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ABSTRACT

In this study; we screened seven essential oils and 8 different plant extracts for
fungitoxic effect against three soil borne pathogens infect sugar beet. The seven
essential oils were from commercial products derived from Camphor, thyme, anise,
lettuce; groundnut, rocket and caraway oil and used in 3 concentrations (0.5, 1 and
2% wiw). The eight extracts of higher plant species are belonging to seven different
plant families including; Pimpinelle anism, Glycerrhiza glabbra L.; Nigella sativa;
Eruca sativa; Eugenia caryophyllus, Artemisia Judaica, Allium cepa and Allium
sativum were used to prepare their crude extracts that used in 3 concentrations.(25,
50 and 75% w/v). In laboratory; among essential oils, Thyme, Anise and Comphor oils
were the most effective, toxic and inhibit mycelial growth of on fugal species. On the
contrast, the other essential oils of lettuce, ground nut, rockets and caraway did not
cause any toxic effect against all pathogenic fungi under study compared with
controls. Among 8 plant extract tested garlic and onion extracts were the most
effective and toxic for all fungi tested. The persistence of antifungal activity was
different among extracts. All showed decreasing zone of inhibition with time, except
Cloves, Artemisia, Onion and Garlic which retained its full activity against the three
fungi for the whole incubation period especially at 50 and 75% concentrations.
However, the suppressive effect of other extracts against the other pathogens was
either not affected or slightly decreased with time. The highly toxic and promising
plant extracts and essential oils of garlic, onion, Artemisia, anise oil, thyme oil were
tested in greenhouse and field experiments. In greenhouse and Field experiment,
data showed that plant extracts, thyme oil and anise oil were effective in controlling
pre-post emergence damping-off and significantly decreased root rot incidence and
severity compared with the controls and fungicide. Yield component of total soluble
sugars (T.s.s.), sucrose percent in root and sugar purity were increased. All seed
treatments with selected plant extracts and oils, significantly increased these yield
parameters. Anise oil showed the most significant effect and increase of T,S.S and
sucrose percent in roots of sugar plants assayed from plants grown from seed in plots
treated with Anise oil in both 2006 and 2007 growing seasons compared with controls
and fungicide treatments. Thyme oil and onion extract showed moderate but improved
increase in these yield components.
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INTRODUCTION

Sugar beet (Beta vulgaris L) is a second important sugar crop after
sugar cane in Egypt. Improving its productivity is an urgent demand to meet
the sugar consumption of the ever growing population in Egypt. During the
last decades, the importance of sugar beets as a basis for sugar industry and
as energy plant in developed countries has increased. Soil-borne diseases
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can have a major impact on sugar beet at all stages of its development. In
Egypt several investigations have been conducted on the fungi pathogenic to
sugar beet (Fahim et al., 1981; E1-Kholi, 1978, 1984; Rizk, 1986; Mosa and
Elkholi, 1996; El-Kazzaz et al., 1999; Esh, 2000 and Abada, 1980, 1994 and
2003). Rhizoctonia root and crown rot and other soil born fungal pathogens
are causal pathogens of diseases that can have a significant impact on
mature sugar beet plants. Rhizoctonia solani Kuhn (teleomorph
Thanatephorus cucumeris (Frank) Donk), principally in its AG 2-2 form
(Duffus & Ruppel, 1993). is prevalent in areas with warm climates, e.g., Egypt
and it is considered the most serious root disease of sugar beet. In the world,
the average losses in USA were 2%, although there is considerable variation,
with losses of up to 50% recorded (Schneider & Whitney 1986). In Europe,
Rhizoctonia is becoming increasingly important with up to 10% of the sugar
beet growing area affected in some countries (Ayala-Garcia et al., 2001 and
Luterbacher et al.,2005). Sclerotium rolfsii (teleomorph Athelia rolfsii ;
Corticiaceae, Basidiomycota) is a widespread phytopathogenic fungus
affecting a large number of agricultural plants (Bateman & Beer, 1965 and
Punja & Damiani, 1996). In sugar beet, this pathogen can cause several
types of damage, including damping-off, crown, and root-rot as well as dry rot
canker in older plants (Khettabi et al. 2001; Abada 2003).

Plant oils and extracts have been used for a wide variety of purposes
for many thousands of years. Some studies have concentrated exclusively on
one oil or one micro-organism. While these data are useful, the reports are
not directly comparable due to methodological differences such as choice of
plant extract(s), test micro-organism(s) and antimicrobial test method
(Janssen et al. 1987 and hammer et al., 1999). In recent years, due to
increasing environmental pollution, the need to find alternatives to synthetic
chemicals for the control of fungal diseases has been increasingly felt in
agriculture. However, increasing concerns with environmental/health effects,
pesticide restrictions, and development of fungicide resistance, along with the
desire for more sustainable production practices, have enhanced the
attractiveness of alternative products for plant disease control. Therefore, the
objectives of this study were to: (1) evaluate the effects of natural plant
extracts and essential oils in vitro inhibition of R. solani, S. rolfsii and F.
oxysporum in lab assays; and (2) determine the effectiveness of these natural
products on the development and suppression of these sugar beet soil born
fungal pathogens and plant quality characters in greenhouse and field
experiments.

MATERIAL AND METHODS

Sugar beet pathogenic fungi

Naturally infected sugar beet plants showing root rot symptoms were
collected from several fields at Dakahlia and Sharkia governorates. Isolation
of the causal pathogens (Rhizoctonia solani Kuhn , Sclerotium rolfsii Sacc.,
and Fusarium oxysporum Schlecht. f. sp. betae (Stewart) Snyder and
Hansen) were carried out using small pieces of infected roots which were
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previously washed in running tap water, surface sterilized with 1% sodium
hypochlorite solution for two minutes washed three times with sterilized water
and dried between sterilized filter papers. The surface sterilized root pieces
were then placed into Petri dishes containing PDA medium, then incubated at
20°C for seven days. Preliminary identification of the growing fungi were
carried out according to (Domsch et al., 1980) and then confirmed by Assiut
University Mycological Centre (AUMC) and Plant Pathology Dept., Mansoura
University.

Host plant

Seeds of kawmira sugar beet cultivar susceptible to fungal root rot
diseases obtained from the North Delta sugar company, Egypt. These were
surface sterilized in 5 %sodium hypochlorite for 3 min. then rinsed in
sterilized water.

Laboratory experiment:
The inhibitory effect of essential oil and plant extract on linear growth of
pathogenic fungi:

The seven essential oils used were commercial products derived
from Camphor, thyme, anise, lettuce; groundnut, rocket and caraway oil
obtained from well reputed herbal stores in Egypt. However; the oils were
examined and tested and confirmed for genuine and origin in chemistry
departments at faculties of Agriculture, Science and Pharmacy at Mansoura
University. The seven oils were dissolved in absolute ethyl alcohol and
added to PDA immediately before it was emptied into the Petri dishes at a
temperature of 40-45°C and tested in concentrations of 0.5, 1 and 2% (v/v). A
final concentration of 1% (v/v) Tween-20 (Sigma) was incorporated into the
agar medium after autoclaving to enhance oil solubility. The controls received
the same quantity of ethyl alcohol mixed with PDA- 1%Tween medium.

Eight extracts of higher plant species belonging to seven different
plant families including; Pimpinelle anism, Glycerrhiza glabbra L.; Nigella
sativa; Eruca sativa; Eugenia caryophyllus, Artemisia Judaica, Allium cepa
and Allium sativum were used to prepare their crude extracts. Weights (g)
of seeds, leaves or bulbs depend on each plant species were used to prepare
the crude extract equivalent to 0, 25, 50, and 75% (v/v) per liter
concentrations. Leaves were chopped; seeds or bulbs were crushed and
mixed in molten PAD to provide these concentrations. Afterwards; they were
mixed together in a blender for 1 min before dextrose and agar were added
(20 and 18 g/I; respectively) and an autoclave process was carried out for 20
min at 120°C. Each crude extract was sieved with sterilized cheese cloth
fixed on the mouth of the PDA container then directly poured or dispensed to
9 cm Petri dishes (5 replicates per concentration). In control treatments only
PDA medium was used. The pathogenic fungi of (R. solani, F. oxysporum
and Sclerotium rolfsii) were inoculated immediately after preparation of the
Petri dishes by placing a disk of mycelial growth (0.5 cm diameter), in the
centre, taken from the rim of 7-day-old cultures on PDA plates. The Petri
dishes were kept wrapped in aluminum foil at a temperature of 22°C. The
inspections were made after 3, 5, 7 and 10 days, measuring the growth of the
fungal colonies along two preset diametric lines when the complete growth of
fungi in control plates reaches to maximum growth ( = 9 cm). All tests were
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repeated five times. Fungitoxicity was expressed in terms of percentage of
mycelial growth inhibition and calculated according to the formula of Pandey
et al. (1982):

{dc —dt/dc X 100};

Where dc = average diameter of fungal colony with control; dt = average
diameter of fungal colony with treatment.

Greenhouse experiment
Effect of seed treatment with effective plant extracts and essential oils.
Pure fungal cultures of R. solani, F. oxysporum and S. rolfsii were
tested for their pathogenic capabilities. Inocula of the isolated fungi were
prepared in weak PDA medium (half strength of ingredients), and inoculated
with mycelial disks from a five days old culture of pathogens and incubated
for 14 days at 20°C, then suspended in sterile water and homogenized in a
blender for 5 min. Earthen pots (50 cm-diameter) filled with loamy sand soil
(84% sand : 14.5% clay : 1.5% silt) were used. Soil infestation was carried
out 7 days before sowing by adding ten ml of the homogenized culture
containing 5x106/ ml of fungal propagules of F. oxysporum while Cultures of
R. solani and S. rolfsii from five Petri dishes were macerated in 200 ml
distiled water; diluted to | liter of sterilized water and 10 ml of the
homogenized cultures mixed with the top 5 cm of the pot soil and mixed
thoroughly. Each pot was filled with 3kg sterilized autoclaved soil. Five pots
were used for each tested fungal isolate. Different oils and plant extracts,
which showed high reduction of mycelial growth of pathogenic fungi in
laboratory assays, were used for greenhouse experiments. Kawmira cultivar
seeds were disinfected with 2% sodium hypochlorite solution for two minutes
then dried and soaked overnight in oil and plant extracts concentration
resulted in higher inhibition of fungi in Petri dishes. The treated seeds were
air-dried and ten seeds were sown in the rate of 10 seeds/pot. Irrigation was
performed when necessary. The percentage of pre- and post-emergence
damping-off was calculated after 15 and 30 days, respectively. Uninoculated
soil was served as control. Five pots were used for each particular treatment.
Seed soaked in sterilized water were sown in the same method as a control.
Re-isolation of the pathogenic fungal isolates from diseased plants was
carried out to meet Koch postulates.

Field experiments:

Field experiment were conducted in randomized complete block
design with 4 replicates under natural infected fields during 2006 and 2007
winter growing seasons to study the effect of selected essential oils and plant
extracts on natural infection occurred with damping-off after 15 and 45 days
of planting time. Seeds of Kawmira cultivar susceptible to soil borne
pathogens under study were soaked overnight in selected promising plant
extracts and essential oils that showed toxic and inhibition to the fungi
species under laboratory experiments. Concentration of plant extracts (Garlic,
Onion and Artemesia) was 75% and 1% for Anise and Thyme essential oils.
Sugar beet was harvested by hand and assessed for disease symptoms.
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Disease incidence and disease severity were determined at harvest
time after 180 days of planting time.

For rating disease symptoms on the roots, two different scales were
used, Ruppel’'s scale (Ruppel et al. 1979) which consists of seven disease
classes. This scale were based on the percentage of rotten root surface.
Disease index (D1, 0 < D1 < 7) was calculated according to Ruppel's formula
(Ruppel et al. 1979) as:

DI = Z(Disease class x number of plants within that class)

Total number of plants within plot.

In addition, some yield component parameters i.e., total soluble
solids (TSS), sucrose (%) and sugar purity were also estimated. TSS was
estimated in fresh roots using the hand refractometer according to McGinnis
(1982). Sucrose percent was estimated according to A.O.A.C. (1990) by
adding 173 ml 3 % lead acetate to 26 g from sample representing the interior
of the roots. After filtration, sucrose percent was measured by the aid of
saccarometer. Purity percent was calculated by dividing the sucrose percent
by TSS.

Statistical analysis:
All the obtained results were statistically analyzed according to
Gomez and Gomez 1984.

RESULTS

Effect of plant extracts on linear growth of pathogenic fungi:

Results in Table (1) showed that plant extracts differed in their
reaction against pathogenic fungi. Certain extracts stimulated, others showed
moderate inhibition and some were highly toxic to one or more fungi species.
Garlic, Onion, Clove and Artemisia extracts were the most toxic and showed
completely inhibited mycelial growth of S.rolfsii at 75% concentration. Clove
extract was highly toxic and showed complete inhibition of R. solani at 50%
conc. and F. oxysporum at 75% con. Garlic showed higher inhibition
(85.92%) of R. solani growth and 86.66% of F. oxysporum growth. Onion
extract showed 69.25% reduction of R. solani and 65.55% of F. oxysporum
growth followed by Artemisia extract. Nigella, Anise, liquarice extracts as well
as Rocket seeds extracts had slight effect on mycelial growth inhibition.
Therefore, this promising plant extracts of garlic, onion and Artemisia were
further studied greenhouse and field experiments. The persistence of
antifungal activity was different among extracts. All showed decreasing zone
of inhibition with time, except Cloves, Artemisia, Onion and Garlic which
retained its full activity against the three fungi for the whole incubation period
especially at 50 and 75% concentrations. However, the suppressive effect of
other extracts against the other pathogens was either not affected or slightly
decreased with time.
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Table (1): Effect of plant extracts from eight different plant species on
linear growth of Rhizoctonia solani, Fusarium oxysporum
and Sclerotium rolfsii isolated from infected sugar beet root

Fungal species
Plant extracts © Conc. R. solani F. oxysporum| S. rolfsii
% % % %
\(/IV\)/ LG | |nhibition® | “C linhibition| “© finhibition
Control 0 |[=9.00° 0.00 29.00 0.0 |=9.00[ 00
Nigella Sativa 25 7.26 22.94 7.03 | 21.84 | 9.00 0.0
(Nigella) 50 4.53 4518 463* | 4851 | 6.76 | 26.29
75 3.93 56.29 4.46* | 50.36 | 3.33** | 62.96
Eruca Sativa 25 9.00 0.00 6.03 | 32.95 | 9.00 0.0
( Rocket) 50 5.90 38.14 530 | 41.11 | 9.00 0.0
75 4.56* 49.25 500 | 48.14 | 6.40 | 2851
Engenea caryophylus 25 2.53 71.85 3.60*| 59.99 | 6.30 | 29.29
(Cloves) % Tooo~| 100 | aoo+| 100 [o00~| 00
rtemisia Judaica 25 9.00 0.00 6.43 | 2851 | 6.53 | 27.40
o A
Glycyrrhira glabra 25 7.80 13.33 757 | 1592 | 6.43 | 2851
( Liquuarice) 50 5.50 38.88 6.86 23.7 553 | 3851
75 4.40 51.11 6.10 | 32.22 | 0.00~* | 100
Allium Cepa 25 3.70 58.88 3.93*| 56.29 | 2.80* | 68.14
(Onion) 50 2.7% 69.99 2.67| 70.36 | 0.0 100
75 1.27* 85.92 1.20* | 86.66 | 0.0** 100
Pimpinella anism 25 8.10 9.99 7.70 | 14.44 | 9.00 0.0
(Anise) 50 7.10 20.73 6.60 | 26.67 | 4.10* | 54.44
75 6.00 39.99 570 | 37.03 | 0.60* | 93.70
Allium Sativum 25 7.10 20.36 6.30 | 29.62 | 2.30% | 74.44
(Garlic) 50 | 4.10* 53.70 5.03 | 47.77 |0.00~ | 100
75 | 2.76% 69.25 3.10~| 65.55 | 0.00** | 100
LsD (0.05)* | 0.41 - 0.50 - 0.46 -
> (0.01)**| 0.55 - 0.67 - 0.61 -

2 Control plates with ethyl and tween only, diameters measures started when the
complete growth of fungi reaches to maximum growth ( 2 9 cm). L.G. = linear growth was
expressed in terms of percentage of mycelial growth inhibition and calculated according
to the formula of Pandey et al. (1982). {dc — dt/dc X 100};; Where dc = average diameter
of fungal colony with control; dt = average diameter of fungal colony with treatment. ®
Inhibition % = percent reduction in culture growth compared to growth measure in
control plates (fungi grow on PDA plates without plant extract . ¢ Scientific name of plant
followed by English name between brackets.

Effect of essential oils on linear growth of pathogenic fungi:

Data in Table (2) showed the toxic effects of 7 commercial oils
against R.solani, F.oxysporum and S .rolfsii at three concentration (0.5, 1 and
2%). Certain oils stimulated, others showed moderate inhibition and some
were highly toxic to one or more fungi species. The complete inhibition in
linear growth obtained by Thyme, Anise and Comphor oils on S.rolfsii.
Thyme and Anise oils were highly toxic to R.solani and F.oxysporum and
inhibited their mycelium growth completely 1% conc. On the contrast, the
other essential oils of lettuce, ground nut, rockets and caraway did not cause
any toxic effect against all pathogenic fungi under study compared with
controls.
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Table (2): Effect of essential oils on linear growth of Rhizoctonia solani,
Fusarium oxysporum and Sclerotium rolfsii isolated from
infected sugar beet root

Fungal species
R. Solani F. oxysporum S. rolfsii
C(?)/Z)C' a % % %
Essential oils VIV LG Inhibition b L.G inhibition L.G inhibition

0. Control 0 >9.00° 0.0 =9.00 0.0 =9.00 0.0
0.5 9.0 0.0 9.0 0.0 5.9 33.69

1. Camphor 1 9.0 0.0 5.8* 35.55 0.0** 100
2 3.4** 62.22 4.7* 41.11 0.0** 100
0.5 5.7 37.03 4.46 50.36 2.76** 69.25
2. Thyme 1 0.0** 100 1.4%* 84.07 1.2%* 86.66
2 0.0** 100 0.0** 100 0.0** 100
0.5 0.8** 91.10 4.9* 45.56 1.1% 87.77

3. Anise 1 0.0** 100 0.0** 100 0.0** 100
2 0.0** 100 0.0** 100 0.0** 100

0.5 9.0 0.0 9.0 0.0 9.0 0.0

4. Lettuce 1 9.0 0.0 9.0 0.0 9.0 0.0
2 9.0 0.0 9.0 0.0 9.0 0.0

0.5 9.0 0.0 9.0 0.0 9.0 0.0

5. Ground nut 1 9.0 0.0 9.0 0.0 9.0 0.0
2 9.0 0.0 9.0 0.0 9.0 0.0

0.5 9.0 0.0 9.0 0.0 9.0 0.0

6. Rocket 1 9.0 0.0 9.0 0.0 9.0 0.0
2 9.0 0.0 9.0 0.0 9.0 0.0

0.5 9.0 0.0 9.0 0.0 9.0 0.0

7. Caraway 1 9.0 0.0 9.0 0.0 9.0 0.0
2 9.0 0.0 9.0 0.0 9.0 0.0

L.S.D (0.05)* 0.42 - 0.49 - 0.57 -

(0.01)** 0.56 - 0.65 - 0.77 -

a Control plates (PDA only), measures of cultures diameters started when the complete
growth of fungi reaches to maximum growth (2 9 cm). L.G. = linear growth was expressed
in terms of percentage of mycelial growth inhibition and calculated according to the
formula of Pandey et al. (1982). {dc — dt / dc X 100}; Where dc = average diameter of
fungal colony with control; dt = average diameter of fungal colony with treatment.

b Inhibition % = percent reduction in culture growth compared to growth measure in
control plates (fungi grow on PDA plates without plant extract .

Greenhouse experiment

Data presented in Fig.(a, b and c) revealed variation in the antifungal
properties of the selected essential oils and plant extracts compared with
control and fungicide treatments.

For symptoms caused by artificial infestation of soil with R. solani.
Data presented in Fig. (1-a) showed that highest reduction in pre-, post-
emergence damping off and root rot in the early and late stages of seedling
growth was attributed to Anise, Thyme oils followed by Onion and Garlic
extracts. This was expressed in higher percentage of survival plants (78, 62,
58 and 48%) due to seed treatments with these oils and extracts, respectively
compared with control ( 28%) and fungicide treatment (72%). The lowest
disease incidence was 10% in treatments of seeds soaked in Anise and
Thyme oils followed by Garlic and Onion extracts (20%). Artemisia extract
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showed a moderate reduction of damping off and root rot symptoms but it
was significant compared with control. However, disease severity (DS%) in
all treatments was significantly reduced compared with control.

Pots infested with F. oxysporum showed variable effects on pre and
post-emergence damping off. Data presented in Fig. (1-b) showed high
significant reduction of pre and post damping off symptoms Anise (14%) and
Thyme (16-18%) oils followed by treatments of Garlic (18-22%) and Onion
(22-26%) extracts. The Artemesia extract has no significant effect (24-30%)
compared with control treatment. Root rot incidence and severity were
significantly reduced in all treatments except Artemesia extract compared
with control.

The results obtained and presented in Fig. (1-c) showed that
diseases symptoms caused by S. rolfsii were significantly reduced in all
treatment except treatment of seeds soaked in Artemesia extract. However,
Artmessia caused significant reduction of post-emergence damping off. The
higher percentages of healthy survived seedlings were found in treatments of
seeds soaked in Anise (70%) and Thyme (66%) oils followed by Garlic (56%)
and onion (54%) extracts compared with control treatment.

B Control ( 0%)
@ Anise oil (1%)
OThymeoil (1%)

100 O Garlicextract (75%)
%0 [EOnion extract (75%)
78 @ Artemisia extract (75%)
80 74 = 7

M Rhizolex-thirm (fungicide)

70
60
50 1 4

=

40

30

20

10

% of symptoms in seedlings or plants

(%) Pre-damping off (%) Post-damping off (%) Seedlings survival (%) D. I. of Root rot (%) D. S. of root rot
LSD (0.05) = 10.2 LSD(0.05) = 10.4 LD (0.05) = 16.3 LSD(0.05) = 31.9 LsD(0.05) = 7.6
Greenhouse experiment

a- Rhizoctonia solani
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100
90
80
70
60
50
40
30
20
10

% of symptoms in seedlings or plants

HControl (0%)
RAnise oil (1%)
OThyme oil (1%)
O Garlicextract (75%)
[EOnion extract (75%)
80 B Artemisia extract (75%)
7 & M Rhizolexsthirm (fungicide)
M 60
38 M 40
34 E
(%) Pre-damping off (%) Post-damping off ‘ (%) Seedlings survival (%) D. 1. of Root rot (%) D. S. of root rot
LSD(0.05) = 11.3 1SD(0.05) = 9.03 15D (0.05) = 16.02 15D (0.05) = 13.59 15D (0.05) = 20.7
Greenhouse experiment
b- Fusarium oxysprum

H Control (0%)
B Anise oil (1%)
OThymeoil (1%)

, 1o O Garlicextract (75%)
€ 9 [ Onion extract (75%)
%_ %0 ” B Artemisia extract (75%)
5 70 M Rhizolex:thirm (fungicide)
w 10 66
] M 60
£ 60 56 g, =
T H
g 50 =
n H
£ o1 H
» = =
€ EUR R = H
¢} H H
8 201F g
b = H
06 0 - -
N (%) Pre-damping off (%) Post-damping off (%) Seedlings survival (%) D. 1. of Root rot (%) D. S. of root rot
15D (0.05) = 11.7 15D (0.05) = 8.9 LSD(0.05) = 18.4 LSD(0.05) = 10.9 LSD(0.05) = 18.5
Greenhouse experiment
¢- Sclerotium rolfsii
Fig. 1. Effect of some effective essential oil and plant extracts used in

treatment of sugar beet seeds to control damping off and root
rot diseases caused by (a) Rhizoctonia solani, (b) Fusarium
oxysporum and (c) Sclerotium rolfsii in greenhouse
experiments.
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Field experiment

Data presented in Table 3 revealed toxic effect in the antifungal
properties of the selected essential oils and plant extracts compared with
control and fungicide treatments. Sugar beet plants naturally infected under
field condition were examined in early seedling stage and late at mature root
or harvest stage. In early stage, all plant extracts and essential oils used in
seed treatment showed highly significant reduction ( P= 0.01 and 0.05). Anise
and Thyme oils were the most effective seed treatment against diseases
caused by soil borne fungi under investigation both in early stage and at
harvest expressed as lower percentages of disease incidence (2.66, 3% and
2, 3% %) and disease severity (1.5, 3% and 1.3, 2%) compared with controls
in both seasons 2006 and 2007 of the experiments, respectively. Plant
extracts of Garlic, onion and Artemesia a moderate but significant reduction
of damping off and root rot symptoms compared with plants in the plots of the
control treatments in booth 2006 and 2007 seasons.

Table (3): Effect of sugar beet seed treatment with selected essential oil
and plants extracts on seedling damping-off and root rot
diseases of sugar beet plant under field condition

First season 2006 trial Second season 2007 trial
Damping- | Disease | Disease | Damping- | Disease | Disease

Treatment off incidence | severity off incidence | severity
(Conc. %) (%) (%) © (%) (%) (%) (%)
Garlic extract va x x o o x
(75%) ® 6.67 3.66 2.40 4.50 3.33 2.50
Onion extract " x o o x x
(75%) 8.89 4.33 3.23 6.67 4.66 3.83
Artemisia extract - x - - o
(75%) 111 5.66 3.83 8.89 6.33 4.33
Anlse OII *k K%k *k *%k *k *k
(1%) 3.54 2.66 1.50 4.44 2.00 1.33
Thyme OII *%k Ll Kk Kk %% Lid
(1%) 4.44 3.00 3.06 6.67 3.00 2.10
Rhizolex-Thiram

3.24% 0.66** 0.26** 2.22%* 1.33* 0.53**
(39/kg)
Control 155 20.33 40.33 17.08 19.66 20.50
L.S.D (0.05%)* ¢ 5.37 6.06 1.50 2.02 1.29 1.53
L.S.D (0.01%)** 7.27 8.19 2.02 2.74 1.74 2.06

avalues are means of four replicates values. ® Susceptible cultivar ( Kuamira was used in
these trials. Selected promising plant extracts and essential oils that showed toxic to the
fungi species under laboratory experiments. Concentration of plant extracts (Garlic,
Onion and Artemesia) was 75% and 1% for Anise and Thyme essential oils. ¢ Disease
incidence and disease severity were determined at harvest time after 180 days of planting
time. For rating disease symptoms on the roots, Ruppel’s scale was used (Ruppel et al.
1979). ¢ Least significant difference at P (0.01 & 0.05)

Effect of seed treatment on sucrose, total soluble solids and purity
Effect of different treatments on yield components juice quality
parameters are total soluble solids percentage (T.S.S % ), sucrose
percentage and purity percentage. These parameters are widely affected by
internal and external factors. The results obtained in Table (4) showed that
T.S.S% and sucrose% positively affected by all seed treatments. Anise oil
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showed the most significant effect and increase of T,S.S and sucrose percent
in roots of sugar plants assayed from plants grown from seed in plots treated
with Anise oil in both 2006 and 2007 growing seasons compared with
controls and fungicide treatments. Thyme oil and onion extract showed
moderate but improved increase in these yield components. As shown in
Table 4, the more sucrose percentage occurred, the more purity of sugar
extraction happened.

Table (4) Effect of some plant extracts and essential oils used to control
seedling damping-off and root rot diseases on some Yyield
parameters of sucrose content, total soluble solids (T.s.s.) and
purity percentage of sugar beet roots .

First set’:lisgl)n 2006 Second season 2007 trial

[Treatments Sucrose? T.s.s Purity | Sucrose | T.s.s Purity
Garlic extract b - . . "
(75%) 18.98 22.15 85.98 18.42 22.53 84.73
Onion extract * * " *x
(75%) 19.23 21.73 88.49 19.65 21.82 | 90.14
Artemisia extract " " " "
(75%) 17.32 21.76 79.54 17.53 22.59 77.62
Anise ol 20.18* | 23.05% | 89.07* | 19.99* | 23.05* | 90.67*
(1%)
hyme oil 19.19¢ | 21.88 | 87.52* | 19.51* | 22.33* | 87.47*
(1%)
Rhizolex-Thiram

20.08** 21.99* | 92.24* 19.98* 21.99 | 92.26**
(39/kg)
control 1351 19.06 | 6517 | 1177 | 17.98 | 62.84
L.S.D (0.05%)*¢ 1.88 2.007 7.85 2.09 2.88 2.11

2Yield component parameters of; Total soluble solids (TSS) was estimated in fresh roots
using the hand refractometer according to McGinnis (1982); Sucrose percent was
estimated according to A.O.A.C. (1990) and Purity percent was calculated by dividing
the sucrose percent by TSS. P Values are means of four replicates values.

¢ Susceptible cultivar ( Kuamira was used in these trials. Selected promising plant
extracts and essential oils that showed toxic to the fungi species under laboratory
experiments. Concentration of plant extracts (Garlic, Onion and Artemesia) was 75%
and 1% for Anise and Thyme essential oils. ¢ Least significant difference at P (0.01 &
0.05)

DISCUSSION

Fungicides are currently the only commercially available practices for
controlling rust disease of sugar beet. The need of reducing fungicide
residues in food crops, as concerned for a healthy environment; some of
sugar beet cultivars are used for their good crop and sugar yield irrespective
of their susceptibility and often, the unavailability of commercially acceptable
resistant cultivars emphasize the need for alternative methods for disease
control. One of the potential methods is the use of a humber of compounds
that have not direct antimicrobial activity but increase resistance or at least
decrease symptoms, in some host-pathogen interactions (Kessmann et al.,
1994 and Ata et al., 2008). Besides biological and genetic engineering
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techniques, natural substances are also being used which appear to have
fungicidal properties. Literature provides examples of essential oils that have
inhibited the development of fungi, in vitro and in the field. In particular, good
results have been obtained with thyme oil (Maruzzela and Baiter, 1959; Arras
and Picci, 1984; Carta and Arras, 1987; Brunelli et al., 1990) and mint oil
(Maiti et al.,, 1985). However; less is known about the effects of these
substances on fungal mycelium. In this regard; natural products from plant
oils and extracts have shown some bioactivity on P. infestans (Quintanilla et
al. 2002) and on other plant pests and diseases (Isman 2000). Also, it has
been reported to reduce the growth of fungal and bacterial pathogens such
as Botrytis cinerea, Fusarium spp., and Clavibacter michiganensis (Daferera
et al. 2003). In the present study; we screened seven essential oils from
commercial products derived from Camphor, thyme, anise, lettuce;
groundnut, rocket and caraway oil. Also, eight extracts of higher plant species
belonging to seven different plant families including; Pimpinelle anism,
Glycerrhiza glabbra L.; Nigella sativa; Eruca sativa; Eugenia caryophyllus,
Artemisia Judaica, Allium cepa and A. sativum were used to prepare their
crude extracts. Plant extracts and their constituents in some species are
known to have antifungal properties. Among 8 plant extract tested; A.
sativum was the most effective toxic for all fungi tested and suppressed
mycelium linear growth of all tested fungi to 65.5% - 100%. These results
agree with many workers who reported the antifungal activity of garlic extract
against these fungi (EI-Shami et al., 1995; Carcia and Lawas, 1990). The
high antifungal activity of garlic extract possibly due to some sulfer containing
compounds alliin [(+) —s- allyl —L- Cystine sulphoxide]. Alliin is hydrolyzed to
sulfenate, pyruvate and ammonia by alliinase enzymeof sulfenate and it gives
allicin which identified and as antifungal by many researcher. Garlic extract
also contain antifungal ajoene [(E, Z2)- 4, 5, 9-tri — thiadodeca- 196,11- triene-
9- oxide]. These reported by many researchers (Lawson et al., 1991).

Onion caused complete inhibition of S. rolfsii to 50% and 85%
inhibition of F. oxysporum and R. solani at 75% conc.. We noticed that some
plant extracts had slight or no effect on the myceilal growth on the tested
fungi. Pimpinella anism extract caused moderate reduction in the linear
growth of R.solani and F.oxysporum, but it strongly inhibited linear growth of
S. rolfsii (93 - 75%).

The aqueous extract of Glycyrrhiza glabra highly reduced the linear
growth of S. rolfsii by 100% at 75% conc. and only by 51 -32% on R. solani
and F. oxysporum, respectively. Artemisia judiaca caused complete inhibition
of S. rolfsii, but showed moderate reduction in other fungi as well as other
extracts. The above mentioned results indicated that the tested plant extracts
differed in their reaction against fungi. The differences might be due to the
concentration of active ingredient and the presence of antifungal or growth
stimulant like substances in plant material. These results agree with those
reported by (Agha, 1992; Zeidan 1993). The efficiency of soaking seeds in
garlic and onion and Artemisia plant extracts in controlling sugar beet root-rot
disease caused by R. solani, F. oxysporum and S. rolfsii was studied under
pot experiment. Garlic cloves extract proved to be the most effective
antifungal substances when used as seed soaking before soaking, followed
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by onion extract. In this regard, Artemisia extract had the lowest effect. These
effects might be due to the absorption and translocation of active substance
into seeds or seedling tissue and remain of inactive during the seedling
stage. The stimulatory effect of some extracts to certain fungi may be due to
the presence of growth promoting substances or nutritive material in the
extracts to the fungi. This effect could be of significance for growing the
fungus in vitro. The stimulatory effect of extracts at low concentration and
their inhibitory effect at high concentration is a typical character of certain
pesticides (Fedtke, 1982), Some plant extracts have been reported to
stimulate growth of one or more plant pathogens (Shekhawat and Prasada,
1971; Rizki et al,, 1984).

In field experiment, data showed that three tested and promising plant
extracts were generally effective in controlling pre-post emergence damping-
off and significantly decreased the root rot incidence compared with the
control. Among extracts, Garlic extract was considered a promising treatment
against pre and post emergence damping-off and root rot diseases followed.
Correlation of antifungal substances as alkaloids, tannins, coffeic acids and
solubility in water are reasons explain the toxic effects of plant extracts
(Qasem and Abou-blan, 1996). Our result on essential oils indicated that
three essential oils (Anise, Thyme and Camphor) were fungitoxic. The
complete inhibition of the growth of fungi species studied occurred at
laboratory. The other 4 essential oils have no toxic effect against the studied
fungi at three concentration. Anise oil was the most effective and fungitoxic oll
that caused complete inhibition at 1.0% concentration of the three soil borne
pathogens under study. Moreover, Thyme oil resulted in complete inhibition
of R. solani at 1.0% and on F. oxysporum as well as S. rolfsii at 2% conc..
Camphor oil caused 62% inhibition on R.solani, and 47.8 inhibition on F.
oxysporum and complete inhibition at 1.0% on S. rolfsii. These a highly
fungitoxic oils showed a relationship between chemical structure and it's
antifungal effect which might be due to the presence of monoterpenes
hydrocarbons, a - terpinene and P- cymene coffeic acids and tannins
aliphatic aldehyde, phenolic — oH group and it can easily from hydrogen
bond, with active sites of enzymes. These findings in agreement with
Zambonelli et al. (1996); who mentioned that Thyme oil led to a complete
inhibition of R. solani.

Continued research and development with natural products are
needed to improve its efficacy through identification of more effective active
agents, development of better formulations. Continued work with these types
of materials and approaches, alone, and in combination with established
control methods under field conditions, is warranted and necessary as we
strive for more and better options for sustainable disease management for
the future.
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