-4 53.5 Peru "

IFC 5 9.5 " "

M020 48.2 "

III ICS I 32.3 Trinidad Trinitario

ICS 43 28.7 " "

T85/799 5.0 " Trinitario
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Table 11 Cont.

Cluster Genotype Origin Population

IV T79/501 49.4 Trinidad Trinitario

UF 676 46.8 Costa Rica "

SCA6 3.2 Peru Forastero

EET59H 14.5 Ecuador "

GU225V 12.1 French "

11

Ii
PA 150 63.7 Peru Forastero

V PA 120 38.4 " "!

PA 107 14.5 " "

Lower Amazon region = Brazil, Peru and Ecuador

Upper Amazon = Costa Rica, Mexico, Trinidad, Colombia and French
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o 5 10 15 20 25
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C PI 5 E
Label Num

Lht 1 11

LECT 37f 9

LEeT 37i 3

EQX 3360-3 14

EQX 78 6

BE 10 21

Hie 47 16

I Al-1AZ 15-15 13
!
I

C;D~r 54i 5~ .... L..",
II

t·ii\N 15-2 23

MOCO 2

VENC 4-4 19

1FC 5 15

EO 20 q?
.L (~

ICS 1 20

1C543 4

T851799 12

T79/501 25

OF 676 18

SCA 6 10

EEl 59B 7

GU 225V 24

PA 150 17

Pi\ 107 8

PA120 1

iii .
'.

Figure 16. Variation among the 25 genotypes.

Dendrogram derived from pooled data from the val"ious experiments

following cluster analysis
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CHAPTER FIVE

DISCUSSION

Generally the genotypes were observed to vary significantly in their

reactions at the penetration and post-penetration stages of Phy/oph/hora

infection. With all the genotypes planted under the same environmental

conditions the observed variations could probably be genetic. Tan and Tan

(1990) and Simmonds (1994) have observed similar variations in their studies

on the resistance of cacao progenies to Phy/oph/llOra palmivora. The

significant variations among clones at the penetration and post-penetration

stages of the infection processes in both leaves and pods seem to suggest

further the genetic basis of the variation observed with the two different parts

of the cacao tree reacting apparently similarly to the Phy/oph/hora palmivora

infection. Such large genetic variations have been noted by Blaha and Latode

(1997), Nyasse e/ al. (1994) and Iwaro e/ al. (2005) who reported that there

were significant differences among cacao genotypes after inoculation of

detached pods with Phy/oph/hora palmivora.

The distribution of genotypes into the various levels of resistance at the

penetration and post-penetration stages of infection suggests that penetration

and post-penetration inoculation of leaves and pods can effectively

discriminate between the levels of resistance of genotypes.

The significant correlation between number of lesions on leaves and

that on pods (see Figure 4.) suggests that the resistance mechanisms operative

at the penetration stage of infection in both leaf and pod may be alike.
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.1 The observed similarity between the resistant levels to Phytophthor(l of cacao

I genotypes inoculated either by detached pod or detached leaf method suggest

that either screening method could be used for the screening of resistance

against black pod disease of cacao. This eliminates the need to use hvo
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different inoculation methods to effectively assess resistance at the penetration

level of leaf and pod. Resistance of leaves at the penetration stage of infection

can therefore be used to predict pod resistance. This finding is contrary to that

of Iwaro et al. (I997) who observed poor correlation between penetration

resistance in leaf and pod. They suggested that since Phytophthora infects

both leaf and pod, resistance in leaf and pod at the penetration level of

infection could complement each other.

The high positive correlation obtained behveen pod and leaf resistance

at the post-penetration stage of infection probably suggests that the mechanism

conferring post-penetration resistance within leaf and pod could be inherent.

The occurrence of such a characteristic of cacao leaf suggests the

possibility of the use of leaves of cacao seedlings for the prediction of pod

resistance to the black pod disease. This observation is in conformity with

findings oflwaro et af. (I 997) who observed high positive correlation between

leaf and pod at the post-penetration stage of infection.

The differences among genotypes at the post-penetration level as

reflected in sizes and patterns of spread of lesions (see Plates 15 and 16) could

be due to presence of some biochemical factors. Spence (I 96 I) indicated the

involvement of oxidizable phenols and polyphenol oxidase activity in

determining lesion size in cacao.
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The significant differences among the genotypes of cacao in their

reactions to Phytophthora palmivora and the distribution of scores for

resistance to Phytophthora palmivora from serial trials indicate that leaf disc

test effectively discriminated the various levels of resistance in the 25 cacao

accessions assessed in this study. Nyasse et al. (1995), Tondge et al. (1998)

and Tahi et al. (2006) who studied the reaction of some cacao genotypes to

Phytophthora palmivo/;a infection made a similar observation.

The high correlation coefficients observed among the results of serial

trials of leaf disc confirmed the repeatability of leaf disc method of screening

cocoa genotypes for resistance to black pod disease of cacao.

The positive correlation between leaf disc scores and lesion number

and size on pods (see Figures 7 and 8) suggests that the forms of resistance

assessed by leaf disc test and detached pod test at the penetration and post

penetration levels may be inherent. Such a characteristic of cacao leaf discs

suggests the possibility of the use of leaf discs of cacao seedlings for the

screening of pod resistance to the black pod disease of cacao.

The observation of both significant and insignificant correlation

coefficients among the monthly data collected on Phytophthora infection in

the field suggests that field data on Phytophthora was not repeatable. The

inconsistency in the field data (see Table 6 and Figure 9) could be due to

variations in environmental factors occurring probably each month.

The higher level of infection observed in the months of July, August

and September and the lower infection level in the months of Octcber,

November and December seems to suggest that probably the factors pre

disposing cocoa to Phytophthora infection in the first half of the field study
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period were different from those in the second half of the study. The high level

of rainfall, number of wet days, relative humidity and low maximum

temperatures in the first three months (see Table 7) might probably be the

favourable conditions for high incidence of the black pod disease. The low

maximum temperature in the months of July, August and September might

have probably prevented evaporation of moisture from the pod surfaces and

thus led to high infection of pods.

Butler (1980, 1981) observed that in a saturated atmosphere, the pod

surface remained wet for as long as 4 - 5 hours giving sufficient time for

zoospore germination and penetration.

The observed high infection in the months of July, August and

September and low infection in the months of October, November and

December provides a promising approach to breed for disease escape. This

pattern of field incidence of black pod disease is in conformity with the

findings ofOpoku et at. (1999,2000) who observed that in Ghana, the primary

infections usually occur around June, but the peak of the Phytophthora

17legakGlJ'a black pod aisease generally occurs between August and October.

Atanda (1973) reported that the percentage of infected mature pods is

determined not only by the genetic resistance of the pods to infection but also

by escape phenomena such as fruiting cycle. Kebe et at. (1999) reported that

the fruiting cycle alone may explain 43% of the variation in field infection

level.

The significant correlation between detached pod test at the penetration

and post-penetration stages of infection and the average of field infection in

July to December (see Figures 11 and 12) suggests that it is possible that a
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stronger association may exist between the results of detached p'od test at

penetration and post-penetration stages of infection. The occurrence of such a

characteristic of pods suggests the possibility of using pods to predict field

infection of Phytophthora. Iwaro et al. (2004) and Efombagn et al. (2004)

reported a similar observation in their studies on the relationship between

detached pods and field infection ofPhytophthora.

Also, the significant correlation between detached leaf test at the

penetration and post-penetration stages of infection and the average of field

infection in July to December (see Figures 13 and 14) suggests that field

resistance to Phytophthora infection through monthly recording of infection

on mature fruits could be reliably evaluated by intrinsic resistance of cacao

leaf tissue to Phytophthora palmivora infection at the penetration and post

penetration levels of infection. Iwaro et al. (1997) noted a similar association

between the reaction of detached leaves and attached pods to Phytophthora

palmivora infection.

The high correlation of leaf disc test with the average of field

I • infections for months from July to December (see Figure 15) suggests that

prediction of pod resistance to Phytophthora infection in the field could be

made from laboratory inoculation of leaf discs. A similar observation has been

reported by Nyasse et al. (2002) in Cameroon and by Tahi et al. (2006) in

Cote d'Ivoire, who found in their studies that when field or nursery leaves of

clones were inoculated at the hardening stage, the results correlated with

natural field infection of pods with Phytophthora palmivora.

The highly significant differences obtained among clones inoculated at

distal, proximal and mid region of pods (see Table 9) further confirms that
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significant differences occur among genotypes at the post-penetration level of

infection of pods. The observation of significant differences among the cacao

genotypes further suggests that probably any of the three regions of the pods

can be inoculated to screen for resistance to Phytophthora infection.

The highly significant differences among lesion sizes in the interaction

of distal, proximal and mid regions of pods inoculated indicated that the

region of the pod inoculated influenced the rate of development of disease and

therefore uniformity must be maintained during pod inoculation tests by

inoculating the same region ofthe pods for clonal selection.

The grouping of the 25 genotypes (see Figure 16) into two distinct

populations is suggestive of genetic limitations of the cacao genotypes studied.

Even though the smaller population of the two which was mainly made up of

Parinari genotypes which are Forasteros, seems homogenous. The larger

population was more heterogenous consisting of genotypes of Criollos,

Trinitario and Forasteros. Singh and Bains (1968) using cluster analysis to

measure genetic diversity in upland cotton varieties obtained from different

geographical regions could establish the genetic variability in the cotton

varieties they studied.

It is likely that the observed variations in the field infection of the

Parinaris making the distinct small population could be genetic. Even though

Parinaris are Forasteros and appear to be homogenous, the variations in their

monthly infections by Phytophthora pa/mil'ora are suggestive of the

environmental factors influencing genetic base. It was clear from the n:sults

the Parinaris were heavily infected by Phytophthora from July to September.
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However, from October to December the infection was considerably

low except for PA 150. This is indicative of the possibility of using the

Parinaris as a basis for breeding for cacao genotypes capable of escaping from

Phytophthora infections. The genotypes PA150, PA 107, and PA 120 grouped

in Cluster V might belong to the same class and their relationship is

augmented by common features, such as their greater vigour, which sets them

apart from the other genotypes. Yamada et aT. (1982, 1996) reported genetical

relation between PA 81 and PA 150. The Parinari clones belong to the

Forastero population and were collected from Peru in an area bounded by the

upper Amazon region.

The grouping of Criollos, Trinitarios and Forasterios in the larger

distinct population made of four clusters is indicative of wider genetic

diversity available in the international collection for breeding for resistance

against the cacao black pod disease. Such a genetic diversity seems to be

indicated by the genotypes in II and IV which contained the largest clonal

variations.

In Cluster II, even though all the genotypes are Forasteros, they

originated from various origins. It was clear from the results that the

Forasteros were not uniformly infected by Phytophthora from July to

December even though from July to September infections were considerably

higher than from October to December.

Cluster IV had the largest intra-cluster variance. The large variance of

this cluster indicates that genotypes in it are less homogeneous probably

because they differ in some of their morphological characters and populations

to which they belong. This was probably confirmed by the mixture of
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Trinitario and Forastero populations in this cluster. The Trinitario'i. were morc

susceptible to field infection than the Forasterrx; except TRSI799. 'fhi<,

characteristic of T8S1799 is suggestive that it could be used in breeding fiJr

disease escape.
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CHAPTER SIX

SUMMARY, CONCLUSION AND RECOMMENDATIONS

SUMMARY

The findings ofthestudy are summarized as follows:

1. Clonal differences existed in leaf and pod at the penetration stage of

infection.

2. Resistance levels of the 25 genotypes were different at the post-

penetration stage of infection in both leaf and pod.

3. Correlation between resistance of detached leaves and pods at the

penetration stage of infection was positive and significant.

4. A strong positive correlation was obtained between detached pod and

leaf at the post-penetration stage of infection.

5. There was a strong positive correlation between results of detached

pod and leaf discs tests.

6. Leaf discs test trials were repeatable.

7. Correlation between penetration stage infection of pods and natural

Phytophthora infection in the field was positive and significant.

8. There was a strong positive correlation between post-penetration stage

infection of pods and field infection by Phytophthora palmivora.

9. The coefficient of correlation between leaf disc test and natural

Phytophthora infection in the field was positive and significant.
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10. SCA 6, T851799, LAF 1, and GU 225V and lCS 1 were the promising

resistant cacao genotypes among the international collection studied.

11. The rates of the post-penetration stage of infection in pods inoculated

at the distal, proximal and mid regions were significantly different.

12. The levels of black pod infection during the field study varied

significantly.

13. Phytophthora pod rot infections in July, August and September were

higher than in October, November and December.

14. The cluster analysis of the 25 international cacao collections revealed

the considerable genetic diversity in the collection.

Conclusion

The results of the study revealed that significant differences existed

among the 25 international cacao genotypes infected with Phytophthora

palmivora. Detached leaf and pod inoculations were both effective in

indicating the resistance levels of the 25 international genotypes at the

penetration and post-penetration stages of infection. The high positive

correlation between detached leaf and pod inoculation at both penetration and

post-penetration stages of infection suggest that resistance levels of cacao

genotypes to black pod could be assessed at the seedling level using leaf

inoculation. The higher Phytophthora infection in July, August and

September than in October, November and December in the field clearly

shows the influence of environment in Phytophthora pod rot infection and

necessitates the need to breed for black pod disease escape. A vast variation

was observed among the 25 international genotypes. SCA 6, T851799, LAF 1,
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ICS1 and GU 225V were found to be resistant whereas MO 20 T79/501., ,

VENC 4-4 and MOCORONGO were found to be susceptible. These variations

in the resistance levels of the promising varieties could be utilized in the

development of new cacao varieties with predictable level of PhytophtllOra

resistance.

Recommendations

On the basis ofthe findings of this study, it is recommended that:

I. The screening of the 25 genotypes in terms of black pod resistance

should be repeated with other local Phytophthora palmivora isolates.

2. Crosses between SCA 6, T85/799, LAF 1, ICS1 and GU 225V could

be done to obtain black pod resistant cacao hybrids for they appeared

to be promising resistant varieties.

3. Leaf inoculation at penetration and post-penetration stages of infection

and leaf disc inoculation should be used to select cacao varieties

resistant to Phytophthora early in the nursery before planting them in

the field.

4. Detached pod inoculation at the penetration and post-penetration stages

of infection could be used to select resistant varieties of cacao in the

field.

5. Clones that bear majority of their pods in October, November and

December should be selected for the breeding of cacao varieties with

the inherent ability to escape black pod disease incidence.
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6. Uniformity should be maintained during pod inoculation by

inoculating the same region of the pods since the position of infection

on the pod influences the ratc of discasc dcvelopmcnt.
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RcrliC:11if'Tl 4 0.44672 0.1 J 1fiR

In::11mcnl 24 114.lnm -1.75495

Em..r CJ(, 2.59328 0.02701

. T[11:11 124 117.15l172

P= 0.001
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APPENDIX 2

Analysis of variance table for lesion size on pods

Sources of Variation d.f. s.s. m.s. v.r. F.pr.

Replication 4 58.745 14.686 5.25

Treatment 24 198021.842 8250.910 2949.88 <.001

Error 96 268.515 2.797

Total 124 198349.102

P= 0.001
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APPEl'\J)JX 3

'\n:lly~is of variance l:1hle for lesion numhcr on pOlk

• Spurce, of V:lri-at ion dJ. ,.,. m.s.

I\erlication .J '2.I)/ilJ O.7·1.J5

Treatmcnt 2.J 633.(1355 26.37(,5

, Em'r % 33.0061 O.3·13R

, Tolal 1'2.J (i6I)J) 11)5

1'- 0.001

v.r.

2.17

76.7'2 " .00 I
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APPENDIX 4

Analysis of variance table for lesion size on leaves

Sources of Variance d.f. 5.5. m.s. v.r. F.pr.

Replication 4 198.5721 49.6430 57.19

Treatment 24 29265.5766 1219.39 1404.72 <.001

Error 96 83.3349 0.8681

Total 124 29547.4837

p= 0.001
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APPENDIX 5

Analysis of VII ria IIl'C 1'01' (lIhlc 1'01' Icsion nnlllhl'l' on h'1I\'l'S

--------- -.-- --- "- "

Sources or Vnrinliol1 d.C s.s. III ,~;, V,I'. F.pl'.

_.._---~----- - -_. - --_.

Rcpl icatiol1 /1 59,650 1'1.912 J, ()l)

Treatlllcl1 t 24 19321.052 lW5.0'1'1 215.27 .- ,00 I

Error 96 359.00(j 3,7')0

Total 124 19739.70!!

p= 0.001
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APPENDIX 6

Method used to prepare the carrot agar medium.

The carrot was peeled and cut into pieces. 200g of the pieces of carrol

was measured and boiled on a hot plate for 20 minutes. The boiled carrot was

blended with 400ml of sterile distilled water. The blended carrot was filtered

with a piece of white cloth which was autoclaved. 20g of agar was added to

the filtrate and then autoclaved. The media was poured into petri dishes and

allowed to solidify. The petri dishes were covered and packed into a fridge.
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