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Abstract

A study was conducted in order to determine the most sensitive cultivar of okra [Abelmoschus esculentus (L.) Moench], to
fungus Sclerotium rolfsii Sacc. on the one hand, and on the other hand to compare the antifungal activity of two essential oils
from Ocimum gratissimum L. and Hyptis suaveolens (L.) Poit., on this telluric mycopathogen from most vegetable crops grown
in Cote d’Ivoire. Essential oils from dried leaves of these two plants were extracted by steam distillation for 3 hrs. The essential
oil yield was very low with 0.29 % and 0.06 % respectively for O gratissimum. and H. suaveolens. The fungicidal properties of
these essential oils were evaluated in vitro on the radial mycelial growth of S. rolfsii through five concentrations (125, 500,
1000, 2000 and 4000 ppm). After 7 days of incubation at 12-hour photoperiod at 25 + 2 °C on PDA medium supplemented with
essential oil, the radial mycelial growth of S. rolfsii was completely inhibited with 4000 ppm essential oils of O. gratissimum
and H. suaveolens. The in vivo study showed a higher sensitivity of the Volta cultivar (83.33 %) to S. rolfsii than Hiré (16.67 %).
The essential oils of O. gratissimum and H. suaveolens can be used in biological control against S. rolfsii, causal agent of

Sclerotinia in okra crops. The Hiré cultivar is the best cultivar to be advised to farmers faced with this disease
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Introduction

Abelmoschus esculentus (L.) Moench, commonly
called “okra” originates from Africa and Asia and
belongs to the Malvaceae family. It is one of the most
consumed vegetables in Cote d’Ivoire where two
species were identified, Abelmoschus esculentus and
Abelmoschus caillei (Fondio et al., 2007). The
cultivation of okra is a vital lucrative business for
many producers in rural, urban and suburban areas.
It is grown for its fruit (eaten fresh or dried) over the
entire Ivorian territory. The annual yield is estimated
at about 100 000 tons per year (Fondio et al., 2007).
However, productivity is greatly limited by abiotic
and biotic stresses. Among all the quantitative losses
due to the action of harmful microorganisms,
Sclerotium rolfsii Sacc., which causes sclerotinia, is
now poised to become the most formidable land-
based fungal parasite in market gardening throughout
the country. It is a ubiquitous filamentous fungus that
causes white rot on different hosts in tropical and
subtropical regions (Punja, 1985). The conservation
of this fungus as sclerotia in the soil, makes it difficult
to control (Boisson & Renard, 1967; Blancard, 1988);
which would explain the misuse of synthetic
pesticides by producers. The risks caused by excessive
and uncontrolled use of these synthetic fungicides are
real for consumers’ health and environmental
pollution (Harman, 1992). Biological control through
the use of natural substances such as essential oils, is
potentially the most effective and most
environmentally friendly (Zollo et al., 1988). Indeed,
extracts and essential oils of various species of
aromatic plants have achieved positive results on
mycoses (Zirihi et al., 2003; Camara et al., 2007). The
use of essential oils is therefore a promising
alternative for the control of certain fungal diseases.
But to date, very few studies have examined the
efficiency of such biological control methods against
the fungus that causes sclerotinia in okra. The main
objective of this study is to highlight the fungistatic or
fungicidal properties in vitro and in vivo of essential
oils of Ocimum gratissimum L. and Hyptis
suaveolens (L) Poit. on Sclerotium rolfsii Sacc.,
of Sclerotinia in Abelmoschus

causal agent

esculentus. The first issue will be to assess the effect
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of essential oils of Ocimum gratissimum and Hyptis
suaveolens on the radial mycelial growth of S. rolfsii
firstly and secondly to study varietal sensitivity of
okra cultivars Volta and Hiré, vis-a-vis S. rolfsii and
the in vivo activity of the essential oil O. gratissimum

on okra seedlings inoculated with S. rolfsii.

Materials and methods

Biological material

Two cultivars of okra Abelmoschus esculentus (L.)
Moench, were used for this study. They are
commercial cultivars selected by Tropicasem for
cultivation in hot and humid climate. They include
“Volta” from the seed company Semivoire and “Hiré”
cultivar originating from Co6te d’Ivoire. These two
cultivars have distinct agronomic characteristics both
in terms of their cycle and the color of their stems and
leaves. They are also distinct in their capsule (fruit).
The essential oils used to fight in vitro and in vivo
against the fungal strain of Sclerotium rolfsii Sacc.,
were extracted from the leaves of Ocimum
gratissimum L. and Hyptis suaveolensis L. Poit.
Originating from Asia, Ocimum gratissimum is a
medicinal and aromatic plant that has many virtues
(Zhiri et Baudoux, 2005). Hyptis suaveolens is an
aromatic herb, originating from Tropical America. It
was classified as weeds whose development and
spread must be controlled (Thiombiano et al., 2009).
Both plants belong to the Lamiaceae family. The
fungal strain of Sclerotium rolfsii Sacc., used in this
study, was isolated from the seeds of okra cultivar
Clemson Spineless collected in the vegetable
production area of Rubino in Céte d’Ivoire, showing
symptoms of collar wilt and dry rot (Koné et al.,
2010). The strain was stored at the fungus culture
collection of the Plant Physiology Laboratory at the
University Felix Houphouét-Boigny in Abidjan (Cote

d’Ivoire).

The soil used was taken at the National Floristics
Center of the University Felix Houphouét-Boigny in
Abidjan (Cote d’Ivoire). It is a sandy soil rich in
organic matter. The cultivation was carried out under
a roof consisting of a concrete table which dimensions

were 1 m high, 1 m wide and 1.5 m long. All

Page 39



Int. J. Agri. Agri. R.

surrounded by wooden rafters and covered with
transparent plastic film enabling to protect the
seedlings and facilitate the control of water,

temperature and relative humidity.

Methods and experimental design

The experimental methodology was distributed in two
sections that were the in vitro and in vivo studies.

For in vitro studies, the leaves of Ocimum.
gratissimum were harvested on the experimental plot
of the Plant Physiology Laboratory at the University
Felix Houphouét-Boigny in Abidjan (Coéte d’Ivoire).
As for the Hyptis suaveolens leaves, they were
harvested in Bouaké (Cote d’Ivoire). The harvested
material was transported to the laboratory. The leaves
were cut, weighed and spread in thin layers on a black
plastic film on the ground for drying at room
temperature during 72 h. The essential oils from dry
leaves of Ocimum gratissimum L. and Hyptis
suaveolens (L.) Poit. were obtained by steam
distillation of water using a Clevenger type distiller
for 3 h (Ketoh et al., 2000; Oussou et al., 2010) at the
Biological Organic Chemistry Laboratory of the
University Felix Houphouét-Boigny in Abidjan (Cote
d’Ivoire). The yields (Re) in percentage (%) were
calculated from the mass of the oil (mu) obtained and
that of the dry matter (ms) prior to extraction

according to the following formula:

E.={myg f ms) x 100

To assess the in vitro effect of essential oils on the

mycelial growth of Sclerotium rolfsii, five
concentrations (125, 500, 1000, 2000 and 4000 ppm)
were selected. These essential oils were previously
dissolved in Tween 20 (intermediate solution), before
being added to the culture medium under magnetic
stirring. Thus, each concentration of essential oil was
emulsified into the PDA culture medium at 45 °C,
using a sterile pipette, just before it was distributed in
Petri dishes (Attrassi et al., 2007). Two perpendicular
lines were drawn on the back of each petri dish prior
to distribution of the culture medium in a sterile
condition. Their intersection point indicating the

center of the dish (Amadioha et Obi, 1999). The Petri
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dishes containing 20 mL of frozen culture medium
(PDA + essential oil or PDA alone) were seeded in the
center, with a mycelial disc of 5smm diameter taken
from the front of growth of a culture of Sclerotium
rolfsii that spent seven days on PDA medium. Six
Petri dishes were subcultured by concentration and
essential oil as well as for the control. The Petri dishes
were sealed with paraffin and incubated at 25 + 2 ° C
at 12 hours photoperiod. Measurements in
millimeters of radial mycelial growth of the fungus
were performed, following the two straight lines
drawn previously on the back of the Petri dishes,
using a graduated ruler. These measurements were
made every 24 hours, over seven days, before the
mycelial strand reach the edge of the control Petri
dish (Hibar et al., 2005). If no mycelial growth was
observed for a given concentration, the plates were
opened and the mycelial disk was transplanted into a
new Petri dish containing PDA medium alone. The set
of these boxes was incubated for 7 days at 25 + 2 °C
and at 12 h photoperiod. At the end of the 7th day, the
essential oil was evaluated as a fungicide if there was
no mycelial regrowth; otherwise it was declared
fungistatic (Neri et al, 1991; Oxenham et al., 2005).
This experiment was repeated 3 times. The inhibition
rate of mycelial growth was calculated using the
following formula (Attrassi et al, 2007; Assiri et al,

2009; Soro et al., 2010):

with:

I (%) =[(Do-D}/ Do) x 100

Do : average diameter of control colonies,

D : average diameter of treated colonies.

The inhibitory concentration by 50 % (ICs0) and 90 %
(ICg) of the mycelial growth were determined
graphically from the linear relationship between the
logarithm of the concentration of essential oils on the
abscissa and probit values from inhibition
percentages of mycelial growth in ordinates (Attrassi

et al., 2007).

For inoculum production as part of in vivo studies, a
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strain of Sclerotium rolfsii aged ten days on PDA
medium Petri dish was used. The inoculum used for
the bioassay was prepared in millet bran (Pennisetum
glaucum L.) disinfected 3 times by autoclaving for 1
hour at 121 °C under a pressure of 1 bar at 24 hours
apart. Before the first autoclaving, this millet bran
was soaked in water for 24 h and partitioned in 500
mL jars at 100 g per jar. After complete cooling of the
millet bran, 5 mycelial pellets of 5 mm Sclerotium
rolfsii were added to the millet bran in the jar. The
jars were sealed with paraffin and incubated in the
dark at 25 + 2 °C for two weeks with regular stirring.
The prepared inoculum was used and a new inoculum
was performed for each trial. The 2 % inoculum dose
was tested in each trial with four concentrations of
essential oil of Ocimum gratissimum (500, 1000 and
2000 ppm) and the soil previously obtained. The soil
was first sterilized twice in an autoclave at 121 °C for 1
hour at 1 bar and 24 h apart. The inoculum and
essential oil were mixed manually on the ground for 5
min. Three kinds of mixture were made:

= sole soil that will be used to inoculate
healthy control seedlings,

= soil-inoculum that will be used to inoculate
positive control seedlings, and

. soil- inoculum-essential-oil for inoculation
of treated seedlings.

Each mixture had a final volume of 500 ml and
enabled to inoculate a pot of seedlings. The content of
the 12 pots per basic treatment was spilled into non-
transparent polyethylene plastics and incubated at
room temperature for one week before distributing

again the resulting mixture into the pots.

The seeds of each cultivar were superficially
disinfected after soaking in absolute ethanol for 5
minutes, then thoroughly rinsed three times with
sterile distilled water to remove the remnants of
pesticides used in seed treatment (Benhamou et al.,
1997). After drying, the seeds were sown in sterile
trays of 40 cm x 25 ¢cm x 15 cm containing the
substrate compound of 25 % pig dung, 15 % refined
wood sawdust and 60 % earth extracted from the
National Floristics Centre of the University Felix

Houphouét-Boigny in Abidjan. This substrate was
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previously sterilized twice in an autoclave at 121 °C for
45 min at 1 bar and 24 hours apart. The sown seeds
were uniformly distributed over the entire surface
with two seeds per hole. Once the seedlings produced,
the trays were placed in an enclosure made with clear
plastic film under a temperature of about 30 ° C and
the whole was watered regularly with tap water. The
transplanting of seedlings of each okra cultivar was
performed when they reached 15 days after sowing
that is to say, at the stage of two well spread leaves
(Woo et al., 1996). The transplantation of seedlings
was carried out in 500 mL pots filled with mixtures
prepared beforehand. Twelve seedlings per basic
treatment were used in this trial. Seedlings of each
okra cultivar, transplanted into the autoclaved ground
and inoculated by Sclerotium rolfsii or in the
previously autoclaved and non-inoculated soil were
used respectively as untreated non-inoculated control
and healthy control. The seedlings thus transplanted
were put for growth in the shelter. These plants were
watered once a day with tap water. The assessment of
mortality, number of living leaves and leaf and root
biomass, were performed 30 days after
transplantation of seedlings. To avaluate the
incidence of Sclerotinia, the method used was the
counting of living and dead plants, 30 days after
transplantation. It was based on a rating scale of dead

plants whose adjusted schedule was as follows (Djidji

et al., 2010):

= 0: healthy seedlings;

= 1: 1to 10 % of dead seedlings;

] 2: 11 to 25 % of dead seedlings;

] 3: 26 to 50 % dead seedlings;

] 4: 51to 75 % of dead seedlings;

] 5: 76 to 100 % of dead seedlings.

Based on these ratings, the disease index was
calculated from the average ratings assigned to the 12
seedlings of each cultivar according to the following

formula:

with:

I =2 Mixly /TN

Is: Disease severity index,

Ni : number of seedlings class i,
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I;: index class i,

N:: total number of seedlings

The living leaves of Abelmoschus esculentus seedlings
were counted on each seedling per treatment and per
cultivar, 30 days after transplantation. The average
number of living leaves on seedlings was calculated by
treatment and by cultivar on the total number of
seedlings for the experiment according to the
following formula:

with:

M =T M,/ N,

Nm: Average number of living leaves per treatment
and per cultivar,

Ni: Number of living leaves on each seedling per
treatment and per cultivar,

N:: total number of seedlings for the experiment.

Thirty days after transplantation, height growth of the
seedlings was estimated by measurement in
centimeters (cm) of the epicotyl. The measurement
was performed using a measuring tape from the
cotyledon leaves until the “V” formed between the last
leaf not yet blooming and the penultimate fully
blooming leaf. The average height was determined by
treatment and cultivar over the total number of
seedlings for the experiment according to the

following formula:

Huw=3 i f I,

Hm : Average height per treatment and per cultivar,
Hi: Height of each seedling per treatment and per
cultivar,

Nt : total number of seedlings for the experiment.

Two hours after the last watering, the seedlings were
carefully uprooted and the root system excised and
rinsed at the cotyledon scar. They were then weighed
using an electric balance branded “Jump 1000” at 10!
g precision. The average leaf and root fresh biomass
was calculated by treatment and by cultivar over the

total number of seedlings for the experiment
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according to the following formula:

with:

Bm=T B; /1,

Bm: Average fresh leaf or root biomass per treatment
and cultivar,

Bi: Fresh leaf or root biomass of each seedling per
treatment and cultivar,

Ni: total number of seedlings for the experiment.

Experimental design
The main factor studied was the treatment with 5
(healthy

untreated, Inoculated and treated with 500 ppm,

modalities control, Inoculated and
Inoculated and treated with 1000 ppm, Inoculated
and treated with 2000 ppm) and the secondary
factor, 2-level cultivar (Volta and Hiré). The
experimental unit was the okra foot. For each
modality, the adopted experimental design was the
Fischer block with three repetitions. Each category
included two plots to which were allocated cultivars.
The trial therefore comprised two plots per modality.
Each plot had a cultivar represented by twelve
seedlings (12 repetitions of the experimental unit). In
total, the test included 24 okra seedlings per

modality. The modalities of the treatment were:

. Healthy control,

] Inoculated and untreated,

= Inoculated and treated with 500 ppm,
. Ineithlated and treated with 1000 ppm,
= Inoculated and treated with 2000 ppm.

The incidence of sclerotinia was assessed by
measuring five variables: the percentage of mortality,
the disease severity index, plant height growth and
number of living leaves and the fresh leaf and root

biomass.

Statistical analysis of the results

The data collected relating to parameters (yield of
essential oils, inhibition of the mycelial radial growth
of Sclerotium rolfsii and effect of Ocimum
gratissimun essential oil on plant height growth,

appearance of leaves and biomass) have suffered a
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variance analysis with two classification -criteria
(ANOVA 2), followed by comparison of averages by
the Newman-Keuls test using the Statistica 7.1
software. Differences were considered significant at
the 5 % threshold.

Results

In vitro study

Essential oil yield

The results concerning the essential oil yields
extracted from these seedlings are given in Table 1.
All these species have a very low yield of essential oil.
However, Ocimum gratissimum, with 0.29 %, had a
yield statistically higher than that of Hyptis

suaveolens (0.06 %).

Table 1. Essential oil yield of dry biomass of Ocimum gratissimum L. and Hyptis suaveolens (L.) Poit.

Species Quantity of Quantity of Yield (%)

dry biomass (g) Essential oil (g)
Ocimum gratissimum L. 800 2.32 0.29 + 0.02 a
Hyptis suaveolens (L.) Poit 800 0.48 0.06 £ 0.00b

In the same column the concentrations followed by the same letters are not significantly different according to the

Newman-Keuls test at 5 % threshold.

Inhibition of radial mycelial growth of Sclerotium
rolfsii and resumption of mycelial pellet

Fig. 1 and 2 show that the essential oils of Ocimum
gratissimum and Hyptis suaveolens have fungitoxic
activity on Sclerotium rolfsii. The inhibition of
mycelial growth increased with the concentration of
essential oils. The essential oils of Ocimum
gratissimum and Hyptis suaveolens have proven
moderately fungitoxic at 125 ppm and 500 ppm, with
respective inhibition rates of 17.86 % and 9.91 at 125

ppm and respectively at 42.5 % and 34.33 at 500

ppm. These two essential oils were highly fungitoxic
at 1000 ppm with inhibition rates of 73.41 and 73.5 %
respectively with the essential oil of Ocimum
gratissimum and that of Hyptis suaveolens. At 2000
and 4000 ppm, both essential oils showed a complete
inhibition of fungus mycelial growth. Moreover, the
transfer of mycelial fragments treated with these two
essential oils at 2000 and 4000 ppm, in a new PDA
culture medium was not followed by growth

resumption.

Table 2. Concentrations of essential oils of Ocimum gratissimum and Hyptis suaveolens reducing by 50 (ICso)

and 90 % (ICyo) the mycelial growth of Sclerotium rolfsii at the 7th day of incubation.

Inhibiting Concentration (ppm)
Essential oils ICso 1Cyo
Ocimum gratissimum 825b 1093 a
Hyptis suaveolens 828Db 1095 a

In the same column the concentrations followed by the same lettters are not significantly different according to

the Newman-Keuls test at 5 % threshold.

On the 7t day of measurement, the concentration of
essential oil of Ocimum gratissimum, which inhibits
50 % of mycelial growth (ICso), was 825 ppm and the
one that inhibits 90 % of mycelial growth (ICg0) was
1093 ppm (Table 2). However with the essential oil of
Hyptis suaveolens, ICso and ICqo, on the 7t day, were

respectively 828 and 1095 ppm.
Mohamed et al.

In vivo study

Description and evolution of Sclerotium rolfsii
symptoms

Transplantation was carried out with 15-days old
nursery seedlings. After two weeks, concentric
necrotic spots (like burns) on the end leaves of the

plant were observed. After the onset of these early
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symptoms, we observed a convergence of spots and
the fall of all the leaves of the plant which resulted in
a browning of the terminal bud after infection. This
browning ended up in extending to the entire stem
and was followed by the melting of the plant. Such
plants contaminated with fungus eventually collapsed

and died. On the dead plant, we observed a brown

alteration at the neck. We also found that apart from
these symptoms, stunted height growth was observed
in plants inoculated and untreated and in those
inoculated and treated compared to healthy controls
(no symptoms of sclerotinia) in both okra cultivars
studied.

Table 3. Effect of the essential oil of Ocimum gratissimum L. on the incidence of the disease at 30 days after

transplantation.
Treatments Mortality index
Concentrations of the Cultivars
essential oil in ppm Volta Hiré
Healthy witness 0.00 (0.00) e 0.00 (0.00)d
Inoculated and untreated 4.17(83.33) a 0.33 (16.67) a
Inoculated and treated 500 2.17 (54.17) b 0.08(8.33) b
1000 1.50 (50.00) ¢ 0.08(8.33) b
2000 0.33 (16.67) d 0.04 (4.17) ¢

Effect of the essential oil of Ocimum gratissimum on
the incidence of the disease

Table 3 shows the effect of the essential oil of
Ocimum gratissimum on the incidence of sclerotinia
in okra cultivars Volta and Hiré. Thirty days after
planting okra seedlings on the soil substrate
inoculated with Sclerotium rolfsii and treated with
different concentrations of the essential oil of O.
gratissimum, we observed a reduction in attacks
compared to seedlings planted in the inoculated and
untreated soil substrate. Thus, the two okra cultivars
undergoing treatment with essential oil showed a
significant decrease in mortality as a result of
increasing concentrations. For each of the two
cultivars, significant differences were observed
between the different treatments with the essential oil
except for 500 ppm and 1000 ppm treatments whose
mortality was similar in cultivar Hiré. A high
concentration of 2000 ppm, the mortality index
respectively switched from 4.17 (inoculated and
untreated) to 0.33 (inoculated and treated) in cultivar
Volta and from 0.33 to 0.04 in cultivar Hiré. The
cultivar Volta presented the highest sensitivity to
sclerotinia with 83.33 % mortality against 16.67 % in

cultivar Hiré.
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Effect of the essential oil of Ocimum gratissimum on
seedlings height growth, leaf emission and biomass
Height growth of the inoculated and untreated
seedlings was slowed down, by 12.31 and 29.04 cm
respectively in cultivars Volta and Hiré compared to
the healthy control (respectively 36.40 cm and 39.52
cm), 30 days after transplantation (Table 4). Infected
plants subjected to treatment with the essential oil of
O. gratissimum, recorded a less severe reduction of
their height growth. Thus, at the concentration of
2000 ppm, the cultivars Volta and Hiré, with
respectively 28.81 and 33.63 cm, showed significant
heights compared to the wuntreated inoculated
seedlings in both cultivars (12.31 c¢cm in Volta and
29.04 cm in Hiré). A significant difference was
observed between the different treatments with
essential oil in each cultivar except for treatments at
500 ppm and 1000 ppm in cultivar Hiré where
seedlings heights were statistically similar. Cultivar
Volta was more sensitive to the disease by a reduction
in height growth.

Effect of treatment with essential oil on leaves
emission
Table 4 shows the average number of living leaves.

The treatments had no effect on foliar emission in
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cultivar Hiré. The number of living leaves in the
healthy control (3.96 leaves) and in inoculated and
untreated seedlings did not differ statistically from
that of the seedlings inoculated and treated with the
essential oil of O. gratissimum (3.75; 3.50 and 3.92
leaves respectively for concentrations 500, 1000 and
2000 ppm). However, in cultivar Volta, the infection

with S. rolfsii generated a decrease in the average

number of living leaves to 1.42 compared to the
healthy control (4.50). A clear improvement of the
emission of the number of leaves was observed at
concentrations of 500, 1000 and 2000 ppm of the
essential oil with respectively 2.63; 2.42 and 3.25
compared to the inoculated and untreated control
(1.42). Cultivar Volta presented greater sensitivity to

S. rolfsii at leaf emission.

Table 4. Effect of the essential oil of Ocimum gratissium on plant height growth, leaves emission and leaf and

root fresh biomass, 30 days after transplantation.

Parameters Cultivars Treatments
Healthy control  Inoculated Inoculated and treated with the essential oil
and untreated (Concentrations in ppm)
500 1000 2000
Height of the epicotyl (cm) [Volta 36.40 £ 1.37a 12.31+3.37¢C 14.65 £ 3.43 ¢ 19.05 £ 4.11 b 28.81 + 2.86 ab
Hiré 39.52+2.12a 20.04 + 2.15b 29.28 +3.10b 29.35+2.70b  33.63 £2.92a
Number of living leaves Volta 4.50 £ 0.27a 1.42 £ 0.40 C 2.63+0.64b 2.42 +0.53b 3.25 + 0.47 ab
Hiré 3.96 £ 0.30 a 3.46 £ 0.36 a 3.75+0.41a 3.50 £ 0.31a 3.92+0.37a
Fresh leaf biomass (g) Volta 26.96 +1.71b 16.91 +3.18 ¢ 14.85 + 3.99 ¢ 20.03 + 6.21ab  32.28 + 4.62a
Hiré 33.57+2.30b 24.66 +1.36 ¢ 26.47 + 3.07¢C 35.22+1.76a 37.24+2.88a
Fresh root Biomass (g) Volta 6.26 + 0.48 b 3.01+0.60b 2.03 £0.55b 3.46 £1.06 b 9.33+1.36a
Hiré 7.78 £ 0.36 b 4.03 £ 0.23 ¢ 4.00 £ 0.60 ¢ 9.65 + 0.59 a 10.8 £ 0.92a

Effect of essential oil on the leaf and root fresh
biomass

Table 4 shows the leaf and root fresh biomass of
cultivars Hiré and Volta. The biomass produced
varied according to cultivars and treatments. At the
concentration of 2000 ppm, the essential oil of O.
gratissimum applied to the inoculated seedlings
significantly induced an increase in leaf fresh biomass
of cultivars Volta and Hiré with respectively 32.28
and 37.28 g. Their root biomass was also improved
with 9.33 g for Volta and 10.8 g for Hiré compared to
healthy controls and inoculated and untreated
seedlings. Inoculated and untreated seedlings for
cultivars Volta and Hiré respectively produced a fresh
leaf (16.91 g and 24.66 g) and root (3.01 g and 4.03 g)
biomass significantly reduced compared with healthy
controls (26.96 g and 33.57 g for leaves; 6.26 g and
7.78 g for roots). The leaf and root fresh biomass
shows that a plant may not show visual symptoms

and be affected.

Discussion
Essential oil yield

The results of this study show that the plant species
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Ocimum gratissimum and Hyptis suaveolens have a
very low yield in essential oil. The best yield was
obtained with the leaves of Ocimum gratissimum
(0.29 %). The low essential oil content could probably
be due to the age of the plants, to the period and place
of harvest, the organ used without neglecting the very
nature of these aromatic plants. Similar results were
obtained by Tonzibo et al. (2009) who showed that
the yield in essential oil of H. suaveolens ranged
between 0.04 and 0.12 % depending on the origin of
the plant and the organ used. Similarly, Merghache et
al. (2009) who worked on the essential oil yield Ruta
chalepensis L., have shown that the variation of the
yield depended on the portion of the plant used, the

time and place of plant harvesting.

These authors also showed that essential oil was two
(2) times concentrated in the flowers than in the
leaves when using the same quantities of fresh
material. Furthermore, Fellah et al. (2006) after a
comparative study on essential oil yield of the aerial
part of Salvia officinalis L., collected from two sites in
Tunisia, have reported that the yield differed

depending on the place of seedlings harvesting.
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The largest amount of essential oil was obtained on
the 3 day of drying of the leaves of both plants (O.
gratissimum and H. suaveolens). This drying time is
consistent with the works of Camara (2009), who
showed that beyond 3 days of drying the leaves of O.
gratissimum, essential oil quantities decreased,
probably due to evaporation. However, Bourkhiss et
al. (2009) found that the drying in the shade and sun
of adult leaves of Tetraclinis articulata (Vahl)
increased the concentration in essential oils. For
these authors, when the leaves were exposed to direct
sunlight, the maximum content was obtained on the

seventh day (that is 0.76 %), while the phenomenon

is 0.81 %. The content dropped steadily before
stabilizing, beyond these periods. The optimum
drying time would range between 6 and 9 days and
the increase of the essential oil concentration
expressed over the weight of dry matter during the
first days of drying would be explained by an
activity

reactions). Indeed according to Bourkhiss et al.

important  physiological (enzymatic
(2009) the biosynthesis of essential oils continues
and accelerates after the harvest of plant material in
response to water stress. Its decrease after the drying
time would be due to the reduction or discontinuation

of enzyme activity causing cell death due to severe

kept on until the ninth day of drying in the shade, that dehydration.
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‘QQ a a
e
= a0 -
=
= 80 - b
=
= Gl -
&4 -
d
PAUNE
Y] .
125 =0 Loy 2000 A
Concentration ppon

Fig. 1. Inhibition of the radial mycelial growth of Sclerotium rolfsii Sacc. with the essential oil of Ocimum

gratissimum L.

Histograms affected by the same letter indicate that there is no significant difference between the rates of

reduction of mycelial growth at concentrations tested (Newman-Keuls at 5 % threshold).

Inhibition of the radial mycelial growth of
Sclerotium rolfsii and resumption of the mycelial
pellet

The in vitro inhibitory effect of essential oils of
Ocimum gratissimum and Hyptis suaveolens proved
efficient on the telluric fungal strain of S. rolfsii.
Indeed, the radial mycelial growth of the fungus was
inhibited by the essential oil of O. gratissimum as
well as by that of H. suaveolens. The positive
correlation observed between the inhibition rates and
the different concentrations for each essential oil

demonstrates the inhibitory action (antifungal) of the
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latter on the fungus. The maximum inhibition
threshold (100 %) was reached with the minimum
inhibitory concentrations at 2000 ppm for both
essential oils. Thus, once incorporated into the
block the

development of the fungal colonies. This would be in

culture medium, these essential oils
relation with their compounds which act to neutralize
all the mechanisms and processes involved in the
fungus cell multiplication. The complete inhibition of
the radial mycelial growth of the fungus at certain
doses after transfer on PDA medium expressed a

fungicidal activity of the essential oils tested.
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The excellent efficiency of the essential oil of Ocimum
gratissimum, even at the smallest concentrations,
might be due to the activity of its two main
compounds that are thymol and gamma-terpinene.
Indeed, Shapiro and Guggenheim (1994), showed the
strong inhibitory activity of thymol on the way of ATP
generation (adenosine triphosphate). Therefore, its
effect on the reduction of the membrane potential and
impact intracellular pH on the potassium flux (intra
and extracellular) thus damaging the cytoplasmic
membrane. The high phenolic compound content
(thymol) associated with monoterpene gamma-
terpinene, known for its effect on biological
membranes (Yoshimura et al., 2010), would explain
the fungitoxicity of the essential oil of Ocimum
gratissimum even at minimal doses. These results
confirm those of Khanna et al., (1991) who showed
that the extracts of Ocimum gratissimum completely
inhibited the growth of Sclerotium rolfsii at
concentrations ranging between 50 and 500 ppm and
those of Doumbouya et al, (2012) that have also
shown that at the concentration of 100 ppm, the
essential oil of O. gratissimum strongly inhibited the
mycelial growth of F. oxysporum f. sp. radicis
lycopersict and that of Pythium sp.

Effect of the essential oil of Ocimum gratissimum on
the incidence of sclerotinia

The essential oil of O. gratissimum brought in
amendments to the growing substrate of okra
seedlings, proved efficient in treating sclerotinia. The
efficiency revealed in vitro with this essential oil of O.
gratissimum was observed in vivo. Thus, the
transplantation of the seedlings of both okra cultivars
(Hiré and Volta) in the soil mixture inoculated with S.
rolfsii and treated with the essential oil of O.
gratissimum at three (3) concentrations (500, 1000
and 2000 ppm ) generated a low attack of the latter.
For the seedlings thus treated, the mortality index
was lower with the increase in essential oil
concentration in both cultivars and the seedlings of
the healthy control (not inoculated and untreated) of
both cultivars showed no characteristic sign of
sclerotinia during the different observations and no

mortality was noted. This confirms the virulence of
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the fungal strain and the effect of the essential oil of
O. gratissimum on the reduction of such virulence.
Thus, the state of transplanted crops overall (essential
oil-mycopathogen-soil) compared to that of the
healthy control (not inoculated and untreated) of both
cultivars, showed that the seedlings treated with the
essential oil of O. gratissimum have a more or less

similar crop development.

The amount of inoculum brought to seedlings of the
two (2) cultivars being the same, cultivar Volta proved
more sensitive to S. rolfsii and cultivar Hiré with
lower mortality index would be less sensitive oil of O.
gratissimum would then be explained by an

activation of the plant defense system to it.

Thus, the severity of Sclerotinia observed in cultivar
Volta could therefore be explained by its sensitivity or
the aggressiveness of S. rolfsii. The strong sensitivity
of cultivar Volta vis-a-vis S. rolfsii would probably be
related to its genome. Indeed, according to Abo et al.
(2005), the majority of improved plants concerning
productivity genes would be more sensitive to
pathogens. Less sensitive plants would have a fairly
efficient resistance or defense mechanism to inhibit
the pathogenesis of fungal strain. The resistance of
plants treated with the essential, an increase in
chitinase and peroxidase activity and an increase in
enzyme activity in leaves inducing thus a systemic
resistance in these plants (Colpas et al.,, 2009).
Drysdale (1982) showed that the polyphenol oxidases
and peroxidases involved in plant defense would be
destroyed by toxins secreted by the fungus. The
essential oil of O. gratissimum would inhibit the

activity of these toxins.

Effect of the essential oil of Ocimum gratissimum on
height growth, leaf emission and foliar and root
biomass

The efficiency on biomass by treatments with
amendment of the essential oil of O. gratissimum at
the concentration of 2000 ppm would be explained by
better protection and health of the root system of okra
seedlings. Indeed, the roots of seedlings on substrate

amended by essential oil at this concentration would
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react by activating the plant defense system especially
by secretion of secondary metabolites and increase in
chitinase and peroxidase activity (Colpas et al. 2009).
The essential oil of O. gratissimum would induce a
reduction in virulence of S. rolfsii by inhibiting or
delaying the germination of spores. This treatment
would cause then a better development of the root
system and a good regulation of plant growth factors.

The essential oil of O. gratissimum has thus proved to
have antifungal properties. This beneficial effect was
obtained in the presence of the pathogen at the
different concentrations of the essential oil. Similar
results were obtained by Awuah (1994), who reported
that the application of the essential oil of O.
gratissimum in vivo enabled the control of
Phytophthora palmivora, a fungal agent of cocoa.
Doumbouya et al. (2012) also showed that the
essential oil of O. gratissimum in curative treatment
of tomato seedlings generally proves efficient on F.
oxysporum f. sp. radicis lycopersici and Pythium sp.
The efficiency of this essential oil against black
sigatoka in banana in Cote d'Ivoire was also proven by

Camara (2011).

Conclusion

This study enabled to identify the essential oil yield of
two plant species of the ivorian flora (O. gratissimum
and H. suaveolens). The study showed that the
essential oil content is dependent on the plant species
used. The best yield (0.29%) is obtained with O.

gratissimum, 72 h after the drying of leaves.

In vitro and in vivo studies have shown that essential
oils of Ocimum gratissimum and Hyptis suaveolens
reveal a significant antifungal potency against S.
rolfsii. The two essential oils inhibited in vitro the
growth of S. rolfsii at the

concentration of 2000 ppm. The essential oil of O.

radial mycelial
gratissimum brought in amendment to okra
seedlings of the two culivars (Volta and Hiré)
inoculated with S. rolfsii significantly reduced
sclerotinia. These results show an interest to the use
of these two essential oils for phytosanitary
applications as an alternative to chemical control

against S. rolfsii. Cultivar Volta proved more sensitive
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to S. rolfsii compared to cultivar Hiré. Cultivar Hiré
would therefore be appropriate on soils having a
history linked to this telluric mycopathogen and can
be recommended to farmers in order to maximize

okra crops yields on these soils.

Acknowledgement

This work was carried out at the Laboratory of Plant
Physiology at the University Felix Houphouet-Boigny
in Abidjan with outside support including the
National Agricultural Research Centre (CNRA). The
study which was conducted falls within the general
framework of the search for alternative control
methods against fungal pathogens of banana and
vegetable crops other than the use of fungicide

syntheses.

References

Abo K, Klein KK, Edel-Hermann V, Gautheron
N, Traoré D, Steinberg C. 2005. High genetic
diversity among strains of Fusarium oxysporum f.sp.

vasinfectum from cotton in

Phytopathology 95(12), 1391-1396.

Ivory  Coast.

Assiri PK, Diallo AH, Tschannen A, Aké S.
2009. Réaction de deux espéces d’'igname (Dioscorea
spp.) traitées avec du vin de palme (Elaeis guineensis
responsables  des

Jacq.), aux champignons

pourritures d’igname. Afrika Focus 22(2), 11-26.

Attrassi K, Benkirane R, Attrassi B, Badoc A,
Douira A. 2007. Efficacité de deux fongicides
Benzimidazolés et de 1’Anilinopyrimidine sur la
pourriture des pommes en conservation. Bulletin de

la Société de Pharmacie de Bordeaux 146, 195-210.

Awuah RT. 1994. In vivo use of extracts of Ocimum
gratissimum and Cymbopogon citrates against
Phytophthora palmivora causing blackpod disease of
cocoa. Annals of Applied Biology 124(1), 173-178.

Benhamou N, Rey P, Chérif M, Hockenhull J,
Tirilly Y. 1997. Treatment with the mycoparasite
Pythium oligandrum triggers induction of defence-

related reactions in tomato roots when challenged

Page 4g



Int. J. Agri. Agri. R.

with Fusarium oxysporum f. sp. radicis-lycopersci.

Phytopathology 87, 108-121.

Blancard D. 1988. Maladies de la tomate : Observer,
Identifier, Lutter. INRA, 212 p.

Boisson C, Renard JL. 1967. Les maladies
cryptogamiques des plantes maraichéres en Cote

d’Ivoire. L’Agronomie Tropicale 8, 699-755.

Bourkhiss M, Hnach M, Bourkhiss B,
Ouhssine M, Chaouch A, Satrani B. 2009. Effet
de séchage sur la teneur et la composition chimique
des huiles essentielles de Tetraclinis articulata (Vahl)

Masters. Agrosolutions 20(1), 44-48.

Camara A. 2009. Lutte contre Sitophilus oryzae L.
(Coleoptera: Curculionidae) et Tribolium castaneum
Herbst (Coleoptera: Tenebrionidae) dans les stocks
de riz par la technique d'étuvage traditionnelle
pratiquée en basse-guinée et l'utilisation des huiles
essentielles végétales. These partielle de doctorat.

Université du Québec a Montréal. 173 p.

Camara B. 2011. Contribution a la caractérisation
des parasites fongiques foliaires et telluriques en Cote
d’Ivoire chez les bananiers (Musa spp.) et recherche
de méthodes de lutte. These unique de Doctorat. N°
695/2011. UFHB, 231 p.

Camara B, Koné D, Kanko C, Anno A, Aké S.
2007. Activité antifongique des huiles essentielles de
Ocimum gratissimum L., de Monodora myristica
(Gaaertn) Dunal et de deux produits de syntheéses
(Impulse et Folicur), sur la croissance mycélienne et
la production de spore in vitro de Deightoniella
torulosa (Syd.) Ellis. Revue Ivoirienne des Sciences et

Technologies 09, 187-201.

Chebli B, Achouri M, HLM,

Hmamouchi M. 2003. Chemical composition and

Idrissi
antifungal activity of essential oils of seven Moroccan

Labiatae against Botrytis cinerea Pers: Fr, Journal of

Ethnopharmacology 89, 165-169.

Mohamed et al.

Colpas FT, Schwan-Estrada KRF, Stangarlin
JR, Ferrarese MDL, Scapim CA, Bonaldo SM.
2009. Induction of plant defense responses by
Ocimum gratissimum L. (Lamiaceae) leaf extracts.

Summa Phytopathologica, Botucatu 35(3), 191-195.

Djidji AH, Zohouri GP, Fondjo L, Nzi JC,
Effet de labri sur le

comportement de la tomate (Solanum lycopersicum

Kouamé NC. 2010.

L.) en saison pluvieuse dans le Sud de la Cote d’Ivoire.

Journal of Applied Biosciences 25, 1557-1564.

Doumbouya M, Abo K, Lepengue AN, Camara
B, Kanko K, Aidara D, Koné D. 2012. Activités
comparées in vitro de deux fongicides de synthese et
deux huiles essentielles, sur des champignons
telluriques des cultures maraicheres en Cote d’Ivoire.

Journal of Applied Biosciences 50, 3520-3532.

Drysdale R. 1982. The production and significance
in phytopathology of toxins produced by species of
Fusarium. In: MO Moss, JE Smith eds. Applied
Mycology of fungi, Cambridge University Press, 95-
105.

Fellah S, Romdhane M, Abderraba M. 2006.
Extraction et étude des huiles essentielles de la Salvia
officinalis L. cueillie dans deux régions différentes de
la Tunisie. Journal of the Algerian Chemical Society

16(2), 193-202.

Fondio L, Djidji AH, Kouamé C, Aidara S, Hala
N. 2007. Bien cultiver le gombo en Cote d’Ivoire.
Fiche technique CNRA, 4 p.

Harman GE. 1992. Development and benefits of
rhizosphere competent fungi for biological control of
plant pathogens. Journal of the Algerian Chemical
Society 15, 835-843.

Hibar K, Daami-Remadi M, Khiareddine H, El
Mahjoub M. 2005. Effet inhibiteur in vitro et in
vivo du Trichoderma harzianum sur Fusarium
oxysporum f. sp. radicis-lycopersci. Biotechnologie,

Agronomie, Société et Environnement 9(3), 163-171.

Page 49



Int. J. Agri. Agri. R.

Ketoh KG, Glitho IA, Koumaglo KH, Garneau
FX. 2000. Evaluation of essential oil from six
aromatic plants in Togo for Callosobruchus
maculatus F. pest control. Insect Science and Its

Application 20, 45-49.

Khanna R, Johri JK, Srivastava KM, Khanna
S. 1991. Screening for alternative biocides amongst
plant-based essential oil. Natural Academic Science
Letters 14, 3-6.

Koné D, Doumbouya M, Soro S, Bolou Bi BA,
Kouadio YJ. 2010. First Report of Southern Blight
of Okra (Abelmoschus esculentus) Caused by
Sclerotium rolfsii in Cote d’Ivoire. Plant Disease Vol.

94, N° 11, p. 1379.

Merghache S, Hamza M, Tabti B. 2009. Etude
physicochimique de Thuile essentielle de Ruta
Chalepensis L. de Tlemcen, Algérie. Afrique Science

05(1), 67-81.

Neri F, Mari M, Brigati S. 1991. Control of
Penicillium expansum by plant volatile compounds.

Plant pathology 55, 100-105.

Oussou KR, Yolou SF, Tue Bi B, Kanko C, Boti
JB, Ahibo C, Casanova J. 2010. Etude chimique
T'huile

gratissimum (Lamiaceae). European Journal of

bio-guidée de essentielle de Ocimum

Scientific Research 40(1), 50 -59.

Oxenham SK, Svoboda KP, Walters DR. 2005.
Antifungal activity of essential oil Basil (Ocimum

basilicum). Phytopathology 153, 174-180.

Punja ZK. 1985. The biology, ecology and control of
Sclerotium rolfsii. Annual Review of Phytopathology
23, 97-127.

Shama H, Mohamed R, Zakaria H, Badr S,
Mohamed GH, Mustapha ELA. 2011. Evaluation
du potentiel antifongique des huiles essentielles de
Mentha Pulegium et d’Eucalyptus camaldulensis

dans la lutte biologique contre les champignons

Mohamed et al.

responsables de la détérioration des pommes en
conservation. Bulletin de la Société royale des

sciences de Liege 80, 824- 836.

Shapiro S, Guggenheim B. 1994. "The action of
thymol on oral bacteria." Molecular oral Microbilogy

9, 202-208.

Soro S, Ouattara D, Zirihi GN, Kanko C,
N’guessan EK, Koné D, Kouadio JY, Aké S.
2010. Effet Inhibiteur in Vitro et in Vivo de I'extrait
de Poudre et de Thuile essentielle de Xylopia
Aethiopica (Dunal) A. Rich. (Annonaceae) sur
Fusarium oxysporum f. sp Radicis-lycopersict (Forl),
champignon parasite des cultures de tomate.
European Journal of Scientific Research 39(2), 279-

288.

Thiombiano N, Ouédraogo RL, Belem M,
Guinko S. 2009. Dynamique de I’évolution et impact
d’'une plante envahissante au Burkina Faso : Hyptis
Suaveolens (L.) Poit., Annales de I’'Université de

Lomé (Togo), série Sciences, Tome XVIII : 97-115.

Tonzibo ZF, Brou AF, Bédi G, Chalchat JC.
2009. Chemical Composition of Essential Oil of
Hyptis Suaveolensis (L.) Poit. from Co6te d’Ivoire,
European Journal of Scientific Research 38(4), 565-
571.

Vilela GR, Almeida GS, Regitano D’arce MAB,
Moraes MHD, Brito JO. 2009. Activity of essential
oil and its major compound, 1, 8-cineole, from
Eucalyptus globulus Labill., against the storage fungi
Aspergillus flavus Link and Aspergillus parasiticus
Speare, Journal of Stored Products Research 45, 108-
111.

Woo SL, Zoina A, Del Sorbo G, Lorito M,
Scala F, Noveiello C. 1996.
Characterization of Fusarium oxysporum f. sp.
Phaseoli by patogenic races VCGs, RFLPs, and RAPD.
Phytopathology 86, 966-972.

Nanni B,

Yoshimura H, Sawai Y, Tamotsu S, Sakai A.

Page g



Int. J. Agri. Agri. R.

2010. 1,8-cineole inhibits bothproliferation and
elongation of BY-2 cultured tobacco cells, Journal of

Chemical Ecology, 1-9.

Zhiri A, Baudoux D. 2005. Huiles Essentielles
Chémotypées et leurs synergies. Edition Inspir

development S.A., 80 p.
Zirihi GN, Kra AKM, Guede-Guina F. 2003.

Evaluation de l'activité antifongique de Microglossa

pyrifolia (Lamarck) O. Kuntze (Asteraceae) "Pymi"

Mohamed et al.

sur la croissance in vitro de Candida albicans. Revue

de Médecine et de Pharmacopée Africaine 17, 15-19.

Zollo APH, Bivity L, Tchoumbougnang F,
Menut C, Lamaty G, Bouchet P. 1988.
Antimicrobial plants of tropical central Africa. Part
XXXII. Chemical composition and antifungal activity
of thirteen essential oils from aromatic plants of
Cameroon. Flavour and Fragrance Journal 13, 107-
114.

Page 51



