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Diseases and abiotic stresses constitute the main constraints in the production of cocoa
(Theobroma cacao) in coastal regions. To this end, the use of productive and resistant
or tolerant hybrid genotypes is an alternative for improving its production in these
regions. In order to select new hybrid genotypes tolerant to Phytophthora megakarya
under sodium and saline stress at different concentrations, the incidence and severity of
this pathogen were evaluated through the evaluation of the development of necrosis
after infection in the parental genotypes SNK413 and T79 / 501 and in their
descendants (F79SB: SNK413xT79 / 501) under conditions of saline stress. Date and
hybrid genotype effects were found to be significant (P <0.05) during necrotic
development. Under saline conditions at different concentrations, the size of the
necrotic surfaces was a function of the values of the different concentrations used. It
has been observed that the higher the salt concentrations, the larger the necrotic
surfaces. These results suggest that salinity increases the sensitivity of cocoa to
Phytophthora megakarya. The hybrid genotypes F79SB3, F79SB4, F79SB5, F79SB8
and F79SB15 were distinguished by small necrotic surfaces whatever the saline
concentration used. These hybrid genotypes could therefore be used in a breeding
program in regions with a high salt concentration in order to improve yields in cocoa
plantations.

Introduction

currency to the country, contributes to the state
budget and provides an income to the rural

The cocoa tree (Theobroma cacao L.) is native to
the tropical rain forests of Central and South
America (Janny et al.,, 2003; Pokou et al., 2019).
The cultivation of cocoa plays a major role in the
economy of the main African cocoa producing
countries where this cultivation provides foreign

populations who live on it (Koudjega and Tossah,
2009; Anushka and Dunwell, 2018; Morrissey et al.,
2019). However, cocoa cultivation faces many pest
attacks that are the source of many diseases (Ploetz,
2007). Pathogens can destroy the entire production
when conditions are favorable for the disease.
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In Cameroon, Phytophthora megakarya is
recognized as the most aggressive pathogen. This
pathogen is responsible for the highest production
losses in cocoa plantations (Nyassé, 1997). These
losses can reach 90 to 100% depending on the
region, genotype, environmental conditions and in
the absence of phytosanitary treatments
(Ndounbe-Nkeng et al., 2004; Nyadanu et al.,
2012). Chemical control against this parasitic
attack, although effective, is expensive and poses
the problem of toxicity for the famers. In addition
to attacks by different organisms (insects, and
microorganisms), the biotope does not always offer
favorable conditions for the development of the
plant. In this natural environment, the plant is
forced to face various stresses such as the salt
stress which the soils of the coastal regions face.

In the coastal regions of Cameroon the cocoa tree
is cultivated on salty soils which cover large areas.
These cultural practices would pose the problem of
its adaptation to salinity for its extension in
cultivated areas. Soil salinity is a major abiotic
constraint  which  negatively affects the
physiological aspects of the plant, leading to a
reduction in its yield (Ruiz-Lazano et al., 2012;
Almeida et al.,, 2014). In addition, it induces
osmotic stress, physiological dryness and ionic
imbalance, thus deactivating the vital cellular
functions and weakened the tolerance level of the
plant (Djerroudi et al., 2011; Taffouo et al., 2013;
Gupta and huang, 2014).
This constraint leads to a drop in water availability,
reduces the rate of respiration (Cramer et al,
2013), the distribution of mineral salts (Babu et al.,
2012) and variations in turgor pressure (Shabala
and Munns, 2012). Plants therefore trigger
hormonal, physiological and  biochemical
mechanisms either by tolerating or by resisting this
constraint (Almeida et al., 2014; Erashan et al.,
2015).

In addition, the reduction in growth due to salinity
is also attributable to the toxicity of the ions and
the nutritional imbalance. This state not only leads
to an increase in the accumulation of sodium (Na*)
and chloride (Cl") in plants, but also it affects the
antagonism of the absorption of essential elements
such as potassium (K*), calcium (Ca**) and
magnesium (Mg*+) in competition with Na* and
nitrates (NO-) in contrast with ClI- (Zorb et al.,
2005).

Several researchers have focused their work in
particular on the selection of suitable varieties in
similar regions, either by genetic improvement
which is undoubtedly the most accessible means or
by an in-depth study of the various adaptation
mechanisms. Improving tolerance to salinity and
the pathogen P. megakarya would be of great
importance for a cash crop such as cocoa when
grown in coastal regions of Cameroon whose soils
pose salinity problems.

The present work aims to contribute to improving
the tolerance of the cocoa tree against the attack of
P. megakarya and against salt stress in coastal
regions through the selection of hybrid genotypes
tolerant to this pathogen and to salt stress.

Materials and methods
Plant material

The plant material used was made up of two T.
cacao clones: a Trinitario from Trinidad and
Tobago (SNK13) and an Amazonian high from the
Tafo collection from Ghana (T79 / 501) to produce
a hybrid family. The offspring were obtained by
manual pollination in the field genomic bank of the
Agricultural Research Institute for Development
(IRAD) in Barombi-kang. The experimental
material used consisted of twenty-four hybrid
genotypes of the cocoa tree F79SB progeny.

Fungal material

The fungal material consisted of a local strain of P.
megakarya from the cocoa farm of the upper
chiefdom of Ndogbong.

Methods

Sowing and monitoring of bean
germination in the nursery

Plastic pots, 30 cm high and 12 cm wide were filled
with humified earth obtained from a mixture of
dead leaf powder and undergrowth from the
Faculty of Sciences of the University of Douala.
Before sowing the beans, the pots were well
watered very early in the morning. The beans were
sown flat to a depth of 1 cm. The nursery was
watered daily for 15 days to trigger the germination
of the beans. After this period, watering was done
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once every two days. Regular manual weeding of
the pots was carried out in order to eliminate
weeds and avoid water and nutritional
competition.

Evaluation of the impact of Phytophthora
megakarya infection on cocoa leaf discs in
the absence and presence of sodium
chloride (NaCl) and sodium chloride
associated with calcium chloride (CaCl.) at
different concentrations

The methods used to assess the sensitivity of these
hybrid genotypes are the same before and after the
treatments with NaCl and with NaCl associated
with CaC12.

Isolation and  purification of the
Phytophthora megakarya strain from pods

From an infected pod, the whitish down
corresponding to the spores was scraped off and
placed on a small pea-agar (SPA) culture medium
containing per liter of solution 65g of peas, 15 g of
agar previously sterilized at autoclaving for 30
minutes at 120 °C. After sterilization, the medium
is poured hot into the Petri dishes under the hood
with horizontal laminar flow and previously
disinfected. #For the transplanting of P.
megakarya, after cooling and solidification of the
culture medium at room temperature, the whitish
duvets were placed in the center of the dish
containing the fresh culture medium at the rate of
one disc per Petri dish.

On this medium, the thallus developed in the
absence of bacteria. After the thallus has formed, a
mycelial fragment is taken from the growth front of
the culture and transferred to petri dishes on agar
medium based on peas. Incubation was carried out
at 26 °C in the dark for 6 to 7 days. The virulence of
the strain was preserved through weekly
subculturing on agar pea medium.

Zoospore production

Ten days before the planned date of infection, the
strain to be used for infection is subcultured on a
SPA medium in a Petri dish (10 cm). The Petri
dishes were placed for three days at 25 °C in the
dark. Then they were placed at 25 °C in the light
(photoperiod 12h / 12h) in order to obtain the

formation of the sporocysts at the origin of the
production of zoospores.

On the day of infection, 4 to 5 mL of sterile distilled
water was added to each Petri dish. The Petri
dishes will then be placed in a refrigerator at 4 °C
for 30 minutes. The cold shock promotes the
release of the =zoospores contained in the
sporocysts. The Petri dishes were then placed at 20
°C for two hours so that the zoospores could be
released into the water. Then the solution
containing the zoospores will be collected in a
beaker. A zoospore count was then made using a
Malassez cell. Infection with the calibrated
suspension was done as quickly as possible to
prevent zoospores from losing their ability to swim
in water.

Artificial infection on leaf discs in the
laboratory

Leaves approximately two months of age (50 to
60 days) of non-woody twigs as described by
Nyassé et al. (1995) were collected very early in
the morning on each hybrid genotype. The 15 cm
diameter discs are cut from these sheets and
placed upside down in plastic dishes on toilet
paper soaked in water. The covered dishes were
incubated overnight at approximately 25 °C.
Infections were carried out the morning of the
following day with 10 pL of P. megakarya
suspension calibrated at 300.000 zoospores / mL
previously prepared as described above and
deposited with a micropipette in 5 repetitions.
The size of the necrotic lesion was measured on
the 3, 4, 5, 6 and 7 days after infection. The
diameters of the necrotic spots were measured
and the area was calculated using the formula of
Blaha and Lotodé (1976).

Artificial infection on whole leaves in the
greenhouse

For this infection, the whole leaves attached to the
seedlings of each hybrid genotype were washed
and infected with 5 pL of suspension of P.
megakarya calibrated at 24 x 105 zoospores / mL
previously prepared as described previously
deposited with a repeating micropipette. The size
of the necrotic lesion was measured on the 3, 4, 5,
6 and 7 days after infection.
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Preparation of experimental solutions and
induction of stress

Preparation of experimental solutions

Three sets of 12g of KNO,, 12.4g of MgSO, and 15g
of Ca.NO; were weighed using a precision balance
(KERN EMB 600-2) to prepare the nutrient
solution of Wacquant (1974) and introduced into
a 20 L plastic can containing distilled water
corresponding to the solution (S1). For the
preparation of the 100 mM sodium solution
corresponding to (S2), 120 g of NaCl were
weighed and introduced into a 20 L plastic
container containing distilled water. Finally the
saline solution (S3) was composed of a
combination of two salts NaCl + CaCl, (v / v) at
100, 200 and 300 mM. In addition, NaCl
associated with CaCl, produces a saline medium.
As for the control solution (S0), it consists only of
distilled water. Four types of experimental
solutions were obtained at the end: (i) the control
solution (So) being only distilled water; (ii) the
Wacquant nutrient solution (S1); (iii) the sodium
solution (S2) consisting of 100 mM NaCl (120 g);
(iv) saline solution (NaCl + CaCl,) at
concentrations 100, 200 and 300 mM.

Induction of stress

The experimental solutions (S1, S2, S3) obtained
having been used for watering the plants and for
each treatment to induce stress (sodium and
saline) in the plants were spread over a period of
two weeks for each concentration. Then each
treatment was interspersed with a spray of
Wacquant nutrient solution (S1) also over a period
of two weeks. Two hundred ml of solution were
used to induce the various stresses as follows: 100
mL for early watering and the remaining 100 mL
for evening watering (also valid for Wacquant's
nutrient solution) (Wacquant, 1974).

Statistical analyzes

Statistical analyzes were performed with SPSS
Version 16.0 software. Analysis of variances
(ANOVA) and averages were done in order to
observe the differences between the treatments,
the Duncan Test was done to compare the different
treatments and the hierarchical classification to
group the hybrid genotypes according to their level

tolerance to P. megakarya on the effect of salinity
at the 5% threshold.

Results

Evaluation of the development of necrosis
on leaf disks and whole leaves in the
absence and in the presence of NaCl

Germination rate

After sowing the beans in the plastic pots followed
by watering as described in the methodology, we
observed the germination of the first beans at the
end of the first week. This germination continued
until the end of the second week. Following
observations of the germination of beans from this
hybrid family, we recorded a germination rate of
92.30% (Table 1).

Artificial infection test on leaf discs and
attached leaves

The necrotic surfaces were measured on leaf discs
in the genotypes of the F79SB progeny as well as
in the parental genotypes from day 3 to day 7 after
the artificial infection in the absence of NaCl.
Analysis of variance indicated that there was a
significant difference (P <0.05) depending on the
day and the genotype in the development of
necrosis. Day 3 after infection is marked by the
appearance of necrosis in the parental genotypes
and in 15% of hybrid genotypes (F79SB6,
F79SB14, F79SB16, F79SB17, F79SB19 and
F79SB24). On this date, there is no significant
difference in the parental genotypes and the
hybrid genotypes except the genotype F79SBi4
which showed the greatest necrotic surface (0.044
+ 0.02) as well as a significant difference
compared to the two parental genotypes and the
other hybrid genotypes. The F79SB24 genotype is
the one that showed the smallest area of necrosis
(0.003 £ 0) on this date. On day 4 after infection,
95.83% of the hybrid genotypes showed a
development of necrosis except the genotype
F79SB13 which is marked by an absence of
necrosis. From day 5; necrosis is observed in all
hybrid genotypes up to day 7 and a significant
difference (P <0.05) has been observed between
the two parents and their hybrid genotypes over
time. On day 7; the parental genotype SNK413
showed the lowest necrotic surface (1.070 =+
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0.103) compared to the parent T79 / 501 (1.766 +
0). He is therefore considered the best parent. In
addition, 62.50% of the hybrid genotypes showed
a surface of necrosis smaller than that of the best
parent (F79SB1, F79SB2, F79SB3, F79SB4,
F79SB5, F79SB7, F79SB8, F79SB10, F79SBii,
F79SB12, F79SB13, F79SB1818 and F79SB23) but
on the other hand 33.33% of the hybrid genotypes

Table 1. Germination rate (%) of plants.

showed an area of inferior necrosis compared to
the sensitive parent (F79SB6, F79SB9, F79SB15,
F79SB16, F79SB17, F79SB19, F79SB22 and
F79SB24). Throughout the duration of the
evaluation of the development of necrosis, the
hybrid genotype F79SB14 is the one which
showed large necrotic areas (0.044 + 0.02 - 1.772
+ 0.235) (Table 2).

Weeks % of plants germinated % of plants not germinated
1st 57.69 42.31
ond 92.30 7.70

Table 2. Development of the necrotic surface (cm2) on the leaves of the parental genotypes and hybrids of the F79SB
progeny in the absence of NaCl.

Genotypes Day 3 Day 4 Day 5 Day 6 Day 7
SNK413 0.0054+0.004% 0.058+0.023%¢  0.154+0.0722 0.547+0.077¢cde 1.070+0.103defgh
T79/501 0.008+02 0.10840.032P¢d  0.463+0.067¢ 1.332+0.204h 1.766+0!
F79SB1 0+02 0.013+0.0062 0.037+0.0312 0.147+0.1272b 0.304+0.1893bc
F79SB2 0+02 0.023+0.0132 0.058+0.0232 0.178+0.0912b 0.304+0.1893bc
F79SB3 0+02 0.008+02 0.044+0.0232 0.089+0.0322b 0.225+0.050%2P
F79SB4 0+02 0.005+02 0.023+0.0132 0.058+0.0232 0.108+0.0322
F79SB5 0402 0.034+0.0312b 0.076+0.0482 0.236+0.1342bc 0.602+0.2023bc
F79SB6 0.008+02 0.071+03bcd 0.225+0.0502¢  0.686+0.086d¢f  1.696+0.272i
F79SB7 0402 0.016+0.0132 0.108+0.0312b 0.351+0.0593b¢d  0.955+0.1724defs
F79SB8 0402 0.023+0.0132 0.131+0.0623> 0.32240.10932bc 0.790£0.157¢cdef
F79SBg 0+02 0.023+0.0132 0.131+0.0622b 0.46340.067d  1.261+0.114f8hi
F79SB10 0+02 0.005+02 0.050+£0.0302 0.131+0.0622b 0.236+0.1342>
F79SB11 0402 0.023+0.0132 0.131+0.0623b 0.361+0.1543cd  0.971+£0.3464¢fs
F79SB12 0+02 0.008+02 0.031+02 0.298+0.1773b¢ 0.680+0.425bcde
F79SB13 0+02 0+02 0.02340.0132 0.15440.0722b 0.20240.0782
F79SB14 0.044+0.02bP 0.131+0.0634 0.390+0.1094e 0.955+0.172f8 1.772+0.235!
F79SB15 0+02 0.058+0.0232¢  0.288+0.094Pd  0.905+0.250f 1.544+0.219hi
F79SB16 0.016+0.012 0.113+0.072¢d 0.469+0.144¢ 1.076+0.2178 1.690+0.131!
F79SB17 0.016+£0.0132  0.131+£0.0634 0.361£0.154¢de 1.130+08h 1.690+0.131!
F79SB18 0+02 0.037+0.032%>  0.131+0.0622P 0.390+0.1093b¢d  0.955+0.1724defs
F79SB19 0.008+02 0.071+03bcd 0.288+0.094b¢d  0.790+0.157¢f 1.544+0.219hi
F79SB20 0x02 0.013+0.0162 0.076+0.0482 0.131+£0.0623b 0.202+0.0782
F79SB21 0+02 0.013+02 0.037+0.0322 0.202+0.0783b¢ 0.39040.1093b¢
F79SB22 0402 0.044+0.023%¢  0.173+0.0402> 0.552+0.145¢de 1.332+0.2048hi
F79SB23 0x02 0.016£0.0132 0.058+0.0232 0.202+0.0783¢  0.390+0.10932bc
F79SB24 0.003+02 0.037+0.032%>  0.131+0.0622P 0.557+0.205¢de 1.151+0.377¢f8h

Values with the same letter on the same column are not significantly different at P <0.05 according to Duncan's test.

Under sodium treatment (NaCl at 100 mM), the
development of necrosis was evaluated on the
attached leaves of cocoa tree in the nursery. Table
3 presents the development of the necrotic surface
(cm2) on attached leaves of cocoa tree of the hybrid
genotypes of the F79SB progeny under sodium

treatment (NaCl at 100 mM). Analysis of variance
indicated that there was a significant difference (P
<0.05) depending on the day and the genotype in
the development of necrosis. On day 3 after
infection, necrosis was observed in all hybrid
genotypes. There is no significant difference
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(P <0.05) between hybrid genotypes with large
necrotic areas. On this date, the F79SB3 genotype
was the one that presented the smallest necrotic
surface (0.116 + 0.053). From day 4, an increasing
evolution of the development of necrosis was
observed up to day 7 in different hybrid genotypes
subjected to sodium treatment. At this date,
54.17% of the hybrid genotypes showed necrotic
surfaces lower than 3.5 cm2 which means that they
are tolerant to P. megakarya under sodium stress.

In contrast, the hybrid genotypes F79SB1 (6.015 +
0.289), F79SB2 (6.296 + 0.328), F79SB6 (6.296 +
0.328), F79SB9 (6.518 + 0.225), F79SB11 (6.518 +
0.225), F79SB16 (6.579 + 0.272), F79S + 0.295),
F79SB21 (6.343 + 0.018), F79SB22 (6.243 +
0.283), F79SB23 (6.459 + 0.299) and F79SB24
(6.639 + 0.219) showed necrotic surfaces greater
than 6 cm? thus showing their great sensitivity to
the pathogen under stress sodium (Table 3) hence
their elimination from the selection process.

Table 3. Development of the necrotic surface (cm2) on the leaves of hybrids of the F79SB progeny under sodium

treatment (NaCl at 100 mM).

Day 5

Day 6

Day 7

Genotypes Day3 Day 4

F79SB1 0.30740.065¢d 1.278+0.1298
F79SB2 0.373+0.079d¢ 1.408+0.1578h
F79SB3 0.1164£0.0532 0.347+0.0932
F79SB4 0.298+0.045¢d 0.636+0.065¢de
F79SB5 0.151£0.0172b 0.414+0.025%
F79SB6 0.373+0.079de 1.408+0.1578k
F79SB7 0.477+0.134¢ 0.889+0.185f
F79SB8 0.193+0.0523b 0.47940.0873b¢
F79SBg 0.42640.058¢ 1.512+0.105%
F79SB10 0.395+0.078de 0.783+0.118¢f
F79SB11 0.426+0.058¢ 1.5124+0.1050
F79SB12 0.399+0.104de 0.77940.145¢f
F79SB13 0.402+0.081de 0.783+0.113¢f
F79SB14 0.254+0.030b¢ 0.579+0.048bcd
F79SB15 0.462+0.027¢ 0.873+0.033f
F79SB16 0.442+0.070¢ 1.539+0.127h
F79SB17 0.367+0.119d¢ 0.736+0.172def
F79SB18 0.395+0.0304e 0.783+0.045¢
F79SB1g 0.414+0.074de 1.486+0.139h
F79SB20 0.399+0.0534¢ 0.791+0.075¢f
F79SB21 0.381+0.005d¢ 1.429+0.0008h
F79SB22 0.360+0.068¢de 1.380+0.135¢8h
F79SB23 0.412+0.0754¢ 1.486+0.139h
F79SB24 0.45740.056¢ 1.567+0.105"

2.614+0.187f
2.799+0.221f8
0.905+0.1462
1.350+0.095¢
1.011+£0.05072
2.799+0.221f8
1.698+0.250¢
1.107+0.1312P
2.046+0.1488
1.545+0.157d¢
2.946+0.1488
1.556+0.191de
1.561+0.160d¢
1.254+0.065P¢
1.674+0.050¢
2.985+0.1798
1.482+0.242¢de
1.545+0.060d¢
2.911+0.1958
1.552+0.105d¢
2.830+0.005
2.761+0.1901
2.909+0.1978
3.024+0.1478

4.802+0.255¢f
5.052+0.296fsh
1.611+£0.1932
2.200+0.122¢d
1.751+0.0772b
5.052+0.296f8h
2.628+0.305°
1.874+0.1692b
5.250+0.1998h
2.428+0.187de
5.250+0.1998h
2.463+0.2284de
2.467+0.2034¢
2.061+0.078bc
2.595+0.069¢
5.303+0.2408h
2.355+0.302¢de
2.428+0.073d¢
5.203+0.2638h
2.434+0.131d¢
5.095+0.009fh
5.003+0.255'8
5.1909+0.2658h
5.356+0.196%

6.015+0.289f
6.296+0.328fsh
2.23440.2282
2.9026+0.142¢
2.396+0.099?
6.206+0.328feh
3.411£0.344¢
2.540+0.1962b
6.518+0.2258h
3.175+0.207d¢
6.518+0.225¢8h
3.230+0.255d¢
3.234+0.2344¢
2.754+0.089bc
3.370+0.084¢
6.579+0.2728h
3.097+0.345¢de
3.175+0.081de
6.467+0.2958h
3.179+0.1504¢
6.343+0.018fsh
6.243+0.283f

6.459+0.2998h
6.639+0.219h

Values with the same letter on the same column are not significantly different at P <0.05 according to Duncan's test.

Hierarchical classification of genotypes in
the absence and presence of NaCl

The development of the necrotic surface as a
function of the days made it possible to classify
hierarchically the parental genotypes and the
hybrid genotypes of the F79SB progeny. This
hierarchical classification was obtained on the
basis of the necrosis area of the leaves from day 3
to day 7 in the absence of NaCl.

The parental genotypes and the hybrid genotypes

were produced at 95% homogeneity (Fig. 1). This
hierarchical classification made it possible to
distinguish 9 groups of individuals. Groups 3 and
8, consisting respectively of 2 and 5 genotypes each
from which the parental genotype T79 / 501 is
based, are characterized by large necrotic areas
and are considered as very sensitive genotypes.
Groups 1 and 4, consisting respectively of 3 and 2
genotypes, each having the parental genotype
SNK413, presented medium necrotic surfaces and
are considered to be sensitive. Groups 5 and 6 also
made up respectively of 3 and 2 genotypes each are
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characterized by small necrotic surfaces and
therefore considered to be tolerant. Groups 2, 7
and 9 made up respectively of 3, 4 and 2 genotypes
each presented very small necrotic surfaces and are
therefore considered as very tolerant genotypes
(Fig. 1).

Otherwise, Fig. 2 presents the hierarchical
classification of the hybrid genotypes of the
F79SB progeny also obtained on the basis of the
necrosis surface of the attached leaves of cocoa
trees in the greenhouse from day 3 to day 7 under

CLSE 0

sodium treatment (NaCl at 100 mM). This
classification made it possible to distinguish 5
groups of individuals. Groups 1 and 2 consisting
respectively of 6 and 2 genotypes each are
characterized by necrotic surfaces less than 3.5
cm? therefore considered to be tolerant. Groups 3,
4 and 5 made up respectively of 2, 2 and 1
genotypes each presented necrotic surfaces
smaller than that of groups 1 and 2 and are in this
case considered as hybrid genotypes very tolerant
to the pathogen under sodium constraint (NaCl at
1oomM) (Fig. 2).
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Fig. 1: Hierarchical classification of hybrids of the F79SB progeny obtained on the basis of the necrotic
surface of the leaves from day 3 to day 7 in the absence of NaCl.

Evaluation of the development of necrosis
in the presence of NaCl associated with
calcium chloride (CaCl,) at different
concentrations on whole leaves in the
greenhouse

The methods used to assess the development of
necrosis in hybrid genotypes subjected to the NaCl
+ CaCl, treatment are the same as those used
before and after the NaCl treatment.

Artificial infection test on attached leaves

Under saline treatment, the evaluation of the
development of necrosis was done on attached
leaves of cocoa tree in the nursery. Analysis of
variance showed that there was a significant
difference (P <0.05) depending on the day and
the genotype in the development of necrosis.
Under saline treatment at 100 mM (NaCl +
CaCl,), day 3 after infection was marked by the
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appearance of necrosis in all the hybrid genotypes
of the F79SB progeny. At that date, a significant
difference was observed in the hybrid genotypes.
The hybrid genotype F79SB3 was the one that
developed the smallest necrotic surface (0.161 +
0.058) while F79SB20 developed the largest
necrotic surface at this date (0.534 + 0.063). On
day 4 after infection, all genotypes had a necrotic
surface less than 1 cm2. On day 5, 76.92% of the
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genotypes presented a necrotic surface greater
than 1 cm? and a progressive evolution of the
necrosis was observed until day 7. On this date
(dayy), there was no difference significant (P
<0.05) between the hybrid genotypes with a large
necrotic surface (F79SB7, F79SBio, F79SBis5,
F79SB18 and F79SB20) and the F79SB3 genotype
remained the one which showed the smallest
necrotic surface (Table 4).
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Fig. 2: Hierarchical classification of hybrids of the F79SB progeny obtained on the basis of the necrotic
surface of the leaves from day 3 to day 7 in the presence of NaCl.

Table 4. Development of the necrotic surface (cm2) on the leaves of hybrids of the F79SB progeny under saline

treatment (NaCl + CaCl, at toomM).

Genotypes Day 3 Day 4 Day 5 Day 6 Day 7

F79SB3 0.161£0.0582 0.287+0.0772 0.789+0.1282 0.789+0,1282 2.547+0.2312
F79SB4 0.307+0.0473b¢ 0.473+0.05932bc 1.085+0.090b¢ 1.085+0,090b¢ 3.064+0.153bcd
F79SB5 0.216+0.0403 0.360+0.0512P 0.909+0.0822 0.909+0,0822b 2.761+£0.1463P
F79SB7 0.511+£0.1624e 0.718+0.193de 1.441+0.2744de 1.441+0,274d¢ 3.639+0.436¢f
F79SB8 0.263+0.0843b¢ 0.418+0.1062b¢ 0.999+0.1662b¢ 0.999+0,1663b¢ 2.914+0.28632bc
F79SB10 0.511+0.162de 0.71840.193de 1.441+0.2744¢ 1.441+0,2744¢ 3.639+0.436¢f
F79SB12 0.393+0.142¢de 0.577+0.172¢de 1.23740.254¢de 1.237+0,254¢de 3.309+0.415¢cdef
F79SB13 0.385+0.064¢de 0.569+0.077¢de 1.229+0.114¢de 1.229+0,114¢de 3.301+0.186¢def
F79SB14 0.362+0.098bcd 0.540+0.121bcd 1.184+0.181bcd 1.184+0,181bcd 3.225+0.301¢de
F79SB15 0.534+0.063¢ 0.748+0.075¢ 1.486+0.106¢ 1.486+0,106¢ 3.7154+0.169¢
F79SB17 0.420+0.136¢de 0.611+£0.166¢de 1.286+0.245¢de 1.286+0,245¢de 3.389+0.403def
F79SB18 0.503+0.0724e 0.711+0.0864¢ 1.433+0.122de 1.433+0,122de 3.631+0.195¢f
F79SB20 0.534+0.063¢ 0.748+0.075¢ 1.486+0.106¢ 1.486+0,106¢ 3.7154+0.169¢

Values with the same letter on the same column are not significantly different at P <0.05 according to Duncan's test.
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Table 5 shows the development of necrosis (cm2)
on the attached cocoa tree leaves in the nursery
under saline treatment with 20o0mM NaCl + CaCl.
on the hybrid genotypes F79SB. Analysis of
variance (ANOVA) indicated that there was a
significant difference (P <0.05) depending on the
day and the genotype in the development of
necrosis. Due to the harmful effects of salt stress
on certain genotypes, the genotypes F79SB7
F79SB10 F79SB12 F79SB13 F79SB14 and F79SB17
were eliminated in the rest of the work. Day 3 after
infection was marked by the presence of necrosis
in all hybrid genotypes. On this date, a significant
difference was observed in the hybrid genotypes of
the F79SB progeny. The genotypes F79SBs5,
F79SB8 and F79SB15 developed areas of necrosis
less than 1 cm2 of which F79SB15 was the one

which developed the smallest necrotic area (0.605
+ 0.143) and the largest was observed in the
genotype F79SB20 (1.083 + 0.089 ) on day 3.

On day 4, all the hybrid genotypes had a surface of
necrosis greater than 1 cm2 and on day 5, a
progressive evolution was observed until day 7. To
this date (day 7); no significant differences were
observed between the hybrid genotypes which
presented small areas of necrosis between them
and also between the hybrid genotypes which
showed a large area of necrosis (F79SB18 and
F79SB20). A large difference between day 3 and
day 7 necrosis was observed in certain genotypes
such as F79SB5 (0.930 + 0.126 - 2.942 + 0.187) and
in the genotype with a large area of necrosis
F79SB20 (1.083 + 0.089 - 4.106 + 0.226) (Table 5).

Table 5. Development of the necrotic surface (cm2) on the leaves of hybrids of the F79SB progeny under saline

treatment (NaCl + CaCl, at 200mM).

Day 5

Day 6

Day 7

Genotypes Day3 Day 4
F79SB3 1.150+0.139¢<d 1.374+0.100%
F79SB4 1.276+0.2434 1.586+0.205P
F79SB5 0.930+0.126b¢ 1.225+0.1332
F79SB8 0.842+0.119P 1.146+0.1432
F79SB15 0.605+0.1432 1.17840.1832
F79SB18 1.111+0.162¢d 1.541+0.230P
F79SB20 1.083+0.089¢<d 1.512+0.134b

1.590£0.1892
1.849+0.3512b
1.562+0.2272
1.563+0.1632
1.655+0.2952
2.041+0.212bc
2.336+0.077¢

2.039+0.2152
2.606+0.273P
2.096+0.1232
2.102+0.1902
2.371+0.2362
3.032+0.419°¢
3.217+0.093¢

2.069+0.2132
3.209+0.2082
2.042+0.1872
2.975+0.2152
3.256+0.2762
3.980+0.452P
4.106+0.226P

Values with the same letter on the same column are not significantly different at P <0.05 according to Duncan's test.

The development of necrosis on attached leaves of
cocoa trees was also evaluated in hybrid genotypes
under saline treatment with 30omM NacCl + CaCl..
Table 6 presents the development of necrosis on
the attached leaves of the hybrid genotypes of the
F79SB progeny under saline stress at 30o0mM
(NaCl + CaCl,). Analysis of variance showed a
significant difference (P <0.05) depending on the
day and the genotype in the development of
necrosis. On day 3 after infection, necrosis was
observed in all the hybrid genotypes subjected to
saline treatment. There were no significant
differences between the genotypes that developed
small necrotic surfaces between them and between
the genotypes showing the development of large
necrotic surfaces. The genotypes F79SB5, F79SB8
and F79SB15 showed necrotic surfaces of less than
1 cm2. The smallest necrotic surface was observed

in the F79SB8 genotype (0.948 + 0.122) while the
largest necrotic was observed in the F79SB20
genotype (1.139 + 0.243). On day 4, the genotypes
in which a large necrotic area was observed did not
show any significant difference as well as the
genotypes in which a small necrotic area was
observed. A significant difference was observed
between the hybrid genotypes on day 5 after
infection and the necrosis progressively increased
until day 7. Day 7 indicated a significant difference
between the genotypes in the development of
necrosis. At this date, F79SB8 (3,140 + 0.181)
developed the smallest necrotic surface while
F79SB20 (4.429 + 0.385) developed the largest. A
large difference between day 3 and day 7 necrosis
was observed in all hybrid genotypes subjected to
saline treatment with 300 mM NaCl associated
with CaCl, (Table 6).
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Table 6. Development of the necrotic surface (cm2) on the leaves of hybrids of the F79SB progeny under saline

treatment (NaCl + CaCl, at 300 mM).

Genotypes Day 3 Day 4 Day 5 Day 6 Day 7
F79SB3 1.180+0.125% 1.623+0.141bP 2.204+0.223bcd 3.026+0.261b¢ 3.633+£0.362bc
F79SB4 1.25040.150P 1.590+0.195P 2.141+0.236P¢ 3.018+0.199bc 3.884+0.224¢d
F79SBs5 0.95440.1572 1.303+0.1502 1.859+0.2082b 2.72240.213% 3.458+0.1352
F79SB8 0.948+0.1222 1.27440.1312 1.802+0.27332b 2.512+0.3072 3.140+0.1812
F79SB15 0.991+0.1132 1.266+0.1272 1.731+0.2192 2.869+0.1432P 4.0154+0.0864
F79SB18 1.125+0.1372b 1.759+0.241P 2.465+0.248¢cd 3.399+0.329¢ 4.416+0.181¢
F79SB20 1.139+0.2432P 1.773+0.284b 2.549+0.3424 3.340+0.274¢ 4.429+0.385¢

Values with the same letter on the same column are not significantly different at P <0.05 according to Duncan's test.

Hierarchical classification of genotypes
under saline treatment

The hierarchical classification at 95% homogeneity
of the hybrid genotypes of the F79SB progeny
obtained on the basis of the necrosis areas of the
attached leaves from day 3 to day 7 made it
possible to distinguish different groups of
individuals receiving saline treatment at different
concentrations.

Under saline treatment (NaCl + CaCl,) at a
concentration of 100 mM, 5 groups were
distinguished. Groups 1 and 2 were made up of
genotypes characterized by medium necrotic
surfaces, therefore less sensitive, while groups 3, 4
and 5 were characterized by small necrosis
surfaces, therefore tolerant to the pathogen

(Fig. 3).

At a concentration of 200 mM NaCl + CaCl., the
hierarchical classification of the hybrid genotypes
presented 6 groups. Groups 1 and 2 showed small
necrotic surfaces therefore made up of tolerant
hybrid genotypes. Groups 3, 4 and 5 made up
respectively of genotypes F79SB15, F79SB4 and
F79SB18 showed average areas of necrosis
therefore less sensitive whereas F79SB20
constituting group 6 presented the largest necrotic
area therefore sensitive to the pathogen (Fig. 4).
However at a concentration of 300 mM, four
groups were observed. Groups 1 and 4, consisting
respectively of the Fy9SB18, F79SB20 and
F79SB15 genotypes, are sensitive because they are
characterized by large necrotic surfaces. On the
other hand, groups 2 and 3 consisting respectively
of two genotypes each showed medium necrotic
surfaces therefore less sensitive to the pathogen

(Fig. 5).
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Fig. 3: Hierarchical classification of hybrids of the F79SB progeny obtained on the basis of the
necrotic surface of the leaves from day 3 to day 7 in the presence of NaCl + CaCl, at 1toomM.
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Fig. 5: Hierarchical classification of hybrids of the F79SB progeny obtained on the basis of the
necrotic surface of the leaves from day 3 to day 7 in the presence of NaCl + CaCl, at 30omM.

Discussion

Evaluation of the development of necrosis
on leaf disks and whole leaves in the
absence and presence of NaCl

Germination rate
The germination rate calculated at the 1st and 2nd

week after sowing showed a respective percentage
of 57.60% and 92.30% proving that the

germination time varies with time in this family.
This variability is due to the fact that the
germination time is mature-dependent and on the
other hand to the fact that within the same pod, the
embryos are at different stages of development.
These results are similar to those obtained by
Minyaka et al., 2017 on the same plant. These
results confirm the words of Despréaux et al.
(1989) who showed that the germination rate of
cocoa beans is one of the agronomic characteristics
that guide the choice of a hybrid or a clone family
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growth compared to another. On this criterion, the
pollination directed between the clones T79 / 501
and SNK413 would therefore be a good growth.

Artificial infection test on leaf discs and
attached leaves

The incidence and severity of P. megakarya in
genotypes of the F79SB family were evaluated in
the absence and in the presence of NaCl. The
appearance of necrosis on the infected leaf discs
and leaves attached to the cocoa tree in the
laboratory and in the nursery confirms the
presence of P. megakarya. These results are in
agreement with those obtained by Efombagn et al.
(2011) on pods in the field, Djocgoue et al. (2010)
and Ondobo et al. (2014) on the leaves attached in
the nursery.

In the absence of NaCl, the development of
necrosis showed a significant effect of the date and
the genotype. On day 3, there were no significant
differences between the parental genotypes and the
other hybrid genotypes except the genotype
F79SB14 which has shown the greatest necrotic
surface on day 3. But from day 4 to day 7, there
was a significant difference between the parental
genotypes and the hybrid genotypes. This suggests
that there is considerable genetic variability
between hybrid cocoa genotypes. These results
corroborate those obtained by Djocgoue et al.
(2006) and Ondobo et al. (2017) on the leaves
attached to the seedlings and Effa et al. (2017) on
loose pods. These results also indicated that on day
7 the parental genotype SNK413 showed the lowest
necrotic surface (1.070 + 0.103) compared to the
parent T79 / 501 (1.766 + 0). He is therefore
considered the best parent. In addition, 62.50% of
hybrid genotypes showed a surface of necrosis
smaller than that of the best parent (F79SB1,
F70SB2, F79SB3, F79SB4, F79SB5, F79SB7,
F79SB8, F79SBio, F79SB11, F79SB12, F79SB13,
F79SB1818 and F79SB23).

On the other hand, 33.33% of hybrid genotypes
showed a lower surface of necrosis compared to the
weak parent (F79SB6, F79SB9, F79SB15, F79SB16,
F79SB17, F79SB19, F79SB22 and F79SB24). This
differential behavior of the hybrid genotypes of this
family with regard to sensitivity to P. megakarya
accounts for the heterogeneity of the offspring for
this studied trait. Similar results have been found

by several authors (Nyassé et al., 2002, Efombagn
et al., 2011; Nyadanu et al., 2013; Effa et al., 2017;
Ondobo et al., 2017; Minyaka et al., 2017) who
have shown that tolerance or sensitivity to black
pod disease is a polygenic character due to
heterogeneity and therefore under genetic control
and can be improved genetically. In other words,
the clones used as parents to generate offspring are
always heterozygous for this trait, hence the
appearance of tolerant and sensitive genotypes
within the same family, thus confirming the best
ability to combine parental genes ( Nyassé et al.,
2003; Cilas et al.,, 2004; Pokou et al.,, 2008;
Minyaka et al., 2018).

In the presence of 100 mM NaCl, a significant
difference (P <0.05) was observed depending on
the day and the hybrid genotypes in the
development of necrosis. Day 3 after infection is
marked by the appearance of necrosis in all
hybrid genotypes. From day 4, an increasing
evolution of the development of necrosis was
observed up to day 7 in the various hybrid
genotypes subjected to sodium treatment. To this
date, 54.17% of hybrid genotypes have shown
necrotic surfaces less than 3.5 cm?2, which means
that they are tolerant of P. megakarya under
sodium stress. On the other hand, some hybrid
genotypes (F79SB1, F79SB2, F79SB6, F79SBo,
F79SB11, F79SB16, F79SB19, F79SB2, F79SB22,
F79SB23 and F79SB24) showed necrotic surfaces
greater than 6 cm?2, thus showing their very high
sensitivity to the pathogen. Hence their
elimination is the selection process. These results
reveal that NaCl significantly increased the
incidence and severity of P. megakarya in this
hybrid family through these harmful effects on
the plant. This is consistent with the work carried
out by some authors (Taffouo et al., 2008;
Mohameden et al.,, 2011; Taffouo et al., 2014;
Nouck et al., 2016) who have shown that salinity
affects all physiological processes in the plant as
well as its development and growth.

The observation of large necrotic surfaces on the
leaves of the hybrid genotypes shows that NaCl
stimulated the rapid development of the pathogen,
thus facilitating the sensitivity of the hybrid
genotypes. These results corroborate those
obtained by Regragui et al. (2003) who found that
salinity is often believed to be responsible for the
severe attack of plants by pathogenic soil fungi.
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Hierarchical classification of genotypes in
the absence and presence of NaCl

Hierarchical classification of the hybrid genotypes
of the F79SB progeny also obtained on the basis of
the necrosis surface of the attached leaves of the
cocoa tree in the greenhouse from day 3 to day 7
under sodium treatment (NaCl at 100 mM) made it
possible to distinguish 5 groups of hybrid
genotypes. Groups 1 and 2 are considered as hybrid
genotypes very tolerant to the pathogen under
sodium stress (NaCl at toomM). The fact that the
highly tolerant or very sensitive hybrid genotypes
are in different groups confirms the genetic
variability between the genotypes. These results
are consistent with those obtained by Effa et al.
(2017) on the same plant. In the presence of NaCl,
the sensitivity of hybrid genotypes is high with the
appearance of large necrotic surfaces. These results
are similar to those obtained by Boukharta et al.
(2012) on the tomato.

Evaluation of the development of necrosis
in the presence of NaCl associated with
calcium chloride (CaCl.) at different
concentrations on whole leaves in the
greenhouse

Artificial infection test on attached leaves

Under the different concentrations performed, the
appearance of necrosis was observed in all the
hybrid genotypes on day 3. A significant difference
was also observed depending on the day and the
genotype. Under 100mM of NaCl + CaCl,, 76.92%
of the hybrid genotypes presented a necrotic
surface greater than 1cm? on day 5 and a
progressive evolution of necrosis until day 7. To
date (7), there is no significant difference between
hybrids with a large necrotic surface (F79SB7,
F79SB10, F79SB15, F79SB18 and F79SB20). On
the other hand, at 200 mM, on day 3, areas of
necrosis greater than 1 cm2 (57.14%) were
observed. These necrotic surfaces progressively
evolve to reach 4.106 + 0.226 for the most
vulnerable genotype (F79SB20). Finally at 300
mM, the hybrid genotypes showed necrotic
surfaces greater than 1 cm2 on day 3. On day 7, the
hybrid genotype F79SB8 developed the smallest
necrotic surface while F79SB20 developed the
largest. On day 7, the necrotic surfaces change
progressively as a function of the salt

concentration carried out. This observation proves
that the increase in salinity increases the incidence
of the pathogen on the cocoa tree. These results are
in agreement with those obtained by some authors
such as Boukharta et al.,, 2012 who have shown
that the attack power of the pathogen Verticillium
dahliae in tomatoes increases with the
concentrations of salt in the substrate. These
observations are similar to those of Regragui et al.
(2003) on Verticillium dahliae and Medja et al.
(2009) on fusarium wilt which showed that
salinity had an influence on the sensitivity of the
tomato towards the pathogen.

The appearance of large necrotic surfaces could be
explained by the fact that the salinity stimulates
the growth of the pathogen and increases it’s
cellulolytic and pectinolytic capacities. Thus,
colonization of tissues by the parasite was made
easier by the production of these enzymes which
degrade the cell walls of the host.

Hierarchical classification of genotypes
under saline treatment

The hierarchical classification was made to 95%
uniformity obtained on the basis of the necrosis
areas of the attached leaves from day 3 to day 7 and
made it possible to distinguish different groups of
individuals receiving saline treatment at different
concentrations. Under saline treatment (NaCl +
CaCl,), 5 groups were distinguished at a
concentration of 100 mM, 6 groups at 200 mM of
NaCl + CaCl. and at 300 mM, four groups were
observed. In the 100mM group, we had tolerant
and less sensitive individuals, the 200mM group
consisted of tolerant, less tolerant and sensitive
hybrid genotypes and finally the 30omM group
was made up of sensitive and less sensitive
hybrids. These differences in genotypic reaction to
P. megakarya under saline stress highlight the
heterogeneity of the hybrid genotypes, thus
proving genetic variability within the hybrid
genotypes. Similar results have been obtained by
Effa et al. (2017) on the same plant.

Conclusion

As part of this work, the influence of salinity on the
incidence and severity of P. megakarya in a hybrid
family of T. cocoa was evaluated. It was observed
that the development of necrotic surfaces was a

C. Simo et al. (2020) / Influence of salinity on the incidence and severity of Phytophthora megakarya in a hybrid family of 13

Theobroma cacao L.



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(1), 1-16

function of the applied salt concentrations and the
day. On day 3 after infection, at 100mM, the hybrid
genotypes presented necrotic surfaces less than 1
cm2 while at 200 and 30o0mM, some hybrid
genotypes presented necrotic surfaces greater than
1 cm2. These results showed that the influence of
salinity on the development of necrosis in hybrid
genotypes thus favored their sensitivity to P.
megakarya. Furthermore, these results showed
that the hybrid genotypes of the F79SB progeny
exhibiting better tolerance under sodium and
saline stress are the hybrid genotypes F79SB3,
F79SB4, F79SB5, F79SB8 and F79SB15 with small
necrotic surfaces according to the different
concentrations. They can be multiplied by cloning
and made available to farmers in regions with high
salinity for an improvement in yield in cocoa
plantations.
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