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ABSTRACT: Roselle (Hibiscus sabdariffa L.) is one of the most
important medicinal plants. Root rot and wilt diseases of roselle attack
either seedlings or adult plants. In this study, the isolation and
identification of the pathogen associated with root rot and wilt
symptoms of roselle in Assiut were studied during the seasons 2012-
2014. The efficacy of essential oils from three plants i.e., sweet basil
(Ocimum basilicum var. basilicum L.), marjoram (Majorana hortensis
L.) and peppermint (Mentha piperita L.), at three concentrations (0.5, 1
and 2%) were tested against the most aggressive Fusarium isolate in
vitro, as well as evaluation in vivo. Results showed that all tested
isolates, Fusarium moniliform, F. solani and three isolates of F.
oxysporum (No. 1, 2 and 3) were pathogenic to roselle plants while the
highest pathogenicity was caused by F. oxysporum No. 3 followed by
No. 1. In vitro, the three tested oils were found to have an inhibitory
effect against the growth of the pathogenic fungus, the highest
inhibition was observed at 2% of marjoram and peppermint (2.23 and
2.00 cm inhibition zone, respectively).Under open greenhouse
conditions, results of seed coating with the three essential oils under
study suppressed infection with pathogenic F. oxysporum. Marjoram
and peppermint were the most effective oils in reducing disease
incidence, 0.5% concentration demonstrate the best protection of
roselle seeds against F. oxysporum. Growth characteristics ie., plant
height, No. branches and fruits/plant, fresh and dry weights of sepals
were significantly higher at all treatments. Also, acidity and total
anthocyanin increased significantly. Marjoram and peppermint oil at
0.5% and basil oil at 2% were the most effective concentrations in
decreasing disease incidence in addition to increasing the quantity and
quality of roselle yield.

Key words: Roselle, pathogenicity, Fusarium, anthocyanin, acidity.

diseases. The most frequent pathogenic soil-
borne fungi associated with rotted roots were

commonly Fusarium oxysporum, F. solani, Rhizoctonia

known as karkadeh, is a summer growing
famous medicinal plant belongs to family
Malvaceae. In Egypt, roselle is cultivated
mainly in Upper Egypt. One of the most
serious obstacles that limit roselle production
in many growing areas is wilt and root rot

solani and F. aquiseti (Ploetz et al., 2007).
According to Ploetz (2000) among the
species of Fusarium oxysporum, there are
pathogenic and nonpathogenic isolates that
cannot be distinguished morphologically.
Fusarium oxysporum, F. solani and M.
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phaseolina are the causal pathogens of wilt
and root rot diseases in roselle (Hibiscus
sabdariffa L.), endanger roselle production
wherever this crop is cultivated extensively
(Hassan et al., 2014). Boulanger et al. (1984)
found that F. oxysporum causes infection to
the young plants of H. sabdariffa, the
pathogens can damage the crop. Although
synthetic fungicides are often the first line of
defense against fungal diseases, the global
current trend has converted to use safer and
environmentally friendly alternative methods
to control these organisms. The use of plant
extracts and essential oils as an alternative
treatment has also been discussed as a
promising practice in controlling diseases
(Fernando et al., 2013). Essential oils are
aromatic substances which are obtained from
various plant parts by steam distillation;
many of which exhibit antifungal (Chee and
Lee, 2007) activity. EI-Mougy et al. (2007)
studied the essential oils from four plants,
i.e. geranium, rosa, lemon and mint and
reported that seed coating at concentration of
1% clearly demonstrated a good protection
of emerged bean seeds against invasion of R.
solani and F. oxysporum f. sp. Phaseoli.
Ocimum basilicum L. is one of the most
important species amongst the member of
the Ocimum genus belonging to family
Lamiaceae, it has antibacterial, antifungal,
insecticidal and hepatoprotective activity
(Holm, 1999). A number of studies report on
the antifungal action of basil essential oil
(Kocic et al., 2011; Soliman and Badeaa,
2002 and Doube et al., 1989). Dried
peppermint typically has 0.3-0.4% of volatile
oil containing menthol, menthone, menthyl
acetate, menthofuran 1.8-cineol and also
contains small amounts of many additional
compounds (Leung, 1980). Peppermint oil
showed antifungal activity against Fusarium
sp. by agar well diffusion method (Agil et
al., 2000). The genus Majorana hortensis
Moench belonging to the family Lamiaceae
is an important aromatic medicinal herb, the
volatile oil commercially known as the oil of
sweet marjoram (Tejavathi and Podma,
2013). The herb of Marjoram contains 1-2%
of essential oil, Terpinen-4-ol, borneol
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(Biondi et al., 1993). The objectives of The
present study was to investigate the efficacy
of essential oils of peppermint, sweet basil
and marjoram against Fusarium oxysporum
(causal pathogens from wilted roselle plants)
in vitro. Application of essential oils as seed
treatment against wilt and root rot incidence
of roselle was also evaluated under open
greenhouse conditions.

MATERIALS AND METHODS

This work was carried out on pots in
open greenhouse and laboratory of Plant
Pathology Department, Faculty  of
Agriculture, Assiut University during the
seasons 2012, 2013 and 2014.

Source, isolation and identification of the
causal pathogen(s):

Naturally infected roselle plants that
showed root rot and wilt diseases symptoms
were collected from roselle plants in the farm
of Arab-El-Awamer Research Station, Assiut
Governorate, Egypt. The infected plant parts
were cut into small pieces, surface sterilized
with 5% of sodium hypochlorite, washed
several times with sterilized distilled water
and then dried between sterilized filter
papers. The sterilized pieces were transferred
aseptically into Potato Dextrose Agar (PDA)
media. The inoculated plates were incubated
at temperature (25x1°C), then examined
after 7 days for fungal growth. The fungal
colonies were purified using single conidial
spore method (Booth, 1985). Identification
of the isolated fungi was done (Mycology
Center, Assiut University, Assiut, Egypt) as
described by Booth, 1985. The obtained
isolates were maintained on PDA slants and
stored in refrigerator at 4°C for further study.

Pathogenicity test:

Seeds of roselle Sabahya 17 cultivar
were obtained from Medicinal and Aromatic
plants, Horticultural Research Institute,
Agriculture Research Center, Ministry of
Agriculture, Egypt. Inoculum of five tested
isolates of fungi belonging to Fusarium
genus were prepared by inoculating sterilized
milk bottles 0.5 L containing Barley medium
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(75 g Barley + 25 pure sand + 2 g sucrose +
0.1g yeast extract + 100ml water) Abd-El-
Moneem (1996), with the fungal isolates
separately and incubated at 28 C for two
weeks. Sterilization of soil and pots (25 cm
in diameter) were carried out by 5% formalin
solution for 15 minutes and left to dry for
two weeks. Soil was covered with
polyethylene sheet for 7 days to retain the
gas. The soil was not planted until all traces
of formaldehyde disappeared (after 2 weeks).
Soil inoculation was performed by mixing of
2% of the inocula with the soil in each pot
(100 g/5 kg soil) and then irrigated directly.

Sterilized non-inoculated barely grains
were used as the control treatment. Seed
disinfestations was carried out by dipping the
seeds in 0.1% sodium hypochlorite for 2
min, then washed with sterile water. Each
pot was seeded with 5 seeds and 3 pots were
used for each isolate as replicates.
Percentage of infected plants with Pre-
emargance damping off, Post-emargance
damping off and wilt were recorded after 15,
30 and 90 days from sowing, respectively.

The following formulae were used to
determine the disease criteria;

Number of non-

Pre-emargance- _ emerged seedlings

damping off % Number of sown 100
seeds
Number of diseased
Post-emargance- _ seedlings x 100
damping off % Total number of
seedlings
Wilt % Number of wilted plants x 100

Total number of plants

Effect of different concentrations of
essential oils on the growth of pathogenic
fungus:

In vitro:

The antifungal activities of essential oils
of three plants, sweet basil (Ocimum
basilicum var basilicum L.), marjoram
(Majorana hortensis L.) and peppermint
(Mentha piperita L.) at three concentrations
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(0.5, 1 and 2%) were tested against the most
aggressive Fusarium sp. isolate using the
disc diffusion method (Sahin et al., 2004).
Three replicates were wused for each
treatment. The clear inhibition zones of the
fungal growth produced by different
treatments were measured. Discs which were
immersed in sterile distilled water were used
as control.

All tested essential oils were obtained
through  hydrodistillation of  marjoram,
peppermint and basil plants, grown in
experimental farm of Agricultural Research
station, Arab-El-Awamer, Assiut Governorate.

In vivo

1- Effect of essential oils on incidence of
root-rot and wilt diseases of roselle:

The effect of three concentrations (0.5,
1, and 2%) of essential oils from plants of
Ocimum basilicum, Mentha pipereta and
Majorana hortensis against root-rot and wilt
diseases of rosell was evaluated under open
greenhouse conditions as seed treatments.

Disinfected roselle seeds were soaked
for 5 min in the tested concentrations of the
above mentioned oils, 1% Tween 20 were
added to the essential oil solutions (May et
al., 2000) to obtain an aqueous emulsion.
Treated and untreated seeds were sown in
earthen pots (30 cm diam.) in artificially
infested soil with inocula of the most
aggressive F. oxysporum f.sp. Five seeds
were sown in each pot, and three pots were
used as replicates for each treatment. Seeds
soaked in water were sown in control pots.
Percentages of root rot and wilt incidence of
roselle at pre- and post-emergence stages
were estimated 30 and 90 days from planting
date, respectively. Pre-emergence (%) was
based on the number of un-emerged seeds in
relation to the number of sown seeds, while
Post-emergence (%) was based on the
number of plants showing disease symptoms
in relation to the number of emerged
seedlings.The following formulae were used
to determine the disease criteria.
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Number of diseased

rot% = seedlings
Root-rot % Total number of x 100
seedlings
Wilt % = Number of wilted plants 100

Total number of plants

2- Effect of the three concentrations of
essential oils of plants on growth and
yield of roselle plants:

At harvest time, plant samples (5 plants
each) were taken from each pots to
determine the following traits; plant height
(cm), number of branches/plant, number of
fruits/plant, fresh weight of fruits (g)/plant,
fresh and dry weights of sepals (g)/plant,
total anthocyanin content and the acidity %
were determined in dry sepals.

Chemical analysis:

The extraction of the total anthocyanin
pigments of the dry sepals were done by
using ethyl alcohol according to the method
described by Tribor and Francis (1968) and
the total anthocyanin content(mg/100g) was
determined according to the method of
Fuleki and Francis (1968), developed by Due
and Francis (1973).

Dry sepals also were used to prepare
extract in which total acids were determined
by titrating 100 ml of 10% solution against
0.IN NaOH to pH 8.1. Total acids were
expressed as citric according to the equation
shown by Ruck (1963).

1/10 x eq. wt. of citric acid x

;—(?itjailt o =  normality of NaOH x titre
y7o wt. of sample
All data were statistically analysed

according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

The causal pathogen of root-rot and wilt
of roselle:

Five isolates of fungi belonging to the
genus Fusarium were isolated from naturally
infected plants of roselle that showed root rot
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and wilt diseases symptoms. Isolates were
identified as (F. oxysporum No. 1, 2 and 3,
F. solani and F. moniliform). All the isolates
were tested in a pathogenicity test and
induced severe lesions were further
identified and included in  overall
pathogenicity tested. The symptoms of pre-
and post-emergence damping off and wilt
that observed during the pathogenicity test
were close to those observed in natural
symptoms. Testing the pathogenic capability
of the isolated fungi (Table, 1) indicated that
all tested isolates were pathogenic to roselle
plants with different rates, such results are in
accordance with that reported by Ansaril et
al. (2013). Our results showed that the
highest percentage of pre-emergence
damping off caused by F. oxysporum No. 2
followed by isolate No. 1 (40% and 26.67%,
respectively), while the highest percentage of
post-emergence damping off and root
rot/wilt were caused by isolate F. oxysporum
No. 3 (80% and 93.33%), followed by the
isolate F. oxysporum No. 1 (53% and 73.3%
respectively).

Results of this study are in agreement
with those reported by (Hassan et al., 2014
and Boulanger et al., 1984).

Effect of different concentrations of
essential oils on the growth of pathogenic
fungus:

In vitro:

The antifungal activities of three
concentrations (0.5, 1 and 2%) of the three
essential oils of Majorana hortensis, Mentha
piperita and Ocimum basilicum were tested
against aggressive isolate of F. oxysporum
No. 3 and their effects were assessed by
measuring the diameter of zone of inhibition
(cm).

The results in Table (2) revealed that all
used essential oils were effective against the
tested Fusarium isolate at the highest
concentration. The best results appeared after
treatment with marjoram oil, while all tested
concentrations (0.5, 1 and 2%) of the
essential oil showed strong antifungal effect
(0.7 cm, 2.07 cm and 2.33 cm inhibition
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Table 1. Pathogenic capability of F. spp. isoltes on roselle (sabahyal? cultivar).

% of infected plants

Isolates Pre-emergence Post-emergence .
number . . Wilt
damping-off damping-off

Control 6.66 0.00 6.67
F. moniliform 20.00 46.00 60.00
F. oxysporum No. 1 26.67 53.00 73.33
F. oxysporum No. 2 40.00 20.00 26.66
F. oxysporum No. 3 20.00 80.00 93.33
F. solani 13.33 26.66 40.00
L.S.D. at 5% 15.82 20.67 2457

Data recorded after 15, 30 and 90 days from sowing date for root-rot and wilt, respectively.

Table 2. Effect of different concentrations (0.5, 1 and 2%) of the three essential oils
expressed as diameter of inhibition zone (cm) against Fusarium oxysporum.

Treatments

Concentrations %

Zone (cm) of inhibition

Control
Marjoram essential oil

Peppermint essential oil

Basil essential oil

0.00 0.00
0.50 0.70
1.00 2.07
2.00 2.33
0.50 0.87
1.00 1.83
2.00 2.00
0.50 0.00
1.00 0.00
2.00 0.33

zones, respectively). The different
concentrations of peppermint essential oil
resulted in delay the growth of the tested
fungus with different inhibitory effect on
growth rate, and the inhibition zone of the
growth was increased with increasing the
concentrations. In case of sweet basil oil, the
highest applied concentration (2%) was
minimal antifungal for the tested F.
oxysporum comparing to other treatments.

Our results were similar to the findings
of Baraka et al. (2011), they showed that
marjoram plant extract was the most
effective against soil borne pathogenic fungi
followed by basil, and marjoram was
moderate effective at high concentration
100%. Also, Peppermint essential oil showed
antifungal activity against A. niger,
Alternaria alternate and Fusarium sp. by

agar well diffusion method (Aqil et al.,
2000). In other hand Soliman and Badeaa
(2002) found that the oil from O. basilicum
significantly  reduced the growth of
pathogenic fungi including F. Verticillioides.
Kocic et al. (2011) also showed a strong
antifungal activity of basil extract towards
Fusarium  spp. (F. oxysporum, F.
proliferatum and other species) isolated from
cakes, and their growth was completely
inhibited at extract concentration of 1.5
ml/100 ml.

In vivo:

1- Effect of essential oils on incidence of
root-rot and wilt diseases of roselle:

Results in Table (3) showed that the
tested oils reduced disease severity of root
rot and wilt diseases on roselle plants.
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Table 3. Effect of essential oils on incidence of root-rot and wilt diseases of roselle plants.

Concentrations

Percentage of infected plants

Treatments (%) Root-rot Wilt

2013 2014 2013 2014

Control 0.00 36.67 40.00 90.00 93.33
Marjoram essential oil 0.50 6.67 10.00 0.00 0.00
1.00 13.33 13.33 6.67 10.00

2.00 20.00 20.00 13.33 16.67

Peppermint essential oil 0.50 13.33 16.67 13.33 13.33
1.00 16.67 20.00 26.67 33.33

2.00 20.00 23.33 40.00 40.00

Basil essential oil 0.50 20.00 23.33 40.00 43.33
1.00 16.67 20.00 33.33 40.00

2.00 10.00 13.33 20.00 26.67

L.SD.at5% (A)= N.S 3.29 5.39 4.01
LS.D.at5% (B)= 4.64 3.80 6.23 4.60
L.S.D.at5%  (AxB)= N.S N.S 10.79 8.02

L.S.D. at 5% of Essential oils (A), Concentration (B) and Interaction (AxB).

Marjoram essential oil was the most
effective against pathogenic fungus followed

by peppermint oil under greenhouse
conditions in the first and the second
seasons, while basil essential oil was

moderately effective. On other hand, all the
tested concentrations of the studied oils
significantly reduced the percentages of
infected plants compared to control
treatment. However marjoram essential oil at
concentration 0.5% was the most effective in
reducing infection caused by F. oxysporum
to roselle plants recorded zero% of wiltted
plants for the two cultivated seasons, Fig. 1
(A and B). According to the application of
peppermint oil reduced the percentages of
infected plants with F. oxysporum to 13% at
0.5% concentration, and severity of the
disease increased with increasing the
concentrations Fig. 2 (A and B). Basil
essential oil was significantly decreased the
percentage of rotted and wilted plants as
compared to the control.

The protection increased by increasing
the basil essential oil concentrations (23.33,
20 and 13.33% infected plants, respectively
comparing to 40% for untreated control)

Fig. 3 (A and B). These results agree with
Baraka et al., (2011), they showed that under
greenhouse conditions Marjoram, Garlic and
Jojoba were the most effective as a biotic
agents to reduce the disease incidence and
disease severity. Similar results were also
reported by Satya et al. (2005), they reported
that application of essential oils of geranium,
rosa, lemon and mint as seed coating and/or
foliar spray reduced the incidence of root rot
at both pre- and post-emergence stages under
in vivo condition.

2- Effect of the three concentrations of
essential oils of plants on growth and
yield of roselle plants:

Data in Table (4) represented the effect
of three essential oils of Majorana hortensis,
Mentha piperita and Ocimum basilicum
plants, on the plant height, number of
branches/plant, number of fruits/plant and
fresh weight of fruits (g)/plant, in the two
cultivated seasons 2013 and 2014. Each of
the tested oils was used at three different
concentrations 0.5, 1.0 and 2.0%. The results
showed that the effect of essential oils
treatments on vegetative growth significantly
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J Majorana hortensis

(A) (B)

Fig. 1. Effect of marjoram essential oil (A), at three concs. 0.5%, 1% and 2% (B) on
Fusarium oxysporum infection of roselle plants compared with control.

Mentha piperita Mentha piperita

(A) (B)

Fig. 2. Effect of peppermint essential oil (A), at three concs. 0.5%, 1% and 2% (B) on
Fusarium oxysporum infection of roselle plants compared with control.

Ocimum basilicum

Ocimum basilicum

(A) (B)

Fig. 3. Effect of sweet basil essential oil (A), at three concs. 0.5%, 1% and 2% (B) on
Fusarium oxysporum infection of roselle plants compared with control.
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Table 4. Effect of three essential oils at different concentrations (0.5, 1 and 2%) on

growth and yield of roselle plants.

Plant height No. of No. of Fresh weight

Treatments Cég/:;?- (cm) branches/plant fruits/plant of fruits (g)/plant
2013 2014 2013 2014 2013 2014 2013 2014

Control 000 4667 4567  2.00 1.00 233 2.00 8.67 7.73
Marjoram 050 7733 7433 545 433 1078 1056 6147  63.13
essential oil 100 7000 7100 433 4.11 7.78 778 4473 4540
200 6333 6467  4.33 3.67 6.67 845 3480  35.40

Peppermint 050  62.67 59.00 456 4.44 6.78 633 3360  34.40
essential oil 100  56.00 5167 467 3.00 5.00 511 2240 2183
200 5433 5067  4.22 4.00 5.00 478 2217 2013

Basil essential 050 5100 4933  3.33 3.44 5.33 433 2300  22.60
oil 100 5667 5167 345 3.44 5.67 557 3160  32.87
200 6633  69.00  3.00 3.67 5.67 533 3367  28.00

L.S.D. at 5% (A) = 3.86 2.69 0.57 0.33 0.48 0.38 1.72 1.87
L.S.D. at 5% (B) = 4.46 3.11 0.66 0.39 0.56 0.44 1.99 2.16
L.S.D. at 5% (AxB) = 7.72 5.39 0.95 0.68 0.97 0.76 3.45 3.75

L.S.D. at 5% of Essential oils (A), Concentration (B) and Interaction (AxB).

higher in marjoram followed by peppermint

treatment than basil essential oil and
compared with untreated control.
Statistically ~ significant  increase  was

recorded in the plant height, number of
branches/plant, number of fruits/plant, fresh
weight of fruits/plant, and compared to
untreated control in the first and the second
seasons, the highest results were recorded at
0.5% concentration of marjoram (77.33 cm,
5.45, 10.78 and 63.13 g, respectively) in the
firest season and decreased with increasing
the concentrations. It was concluded that the
most of studied growth parameters have been
affected significantly after treatment with
peppermint at all concentrations in the two
investigated seasons, the highest result was
showed at the lowest tested concentration
(0.5%). The observation showed moderat
effective and reported the highest results at
the highest studed concentration (2%) of
basil treatment. Increasing in most of studied
characters with increasing the concentrations
of basil was observed .Our results were
similar to the findings of Hegazi and EI-Kot
(2010), they studied the effects of essential
oils of marjoram, clove, cinnamon, garlic,
ginger and fennel plants on powdery mildow
of Zinnia and they revealed that all tested

essential oils significantly increased the most
of studied growth and flowering parameters.
Data in Table (5) represented the effect of
three essential oils of marjoram, peppermint
and basil plants on fresh and dry weights of
sepals (g)/plant as well as acidity and
anthocyanin content in dry sepals in the two
cultivated seasons 2013 and 2014. In
addition to suppress diseases incidence, all
concentrations of the tested essential oils
significantly increased yield of roselle (fresh
and dry weights of sepals (g)/plant) as well
as anthocyanin content and acidity in dry
sepals of roselle plants compared to
untreated control in the first and the second
seasons. The best result was obtained at
0.5% conc. of marjoram (35.37 g and 6.83
g/plant 61.07 and 27.37, respectively
comparing to 4.60 g, 1.03 g/plant, 29.9 and
17.84 for infected untreated control).

El-Hadad (2007) reported that oils of
nigella, rocket, peppermint and clove tree
were the most effective ones in decreasing
all studied diseases and increasing the
quantity of yield per palm tree.
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Table 5. Effect of three essential oils at different concentrations (0.5, 1 and 2%o) on yield,
total anthocyanin content (mg/100g) and total acidity expressed as citric acid

of dry sepals of roselle plants.

Fresh weight of Dry weight of sepals Anthocynin Acidity
Treatments Cég/:;- sepals (g)/plant (g)/plant (mg/100g) (%)

2013 2014 2013 2014 2013 2014 2013 2014
Control 000 510 460 113 1.03 3029 299 1746 1784
Marjoram 050 3067 3537  7.87 683 6046  61.07 2681  27.37
essential oil 100 2573 2630 583 570 5881 5883 2413  26.33
200 1940 1743 513 430 5360 5499 2331 2411
Peppermint 050 2245  20.82 483 450 5423  57.03 2215 2431
essential oil 100 1275 1400  4.00 343 4339 4533 2055 2222
200 1172 1370  3.03 293 4059 4291 1836  20.38
Basil essential 050 1332  13.63  3.10 257 3729 3805 1870  20.23
oil 100 2027 1800  3.03 283 3936 4028 2162 2120
200 2545 2243  4.63 500 4212 4522 2323 2256
L.S.D. at 5% (A) = 1.85 1.20 0.45 0.27 0.28 0.27 0.18 0.99
L.S.D. at 5% (B) = 213 1.39 0.52 0.31 0.32 0.31 0.20 1.15
L.S.D. at 5% (AxB) = 3.70 2.40 0.91 0.54 0.56 0.54 0.35 1.98

L.S.D. at 5% of Essential oils (A), Concentration (B) and Interaction (AxB).

CONCLUSION

In the light of these results, it could be
concluded that application of marjoram,
peppermint and basil essential oils is
applicable, have no harmful effect on the
environment and cost-effective method for
controlling soil borne diseases as well as
improving plant growth and yield.
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