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Effect of Citral, Methyl anthranate and Nerol as fractions of citrus essential oils for controlling
Cercospora and Alternaria leaf spot diseases of sugar beet plants under field conditions was
evaluated .In laboratory experiments , results indicated complete reduction in linear growth of
A. tenuis and C. beticola was obtained with Citral , Methyl anthranate and Nerol at
concentration of 5.0 ml / 1. In field trials, results indicated that the most effective treatments are
Citral, Methyl anthranate and Nerol at 5.0 ml / 1. reduced the Alternaria leaf spot severity more
than 78.3 and 80.0 % respectively during tow growing seasons. As for Cercospora leaf spot,
results indicated that Citral, Methyl anthranate and Nerol at 5.0 ml/l. and Fungicides (Redomyl
— plus at 2 g/l) reduced the Cercospora leaf spot severity more than 67.5 and 78.1% respectively
during tow growing seasons. The highest increase in sugar beet yield was obtained with Citral
and Methyl anthranate at 5.0 ml /l. which increase the sugar beet yield more than 11.5 and
10.5% respectively during tow growing seasons. Citral at concentration 5.0 ml / 1. increased the
total soluble solids (TSS) of sugar beet yield by 6.7% .While slight increase was obtained with
Citral at 2.5 ml/l, Methyl anthranate and Nerol at 5.0 ml /l. for each treatment. It could be
suggested that constituents of essential oils may be used as eco friendly natural compounds for
controlling Cercospora and Alternaria leaf spot diseases of sugar beet plants under field
conditions.
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Introduction

Sugar beet (Beta vulgaris L.) is considered the second sugar crop for
sugar production in Egypt followed by sugarcane. Recently, sugar beet crop has
been an important position in Egyptian crop rotation as a winter crop not only
in fertile soils, but also in poor, saline, alkaline and calcareous soils (Gobarah-
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Mervat and Mekki, 2005). Cercospora and Alternaria leaf spot caused by the
fungi Cercospora beticola and Alternaria tenuis respectively are the most
economically important diseases of sugar beets (Bugbee, 1995.; Dexter, et al.,
1998; Enikuomehin, 2005 and Harveson, 2007).Controlling theses diseases
depends mainly on fungicidal treatments. Avoiding environmental pollution
fungicides alternatives are needed (El-Gamal- Nadia, et al., 2007 and Haggag-
Wafaa and Abd-El-Kareem, 2009) .Citral, Methyl anthranate and Nerol are
some fractions of citrus essential oil caused complete inhibition of the linear
growth of Giotrichum candidum , Penicillium digitatum and P. italicum as
causal agents of fruit citrus diseases ( El-Mohamedy et al., 2002). Abd-El-
Kareem, (2007) reported that in greenhouse experiments, the most effective
treatments were potassium or sodium bicarbonates and nerol at 0.50% which
reduced the early blight incidence more than 70.6% as compared with
untreated plants. They added that, in field experiments, the pronounced
treatment was potassium bicarbonate plus nerol at 0.5% which reduced the
disease incidence more than 86.8%. The main objectives were to study the
effect of Citral, Methyl anthranate and Nerol against Cercospora and Alternaria
leaf spots diseases of sugar beet plants under field conditions.

Materials and methods

Source of pathogenic fungi and sugar beet seeds

Pathogenic isolates of Cercospora beticola and Alternaria tenuis the
causal agents of Cercospora and Alternaria leaf spot diseases were kindly
obtained from Department of Plant Pathology National Research Centre, Giza,
Egypt. Meanwhile, sugar beet seeds cv. Rosana were obtained from
Departmwnt of Crop Research, Agricultural Research Centre, Giza, Egypt.

Testing of some essential oils on linear growth of A. tenuis and C. beticola
under laboratory conditions

Three compounds of citrus essential oil i.e., Citral, Methyl anthranate and
Nerol were tested to study their inhibitory effect on linear growth of A. tenuis
and C. beticola under laboratory conditions. Four concentrations of each
treatment ie. 0.00 1.25, 2.50 and 5.0 ml/l were added individually to
conicalflasks containing sterilized PDA medium to obtain the proposed
concentrations, then mixed gently and dispensed in sterilized Petri plates (10
cm; diameter). Plates were individually inoculated at the center with equal disks
(6-mm; diameter) of 10-days old culture of 4. tenuis and C. beticola. Five
plates were used as replicates for each particular treatment. Inoculated plates
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were incubated at 25 + 2°C.The average linear growth of fungus was calculated
after 10 days.

Effect of citrus essential oil compounds on Cercospora and Alternaria leaf
spot diseases under field conditions

Experiments were carried out, in Experimental Farm of National Research
Centre at El-Noubareia, Behera governorate during two successive seasons 2009
and 2010. Three compounds of citrus essential oils i.e. Citral, Methyl anthranate
and Nerol were applied under field conditions to study the possibility of their
effect under large scale for safe control against Cercospora and Alternaria leaf
spot diseases during tow cultivation seasons. Sugar beet yield and total soluble
solids (TSS) were also determined at two cultivation seasons .Field experiments
were conducted under natural infection in plots (4x8 m) each comprised of 8
rows and 32 holes/row, was conducted in a completely randomized block design
with three replicates (plots) for each particular treatment.

Citral, Methyl anthranate and Nerol at three concentrations i.e. 0.00, 2.50
and 5.0 ml/l in addition to Fungicides (Redomyl-plus at 2g/l as comparison
treatment) were applied under field conditions. All treatments were applied as
foliar application on sugar beet plants every 30 days.

Disease assessment

Cercospora leaf spot scale described by Jones and Windels, (1991) was
modified as follow : 0 = No leaf lesions., 1 = 25% or less., 2 =26 to 50., 3 = 51
to 75., 4 =76 to 100%., infected leaf area. Disease was recorded until 130 days
of sowing.

Alternaria leaf spot scale from 0 to 4 according to Vakalunakis, (1990)
based on the leaf area infected was used, as follows: -

0 = No leaflesions 1 = 25%, lesion 2 = 26 to 50, lesion 3 = 51 to 75, lesion 4 =
76 to 100% infected leaf area. Disease was recorded until 130 days of sowing.

Determination of sugar beet yield
Sugar beet yield (Ton / feddan) for each treatment was determined.
Determination of total soluble solids (TSS) of sugar beet yield

At harvest time (190 days from sowing) a random sample of ten plants
were taken from each replicate to determine total soluble solids (T.S.S %) by
using Hand Fractometer.
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Statistical analysis :Tukey test for multiple comparisons among means was
utilized (Neler et al. 1985).

Results

Effect of citrus essential oil compounds on linear growth of A. tenuis and C.
beticola in Vitro

Four concentrations of Citral, Methyl anthranate and Nerol i.e. 0.00 1.25,
2.50 and 5.0 ml/l were tested to study their inhibitory effect on linear growth of
A. tenuis and C. beticola. Results indicated that complete reduction in linear
growth of both fungi was obtained with Citral, Methyl anthranate and Nerol at
5.0 ml/l concentration (Table 1). The highest reduction was achieved with
Citral, Methyl anthranate and Nerol at 2.5 ml/l., which reduced the linear
growth more than 71.7 and 66.7% for 4. tenuis and C. beticola respectively.
Meanwhile, other treatments were less effective.

Table 1. Effect of citrus essential oil compounds on linear growth of A. tenuis
and C. beticola under laboratory conditions

Treatments Conc (ml/l) A. tenuis C. beticola
Linear growth Reduction Linear growth Reduction
(mm) (%) (mm) (%)
Citral 1.25 40.0c 55.6 52.0b 38.0
25 20.0d 77.8 276¢ 69.3
5.0 0.00¢ 100.0 0.00d 100.0
Methel 1.25 52.0b 38.0 57.0b 36.7
anthranate 2.5 19.5d 783 300c 66.7
5.0 0.00e 100.0 0.00d 100.0
Nerol 1.25 540b 40.0 61.0b 332
2.5 255d 71.7 285¢ 68.3
5.0 0.00¢ 100.0 0.00d 100.0
Control 90.0 a 0.0 90.0a 0.0

Means with the same letter are not significantly different (p=0.05)

Effect of citrus essential oil compounds on Alternaria leaf spot under field
conditions

Citral, Methyl anthranate and Nerol at three concentrations i.e. 0.00 , 2.50
and 5.0 ml/l in addition to Fungicides (Ridomyl — plus at 2g/l) were applied
under field conditions to study their effect on Cercospora and Alternaria leaf

spot diseases of sugar beet plants. In addition to sugar beet yield and total
soluble solids (TSS %).

872



Journal of Agricultural Technology 2011, Vol.7 (3): 868-877

Results indicated that al treatments significantly reduced the disease
severity of sugar beet plants (Table 2). The most effective treatments are Citral,
Methyl anthranate and Nerol at 5.0 ml/l. which reduced the Alternaria leaf spot
severity more than 78.3 and 80.0% respectively during tow growing seasons.
Moderate effect was obtained with Citral, Methyl anthranate and Nerol at 2.5
ml/l. and Fungicides (Ridomyl—plus at 2g/l) which reduced the disease severity
more than 56.5 and 55.0% during tow growing seasons.

Table 2. Effect of citrus essential oil compounds on Alternaria leaf spot of
sugar beet plants under field conditions during 2009 and 2010 seasons.

Treatments Conc. Alternaria leaf spot
First season 2009 Second season 2010
Disease Reduction (%) Disease Reduction (%)
severity severity
Citral 2.5ml/L 08b 652 0.7b 65.0
5.0 ml/L 04c¢ 82.6 02¢ 90.0
Methel anthranate 2.5mlL 1.0b 56.5 09b 55.0
5.0 ml/L 05¢ 78.3 03¢ 85.0
2.5ml/L 1.0b 56.5 1.0b 50.0
Nerol 5.0 mI/L 05¢ 78.3 04c 80.0
Fungicide 2g/L 10b 56.5 09b 55.0
Control 23a 0.0 20a 0.0

Means with the same letter are not significantly different (p=0.05)

Effect of citrus essential oil compounds on Cercospora leaf spot under field
conditions

Results indicated that al treatments significantly reduced the disease
severity of sugar beet plants (Table 3). The most effective treatments are Citral,
Methyl anthranate and Nerol at 5.0 ml/I. and Fungicides (Ridomyl—plus at 2g/1)
which reduced the Cercospora leaf spot severity more than 67.5 and 78.1%
respectively during tow growing seasons. Moderate effect was obtained with
Citral, Methyl anthranate and Nerol at 2.5 ml/l. and which reduced the disease
severity more than 55.0 and 56.3% during tow growing seasons.

Effect of citrus essential oil compounds on sugar beet yield

Results indicated that all treatments significantly increase sugar beet yield
(Table 4). The highest increase was obtained with Citral ans Methyl anthranate
at 5.0 ml/l. which increase the sugar beet yield more than 11.5 and 10.5%
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respectively during tow growing seasons. Treated sugar beet plants with Citral
at 2.5 ml/l. and Nerol at 5.0 ml/l. increased the sugar beet yield more than 9.1
and 10.0 % during tow growing seasons. Meanwhile, other treatments were less
effective.

Table 3. Effect of citrus essential oil compounds on Cercospora leaf spot of
sugar beet plants under field conditions during 2009 and 2010 seasons

Treatments Conc. Cercospora leaf spot
First season 2009 Second season 2010
Disease Reduction (%) Disease Reduction (%)
severity severity
Citral 2.5ml/L 15¢ 62.5 12b 62.5
5.0 ml/L 1.1df 72.5 0.7¢ 78.1
Methel anthranate 2.5ml/L 1.7 be 57.5 13b 59.4
5.0 ml/L 12d 70.0 0.6¢ 81.3
Nerol 2.5ml/L 1.8 be 55.0 140 56.3
5.0 ml/L 13d 67.0 0.6¢ 81.3
Fungicide 2g/L 1.1 df 72.5 07¢ 78.1
Control 40a 0.0 32a 0.0

Means with the same letter are not significantly different (p=0.05)

Table 4. Effect of citrus essential oil compounds on sugar beet yield under field
conditions during 2009 and 2010 seasons.

Treatments Conc. Sugar beet yield (Ton/feddan)
First season 2009 Second season 2010
Sugar beet Increase (%)  Sugar beet Increase (%)
yield yield
Citral 2.5ml/L 24.0b 9.1 22.0b 10.0
5.0 ml/L 24.5b 114 23.1a 15.5
Methel anthranate 2.5ml/L 23.5¢ 6.8 21.5¢ 7.5
5.0 ml/L 243 a 10.5 228 a 14.0
Nerol 2.5ml/L 23.5¢ 6.8 215¢ 7.5
5.0 ml/1 240b 9.1 22.0b 10.0
Fungicide 2g/L 23.5¢ 6.8 215¢ 7.5
Control 22.0d 0.0 20.0d 0.0

Means with the same letter are not significantly different (p=0.05)

Effect of citrus essential oil compounds on total soluble solids (TSS) of sugar
beet yield

Results indicated that the highest increase was obtained with Citral at

concentration 5.0 ml/l. which increase the total soluble solids (TSS) of sugar
beet yield by 6.7%. Slight increase was obtained with Citral, at 2.5 ml/l.,
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Methyl anthranate and Nerol at 5.0 ml/l. for each. Meanwhile other treatments
had no effect (Table 5).

Table 5. Effect of citrus essential oil compounds on total soluble solids (TSS)
of sugar beet yield under field conditions

Treatments Concentrations TSS % Increase %

Citral 2.5ml/ L 155D 33
50ml/L 16.0a 6.7

Methel anthranate 2.5ml/ L 150¢ 0.0
50ml/1 156D 4.0
25ml/L 150¢ 0.0

Nerol 5.0ml/1 155b 33

Fungicide 2g/L 150¢ 0.0

Control 150C 0.0

Means with the same letter are not significantly different (p=0.05)

Discussion

Sugar beet (Beta vulgaris L.) is considered as the second sugar crop for
sugar production in Egypt after sugar cane. Recently, sugar beet crop has been
an important position in Egyptian crop rotation as a winter crop not only in
fertile soils, but also in poor, saline, alkaline and calcareous soils (Gobarah-
Mervat and Mekki, 2005). Cercospora and Alternaria leaf spot caused by the
fungi Cercospora beticola and Alternaria tenuis respectively are the most
economically important diseases of sugar beets (Bugbee, 1995; Dexter, ef al.,
1998; Enikuomehin, 2005 and Harveson, 2007).Citral, Methyl anthranate and
Nerol as some fractions of citrus essential oil caused complete inhibition of the
linear growth of Giotrichum candidum , Penicillium digitatum and P. italicum
as causal agents of fruit citrus diseases ( EI-Mohamedy et al., 2002). In present
study, results indicated complete reduction in linear growth of A. tenuis and C.
beticola was obtained with Citral, Methyl anthranate and Nerol at concentration
5.0 ml/l. The highest reduction was achieved with Citral, Methyl anthranate and
Nerol at 2.5 ml/l. which reduced the linear growth more than 71.7 and 66.7%
for A. tenuis and C. beticola respectively. In this respect Abd-El-Kareem et al.,
(2007) Reported that Nerol as one fraction of citrus essential oil caused
complete inhibition of the linear growth of Alternaria solani the causal
organisms of early blight disease of potato plants. Moreover, Citral at 5.0 ml/l.
cased complete reduction in linear growth of, Penicillium digitatum and P.
italicum as causal agents of fruit citrus diseases Abd-El-Kareem and Abd- Alla,
2002).Under field conditions, in present study, results indicate that Citral,
Methyl anthranate and Nerol at 5.0 ml/l caused dramatically reduction in
Cercospora and Alternaria leaf spot diseases of sugar beet plants and
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significantly increased the sugar beet yield and total soluble solids (TSS).
Essential oils of citrus or their constituents are shown to have fungicidal
activities against postharvest pathogens of citrus (French et al., 1978; Caccioni
et al., 1998, and Rio del et al., 1998). In this regards, some constituents of
essential oils from citrus fruits more toxic against fungi than commercial
fungicides (Singh et al., 1993). In this regard, French, ef al. (1978) stated that
citral is the most effective constituent of citrus essential oils. Furthermore,
Rodov et al., (1985) reported that young mature—green lemon fruit manifests a
significant lower level of postharvest decay compared with older yellow fruit.
They added that, resistance of young fruit to decay development is related to
citral level in lemon flavedo which contained 1.5-2 times higher levels of citral
comparing with the yellow fruit. Also during long—term storage of lemon fruit,
citral concentrations decreased in parallel with the decline of antifungal activity
in the peel which reflected in the increase of decay incidence. Also, the
inhibitory effect of citral on several fungi was also reported by Asthana et al.,
(1988). In this respect Abd-El-Kareem and Abd-Alla, (2002) and Abd-El-
Kareem (2007) they noted that using Nerol alone or in combination with
potassium or sodium bicarbonates reduced the early blight incidence of potato
plants under greenhouse and field conditions

Under field trials in two successive seasons, that were tested some citrus
essential oil compounds such as Citral, Methyl anthranate and Nerol at 5.0 ml/1
as alternatives of fungicides for controlling foliar diseases of sugar beet resulted
in dramatically reduction in Cercospora and Alternaria leaf spot diseases of
sugar beet plants and significantly increased the sugar beet yield and total
soluble solids (TSS). It suggested that some essential oils may be used for
controlling Cercospora and Alternaria leaf spot diseases of sugar beet plants
under field conditions.

References

Abd-El-Kareem, F. (2007). Potassium or sodium bicarbonates in combination with Nerol for
controlling early blight disease of potato plants under laboratory, greenhouse and field
conditions. Egypt. J .of Phytopathol. 35: 73-86

Abd-El-Kareem, F and Abd-Alla, MA. (2002). Citral for controlllng postharvest diseases of
navel orange fruits. Egypt. J. App.Sci (12): 238-256.

Asthana A; Dixit K, and Kishore N. (1988). Toxicity of citral and eugenol against some storage
fungi . Phytopathol . Pflanzenschutz 24:417 - 421 .

Bugbee, W.M. 1995. Cercospora beticola tolerant to triphenyltin hydroxide. J. Sugar Beet Res.
32:167-174.

876



Journal of Agricultural Technology 2011, Vol.7 (3): 868-877

Cacioni DRL, Guizzardi M, Biondi DM, Renda A, and Ruberrto G. (1998). Relationship
between volatile compounds of citrus fruit essential oils and antimicrobial action on
Penicillium digitatum and Penicillium italicum. International Journal of Food
Microbiology 43: 73-79.

Dexter AG, Luecke JL, and Cattanach AW. (1998). Survey of fungicide use in sugar beet in
eastern North Dakota and Minnesota-1997. Sugarbeet Res. Ext. Rept. 28:263-267.

El-Gamal, Nadia G;. Abd-El-Kareem F; Fotouh YO. and El-Mougy Nehal S. (2007). Induction
of systemic resistance in potato plants against late and early blight diseases using chemical
inducers under greenhouse and field conditions. Research J. of Agricultural and Biological
Science 3(2): 73 -81

El-Mohamedy RSR. Abd-El-Kareem F and Abd-Alla MA. (2002). Effect of some constituents
of citrus essential oil against postharvest pathogenic fungi of citrus fruits. Arab Univ
Agric. Sci. 10 :350-355.

Enikuomehin OA. (2005). Cercospora leaf spot disease management in sesame (Sesamum
indicum L.) with plant extracts. Journal of Tropical Agriculture 43 (1-2): 19-23.

French RC; Long RK; Latterell FM; Granham GL; Smoot JJ and Shaw PE. (1978). Effect of
nonnanel, citral and citrus oils on germination of conidia of Penicillium digitatum and P.
italicum. Phytopathology, 68: 877 - 882

Gobarah—Mirvat E and Mekki BB. (2005). Influence of boron application on yield and juice
quality of some sugar beet cultivars grown under saline soil conditions. Journal of Applied
Sciences Research 1(5): 373-379.

Haggag Wafaa M and Abd-El-Kareem F. (2009). Methyl jasmonate stimulates polyamines
biosynthesisand resistance against leaf rust in wheat plants. Archives of Phytopathology
and Plant Protection.42: 16-31.

Harveson RM. (2007). Cercospora leaf spot of sugar beet. University of Nebraska—Lincoln
Extension, Institute of Agriculture and Natural Resources, USA, (On Line)

Jones RK and Windels CE. (1991). A management model for Cercospora leaf spot of sugar
beets. Minnesota Ext. Serv., Univ. Minnesota (On Line)

Neler J; Wassermann W and Kutner MH. (1985). Applied linear statistical models. Regression,
analysis of variance and experimental design: 2nd Ed. Richard, D. Irwin Inc. Homewood
Ilionois.

Rio de Jal, Arcas MC; Benaventa-Garcio O, rtuna A and Rio JA del. (1998). Citrus
polymethoxylated flavones can confer resistance against Phytophthora citrophthora,
Penicillium digitayum and Geotrichum species. Journal of Agricultural and Food
chemistry 46: 10,4423 - 4428 .

Rodov V; Ben-Yehoshua S; Fang DQ; Kim JJ and Ashkenazi R. (1985). Pre-formed antifungal
compounds of lemon fruit: citral and its relation to disease resistance. J .Agric Food chem
A43:1057 - 1061.

Singh g; Upadhyay RK; Narayanun CS; Padmkumorj, KP and Rao GP. (1993). Chemical and fungitoxic
investigations on the essential of citrus sinensis L pers. Zeitschrift - fur - pflanzenkranitan
- und- pflanzenschutz 100:1, 69 - 74 .

Vakalunakis DJ. (1990). Host range of Alternaria alternata f.sp. cucurbitae causing leaf spot of
cucumber. Plant Dis, 84: 27-30.

(Received 31 March 2011; accepted 1 April 2011)

877



