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ABSTRACT

Black rot of cocoa pods, a disease caused by Lasiodiplodia theobromae (Pat.) Griffon &
Maubl., causes significant production losses all over the world. To reduce the impact of
this pest, genetic control using resistant varieties is favored.To do this, inoculations
having shown the interest of the INERA Yangambi collection, consisting in the
evaluation of the resistance of 14 “CRY” clones, vis-a-vis inoculations of a strain of L.

theobromae were operated. This study, carried out in Yangambi in the DRC, using

Keywords inoculation on detached pods with series of tests and a statistical test adapted to the
Lasiodiplodia Theobromae, ordinal nature of the data confirms that two clones representing 14.28% of the subjects
Black rot, tested do indeed constitute resistant materials. L. theobromae. In addition, 5 clones or
Pod, 35.71% are considered moderately resistant. However, the other remaining materials
Resistance, could be integrated into many cocoa genetic improvement programs, especially those
DRC. with other notable qualities. The Yangambi collection with 62 accessions.

Introduction

New so-called emerging diseases are constantly
appearing. Indeed, it is and remains indisputable that in recent
years new parasitic diseases have arisen and are often gaining
extension in all countries of the world. This is how Robinson
(1996) will describe emergence as being the result of the
unprecedented encounter of a parasite and a plant which until
then was not or no longer its host. The phenomenon follows
the occurrence of conditions favorable to the development
and dissemination of a pathogen already present (indigenous)
or introduced (exotic). Thus, the 19th century was marked by
large parasitic invasions, in particular the late blight of the
potato caused by Phytophthora infestans, at the origin of the
great famine which decimated 20% of the Irish population
between 1845 and 1849 (Ristaino, 2002 ).

In this work, we were mainly interested in a pathogenic
fungus, Lasiodiplodia theobromae. Its resurgence is closely
linked to the globalization of trade and the subsequent
introduction of pathogens into new ecosystems (Brown et al.,
2001). Anderson et al., 2004 propose that an emerging
disease is caused by a pathogen (i) whose incidence,
geographic distribution or host range has increased; (ii)
whose pathogenicity has increased significantly; (iii) which
has recently evolved genetically or (iv) whose discovery is
recent. Environmental changes, the domestication of wild
species, increased trade and the intensification of production
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systems are all factors that may explain the emergence or re-
emergence of plant diseases.

Like all other crops around the world, the cocoa tree is
subject to attack from various diseases and insects. This is the
case of black rot of the cocoa tree caused by the fungi of the
genus Botryodiplodia (synonym Lasiodiplodia) and in
particular, by the species Lasiodiplodia theobromae, which
causes significant production losses in all cocoa growing
areas, which can vary from 30 to 90% depending on the
conditions (Bowers et al., 2001).

The emergence of this disease in the cocoa growing area
of Bengamisa had arrested more than one person and,
following the report of the experts in 2013 (Limba 2013), the
central government had released a sum of the order of USD
223,500, to buy phytosanitary products to fight against this
disease in this cocoa growing area. Let us recall here that the
cocoa zone of Bengamisa (CABEN) consists of two blocks of
cocoa trees: the industrial block with an area of 443 hectares
and the family block of 628 hectares of cocoa trees. This
spontaneous intervention by the central government, not only
was insignificant for the industrial bloc managed by the
government because of the social charges of the workers, but
also did not concern the family bloc managed by the peasants,
which is nevertheless the most important (628 Ha). The
disease is therefore far from being eradicated in this cocoa
growing area, with the risk of contamination in other
neighboring areas such as the hinterland of the city of
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Kisangani, why not in all the cocoa growing areas of the
country if no adequate security arrangements are made. is
taken quickly. We should also point out that, out of
ignorance, most of the new cocoa tree planters obtain their
seeds from CABEN and even from the farmers supervised by
it. This creates a permanent danger in the area. In fact,
lacking sufficient financial means, these farmers do not have
access to phytosanitary products which are initially
unavailable on local markets. This situation calls in the
foreground, the research supposed to be able to find the
durable solution awaited by the planters. Thus, a study which
had been carried out in this area had shown that there was a
need to consider an intervention in order to eradicate this
disease because the rate of pods found diseased was very
high. And the resulting predictions have shown that if we did
not intervene within a few years, the disease would worsen
(LIMBA, 2020). This same study had identified the fungus L.
theobromae as being responsible for the disease in this cocoa
growing area. Among the solutions which had been
envisaged, the use of resistant clones was favored in view of
its numerous advantages. And the resulting predictions have
shown that if we did not intervene within a few years, the
disease would worsen (LIMBA, 2020). This same study had
identified the fungus L. theobromae as being responsible for
the disease in this cocoa growing area. Among the solutions
which had been envisaged, the use of resistant clones was
favored in view of its numerous advantages. And the resulting
predictions have shown that if we did not intervene within a
few years, the disease would worsen (LIMBA, 2020). This
same study had identified the fungus L. theobromae as being
responsible for the disease in this cocoa growing area. Among
the solutions which had been envisaged, the use of resistant
clones was favored in view of its numerous advantages.

Indeed, today, resistance to parasitic plagues is a major
objective in cocoa tree breeding. This is because chemical
control is not always effective and represents a high cost for
the planter. The use of varieties resistant to this plague is an
essential ecological and economic solution in an integrated
and sustainable control. Thus, as for the brown rot of cocoa
pods caused by Phytophtora (Nyassé et al., 2007; Pokou et
al., 2008), great hopes must be placed in the selection and
multiplication of cocoa varieties resistant to black rot of
cocoa trees. pods at Lasiodiplodia. For this reason,

Research questions

Are there materials resistant or tolerant to the black rot
disease of cocoa pods caused by the fungus of L. theobromae
in the INERA Yangambi collection?

To this main question is added a second: do the climatic
conditions as well as the morphological characteristics of the
varieties thus play a role in the resistance of the clones to
infection?

To answer these questions, the following hypotheses
have been formulated
Hypotheses
- Among the genetic materials of INERA, there are those that
may be "resistant" to black rot disease in cocoa growing areas
of the DRC.

- The morphological characteristics of the pods as well as the
climatic conditions would play a role in the resistance and the
infection of the clones to the disease.

Main objective of the Study

Select cocoa clones resistant to black pod rot in the
Democratic Republic of Congo (DRC).

Specific objectives
= Testing the genetic materials of the Yangambi cocoa tree
for their resistance to pod rot;
» Select those that would behave better in the face of
inoculation for resistance to black pod rot disease for
dissemination in all cocoa growing areas of the country;
= Make a connection between the morphological
characteristics of the pod, climatic conditions and resistance
to infection.
Material and methods
» Location

The study concerned two cocoa growing areas namely,
the cocoa growing area of Bengamisa located 36 km from the
city of Kisangani and the cocoa growing area of Yangambi,
100 km from Kisangani. The two cocoa growing areas are
150 km apart.
» Rainfall during the study periods

The rainfall records for 2018 and 2019 are shown on the
graph in Figure 1 below. It should be noted that the
observation periods were from 06 to 18/5/2018 and from 07
to 19 Nov./2019. Note also that the pods were harvested at
the maximum age of 4 months. That said, the pods inoculated
in May, received during their development 557.8 mm of the
rains that fell from January to April and, those inoculated in
September, the rains from May to September are, 755mm of
the rains before their entry into the laboratory.

Pluviométrie(mm)

i

263 268
277 230 227

Figure 1. Rainfall readings for the years 2018 and 2019.
» Relative Humidity
During this same period, the relative humidity readings
were recorded and illustrated in Figure 2 below:
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Figure 2. Reading the relative humidity of the air during
the study period.
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Note that the humidity inside the room was kept almost
the same during both periods of the study.
» Plant Material

The choice of material was dictated by the previous
genetic study which showed great genetic diversity in the
collection of hybrids selected by INERA Yangambi (Hayley
et al., 2018). The idea was therefore to consider genetically
distant individuals in order to observe their reactions to
inoculations of the disease. Thus the screening was carried
out on well identified and different material, obtained by self-
pollination. This made it possible to obtain material of
relatively the same age (Figure 3).
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(A) Emasculation of the flower; (B) Insulation of the
flower
Figure 3. Process of artificial pollination

The plant material consisted of 14 clones of the new
selection from INERA Yangambi, listed with their
morphological characteristics in Table 1 below.
» Fungal Material. The material that served as the inoculum
was strains of L. theobromae isolated in the Microbiology and
Phytopathology laboratory of the Faculty of Sciences of the
University of Kisangani. These materials had been collected
in the fields of CABEN. It should be noted that the CABEN
cocoa trees had manifested black pod rot disease only three
years after their entry into production in plots | and V. The
study which has just been carried out in this cocoa growing
area shows that the rate of black pod disease infection is
around 71% (Limba 2020). Let us recall that the basic seeds
of the fields of CABEN and its population had been imported
from C6te d'lvoire.
» Methods

For this study, the screening method was adopted by the
test on detached pods. This test is considered to be the most
economical and efficient screening method compared to the
selection of resistant genotypes in the field (Ling A., 2017).
= Experimental apparatus. This was completely randomized
and installed in the Phytopathology laboratory of INERA
= Collection and preparation of pods for inoculation. Unripe,
same-stage, unripe pods of similar dimensions (3-4 months
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old) were carefully collected in the morning between 7 a.m.
and 10 a.m. and kept in clear, labeled plastic bags. No more
than two pods were kept together in contact, locked in a bag
with the others.The harvested pods were brought to the
INERA laboratory Yangambi where they have been rinsed
with distilled water and labeled. They were thenscarified by
simulating the bites of mirids in order to allow the penetration
of the inoculum, finally, they were placed on the bench in the
INERA laboratory (figure 4).

-“ S A ‘

.,..._‘ - T
(A) Arrangement of pods; B) Maintain humidity on pods
Figure 4. Location of pods in the laboratory.

= The room temperature was at 25 ° C for a minimum of 12
hours in order to obtain a uniform condition before
inoculation was accomplished.
= Sample size
o 5 pods per candidate or 70 per repetition, 560 for the two
repetitions.
o Two rehearsals were performed, one in season A in May
and the other in September respectively in 2018 and 2019.
= |solates of the fungus were taken from pods clearly
showing symptoms of black rot from the cocoa area of
Bengamisa. These isolates were cultured in the juice of the
V8-calcium carbonate culture medium aged 10 days (4 days
in the dark and 6 days alternated with light in the
microbiology and phytopathology laboratory of the
University of Kisangani. zoospores were obtained by adding
10 ml of distilled water (heated to 10 ° C) and incubated at 26
+ 2 ° C. The release of zoospores was induced by the addition
of sterile distilled water cooled for 25 minutes (5 ° C) and
incubate in the dark at 25 ° C for 30 minutes
= |noculation

The inoculation was made by sprinkling half of the pod
30 cm away using a squeeze bottle. An average of 1ml of the
zoospore suspension should be deposited over 150cm? of the
pod surface. The inoculated pods were covered with damp
paper to retain moisture.

Table 1. Morphological characteristics of the clones

Variety | Reference group | Pod color | Pod surface | Shell thickness (mm)
CRY12 National Green Warty 14
CRY1323 | Criollo-Trinitario | Green Warty 13
CRY14 National Green Warty 28
CRY211 | CRY Red Warty 22
CRY115 | Nanay Red Smooth 18
CRY3 Trinitario Green Little warty |20
CRY10 | Marannn-Nanay | Red Warty 17
CRY711 |CRY Red Warty 15
CRY124 | Nanay Green Little smooth | 24
CRY4 Trinitario Green Little warty |18
CRY235 |CRY Green Warty 13
CRY13 | Marannn-Nanay | Green Little warty |23
CRY1111 | CRY Green Little warty | 15
CRY633 | CRY Green Little warty |13

Source: National Cocoa Research Program INERA Yangambi (2008)
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Observed parameters
» The incubation time.
This is the time that elapses between incubation and the
manifestation of the first symptom of the disease. It gives an
idea of the time taken for the symptoms of the disease to
appear on the surface after inoculation. In other words, this
duration gives us an indication of the susceptibility of the
variety to black pod rot disease. Figure 5 illustrates the onset
of symptoms of pod disease
» The dimensions of the lesions formed (the mean diameter
of the lesions on the surface and the depth in the vessels of
the bark) were measured for 2 weeks from the manifestation
of the first symptoms.
- The mean diameter of the lesion was obtained using a
graduated slat and was calculated using the following
formula:

@ medium= @ maximum + @ minimum / 2
This dimension tells us how the disease stain is spreading on
the pod.
- The depth of the lesion was taken on the last day of
observations (14th day). This measurement shows how the
disease progresses inside the pod to reach the beans.
»The frequency and development of translucent spots
appearing on an inoculated pod were scored at the two-day
interval through day 14 according to the international rating
scale (Table 2). This scale was used to assess the importance
of the disease on the pod.After two days of incubation, the
inoculated pods were returned for their reaction to
inoculation. The estimate was based on the frequency and
size lesion formed.
» The severity of infection was estimated on an eight-point
scale (Table 2)
» ci were compared with the dimensions of the scale in order

Limba, KG mukwa Kibuka et al./ Appl. Botany 161 (2021) 55881-55888

+The lesion distribution was calculated from the results
obtained from the disease rating scale. From the observations
of the spots, the IMPs were calculated using the indices
recorded for each variety. This index is essentially an average
of the indices of pod diseases from plants of the same cloneg,
reported on a scale of 100. In our case, this was done for 5
pods of the same variety.
(indice 1 + indlce 2 + indice 3 + indice 4 + indice 5))
5

IMP=<

/8) * 100
» Statistical analyzes.

The differences between the disease indices of plants
belonging to different varieties were analyzed using a
Wilcoxon test by pair of samples. For the comparison of
means, we used Tukey's test.

Results and Discussion
1. Incubation time

The results relating to the incubation period and the
depth of the infection in the shell are given in Table 3 below.

The incubation period is the number of days it takes for
the first symptom of the disease to appear outside. It varies
from pod to pod and variety to variety.

The average number of incubation days for infection was
3.38 days for the year 2018. In 2018, 64.28% of inoculated
varieties showed symptoms of infection well before reaching
their mean. . While in 2019 the average incubation period was
2.78 days. For this year, 50% of varieties had exterminated
the symptoms of the disease before their average.

In general, for both replicates, the CRY materials
exhibited symptoms of black pod rot disease but at different
intervals. However, 57.14% manifested disease symptoms
within 4 days of coming into contact with the inoculum,
while 42.86% manifested disease symptoms from day 4.

Table 2. Pod disease estimation scale

Degree of disease Level of infections Classification of sensitivity

1 No symptoms highly resistant to penetration

2 1-5 localized lesions Resistant

3 6-15 localized lesions Moderately resistant

4 > 15 localized lesions Partially resistan_t / resistant to the
spread of the lesion

5 15 lesions developed Partially resistant / resistant to a
single penetration

6 6-15 lesions developed Moderately susceptible

7 > 15 lesions developed Susceptible

8 Merged lesions Highly susceptible

Source: Working procedures for cocoa germplasm evaluation and selection (1998).

Table 3. Results on the duration and depth of the lesion Incubation time and lesion depth in the shell

Variety Thickness | 2018 2019

of the hull | Duration Depth Duration Depth

(mm) incubation | of the lesion | incubation | of the lesion

3gr) (mm) 3an (mm)

CRY14 27 4 26 3 27
Cryl10 17 2 17 1 17
CRY12 14 2 14 1 17.8
CRY1111 15 2 15 1 13.8
CRY4 24 2 11 1 12
CRY211 22 9 0 5 0.4
CRY235 13 3 8 2 4.2
CRY13 23 4 5 4 16.8
CRY1323 13 3 10 3 8.2
CRY711 15 3 6 3 6
CRY633 13 4 4 2 2.4
CRY115 18 5 0 5 1.4
CRY3 20 8 0 7 1
CRY124 24 2 12 1 13
% average 16.46 3.38 10.38 2.78 10.22
CRY1424 (T) 14 0 14 0
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Varieties CRY3 and CRY211 manifested disease
symptoms 8 and 9 days, respectively, after inoculation. They
were therefore less sensitive to inoculation than the other
varieties inoculated on the same day.

This situation indicates that a good part of the CRY
material is susceptible to black pod rot disease but to different
degrees (Figure 5).

: - / :
(A) Surface manifestation of the lesion; (B) In-depth
manifestation of the lesion (day).
Figure 5. Manifestation of the lesion after
inoculation.
= Average diameter of the lesion on the surface
This dimension gives us overall the space that the lesion
occupied on the pod from the appearance of the first symptom
until the end of the observations (14th day). The results of the
statistical calculations are illustrated by Figures 2 and 3
below:
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Figure 7. Lesion diameter in 2019.

In 2018, relative to the lesion diameter parameter, CRY3
and CRY4, developed a lesion diameter comparable to each
other and small, while, on CRY 115, 12 and 124 the
symptoms of the disease had spread over large surfaces
(Figure 6).

In 2019 CRY 3, CRY115 and 211 developed a small
lesion diameter (less than 23mm) (figure 7), while CRY12
and 124 developed a larger lesion diameter.

By comparing the two years of observations with respect
to this parameter, CRY 3 kept its position during the two
years while CRY4 did not keep its sensitivity level of 2018.
This variety will have to be integrated in future tests in view.
to confirm its real position.
= Depth of lesion in the inoculated pod

The depth of the lesion was taken on the last day of
observations (14th day). This measurement shows how the
disease has progressed inside the pod to reach the beans. The
results of these observations are given in Figures 8 and 9
below:
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Figure 8. Depth of lesion in the pod in 2018.

It emerges from these observations that in 2018, three
clones: CRY211, CRY3 and CRY4 did not develop the
symptoms of infection visible in the pod shell. While on the
CRY124, the symptoms were found deep in the hull. This
variety can be considered highly sensitive with respect to this
parameter.
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In 2019, CRY 211 and CRY3 did not allow the lesion to
progress inside the pod. While CRY12, 13 and 10 did not
resist the attack until the symptoms penetrate inside the hull.

The results of two years of observations (2018 and 2019)
confirmed that the cuticles of CRY 3 and CRY 211, resisted
the penetration of disease infection.

If we observe Table 4, it emerges that, although the
disease was found on the surface, it did not penetrate into the
pod, the beans remained intact. We can, conclude that these
varieties have resisted the penetration of the fungus are
therefore resistant
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= Distribution of infection

Since the infection increases over time, it was interesting
to analyze the sensitivity of different clones to a specific time
period between different varieties. Based on the sensitivity of
each pod, the result was reported on stacked bars. Light
colors (white) indicating low infections and dark colors
(black) indicating high infections. This has been visualized in
FIGS. 10 and 11 respectively for the years 2018 and 2019.
These indices make it possible to identify "possible first"
resistant "clones.
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Figure 10. Distribution of disease severity indices on
different clones in 2018.
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Figure 11. Distribution of disease severity indices by pod
in 2019.

In 2018, the infection rate was low for the CRY 3,
CRY711 CRY 1111 and CRY®633 their index varying
between 1 and 3, while the infection was greater and elevated
for the clones CRY 12 and CRY4, which have developed a
very high disease index between 5 and 8. which suggests that
they are more susceptible to disease than previous clones.

In 2019, the CRY211 and CRY3 clones have a very low
disease index around 1 according to the disease scale. While
CRYs 124,12 and 10 have developed a very high
susceptibility to infection.

The two years of observation compared retain CRY3 as a
resistant clone in the INERA collection with respect to this
parameter.

By observing all the parameters observed, we notice that
CRY3 and CRY211 have well resisted infection by L.
theobromae. The hypothesis that there is at least one clone
resistant to the disease is confirmed.

From these parameters we can already conclude that
CRY 3 and CRY211 can be considered as resistant clones of
the INERA Yangambi collection.

Evolution of the disease over time

In order to follow the daily evolution of the infection on
the varieties we had considered the average sensitivity indices
of each variety reported on a curve. The results are shown in

Figures 12 and 13
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Figure 12. Daily evolution of the severity of the disease by
cultivars in 2018
It emerges from this figure that in 2018, the daily
evolution of the disease was very low for CRY3 and higher
for CRY 124. The lesion therefore had difficulty developing
on pods of the CRY3 variety than on those of the CRY 124 for
this year of observations.
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Figure 13. Daily evolution of the severity of the disease by
cultivars in 2019.

In 2019, this evolution was again lower for CRY3 and
higher for CRY 124 and CRY 4 which, at the end of the 7th
day, had already reached the highest index. It was found that
the evolution of the severity of the disease was a function of
time. Indeed, when the fruits are infected, the pathogen can
sometimes remain latent until the time when the fruit is ripe,
the cuticle softens to act (Ventura et al., 2004). In addition, to
penetrate the fungus emits enzymes that soften the cortex
easily when it becomes less hard. For resistant varieties, this
softening is difficult or late compared to sensitive varieties.
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Although CRY211 and CRY 3 were identified as
resistant, however they showed symptoms of the disease
because they had previously been mechanically injured. This
proves that theMeans of entry of L. theobromae into hosts is
through injury from work tools, insects, or natural causes.
This had also been reported byPloetz (2003).

The results given by the observations on the mean depth
of the lesion show that apart from these two clones, other
clones such as: CRY 235; CRY13, CRY1323, CRY4 and
CRY633 did not allow the lesion to reach the beans. This
does not necessarily mean that the fungus had not reached the
beans. Because, it must be kept in mind that theThe fungus,
colonizing the vascular system, advances before visible
symptoms. This had also been reported by Burgess et al.,
2006; Shahbaz et al., 2009. It is therefore quite possible for
these clones that the fungus had already reached the beans
without there being any visible manifestation of symptoms.
However, if harvested on time, these pods can produce good
quality beans. However, we can recommend other
inoculations in which these varieties will be integrated in
order to further test their resistance.

«»Comparison of severity levels between 2018 and 2019

The severity levels were compared between the two
years of observations in order to identify which of the two
years was most affected by black pod rot disease. The results
of these observations are given in Figure 14 below:
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Figure 14. Comparison of severity level in 2018 and 2019

The observation of Figure 8 shows that the level of
severity was apparently low in 2018 than in 2019. This can be
explained by the fact that, the amount of rainwater that fell
until the pod harvest in May was 640 mm against 1048 mm of
water dropped during the development of the pods harvested
in September 2019. The amount of water could influence the
predisposition of the pod cells to the development of
infection. He is well knownthat during periods of rain there is
a greater production of spores, which can be dispersed by
raindrops and wind (Ventura et al., 2009). In addition, it is
known that when there is not enough water, the cells become
less turgid, the pods mummify and the fungus persists in the
cells of the tissues. dead trees or in the ground (Pegg et al.,
2003) and especially on mummified fruits (Ploetz, 2003). The
spread of the fungus becomes weak.

Although there is apparently a difference in severity
between the two years, it is not, however, statistically
significant according to Tukey's test. The disease having
developed with the same intensity during the two years of
observations.

Behavioral modeling of disease severity on pods

In order to predict the severity of the disease over time, it
was necessary to model the severity by adopting the
logarithmic model and the results are presented in FIG. 15
below.
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Figure 15. Modeling of disease severity as a function
of days

Figure 15 above demonstrates that, the course of the
disease severity was a function of time. Details on the models
describing the severity of the disease on each cultivars in
2018 and 2019 can be found in the model tables in the
appendix (Appendix 1 and 2).

Morphological characteristics of varieties and disease
infection

The morphological characteristic of the varieties which
resisted inoculation is as follows: CRY211 of the reference
group CRY is red in color and the surface of its shell is
viscous; the CRY3 clone of the national reference group, on
the other hand, is green and viscous. Although the surface of
their hulls is similar, viscous, the color of the hull differs as
well as their genetic origin is different. In addition, CRY12
(Nacional) and 1323 (Criolo-trinitario), which had been
shown to be sensitive to inoculation, have the same
characteristics as CRY3, without having the reaction similar
to the latter. We can deduce that the resistance is not a
function of the morphology of the pod so our second
hypothesis is rejected.

Conclusion

1. Both the analysis of the depth of the lesion, the width of the
lesion, the frequency of the disease and the course of the
disease over time, CRY211 and CRY3 were shown to be
resistant to black rot in L. theobromae.

2. This resistance is genetic for CRY3 since the results of
molecular analyzes carried out in 2018 classified this clone in
the same group as SCA6 recognized as resistant to several
cocoa diseases.

3.While rainfall favors the spread of the disease,
morphological characteristics play no role in the resistance to
infection of pods

4.The prediction as found by the logarithmic model shows
that the disease progresses over time. Thus, the pods must be
harvested as soon as they ripen.

5. Sanitary harvests and regular maintenance of plantations
are preventive methods to be applied
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