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Abstract: In order to protect cacao against Phytophthora megakarya, the most aggressive pathogen of this plant in
Cameroon, a study was carried out on hybrid genotypes of the family F79SA of cacao (Theobroma cacao L.) to investigate the
effect of inoculation of the biofertilizers Gigaspora margarita and Acaulospora tuberculata on the phenolic compound content
in hybrid genotypes after leaf infection with Phytophthora megakarya and treatment of salicylic acid (SA). Thus, the phenolic
compound content of hybrid genotypes of the family F79SA of T. cacao was evaluated after artificial infection of leaves with
P. megakarya and treatment of salicylic acid without control and under control of biofertilizers. The artificial infection of P,
megakarya and exogenous application of salicylic acid resulted in an increase in the accumulation of phenolic compounds (PC)
in all genotypes. This increase was more important under the control of Gigaspora margarita and Acaulospora tuberculata and
varied from one genotype to another. The PC content analysis map of these genotypes at different treatment conditions under
the control of biofertilizers showed a gradual evolution of black coloration, a sign of the increase in phenolic compound
content related to concentrations of salicylic acid and infected leaves in all hybrid genotypes thus expressing high tolerance.
This map allowed to classify hybrid genotypes according to their level of tolerance. A negative and significant correlation (P =
0.05) was observed between the development of necrosis and the accumulation of phenolic compounds on one hand and
between salicylic acid and the accumulation of phenolic compounds on the other hand. Salicylic acid can therefore be used in
the cacao selection program in the absence of the pathogen for the identification of hybrid cacao genotypes as well as in other
similar breeding programs.

Keywords: Theobroma cacao, Phytophthora megakarya, Gigaspora margarita, Acaulospora tuberculata, Tolerance,
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tropical regions with favourable ecological conditions. Over
the last few decades, population growth has led to a
considerable demand for cacao as the main ingredient for the
chocolate industry. This food product has nutritional properties

1. Introduction

Cacao (Theobroma cacao L.) is a major annuity crop in
Cameroon and in many producing countries that grows in
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that confer multiple benefits to human health [1-3].

However, cacao-producing countries have diversified soils
depending on the cacao-producing regions. Cacao yields are
below their potentilas due to long-term cacao culture, depletion
of essential soil nutrients, an inadequate soil chemical fertility;
which is already a source of environmental pollution and on
the other hand, due to the parasitic pressure [4-5]. In most
producing countries, there are several pathogens responsible
for fungal diseases, including the pathogenic agent
Phythopthora megakarya, responsible for the balck pod
disease. This pathogen is recognized as the most aggressive in
Central and Western Africa. In Cameroon, it is responsible for
losses of up to 80% of the annual yield [6-7].

Studies to improve this culture have not yet produced
genotypes completely resistant to Phytophthora megakarya.
The use of chemical fungicides, although the most widely
used means of control, causes environmental toxicity and
pollution problems that affects the quality of cacao sought by
chocolate producers and the health of farmers and consumers
[8-10]. In addition, microrganisms develop mechanisms for
adapting to the regular use of chemical fungicides. Many
methods used to fight Phytophthora megakarya directly
targets only the microrganism, however while continuing to
fight the pathogen, it would also be better to give the host the
means to defend himself. As a result, improving the tolerance
of cacao genotypes through the use of arbuscular mycorrhizal
fungi or the application of a very low concentration of
salicylic acid would be an effective, economical, non-
polluting and sustainable means of controlling cacao farming.

Many research results attribute the mycorrhizal symbiosis
to a bioprotective effect through a reduction in the
pathogenicity of some pest agents and a better tolerance of
mycorrhizal plants to stress induced by heavy metals or
polycyclic aromatic hydrocarbons [11-12]. This protection of
arbuscular mycorrhizal fungi (AMF) against pathogens is
certainly linked to a set of processes such as competition for
root colonization and nutrient absorption, activation by the
fungus of the mechanisms of defense of the plant or even the
production of fungal substances disturbing the development
of pathogens. The increase in the biosynthesis of phenolic
compounds is among the defence mechanisms stimulated by
these biofertilizers [13-14].

Several studies have shown that exogenous application of
salicylic acid (AS) reduces the inhibitory effects of different
biotic and abiotic stresses [15]. Exogenous application of
salicylic acid increases the content of phenolic compounds in
plants and stimulates the antioxidant complex ascorbic acid
GSH [16-17]. Nana et al. demonstrated the accumulation of
flavonoid-derived compounds after infection and on the other
hand the inhibitory effect of specific phenolic compounds
taken from infected pods on P. megakarya [18].

The objective of this work was to improve the tolerance of
a hybrid family of Theobroma cacao against the attack of
Phytophthora megakarya through the assessment of the
phenolic compounds content of the hybrid genotypes of the
hybrid family F79SA of T. cacao after leaf infection with
Phytophthora megakarya and exogenous application of

salicylic acid before and after inoculation of biofertilizers
Gigaspora margarita and Acaulospora tuberculata. The
results obtained will assess the effect of these biofertilizers
and salicylic acid against the attack of the pathogen in order
to establish a sustainable and effective control technique.

2. Materials and Methods
2.1. Plant Material

Twenty-four hybrid genotypes from the direct crossing
(T79/501 x SNK413) and two parental genotypes SNK413 and
T79/501 were used as plant marterial. The parental genotype
T79/501, a high Amazonian characterized by low tolerance and
parental genotype SNK413, a local Trinitario characterized by
tolerance against Phytophthora megakarya were used.

2.2. Fungal Material

P megakarya is a local strain isolated from the Plant
Biotechnology Laboratory of IRAD in Ekona from a
naturally infected Cocoa pod crop in a cacao plantation in
Ekona (South West, Cameroon).

The AMF is a strain derived from a mixture of
endomycorrhizal fungi with arbuscules Gigaspora margarita
and Acaulospora tuberculata. They were chosen due to their
ability to regulate the uptake of nutrients by their host plants
(Gigaspora margarita) and to improve tolerance to
pathogenic infections (Acaulospora tuberculata) [19-20].
The inoculum consisted of a mixture of spores, mycelium,
root fragments and coarse sand. The prepared inoculum was
stored in the laboratory at 15-20°C after drying. Fifty grams
of the mixture were inoculated at a depth of Scm below the
surface of the growth medium.

2.3. Setting up the Nursery

Plastic pots of 3L perforated with small holes of 0.5 cm in
diameter at their bases were filled with humified soil obtained
from a mixture of top soil obtained from fallow land at the
Faculty of Science of University of Douala and Sawdust fine at
a volume proportion of 3:1 (V/V). This mixture was air dried
at ambient temperature and sieved using a 2mm sieve. The
selected beans were washed with tap water added to the fine
sand to eliminate the mucilage. On the eve of sowing, the pots
were sprinkled and the next day the beans were sown at a
density of one bean per pot. Each bean was placed in the
middle of each pot by pushing the large end of the seed down
to maintain the right pivot and 1 cm deep. After sowing, the
pots were watered regularly at 6:am and at the same time for
the first 15 days following sowing, then every 2 days to allow
good growth of young shoots.

2.4. Root Coloration and Mycorrhization Evaluation

Root staining was carried out as described Philips and
Hayman (1970) with the Trypan Blue, which allowed a good
coloration of chitin from the walls of the fungus [21]. The
frequency and intensity of mycorrhization were calculated
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using the method described by Marx et al. and Trouvelot et
al. [22-23].

2.5. Isolation and Culture of the Strain of Phytopthora
Megakarya

The isolation and culture of P megakarya was carried out as
described by Nyassé et al. and later modified by Coulibaly et
al. (2013) [24-25]. A strain of P. megakarya was isolated from
a naturally occurring pod of brown rot whose development of
necrosis was at the stage of the production of zoospores. This
pod was used to infect a healthy pod previously washed with
distilled water by putting them side by side in a plastic
container soaked in distilled water and incubated at 26°C in the
dark for two weeks in the laboratory. The newly infected pod
washed with tap water underwent a series of 95% ethanol
disinfection, for 30 seconds, in 10% sodium hypochlorite, for 2
minutes and then in 70% ethanol for 2 minutes to eliminate
microrganisms present on the cortex. After three rinses of the
pod with sterile distilled water, the sampling area was selected
and the superficial tissues stripped with a sterile scalpel. Five
cubic-shaped fragments from this pod, approximately 7 mm
apart, were collected from the subcortical tissues with a sterile
cut-off at the necrosis growth front. Each fragment was
deposited on a pea-based agar medium contained in petri
dishes of diameter 90 mm. Incubation was done in an oven at
26°C for 5 days in the dark. The isolates obtained after the
formation of the thallus were purified by successive
subculturing on the agar medium based on pea contained in
petri dishes of diameter 90 mm.

2.6. Preparation of Inoculum and Counting of Zoospores

The inoculum was prepared and the count of the zoospores
carried out according to the method described by Nyassé et
al. (1995) [24]. The strain to be inoculated was pretreated
two weeks before on medium pea agar in petri dishes 90 mm
in diameter and incubated in an oven at 26°C for 7 days in
the dark. The petri dishes were placed alternately for 7 days
in the light of an incandescent lamp (60 W) and in the dark
(photoperiod 12h/12h) at 26°C to allow the formation of the
sporocysts that are at the origin of the production of the
zoospores. During infection, 4 to 5 ml of sterile distilled
water was added to each petri dish. These Petri dishes were
placed for 30 min in a refrigerator at 4°C to promote the cold
shock to release the zoospores contained in the sporocysts.
These petri dishes were then maintained at 26°C for 2 hours
to allow the zoospores to be released into the water contained
in each petri dishe, the solution containing the zoospores was
then recovered from a beaker. After immobilization of the
zoospores by two drops of methylene blue, the zoospores
obtained in the beaker were counted using a Malassez
hematimetric cell at the concentration of 101 x 10
zoospores/ml. Counting was performed on optical
microscope at objective 40.

2.7. Artificial Infection of Leaves in Nursery

Leaves of about 60 days old not detached from the

seedlings were used and divided into two groups: (a) intact
leaves (control) and (b) scarified leaves (with fine sand) and
then infected with zoospores of P megakarya (with 6 pl
suspension of calibrated at 101 x 10> zoospores/ml). The
identified leaves were carefully cleaned, infected and covered
with hydrophilic cotton and tape. The seedlings were
regularly watered for 7 days to promote the conditions
necessary for the development of P. megakarya. Seven days
after infection, these leaves were harvested and stored for 24
hours at 0°C to facilitate grinding. Three repetitions were
done for each treatment.

2.8. Treatment of Leaves with Aalicylic Acid

Leaves of about 60 days old not detached from the
seedlings were used and divided into four groups: (a) intact
leaves (control), (b) scarified leaves and inoculated with
salicylic acid (10 pl, 5 mM), (c) scarified leaves and
inoculated with salicylic acid (10 pl, 10 mM), (d) scarified
leaves and inoculated with salicylic acid (10 pl, 15 mM).
Three days after inoculation, the leaves were collected and
stored at 0°C for extraction of phenolic compounds.

2.9. Extraction and Content Assessment of Phenolic
Compounds

The extraction of phenolic compounds for quantitative
analysis was done according to the method described by
Simo et al. (2014) [14]. Twenty mg of fresh leaf cut past the
necrotic part were crushed in 5ml of methanol (80%) by
adding a pinch of sterile fine sand and the resulting
maceration was centrifuged at 6000 g for 20 min. The S,
Supernatant was collected and the culotl was recovered in 3
ml of (80%) methanol and centrifuged at 6000 g for 20 min.
The S, Supernatant was collected and the pellet 2 was
eliminated. The Supernatants S; and S, formed the extract for
the quantitative analysis of phenolic compounds.

The content of the phenolic compounds was determined
according to the method described by Marigo [26] who used
the Folin and Ciocalteu reagent (mixture of
phosphomolybdic acids). This reagent reduces the phenolic
compounds present to a blue molybdenum complex. This
complex has its maximum absorption at 725 nm.

The mixture consisting of 2 ml of distilled water, 100 pl of
crude phenol extract, 250 pl of pure Folin and 0.5 ml of
Na,CO;3 at 20% was homogenized and incubated in the
incubator at 40°C for 20 min. After cooling at ambient
temperature, the absorbance of the blue complex formed was
read in the Spectrophotometer (BECKAM-UV-1600PC) at
725 nm, against a white in which the extract was replaced by
methanol (80%). The phenolic compound content was
determined by reference to the calibration curve established
with the galic acid. The phenolic compound contents were
expressed in pg/g of fresh weight of leaves.

2.10. Statistical Analysis

The phenolic compound contents were represented as the
mean + SD. The analysis map of the phenolic compound
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contents of hybrid genotypes was carried out with the Mev
software version 4.9.0 for Windows. A correlation and
principal component analysis between the daily averages of
the necrotic surfaces and the phenolic compound contents of
the infected leaves and the different concentrations of
salicylic acid were performed by the Spearman method at a
5% threshold using XLstat software 2014.503.

3. Results and Discussion

3.1. Evaluation of Phenolic Compound Content After Leaf
Infection with Phytophthora Megakarya Without
Control of Gigaspora Margarita and Acaulospora
Tuberculata

The phenolic compound content was evaluated in the
parental genotypes T79/501, SNK413, and the hybrid
genotypes F79SA3, F79SA4, F79SAS, F79SA9, and
F79SA21 in the absence of Gigaspora margarita and
Acaulospora tuberculata. Under healthy conditions, the
phenolic compound content was higher in the parental
genotype SNK413 (201 + 30 pug / g of FW) compared to the
parental genotype T79/501 (149 + 4 pg / g of FW) and hybrid
genotypes F79SA4 (306 + 6 pg / g of FW) and F79SA3 (287
+ 32 pug / g of FW). Under infectious conditions, parental
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genotypes and hybrid genotypes were characterized by
increases in phenolic compound content. The most
significant increases were observed in the parental genotype
SNK413 (33.62%) and in the hybrid genotypes F79SAS
(147.5%), F79SA21 (51.1%) and F79SA3 (40.1%) (Figure
1). The genotypes with the highest phenolic content were the
most tolerant. This increase was due to the activation of
phenylalanine ammonia lyases (PAL), the enzymes most
involved in phenolic metabolism, by the elicitors produced
by P. megakarya. Our results are in agreement with those of
Simo et al. (2014) indicated that the increase in phenolic
content under infectious conditions was greater in tolerant
individuals [14]. These results are also in agreement with
those obtained by Effa et al. (2017) who found that parental
or hybrid tolerant genotypes accumulated elevated total
phenolic compounds relative to susceptible hybrid genotypes
after infection of pods with P megakarya mycelium [27].
Similar results have already been reported by Boudjeko et al.
(2007) and Ondobo et al. (2014) [28-29]. In addition, our
result are also in coroboration with those obtained by
Minyaka et al. (2017) who indicated that during cacao
infection with P megakarya, tolerant hybrid genotypes
showed high contents of flavones, whereas sensitive ones
showed low contents [30].
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Figure 1. Average of phenolic compound content in the leaves of parental genotypes SNK413 and T79 / 501 and hybrid genotypes of the family F79SA4 at
different treatment conditions without control of Gigaspora margarita and Acaulospora tuberculata. HL: Healthy leaves; IL: Infected leaves.

3.2. Determination of Phenolic Compound Content After
Infection of Phytophthora Megakarya Under the
Control of Gigaspora Margarita and Acaulospora
Tuberculata

Phenolic compound content was also evaluated in the
hybrid genotypes F79SA1, F79SAS5, F79SA9, F79SA10,

F79SA11, F79SA13, F79SA15, F79SA16, and F79SA20
under the control of Gigaspora margarita and Acaulospora
tuberculata. Also there is a significant difference in the
phenolic compound content within the different hybrid
genotypes and between the two treatments (healthy leaves
and infected leaves). Under healthy conditions, phenolic
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compound content was higher in F79SA5 hybrid genotypes
(315 £9 ng/ g of FW), F79SA11 (318 + 22 ng / g of FW),
and F79SA20 (320 = 18 pg / g of FW). Under infectious
conditions, hybrid genotypes were also characterized by
increases in the content of all hybrid genotypes. The most
significant increases were observed in hybrid genotypes
F79SA1 (72.04%) and F79SA9 (64.94%). Although the
phenolic compound content in the F79SA9 and F79SAl
hybrid genotypes was low in the healthy condition under the
control of biofertilizers, this content was twice as high as that
obtained under the same conditions without control of
biofertilizers. Moreover, this increase is more abundant in all
hybrid genotypes in healthy condition and in the condition of
infection under the control of Gigaspora margarita and
Acaulospora tuberculata (Figure 2). The increase in the
phenolic content in individuals in healthy conditions and in
condition of infection under the control of biofertilizers may
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be due to the fact that colonization and root infection by the
Gigaspora margarita and Acaulospora tuberculata complex
mislead the production of elicitors that stimulates the activity
of the PAL, the enzyme most involved in phenolic
metabolism, transforming phenylalanine into trans-
cynammique acid. These results are consistent with that of
Tchameni ef al. (2011) that have shown that the biosynthesis
of phenolic compounds by cacao plants can be stimulated by
several factors, particularly the AMF [31]. Also Nana ef al.
(2002); Al-Askar and Rashad (2010) and Lu et al. (2015)
[34] reported that inoculation with the AMF would promote
the biosynthesis of phenols in Cowpea (Vigna unguiculata),
Common bean (Phaseolus vulgaris L.), and Yam (Dioscorea
spp.) respectively. Moreover, the very large increase in
phenolic compounds under infectious conditions may be due
to the double activation of PAL by biofertilizers and P,
megakarya [32-34].
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Figure 2. Average of phenolic compound content in the leaves of hybrid genotypes of the family F79SA at different treatment conditions under the control of
Gigaspora margarita and Acaulospora tuberculata HL: Healthy leaves; IL: Infected leaves.

3.3. Assessment of Phenolic Compound Content After
Treatment of Leaves with Salicylic Acid Without
Control of Gigaspora Margarita and Acaulospora
Tuberculata

The effect of the exogenous contribution of SA in the
cacao tree defense system was determined by evaluating the
phenolic compound content at different concentrations of SA
in parental genotypes T79 / 501, SNK413 and hybrid
genotypes F79SA3, F79SA4, F79SAS, F79SA9 and
F79SA21 without control of Gigaspora margarita and
Acaulospora tuberculata. Significant variations in the
phenolic compound content was observed in parental
genotypes as well as in hybrid genotypes under healthy
condition and at different concentrations except for the
hybrid genotypes F79SA3 and F79SA4, which had the same
contents at 5 mM and hybrid genotypes F79SA3, F79SA4
and F79SAS5 which also had the same contents at

concentrations 10 and 15 mM. In general, the three
concentrations of salicylic acid resulted in a marked increase
in the phenol content of all genotypes tested except for the
two parental genotypes at 15 mM. Under healthy conditions,
the accumulation of phenolic compounds was greater in the
parental genotype SNK413 (201 + 30 pg / g of FW). This
accumulation was even more important in this parent with
different concentrations of SA in the parental genotype T79 /
501. In hybrid genotypes, the highest content under healthy
conditions was observed in F79SA4 (306 + 6 pg / g of FW)
and the lowest in F79SA9 (71 + 0.33 pg / g of FW).
Moreover, at SmM, the highest content was observed in the
hybrid genotype F79SA21 (334 + 26.43 pg / g of FW) and
the lowest in F79SA9 (121 £ 10 pg / g of FW). Similarly, the
hybrid genotypes F79SA3, F79SA4 and F79SAS had the
highest levels at 10 and 15 mM, although the lowest phenolic
compound content was still observed in the hybrid genotype
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F79SA9 (207 +0.33 pg/ gof FW and 125 + 16 ng/ g of FW,
respectively) (Figure 3). The treatment of salicylic acid
significantly induced the synthesis of phenolic compounds.
Our results are in agreement with those of Dihazi et al
(2003) who showed that the application of salicylic acid (SA)
in date palm seedlings improved their resistance against
Fusarium oxysporum, the causative agent of Bayoud's
disease, by stimulating the synthesis of phenolic compounds
[35]. This increase in phenol content was due to the
activation of phenylalanine ammonia-lyase  (PAL)
demonstrated as a result of root treatment with salicylic acid.
Stimulation of PAL activity has often been correlated with
salicylic acid content and plant resistance to pathogens [36-
38]. Mandal et al. (2009) showed that salicylic acid induces
resistance to pathogens by also increasing the activities of
phenylalanine ammonia-lyase [39]. These results are also
consistent with those of Housti et al. (2002) who showed
increased accumulation of lignins and their precursors in the
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walls of 7. alata cells treated with salicylic acid [40]. In
addition, the work of Tania et al. (2014) indicated that PAL
activity in tomato leaves is also triggered by application of
salicylic acid [41].

From the three concentrations of salicylic acid used, 10
mM was the one that induced mostly the synthesis of
phenolic compound contents in all genotypes tested without
control of Gigaspora margarita and Acaulospora
tuberculata. These results are in contradiction with those of
Tania et al. (2014) who found that treatments of tomato
seedlings with lower salicylic acid concentrations (1.5 mM)
would result to an increase in the phenol content 7 days after
infection [41]. Our results are also contrary to those obtained
by Don et al. (2010) who showed that in Salvia miltiorrhiza
cell culture, the elicitation effect depended on the dose of
salicylic acid and the time elapsed with low salicylic acid
concentrations [42].
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Figure 3. Average of phenolic compound content in the leaves of parental genotypes SNK413 and T79 / 501 and hybrid genotypes of the family F79SA4 at
different treatment conditions without control of Gigaspora margarita and Acaulospora tuberculata.

3.4. Assessment of Phenolic Compound Content After
Treatment of Leaves with Salicylic Acid Under the
Control of Gigaspora Margarita and Acaulospora
Tuberculata

Under control of Gigaspora margarita and Acaulospora
tuberculata a significant variation in phenolic compound
content was observed in all hybrid genotypes under
healthy conditions and at 10 and 15mM concentrations.
Under healthy conditions the highest content was observed
in hybrid genotypes F79SA20 (320 + 18 pg / g of FW),
F79SA11 (318 = 22 pg / g of FW) and F79SAS (315 + 9
ng / g of FW) and lowest in F79SA1 hybrid genotypes
(247 £ 12 pg / g of FW) and F79SA9 (252 + 16 pg / g of
FW). At 5mM, no significant difference between the

different hybrid genotypes were observed. In addition, the
hybrid genotypes F79SA1 and F79SA20 had the highest
levels at the 10 and 15 mM concentrations. In all these
genotypes, the phenolic compound content increased
significantly with all salicylic acid treatments compared
with the control (0 mM), but this increase was more
abundant at 10 mM and 15 mM concentrations
respectively, with highest percentages being 93.30% and
79.76% in the same hybrid genotype F79SA1 (Figure 4).
In general, biofertilizers significantly increased the
phenolic compound content in all hybrid genotypes
showing an increase in tolerance. This sharp increase
would be due to a double activation of the PAL by
Gigaspora margarita and Acaulospora tuberculata and
salicylic acid.
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Figure 4. Average of phenolic compound content in the leaves of the hybrid genotypes of the family F79SA at different concentrations of salicylic acid under

the control of Gigaspora margarita and Acaulospora tuberculata.

3.5. Analysis Map of Phenolic Compound Content Without
and Under Control of Gigaspora Margarita and
Acaulospora Tuberculata

The analysis map of phenolic compound content of
cacao leaves at different treatment conditions of parental
genotypes and hybrid genotypes of offspring F79SA
without control of Gigaspora margarita and Acaulospora
tuberculata showed a progressive evolution of the black
coloring sign of the increase in the phenolic compound
content of the 0 -15 mM concentrations and infected
leaves in the hybrid genotypes F79SAS, F79SA3, F79SA4
and F79SA21. However, a decrease of black staining in
favor of yellow staining was observed in the hybrid
genotype F79SA9 and in the parental genotypes T79 / 501
and SNK413 thus marking a decrease in the content of
phenolic compounds and therefore a decrease in
stimulation of the plant defense system by salicylic acid at
15 mM concentration. Under infectious conditions, an
intense black coloration was observed compared to that
observed after salicylic acid treatments in most hybrid
genotypes (Figure 5).
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CONC OmM
CONC  SmM
CONC 10mM
CONC 15mM
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F79SA9
T79/501
SNK413
F79SA21
F79SA4
F79SA3
F79SA5

Figure 5. Analysis map of phenolic compound content of cacao leaves at
different treatment conditions of parental genotypes and hybrid genotypes of
offspring F79SA without control of Gigaspora margarita and Acaulospora
tuberculata.

Under control of Gigaspora margarita and Acaulospora
tuberculata, the analysis map of phenolic compound content
of cacao leaves at different treatment conditions of the hybrid
genotypes of the offspring F79SA also showed a progressive
evolution of the black coloration, sign of the increase of the
phenolic compound contents of the 0 - 15 mM concentrations
and infected leaves in all hybrid genotypes (Figure 6).
However, black staining is more intense in the hybrid
genotypes tested under the control of Gigaspora margarita
and Acaulospora tuberculata, which were characterized by
high tolerance in these hybrid genotypes (Figure 6).

OmM (HL)
10mM
15mM

SmM
IL

F79SA13
F79SA15
F79SAl6
F79SA9
F79SA10
F79SA11
F79SA20
F79SA5
F79SA1

Figure 6. Analysis map of phenolic compound content of cacao leaves at
different treatment conditions of hybrid genotypes of offspring F79SA under
the control of Gigaspora margarita and Acaulospora tuberculata.

The results of the two map analysis of phenolic
compound contents of cacao leaves at different treatment
conditions without control and under control of Gigaspora
margarita and Acaulospora tuberculata had once again
shown that this content was lower in the control leaves
compared to the treated leaves and obviously higher in the
condition of infection by Phytophthora megakarya. These
results also showed that the phenolic compound content
was higher in all genotypes under control compared to that
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obtained without control of Gigaspora margarita and
Acaulospora tuberculata. These results showed that
regardless of the salicylic acid concentrations used to
stimulate the plant's defense system, the attack of the plant
by the pathogen Phytophthora megakarya was the only
most effective method for stimulating this defense system
in the plant. However, these results also showed that in the
absence of the pathogen, salicylic acid could be used in the
breeding program.

3.6. Frequency and Intensity of Mycorrhization of
Gigaspora Margarita and Acaulospora Tuberculata

The frequency of mycorrhization was not significantly
different though there was a frequency mycorrhization of
greater than 86% obtained in all the individuals studied.
However, no significant difference was observed in these
individuals studied. The intensity of mycorrhization with a
rate lower than 50% was not aslo significant different in
all the individuals studied.

3.7. Study of the Correlations Between the Studied
Parameters

The correlation between necrosis variables, phenolic

compounds of infected leaves (PC IL), phenolic
compounds of salicylic acid (PC SA) 5mM, phenolic
compounds of salicylic acid (PC SA) 10mM and phenolic
compounds of the salicylic acid (PC SA) 15mM without
control of Gigaspora margarita and Acaulospora
tuberculata showed that the necrosis was negatively and
significantly correlated with PC IL, PC SA 5mM, PC SA
10mM and PC SA 15mM at the alpha threshold P = 0.05
(r* = -0.823, -0.680, -0.832, -0.839 respectively, P = 0.05).
These results are similar to the work done by Effa et al.
(2017) who showed that there was a negative and
significant correlation between necrosis and the three
metabolites (polyphenols, proline and amino acids) in
cacao [27]. These results are also consistent with those
obtained by Tchameni ef al. (2017) who showed that there
was a negative correlation (P = 0.002, r* = -0.86) between
the total soluble phenolics content and the disease index in
the study of Trichoderma  asperellum  against
Phytophthora megakarya in cacao [43]. On the other hand,
there was a significant (P = 0.05) positive correlation
between the content of phenolic compounds in the
infected leaves (PC IL) and that of the different
concentrations of salicylic acid (Table 1).

Table 1. Correlation matrix showing the relationship between daily averages of necrotic surfaces and phenolic compound contents of infected leaves and
different concentrations of salicylic acid without the control of Gigaspora Margarita and Acaulospora tuberculata.

Variables Necrosis PCIL PC SA 5SmM PC SA 10mM PC SA 15mM
Necrosis 1

PCIL -0,823 1

PC SA 5mM -0,680 0,783 1

PC SA 10mM -0,832 0,704 0,675 1

PC SA 15mM -0,839 0,719 0,707 0,938 1

Bold values are significant at threshold Alpha P = 0.05.

The principal component analysis performed between these
non-control  variables of Gigaspora margarita and
Acaulospora tuberculata was also used to coroborate these
correlations. Axes 1 and 2 represent 90.97% of the total
variability. This is indicated on the axis F1 and F2 with 81.69

and 9.28% of the total variance respectively. Thus, the necrosis
variables were negatively and significantly (P = 0.05)
associated with the PC SA 5 mM, PC IL, PC SA 15 mM and
PC SA 10 mM variables on the F1 axis. The F2 axis had no
variable that was significantly associated with it (Figure 7).

Biplot (axes Flet F2: 90,97 %)

F1(81,69 %)

Figure 7. Principal component analysis showing the relationship between the daily averages of necrotic surfaces, phenolic compound contents of infected
leaves and different concentrations of salicylic acid without the ontrol of Gigaspora margarita and Acaulospora tuberculata.
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Moreover, the correlation between the necrosis, PC IL, PC
SA 5mM, PC SA 10mM and PC SA 15mM under the control
of Gigaspora margarita and Acaulospora tuberculata
showed that the necrosis was negatively and significantly
correlated with PC IL, PC SA 10mM, PC SA 15mM and not
significantly correlated with 5SmM PC SA at the alpha
threshold P = 0.05 (r* = -0.59, -0.556, -0.657, P = 0.05). The

correlation was positive and non-significant between PC IL,
PC SA 5mM and PC SA 10mM but positive and significant
between PC IL and PC SA 15mM. Between the phenolic
compound content of the three SA treatments, the correlation
was positive but was significant (P = 0.05) only between
10mM PC SA and 15mM PC SA (Table 2).

Table 2. Correlation matrix showing the relationship between the daily averages of necrotic surfaces and phenolic compound contents of infected leaves and
different concentrations of salicylic acid under the control of Gigaspora margarita and Acaulospora tuberculata.

Variables Necrosis PCIL PC SA 5SmM PC SA 10mM PC SA 15mM
Necrosis 1

PCIL -0,597 1

PC SA 5mM -0,175 0,167 1

PC SA 10mM -0,556 0,353 0,352 1

PC SA 15mM -0,657 0,562 0,232 0,775 1

Bold values are significant at threshold Alpha P = 0.05.

The principal component analysis performed between
these variables under the control of Gigaspora margarita and
Acaulospora tuberculata also allowed to visualize these
correlations. Axes 1 and 2 represent 76.45% of the total
variability. This is indicated on the the axis F1 and F2 with

~

[N
n

-

57.55 and 18.89% of the total variance respectively. Thus, the
necrosis variables were negatively and significantly
associated with the 10 mM PC SA, the 15 mM PC SA and
the PC IL on the F1 axis, while the 5 mM PC SA was
individualized on the F2 axis (Figure 8).
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Figure 8. Principal component analysis showing the relationship between the daily averages of necrotic surfaces, phenolic compound contents of infected
leaves and different concentrations of Salicylic acid under control of Gigaspora margarita and Acaulospora tuberculata.

4. Conclusion

In this study, it appears that in the absence of the biofertilizers
Gigaspora margarita and Acaulospora tuberculata, the phenolic
content was higher in the tolerant parent (SNK413) and the
hybrid genotypes F79SA4, F79SA21, F79SA3 and F79SA5
than in the susceptible parent (T79 / 501) and the sensitive
hybrid genotype F79SA9 under healthy and infectious
conditions. Under the control of biofertilizers, an improvement
of the defense system was observed in all the hybrid genotypes
studied. Without control of the biofertilizers, the various
treatments of salicylic acid resulted in a significant increase in
the content of phenolic compounds and the 10 mM
concentration was the one having the most effect. The same

results were obtained under the control of biofertilizers but with
a strong amplification in all the genotypes and all the treatments.
Treatment of salicylic acid increased the PC content of the cacao
genotypes, but this increase is amplified in the presence of
Gigaspora margarita and Acaulospora tuberculata. In addition,
salicylic acid can be used in the cacao selection program in the
absence of the pathogen for the identification of hybrid
genotypes of cacao as well as in other similar breeding
programs.
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