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This research aims to evaluate the effectiveness of mycorrhizal inoculation alone or in
combination with biofertilizers on the growth of cocoa seedlings. The study was carried out in
the greenhouse at the Station d'Expérimentations Agronomiques of the University of Lomé from
December 2020 to May 2021 following a completely randomized design. Cocoa beans (hybrid
P7 x IMC67) were sown on substrates inoculated with Rhizophagus aggregatum and Ben 10
strains at a single dose of 500 spores/pot or combined with two biofertilizers: FERTIPLUS (100
g/pot), AGROBIO (75 g/pot). The seedlings were monitored and their agronomic performance
measured. The results show a good mycorrhization rate, 63.67% for R. aggregatum, 62% for
Ben 10, 67% for R. agrgregatum + AGROBIO and 60.34% for Ben 10 + AGROBIO with
mycorrhizal dependencies of 18.70%; 18.72%; 35.75% and 41.15% respectively. Furthermore,
the results showed that the application of both mycorrhizal strains (R. aggregatum and Ben 10)
alone or in combination with AGROBIO induced a significant increase (p < 0.05) in total fresh
biomass, total dry biomass, height, colar circumference and number of leaves compared with
the control. However, application of FERTIPLUS alone or in combination with the two
mycorrhizal strains significantly (p < 0.05) depressed total fresh biomass, total dry biomass,
height, crown circumference, taproot length and number of leaves compared with the control.
This study shows that arbuscular mycorrhizal fungi provide important benefits to the plant, and
can be used to improve the growth of young cocoa plants.

Introduction

industries (Jagoret, 2011). The West African cocoa belt
currently accounts for over 73% of global production

The cocoa tree (Theobroma cacao Linn.) is a forest crop  (Wessel et Quist-Wessel, 2015) with the remainder
cultivated for its fruit, the cocoa bean, which is a raw  coming from America and Asia. The area dedicated to
material for the food, cosmetics and pharmaceutical cocoa cultivation has expanded significantly over the

129


https://doi.org/10.20546/ijcmas.2024.1302.018
https://orcid.org/0009-0006-5937-6127
https://orcid.org/0009-0006-5937-6127
https://orcid.org/0009-0002-3936-5202
https://orcid.org/0009-0002-3936-5202
https://orcid.org/0009-0009-0127-0305
https://orcid.org/0009-0009-0127-0305
https://orcid.org/0009-0005-0946-0665
https://orcid.org/0009-0005-0946-0665
https://orcid.org/0009-0008-2513-9080
https://orcid.org/0009-0008-2513-9080
https://orcid.org/0009-0009-2920-967X
https://orcid.org/0009-0009-2920-967X

Int.J.Curr.Microbiol. App.Sci (2024) 13(02): 129-139

past 60 years, rising from around 4.4 million hectares in
the 1960 to almost 12 million hectares in 2021, for an
annual production of over 5 million tons of merchantable
cocoa (CIRAD, 2022).

In Togo, cocoa is one of the main agricultural cash crops
for export, and a significant source of income for
producers. More than 90% of cocoa production in Togo
is carried out by small-scale farmers (Djiwa et al., 2021)
who cultivate an average area of 26,356.66 ha for a
national production of around 12,674.43 tons of
merchantable cocoa per year, with a low average yield of
506.83 kg/ha (DSID, 2018) compared with a potential of
1200 to 3500 kg.ha™' (CRAF, 2004).

The low productivity of cocoa orchards can be explained
by several constraints such as ageing trees, crop losses
due to pests, diseases and soil fertility degradation
(Koudjega, 2013). In addition, the severity and length of
the droughts recorded in the cocoa production zone have
led to a drastic drop in yields and a high mortality rate
among young seedlings when new plantations are set up.
The main problem facing actors in Togo's cocoa sector is
that existing cocoa orchards are past full production age
and therefore no longer productive.

Several research programs have been developed to
improve cocoa productivity in Togo. These programs
include the introduction of drought-tolerant hybrids
(IRCC, 1988), the development of agroforestry and the
use of organic or mineral fertilizers (Koudjega, 2013;
Adden, 2017; CRA-F, 2019). However, these efforts to
improve cocoa production to meet future demand are
hampered by the difficulty of supplying good-quality
cocoa seedlings.

Indeed, fertilization management in the production of
cocoa seedlings in nurseries often relies on mineral
fertilizers and sometimes biofertilizers. However, to
obtain good-quality seedlings, good treatment is
essential, starting in the nursery, through the application
of microorganisms such as arbuscular mycorrhizal fungi
(AMF) or combined with fertilizers. AMF are telluric
microorganisms that form symbiotic relationships with
around 80% to 90% of terrestrial plants through root
colonization (Brundrett, 2002; Berruti et al., 2016). They
can improve plant growth and increase yield, particularly
on nutrient-poor acid soils, and  substitute
environmentally damaging chemical fertilizers (Nelly et
al., 2019). These fungi are natural biofertilizers that
increase the uptake of nutrients (nitrogen, phosphorus,

zinc, etc.) and water from the soil to transfer them to the
roots of the host plant (Jansa et al., 2019; Zhou et al,
2020) while providing protection against pathogens in
exchange for the products of plant photosynthesis
(Berruti et al., 2016; Tchabi et al., 2016; Wang et al.,
2017; Nenonene et al., 2022). They improve drought
tolerance and reduce sensitivity to toxic substances in the
soil (Zhang et al., 2006; Bucher, 2007). Consequently,
the use of AMFs is essential for environmentally-friendly
agriculture and could significantly reduce the use of
chemical fertilizers and pesticides (Finlay et al., 2008),
while improving crop growth and yields (Griimberg et
al., 2015; Kim et al., 2017; Tchabi et al., 2022).

Several studies have shown that cocoa trees develop
mycorrhizal symbioses on which they depend for their
growth and development (Iglesias et al., 2011; Antonius
et al., 2015; Droh et al., 2016; Djenatou et al., 2020).
However, to our knowledge, no study has been
conducted on the efficacy of mycorrhizal inoculation in
the production of cocoa seedlings in Togo. Thus, the
objective of the present study is to evaluate the efficacy
of two strains of AMF applied alone or in combination
with biofertilizers on the growth of cocoa seedlings in
greenhouse.

Materials and Methods
Plant Material, Fungi and Fertilizers

The plant material consists of cocoa beans (hybrid P7 x
IMC67) selected and popularized in farming areas. The
beans of this hybrid were obtained from ripe pods
harvested in the seed fields of the Centre de Recherche
Agronomique de la zone Forestiere (CRA-F) at
Zozokondzi in the Agou prefecture, Togo. The fungal
material consisted of two strains of AMF: Rhizophagus
aggregatum and Ben 10.

The Rhizophagus aggregatum strain was obtained at the
Laboratoire Commun de Microbiologie (LCM) in
Senegal, while the Ben 10 strain is a local strain isolated
from yam at the IITA laboratory and stored at the
Laboratoire de Recherche sur les Agroressources et la
Santé Environnementale (LARASE) at the University of
Lomé (Tchabi et al., 2008).

These strains were used because of their predominance in
cocoa orchards (Cuenca et Meneses, 1996; Zako et al.,
2012; Amani et al., 2023). These two AMF strains were
applied alone or in combination with two biofertilizers:
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an organic fertilizer based on poultry droppings
(FERTIPLUS) and a growth biostimulant (AGROBIO)
(Table 1).

Setting up the trial

The present study was conducted in a greenhouse at the
Station d'Expérimentations Agronomiques de Lomé
(SEAL) (6°1025.52"N; 1°12'37.09"E) for six months
(December 2020 to May 2021). The substrate consisted
of a mixture of sieved topsoil (Table 2) and sea sand (1:2
v/v). This substrate was sieved and then sterilized at a
temperature of 140°C for 2 hours before being potted
into polyethylene bags measuring 27 cm x 11 cm at a rate
of 3 kg/pot.

The trial was set up on a completely randomized design.
Treatments consisted of the two CMA strains (R.
aggregatum and Ben 10) combined or not with the two
types of biofertilizers, for a total of nine (09) treatments
replicated four times (Table 3).

FERTIPLUS and AGROBIO were applied one week
before sowing the beans. At sowing time, 500 spores of
each AMF strain were inoculated onto the substrates.

Assessment of AMF colonization of the root
cortex

The level of AMF colonization of the root cortex was
assessed six months after sowing. In the laboratory, the
staining technique of Phillips and Hayman (1970) and
Vierheilig et al., (2005) was used. The roots of young
plants were removed, rinsed with tap water and cut into
small fragments of around 1 cm. These fragments were
then placed in tubes containing 10% KOH and heated in
a water bath at 90°C for 30 minutes. Next, they are rinsed
with water to remove KOH, then placed successively in
hydrogen peroxide (H,O, at 10 vol) for 40 minutes and in
hydrochloric acid (HCI at 1%) for 30 minutes. They are
then rinsed again with water, stained with trypan blue
(0.05%) and heated in a water bath for 30 minutes.

The prepared roots are then stored in tubes to which a
few drops of glycerol have been added. Observations
were made on 30 fragments per experimental unit using
an optical microscope at 400X magnification.
Mycorrhizal colonization rates (T%) were calculated
using the following formula (Trouvelot et al., 1986):

T (%) = (Number of mycorrhizal fragments) / (Number
of observed fragments) x100
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Assessment of growth parameters, fresh and dry
biomass of seedlings

Six months after sowing, growth parameters (plant
height, collar diameter (D) and number of leaves) were
measured. The pots were then broken, the plants removed
and the length of tap roots measured. Whole plants
(leaves, stem and roots) were then harvested. They were
immediately weighed to determine the total fresh
biomass. They were then oven-dried at 70°C for 48
hours, and weighed again to obtain total dry biomass.
Collar circumference was calculated by multiplying
diameter by 3.14.

Assessment of relative mycorrhizal dependency

Relative mycorrhizal dependency (RMD) assesses the
extent to which mycorrhizal symbiosis is likely to
increase plant biomass under given environmental
conditions (Plenchette et al., 1983; Ba et al., 2001). It
expresses the difference between the dry matter produced
by the mycorrhized plant and that produced by the non-
mycorrhized plant, as a function of the dry matter of the
mycorrhized plant using the approach of Plenchette et al.,
(1983), represented by the following equation:

DBIP — DBCP

RMD (%) = DBIP

x100

DBIP = Dry biomass of inoculated plants (g); DBCP =
Dry biomass of control plants (g).

Ba et al., (2001) classified forest species according to
their mycorrhizal dependence on AMFs into five classes:
none (RMD = 0), marginal dependence (RMD < 25%),
moderate dependence (RMD between 26% and 50%),
relatively good dependence (RMD between 51% and
75%) and high dependence (RMD > 75%).

Statistical analysis

The data collected was entered into an Excel spreadsheet.
Statistical analyses were carried out using R software
version 4.0.2. The Shipiro Wilk and Levene tests were
used to test the normality of the data and the
homogeneity of the variances. When these conditions
were met, an analysis of variance (ANOVA) was
performed. The different means were discriminated and
compared using the Student-Newmann-Keuls (SNK) test
at the 5% threshold.
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Results and Discussion

Effect of the different treatments on the
mycorrhization rate of the root cortex of young
cocoa plants

Figure 1 shows the mycorrhization rate of the root cortex
of young cocoa plants six months after sowing. A
significant difference (p < 0.05) between the different
treatments was observed for the rate of mycorrhization of
the root cortex of the seedlings. The mycorrhization rate
was higher for the application of R. aggregatum
(63.67%), Ben 10 (62%), R. aggregatum + AGROBIO
(67%) and Ben 10 + AGROBIO (60.34%). This
demonstrates not only the high mycorrhization potential
of the strains used, but also the ability of young cocoa
plants to establish mycorrhizal symbioses. However, the
root fragments of plants whose beans were sown on non-
inoculated substrates were not mycorrhized. This can be
explained by sterilisation, which would have destroyed
all the AMF spores present in the soil used as a substrate.
These results are in agreement with those obtained by
Nelly et al., (2019) and Djenatou et al., (2020) who
reported high mycorrhization rates (above 50%) on
young cocoa plants whose substrates were inoculated
with AMFs. However, our results do not agree with those
of Iglesias et al., (2011) and Droh et al., (2016), who
observed lower mycorrhization rates (below 50%) on
young cocoa plants inoculated in greenhouses. This
difference in results can be explained by the type of
cocoa hybrid used, the type of fertiliser or the substrate
used. In fact, the effectiveness of mycorrhizal symbiosis
varies greatly depending on the variety of host plants, the
strains of fungi (Lumini et al, 2011), the
physicochemical characteristics of the soil or substrate
(Entry et al., 2002; Sieverding, 2005; Khana et al., 2006)
and agricultural practices (ploughing, fertilisation)
(Tchabi et al., 2008).

Effect of the different treatments on the total
fresh biomass, total dry biomass and mycorrhizal
dependency of young cocoa plants

The different treatments significantly affected (p < 0.05)
the total fresh biomass, total dry biomass and
mycorrhizal dependency of young cocoa plants (Table 4).
Inoculation of the substrates with the R. aggregatum +
and Ben 10 strains resulted in a gain in total fresh
biomass of 26.47% and 27.94% respectively compared
with the control. Similarly, the gain in total fresh biomass

due to applications of AGROBIO, R. aggregatum +
AGROBIO and Bern 10 + AGROBIO were 67.65%,
123.53% and 138.24% respectively compared with the
control. However, the application of FERTIPLUS and R.
aggregatum + FERTIPLUS resulted in a reduction in
total fresh biomass of 22.06% and 1.47% respectively,
whereas Ben 10 + FERTIPLUS increased total fresh
biomass by 4.41% compared with the control. With
regard to total dry biomass, inoculation of the substrates
with the R. aggregatum and Ben 10 strains resulted in a
gain in total dry biomass of 16.36% and 18.18%
respectively compared with the control. Application of
AGROBIO, R. aggregatum + AGROBIO and Ben 10 +
AGROBIO increased total dry biomass by 14.55%,
65.45% and 74.55% respectively compared to the
control. On the other hand, the application of
FERTIPLUS, R. aggregatum + FERTIPLUS and Ben 10
+ FERTIPLUS resulted in a decrease in total dry biomass
of 20%, 30.91% and 16.36% respectively compared with
the control. The application of R. aggregatum or Ben 10
to the substrate without fertiliser resulted in a significant
increase in total fresh biomass and total dry biomass
compared with the control. These results are similar to
those of several authors (Iglesias ef al., 2011; Antonius et
al., 2015; Droh et al., 2016; Djenatou et al., 2020) who
reported that mycorrhizal inoculation stimulates biomass
production in young cocoa plants. Furthermore, it was
found that the production of fresh and dry biomass was
greater with the application of R. aggregatum +
AGROBIO and Ben 10 + AGROBIO. This can be
explained by the positive effect of the biofertiliser
(AGROBIO) which, when applied alone or with the
various mycorrhizal strains, probably provides nutrients
that can be assimilated by the young seedlings. In fact,
AGROBIO is a stimulator of biological activity in the
soil which, once applied, gives the soil a good capacity to
retain water, minerals and fertility over a long period.

Mycorrhizal dependency of young cocoa plants was
higher for the application of Ben 10 + AGROBIO
(41.15%) and R. aggregatum + AGROBIO (35.75%).
However, the combination of R. aggregatum +
FERTIPLUS showed negative mycorrhizal dependence
(-20.81%). These results are similar to those obtained by
Iglesias et al., (2011), who obtained marginal
mycorrhizal dependence (37%) on young cocoa plants in
greenhouses using fine roots collected from beneath the
cocoa trees as fungal inoculum. These values are low
compared to those obtained by Ba et al, (2001) on
Tamarindus indica (between 51% and 75%) and on
Zizyphus mauritiana (above 75%) whose substrates were
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inoculated with R. aggregatum. Iglesias et al., (2011)
reported a mycorrhizal dependence of 73% on young
seedlings of Inga edulis using fine roots of this plant as
fungal inoculum. Assih ef al., (2022) obtained marginal
mycorrhizal dependencies (less than 25%) on
Anacardium occidentale seedlings with the strains
Glomus museae (11.74%) and R. aggregatum (12.87%).

Our results show that mycorrhizal dependence is higher
when AGROBIO is combined with mycorrhizal strains,
whereas it is lower when these strains are combined with
FERTIPLUS. This situation can be explained by the low
phosphorus content in the composition of AGROBIO
(1.6 ppm) compared with FERTIPLUS (3 ppm).
According to Smith ef al., (1992), the rate of colonisation
is generally inversely correlated with the availability of
phosphorus in the soil and, for some plants, colonisation
is totally non-existent above a certain level of
phosphorus. Douds et al., (1995) reported that for a given
soil and plant, there is a maximum amount of extractable
phosphorus above which the plant's response to
mycorrhization is zero, at least in terms of plant growth.

Effect of the different treatments on the height,
Collar circumference, root length and number of
leaves of young cocoa plants

Compared with the control, the different treatments had a
significant influence (p < 0.05) on the height, collar
circumference and number of leaves of cocoa plants six
months after sowing of the beans (Table 5). Overall,
these parameters were greater for treatments whose
substrates had been inoculated with mycorrhizal strains
(R. aggregatum and Ben 10) alone or in combination
with AGROBIO. These results can be explained by the
fact that AMFs contribute to better water nutrition for
plants and also act as biofertilisers.

Indeed, when roots are extended by fungal hyphae, the
volume of exploitable soil increases, thus creating the
mycorhizosphere, which significantly amplifies the zone
in which the plant can extract water and nutrients and can
explore deep layers inaccessible to the plant's roots
(Lambers et al., 2008; Hamza et al., 2014).

Table.1 Chemical composition of FERTIPLUS and AGROBIO used

Parameters
Dry matter (%)
Organic matter (%)
Carbon (%)
Nitrogen (N)
Phosphorus (P,0s)
Potash (K,0)
Magnesium (MgQ)
Calcium (CaO)
pH
C/N
Humidité (%)

The contribution of AMFs to the growth of young cocoa
plants has been reported by several authors (Droh et al.,
2016; Nelly et al., 2019; Djenatou et al., 2020). This is
probably due to the fact that there is a root increase
during the growth of young plants, which, in symbiotic
association, creates a network of filaments in the soil,
thus enabling the absorption of water and elements that
are not very mobile, such as phosphorus, zinc, copper
and molybdenum, for the benefit of these plants (Sangay-
Tucto, 2018; Wang-Bara et al., 2021).

The symbiotic association between plant roots and AMFs
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FERTIPLUS AGROBIO
88 -
65 59,51

37,70 34,6
4,2 5,04
3 1,6
2,8 1,68
1 1,5
9 1,47
6.4 6,48
9 6.9
7,2

also contributes to improving nitrogen nutrition and the
photosynthetic activity of the plant (Li ef al., 2020; Liang
et al., 2021). As a result, this symbiosis promotes the
amplification of complex physiological effects that affect
height, collar circumference, number of leaves and root
length. Sangay-Tucto (2018) reported that controlled
mycorrhization  of  Caesalpinia  Spinosa  with
Rhizophagus irregularis significantly increased growth
and nitrogen and phosphorus uptake compared to control
plants. However, our results do not agree with those of
Laminou Manzo et al., (2009), who worked on other
strains of mycorrhizae and other plant species and
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showed that the addition of Glomus intraradices did not
improve the height growth of Acacia senegal in the
nursery.

These authors also stated that mycorrhizal additions did
not have any particularly remarkable effects in
stimulating the growth of seedlings in the nursery.
According to these authors, this negative effect may be
due either to a shortage of carbon substances diverted by
the fungus (Plenchette, 1991), or to the introduction of

pathogens by mycorrhizal additions (Garbaye, 1991), or
to a predominance of natural mycorrhization. The
beneficial effect of AGROBIO applied alone or
combined with mycorrhizal strains on the growth of
young plants can be explained by the fact that the
biofertiliser contains nutrients (NPK) that can be
assimilated by young plants. These results corroborate
those of Priou (2013) and Djenatou et al., (2020), who
showed that biofertilisers appear to be natural sources of
NPK for plants.

Table.2 Physical and chemical characteristics of culture substrate

Parameters
pH (H;O)

Electrical Conductivity (us)

Carbon (%)

Organic mater (%)
Assimilable Phosphorus (ppm)

Nitrogen (%)
C/N
Potassium (ppm)
Calcium (ppm)
Magnesium (ppm)
Sodium (ppm)
Clay (%)

Silt (%)
Sand (%)

values
6,5
60
0,67
1,16
32,8
0,04
16,8
429
228.8
223,46
20,47
9,9
1,6
87,6

Table.3 The study treatments

N° Treatements

1 Control

2 FERTIPLUS

3 AGROBIO

4 Rhizophagus aggregatum

5 R. aggregatum + FERTIPLUS
6 R. aggregatum + AGROBIO
7 Ben 10

8 Ben 10 + FERTIPLUS

9 Ben 10 + AGROBIO
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Composition
3 kg of substrate + 0 CMA + 0 Fertilizer
3 kg of substrate + 100 grams of FERTIPLUS
3 kg of substrate + 75 grams of AGROBIO

3 kg of substrate + 500 spores of strain R aggregatum
3 kg of substrate + 500 spores of strain R aggregatum + 100

grams of FERTIPLUS

3 kg of substrate + 500 spores of strain R aggregatum + 75

grams of AGROBIO
3 kg of substrate + 500 spores of strain Ben 10

3 kg of substrate + 500 spores of strain 10 + 100 grams of

FERTIPLUS

3 kg de substrate + 500 spores of strain Ben 10 + 75 grams of

AGROBIO
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Figure.1 Mycorrhization rate of the root cortex of young cocoa plants six months after sowing
80,00

70,00

a T 2
2 w 2
60,00 ab
50,00 b
30,00
20,00
10,00
0,00

Rhizophagus R. agregatum +R. agregatum + Ben 10 Ben 10+ Ben 10+
agregatum FERTIPLUS AGROBIO FERTIPLUS AGROBIO

Mycorhization rate (%)
B
o
8

Treatements

Table.4 Effect of different strains of AMF on total fresh biomass, total dry biomass and relative mycorrhizal
dependence six months after inoculation

Treatments Total fresh biomass = Total dry biomass (g) Mycorrhizal
(g2) dependency (%)
Control 17,00 £3,92 b 13,75 + 1,26 be -
FERTIPLUS 13,25+4,65b 11,00 + 1,63 be -
AGROBIO 28,50 £ 3,79 ab 15,75+2,75b -
R. aggregatum 21,50+ 4,73 b 16,00 £ 2,16 b 18,70 £ 12,96 b
R. aggregatum + FERTIPLUS 16,75 +3,40b 9,50+ 0,58 ¢ -20,81+ 10,99 d
R. aggregatum + AGROBIO 38,00 £ 10,10 a 22,75 +4,99 a 35,75+ 14,33 a
Ben 10 21,75+£5,12b 16,25 +2.99 b 18,72+ 18,85 b
Ben 10 + FERTIPLUS 17,75+ 2,87 b 11,50 = 1,00 be 8,00 + 10,00 c
Ben 10 + AGROBIO 40,50+ 19,19 a 24,00 £ 3,27 a 41,15+9,89 a
P-value p <0,001 p <0,001 p < 0,001

*Means with the same letter in the same column are not significantly different at the 5% threshold using the Newman-Keuls test.

Table.S Effects of mycorrhizal inoculation on plant height, crown circumference, root length and number of
leaves six months after inoculation.

Treatments Plant length (cm) Collar Root length (cm) Number of
circumference (cm) leaves

Control 35,89+ 1,77 ¢ 2,25+0,31 a 22,00 +2,83 a 16+1a
FERTIPLUS 28,94 +£2,50d 1,74 £0,2 b 20,00 4,40 a 13 +0bc
AGROBIO 35,80+ 1,48 ¢ 2,32 +0,19 a 21,00+ 3,37 a 14+1b
R. aggregatum 39,22 + 1,71 be 2,11+0,15a 28,50+ 5,26 a 16+1a
R. aggregatum + FERTIPLUS 29,85 £ 3,88 d 1,98 £ 0,26 ab 27,50 +4,93 a 13 +0bc
R. aggregatum + AGROBIO 4438 £3,37 a 2,28 +0,18 a 27,00+ 2,16 a 14+1b
Ben 10 45,14 +395 a 2,38 +£0,14 a 29,50 £ 10,08 a 16+1a
Ben 10 + FERTIPLUS 28,60 +£0,71d 1,70£ 0,20 b 26,00 £ 4,69 a 12+0c¢
Ben 10 + AGROBIO 42,05 + 1,66 ab 2,31 +£0,13a 25,25+4,99 a 13 +0bc
P-value p < 0,001 p < 0,001 0,138 p < 0,001

*Means with the same letter in the same column are not significantly different at the 5% threshold using the Newman-Keuls test.
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However, the application of FERTIPLIS alone or
combined with the different mycorrhizal strains
significantly reduced the height and collar circumference
of the plants. The results also showed that the different
treatments applied had no significant effect (p > 0.05) on
tap root length. This depression in growth parameters due
to the application of organic fertiliser (FERTIPLUS)
compared with the control shows that the nutrients it
contains cannot be assimilated by young cocoa seedlings.

At the end of this study, it emerged that the various local
strains of AMF applied alone or in combination with
AGROBIO significantly improved the agronomic
performance of young cocoa plants. This provides a basis
for future studies on evaluating the resistance of
mycorrhizal cocoa seedlings of this variety (hybrid P7 x
IMC67) to biotic and abiotic stresses in a real
environment.
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