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Abstract  
The study aimed to evaluate the in vitro activity of 

plants essential oils obtained from Thyme (Thymus 

vulgaris L.), Spearmint (Mentha piperita L.), Camphor 

(Cinnamomm camphora), Colocynth (Ctrullus 

colocynthis) and Rocket (Eruca vesicaria) against 

some important contamination fungus (Alternaria spp, 

Fusarium spp, Aspergillus spp and Penicilium spp) of 

tissue culture laboratory. Such plant essential oils were 

used at different concentrations (1, 1.5 and 2ml/100ml 

medium) and the percentage of mycelial growth 

inhibition of the fungus was tested. Results showed that 

all essential oils inhibited mycelial growth effectively. 

The mycelial growth of these fungi at concentrate 

2ml/100 ml was fully inhibited by thyme and spearmint 

while camphor, colocynth and rocket were 89, 33.33 

and 11.11 % respectively.  

 

The results in in vitro showed that thyme, spearmint 

and camphor prevent contamination from occurring 

absolutely, while the browning coloration appearance 

on the plantlets which were 100, 100 and 96,67% 

respectively were compared with the control (without 

essential oil) which was 3,33%. The growth 

characteristics of the plantlets (number of shoot 

branches and shoot length) were also not observed in 

these treatments. At the last stage of the experiment, 

plantlets (with essential oils) withered and led to death.  
 

Keywords: Essential Oils, Contamination Fungal, Tissue 

Culture, Date Palms. 

 

Introduction  
The use of plant tissue culture technology contributes 

significantly to the growth, multiplication and maintenance 

of plants. Date palm plants for commercial and other 

purposes in vitro with this technology can produce a large 

number of high-quality plants within a short period.29 Tissue 

culture media, which contain a high concentration of 

sucrose, support many micro-organisms (such as bacteria 

and fungi) in growth. Usually these microbes grow faster 

than the cultivated tissue when the media enters and 

eventually kills them. The pollutants release metabolic waste 

which is harmful to the tissues of plants. Therefore, 

preserving a fully aseptic environment through the 

techniques of cell culture is absolutely essential. The 

medium includes many possible sources of contamination, 

the culture vessel, medium itself, the explant, the transfer 

area environment, the tools used in the handling of plant 

material during inoculation, subculture and the culture room 

environment.   

 

While various sterilization techniques such as chemical, 

moist heat sterilization or filter sterilization are used at 

different micropropagation stages to ensure clean cultures, 

the contaminants may be introduced by microarthrobod 

vectors or endophytic microbes in the cultures with explants 

during laboratory manipulation.26,36,40 The key microbial 

contaminants frequently reported in the plant in vitro 

cultures are bacteria and fungi.9,31,32  

 

Major bacterial contaminants are Pseudomonas syringae, 

Bacillus licheniformis, B. subtilis and Erwinia sp. whereas 

the fungi are Alterneria tenius, Aspergillus niger, A. 
fumigatus and Fusarium culmorum are frequently observed 

in plant tissue culture by Odutayo et al.30  

 

Essential oils have been shown to exert biological activity 

against plant fungal pathogens in vitro and in vivo and can 

be used as bio-fungicides.16,22,34 Such products are generally 

considered more suitable and less harmful to the 

environment and could be used as alternatives to treatment 

of plant diseases.11  

 

Wilson et al42 reported that essential oil extracted from red 

thyme (Thymus zygis L.) has a major inhibitory effect on 

germination of Botrytis cinerea spores compared with other   

essential oils. Studies conducted by Abdelgaleil2 and Soad 

and Abdelgaleil38 verified that antifungal efficiency of eight 

essential oils was tested against ten phytopathogenic fungi, 

the concentration of 500 ppm of Mentha microphylla 

essential oil suppresses the mycelial growth of F. culmorum, 

F. oxysporum, Penicillium digitatum, R. solani and Rhizopus 

stolonifer.   

 

Katooli et al24 showed that eucalyptus essential oil in all 

tested had totally inhibition effect on mycelial growth of 

Pythium ultimum and R. solani. Barrera-Necha et al8 studied 

the antifungal effects of ten essential oils against F. 

oxysporum and F. gladioli, they found that essential oils of 

cinnamon, clove and thyme were inhibited the mycelial 

growth of Fusarium sp. totally. Abdel-Kader et al3 also 

verified that thyme and spearmint essential oils inhibited the 
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mycelial growth of F. solani, R. solani, Sclerotium rolfsii 

and Macrophomina phaseolina under in vitro culture 

conditions.  

 

Jagana et al21 investigated five essential oils in vitro as well 

as in vivo against Colletotrichum musae, they found 

complete inhibition of mycelial growth; they also found that 

essential oils of clove at all the concentrations tested (0.5, 

1.0 and 2.0 %) and eucalyptus at 2.0% concentration caused 

complete inhibition of mycelial growth of this contaminant. 

 

The present study   has been conducted at the laboratories of 

Date palm research center, Basrah University to investigate 

and identify various sources of microbial contamination 

prevalent and control of the effectiveness of some plant 

essential oils on these contaminations. It also envisages 

reducing the monetary losses incurred by pollution in the 

plant tissue culture laboratory. 

 

Material and Methods   
Purification of Fungal Contaminants: The fungal 

contaminants were detected by the highest frequency of 

occurrence when incubated into Potato Dextrose Agar 

(PDA). The isolates were purified by a series of transfers to 

the fresh culture medium. The identification of fungal 

contaminants was done 4-7 days after transferring into the 

fresh medium when pure cultures were obtained.7,15 Isolation 

frequency (IF) for each fungus was determined and 

expressed as percent by using the following formula:       

          

IF = Number of samples occurrence of fungi species / Total 

number of samples *100.                 

                                                                                                        

Essential oils: The pure essential oils were spearmint, 

thyme, colocynth, rocket and camphor oil obtained from the 

local market. These essential oils were exposed to UV 

radiation for 10 min and then used for the experiments.  

These oils were selected based on the literature survey. 

 

Antifungal activity of essential oils: PDA medium with 1, 

1.5 and 2 ml/100ml concentrations of the essential oils such 

as thymus, spearmint, colocynth, rocket and camphor oil was 

prepared. Tween-20 (Sigma) was incorporated into the agar 

medium to enhance oil solubility and allowed to solidify. 

About 20 mL of the medium was poured into each Petri dish. 

Five mm disks of 5-day culture of the test fungi from the 

edge of the plates were placed in the center of the Petri dishes 

and incubated at 28oC for growth. The colony diameter was 

measured in mm after incubation. For each treatment, three 

replicates were maintained. PDA medium without the 

essential oil served as control. The observations were 

recorded every 12 hours after   complete growth of control 

treatments. The rates of mycelial growth inhibition (GI%) 

were calculated by the following formula:20  
 

Growth inhibition %= dc−dt/dc *100 
 

where dc = Average increase in mycelial growth in control 

and dt = Average increase in mycelial growth in treatment.37  

In vitro evaluation of essential oils: After sterilization 

treatments, the nodal were cultured on MS basal medium 

supplemented with sucrose 40 g /L, adenine sulfate 40, myo-

inositol 100,  NaH2PO4.2H2O 170, activated charcoal 

500mg/L, agar-agar 7 g /L , vitamins 10 ml /L, benzene 

adenine 0.5 mg /L, kinitine 0.5 mg /L  and naphthalene acetic 

acid 1.5 mg /L.28 pH of media was adjusted to 5.8 with 

NaOH prior to autoclaving. The described media were 

poured into culture glass bottles (approximately 50ml per 

bottle), 2 ml concentration of each essential oils (thyme oil, 

spearmint oil and camphor oil) was added to each bottle. 

Tween-20(Sigma) was incorporated into the bottles to 

enhance oil solubility. Control treatment were without any 

disinfecting agent, all bottles closed with screw caps.  

 

Then, the media (bottles) were autoclaved at 121oC and 1.05 

kg.cm2 for 20 minutes. After cooling and solidification, 

tissue cultural plantlets were planted directly in these bottles. 

Each treatment had four replication with three plantlets in 

each replicate. All bottles were placed under appropriate 

conditions in the growth room, the following 

characterization was recorded at the end of experiment: 

 

1 - % Contamination, 2- % Brown coloration, 3- Number of 

shoots and 4-Shoots length. 

 

Experimental design and Statistical analysis: All 

experiments were repeated three times; experimental design 

was completely randomized design (CRD) using SPSS 

software.  Significant differences between transformed 

values were detected and significance was set at 5% 

probability.  

 

Results and Discussion   
Fungal contaminant isolated from tissue culture: Table 1 

details the cultural and morphological characteristics of the 

fungal isolates. The results agree with survey of fungal 

contamination of various date palm cultivars during 

embryogenic callus production, showing that the most 

prevalent species fungi were Aspergillus niger, A. clavatus 

and Alternaria alternata   as contaminants of six separate 

date palm cultivars including Um Al-Dihin, Shwaythee, 

Breem, Barhi, Hilawi and Al-Sayer.18  

 

Abass et al1 research showed that the Aspergillius niger, 

Penicillium sp. and Alternaria alternata were the pollutants 

with concentrations of 27%, 25% and 18% respectively 

whereas Aspergillius terreus was at the lowest level. A 

recent study with Al-Mayahi et al5 identified various genera 

of fungi from polluted date palm tissue culture such as 

Aspergillius niger, Chaetomium atrobrunneum, Penicillium 

sp. and Fusarium spp. 

 

Antifungal activity of Essential oils: The activity of the 

tested essential oils against the three fungus contamination 

is summarized in table 2. The inhibitory effects of plant 

essential oils were tested at different concentrations. 

Essential oils from thyme, spearmint and camphor plants 
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showed a high activity against Alternaria spp ,Fusarium spp 

and Aspergillus spp at the concentration 2ml/100ml and did 

not show any mycelial growth . 

 

The results of the other essential oils showed a minimum 

inhibitory concentration(MIC) at all tested concentration. 

The IMC value were lowest at colocynth and rocket. Our 

results agree with Azizi et al5 who verified that radial growth 

of P. italicum was totally inhibited by thyme (500 mg/L), 

Saturega hortensis and Thrachryspermum copticum (1000 

mg/L). Moreover, Abdolahi et al4 showed that the thyme 

essential oils had good antifungal activity against Botrytis 
cinerea and Mucor piriformis.  

 

According to Šegvić   et al35, the main components of 

essential thyme oil containing p-cymene (36.5%), thymol 

(33.0%) and 1,8-cineole (11.3%) and pure thymol were 

antifungal activity, Pure thymol displayed an inhibition 

roughly three times stronger than basic thyme oil. The results 

of Kuinke et al25, showed that the plants essential oils 

harbored the mycelial growth inhibiting fungal toxic theory, 

the toxic properties of the thymus linearis and mentha 
arvensis were found to be more effective, the extract of 

T.linearis and M.arvensis totally inhibited the mycelia 

growth of the fungus Glomerella cingulate.  

 

Study of Mahilrajan et al27 showed Camphor oil to be the 

most powerful essential oil on the A. niger, A. flavus and 
Peniillium spp an average growth inhibition of 100, 96.38 

and 84.99 % respectively.  

In vitro evaluation of essential oils: The results in table 3 

showed that the three plants essential oils caused 100% 

growth inhibition on all species of fungi at 2ml/100ml while 

control treatment recorded 10% of fungal contamination. 

Our research coincides with findings from Taghizadeh and 

Solgi39 who used thymol and carvacroal for disinfection of 

Cynodon dactylon. Deein et al13 examined effect of essential 

oils as disinfecting materials on sterilization of MS medium 

and growth of chrysantimum internodes. On the other hand, 

all these treatments significantly exceeded the control 

treatment in the percentage of browning coloration which  

were 100, 100 and  96.67%  respectively compared with 

control  which was 3.33%.  

 

The results (table 4, fig. 1) showed total inhibition of growth 

and development of plantlets in all plants essential oils 

treatments since the control reported a substantial superiority 

in the average number of shoots branches and shoots length 

were registered in all essential oils treatments. The 

interpretation of likelihood of this finding agrees with the 

explanation of many studies showing that the allochemicals 

are mostly plant secondary metabolites (PSM) of either 

acetate or shikimate metabolic pathways.  

 

Such chemicals usually involve long-chain fatty acids, 

phenolic compounds, alkaloids, hormones and coumarin 

derivatives, quinines, flavonoids, tannins, terpenes and 

water-soluble organic acids with a wide range of action.11

 

Table 1 

Frequency of fungi isolated from contamination samples of tissue culture medium 
 

Associated fungi % 

Alternaria sp Fusarium sp Aspergillus sp Penicillium sp 

45 32 17 6 

          

Table 2 

The effect of essential oils against the contamination fungal on PDA medium. 
 

Essential 

oils 

Conce. 

ml/100ml 

Percentage of inhibition Species Mean of 

Inhib. perc. Alternaria Aspergillus Fussarium 

 

Thymus 

1 

1.5 

2 

66.6 

77.7 

100 

66.6 

88.8 

100 

100 

100 

100 

77.7 

88.8 

100 

 

Spearmint 

1 

1.5 

2 

66.6 

77.7 

88.8 

100 

100 

100 

77.7 

88.8 

100 

81.9 

88.8 

96.2 

 

Colocynth 

 

1 

1.5 

2 

33.3 

55.5 

55.5 

22.2 

22.2 

33.3 

22.2 

33.3 

33.3 

25.9 

37 

40.7 

 

Rocket 

1 

1.5 

2 

33.3 

22.2 

22.2 

22.2 

11.1 

11.1 

11.1 

11.1 

11.1 

22.2 

14.8 

14.8 

 

Camphor 

1 

1.5 

2 

66.6 

88.8 

89 

66.6 

77.7 

88.8 

66.6 

77.7 

89 

66.6 

81.4 

88.9 
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These PSMs can be found or extracted from every part of the 

plant including roots, rhizomes, stems, leaves, flowers and 

seeds.10,41 Allelochemicals may interfere with various 

important processes such as plants growth, photosynthesis, 

respiration, water relations, ion uptake and growth, cell 

ultrastructure and oxidative stress.33,43  

 

 
Fig. 1: The effect of plants essential oils treatments on 

tissue culture plantlets. 
 

That can also be attributed to the presence of plant essential 

oils in chemical compounds. Thyme produces a lot of phenol 

compound and can make them more stressful. The products 

from this oxidation interrupt the function of the enzyme and 

cause tissue necrosis, loss of explant establishment in 

medium and eventually explant death.19  

 

Our results are in line with Karaca et al23 who found that 

highest doses (5-10%) of clove, mint and oregano oils 

inhibited completely fungal growth in wheat seeds, also 

inhibited seed germination. Other research by El-Bakry et 

al14 found that all essential oils tested had side effects on the 

germination and growth of wheat seedlings.  

 

Conclusion   
The results obtained from both experiments indicated that 

spearmint, thyme and camphor essential oils inhibited the 

mycelial growth and fungus contamination of tissue culture; 

also the inhibition of mycilial growth increased significantly 

with the increase of essential oils concentrations. While 

there is an important problem happening in tissue culture 
experiment at the latter stages of the experiment, all the 

plantlets which are treated with plants essential oils are 

wilting gradually and at the end leading to death.   

 

Table 3 
Effect of plant essential oils on percentage of contamination and brown coloration. 

 

        

 

Table 4 

Effect of plant essential oils treatments on shoots number and shoots length   in vitro culture technique. 
 

Treatments Shoots number Shoot length 

Spearmint oil 0.00 0.00 

Thyme oil 0.00 0.00 

Camphor oil 0.00 0.00 

Control(without oil) 5.67 3.57 

LSD 1.087 0.661 

References     
1. Abass M.H. Al-Abadi U.A.M. and Alkaby A.M.S., The 

efficiency of Henna leaves extracts and some fungicides to reduce 

the fungal contamination of date palm (Phoenix dactylifera L.) 

tissue culture, Iraqi Journal  Biotechnology, 6(2), 1-40 (2007) 
 

2. Abdelgaleil S.A.M., Chemical composition insecticidal and 

fungicidal activities of essential oils isolated from Mentha 

microphylla and Lantana camara growing in Egypt, Alexandria 

Science Exchange Journal, 27, 18-28 (2006) 
 

3. Abdel-Kader M.M., El-Mougy N.S. and Lashin S.M., Essential 

oils and Trichoderma harzianum as an integrated control measure 

against Faba bean root rot pathogens, Journal of Plant Protection 

Research, 51, 306-313 (2011)  

4. Abdolahi A., Hassani A., Ghuosta Y., Bernousi I. and 

Meshkatalsadat M.H., In vitro efficacy of four plant essential oils 

against Botrytis cinerea Pers. Fr. and Mucor piriformis A. Fischer, 

Journal of. Essential Oil Bear Plant, 13, 97-107 (2010) 

 

5. Al-Mayahi A.M. Ahmed A.N. and Al Khalifa A.A., Isolation 

and identification of associated fungi with the micropropagation of 

five different date palm cultivars and the effect of Benlate 

fungicides in their control, Basrah Journal of Date Palm Research, 

9(2), 79-97 (2010) 

 

6. Azizi M., Farzad S., Jafarpour B., Rastegar M.F. and 

Jahanbankhsh V., Inhibitory effect of some medicinal plants 

essential oils on post harvest fungal disease of citrus fruits, Acta 

Horticulturae, 768, 279-286 (2008) 

Treatments Contamination% Brow coloration% 

Spearmint oil 0.00 100 

Thyme oil 0.00 100 

Camphor oil 0.00 96.67 

Control (without oil) 10 3.33 

LSD 0.941 3.843 



Research Journal of Chemistry and Environment_______________________________________Vol. 25 (6) June (2021) 
Res. J. Chem. Environ. 

44 

7. Barnett H.L. and Hunter B.B., Illustrated genera of imperfect 

fungi, fourth edition, Burgess Publisher, 218 (1972) 

 

8.  Barrera-Necha L.L., Garduño-Pizaña C. and Garcīa-Bārrera 

L.J., In vitro antifungal activity of essential oils and their 

compounds on mycelial growth of Fusarium oxysporum f.sp. 

gladioli (Massey) Snyder and Hansen, Plant Pathology Journal, 8, 

17-21 (2009)     

 

9. Cassells A.C., Problems in tissue culture, culture contamination. 

In: Micropropagation-Technology and Application, Debergh P.C. 

and Zimmerman R.H., eds., Kluwer Academic Publishers, London 

31- 45 (1990) 

 

10. Chou C.H., Roles of Allelopathy in plant biodiversity and 

sustainable agriculture, Critical Reviews in Plant Sciences, 18, 

609-636 (1999)    

 

11. Chuang P.H., Lee C.W., Chou J.Y., Murugan M., Shieh B.J. 

and Chen H.M., Antifungal activity of crude extracts and essential 

oil of Moringa oleifera L am., Bioresource Technology, 98, 232-

236 (2007) 

 

12. Chung I.M., Ahn J.K. and Yun S.J., Identification of 

Allelopathic compounds from Rice (Oryza sativa L.) Straw and 

their biological activity, Canadian Journal of Plant Science, 81, 

815-819 (1997) 

 

13. Deein W., Thepsithar C. and Thongpukdee A., In vitro culture 

medium sterilization by chemicals and essential oils without 

autoclaving and growth of chrysanthemum nodes, World Academy 

Sciences of Engineering and Technology, 7, 1041-1044 (2013) 

 

14. El-Bakry A.M., Abdel-Aziz1 N.F., Smmour E.A. and 

Abdelgaleil S.A.M., Insecticidal activity of natural plant essential 

oils against some stored product insects and their side effects on 

wheat seed germination, Egyptian Journal of Biological Pest 

Control, 26(1), 83-88 (2016)   

 

15. Ellis M.B., Dematiaceous hyphomycetes, Common Wealth 

Mycological Institute, new, Surrey, England, 608 (1971) 

 

16. Fawzi E.M., Khalil A.A. and Afifi A.F., Antifungal effect of 

some plant extracts on Alternaria alternata and Fusarium 

oxysporum, African Journal of Biotechnology, 8(11), 2590–2597 

(2009) 

 

17. Gouran A., Mozafari A. and Ghaderi N., The effect of 

antimicrobial agents on the surface sterilized grape explants in in 

vitro culture Vitis vinifera L., 6th congress of the Agricultural 

Research findings, Kordestan University, Kordestan, Iran, 15-16 

May (2013). 

 

18.  Hameed M.A. and Abass M.H., Study of cytological changes 

associated with contaminated date palm Phoenix dactylifera L. 

tissue cultures with fungi, Basrah Journal of Date Palm Research, 

32, 1- 27 (2006) 

 

19.  Husain M.K., Anis M. and Shahzad A., In vitro propagation of 

Indian Kino (Pterocarpus marsupium Roxb.) using Thidiazuron, 

In Vitro Cellular and Developmental Biology, 43, 59-64 (2007) 
 

20. Iqbal M.C., Jayasnghe U.L.B., Herath H.M.T.B., Wijeseskar 

K.B. and Fujimoto, A fungistsis   chromene ageratum conyzoides, 

Phytoparasitica, 32(2), 119-126 (2004) 

21. Jagana D., Hegde Y.R. and Rajasekhar L., Bioefficacy of 

essential oils and plant oils for the management of banana 

anthracnose a major post-harvest disease, International Journal 

Current Microbiology and Applied Sciences, 7(4), 2359-2365 

(2018) 

 

22. Jalili-Marandi R., Hassani A., Ghosta Y., Abdollahi A., Pirzad 

A. and Sefidkon F., Thymus kotschyanus and Carum copticum 

essential oils as botanical preservatives for table grape, Journal of 

Medicinal Plants Research, 4(22), 2424- 2430 (2010) 

 

23. Karaca G., Bilginturan M. and Olgunsoy P., Effects of some 

plant essential oils against Fungi on Wheat seeds, Indian Journal 

of Pharmaceutical Education and Research, 51(3), 385-388 (2017) 

 

24. Katooli N., Maghsodlo R. and Razavi S.E., Evaluation of 

eucalyptus essential oil against some plant pathogenic fungi, 

Journal of Plant Breeding and Crop Science, 3, 41-43 (2011)   

 

25. Kuinkel S., Tiwari R.D. and Bhattarai S., Antifungal activity of 

essential oils against   Glomerella cingulate, European Journal of 

Pharmaceutical and Medical Research, 3(2), 233-237 (2016) 

 

26.   Leifert C. and Cassells A.C., Microbial hazards in plant tissue 

and cell cultures, In Vitro Cellular and Developmental Biology-

Plant, 37, 133-138 (2001)  

 

27. Mahilrajan S., Nandakumar J., Kailayalingam R., Manoharan 

N.A. and Sri Vijeindran S., Screening the antifungal activity of 

essential oils against decay fungi from palmyrah leaf handicrafts, 

Biological Research, 47, 35 (2014) 

 

28. Murashige T. and Skoog F., A revised medium for rapid growth 

and bioassays with tobacco tissue cultures, Physiology of Plant, 15, 

473-497 (1962)   

 

29. Naik P.S. and Karihaloo J.L., Micropropagation for production 

of quality potato seed in Asia-Pacific, Asia-Pacific Consortium on 

Agricultural Biotechnology, New Delhi, 47 (2007) 

 

30. Odutayo O.L., Amusa N.A., Okutade O.O. and Ogunsanwo 

Y.R., Sources of microbial contamination in tissue culture 

laboratories in southwestern Nigeria, African Journal of 

Agriculture Research, 2, 67-72 (2007)  

 

31. Pereira J.E.S., Mattos M.L.T. and Fortes G.R.D., Identification 

and antibiotic control of endophytic bacteria contaminants in 

micropropagated potato explants, Pesquisa Agropecuaria 

Brasileira, 38, 827-834 (2003)   

 

32. Reed B.M., Buckley P.M. and Dewilden T.N., Detection and 

eradication of endophytic bacteria from micropropagated mint 

plants, In Vitro Cellular and Developmental Biology-Plant, 3, 53-

57 (1995) 

 

33. Rizvi S.J.H. and Rizvi V., Allelopathy: Basic and applied 

aspects, Chapman and Hall, New York, 480 (1992)  

 

34.  Romanazzi G., Lichter A., Gabler F.M. and Smilanick J.L., 

Recent advances on the use of natural and safe alternatives to 

conventional methods to control postharvest gray mold of table 

grapes, Postharvest Biology and Technology, 63, 141–147 (2012) 
 

35. Šegvić K.M., Kosalec I., Mastelić J., Piecková E. and Pepeljnak 

S., Antifungal activity of thyme (Thymus vulgaris L.) essential oil 



Research Journal of Chemistry and Environment_______________________________________Vol. 25 (6) June (2021) 
Res. J. Chem. Environ. 

45 

and thymol against moulds from damp d wellings, Letters in 

Applied Microbiology, 44, 36-42 (2007) 

 

36. Sharaf-eldin M. and Weathers P.J., Movement and containment 

of microbial contamination in the nutrient mist bioreactor, In Vitro 

Cellular and Developmental Biology- Plant, 42, 553-557 (2006) 

 

37. Singh J. and Tripathi N.N., Inhibition of storage fungi of black 

gram (Vigna mungo) by some essential oils, Flavour Fragr 

Journal, 14, 1–4 (1999)  

 

38. Ahmed S.M. and Abdelgaleil S.A.M., In vitro inhibition of 

plant pathogenic fungi and control of gray mold and soft rot of 

strawberry by essential oils, Journal of Pest Control and 

Environmental Sciences, 16, 69-86 (2008) 

 

39. Taghizadeh M. and Solgi M., The Application of essential oils 

and silver nanoparticles for sterilization of Bermuda grass explants 

in in vitro culture, International Journal of Horticultural Science 

and Technology, 1(2), 131-140 (2014) 

40. Tanprasert P. and Reed B.M., Detection and identification of 

bacterial contaminants from strawberry runner explants, In Vitro 

Cellular and Developmental Biology- Plant, 33, 221-226 (1997) 

 

41. Whittaker R.H. and Feeny P.P., Allelochemics: Chemical 

interactions between species, Science, 171, 757-770 (1971)  

 

42. Wilson C.L., Solar J.M., El-Ghaouth A. and Wisniewski M.E., 

Rapid evaluation of plant extracts and essential oils for antifungal 

activity against Botrytis cinerea, Plant Disease, 81, 204-210 

(1997) 

 

43. Zhao-Hui L., Qiang W., Xiao R., Cun-De P. and De-An J., 

Physiological and biochemical mechanism of Allelopathy of 

secalonic acid on higher plants, Agronomy Journal, 93, 72-79 

(2001). 

 

(Received 28th April 2020, accepted 02nd July 2020)

 


