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ABSTRACT

Pod husk thickness and percentage moisture content were evaluated for their influence on
Phytophthora palmivora infection of resistant, moderately resistant and susceptible selections of
cocoa. The aim of this work was to elucidate if thickness of the pod husk and its moisture content
are resistance factors to Phytophthora pod rot in cocoa genotypes. Twelve cocoa genotypes were
incculated with Phytophthora palmivora using detached pod test at penetration and post-
penetration stages of inoculation. Cocoa genctypes resistant to Phytophthora palmivora in the field
and in the laboratory inoculation (SCA 6, GU225V, T85/799 and LAF 1) had the thickest pod husk
and lowest moisture content in the current study suggesting that pod husk thickness and moisture
content. factors were involved. Susceptible cocoa clones had the thinnest ped husk and highest
percentage moisture content of pod husk, suggesting that thinner pod husk with high moisture
content, favours Phytophthora pod rot infection. A significant negative correlation was obtained
between pod husk thickness and lesion number and size on pods indicating that as thickness of the
pod husk increases, lesion number and size decreases. Correlation between moisture content of pod
husk and lesion number and size on pod was positive and significant suggesting that as moisture
content inereases, lesion number and lesion size also increases. These results suggest pod husk
thickness and moisture content as resistance factors in cocoa. Nevertheless, other pod husk factors
could not be excluded.
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INTRODUCTION

Cocoa (Theobroma cacao 1..) 1s an important cash crop in Ghana. The low productivity of the
crop 18 attributed to several factors, the most important being black pod disease. Adomako (2007)
observed that yield loss was largely due to black pods representing 64.1% which was equivalent to
an annual loss of 62.8 kg ha™ of dry cocoa beans. The disease is responsible for instability of
productivity and important yield losses in Ghana,

Two species of Phytophthora, Phytophthora palmivora and Phytop hthora megakarya have been
reported as the causal agents of the disease in Ghana (Opoku et al., 1999),

In Ghana, losses ranged from 80-80% in farms in which the disease had only recently appeared
to 100% in old infected farms (Dakwa, 1987),

Several methods have been adopted by farmers to control diseases caused by FPhyiophthora
species in cacao of which the most common is the use of copper-based or systemic fungicides. The
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fungicides are prone to weathering by persistent rainfall and pod growth dilution and for a
treatment to be effective, constant frequent re-applications have to be made in a seascn.
Sustainable erop production would therefore, depend on high investment in fungicides to reduce
black pod disease. This appreach may however not be economically feasible for the rescurce-poor
farmers in the developing world. This increases the overall cost of cocoa production compared to the
limited income from cocoa sales. Moreover, persistent use of fungicides, as with all chemicals is
harmful and damaging to the environment. There is increase awareness that heavy metals, present,
in soil have negative consequences on human health and on the environment (Abrahams, 2002;
Selinus et al., 2005), Cultural practices alone are not effective in controlling black pod disease
(Akrofi ef al., 1997). Studies conducted by Luterbacher (1994) on removal of leaf litter arcund cocoa
trees and the application of fungicides to the ground showed that these practices had little or no
effect on black pod disease progress. This necessitates the need to shift emphasis from fungicides
to more integrated approach to the disease. The breeding of high yielding and resistant material
is generally agreed to be the most effective, economic and environmentally safe contrel method
{(Iwaro et al, 2000). Although complete resistance has not been detected, differences in
susceptibility among clones or among hybrids derived from crosses have been cbserved in various
countries, including Ghana (Adomako, 2007). This makes it feasible to reduce yield loss due to
Phytophthora infection through genetic improvement.,

Although the majority of cocoa in (Ghana are very susceptible to the disease, less susceptible
individuals have been found including SCA 6, T85/799 and GU 225 V (Nyadanu, 2008).

Like many other agronomic traits, resistance to Phytophthora exhibits a continuum of
phenotypic variations in the species Theobroma cacao suggesting the implication of several genes
or factors 1n resistance to Phytophthora (Blaha and Latode, 1976; Cilas ef al., 1998). However, little
is known about what factors contribute to resistance to Phyiophthora. Iwarco (1995) obtained a
strong correlation between the joint effect of stomatal frequency, size and lesion frequency on pods.
He indicated that the mechanism of resistance at the penetration stage of infection could be
attributed in part to these two morphaological characteristics. Spence (1961) and Prendergast (1965)
suggested the involvement of a polyphenol oxidase enzyme system as factors of resistance at the
post-penetration stage of infection. Knowledge of the factors underlying resistance is important for
breeding programs since the different resistance mechanisms have different effects in plant
physiology and may affect plant performance and fitness in combination with other stresses
(Prats et al., 2007) or they may also influence the durability of resistance.

The goal of this study was to investigate the role cocoa pod husk thickness and moisture content,
play in the resistance of cocoa to Phytophthora palmivora.

MATERIALS AND METHODS

Experimental site: The experiment was conducted at the Cocoa Research Institute of Ghana
(CRIG), Tafo, in the Eastern region of Ghana. The plot from which the 12 cocoa genotypes used
in this study were selected was established in 2001. Cocoa trees were planted in a Randomized
Complete Block Design (RCBD) with 5 replications at 2.5x2.5 m spacing with shade trees and had
uniform and optimal cover (approximately 50% of the solar radiation pass through the canopy). No
fertilizers were applied. Regular pruning was performed on the exceeding plagictropic and
orthotropie branches, along with the removal of mistletoces and chupons. The soil at the
experimental site belongs to the forest ochroscl. The region has a bimodal rainfall pattern with an
average range between 1200 and 1930 mm. Relative humidity values of 99 to 100% are generally
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recorded at night and early morning. Relative humidity values drop to about 70% by mid-day
especially on sunny days (http://www.crig.orgfhome.php).

Cocoa genotypes: The cocoa clones used in this study represent resistant (T85/799, GU 225V,
SCA 6, LAF1), moderately resistant (MAN 15-2, [FC 5, LECTEEN 371, AMAZ 15-15) and
susceptible (VENC4-4, PA 120, MO 20 and MOCORONGO) genotypes reported in the previous
study by Nyadanu (2008). The clones represent 12 of the 25 international clone trials supported
by the CFC/ICCO/Biodiversity project being evaluated in Ghana,

Isolation of Phytophthora species from black pod infected pods from the field: Isolation
of Phytophthora species was done from naturally infected pods collected from the K-b 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
segments. The segments were then plated on carrot agar medium. All inoculated plates were
incubated for 3 days on the laboratory bench. Flates were observed daily for fungal growth from
tissue segments.

Fungal growths from tissue segments were transferred onto another carrot agar medium to
obtain pure culture of the isolated fungi. Emergent colonies were examined under light microscope
and 1dentification of the Phytophthora specie 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 FPhytophthora palmivora.

The isclate was grown on a carrot agar medium and from a ten-day-old culture, a zoospore
suspension was obtained by inundating each culture plate (9 em diameter) with 10 mL sternle
distilled water.

The zoospore suspension was then refrigerated for 25 min (5°C) and transferred into an
incubator for 25 min. The pathogenicity of the isolate was maintained by regular inoculation in the
laboratory of green mature cocoa pods followed by re-isolation on carrot agar medium.

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 labeled plastic bags. The pods were covered with cotton wool in order to avoid surface damage
which may occcur when many pods are kept together in close contact with each other. The harvested
cocoa pods were washed thoroughly with tap water and blotted dry with Whatman Number 3
paper. They were then surface sterilized with 70% ethanol.

Assessment of pod resistance to Phylophthora palmivora at the penetration level of
infection: Resistance of pod at the penetration level was assessed using the multiple-point
inoculation (Iwaro et al., 1997). The multiple point inoculation was performed on the pod surface,
in which 10 pL drops of inoculum were placed at 3 points along the ridges with a micropipette. A
distance of about 3 em was maintained between inoculated points to avoid merging of adjacent
lesions. A zoospore concentration of 200,000 per mL was used. This concentration of inoculum was
reported as optimum in similar inoculations conducted by Screenivasan (1995), Sitapai (1989) and
Okey (1996). A pod from each clone was inoculated with sterile distilled water in place of zoospore
suspension as a negative control. The 12 clones were rephcated five times with appropriate controls
and arranged in a randomized complete block design. The pods were incubated at 25°C in a
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40x80 em transparent polyethene bags. A beaker of water was kept in the bag with the mouth of
the bag closed. After 6 days, pods were assessed for the number of established lesions. The number
of established lesions on pods was used as an indication of penetration resistance. The experiment
was repeated twice,

Assessment of pod resistance to Phytophthora palmivora at the post-penetration level
of infection: Assessment of pod resistance at the post-penetration stage of infection was based on
stab incculation method (Iware et al., 1997). The area of lesion formed was used as an indication
of post-penetration resistance. For the stab inoculation, a standard injury 4 mm in size was created
on the pod surface with a cork borer. The wounded spot was inoculated with a piece of cotton wool
previously immersed in a 200,000 zoospores per mL suspension and covered with a spot plaster.,
Inoculated pods were arranged in a randomized complete block design with five replications and
incubated at room temperature in a 40x60 cm transparent polyethylene bags. A beaker of water
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. The lesion size was determined from brown
paper cutouts trimmed to the size of each lesion and was measured with a leaf area meter. The
experiment was repeated twice.

Assessment of thickness of pod husk: Pods were cut transversely at the equator to expose the
thickness of the husk using a very sharp knife. The thickness of the husk was measured using a
transparent ruler. Each pod was measured at seven different points on the ridge and furrow. Five
pods were assessed per each genotype per 5 replication to obtain a mean measurement. The
experiment was repeated twice.

Assessment of moisture content of pod husk: The percentage moisture content of the pod husk
was determined following the method of Susheelamma ef al. (1990). Five pods for each genctype
per replication were collected from the field and tissues were obtained from the pod husk at the
equator of the pod using a cork borer (18 mm diameter). The fresh weight (M1) of the tissue was
determined using an electronic balance (Mettler Toledo, Model PB3001-L,, made in Switzerland).
The tissue was then dried in an oven at 80°C for 72 h and the dry weight (Md) recorded. The
percentage Moisture content (Mc) was calculated using the formula:

_MI-Md
Ml

Mc 100

Statistical analysis: The data on number of lesions, lesion sizes, thickness of pod husk and
percentage moisture content of pod husk were subjected to Analysis of Variance (ANOVA) using
the Genstart software 10.0, after which residual plots were inspected to confirm data conformed to
normahty. MINITAB statistical software was used to perform correlation and regression analysis.
The significance of mean differences among genotypes was evaluated at p<0.05, using Duncan's

Multiple Range Test (DMRT).

RESULTS

Clonal differences in pod resistance at the penetration and post-penetration stages of
infection: Clonal differences in pod resistance at the penetration stage of infection are presented
in Table 1. There were highly significant differences (p<0.001) among genotypes for the number
of lesions on inoculated pods.
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Table 1: Mean lesion number and lesion size on pods of 12 cocoa clones after inoculation with Phytephthora palmivora

Clone Lesion No. em™2 Lesion size (cm?)
T85/799 4.40¢ 18.64°
GU 225V 5.68° 25.46°
SCA 6 2,28 12.14°
LAF1 5.62 19.92
MAN 15-2 8.24%4 58.481
IFC 5 6.00r 49.98¢
LECT 371 7.647 45.687
AMAY 15-15 8.60¢ 80.52°
VENC 4-4 10.00° 94.20¢
PA 120 10.52 140.26°
MO 20 13.40° 159.722
MOCORONGO 8.04%4 84.08°
Lsd (p<0.05) 0.58 2.63
S.e. 0.46 2.06

Values with the same letter in the same column are not significantly different (p<0.05)

Fig. 1: The spread of lesions on leaf and pod of resistant (Scaf) and Susceptible (MO 20 ) cocoa
genotypes

[t can be seen that the number of lesions on pods observed among the genotypes varied from
2.28 for SCA 6 to 10.52 for PA 120, Table 1 shows that the mean number of lesions preduced on
pods of PA 120, MO 20 and VENC 4-4 were significantly large. Significantly fewer lesions were
produced on pods of SCA 6, T85/799, LAF 1, and GU 225V,

Analysis of variance of lesion sizes obtained from the punch-incculation tests of pod indicated
that lesion sizes on pods varied highly significantly (p<0.001) among the genotypes (Table 1). SCA
6 produced the smallest lesion size. Lesions were significantly large on MO 20, PA 120, VENC 4-4,
and MOCORONGO and intermediate on MAN 15-2, [FC 5, LKCTEEN 371 and AMAY, 15-15. There
were no significant difference among the lesion sizes of T85/799, GU 225V, SCA 6 and LAF 1. Two
distinct patterns of spread of lesions were observed among the genotypes (Fig. 1a-d). In genotypes
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with relatively small lesions, such as SCA 6, necrosis was restricted predominantly within the
mesophyll and the pod husk. On the contrary, rapid spread of lesions through both mesophyll and
pod husk was observed in MO 20 resulting in very large lesions.

Clonal differences in thickness and moisture content of pod husk: There was a significant,
difference (p<0.05) among clones in thickness both at the ridge and furrow points of the cocoa pod
(Fig. 2, 3). The clones SCA 6, GU 225V, T85/799 and LAF 1 had a significantly thicker pod husk
compared with the other clones, while VENC 4-4, PA 120, MO 20 and MOCORONGO had the
thinnest. In general, the pod husk was thicker at the ridge than at the furrow in all the clones
tested. At the Furrow point however, IFC 5 and MAN 15-2 which were the selected moderately
resistant clones had thicker husk than T85/799, GUJ 225V, SCA 6 and LAF 1 which were the
selected resistant clones. At the ridge and furrow there were no significant differences among the
selected susceptible clones. These clones were grouped separately from selected resistant and
moderately resistant clones.

The moisture content of the pod husk varied significantly (p<0.05) among the clones (Fig. 4).
T85/799, GU 225V, SCA 6, LAF 1 and LECTEEN 371 had the lowest moisture content while MAN
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15-2, VENC 4-4, PA 120, MO 20 and MOCORONGO had the highest moisture content under the

same conditions.

Relationship between thickness of pod husk and pod resistance at penetration and post-
penetration stages of infection: A correlation analysis between number of lesions on pods and
the thickness of pod husk at the ridge (Fig. 5) showed highly significant negative correlation
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Fig. 9: Relationship between lesion number on pods and percentage moisture content of pod husk

{r = -0.833, p<0.05). Similarly, a highly significant negative correlation (r = -0.878, p<0.05) was
obtained between lesion size on peds and the thickness of pod husk at the ridge (Fig. 6). Lesion

number and size on pods and thickness of pod husk at the furrow displayed similar
relationship with  correlation coefficients of (r = -0.771, p<0.05) and (r = 0.857, p<0.05),

respectively (Fig. 7, 8).
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Fig. 10: Relationship between lesion size on pods and percentage moisture content of pod husk

Relationship between moisture content of pod husk and pod resistance at penetration
and post-penetration stages of infection: A highly significant positive correlation (r = 0.835,
p<0.05) was obtained between percentage meisture content of pod husk and lesion number on pods
{(Fig. 9), suggesting that maoisture content of cocoa pod husks can be used for the prediction of
resistance in pods at the penetration level of infection. A similar relationship was observed
between moisture content of pod husk and lesion size on poed with correlation coefficient of
(r =0.826, p<0.0b) (Fig. 10).

DISCUSSION

(enerally the genotypes were observed to vary significantly in their reactions at the
penetration and post-penetration stages of Phytophthora palmivora infection. With all the
genotypes planted under the same environmental conditions the observed variations could probably
be genetic. This finding is in agreement with the results of Tan and Tan (1990) and Simmonds
(1994) who have also observed similar variations in their studies on the resistance of cacac
progenies to Fhytophthora palmivora. Such large genetic variations have also been noted by
Blaha and Latode (1997), Nyasse ef al. (1994) and [waro et @l. (2005) who reported that there were
significant  differences among cacao genotypes after inoculation of detached pods with
Phytophthora palmivora. The findings also agrees with the observations of Djocgoue et al. (2006)
and Akaza et al. (2009) who also reported significant differences in levels of resistance between the
genotypes of cocoa progenies. Ahmed ef @l (2006) also observed similar findings in reaction of
chickpea to Ascochyta blight following detached leaf and whole-plant inocculation with an
aggressive isolate of Ascochvia rabier.

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.

Tosa and Shishiyama (1984) reported that attacked cells may prevent fungal penetration by
forming cell wall appositions named papillae. It has also been reported by Carver and Carr (1978)
that resistance mechanisms acting after haustorium formation lead to a restriction of nutrient flow
to the pathogen, restricting the number of secondary, tertiary ete haustoria, colony size and
number of conidiosphores. Ponmurugan and Baby (2007) also observed that growth characteristics,
physiological and biochemical parameters were reduced significantly in infected plants rather than
healthy plants. However, the reduction was more prominent in susceptible cultivar than in tolerant
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ones. The reduced lesion number and lesion size observed in SCA 6, T85/799, LAF 1 and GU 225V
might be explained by these penetration and post-penetration resistance mechanisms.

The significant negative correlation between thickness of pod husk and lesion number and size
indicated that genotypes of cocoa with thicker pod husk tended to be more resistant than genotypes
with thinner pod husk based on infection of Phytephthora palmivora. Therefore, pod husk
thickness is an important resistant factor that needs to be incorporated into breeding lines
for resistance to Phytophthora palmivora. This finding supports the observations of
Bong and Lee (1996) who reported thickening of cell wall of callus cells of clones resistant to
vascular streak dieback in cocoa. Puttha et al. (2008) also reported relationship between peanut
bud necrosis virus resistance and some agronomic traits in peanut. They observed that PENV
susceptibility is somewhat associated with larger seed and might hinder the progress of breeding
for large-seeded peanut with resistance to PBINV. Future research will address whether increasing
pod husk thickness is correlated with factors that determine the strength of the pod husk, such as
lignin content, which may inhibit lesion movement. The significant positive correlation between
lesion number and size on pods and percentage moisture content of pod husk indicates that
genotypes of cocoa with lower percentage moisture content tended to be more resistant than
genotypes with higher percentage moisture content of pod husk. The cocoa genotypes with thicker
pod husks would encounter thicker endocarp than genotypes with thinner pod husks, which may
explain why cocoa genotypes with thicker pod husk had lower moisture content. The susceptibility
of cocoa genotypes with high percentage moisture in pod husk to Phytophthora indicates that the
high moisture content favours the growth of the fungus. These results support those of
Okey (1996), Bertrand et al. (1976) and Tippett and Hill (1883) which showed a positive correlation
between bark moisture content and level of canker susceptibility. Clones which had high maisture
content were found to be more susceptible while those with low moisture content were less
susceptible to Phytophthora palmivora stem infection.

Of the clones investigated, only the susceptible clones (PA 120, VENC 4-4, MO 20 and
MOCORONGO) had a higher percentage maoisture content and thinner pod husk. The grouping
of susceptible clones in this manner suggests that they might be genetically related in terms of
these characteristics.

The strong relationship between lesion size and percentage meisture content of pod husk in
Fig. 10 especially at the lower end of the scale, suggests that percentage moisture content may
predict moderate to high levels of resistance at the post-penetration levels of infection. The inability
to predict accurately the level of susceptibility, indicated by a level of scattering at the upper
extreme may indicate that following initial entry other factors may be involved in the successful
establishment of infection point. This agrees with observations of Agrios (1998) which stated that
other modes of penetration could be attributable to chemical stimuli emanating from stomata,
wounds, scars and the base of the epidermal hairs. Penetration in these areas could also be due to
physical stimuli related to the structure of the stomata, epidermal hairs and the nutrient gradient.
present in wounds or scars.

The study identifies SCA 6, GU 225V, LAF 1 and T85/799 as useful sources of resistance at the
penetration and post-penetration stages of infection. These clones had relatively lower moisture
content and thicker pod husks. These clones combine both penetration and post-penetration
resistance and so are valuable source of resistance for cocoa breeding programmes.

In conclusion, our results suggest that thickness and lower moisture content of pod husk are
factors involved in resistance to Phytophthora pod rot in the cocoa genotypes assayed. However,
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these cannot completely explain the resistance observed, suggesting that other cocoa pod
characteristics (phenolic compounds, lignin content and wax composition) are also functioning in
the resistance to Phytophthora pod rot caused by Phytophthora palmivora.
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