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ANTIFUNGAL ACTION OF SOME ESSENTIAL OILS
AGAINST FUNGI CAUSING COTTON SEEDLING
DAMPING — OFF DISEASE

[63]

Suzan' N, E}-Sherbieny; Wafaa H. Zakey' and Siham M, Abdel Ghafor*
ABSTRACT

Antifingal activity of essential oils , from 8 plant namely, Dill (4dnethum grave-
olens), Geranium (Pelargonium graveolens) , Coriander (Coriandram sativum),
Sweet basil (Ocimum basilicunt) , Thyme (Thymus vulgarisy, Marjoram (Aajorana
horensis), Mint (AMentha peperita) and Cumin (Cuminum cyminum) were evaluated
against certain  pathogenic fungi: M phaseolina, S.rolfsii, F.solani , R.solani and
Pythium sp. which causing cotton seedling damping — off disease. In vitro tests es- .
sential oils revealed antifungal activity against the tested fungi. Higher antifungal
activities were recorded with thyme, cumin and mint ¢ssential oils . The mycelial
growth of certain fungi were completely inhibited with cumin (A phaseolina,
S.rolfsii and R.solani ) and mint (S.rolfsii and Pythium sp.) essential oils | whereas
thyme caused complete inhibition of all the tested fungi . The vapours of the tested
essential oils exhibited almost similar influence after different periods from incuba-

* tion.Vapours of thyme, cumin and mint essential oils completely suppressed the my-
celiat growth of tested fungi, except with mint oil against F. solani which caused
only 75.52% of inhibition. The influence of these oil vapours were continuously
persisted until 10 days , however the influence of the others decreased gradually by
time . The effective concentration (ECso values) of thyme , cumin and mint oils as
compared with rizolex -T50 indicated more efficiency of the fungicide than the
three oils . On the other hand, they showed fungistatic action at all tested concentra-
tion against certain fungi according the applied method. However, the nature of ac-
tion to the other fungi were fungistatic at lower concentration and fungicidal at
higher concentrations. The evaluation of the efficiency of thyme, mint and cumin oil
in controlling cotion seeding damping — off disease as compared with rizolex —T50
under green house conditions , revealed almost similar reduction effect in disease
inctdence , but lower than rizolex - T50 .
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INTRODUCTION

Fugitoxicants from higher plants pos-
sibility may have a better future over
synthetic fungicides due to their largely
non-phytotoxic, systemic and easily
biodegradable nature. So, the presence of

naturally occurring substances in plants

with antifungal propertics have been
recognized and tested againsta wide
range of fungi infecting many crops
and commercially imporiant plants (i.e.
Ross et al 1980; Tapas & Chitreshwar,
1982; Shetty et af 1989; Snigh &
Dwivedi, 1990; Chauhan & Singh,
1991; Zedan, 1993; Baiuomy, 1997;
Wilson et al 1997; Bowers & Locke,
2000 a & b and Abdel Ghafour,
2000).

Attempts have been made by several
research groups to isolate and identify the
individual constituents present in the
piant and relate the chemical composition
to fungal activity. (McDowell et al
1988). In many plants exhibiting biologi-
cal activities, the greatest antimicrobial
power lies with the essemtial or voiatile
oil fraction (Singh ef af 1983; Shukla &
Tripathi, 1987; Deans, 1991 and El-
Shazly, 2000).

Use of volatile oils as fungicides
against field crop pathogens has not re-
ceived widespread acceptance. Despite
that laboratory tests, inhibited growth of
many phytopathogenic fungi. Hence, the
present investigation aimed to evaluate
the antifungal activity of 8 essential oils
against 5 fungi causing damping- off of
cotton seedlings. The nature of toxicity
and the efficiency of thyme, mint and
cumin oils against those fungi was stud-
ied.
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MATERIAL AND METHODS
Pathogenic fungi

Diseased cotton seedlings, showing
damping- off symploms were coilected
from Qaluobia governorate, accompanied
fungi were isolated. Pathogenicity tests
were carried out using cotton variety,
“Giza- 80”. The pathogenic fungi were
reisolated and identified, M phaseolina,
S.rolfsii, F.solani, Rsolani and Pythium
sp., according to Clements & Shear,
1957; Barnett, 1960 and Nelson et al
1983 Pure isolates were kept on PDA
slant till needed.

Antifungal activity of the tested essen-
tial oils

Samples of 8 plant essential oils
namely Dill (Anethum graveolens), Gera-
nivm (Pelargonium graveolens), Corian-
der (Coriandram sativum), Sweet basil
(Ocimum basilicum), Thyme (Thymus
vulgaris), Marjoram  (Majorana horen-
sis), Mint (Mentha peperita) and Cumin
{(Cuminum cyminum) were obtained from
Sector of Perfume and Additives, EL-
Hawamdia Sugar Company. Evaluation
tests of the oils and their vapours, as
natural inhibitors for the mycelial growth
of 5 fungi causing damping- off of cotton
seedlings were carried out under labora-
tory conditions. Paper disc technique was
used as follows:

Plates containing PDA medium were
inoculated with discs (5Smm) in diameter
of each fungus. Two impregnated paper
discs (6mm) with 10 ul of each essential
oil were placed at the two sides of fungal
disc, and were incubated at 25+2°C.
Plates without essential oils were served
as control. Following incubation for the
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time of completely full growth of the
control the percentage inhibitions were
calculated. For determination the inhibi-
tion activity of the tested essential oils
vapours, three impregnated paper discs
(6bmm) with 20 ul of each essential oil
were placed on center lid of the inocu-
lated Petri dishes. The two bases of Petri
dishes were taped together with parafilm
and inverted, then incubated at 25 + 2°C.
The extent of fungal inhibition by va-
pours from the discs was determined after
3,6 and 10 days from inoculation. The
percentage inhibition was calculated as
follows:

% inhibitition =4 -B/A. 100
‘Where:: A= the linear growth of the fun-
: gus in the controt.
B=the liner growth of the fungus
in the treatment.

Determination of the effective concen-
tration of the most efficient oils

Effective concentrations (ECsg) of the
most efficient oils (i.e. thyme, mint and
cumin} as will as the fungicide rizolex-
T50 were determined against the 5 tested
fungi. Adequate volumes of each essen-
tial oil solved in dimethyl sulfoxide were
incorporated with liquid PDA medium to
give altemate 5 concentrations (50, 75,
100, 150 and 200 ppm for thyme essential
oil and 250, 300, 350.400 and 450 ppm
for mint and cumin essential oils) The
used concentrations of rizolex- T50 were
4, 8, 20, 50, 100 and 200 ppm. Discs
(Smun) of each fungus taken from the
margin of 5 days old cultures were used
for inoculations of the treated and un-
treated plates. and were incubated at 25 +
2°C. Five replicates were specified for
cach treatment. The percentage inhibi-
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tions were calculated at the time of com-
pletely full growth of the controi. The
standard probit method for analysis data
of the bioassay experiments was adapted
to represent the obtained results (Finny,
1972). Value of ECy and the slope of
inhibition line were caiculated for cach
essential oil as wiil as rizolex -T50.

Nature of the toxicity action (fungis-
tatic / fungicidal) of thyme, mint and
cumin oils

The nature of toxicity — fugistatic /
fungicidal of thyme, mint and cumin oils
were tested against the 5 tested fungi.
Groups of Petri — dishes containing in-
corporated PDA medium with three con-
centrations of each oil (thyme at 300, 500
and 1000 ppm & mint and cumin at 500,
1000 and 2000) were prepared. Discs
{Smm) in diameter of each fungus were
inoculated with treated and untreated
{control) plates (4 replicates) and incu-
bated at 25 £ 2°C for 7 days. The com-
plete full growth (%100) of the treated
plates were recorded and not growing
discs (inhibited) were reinoculated with
new plates of PDA medium and incu-
bated at 25 + 2°C for ancther 7 days. The
nature of the toxicily was considered as
fungistatic action (S) for the completely
growing fungus and fungicidal action (C)
for not growing fungus.

Effect of seed treatment with essential
oils (thyme, mint and cumin) and fun-
gicide rizolex-T50 on cotton damping -
off disease

Essential oils, thyme. mint and cumin,
as will as rizolex-T50 (recommended
fungicide against cotton root — rot fungi)
as asced treatment was evaluated for the
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control of pre and post emergence
damping - off of cotton seedlings were
“evaluated under green house conditions,
Each fungal inoculum was prepared by
growing it on com meal sterilized me-
dium in bottlcs, then ieft for 15 days at
lab temperature, 25 + 2°C. Pots (25cm)
with sterilized sandy loam soil (1:1) were
infested with each fungus (3%w/w),
mixed thoroughly with upper surface,
irrigated and were left for 7 days to en-
sure even and distribution of the inocu-
lum. Surface disinfocted cotton seeds ( by
immersing in 5% sodium hypochlorite for
3 mints.) were treated with each essential
oil, 5% powder at the rate of 15g/kg
seced and rizolex-T50 at the rate 3g/kg
seeds. The required amount of seeds ina
plastic container, were sprayed with
sterilized water provided with few drops.
Arabic gum as sticker, The treated seeds
were planted in artificially infested soil at
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the rate of 5 seeds / pot (4 replicates).
Percentage of pre — ang post emergence
damping—off were estimated after 15 and
45 days from planting, respectively. The
untreated sceds wefe planted as  men-
tioned before. The obtained data Statisti-
cally analyzed using ANOVA method.

RESULTS AND DISCUSSION

Effect of essential oils on mycelia
growth

Data in Table (1) indicate that all the
tested essential oils had anti - fungal ac-
tivity against all tested fungi. However
the response of the tested fungi varied
according to the nature of the essential
oils. The highest inhibition activity
against mycelial growth of the tested
fungi were recorded with thyme, cumin
and mint essential oils.

Table 1. Effect of certain essential oils on the inhibition (%) of mycelial growth of five
fungi causing cotton seedling damping — off disease.

Testod oils % inhibition
M. phaseclina  S. rolfsii F. solani R. solani  Pythium sp.
Dilt 2971 34.16 14.28 38.05 4221
Geranium 34.16 61.94 38.90 57.77 53.60
Coriander 59.72 100.00 2127 63.05 38.04
Sweet basil 39.71 76.38 24.92 76.10 53.60
Thyme  100.00 10000  100.00 100.00 100.00
Marjotam 41.94 85.83 25.83 73.88 60.83
Mint 79.99 100.00 3525 88.05 100.00
Cumin 100.00 100.00 50.27 100.00 $1.94

Sig., at 0.05 level for essential oils = 0.019
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Thyme essential oil completely inhib-
ited mycelial growth of tested fungi.
Cumin essential oil caused 100% inhibi-
tion for M. phaseolina, S. rolfsii and R.
solani, 81% for Pythium sp., and 50.27%
for F. solani. Mint oil caused 100% inhi-
bition for S rolfsii and Pvthium sp.,
88.05% for R. solani, 79.99% for AL
phaseolina and 33.25% for F. selani.
Some of the tested oils recorded consid-
erable inhibition activity against certain
fungi soch as coriander essential oil
against S. rolfsii, Rsolani and M. pha-
solina, sweet basil oil against S. rolfsit, R.
solani and Pythim sp. and marjoram oil
against S. rolfsii, R. solani and Pythium
sp. Considering the effect of the tested
essential oil vapours after different incu-
bation periods on mycelial growth.

Data in Table (2) clearly indicate
again that the tested fungi were sensitive
to the essential oils, but in a vanable
degrees duc to the naturc of the essential
oil and the incubation period. Vapours of
thyme and cumin essential oils com-
pletely  suppressed mycclial growth
(100% inhibition) of the tested fungi,
after three days from incubation . Vapours
of mint essential oil exhibited similar
influence, except against F. solami
(75.525% inhibition). The antifungal
activity of thyme oil did not degrade by
increasing tim¢ of incubation and stay
persist until 10 days from incubation
against the tested fungi. Cumin and mint
essential oils showed similar activity
against S. rolfsii. However, the antifungal
activity for the two oils against M pha-
solina, F. solani and Pythim sp. were
decreased gradually. In general it is
clearly observed that other e¢ssential oil
vapours recorded sufficient activity
against few fungi, especially sweet basil
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oil against S. rolfsii, F. solani, R. solani
and Pythim sp. The other tested essential
oil vapours caused different descending
inhibition effect against the tested fungi
by collapsing time.

Reviewing the obtained data it could
be concluded that thyme, cumin and mint
essential oils were the most efficient oil
sources against the tested fungi. These
results were in harmony with Saksena
and Tripathi, 1985; Wilson et af 1987;
Agha, 1992; Zedan e ol 1994; El
Shazly, 1996; Zambonelli ef ol 1996;
Baiuomy, 1997; Jaspal & Tripathi,
1999 and El-Shazly, 2000. The used
essential oils differed in their action
against the tested fungi. This may be due
to the present of phenolic compounds and
other inhibitory substances at different
degrees in these oils. The antifungal ac-
tivity of thyme essential oil was mainly
attributed to carvacrol and thymol com-
pounds (Agarwal and Mathela, 1979
and Nachman & af 1994). The antifun-
gal activity of mint essential oil attributed
to menthol, isomenthol and sabinene,
whereas the cumin aldehyde in cumin
essential oil was the active antifungal
agent (Linskens and Jackson, 1991).
The high antifungal activity of thyme oil
against the tested pathogenic fungi is
probably a result of chitin penetration of
the hyphal wall which damage the lipo-
protin cytoplasmic membrane, leading to
escape of cytoplasm (Zambonelli, ef a/
1996). On the other hand, Zedan, ef af
1994, reported that the fungicidal activity
of essential oil against pathogenic fungi
may be due to permeability increase of
the cell of pathogens or due to essential
oil which inhibit the fungal detoxification
enzymes of antifungal compounds in the
essential oil.
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Table 2. Effect of certain essential oils vapours on the inhbition (%) of

the mycelial growth of five fungi causing cotton

seedling amping—off disease .
% inhibition after different days
Tested
M. phaseolina 8. roifsii F. solani R. solani Pythium sp.
oils

3 6 10 3 "6 10 3 6 10 3 6 10 3 6 10
il 7305 000 000 8845 6971 1444 1999 16.70 305 5888  6.10 097 46.30 610 000
Geranium 124 000 000 10000 10000 10000 5769 6045 6194 8958 5055 1.94 7613 3569 838
Coriander 6832 000 000 10000 100.00 10000 100.00  74.55 3138 9638 5110 1999 7833 2652 000
S. basil 8749 1360 000 10000 100.00 100.00 100.00  §4.3] 2649 10000 100.00 10000 10000 10000 100.00
Thyme 100,00 1000 100.0 100.00 100.00 10000 100.00  100.00 10000 10000 100:00  100.00 10000  100.00  100.00
Marjoram 9805 2638 333 10000 10000 10000 8741 6930 3624 10000 10000 10000 10000 9458 3374
Mint 10000 8999 222 10000 100.00 10000 7552  69.82 3416  100.00 10000  100.00 10000  98.05  BI55
Cumin 10000 9055 1041 10000 10000 10000 100.00 9189 7833 10000 10000  64.99 10000 8944  33.05

Sig, al 0.05 level for:

Essential oils = 0.000

Tested fungi = 0000

Time

Essential ols* Fungi = 0.01%

=0.000
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Effect of essential oils on cotton
damping - off as compared by rizolex-
T50

Data concerning the effect on the
tested essential oils and rizolex-T50
against cotton seedling damping — off are
summarized in Table (3). Comparison of
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the ECs, values clearly indicated that the
sensitivity of all fungus to the tested es-
sential oils were varied than rizolex—
T30In terms of figures, rizolex — T50
revealed the lowest ECs, values 12.00,
9.20, 55.40, 9.50 and 11.20 ppm against
M. phaseolina, S. rolfsii, F. solani, R.
solani and Pythium sp., Tespectively.

Table 3. Efficiency of certain essential oils and rizolex-T50 against the growth of five
fungi causing cotton seedling damping—off.

M. phaseolina 3. rolfsii F. solani R. solani Pythium sp.
E”’;}':i“l ECsy  Slope ECsy  Slope  ECsqy  Slope  ECs  Slope  ECso  Slope
(ppm) (b)  (ppm) (ppm) (ppm) (ppm)  (b)
) (b) (b)
Thyms 9320 372 90350 470 11230 408 110.0 416 9200 468
402 4.00 331 3.38 3.81
Comin 35200 1233 35500 12.80 37200 1500 35700 1620 35100 12.56
106 102 100 104 1.00
Mint 37500 1720 36200 1520 35200 2110 37200 1567 35100 16.96
1.00 1.00 L.65 1.00 100
Rizolex- 1200 105 920 1l61 5540 LI12 9.50 1.685 112 L3%0
10 3125 39.34 6.71 30.12 31.33

The underlined figure = Relative cfficiency

These data proved that rizolex-T50
was more efficient against all fungi. The
higher relative efficiency values of ri-
zolex-T50 against the most tested fungi
confirmed such finding. The relative effi-
ciency values ranged from 31.25 t0 39.34
times than mint essential oil against the
tested fungi, except with F. solani (6.71
times) indicating more tolerance of the
fungus to rizolex-T350. On the other hand,
the effective concentrations of thyme
essential o1l against the same fungi

ranged from 90.50 to 112.30 ppm,
whereas they were 351-375 ppm for
cumin and mint essential oils. These data
showed more antifungal activity of thyme
oil than mint and cumin oils, which re-
vealed similar efficiency against the
tested fungi.

Superiority of the antifungal effect of
thyme essential oil were reported by
Singh & af 1983; Nachman et al 1994;
Baiuomy, 1997 and Abdel Ghafor, Si-
ham, 2000,

Anmals Agric. Sci., 47(3), 2002
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Nature of the toxic action (fungistatic /
fungicidal) of tested essential oils

Data in Table (4) clearly indicated
that thyme, cumin and mint essential oils
exhibited different nature of toxic action
against the tested fungi due to the genera
of fungi and the strength of concentration.
The tested oils showed fungistatic action
with all concentrations against Pythium
sp., whereas mint and cumin essential oils
showed the same action against M
phaseolina, . solani. The nature of the

Suzan; Wafaa and Siham

toxic action of the tested oils against the
other fungi were changed from the fun-
gistatic at lower concentrations to fungi-
cidal action at higher concentrations. This
finding is in agreement with Singh et af
1983 who reported that mentha oil exhib-
ited fungicidal nature of its minimum
inhibitory concentration . Also, Dube ef
al 1991 found that essential oils from
seeds of Apium graveolens, Cuminum
cyminum and Zanthoxylum alatum were
fungistatic at low doses and fungicidal at
high doses to aflatoxin -producing strains
of A. flavus and A. parasiticus.

Table 4. Fungistatic / Fungicidal action ( 100% inhibition) of the tested oils against five
fungi causing cotton seedling damping — off disease.

Concent.

{(ppm)

Oils M. phasolina

S. rolfsii

E. solani R solani  Pythium sp.

300
500
1000

Thyme

S
S
S

500
1000
2000

Mint 500
1000

2000

wmwm wnln v |l OO wn

v wwm| e Ny v
OO | O w

W wmjtn v in

S : Fungistatic action

Effect of essential oils and rizolex T50
as seed treatment on 5 fungi causing
cotton seedling damping - of

The role of essential oils and rizoles—
T50 in minimizing the percentage of pre-
and post cmergence cotton damping- off
disease were presented in Table (5). All

JO QO w0 |ty O »n

C : Fungicidal action

treatments decreased the percentage of
disease incidence caused by the tested
fungi as compared with the control, un-
treated infested soil except with F. solani.
Seed treatment with rizolex- T50 caused
higher reduction in the percentage of
damping-off than the most tested essen-
tial oils. Only cumin essential oil caused

Annals Agric. Sci. 47(3), 2002
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higher reduction against F. solani than
rizolix~T50. Generally, the tested ¢ssen-
tial oils revealed similar reduction effect
in disease incidence, but lower than ri-
zolex-T50. This finding is in agreement
with Deans, 1991 who reported that there
are a number of problems must be ad-
dressed prior the general use of essential
oils as crop protection agents. In the con-
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trary, Singh et al 1983 found that de-
menthaloised oil was cffective against
Helminthosporium oryzae than commer-
cial fungicides. Also El-Shazley, 2000
who, reported that thyme and blue gum
showed the best results in minimizing the
pre-and post emergence damping off as
compared with another essential oils and
fungicides.

Table 5. Effect of seed treatment with certain essential oils and the fungicide rizolex-
T50 on fungi causing cotton seedling damping — off discase.

. Disease incidence (%) Survived
Fungi Treatment (%)
Pre-emergence Post - emergence  Total
Thyme oil 33.30 15.23 48.53 51.47
Cumin oil 4580 5.56 51.36 48.64
M. phaseolina Mint oil 41.60 7.60 4920 50.80
Rizolex- T50 16.60 10.00 26.60 73.40
Control 45.80 15.30 61.10 38.90
Thyme oil 44 40 15.73 60.13 35.87
Cumin oil 58.30 5.00 63.30 36.70
S. rolfsii Mint oil 54.10 15.30 69.40 30.60
Rizolex- T50 54.10 11.70 65.80 34.20
Control 62.50 22.20 84.70 15.30
Thyme oil 47.16 12.50 59.66 40.34
Cumin oil 41.63 10.53 52.16 47.84
F.solani Mint oil 54.10 3.80 62.90 37.10
Rizolex- T50 45,80 15.30 61.10 38.90
Control 58.30 00.00 58.30 41.71
Thyme oil 50.00 14.16 64.16 35.84
Cumin oil 45.00 10.00 55.00 45.00
R. solani Mint oil 60.00 16.60 76.60 23.40
Rizolex- T50 35.00 00.00 35.00 65.00
Control 50.00 25.00 75.00 25.00
Thyme oil 50.00 8.30 58.30 41.70
Cumin oil 52.00 5.80 57.80 42.20
Pythium sp. Mint oil 54.10 4,55 58.65 41.44
Rizolex- T50 25.00 5.50 30.50 69.50
Control 41.65 21.40 63.05 36.95

L.8.D for rizolex — T50 aganst R. solani at 5% = 1.16

Annals Agric. Sci., 47(3), 2002
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