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ABSTRACT 

 

Activity of commercially and purified essential 

oils of aloes, anise, black cumin, caraway, carna-

tion, cumin, fennel, garlic, jojoba, lavender, onion, 

rue and thyme were tested against growth of 

Pseudomonas syringae pv. lachrymans, caused 

bacterial angular leaf spot disease of cucumber, in 

vitro and in vivo. Three essential oils had an inhib-

itory effect, based on the determination of the min-

imum inhibitory concentrations (MICs 0.25-

2.0%). Carnation, fennel and thyme were inhibito-

ry at MIC 0.5%. The three mentioned oils showed 

considerable variation in the inhibitory effect by 

the disk diffusion method, though the recognized 

similarity in fumigation treatments. The greatest 

activity was recorded with thyme (18mm) followed 

by carnation (15 mm) while fennel showed the low-

est effect (9mm). Soaking cucumber seeds of differ-

ent cultivars in 2% emulsified oils for a period rang-

ing from 0.25 to 4 hours significantly decreased the 

percentage of germination. Shorter duration of seed 

soaking, 0.25 to 0.5 hours, showed lower deleterious 

effect on germination and fennel oil showed greater 

harmful effect. In greenhouse experiments, the three 

oils significantly controlled the disease incidence 

compared to the check treatment, being more pro-

nounced for thyme oil followed by fennel and carna-

tion oils. Analysis of the essential oils in concern 

showed eugenol, dieugenol, linolenic acid, methyl 

chavicol (estragol), anisole and thymol, as an active 

ingredients. 

 

INTRODUCTION 

 

Angular leaf spot is an important disease on 

cucumber and different cucurbit species as well. 

Symptoms are usually more severe where mois-

ture and atmospheric humidity either in field or in 

greenhouse, are prevailing. The disease was first 

observed in 1913 in USA and in 1924 in Denmark 

(Hellmers, 1958). The first record of the disease 

in Egypt was made during 1989 and 1990 seasons, 

at El-Minia Governorate which showed an out-

break of a bacterial disease on cucumbers in a 

greenhouse (El-Sadek et al 1992). More recently 

Galal et al (2003)   reported the disease in open 

cucumber fields in different Minia regions. The 

first authentic description of the causal organism 

Pseudomonas syringae pv. lachrymans of angular 

leaf spot of cucumber was made by Smith and 

Bryan (1915). 

 The disease control in general has principally 

been suggested by hot water treatment or dry heat-

ing of seeds (Severin et al 1973 and Umekawa 

&Watanabe, 1978), laser and gamma irradiation 

(Cholakov and Kona, 2004) and non specific 

induced resistance (Galal et al 2003 and  

Mahmoud, 2007). The use of essential oil in con-

trol of bacterial plant pathogen as Clavibacter 

michiganensis sub sp michiganensis was demon-

strated by (Daferera et al 2003 and Juliano et al 

2000). Marino et al (1999) showed antibacterial 

activity of essential oils toward 9 strains of Gram 

negative bacteria and 6 strains of Gram positive 

bacteria.  

Analysis of essential oils to determine the chemi-

cal composition and active gradients have been tried 

by many investigators. Hudak and Thompson 

(1996) found triacylglycerol, free fatty acids, sterol 

and wax esters, along with phosphatidic acid and 

diacylglycerol were isolated from carnation petals. 

Bilia et al (2002) showed the highest levels of 

volatile constituents in commercial fennel. They 

detected Anethole and/or anisaldehyde as a main 

constituents of all samples as well as methychavi-

col, eugenol and fenchone in most samples. Car-
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vone was present only in some samples and cam-

phor in others. The volatile constituents of only 

one instant included limonene and alpha-terpineol. 

Coelho et al (2003) found that the main com-

pounds identified in the oils were fenchone, es-

tragol and (E)-anethole. Pino et al (1997) found 

25 compounds in Thymus vulgaris L. identified as, 

thymol, gamma-terpinene and P-cymene as the 

major constituents. 

Environment safety as a greatest aim in con-

servation of our natural resources free from pesti-

cides, made it necessary to think over the natural 

products for disease control. Therefore, this work 

was undertaken to study the possible use of some 

natural oils in disease control. Experiments were 

carried out under laboratory and greenhouse con-

ditions. 

 

MATERIALS AND METHODS 

 

 Source of essential oils used  

 

Thirteen commercially purified essential oils 

were obtained from the domestic market in Cairo 

Egypt. Common and Latin names as well as  the 

plant families of the respective essential oils are 

given in Table (1). 
 

Bacterium and inoculum preparation 
 

Virulent isolate of P. syrinagae pv. lachry-

mans (Psl 517) was obtained from the Bacterial 

Diseases Dept. Plant Pathology Res. Institute, 

ARC, Giza, Egypt. The isolate was grown in 

King's B broth at 28C for 48 hours and optically 

standardized to gives 108 colony forming units 

(cfu) ml. The standardized broth cultures were 

used for seed soaking treatments. 
 

Effect of essential oils on growth of P. syringae  

pv. lachrymans in vitro   
 

A- Determination of the minimum inhibitory 

concentration (MIC) of the essential oil 
 

 The MIC of the essential oils was determined 

by using the agar dilution method (Hammer et al 

1999) with a final 0.5% (v/v)concentration. A se-

ries of dilutions of each essential oil were ranged 

from 0.25 to 2% (v/v) was prepared in King's B 

medium with 0.5% (v/v) Tween-80 as an emulsi-

fying agent. The medium was poured in sterilized 

plates. 

 These Plates were dried prior to inoculation 

with P. lachrymans. Inoculation was carried out 

by spot inoculation (10µl) of bacterial broth  repli-

cated three times. Plates without oil were used as a 

positive growth control. Inoculated plates were 

incubated  at  28C for 48 hrs. 

 The MICs were determined as the lowest con-

centration of the oil inhibiting the visible growth 

of the bacteria on the agar plate. 
 

B- Fumigation method  
 

Plates containing King's B medium were  

inoculated with bacterial suspension (0.1 ml) of

 

Table 1. Essential oils tested and their respective plant names and families 
 

Plant oils Scientific name Family 

Aloes Aloe barbadensis Liliaceae    

Anise Pimpinella anisum L. Umbelliferae 

Black cumin Nigella sativa L. Ranunculaceae 

Caraway Caryum carvi L. Umbelliferae 

Carnation Eugenis caryophylla Myrtaceae 

Cumin Cuminum cyminum Umbelliferae 

Fennel Foeniculum vulgare Mill Umbelliferae 

Garlic  Allium sativum L. Liliaceae 

Jojoba Simmondsia chinensis Buxaceae 

Lavender Lavandula officinalis L. Labiatae 

Onion  Allium cepae L. Liliaceae 

Rue  Ruta graveolens Rutaceae 

Thyme  Thymus vulgaris L. Labiatae 
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P. lachrymans. The plates were kept inverted to 

dry. The tested essential oil (0.1ml) was placed on 

the lid of each plate that taped by double layer of 

parafilm. The control plates were prepared in the 

same way except that the essential oil was not 

placed on the lid. All plates were incubated at 28C 

for 48 hours. Efficiency of oils were determined 

according to growth of the bacterium (Reuveni et 

al 1984). 
 

C- Filter paper disc method 
 

The filter paper discs were used to evaluate the 

antimicrobial activity essential oils. Agar plates of 

King's medium B plates were seeded by 0.1 ml 

P.lachrymans, standardized to give 108 cfu/ml. 

Filter paper discs (Whatman No.1, 5mm diameter) 

impregnated with  5µl of essential oil were applied 

to the agar surface. The plates were incubated at 

28C for 24 hours. The diameters of inhibition 

zones were measured millimeters. 
 

Aanalysis of the effective essential oils 
 

Chemical analysis of the effective essential 

oils of carnation, fennel and thyme was carried out 

by using GC-mass Aglient 68. The stationary 

phase was: HP INNO wax 30 M length x0.25 mm 

D/N 19091 N-133. 

The Carrier gas was: Helium 42cm/sec., 24 psi 

(120ºC) and the flow was 1.8 mL/min. The oven 

temperature was 120ºC for 1min., 120-250ºC at 

10ºC/min and 250ºC for 5min. While injection vol-

ume was 1µl. 

This analytical procedure was done in Biotechnol-

ogy Unit, Plant Pathology Res. Institute, ARC, Giza, 

Egypt. 
 

Effect of essential oils on seed viability  
 

Carnation, fennel and thyme emulsified oils 

(2%) were used for soaking Beit alpha, Madina 

and Smart 529 cucumber seeds for 0.25, 0.5, 1,2 

and 4 hours. Another set of cucumber seeds were 

soaked in water to serve as control. Samples (20 

seeds each treatment) were kept at about 25ºC 

between moistened layers of filter paper in Petri 

dishes for four days. The percentage of germina-

tion were determined. 
 

Effect of essential oils on severity of bacterial 

angular leaf spot disease of cucumber in vivo 
 

Essential oils of carnation, fennel and thyme 

were tested against the used isolate of Pesudo-

mons syringae pv. lachrymans,.. Seed inoculation 

Smart 529 cucumber was made by soaking for two 

hours in a bacterial King's medium B broth stand-

ardized to give 108 cfu/ml.. After inoculation seeds 

were transferred to a different emulsified oils at 

the concentrations 0.5, 1 and 2% for either 15 or 

30 minutes. 

 

Disease assessment 

 

Disease severity was estimated after 30 days 

from planting using modified scale of Horsfall 

and Barrett (1945). The modified scale was from 

0 to 5, where 0= no disease, 1= 1-6%, 2= 7-25%, 

3= 26-75%, 4= 76-94 and 5= 95-100% of infected 

tissue.  

Experiments were assigned completely ran-

domize design of factorial arrangement in three 

replications and the statistical analysis of variance 

was done as outlined by Steel and Torrie (1980). 

 

RESULTS AND DISCUSSION 

 

Effect of essential oils on growth of P. syringae 

pv. lachrymans, in vitro 
 

A- The minimum inhibitory concentration 

(MIC) of the essential oil 

 

Table (2) shows the MIC of the oils in con-

cern. The inhibitory effect was observed to in-

crease at higher concentrations (0.5%) of carna-

tion, fennel and thyme oils. All oils used had no 

inhibitory effect on the pathogen growth at 0.25%. 

Oils of aloes, anise, black cumin, caraway, cumin, 

garlic, jojoba, lavender, onion and rue had no ef-

fect either at high or low concentrations. 

 The result of the study revealed that out of 13 

essential oils tested, three oils namely carnation, 

fennel and thyme had an antimicrobial effect 

against  growth of P. syringae pv. lachrymans. 

They completely inhibited the growth of the stud-

ied bacterium in 9 cm diameter, tightly sealed, 

plates, as well as in 0.5% emulsified oils (MIC) 

impregnated with the agar medium. The disk dif-

fusion method, however, showed considerable 

variation in the inhibitive effect of the three oils in 

concern. There were 10 tested essential oils that 

had no antimicrobial effect against the studied 

bacterium at the concentration of 2% by using 

MIC method. The results showed that the carna-

tion, fennel and thyme oils had an antibacterial 

volatile phase that inhibited the growth of the test-

ed bacterium. These volatile antibacterial com-

pound(s) had  a  high  diffusion  potential  through 
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Table 2. Minimum inhibitory concentrations 

of the essential oils against growth 

of P. syringae pv. lachrymans 

 

Plant oils 

Concentrations % 

0.25 0.50 1.0 2.0 

Carnation  + - - - 

Fennel + - - - 

Thyme + - - - 

Aloes + + + + 

Anise + + + + 

Black cum-

in 

+ + + + 

Caraway + + + + 

Cumin + + + + 

Garlic + + + + 

Jojoba + + + + 

Lavender + + + + 

Onion  + + + + 

Rue  + + + + 

 

+ Present.  - Absent. 

 

 

King's medium B agar, as shown by the recorded 

antibacterial effect, contrary to the 10 noneffective 

oils that had nonihibitory effect against tested bac-

terium. These results are in accordance with those 

obtained by Abd El-Aziz (2002) who studied in-

hibitory effect of essential oils against R. sola-

nacearum by fumigation method and contact 

methods. 

The antimicrobial action of the three essential oils 

in concern against P. syrignae pv. lachrymans by 

using the MIC method was recorded with carnation 

oil, fennel oil and thyme oil and is in accordance 

with Hammer et al (1999); Juliano et al  (2000) 

and Mahmoud et al (2004). 

 
B- Fumigation method 

 
Fumigation method was evaluated for the three 

essential oils carnation, fennel and thyme that 

showed inhibitory effect in the previous testing 

method. The absence of growth of P. lachrymans 

on the surface of plates was scored positive effect 

(Table 3).    

The inhibition effect of the three effective es-

sential oils were similar by using fumigation 

method and the values recorded were > 9 cm. The 

results were similar to those obtained by Reuveni 

et al (1984). 

 

C- Filter paper disc method 

 

Inhibition zones method was used for the eval-

uation of the three essential oils (Table 3). The 

essential oil of thyme showed the greatest inhibi-

tory effect against growth of P.lachrymans, fol-

lowed by carnation, while the fennel showed the 

lowest effect. 

 
Table 3. Efficiency of some oils against 

growth of P. syringae pv lachry-

mans, using two methods 

 

 Filter paper 

disc method  

(mm) 

Fumigation 

method     

(mm) 

Carnation 15 ≥ 90 

Fennel 9 ≥ 90 

Thyme 18 ≥ 90 

 
 Finally, by using the filter paper disk method, 

effect of the three essential oils varied. The thyme 

oil had the highest inhibitory effect (18mm in di-

am.) followed by the carnation oil (15 mm), while 

fennel oil had the lowest effect (9mm). Similar 

results were also reported by Daferera et al 

(2003) and Mahmoud et al (2004). On the posi-

tive activities of many essential oils against Gram 

negative and positive bacteria. 

  
Chemical composition of the effective essential 

oils 

 
Chemical composition of the essential oils, de-

termined by GC-mass are shown in Table (4) and 

Figs. (1-3). The macro components  of carnation oil 

are methyl lionolelaidate (36.5%), linoleic acid 

(8.6%), Ethyl vanillin PG acetal (6.20%); in fennel 

oil eugenol (35.29%), nitrophenylacetic acid 

(15.43%) and hexahydrofarnesyl acetone (11.38%); 

in thyme oil are anisol trimethyl (19.67%), alpha 

tokoferol (19.09%) and squalene (5.06%). 
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Table 4. Chemical composition of carnation, fennel and thyme essential oils 

 

Component  % 
Oils 

Carnation Fennel Thyme 

Ethyl vanillin PG acetal* 6.20 - - 

Hydroquinone dimethyl 2.34 - - 

Linoleic acid 8.60 - 42.24 

Methyl lionolelaidate 36.50 - - 

Ethyl cholesterol 1.87 - - 

Dehydro dieugenol 0.32 - - 

Alpha monoolein 0.70 - - 

Jasmine 2.28 - - 

Methyl divinyl acetylene - 1.71 - 

Fenylhydrazine - 4.35 - 

Methyl chavicol (Estragol) - 4.32 - 

Crotonic acid - 3.11 - 

Diacetin - 0.64 - 

Ledol - 5.16 - 

Eugenol - 35.29 - 

Nitrophenylacetic acid - 15.43 - 

Glycidyl phenyl ether - 4.00 - 

Myristinic acid - 1.62 - 

Mentho furan - 0.72 - 

Hexahydro farnesyl acetone - 11.38 - 

Dill ether - 0.94 - 

Profilurain - 1.08 - 

Cuminon - 0.76 - 

Thymol - - 1.03 

Anisol trimethyl - - 19.67 

Squalene - - 5.06 

Tetracosane - - 3.18 

Alpha tokoferol - - 19.09 

Unknown 41.14 10.46 9.76 

 
* PG =  Propylene glycol 
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Fig. 1. Shows the GC-mass chromatogram of carnation oil 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Shows the GC-mass chromatogram of fennel oil 
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Fig. 3. Shows the GC-mass chromatogram of thyme oil 
 
 

Effect of essential oils on seed viability  

 

Data in Table (5) show the effect of soaking 

different cultivars of cucumber seeds in 2% emul-

sified oils for different periods on the percentage 

of seed germination. Data showed that soaking 

seeds of different cultivars for a period ranging 

from 0.25 to 4 hours significantly decreased the 

percentage of germination. Short term duration of 

seed soaking 0.25 to 0.5 hours in all individually 

tested emulsified oils, showed less deleterious 

effect on germination, though fennel oil had a 

harmful effect on seed viability as shown by a 

decrease in seed germination in all cultivars, espe-

cially at longer duration of soaking. 
 

Effect of different emulsified essential oils on 

severity of bacterial angular leaf spot disease of 

cucumber, in vivo 
 

Data in Table (6) shows that the effect of 

soaking cucumber seeds inoculated with P. syrin-

gae pv. lachrymans in different emulsified oils on 

the percentage of angular leaf spot disease devel-

opment. Results showed that soaking cucumber 

seeds in any of the emulsified oils significantly 

decreased the angular leaf spot disease develop-

ment compared to control treatment. Thyme oil 

had the highest effect, followed by fennel and car-

nation oils. No significant differences were ob-

served between different periods and / or different 

oils concentrations. 

 The essential oils effective against growth of 

P. syringae pv. lachrymans in vitro were further 

tested  in vivo against cucumber angular leaf spot 

in greenhouse.    
 The use of these oils as seed soaking was evalu-

ated at three concentrations (0.5, 1.0 and 2.0%) each 

for two dipping periods (15 and 30 min.). All treat-

ments were effective in reducing the disease com-

pared with the control. This may be attributed to the 

lethal effects of some effective components as me-

thyl lionolelaidate (36.5%), linoleic acid (8.6%) and 

ethyl vanillin PG acetal (6.2%) in carnation oil. 

While, in fennel oil eugenol (35.29%); nitrophenyla-

cetic acid (15.43%) and hexahydro farnesyl acetone 

(11.38%) could be attributed as well. Finally, in 

thyme oil, linoleic acid were (42.24%); anisol trime-

thyl (19.67%) and alpha tokoferol (19.09%), may be 

referred to other active ingredient such  

as hydroquinone dimethyl (2.34%), and dehydro 

dieugenol (0.32%) in carnation oil may also be 
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Table 5. Effect of different emulsified oils (2%), at different soaking peliods on germination of seeds of 

different cucumber cultivars 
 

Cucumber cultivars 
Soaking periods 

(hours) 

Germination (%) 

Smart 529 Beit alpha Madina Mean 

Carnation oil 

0.25 98.3 90.0 86.7 91.7 

0.5 96.7 90.0 85.0 90.6 

1.00 91.7 88.3 80.0 86.7 

2.00 86.7 83.3 76.7 82.2 

4.00 83.3 78.3 70.0 77.2 

Fennel oil 

0.25 95.0 88.3 80.0 87.8 

0.5 91.7 83.3 75.0 83.3 

1.00 80.0 75.0 70.0 75.0 

2.00 71.7 73.3 66.7 70.6 

4.00 65.0 63.3 58.3 62.2 

Thyme oil 

0.25 96.7 90.0 86.7 91.1 

0.5 96.7 90.0 86.7 91.1 

1.00 90.0 88.3 81.7 86.7 

2.00 86.7 83.3 75.0 81.7 

4.00 83.3 81.7 71.6 78.9 

Check 4.00 100.0 95.0 90.0 95.0 

 

L.S.D. at 5%   Cultivars (C)= 2.809     Hours (H)=  3.062         Oils (O)= 3.024   

CxH= N.S CxO= N.S        HxO= 7.25                  CxHxO = N.S 

 

 

Table 6. Effect of different emulsified oils on severity of bacterial angular 

leaf spot disease of cucumber, using treated seeds with virulent 

bacterium of P. syringae pv. lachrymans, in vivo 
 

Soaking periods 

 (minutes) 

Oils   

concentrations 

% 

Disease severity 

15* 30* Mean 

Carnation oil 

0.5 0.3 0.3 0.3 

1.0 0.3 0.3 0.3 

2.0 0.0 0.3 0.2 

Fennel oil  

0.5 0.6 0.6 0.6 

1.0 0.6 0.3 0.5 

2.0 0.0 0.0 0.0 

Thyme oil 

0.5 0.0 0.0 0.0 

1.0 0.0 0.0 0.0 

2.0 0.0 0.0 0.0 

Check 2.0 1.7 1.7 1.7 
 

* Soaking periods in essential oils (minutes). 

L.S.D. at 5%    

Minutes (M)            = N.S   MXC   = N.S 

Concentrations (C) = N.S   MXO   = N.S 

Oils (O)                     = 0.295  MXCXO = N.S 
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indicated, in fennel oil cuminon (0.76%), glycidyl 

phenyl ether (4%) and methyl chavicol (estragol) 

(4.32). Finally, in thyme oil, tetracosane (3.18%), 

squalene (5.06%) and thymol (1.03). 

The antibacterial effects of essential oils have 

been indicated by many investigators (Juliano et 

al 2000; Daferera et al 2003 and Mahmoud et al 

2004). Different studies were concerned with 

chemical composition and active ingredients 

(Hudak & Thompson, 1996; Pino et al 1997; 

Bilia et al 2002 and Coelho et al 

2003).According to better understanding of the 

nature of essential oils, as an environment friendly 

compounds, great interest in trials concentrating 

on their use in plant diseases control in general 

and replacing pesticides use in particular 

(Mahmoud et al 2004). 
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 الخيار الزاوى فىالبكتيرى مرض التبقع لمكافحة استخدام زيوت طيارة 

]12[ 

 1أحمد أحمد جمعه

 مصر -الجيزة  -مركز البحوث الزراعية  -ت معهد بحوث أمراض النباتا -1

 

أجريتتتت درامتتتة معمليتتتة وتحتتتت  تتترو  ال تتتوبة  

لدرامة فعالية عدد متن الزيتوت الايتارة المةقتاة تجاريتا  

مثل ال بار،اليةمون، حبة البركتة، الكراويتة، القرة،تل، 

الكمتتون، الشتتمر، الثتتوم، الجوجوبتتا اللفةتتدر، الب تتل، 

تريتتتتا بمتتتتيدوموةاس المتتتتال والزعتتتتتر علتتتت  ةمتتتتو البك

ميرةج  الاراز الممتر  لكريمتاةس الممتببة لمتر  

التبقتتتل التتتزاوت البكتيتتترت فتتت  ال يتتتار  وجتتتد أن ثلثتتتة 

زيتتوت ايتتارة لأتتا تتتطثير مثتتبا علتت  الممتتبل المر تت  

عل  أماس قياس قيمة أقل تركيز مثتبا للتركيتزات متن 

ف  البيئة  حيث وجتد أن أقتل تركيتز مثتبا  0.25-2%

القرة،تتل والشتتمر والزعتتتر فتت  البيئتتة  للزيتتوت الثلثتتة

(  كالك تشابأت الزيوت الثلثة ف  تطثيرهتا %0.5هو)

عل  الممتبل المر ت  بامتت دام اريقتة التتد ين، فت  

حين كان هةاك ا تلفا  كبيرا  ف  التطثير المثتبا للزيتوت 

الثلثة عةدما امتت دمت اريقتة أقترار ورل الترشتي  

المشبعة بتلك الزيوت  وكان لزيت الزعتتر أعلت  تتطثير 

ر ت  حيتث كتان قاتر مةقاتة التثبتيا عل  الممبل الم

متم( بيةمتا كتان زيتت  15مم( يليت  زيتت القرة،تل ) 18)

متتم(  اة ، تتت الةمتتبة المئويتتة 9الشتتمر القتتل تتتطثيرا  )

لإةبات باور ال يار للأ ةا  الم تل،ة عةد غمرهتا فت  

ل،ترات تتتراو   %2ممتحلل الزيوت الم تل،ة بتركيز 

لبتاور ل،تترات ماعات، و كان لغمر ا 4إل   0.25بين 

  ـمتتاعة ، تتتطثير  تتعي  علتت 0.5إلتت   0.25ق تتيرة 

ر ـ ،  ةمبة الإةبات، ومل الك كان لزيتت الشتمر أكبت

ة، ـتطثير  ار عل  إةبات البتاور  وفت  تجتارل ال وبت

أ أتترت الزيتتوت الثلثتتة  فعاليتتة فتت  مكافحتتة المتتر  

مقارةتتة بمعاملتتة الكةتتترول  وكتتان لزيتتت الزعتتتر أعلتت  

وت ـالشمر والقرة،ل  ولقد وجد أن الزي تطثير، يلي  زيت

الايتتارة تحتتتوت علتت  متتواد فعالتتة مثتتل  إيجةتتول، دات 

ايجةتتول، ليةولتتتك أمتتد، ميثيتتتل كتتافيكول )امتتتتراجول(، 

 اةيمول وثيمول  
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