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ABSTRACT

Survey on damping off and wilt diseases of tomato caused by Rhizoctonia
solani was conducted at 6 counties in Dakahlia governorate, Egypt. A higher
percentage of disease incidence (DI} was detected in tomatoc beds in open fields when
compared with seedlings produced in plastic trays at commercial nurseries in
greenhouses. Disease incidence ranged from 0-18% in the surveyed fields. The
highest DI ratios were found in Bany Ebaid, EI-Manzala and Belgas Counties; while
lower DI percentages (0-12%) were recorded in counties of EIMansoura, Talkha and
Aga. Data obtained in this study showed high antagonistic effect of Trnchoderma
viride, T. harzianum and T. hamatum that caused a significant reduction in the linear
growth of R sofani ranged from 62.5% to 72.73% afler 7 days of incubation.
Gliocladium roseum had the least inhibition effect of the linear growth of the pathogen
(40.91%). All plant extraclts caused significant reduction in the linear growth of R.
solani, which ranged from 18.89% to 100% after 7 days of incubation. Mint, onion,
rocket, cinnamon and cabbage extracts caused a complete inhibition of the pathogen
growth at 0.25 and 0.50 concentrations. Ginger extract caused inhibition ranged from
36.36% to 85.56%. Rocket and pepper extracts were ranked the least inhibitors of R.
solani linear growth.
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INTRODUCTION

Rhizoctonia solani is a fungal pathogen causing considerable
reduction in beth vield quality and quantity in tomato grown in the field and in
the greenhouse. It causes seedling damping off, root rot and crown rot
especially in the Nile Delta. The deleterious damage occurs in all stages of
tomato growih especially in seedlings in the nurseries or in fields after
transplanting. It is widely spread in many parts of the world, and Egypt as well
especially in Dakahlia and the newly reclaimed lands (Abd El-Wahab, 2004
and Morsy, 2005).

Biological control had attracted the interest because of increasing
regulations and restrictions against pesticides and also unsuccessful control
attermpts by other control me ins. Biological control of soil-borne pathogens
by antagonistic microorganisms is promising because these pathogens are
difficult to be controlled with fungicides (Moussa et al., 2006 & 2007). The
excessive use of broad spectrum or persistent chemicals might result in soil
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contamination, fungicidal resistance or cother harmful effects. Biclogical
control is usually more enduring with no toxic residue in nature’s food chains,
safe for application, and cheaper in cost (Maloy, 1893). The use of plant
extracts, i.e. juice, oil or purified known materials is a new approach that
show promising results in controlling certain plant diseases with less
environmental pollution (Aly, 2003; Sehajpal et al, 2009). The present
investigation was conducted to: 1) survey for the Rhizoctonia stem canker
and root-rot diseases in tomato seedlings and plants in the nurseries and
open fields in some counties of Dakahlia Governorate, Egypt; 2) isolate,
purify and identify the causal microorganisms, 3) determine the effects of
different plant extracts and phyto-essentiai oils on radial growth of R. sofani in
vitro.

MATERIALS AND METHODS

Survey, isolation, purification and identification of the pathogen:

Tomato plants showing damping-off disease symptoms were surveyed
in tomato nurseries and fields in different counties of Dakahlia governorate,
Egypt to record the levels of the disease incidence. Four diseased plants of
each disease symptom were collected in plastic bags, brought to the
laboratory for isolating the disease-causing fungi including R. sofani. Isolation
was done by picking off mycelial growth from diseased tomato seedlings and
piant roots, then transferred to the surface of Potato Dexirose Agar medium
(PDA)} amended with Rose-Bengal (0.003 %} and streptomycin sulfate (0.01
%) in Petri dishes and incubated on 20+2°C for 4-7 days in complete
darkness (Clarkson, et al2002). R. solani was isolated as predominant
fungus from all diseased tomato plants and was identified on the typical
characteristics as mycelium brownish, septate and forming new growth at
right angle with long celi. The above characteristics agreed more closely with
Rhizoctonia solani Kuhn, The purified fungal isolates were identified by Dept.
of Plant Pathology, Faculty of Agriculture, EL-Mansoura University. PDA
slants from isolated fungus were kept in refrigerator on 4°C for further
studies.

Effect of antagonistic fungal cultures and filtrate.

Five fungal antagonists of T. viride, 7. harzianum, T. hamatum, G.
roseum, and G. virens isolated from the rhizosphere zones of healthy tomato
plants grown in Dakahlia governorate. The inhibitory effects of these
antagonistic fungi and its filtrate on radial growth of R. solani were studied.
Each of the obtained fungal antagonists was grown on PDA for 5-7 days at
(25+2°C), the fungal pathogen was grown on PDA for 5-7 days at (20£2°C) in
darkness. The antagonistic effect of each used antagonist on the pathogen
was done through using one disc (5 mm. in diameter} of the antagonist facing
one disc {5 mm. in diameter} of the pathogen on the PDA surface and
relatively closed to the periphery of each plate. The untreated control
treatment was done on the same medium in Petri dishes by growing one disc
of the pathogenic fungus in the same place but there was fungal free disc.
Three replicates were used.
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Culture filtrates of antagonistic fungi were prepared from liquid cultures
that filtrated through filter paper (Whatman's No.1), centrifuged at 12000 rpm
for 30 min., and sterilized by using membrane fiiter of pore size of 0.22 pym.
The resulted filtrates were kept in sterilized dark bottles in refrigerator at 5°C
until using. Then were mixed with PDA at 48 C to obtain concentrations of 0,
10, 25 and 50 %, then poured in Petri dishes (9 cm diameter) three replicates
of each treatment. Plates were inocuiated with discs(5 mm diameter) from 7
days old culture placed in the center of each plate, then incubated at 20+2 C,
Average of radiai growth was recorded after 7 days compared with the
untreated control % when mycelial growth covered the surface of control
treatment. Inhibition of growth was calculated in relation to the growth in the
control as described before. All plates were incubated at (20+2°C) in dark for
7 days after inoculation; the diameter average of growing zone of the
pathogenic the fungus was recorded as described before.

Effect of essential oils and plant extracts.

Six commercial essential oils; Cinnamon (Cinnamomum zeylanicum),
Garlic (Affium sativum), Ginger {Zingiber officinaie}, Mint {Mentha spicata)
Onion (Aflium cepae) and Citronella (Pelargonium citrosum) were tested for
their antifungal activity at three concentrations 0.25, 0.50 and 0.75% (v/v)
mixed with PDA medium, after autoclaving with 0.5% of Tween-80 (v/v) to
enhance oil solubility, then the essential oil concentrates were added before
solidifying, then poured in sterile Petri dishes (9cm diameter). Three
replicates for each concentrate were used. The same procedure was done
with seven plant extracts (red onion peels, cabbage, rocket, mint, pepper and
cinnamon bark. The extracts were prepared from dry parts were soaked in
distilled water at the rate of 1:2 (w/v), then were mixed with PDA at 48°C to
obtain concentrations of 0, 10, 25 and 50 % with 0.5% of Tween-80 (v/v) to
enhance exiract solubility. Control treatment was done by mixing PDA with
tween-80-only without adding any essential cil. All plates were left for 30 min
to be solidified before inoculation with 5§ mm diameter discs taken from 7 days
old culture of the pathogen. Average of radial growth was recorded after 7
days and compared with the untreated control {De-Billerbeck, et al 2001).
The percentage of inhibition was calculated on the basis of growth in the
control plates using the expression:

% Mycelial inhibition=( X - Y/ X} x100
Where X and Y are the average diameters of mycelial colonies in control and
treated fungal sets.
Statistical analysis:Statistically, the obtained data were subjected to
analysis of variance (ANOVA); Gomez and Gomez, {1984); followed by
Duncan's multiple range tests to compare means {Duncan, 1955).

RESULTS

Survey of disease incidence

Data presented in Table {1), indicated percentages of fungi isclated
from tomato seedlings and plants. Data are presented as value and its
percentage between brackets.



Table (1): Common dominant fungi in tomato seedlings and plants collected from fields in different location at
Dakahlia governorate counties.

’;olate d fungi Percentages of fungi isolated from infected tomato seedlings and plants roots
Al-Mansoura Talkha Al-Manzalla Bany Ebaid Belgas Aga
Seedlings | Plants |Seedlings | Plants [Seedlings | Plants | Seedlings | Plants [Seadlings| Plants | Seedlings | Plants
R. Solani 3 4 2 3 2 3 2 6 4 4 3 3
' (27.27)** 1(25.00)| (14.29) {(17.65)| 16.67) |{(17.65)| (15.38) |(42.86)] (21.08) {(21.05)] (25.00} |(15.00)
Fusarium 1 2 1 3 0 4 0 1 0 2 1 4
P (8.09) (1250} (7.14) [(1765) {0.00) |(23.53| (0.00) |(7.14)] (Q.00) 1(10.53)} (8.33) |(20.00
Pythium spp a 1 1 0 1 2 1 a 2 1 0 1
{0.00) [(625)| (714) |(CO0% i (833 |(1.76| (7.69) |(0.00)| (10.53) | (626} | (0.00) | (5.00)
Sclerotium 0 1 g 1 0 0 1 2 0 1 0 2
rolfsii (0.00) |(6.25)] (0.00) |(588)| (0.00) [(0.00)| (7.69) |(14.29)| (0.00) [(5.26)] (0.00) [{10.00)
iRhizopus 3 1 2 4 2 2 2 2 4 3 2 3
Spp (27.27) [ (6.25) | (14.29) 1(23.53) (16.67) |(11.76)| (15.38) [(14.29)| (21.05) |(15.79)| (16.67) [(15.00
Trichoderma 1 3 1 2 0 2 1 0 2 1 1 3
PP (9.09) K18.75)| (7.14) ((11.76)] (0.00) |(11.76)] (7.69) |(0.00)] (10.53) | (5.26)| ¢8.33) [(15.00)
Pencillivm 1 2 3 1 2 1 2 1 2 2 1 1
spp (9.09) [(12.50)| (21.43) | (5.88) | {16.67) | (5.88) | (15.38) | (7.14}| (10.53) ((10.53) (8.33) | (5.00)
Pth er fungi 2 2 4 3 § 3 4 2 5 5 4 3
(18.18) |(12.60)| (28.57) [(17.65)| (41.67) [(17.65)] (30.77) 1{14.29)| {26.32) [(26.32)| (33.33) [(15.00)
Fotal 11 16 14 17 12 17 13 14 19 19 12 20
(100y | (100) | (100) [ (100) | (100 | (100) | (100) ] (100) | (100) ] (100) | (100) | (100)

colonies calculated by dividing number of isolated colonies on the total number of isolated colonies (values in the second line).

* Mean number of isolated colonies of 4 replicates from each location (values in first line). ** Percentage (inside brackets) of isofated

‘e 1@ "W 'V ‘imeryseysis
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Samples of seedlings and plants from six counties of EL-Mansoura, Talkha,
El-Manzalla, Bany Ebeid, Belqgas and Aga at Dakahlia governorate were
assessed and total numbers of fungi recovered from each sample were
varied among seedlings from nurseries and plants from tomato fields. The
total number ranged from 11 to 20 infected pieces out of 100 pieces
assessed from each sample. Fungi recovered on PDA agar plates were K.
solani, Fusarium spp, Pythium spp, Trichoderma spp, Peniciflium and few
other saprophytic fungi. R. solani was recovered in all plated plant pieces
from all samples represent all six counties in Dakahlia governorate.
Percentages of R. solani were varied in seedling samples and plants; the
high percentage of R. sofani was 27.27% in seedling samples from El-
Mansoura county and 42.86% in mature plant samples from Bany Ebaid
county while the lower percentage (14.29%) was recovered from seedling
samples from Talkha county and 15% in tomato mature plant samples from
Aga county. R. solani was followed by Fusarium spp; Pythium spp, Rhizopus
spp in higher percentage while Sclerotium rolfsiii Trichoderma spp,
Penicillium and other fungi were detected in moderate to lower percentages.
Effect of antagonistic fungal cultures and filtrate.

Data presented in Table (2) showed significant differences among
treatments of antagonism between each of the five fungal species and R.
sofani. The antagonistic effect of the five fungi was determined after 3 periods
of incubation (3, 5 and 7 days). T. viride, T. harzianum and T. hamatum
caused a significant reduction in linear growth of R. sofani ranged from 62.5%
to 72.73% as inhibition percentages after 7 days of incubation. G. virens and
G. roseum had also significant effect to reduce the linear growth of the
pathogen but G. virens was more or less like Trichoderma species but G.
roseum showed the lowest effect in reduction of linear growth of the pathogen
{5.2cm = 40.91% inhibition). In comparison with control treatment (R. solani)
the highest reductions in R. solani colony linear growth after 7days were 3.3,
24,24, 24 and 5.2 c¢m compared with the control linear growth (8.8 cm)
after treatment with the previous five fungal species, respectively

Also; Data presented in Table (2) showed that culture filtrates of five
fungal species of T. vinde, T. harzianum, T. hamatum, G. virens, G. roseum
had a significant differences among treatments of antagonism between each
of the five fungal species and R. solani. The antagonistic effect of the five
fungal filtrates were determined for each dilution after 7days incubation for
the fungal filtrates and 24 hr incubation for bacterial cultures filtrates against
R. sofani. Culture filtrates of T. viride, T. harzianum and T. hamatum caused
a significant reduction ranged from 1.2 ¢m (inhibition = 86.67%) to 1.5 cm
{(inhibition = 83.33% in linear growth of R. sofani compared with control {8.6 to
9 cm) in all dilutions 10, 25 and %50%. However; the higher significant
reduction among Trichoderma species was observed in T. vinde in the
treatments of culture fiitrates (0 and 25 % but these differences were non-
significant among these isolates at 50% dilution. G. virens and G. roseum
had also significant effect to reduce the linear growth of the pathogen but G.
roseumn had more effect at 50% dilutions (inhibition = 97.98%). In general;
data indicated that culture filtrates of ali tested fungi were more effective in
their toxic effect and suppression of R. sofani by increasing their
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concentration or reduction of the dilution compared with the control treatment
(without culture filtrate).

Table (2): Effect of fungal antagonist cuitures and its filtrates on radial
growth of R. sofani

( R. solani radial growth measurement (cm} (inhibition %) |
Treatments** Incubation period (day)
After 3 days After 5 days After 7 days
T viride c 2.8 ab *(3.45%)™ 2.9 ¢ (45.28%) 3.3 c(62.50%) |
i F 2.2 d {75.28%) 3.6 b {58.14%) 1.5 € {83.33%)
T harzianum c 2.4 c(17.24%) 2.3 e (56.60%) 2.4 d(72.73%)
’ F 2.6 ¢ (70.78%) 2.6 ¢ (69.77%) 1.2 ¢ {B6.67%)
T hamatum 2.4 c (17.24%) 2.4d{54.71%) 2.4 d(72.73%)
) F 1.2e(86.52%) - | 1:8d{78.07%) 1.2 c {86.67%) .
G. virens c 2.5¢c(13.79%) 2.4 d {(54.71%) 2.4 d(72.73%)
' F 3.2 b (64.05%) 0.3 e (96.51%) 2.2 b (75.56%)
G. roseum C 2.7 b (6.89%) 49 b (7.55%) 5.2 b{40.91%)
) F 2.6 ¢ (70.79%) 1.3 d (84.88%) 0.2 d(97.78%)
Control 2.9 a (0%) 5.3 a (0%) 8.8 a{0%)
-~ F 8.9a(0 %) 8.6 a(0 %) 9.0 a {0 %)
L.§8.D. 0.36 0.51 0.38

Letters followed the value are Duncan's statistical analysis for differences among values
means.”™ values between brackets are percentage growth inhibition, *** C= fungal
culture; F=fungal culture filtrate,

Effect of essential oils on radial growth of R. solani

Data presented in Table (3), indicated that six different essential oils of
Onion, Citronella, Cinnamon, Mint, Garlic and Ginger were used in control
experiment to examine their ability to suppress it's the growth of R. solani
and to be used as safe chemicals for the control of R. solani in the
subsequent greenhouse and field experiments. Three concentrations of the
essential oils (0.25, 0.50 and 0.75) were use in this experiment. Significant
differences among treatments of the tested cils and R. sofans (control). The
fungicidal effect of the oils was determined after 7 days. All oils caused a
significant reduction in linear growth of R. solani ranged from 17.05% to
100% as inhibition percentages after 7 days of incubation. Citronella,
Cinnamon and Mint oils were the best oils tested and caused a complete
inhibition at 0.50 and 0.75 concentrations followed by onion oil that caused
inhibition percentages ranged from 22.35% to 52.22%. Garlic and ginger oils
had the lowest effect compared with other oils.
Effect of plant extracts on radial growth of R. solani

Data presented in Table {4), indicated that six different plant extracts
of Mint, Onion, Rocket, Cinnamon, Cabbage, Garlic and Pepper were used in
control experiment to examine their ability to suppress the growth of R. solani
and to be used as safe compounds for the control of R. sofani in the
subsequent greenhouse and field experiments. Three concentrations of the
essential oils (0.10, 0.25 and 0.50} were used in this experiment. Significant
differences among treatments of the tested oils and R. solani (controi). The
fungicidal effect of oils was determined after 7 days. All plant extracts caused
significant reduction in linear growth of R. solani ranged from 18.89% to
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100% as inhibition percentages after 7 days of incubation. Mint, Onion,
Rocket, Cinnamon and Cabbage plant extracts were the best oils tested and
caused a complete inhibition at 0.25 and 0.50 concentrations. Ginger extract
that caused inhibition percentages ranged from 36.36% to 85.56%. Rocket
and Pepper plant extracts were ranked the lowest in percentages of R. sofani
linear growth inhibition. The maximum inhibitions were caused by Rocket and
Pepper extracts at concentration 0.5% were 68.89% and 74.44%;
respectively.

Table {3): Effect of essential oils on radial growth of R. sofani

R. solani radial growth measurement {cm)
Oil Treatments Inhibition %
onion 66¢c 52¢ 43d
~(22.35%)  {42.22%)  (52.22%)
00e 0.0e 0.0 d
Citronelia (100 %) (100 %) {100 %)
0.0 e 00 e 0.0 d
Cinnamon (100 %) (100 %) (100 %)
int 25d 00e 00 d
(71.59%) (100%) {100 %)
Garlic 7.3b 8.2b 53¢
~ (17.05%)  (31.11%) (41.11%)
inger 85a 73b 5.2b
(3.41%) (18.89%) | (31.11%)
8.8a 9.0a 9.0a
ontrol | (0 %) (0%) (0%)
.S.D. ] 0.39 0.33 0.39

Table (4): Effect of plant extracts on radiai growth of R. solani.

R. solani radial growth measurement {cm)}
owth me
Plant extracts Treatments Inhibition %
int  (73.86%) (100 %) (100 %)
nion 23c¢c 13e 00¢
(73.86%) (85.56 %) (100 %)
7.3a 486 282
Rocket  (18.89 %) | (45.46 %) (68.89 %)
3.0c¢c 0.0f 0.0 ¢
Cinnamon (65.91%) (100 %) (100 %)
33¢ 13d 00¢c
abbage (63.33 %) . (85.23 %) (100 %)
b!nger 56a 2.3d 13b
(36.36 %) (74.44 %) (85.56 %)
430 26¢ 23a
Pepper (5222 %) (71.59 %) (74.44 %)
88a 9.0a T . 9.0a
ontrol _(0%) 0% | %)
(S.0. 0.39 066 | 054




Elsheshtawl, A. M. et al.

DISCUSSION

The present work deals with the root rot and stem canker of tomato
plants caused by soil borne pathogens in which R. sofani represent the major
causal pathogen of these disease symptoms in tomato nurseries and fields
under soil conditions of Dakahlia governorate, Egypt. One of the main
obstacles to the development of tomato production is the spread of tomato
fungal diseases that affect production negatively in relation to soaring
consumption rates due to rapid population growth. It is well known that,
several fungal diseases attack tomato plants during all stages of growth
causing a considerable reduction in both yield quality and quantity. Damping-
off, root rots and wilting are among the important diseases. Root rot
pathogens such as Rhizoctonia sofani and Sclerotium rolifsii attack the roots
and stem base of tomato (AbdEIl-Wahab, 2004 and Morsy, 2005). The survey
results showed that there is a rapid outbreak of R. solani causes damping off
or root rot infection disease symptoms in all tomato seedlings beds and fields
in counties surveyed at Dakahlia governorate. In the beds or greenhouses
for seedling production at six counties of ELMansoura, Talkha, EiManzalla,
Bany Ebeid, Belgas and Aga there were a varied disease symptoms showed
and recorded as disease incidence. The higher ratios were observed in
seedlings produced in beds at field soil while the lower ratios were found in
seedlings produced in foam containers inside commercial tomato
greenhouses for seedling production. Disease symptoms of root rot in tomato
plants collected from fields were ranged from 0% to 18%. The high
percentages up to 18% were observed in plants grown in fields at Bany
Ebaid, El-Manzala and Belgas Counties while the lower percentages (0-12%)
were recorded in counties of ElMansoura, Talkha and Aga. These results
were in agreement with those obtained by Shehata (2001) who found that R.
solani caused the highest percentage of pre-emergence damping-off and
gave the lowest of healthy survival plants compared with the other fungi.
Also; Abd-El-Wahab (2004) and Zaghloul et al., (2008) found that R. solani,
F. oxysporum f.sp lycopersici isolates, and S. rolfsii were the most aggressive
fungal isolates.

Data obtained in the current study showed the antagonistic effect of
the five fungi was determined after 3 periods of incubation (3, 5 and 7 days).
T. viride, T. harzianum and T. hamatum caused a significant reduction in
linear growth of R. solani ranged from 62.5% to 72.73% as inhibition
percentages after 7 days of incubation. G. virens and G. roseum had also
significant effect to reduce the linear growth of the pathogen but G. virens
was more or less like Trichoderma spp but G. roseum showed the lowest
effect in reduction of linear growth of the pathogen (5.2cm = 40.91%
inhibition). These results are in harmony with those reported by Durman et
al.(1999) who found that T. harzianum and T. vinde were more effective than
other antagonistic fungi when tested in the greenhouse as seed treatments
against R. solani and F. oxysporum. Also, Niknejad et al{2000) and
Tsahouridou and Thanassoulopoulos (2002) found that the lower percentage
of root-rot and wilting disease severity of tomato plants were obtained when
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the soil was first infested with 7. harzianum and T. viride, and then reinfested
with the highly pathogenic isolate of the R. sofani. T. harzianum decreased
the population of F. oxysporum f.sp lycopersici in rhizosphere, while the
poputation of T. harzianum increased up to the 4th week after transplanting.

Sabaratnam and Traquair (2002) and Abd-El-Wahab (2004) found that
tomato seed treatment with T. harzianum, T. viride, G. virens, B. subtilis, Ps.
fluorescens, and Streptomyces recorded the maximum protection against
pre- and post-emergence damping-off caused by F. oxysporum fsp
fycopersici, R. solani and S. roffsii and reduced the disease incidence.
Different authors discussed and explained the antifungal activity of 7.
harzianum and T. viride due to several means i.e., Mycoparasitism (a
complex process), Trichoderma spp. attach to the host {pathogen) and can
coil around it and suppress growth by endolysis in protoplasm or form
Appressoria on the host surface and attachment is mediated by the binding of
carbohydrates in the Trichoderma cell wall to lectins on the target fungus
(Shaigan, et a/.2008).

Essential oils used in control experiment of R. solani. Ali oils caused a
significant reduction in linear growth of R solani ranged from 17.05% to
100% as inhibition percentages after 7 days of incubation. Citronella,
Cinnamon and Mint oils were the best oils tested and caused a complete
inhibition at 0.50 and 0.75 concentrations followed by onion oil that caused
inhibition percentages ranged from 22.35% to 52.22%. Garlic and ginger oils
had the lowest effect compared with other oils. Plant extracts used in control
experiment of R. solani showed differences in which all plant extracts caused
a significant reduction in linear growth of R, solani ranged from 18.89% to
100% as inhibition percentages after 7 days of incubation. Mint, Onion,
Rocket, Cinnamon and Cabbage plant extracts were the best oils tested and
caused a complete inhibition at 0.25 and 0.50 concentrations. Ginger extract
that caused inhibition percentages ranged from 36.36% to 85.56%. Rocket
and Pepper plant extracts were ranked the lower in percentage of R. solani
linear growth inhibition. This results in agreement with the results of many
authors who reported the antifungal activity of cinnamon oil against piant
pathogenic fungi Ranasinghe et al, 2002; reported that oil of cinnamon
inhibited the radial growth and spore germination of F. oxyasporum,
Aspergillus flavus, Colletotrichum musae and F. proliferation. This high
antifungal activity of cinnamon oil may be attributed to be presence of some
active compounds such as Eugenol {the main compound of cinnamon oil),
benzyl alcohol, cinnamic acid, cinnamyl acetate, 4-hydroxybenzaldehyde and
salicylaldehyde, as well as two d-phenothrin  pyrethrum and cinnamaldhyde
(Young-Cheol Yang et af, 2005). Several authors reported similar results;
Anil Sehajpal et af (2009); found that antifungal effect of 44 plant extracts
and 8 plant oils against the pathogen R solani were evaluated by disc
diffusion method. QOut of 44 plants tested, 36 plant extracts showed varied
degree of antimicrobial effect at different concentrations against the
pathogen. Jularat Udomsilp (2009); Reported that in vitro study aimed to
evaluate the mycelium growth and spore germination inhibition properties of
essential oils. The experiments results showed antifungal properties, on both
mycelium growth and spore germination, for rice pathogenic fungi. These
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properties were dependent on plant and fungal species, concentration and
the testing conditions.
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