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It is not possible to distinguish rapidly and reliably between planting materials for
their field performance in relation to different species of Phytophthora by
observing natural infection in the field. Indeed, to obtain reliable data from nat-
ural infections, it is necessary to set up field trials with appropriate statistical
designs, wait for the first sample yields (around four years after planting),
then collect at least four years' data on natural infections accurring in the field. It
thus takes eight years to obtain a more or less reliable classification of genotypes
and parents for mating designs. Regionalized effects may also disrupt the reliability
of results during assessments under natural infection conditions, and attack rates
are not always sufficient, notably with P. palmivora, to obtain contrasting results
on the planting material being tested. For these reasons, researchers have
attempted to develop tests to assess differences in resistance between geno-
types—clones or crosses as effectively as possible. Such tests involve artificially
inoculating different organs of the plants being tested. Among the organs tested,
particular attention has been paid to pods, the organs targeted by the disease, and
leaves, which are available from a very young age.

One of the aims of this project was to develop an early, reliable test of resistance
to the disease. After describing the pod test, we shall go on to see how the
resistance test using leaf discs was developed. The protocol is described, and the
adjustments that are made, depending on selection objectives and on the popu-
lations undergoing selection, are then discussed.
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In 1967, Medeiros recommended carrying out simultaneous inoculations for the
same tree on pods left on the tree and on pods that had been removed. In such
cases, the field had to be near the laboratory, so that all the pods could be
inoculated with the same inoculum possessing equivalent viability. In such a
context, it can also be difficult to find enough pods to carry out both types of
inoculation on one tree.

Testing pods still on the tree also means that any fungicide treatment is impossible
in the plot for the duration of the assessment.

Prendergast (1965) used an assessment method involving square pieces of pod
(5 cm x 5 cm) from the equatorial zone of mature pods. The blocks were
inoculated with a zoospore suspension. The criterion studied was the successful
infection rate. Spence and Bartley (1966), along with Rocha and Vello (1971),
also used this method, which gave results similar to those obtained with inocu-
lations on detached pods without wounding; using pieces of pod made it possible
to test a larger number of replicates.

PODS INOCULATED WITH OR WITHOUT WOUNDING

Pods were wounded, by removing the epidermal barrier, so that the pathogen
could penetrate the tissues. This was generally carried out by making a
circular hole of standard diameter and depth in the pod cortex. The inoculum,
consisting of a fragment of infected pod (Turner, 1963), or a pure Phytoph-
thora culture disc (Spence, 1961a, 1961b; Prendergast, 1965; Tarjot, 1965)
was then inserted into the hole. The criterion observed for cortex tissue reaction
to this type of inoculation was the size of the patches developing several days
after inoculation (Turner, 1963; Prendergast, 1965; Tarjot, 1965), or an estima-
tion of the degree of sporocyst production (Turner, 1963).

Some authors (Orellana, 1953a,b; Wharton, 1957; Tarjot, 1967a,b) showed that it
was preferable to assess pod resistance to Phytophthora on unwounded pods.
Indeed, the disease developed immediately after wounding, but when the epidermis
remained intact, an incubation period was necessary before infection symptoms
could be seen (Tarjot, 1967a). In addition, the pods of certain clones became sus-
ceptible after wounding, whether attached or detached: SIC 28 (Thorold, 1955),
P 7 (Prendergast and Spence, 1967); SIC 802 and 848 (Rocha and Mariano,
1969). Wounding therefore appeared to favour the pathogen by eliminating one of
the essential elements of fruit resistance: resistance to penctration. Some clones
resistant to penetration might therefore be overlooked during selection if the tests
were carried out with wounding. The deeper the wound, the lower was the resist-
ance of certain clones. For example, with a depth of 1 mm, Sca 6 was highly
resislanl, bul became more susceptible with a depth of 4 mm and was classed as
highly susceptible with a depth of more than 8 mm (Rocha and Vello, 1971).

However, when the test without wounding was used. alone, it did not reveal
the degree of pathogen: propagation in cocoa tree tissues (resistance to post-
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Improvement of cocoa tree resistance to Phytophthora diseases

Conclusions on the pod test

For a given clone, it was very difficult to compare the resistance levels obtained
with the pod test, as different methods were used. Figure 2 provides a clearer
understanding of why the level of resistance for some clones was totally different
depending on the method used.

For a clone susceptible to penetration and post-penetration (figure 2.1), the
same score was obtained 5 days after inoculation, with or without wounding, irre-
spective of strain aggressiveness.

For a clone susceptible to penetration and resistant to pathogen spread within the
plant tissues (figure 2.2), the same score was obtained, with and without
wounding, irrespective of pathogen aggressiveness. However, if the wound was
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Figure 2. Symptom intensity (scale of 0 to 5) depending on the type of pod inoculation
(with or without wounding) and on the aggressiveness of the' Phytophthora strains
(SA: slightly aggressive; A: aggressive).

1. Clone susceptible to the penetration and post-penetration stages.

2. Clone susceptible to the penetration stage and resistant to the post-penetration stage.
3. Clone resistant to the penetration stage and susceptible to the post-penetration stage.
4. Clone resistant to the penetration and post-penetration stages.

SA: slightly aggressive strain
A: aggressive strain
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Improvement of cocoa tree resistance to Phytophthora diseases

too deep and the isolate very aggressive, the latter could pass through the meso-
carp barrier in some cases and develop, without encountering any resistance in
the endocarp. The thickness of the pod cortex for all the clones inoculated was
an important parameter to know before carrying out a pod test with wounding.
In that way, the ideal depth and location of the inoculation (ridge, inter-ridge) for
each clone could be determined, so as to reduce scoring variability for that cat-
egory of clones.

However, for a clone that was resistant to penetration and susceptible to post-
penetration, the scores differed depending on the method used and the aggres-
siveness of the strain inoculated (figure 2.3). Without wounding, the score
varied from 0 to 1 depending on the aggressiveness of the pathogen. With
wounding, it varied from 1 to 4 depending on the depth of the wound and the
aggressiveness of the strain. The deeper the wound was, the higher the score was.

For a clone that was resistant for both penetration and post-penetration phases
(figure 2.4), the same score was obtained irrespective of the method or the
aggressiveness of the Phytophthora inoculated. However, for some pods, if the
wound was too deep, the very aggressive strain was able to develop enough to
invade the endocarp, hence the entire pod.

To obtain a reliable test to screen for pod resistance to Phytophthora, it therefore
seemed essential to carry out inoculations, with and without wounding, simul-
taneously on the same pod. This double inoculation made it possible to define the
levels and sites of resistance in the pods of a clone (penetration and post-pene-
tration). Knowing the average cortex thickness of the pods of a clone in the study
was also a very important factor. This method was all the more reliable if it was
applied on detached pods inoculated under standard conditions. It should
always be borne in mind that the level of resistance obtained on detached pods
is underestimated when compared to that found on pods left on the tree. As there
was a good level of correlation between the patch expansion rate and the level
of sporulation, it was possible to do away with laborious quantification of the
quantity of zoospores produced on a pod. However, observation of the quantity
of chlamydospores formed on a pod of a clone was also very important infor-
mation to know, in order to determine the possibilities of pathogen survival in a
cocoa planting. In zones where sexual reproduction of the pathogen is possible,
observation of oospore formation on pods should be considered.

This double inoculation method is ideal for studying clones, but when studying
hybrid pods an appropriate experimental design is essential for obtaining a reli-
able assessment of the degree of resistance in all the progenies. Nevertheless, a
certain number of parameters still has to be studied to optimize the reliability of
this pod test:
* Effect of the Phytophthora species inoculated. Some are more adapted to pod
attacks than others.
» Effect of the inoculum type (zoospores, mycelium, chlamydospores, oospores)
and of inoculum concentration.
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» Effect of the physiological stage (flower emission, flush emission, etc.) of the
tree from which pods are taken.
* Age of pods and impact of insect wounds (e.g. capsids).

Leaf test

The use of leaves to develop an early, non-destructive test that can be repeated
on the same plants virtually at will is a particularly attractive idea; this is justified
by the fact that young leaves can be attacked naturally by Phytophthora, espe-
cially by P. palmivora, and that the histological structure of the underside of
leaves is similar to that of the superficial layers of pods (Van der Vossen, 1997).

Several teams had already studied the possibility of using cocoa tree leaves to pre-
dict the level of resistance in the plant to Phytophthora (Tarjot, 1972b, Tondje et
al., 1988), but leaf tests only became operational when Nyassé et al. (1995) and
Iwaro et al. (1997b) developed and demonstrated the merits of their methods. The
tests proposed by those authors are ideal early tests, can be carried out in the
nursery, and are easy and cheap to implement. They would also make it possible
to considerably shorten cocoa breeding cycles by selecting resistant plants at an
early stage from the progenies created in pre-breeding programmes. They were
based on the use of parasites belonging to two distinct species, and differed
in many aspects, in terms of both inoculation conditions and incubation, and in
the actual description of symptoms.

The work by Nyassé et al. (1995) led to the recommended use of leaves
borne by a very slightly lignified twig. Leaf discs with a diameter of 15 mm
were inoculated with a 10 pl drop of P. megakarya suspension calibrated at
300,000 zoospores/ml, and covered with a disc of filter paper. Scoring was
based on the development of penetration points into a necrotic patch, rated on
ascale of 0 to 5.

Iwaro et al. (1997b) used whole adult leaves that were dark green in colour and
borne by a green twig; resistance to penetration and to post-penetration were
assessed in two separate tests.

For the "resistance to penetration” test, inoculation was carried out with a 30 pl
drop of a P. palmivora suspension calibrated at 150,000 zoospores/m| and
400,000 couspores/ml for inoculation of the underside and upper side of leaves
respectively; the drop was then covered with a 1 cm? piece of filter paper
(0.23 mm thick). Symptoms were scored 3 days after inoculation by counting
the number of lesions.

For the "resistance to post-penetration" test, whole leaves were perforated with
holes of 4 mm in diameter; a plaster was stuck over the upper side of the leaf and
a filter paper disc of a 4 mm diameter imbibed with a P. palmivora suspension
calibrated at 200,000 zoospores/ml, was placed over the hole on the underside
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SAMPLING AND CONDITION OF LEAVES

Leaves sampled in the field must be located in a half-shade section of the tree. In
the nursery, particular care must be taken to achieve conditions that are as
uniform as possible, particularly as regards shading. Leaves in good condition and
without any visible insect attacks should be sampled over a short space of time,
preferably early in the morning (07:00-09:00). They should be adult sized, dark
green, and be borne by a green or slightly lignified twig.

LEAF PREPARATION

Discs 14 mm in diameter should be cut from the median section of the leaves
and placed with the upper side against a damp sponge in the bottom of the
inoculation tray. Special care should be taken when cutting the leaf discs to
ensure that they are not allowed to dry out while the experiment is being set
up. The inoculation trays should be wrapped in plastic bags to maintain high
relative humidity and placed in a temperature-controlled room. As far as pos-
sible, all the plants/clones being studied should be represented in the same tray
alongside control clones; common control clones should be present in each
tray. At least 3 series of inoculations should be carried out over time, each com-
prising 4 replicates (4 trays).

INOCULATION AND SYMPTOM ASSESSMENT

Inoculation should be carried out the following day, depositing a 10pl drop of
calibrated zoospore suspension on the underside of the leaves, without wounding.
Depending on the species of Phytophthora and the level of aggressiveness of the
selected strain, the zoospore concentration may vary from one country to another.

Symptoms should be assessed according to the following scale:

: no symptoms

: localized penetration points

: small developing lesions, sometimes in contact with each other
: merging lesions

: more or less uniform lesion, sometimes still with isolated lesions
: large uniform lesion

U W= 0O

Expected genetic gains through
integration of rapid resistance tests
in conventional cocoa breeding

The progress obtained up to 1995 in breeding for black pod resistance was
relatively limited (Eskes and Lanaud, 2001; INGENIC, 1999). Though variation
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Breeding progress for black pod resistance up to 1995

A comprehensive review was made of the progress obtained and problems
encountered in selection for resistance to Phytophthora during the INGENIC
workshop on the contribution of disease resistance in cocoa variety improve-
ment (INGENIC, 1999). The results reported at that workshop can be summa-
rized as follows:

* Despite significant efforts, only a few cocoa cultivars have been selected
with effective resistance to black pod disease.

e Significant variation in levels of black pod attacks in the field has
been identified in germplasm collections and breeding trials in all countries.
Typically, the average percentage of field attacks on cocoa genotypes varied
between 10 and 40% for P. palmivora (e.g. in Ivory Coast) and between
20 and 80% for P. megakarya (e.g. Nigeria and Cameroon).

e The level of field resistance in different environments and in relation to
different Phytophthora species was quite stable for several clones, such as
for the resistant clones P7, Scab, PA150 and PA30 and for the susceptible
clone PA81. This suggests that progress in one country can be useful in
other countries too. It would justify regional or international programmes on
breeding for black pod resistance.

* Significant correlations between the average degree of field attack, period
of pod production and number of pods have been observed, indicating that
in some cases the level of field resistance can partly be explained by escape
mechanisms (pod production outside the epidemic season or low pod pro-
duction).

* Although average results obtained by inoculation of either pods or ger-
minating seeds of hybrid progenies could be correlated with average levels
of resistance in the field, selection of individual trees or seedlings for a
better level of resistance by these methods appeared to be inconsistent.
This could be due to environmental effects on pod and seed susceptibility, or
to a lack of replications (a seed can only be inoculated once).

Significant correlations between artificial inoculation tests and field resist-
ance have been established more recently, for example in Ivory Coast (Tahi et
al., 2000) and in Cameroon (Nyassé et al., 2002). The CAOBISCO project has
led to clearer identification of the conditions required to obtain consistent and
repeatable results, mainly with the leaf disc test. A detached pod test, which has
recently been developed (Iwaro et al., 2000; Blaha et al., 2001), is also giving
consistent results that are apparently correlated to the level of field infection
(Blaha et al., 2001). This suggests that rapid screening tests, using standardized
inoculations of leaves or pods, can be effectively integrated into cocoa
breeding to enhance progress in selection for resistance to black pod.

134





















Planting material screening by controlled inoculation

Expected genetic gains can be expressed as a significant reduction in the level of
field incidence, e.g. of 30 to 10% or 60 to 20% rotten pods for P. palmivora and
P. megakarya respectively. This represents an increase in net cocoa yield for
farmers (30 to 100% respectively), as can be deduced from data on resistance
variation in Africa.
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