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Abstract: The black pod disease caused by P. megakarya 1s responsible for about 30% of cocoa production
loss in Cameroon and Polyphenoloxidase (PPO), which contribute to plant resistance, were analysed in
response to stress due to cocoa pod inoculation by mycelium of Phyvtophthora megakarya. Two cocoa plant
(Theobroma cacao) hybrid families (F79: 2T79/467 x & SNK13; F13: 2 SNK13x & T79/467) were used in this
study. Quantitative and qualitative analyses of the specific activities of PPO m the healthy, scarified and
moculated pods were realised in function of the productivity and the necrosis surface. Finally the study of the
resistance transmission of PPO vis-a-vis P. megakarya from parents to offsprings was also performed. Tn the
ionically bounded (T) fractions, the increase in the activities of PPO is correlated with tolerance rate of
genotypes within the two hybrid families. Heritability of the reciprocal crossing of the PPO activities is ugher
for the (1) fractions (0.88 for F79 and 0.83 for F13) and do not show any sigmficant difference for the two families
suggesting the absence of a maternal effect. The use of PPO as a biochemical marker has permitted to reveal
that the bonded PPO are more heritable than the soluble ones and these bonded PPO are seemingly good
indicators of the resistance. Over all, the present study has enabled to classify the different groups of
genotypes as tolerant and less tolerant and so, a large scale distribution of the tolerant and productive
genotypes to cocoa farmers will be beneficial.
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INTRODUCTION

The cocoa plant (Theobroma cacao) 15 a humid
tropical forest crop, originated from East and Central
America (Wood and Lass, 2001; Motamayor et al., 2002,
Niemenak ez al., 2010). Tt is a cash crop for most tropical
countries such as Brazil, Ghana, Ivory Coast and
Cameroon. The mean anmual world production of cocoa 1s
10.6 billion dollars (ICCO, 2010). The plant is a source of
revenue for most Cameroon farmers. However, black
pod disease caused by Phyiophthora megakarya
which 18 one of the most aggressive pathogemic agents of
this plant, is responsible for high losses in the whole

world. Those losses generally range from 20 to 30%
but might attain 80% in some Central African Countries
(Pokou et al., 2008). The losses can reach 100% of the
total ammual production if no proper measures of control
are taken (Ndoumbe-Nkeng et al, 2004). Even if the
chemical fight against black pod disease is effective, it still
remains difficult, expensive and 1s a short term process for
management of cocoa plantations. The use of tolerant and
productive genotypes is cheaper for the farmer and does
not pose any ecological problems related to the use of
pesticides.

Studies dedicated to the observation of cocoa pods
infection by P. megakarya in the farm reveal the existence
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of  genetically heritable  partial  of tolerance
(Djocgoue et al, 2006). The field observation of the
genotypes performances under natural or artificial
mfection conditions and leaf or pod imoculation has
enabled the identification of tolerant genotypes
(Nyasse et al., 2002; Djocgoue et al., 2006). The world
cocoa production comes mainly from hybrid genotypes.
In effect, the lughest world producers of cocoa are those
that use the highest hybrid rate in the regeneration of
plots. This rate is 76% for Indonesia, 69.2% for Ivory
Coast, 96% for Malaysia, 63.2% for Ghana, 25.1% for
Cameroon and 17.4% for Ecuador. Those hybrid varieties
have high production and environmental adaptation
capacities due to the additive effect of parent genes and
can be used on a large scale (Talu et al, 2000
Djocgoue et al., 2006, Boudjeko et al., 2007).

One of the priority objectives for cocoa farming in
Cameroon is the selection of genotypes which are less
vulnerable to black pod disease. Nevertheless, the rate of
cocoa pods attack ranges from one genotype to another.
Nyasse et al. (2002) have proven the existence of a
correlation between cocoa resistance
P. megakarya and the development of the lesion on
cocoa pods obtained through artificial inoculation of the
pathogenic agent by the lesion surrounded by living cells

vis-a-vis to

which have become resistant to microorganisms. Those
cells have their cell walls reinforced by a layer of cellulose,
ligmn and other phenolic compounds (Houst et al., 2002,
Majourhat et al., 2002). Numerous enzymes are activated
notably Phenylalanine Ammonialyase (PAL), Peroxidases
(Pox) and polyphenoloxidases (PPO), numerous
biochemical pathways are stimulated and secondary
metabolism increases. All these reactions constitute the
hypersensitive response. It occurs after the regeneration
of the pathogenic agent in the resistant plant. The PPO
(EC.1.14.18.1) are actively mvolved m the defence
mechanism of the plant against microbial and
viral  infections as well as unfavourable climatic
conditions (Constabel ef ai., 2000, Housti et al., 2002,
Wititsuwannakul ef af, 2002). According to
Omokolo et al. (2003), a sensitive increase in PPO
activities simultaneously with lesion formation infection
hypersensitive pods of P. megakarya was observed. The
mncrease 1n this activity portrays the action of PPO 1in the
oxidation of phenols for the production of quinones
constituting therefore a molecular base for the resistance
acquired by the plant m response to elicitines and
proteinic  signals  emitted by the pathogemic agent
(Herger and Klinghauf, 1990; Schneider and Ullrich, 1994).
The PPO contributes to plant resistance by producing
hydroxyphenols and quinones which are bactericide and

fungicide  compounds  capable of undergomg
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polymerization. Moreover, they are involved in the
oxidative detoxification of phytotoxins produced by
pathogens (Vaughn et al., 1988). The PPO catalyse the
oxidation of phenols to O-quinones which react with
amino acids and proteins. The latter, after polymerization,
give rise to complex compounds which are responsible
for the black pods in tissues (Colak et al, 2005,
Schweiggert et al., 2005).

In the present study, the assessment of heritability of
polyphenoloxidasic activities in the resistance of T. cacao
vis-a-vis P. megakarya was done; the quantitative and
qualitative analyses of the specific activities of PPO in the
healthy, scarified and inoculated pods was also realised
in function of the productivity and the necrosis surface;
finally the study of the resistance transmission of PPO
vis-a-vis P. megakarya from parents to offsprings was
also performed. The results obtained enabled to classify
the different groups of genotypes as tolerant and less
tolerant.

MATERIALS AND METHODS

The present mvestigation was carried out in the field
laboratory of the Department of Biological Sciences, High
Teacher’s Training College, University of Yaounde T in
Cameroon during the period from May 2007 to October
2009,

Plant material: The plant material derived from the
experimental station of the Cocoa Development
Corporation (SODECAOQ) 1s constituted by 3-month-old
cocoa pods that belong to two parental clones
(the sensitive and productive SNK13, Trinitario group, a
tolerant and less productive T79/467, Forastero group) as
well as their hybrid progenies organized within the F13
(?SNKI13xgT79/467) and F79 (?T79/467xFSNK13)
populations. The fungal material is a local isolate of
P. megakarya (TA121) obtained from the Research
Institute for Agricultural Development (IRAD) of
Nkolbisson (Yaounde, Cameroon).

Cocoa pods inoculation: The apparently healthy pods
were harvested, washed with tap water, sterilized with 70°
alcohol and divided in three groups. The first group
consisted of healthy pod, second group of pods scarified
and inoculated with sterilized agar disk, third group of
pods scarified and inoculated with an agar disk
containing P. megakarya mycelium obtained from 7-day-
old PDA culture medium and incubated at 25-26°C in the
dark in a humid chamber. The measurement of the
necrosis surface area was done m 3, 4, 5 and 6 days after
inoculation. The diameters of the more or less circular
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necrotic spots were measured and the surfaces calculated
using Blaha and Lotede (1976) formula.

Estimation of the heritability: For the different parameters
measured, heritability has been estimated according to
Falconer (1974). This estination was done by the
regression slope between means of parents and means of

progeny.

Genotypic identification for biochemical analysis: The
parental and hybrid genotypes were identified for
biochemical studies such as tolerant and productive
(F1307, F1314, F7902, F7928), tolerant and less productive
(F1315,F1313,F7926, F7907), less tolerant and productive
(F1324, F1308, F7915, F7919) and less tolerant and
less productive (F1321, F1326, F7904, F7911)
(Djocgoue et al., 2010).

Preparation of crude enzyme extracts: At day 6 after
moculation, cortex samples were collected at 1 cm beyond
the necrosis for biochemical analysis. Samples from pods
of the same genotype and of the same treatment were
combined and stored at -20°C until analysis.

For extract soluble PPO, 50 mM Tris-maleate buffer
pH 7 containing 0.5 M mannitol was added to the original
powder in the proportion 3:1 (v:w), stirred for 2 min and
incubated at 4°C for 1 h and then centrifuged at 6,000 g for
30 min. The supernatant contaiming soluble PPO was
collected and kept at -20°C until measurements. Tonically-
bound PPO fraction was obtamed by mixing the
residue in 10 mM Tris-maleate buffer pH 7 containing
1 M NaCl The homogenate was incubated at 4°C for
1 h and then centrifuged at 6,000 g for 30 min
(Mbouobda et al., 2010).

Enzyme assay and protein determination: Enzyme
activities were analysed in both soluble and ionically-
bound fractions since their relative activities depend on
the physiological state of the cells.

Assay of PPO was carried out using catechine as
substrate. The standard assay contained 70 ul. of the
enzyme extract and 3 mL of 0.66 M phosphate buffer
pH 7. The mixture was transferred quickly in a cuvette
after adding 0.3 mL catechine 10 mM and the increase in
absorbance at 330 nm over a 30 s period was determined
using a spectrophotometer (UJ-2000 Hitachi). Enzyme
activity is expressed as change in absorbance:
Absorbance 30 s™' g~' fresh weight.

Proteins contents were estimated according to
Bradford (1976). All the concentrations mdicated are final
concentrations in assay media.

Specific activity was estimated by the ratio of enzyme
total activity over quantity of total protein.
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PAGE gel were
analysed by PAGE under non-reducing conditions.

Acrylamide (12 and 5%) was used for the resolving and

staining: Tsopolyphenoloxidases

stacking gel, respectively. Basic gel buffer was 0.4 M
Tris pH 8.8 and the electrode buffer 0.03 M Tris,
0.2 M glycine pH 8.6. Samples contained about 20 pL
protemns and 10% (v:v) glycerol. The gel was run at 4+1°C
at a constant voltage (300 V) for 10 h and then stained in
100 mM sodium  acetate buffer pH 5, 10 mM
catechine and 5 mM DL DOPA for 30 min
(Mbouobda et al., 2010).

Statistical analysis: Data from this study are presented in
the form of Means+SD, for at least three mdependent
experiments during three trips. Three
measurements were recorded for each campaign. Analysis
of Variance (ANOVA) and Duncan test were used to
compare the susceptibility
polyphenoloxidasic activities of better progenies
resulting from different crosses to access hybrid vigour,

successive

levels and

using SP3S 12 version for Windows. The p-value less
than 0.05 was considered significant. Hierarchical
classification were performed with SPAD version 4.1

windows software.
RESULTS

Soluble PPO

Variation in specific activities of the soluble PPO: The
specific activities of soluble PPO m the healthy pods 1s
high in the F1314 hybrids (108.42+1.70 IU mg ' of
protein), F7902 (111.08+2.94 TU mg ™" of protein) and F7907
{108.36+7.70 TU mg~"' of protein) (Table 1). Under lesion
condition, the specific activity of the soluble PPO
increases in almost all the genotypes where it varies from
20 to 480%, except the F1314 hybrid where it decreases of
5% inthe F13 (Table 1). Inthe F79 family, it also increases
in almost all the genotypes varying from 10 to 48%
except few genotypes (F7926, F7907 and F7902) which
indicates a decrease from 2% to 10% (Table 1). Under
inoculation condition the specific activities of the
soluble PPO m the F13 increases m almost all the
hybrids and ranges from 4 to 438% (Table 1). Instead, in
the F79 family, it increases in all the genotypes and
varies from 11 to 135% (Table 1). At 95% of the
homogeneity, the direct hierarchical classification of the
genotypes obtained from the soluble PPO specific
activities of the healthy, scarified and inoculated pods has
enabled to distinguish four groups for each of the
offsprings.
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Table 1: Variation of the specific activity of soluble PPO (IU mg™ of
protein) in the mesocarp of parental and hybrid cortex

Table 2: Variation of the specific activity of bonded PPO (U mg™* of
protein) in the mesocarp of parental and hybrid cortex

Traitements Traitements
Genotypes Healthy Scarified Inoculated Genotypes Healthy Scarified Inoculated
Parents Parents
SNK13 145.14+2.84¢g 137.4246.30e 59.24+1.90a SNK13 62.14+1.56cd 177.4242.36¢ 49.86+0.80a
T79/467 109.70+1.80e 11842+11.0cd 123.86+3.16¢c T79/467 54.09+1.36ab 80.38+2.70b 134.76+2.44¢
F13 F13
F1307 17.00+0.98a 68.4442.42a 125.66+3.18¢ F1307 75.84+1.88F 78.92+2.12b 149.98+5.48f
F1314 108.42+1. 70e 102.82+4.1b 113.3240.32b F1314 57.32+0.98bc 78.60+0.54b 147.22+£2.36F
F1315 21.40+1.30a 124.3042.00d 127.02+2.12¢ F1315 71.1245.18ef 101.9642.86e 167.38£3.10g
F1313 40.76+1.54b 98.50+2.44b 116.74+1.36b F1313 66.02+1.08de 110.90+2.82f 145.36+1.32f
F1324 T4.04+3.36¢ 92.99£1.26b 115.98+01.18b F1324 63.28+6.58¢cd 55.90+2.04a 114.40+£0.94d
F1308 85.58+0.72¢ 92.58+7.94b 125.12%1.22¢ F1308 68.601.50de 86.66+2.10c 96.82::0.64¢
F1321 93.56+5.24d 112.76%1.54¢ 125.90+3 46¢ F1321 50,724 54a 94.5043.70d 100.3243.10¢
F1326 98.08+3.78d 118.10+1.98cd 138.24+2.84d F1326 72 34+4 50ef 78.94+5.42b 00.2241.46b
Parents Parents
SNK13 145.14+2.84F 137.4246.30e 59.24%1.90a SNK13 62.14+1.56e 177.42+2.36¢ 45.86+0.80a
TT79/467 109.70+1.80de 118.42+11.0d 123.86+3.16¢cd T79/467 54.18+1.66d 80.38+2.70b 134.76+2.44F
F79 F79
F7902 111.08+2.94e 99.48+0.84bc 123.78+2.24cd F7902 51.36=2.24¢cd 45.20+0.70b 152.74+4.14g
F7928 97.64+7.18¢ 107.56+2.94¢ 123.30+0980cd  prong 48.520.82abc $4.26:£4.08b 149.344:3.26g
F7926 97.74+5.38¢ 95.66+0.56h 120.76+1.14bc F7926 44.80+1.20ab 120.38+1.34¢ 152.96+5.72¢g
F7907 108.36+7. 70de 102.1£1.52bc 124 5644, 16cd F7907 48.72+1.66bc 132.48+10.78d 151.68+3.06g
E7915 94.58£3.04c 103.17£3.95bc  122.68%1.64c F7915 128.59:6.68g 132.78+9.86d 107.96£1.24¢
F7919 100.84£6.30cd  111.30£3.02d - 1364242.04e - g g 59.60+2.84¢ 111.90412.84c  102.06:2.50d
F7904 53.90+7.58a 80.30+3.46a 127.20+4.18d Fro04 20,0442 185 80,6611 98b 03,0857 3¢
F7911 56.62::0.66h 80.16+1.96a 137.8612.58¢ Fr011 13 6423 468 587447 0Sa 75,4443 00b

Values following by the same letter within column are not significantly
different (p<0.05)

The first group of F13 offsprings 1s constituted by the
parent SNK13. The second group 1s constituted by the
T79/467, F1321, F1326 and F1314 which have a high
soluble PPO specific activity. The third group 1s made up
of F1324, F1315 and F1313 with an average specific
activity of soluble PPO (Fig. 1a). Inthe F79 offsprings, the
first group is composed of the SNK13 genotype. The
second one is constituted by F7904 and F7911. The third
group 18 made up of F7915, T75/467 and F7919 genotypes
having a high soluble PPO activity. The fourth group is
constituted by F7928, F7907 and F7902 having a high
soluble PPO specific activity (Fig. 1b).

Heritability of specific activities of the soluble PPO:
Heritability proper (h%) is estimated by the slope of the
regression between the means and the performances of
the parental genotypes and those of the progenies due to
the specific activity of the soluble PPO (Fig. 2). The
heritability value obtained in the F79 (2 Ty SNK,5) is
similar to that obtained in the FI13 family
(® SNK ;%' T 5467)- Those values are respectively 0.60 and
0.52. There is a strong correlation between the specific
activities of the soluble PPO of the parents and those of
the progenies (Fig. 2).

Analysis of soluble PPO profiles: The electrophoretic
profiles of the soluble fraction presents one PPO 1soform

Values following by the same letter within column are not significantly
different (p<0.05)

of the frontal ratio (Rf = 0.24) in the parental genotypes
(SNK13 and T79/467) and in the F13 and F79 families

under healthy, scarified and moculated conditions (Fig. 3).

Bonded PPO

Variation in specific activities of the bonded PPO: The
specific activity of the bonded PPO in the healthy pods 1s
high in the F1307 (75.84+1.88 ITUmg ™" of protein), F1315
(71124518 IU mg ' of protein), F1326 (72.34+4.50
IU mg™" of protein), F7915 (128.59+6.68 IU mg~" of
protein) and F7904 (70.04 £2.18 TU mg™"' of protein)
{(Table 2). Under scarified condition, the specific activity
of the bonded PPO increases almost in all the genotypes
ranging from 4% to 86% in the F13 family (Table 2). On the
contrary in the F79 family, it increases in all the hybrid
genotypes and this increase ranges from 3% to 180%.
Under moculation condition in the F13 family, the specific
activity of the bonded PPO increases in all the hybrids
fluctuating between 24% and 156%. In the F79 family, the
specific activity also increases in practically all the hybrid
genotypes, except that of the F7915 where it drops by
16% (Table 2).

At 95% of homogeneity, the direct hierarchical
classification of the genotypes obtained from the specific
activities of the bonded PPO of healthy, scarified and
inoculated pods enabled to respectively differentiate four
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Fig. 1(a-b). Direct hierarchical classification of genotypes of the F13 (a) and the F79 family (b) in relation to the specific
activities of the soluble PPO
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Fig. 2(a-b): Estimation of the heritability proper (h*) of the soluble PP activities in the (&) F13 family and (b) in the F79

family
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Fig. 3(a-b). Electrophoretic profiles of soluble PPO in the cortex of the parental and hybrid pods submitted to different
treatments (healthy, scanfied and inoculated). A: Healthy SNK13; B: Scanfied SNK13; C: Inoculated SNK13;
D : Healthy T79/467; E: Scarified T79/467; F: Inoculated T79/467; G: Healthy F1321; H: Scarified F1321; T:
Tnoculated F1321. T: Healthy F1324; K: Scarified F1324; 1.: Tnoculated F1324; M: Tnoculated F1307; N:
Inoculated F1315; O: Inoculated F1319; P: Inoculated F7902; Q: Inoculated F7911; R: Inoculated F7926
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Fig. 4(a-b). Direct hierarchical classification of genotypes of the F13 family (a) and the F79 family (b) with respect to the

specific activities of the bonded PPO
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Fig. 5(a-b): Estimation of the heritability proper (h*) of the specific activities of bonded PPO in the F13 family (a) and in

the F79 family (b)

and three groups for the F13 and F79 families. The first
group of the F13 family 15 constituted by the SNKI13
parent. The second one 1s constituted by the T79/467
parent, F1314 and F1321 genotypes which have an
average specific activity of bonded PPO. The third group
1s constituted by F1326 and F1324 genotypes which have
a low specific activity of bonded PPO. Finally, the fourth
group is constituted by F1313, F1315 and F1307
genotypes which have a high specific activity of bonded
PPO (Fig. 4a). In the F79 family, the first group 1s
constituted by the SNK13 and F7915 hybrid having an
average specific activity of bonded PPO. The second
group encloses the F7911 and F7904 genotypes which
have a low specific activity of bonded PPO. The third
group includes the T79/467 parent and the F7907, F7926,

F7928 and F7902 having a high specific activity of bonded
PPO (Fig. 4b).

Heritability of specific activities of the bonded PPQ: The
heritability proper (h®) is estimated by the slope of the
regression between the means of the performances of
parental genotypes and those of offsprings due to the
specific activity of the bonded PPO (Fig. 5). The
heritability value obtained in the F79 family
(9T o5ux"SNK ;) 18 similar to that obtained in the F13
family (?SNK,;x'T). Those values are respectively
0.91 and 0.82. There is a strong correlation between the
specific activities of the bonded PPO of parents and
those of the progemes of the F13 family. This
correlation 1s stronger between the specific activities
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Fig. 6 (a-b): Electrophoretic profiles of bonded PPO in the cortex of parental and hybrid pods at the different treatments
(healthy, scarified and inoculated). A: Tnoculated F1324; B: Tnoculated F1321; C: Healthy F1315; D: Scarified
F1315, E: Inoculated F1315; F: Inoculated SNK13; G: Inoculated T79/467; H: Scarified T79/467, 1. Healthy
T79/467; I. Inoculated F1307. K: Inoculated F7911; L: Inoculated F7926; M: Inoculated F7919; N: Inoculated

F7902

of the bonded PPO of parents and those of progenies of
the F79 family (Fig. 5).

Analysis of bonded PPO profiles: The electrophoretic
profile of the bonded fraction shows three PPO 1soforms
in the F13 family and one in the F79 family. The parental
clone SNK13, sensitive and productive under moculation
reveals two 1soforms of frontal ratio (Rf =011 et 0.31). In
the parental clone T79/467, tolerant and less productive
under healthy, scarified and moculated conditions, two
isoforms of frontal ratio (Rf = 0.11 and 0.28) are
respectively observed. In the F13 family, the F1307
genotype more tolerant and more productive presents
three isoforms of frontal ratio (Rf = 0.11; 0.28 and 0.31)
under conditions of inoculation. On the contrary, in the
F1315 genotype less tolerant and more productive under
healthy, scarified and moculation conditions, there are
two respective observables isoforms of frontal ratio
(Rf = 0.11 and 0.28). In the F1324 genotype less tolerant
and more productive under inoculation cendition,
there 1s one 1soform (Rf = 0.11). In the F1321 less
tolerant and less  productive under moculation
condition, there 1s also one isoform (Rf = 0.11). In the
F79 family under inoculation condition one isoform
of frontal ratio (Rf=0.21;0.21; 0.21 and 0.21) for the
F7902 genotype more productive and more tolerant, F7926
more tolerant and less productive, F7919 less tolerant and
less productive and F7911 less tolerant and less
productive was observed, respectively (Fig. 6).

DISCUSSION

Pathogens infections are a major limiting factor in
plant production and fungi are known as the most causal
pathogens on plants and particularly on cocoa plant
(Ammar and El-Naggar, 2011, Djocgoue et af., 2010},
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Valizadeh et al, 2011, Moradi and Jafarpour, 2011,
Moradi, 2011). The identification of tolerant and
productive cocoa genotypes 1s a crucial step towards
achieving the objective of the economic control
Tolerance m this case can be defined as the ability of a
genotype to produce a good crop even when 1t 15 infected
with a pathogen Nevertheless, different sources of
resistance are recommended for enhanced the durability
of resistance (Ochola and Tusume, 2011; Aliyu and
Balogun, 2011). The main goal of the present study was to
analyse the heritability of the soluble and bonded PPO in
the cortex of healthy, scarified and moculated pods of
parental clones SNK13 and T79/467 and hybrids resulting
from the reciprocal crossing of ?SNK xdT,.; o
function of the productivity and the resistance of cocoa
pod vis-a-vis P. megakarya.

The main results show that among the healthy plants,
the parental clones and 75% of the hybnd genotypes
have specific activities of the high PPO with respect to
those m the F1315, F1313, F7904 and F7911 genotypes in
the soluble fractions (3). Those activities are high in the
genotypes of the within the bonded fractions (I). There 1s
a remarkable mcrease n those activities under conditions
of scarification. However, this increase 1s more significant
for a majority of the genotypes under conditions of
inoculation in the soluble and bonded fractions. In the (S)
fractions, this mcrease 1s more pronounce mn the F13
family where one notes a 638% mcrease. On the contrary
1n the (I) fractions it 13 more mmportant in the F79 family
where one observes a 241 % ncrease. Nevertheless, there
1s no correlation between the increase rate and PPO
activities, the productivity and tolerance of the genotypes
in the (3) fraction, contrary to those of the (I) fractions
where an increase i PPO activity 1s correlated with the
degree of tolerance of the genotypes within the two
hybrid families. Those results are in agreement with those
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published by Kim et al. (2001), Constabel ez al. (2000),
Wititsuwannakul et al. (2002), Omokolo et el (2003) and
Dogbo et al. (2007, 2008) who measured the activity of
PPO after lesion and/or elicitation. They revealed that the
PPO was implicated in numerous functions, among which
the defence mechanism of plants against pathogenic
agents.

The parental clone T79/467 and all the hybrid
genotypes were strongly stimulated by the P. megakarya
in the (S) and (T) fractions apart from the parental clone
SNK13 and the hybrid genotype F7919 in the (T) fraction.
The PPO activity after the inoculation of the plants with
P. megakarya proves their implication in the defence
reactions of the plants. The works of some authors agree
with this hypothesis. Tn effect, abiotic and bictic effect
can activate new proteins as chitinases and other
pathogenesis-related proteins and activate many of
enzymes which have a role of disease resistance
(El-Hersh et al., 2011). The activity of the PPO assessed
in the cocoa pods at different treatment conditions has
enabled to confirm the increase in this activity under
lesion conditions and a more significant increase under
conditions of inoculation in practically all of the
genotypes. The more tolerant and more productive hybrid
genotypes (F1307, F1314, F7902, F7928) and the more
tolerant genotypes (F1315, F1313, F7926, F7907) with
respect to the best parent in the bonded fraction
accumulate a greater quantity of PPO activity in the (T)
fraction with small necrotic lesion surfaces thus
implication of PPO in the resistance of the plant.
Those results are in conformity with those reported by
Chen et al. (2000).

As concerns heritability, the PPO activity values
obtained in the (3) fraction of the F13 (2 SNK ;xFT j0u47)
and in the F79 family (2 Try,.x 'SNK,;) are relatively low.
They are respectively 0.6 and 0.52. On the contrary,
although quite similar in both families, those values are
high in the (T) fractions and are respectively 0.91 and 0.82
in the F13 and the F79. Those high values in the (T)
fractions are evidence of a strong additive variance in the
transmission of resistance character to black pod disease.
Those results are contrary to those documented by
Djocgoue et al. (2007) in the same plant. The
manifestation of hybrid vigour and PPO heritability values
which have been inherited by the offsprings is an
indication of a good general aptitude to parental clone
combination and suggest that these results may be under
the control of additive gene action. This agrees with
the report of Denton and Nwangburuka (2011) and
Parthiban et al. (2011) who showed that the characters of
plant height at maturity, total weight of fruits per plan are
under the influence of additive gene effect. Whatsoever
the studied fraction, the absence of a significant
difference between the heritability values of reciprocal
crossing portrays the absence of parental heritability.
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This observation suggests that heritability of the PPO is
nuclear and non-cytoplasmic. Such observations have
already been reported by Djocgoue et al. (2007) studying
phenolic compounds on T. cocoa leaves.

The results in the present work generally reveal that
the PPO are present both in the healthy pods and the
treated ones; they are thus constitutive and have no
significant correlations neither with the sensitive
P. megakarya nor with the productivity. This suggests a
regulation of the expression of this enzyme during the
development of the pod. These results are in agreement
with those published by Yedidia et al. (2000) after the
inoculation of cucumber roots with Trichoderma
harzynum;, Kasran et al. (2000) after moculaton of
T. cacao with Onchobasidium  theobromae and
Omolcolo et al. (2003) after the inoculation of 7. cocoa by
P. megakarya.

The PPO electrophoretic profiles show that the
increase in their activity after inoculation is due not only
to the synthesis of new isoforms but mainly to the
activation of pre-existing forms. The isoforms (F1307) and
(T79/467) of the soluble fractions might be directly related
to the resistance. As concerns the other hybrid
genotypes in the soluble and bonded fractions, the
increase in activity of the PPO can be attributed to an
activation of pre-existing forms. The increase in PPO
activation contributes generally to the creation of a
fungicide environment often associated with stress
(Yedidia et al., 2000). The reduction of those activities in
the tissues might lead to a reduction in oxidation of
metabolites which are toxic to the pathogen. This agrees
to the report of Gorji et al. (2011). Those biochemical
changes involve the capacity of the plant to stimulate the
pathway of the phenylpropanoids.

CONCLUSION

Heritability was examined in healthy, scarified and
inoculated pods. In the (S) fractions, the PPO activity is
correlated neither to the sensitivity nor to the productivity
of the different genotypes. But in the (I) fractions, the
productive and tolerant genotypes (F1307, F1314, F7902
and F7929) and the tolerant and less productive
genotypes (F1315, 1315, F7926, F7907) show high PPO
proportions after inoculation. Nevertheless, in the same (T)
fractions, the less tolerant and productive genotypes
(F1324, F1308,F7915, F7919) and the less tolerant and less
productive genotypes (F1321, F1326, F7904 and F7911)
display low PPO proportions after inoculation. The PPO
heritability assessment enables, on one hand, to reveal
that the PPO m the (S) fractions are less heritable than
those obtained in the (T) fractions and on the other hand,
to believe that the PPO in the (I) fractions is a good
indicator of resistance. Over all, the present study has
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enabled to classify the different groups of genotypes as
tolerant and less tolerant and so, a large scale distribution
of the tolerant and productive genotypes to cocoa farmers
will be beneficial.
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