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Abstract 
The essential oil from roots of Ajuga parviflora Benth growing in the Himalayan region of Jammu and Kashmir was 

extracted and checked for their antifungal activity against the fungi Bipolaris maydis, Rhizoctinasolani, Alternaria alternata and 
Fusarium oxysporum. To check the antimicrobial activities, disc diffusion method was used. The oil from the aerial parts of Ajuga 
parviflora has shown moderate antifungal activity with 100% mycelia growth inhibition against A. alternata at concentration of 
2400µg/ml and Bipolaris maydis and R. solani at concentration of 2800µg/ml. However, F. oxysporum was found less susceptible for 
this oil. The IC50 showed a range from 873.4µg/ml to 1502.3µg/ml as compared with standard fungicides with IC50 values ranging 
from 37.8µg/ml to 88.6µg/ml.  

 
Keywords: Ajuga Parviflora, Anti-Fungal Activity, Essential Oil, Strain. 
 
Introduction 

The valley Jammu and Kashmir are regarded as hub for the medicinal plants. The people there were using these medicinal 
plants for their cure and preventing various diseases since ancient times. There are about total of 937 plant species belonging to 129 
families have been reported from Jammu and Kashmir having traditional medicinal uses [1]. The genus Ajuga belonging to family 
Lamiaceae represented by 236 genera and up to 7200 species native to Europe, Asia. Ajuga parviflora Benth. is a perennial 
herbaceous plant also called as bugleweed. Traditionally the plants have been used in fever, toothache, dysentery, diuretic, anti-
inflammatory and antimicrobial agents. Ajuga plant contains neo-cledrane-diterpenes, flavonoids, triterpenes, sterols and essential oils 
which possess medicinal properties [2]. The aerial parts of Ajuga bracteosa had characterized by chemical compounds such as 
hexacosanol, β-sitosterol, tetracosanic acid and β-sitosterol-β-D-glucoside [3]. The essential oil of Ajuga chamaepitys (L.) is rich in 
monoterpenes and sesquiterpenes predominantly α-pinene (16.1%), ρ-pinene (34.3%) and germacrene-D (5.6%) was the major 
components [4]. The G C and GC-MS analysis of essential oil from aerial parts of Ajuga comataStapf. were identified as 
caryophyllene (30.9%), caryophyllene oxide (24.9%), (E)-β-farnesene (12.6%), eudesmol (3.2%), cadinene (3.1%) and germacrene D 
was reported for the first time [5]. Volatile constituents was isolated from hydro distillation method and was analyzed by GC and GC-
MS namely, β-caryophyllene (22.4%), γ-muurolene (12.7%), γ-terpinene (6.3%), α-humulene (5.8%), α-amorphene (3.8%) and β-
selinen (2.5%) were found to be major constituents [6]. The essential oil isolated from the Ajuga austro-iranicaRech.f. were contained 
pinene (30.5%), trans-verbenol (7.0%), caryophyllene oxide (6.8%), myrtenol (6.3%), 1-octen-3-ol, (6.2%) and β-pinene [7]. The 
methanolic extract of Ajuga parviflora contained alkaloids namely, integerrimine, senecionine, 3β,17β,20-trihydroxy-1-oxo-
(20R,22R)-witha-5,14,24-trienolide and 28-hydroxy-14,20-epoxy-1-oxo-(22R)-witha-2,5,24-trienolide possessed antifungal activities 
[8]. The essential oil extracted from the aerial parts of Ajuga chamaecistusGing. Spp. chamaecistus was analyzed which contain β-
pinene (15.0%) and linalool (14.5%) as the major constituents [9]. Methanol, butanol, chloroform and water extracts of Ajuga 
turkestanicaRgl. Brig contained phytoecdysteroids and iridoids. The IC50 values for antioxidant activity of water and butanol was 
7.24±0.82 and 14.57±1.64 µg/ml. The chloroform extract has antimicrobial activities against Staphylococcus aureus and 
Streptococcus pyogenes. Further investigation of methanol and chloroform contained volatile components viz. Pregna-4,9(11)-dien-
20-ol-3-on-19-oic acid lactone (19.58%), 20-methyl-pregna-5,17-dien-3β-ol (12.93%), 3,7-dioxocholan-24-oic acid (10.53%) and 
betulin (10.18%) were detected for the first time [10]. Phytochemical investigation of Ajuga forrestii Diels involves neo-clerodane 
diterpenes, phytoecdysteroids and stigmastane sterol and iridoid glycosides [11]. Column Chromatography, NMR spectroscopy and 
Mass Spectroscopy led to isolation and identification of five compounds viz. verbascoside, echinacoside, ajugoside, harpagide and 8-
O-acetylharpagide from Ajuga tenorei C. Presl. known to exert peculiar pharmacological activities [12]. Ethanolic extracts of Ajuga 
genevensis was rich in caffeic, p-coumaric and ferulic acids, luteolin, quercitinhyperoside and apigenin were identified by LC/MS 
analysis. Further, this extract was evaluated to show better results against antimicrobial and antioxidant effects [13]. The diterpenoids 
isolated from Ajuga ciliata Bunge were elucidated as 12(S)-1β,6α,19-triacetoxy-18-chloro-4α,12-dihydroxy-neo-clerod-13-en-15,16-
olide and 12(S)-6α18,19-triacetoxy-4α,12-dihydroxy-1b-trigloyloxy-neo-clerod-13-en-15,16-enolide and evaluated for 
neuroprotactive effect against MPP(+)-induced neuronal cell death in dopaminergic neuroblastoma SH—SY5Y cells possessed 
moderate neuroprotective effects [14]. Our present study reveals to check their biological properties of bioactive compounds. 
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Material and Methods 
Plant Material 

The fresh plant material was collected from tarai altitudes of Jodhpur (Doda), Jammu and Kashmir (India) at an elevated 
altitude of 1500m in month of August 2016 when plant in good blooming stage. The aerial parts were washed with cold water and 
their dead skin, dried leaves were skimmed off which were used for the extraction of oil. The preliminary plant identification was 
done by Prof. P. C. Pandey, Department of Botany, Kumaun University, Nainital-263002. The plant was further confirmed by 
Botanical Survey of India, Dehradun, Voucher specimen Ajuga parviflora Benth. Acc. No. 118084 where herbarium of plant 
specimens has been deposited of dried specimens.  

 
Isolation of essential oil 

The essential oil was obtained by steam distillation of fresh plant material (8 kg roots) using copper still fitted with spiral 
glass condenser. The distillate was saturated with NaCl and extracted with hexane. The hexane extract is dried with sodium sulphate 
(Na2SO4) and the solvent removed with Rotovap at moderate pressure and 380C temperature and stored at 40C for further analysis. All 
chemical and reagents of analytical grade and were obtained from Merk, Mumbai, India. 
 
Plant pathogenic fungi and their culture 

The foliage born fungi were obtained Division of Plant of Pathology, FOA- Chatha, Sher-e-Kashmir University of 
Agricultural Sciences & Technology, Jammu (SKUAST-J). The pure culture of both fungal and bacterial species was maintained in 
Potato Dextrose Agar (PDA) and stored below 40C. The pathogenic fungi namely Bipolaris maydis, Rhizoctinasolani, Alternaria 
alternata and Fusarium oxysporum were cultured on Potato dextrose agar medium in sterilized Petri dishes. Poisoned food technique 
[15], using PDA as medium, was used to check the antifungal activity of the oil against test fungi. The different concentrations of the 
essential oil were prepared by dissolving the appropriate amount of the oil in 10% DMSO and distilled water and then added into 20ml 
PDA to obtain desired concentration. Mycelia plugs (2mm in diameter) from the edges of each culture were placed in the centre of 
each PDA plate (80mm). The control sets were prepared using equal amounts of 10% DMSO only and no oil. The prepared plates 
were inoculated aseptically with assay discs of the test fungus and were incubated at 25±20C for 3-8 days until the growth in the 
control the periphery of each plate. Growth inhibition of each fungal strain was calculated as the percentage inhibition of radial growth 
relative to control, using formula 

 
% mycelia inhibition =  × 100 

 
where C- is the radial growth in control plate and T- is the radial growth in the test plate. The plates were used in triplicate for 

each treatment [16]. IC50 (concentration that produces a 50% inhibitory effect) values were graphically obtained from the dose 
response curves based on measurements at six different concentrations. 

 
Preparation of pure cultures and spore suspension of plant pathogenic fungi 

The foliage born and soil born fungi (table 2) were obtained from obtained Division of Plant of Pathology, FOA- Chatha, 
Sher-e-Kashmir University of Agricultural Sciences & Technology, Jammu (SKUAST-J), India. The pure culture of these pathogenic 
fungal species was maintained on PDA and stored at temperature below 40C for further activity. The 7 days old cultures of respective 
pathogens were used for harvesting spores in 10ml autoclaved distilled water using an inoculation loop. To obtain homogenous spore 
suspension, the suspension was centrifuged (Megafuge 1.0, HeracusSepatech, Germany) at 1800rpm for 5 minutes. This suspension 
was serially diluted up to 10-2 dilution to obtain countable spores (about 250-500 spores) on center large square of hemocytometer (B. 
S 748, I. S 10269, Rohem, India). The spore of each fungus was counted with hemocytometer and concentration (spores/ml) (table 1) 
in each plate was calculated using formula 

 
spores mL-1 = n × 25 × 104 
Where n is the average no. of spores in Medium Square (0.04 mm2) of centered big square. 

 
Determination of minimum inhibitory concentration (MIC) 

The MIC of oil was determined by agar diffusion method [17].The oil was dissolved on 10%DMSO. A 10µl of spore 
suspension of each fungal strain was inoculated in a test tube in PDB medium and inoculated for 3-8 days. The control tubes 
containing PDB medium were inoculated only with fungal suspension. The MIC is the minimum concentration of oil in µg/ml where 
no visible growth is observed. 
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Spore germination assay 
Spore germination assay [18] for A. tenuis, C. graminicola and F. oxysporumf.sp. ciceris spores with some modifications was 

done at different concentrations of oil. Aliquots of 30µl of essential oil solutions at different concentration (250-2000 µlmL-1) were 
mixed with 30µl 5% dextrose solution and 40µl of the spore suspension (approx 106 spores mL-1) in cavity slide which were incubated 
in a moist chamber at 25±20C for 24 hours. Each slide was then fixed in Lactophenol-cotton blue and observed under microscope for 
spore germination. The spores that produced germ tubes were enumerated and percentage of spore germination was calculated in 
comparison with control assay. Each assay was performed in triplicate and the results were obtained as average of the three results. 
The control having only 10% DMSO was tested separately for spore germination of different fungi. The percent spore germination 
was calculated by using formula 

 
% spore germination =  × 100 

 
where Ng is the number of spores germinated and Nt is the total number of spores examined. 

 
Statistical Analysis 

For all the tests, the mean values and standard deviations were calculated and data was analyzed using SPSS 16.0 statistical 
software. The one-way analysis of variance (ANOVA) was applied for calculating the results. The means was compared by Duncan 
tests at level of significance of P ≤ 0.05. 
 
Results and Discussion 
In-vitro antifungal and spore germination assay 

The essential oil obtained from hydro-distillation method of fresh plant and four extractioon cycles using hexane. After an 
incubation period of four days for Rhizoctonia solani and Bipolaris maydis and eight days for Alternaria alternata and Fusarium 
oxysporum at 25±2º (Table 1). The oil inhibits the growth of mycelia strains in a dose dependent manner. The essential oil shows 
varied effect at different concentrations. The oil was found to be effective for all the pathogenic test fungi. The inhibitory effect of oil 
varies from 07.00% at concentration of 100µg/mL to 100.00% at concentration of 1200µg/mL. The oil of A. parviflora completely 
inhibits the mycelia growth of A. alternata at 1200µg/mL, B. maydis and R. solani at 2400µg/mL whereas for F. oxysporum is to be at 
2800µg/mL (Table 2 fig. 1). The IC50 and MIC values of the oil from A. parviflora in comparison to fungicide (positive control) 
showed a marked effect (table 3).The percentage spore germination inhibition ranges from 32.68% to 100% for the test pathogens 
(table 4, Fig. 2). The spore germination was completely inhibited for A. alternata and B. maydis at a concentration of 1200µgmL-1 
respectively and F. oxysporum spores were found less susceptible to the oil of A. parviflora at the test range concentration. The IC50 
and MIC values for the spore germination of these pathogenic fungi were found 288.2µgmL-1, 215.7µgmL-1 and 302.5µgmL-1 
respectively The IC50 and MIC values of the leaf oil from A. parviflora in comparison to fungicide (standard) showed a moderate 
effect (table 5, Fig. 3) except for R. solani for which it showed a less potent effect.  
 

Table 1: Pathogenic fungi used for antifungal activity 
S.NO. Pathogenic fungi Host Plant Spores/ml 
1 Bipolaris maydis Maize 3.6×106 
2 Rhizoctinasolani Rice NA 
3 Alternaria alternata Wheat 4.3 ×106 
4 Fusarium oxysporum Chick pea 4.8×106 
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Figure 1: Effect of essential oil on mycelia growth of test fungi at different concentrations. (B. m. = Bipolaris maydis, R. s. = 
Rhizoctonia solani, A. a. = Alternaria alternata and F. o. = Fusarium oxysporum. 
 

Table 2: % myceliagrowth inhibitiona by essential oil from leaves of Ajuga parviflora 
Pathogenic 
fungi 

100µg/mL 300µg/mL 600µg/mL 1200µg/mL 2400µg/mL 2800µg/mL 

Bipolarismyadis 07.00±0.10 20.71±0.02 42.10±0.50 85.80±0.70 100.00±0.10 100.00±0.00 
Rhizoctonia 
solani 

10.35±0.02 
 

28.65±0.01 56.34±0.20 87.79±0.10 100.01±0.09 100.00±0.00 

Alternaria 
alternata 

17.21±0.30 32.36±0.08 65.06±0.05 100.67±0.90 100.00±0.00 100.00±0.00 

Fusarium 
oxysporum 

13.34±0.60 27.061±0.05 44.21±0.10 60.02±0.06 78.22±0.90 100.65±0.00 

avalues with in column are given as mean S. D. of three experiments. 
 
 

 
 
Figure 2: Effect of essential oil on spore germination of test fungi at different concentrations. (B. m. = Bipolaris maydis, A. a. = 
Alternaria alternata and F. o. = Fusarium oxysporum. 
 

Table 3: IC50 and MIC values of essential oil and fungicides (positive control) against test pathogens. 
Pathogenic 
fungi 

Essential oil Fungicide (positive control) 
Amphotericin Clotrimazole 

IC50
a MICb IC50

a MICb IC50
a MICb 

 
Bipolarismyadis 741.2 2400 NA 600 NA 1200 
Rhizoctonia 
solani 

857.3 2400 37.8 NA 42.2 NA 
 

Alternaria 
alternate 

354.1 1200 NA NA 88.6 1200 
 

Fusarium 
oxysporum 

1178.4 2800 65.3 600 NA 600 
 

NA= not appeared 
aConcentration that produces 50%inhibitory effect on mycelia growth. 
bMinimum inhibitory concentration (g/ml). 
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Figure 3: Representation of IC50 and MIC of test fungi at different concentrations. 
 (B. m. = Bipolaris maydis, R. s. = Rhizoctonia solani, A. a. = Alternaria alternata and F. o. = Fusarium oxysporum.) 
 

Table 4: The effect of different concentration of essential oil from A. parviflora on spore germination inhibition (%) 
 

Pathogenic Fungi     100µgmL-1  300µgmL-1 600µgmL-1 1200µgmL-1
 

A. alternata      37.65±0.02   68.43±0.01         88.45±0.24 100.00±0.00 
B. myadis                  45.21±0.10  81.63±0.03  100.00±0.00 100.00±0.00 
F. oxysporum            32.68±0.01  58.14±0.16  79.45±0.23 91.65±0.01 
R. solani                     NA                           NA                     NANA 
NA = Not appeared 

Values within columns are given as mean ± S.D of three experiments. 
 

Table 5: IC50 and MIC values of essential oil and fungicides (positive control) against spore germination of test pathogens 
 

Pathogenic Fungi           Essential Oil                              Fungicide (positive control) 
 Amphotericin            Clotrimazole 
                                      IC50

a  MICb      IC50
a             MICbIC50

a MICb
 

A. alternata          288.2    120054.3 750     NA NA 
B. maydis          215.7  600      NA          400     43.2            500 
F. oxysporum          302.5      NA      39.6          NA     41.5            NA 
NA = Not appeared 

aConcentration (µg/ml) that produces a 50% inhibitory effect on spore germination. 
bMinimum inhibitory concentration (µg/ml). 

 
Conclusions  

From the above study it is concluded that pathogenic fungi which acts as serious pathogens of food crops and vegetables can 
be controlled by applying synthetic fungicides to them, but these fungicides cause serious health hazards to human beings and also 
cause environmental pollution. The essential oil from the leaves of A. parviflora has been responsible for its antifungal activity. 
However, the synergic effect is found to be responsible for its bioactivity. As a result of its antifungal activity, it can be used as bio-
fungicides which is safer and eco-friendlier as compared with synthetic chemical fungicides. 

 
Acknowledgements 

We are highly thankful to Prof. P. C. Pandey, Kumaun University, Nainital and Kumar Ambrish, Botanical Survey of India, 
Dehradun, India for plant identification. We are also thankful to Prof. A. B.     Milkani, HOD Chemistry and Prof. S. P. S. Mehta, D. 
S. B. Campus, KU, Nainital and Dean Science, Sher-e-Kashmir University of Agricultural Sciences and Technology, Jammu (J&K) 
for providing laboratory facility for smooth conduct of this research study. 

 
 
 
 



 

 

 
 

 

ISSN:2277-7881; IMPACT FACTOR :6.514(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:3(4), March:2021 

Online Copy Available: www.ijmer.in 

 

 
119 

 

References 
1. Gairola S, Sharma J, Bedi YS. 2014. A cross-cultural analysis of Jammu, Kashmir and Ladakh (India) medicinal plants use. 

Journal of Ethan pharmacology. 155(2):925-986. 
2. Israili Z, Badia L. 2009. Ethanopharmacology of the plants of genus Ajuga. Pakistan Journal of pharmaceutical sciences. 

22(4):425-462. 
3. Bhakuni RS, Shukla YN, Thakur RS. 1987. Chemical Constituents of Ajuga bracteosa. Indian Journal of Pharmaceutical 

Sciences. 49(6):225-226. 
4. Azizan J, Fallah-Bagher-Shaidaei H, Kefayati H. 2002. Chemical Constituents of Ajuga chamaepitys growing in Iran. Journal of 

Essential oil Research. 14(5):344-345. 
5. Karami A. 2016. Essential oil Composition of Ajuga comataStapf. From Southern Zagros, Iran. Natural Product Research. 

31(3):359-361. 
6. Singh P, Prakesh O, Pant AK. 2015. Essential oil Composition of Ajuga parviflora Benth. Growing in Western Himalayan Region 

of Uttarakhand. Journal of essential oil-bearing plants. 18(3):697-701. 
7. Javidnia K, Miri R, Soltani M, Khosravi AR. 2010. Chemical Constituents of Essential oil of Ajuga ausrto-iranicaRech.f. 

(Lamiaceae) from Iran. Journal of Essential oil Research. 22(5):392-394. 
8. Nawaz HR, Malik A, Khan PM, Riaz M. 2000. Chemical Constituents of Ajuga parviflora. Verlag der Zeitschrift fur 

Naturforschung Tubingen. 55b:100-103. 
9. Mazloomifar A, Ssber-Tehrani M, Rustaiyan A, Masoudi S. 2003. Chemical Composition of the oil of Ajuga chamaecistus spp. 

chamaecistus from Iran. Journal of Essential oil Research. 15(1):17-18. 
10. Mamadalieva NZ, El-Readi MZ, Ovidi E, Wink M. 2013.Anti-proliferative, antimicrobial and antioxidant activities of the 

chemical constituents of Ajuga turkestania. Phytopharmacology. 4(1):1-18. 
11. Chen T, Diao QY, Yu HZ, Ruan J. 2017. Phytochemical, Cytotoxic and Chemotaxonomic study on Ajuga forrestii Diels 

(Labiatae). Natural Product Research. 31(8):1-5. 
12. Frezza C, Venditti A, Cecco MD, Bianco A. 2016. Iridoids and phenylethanoid glycosides from aerial parts of Ajuga tenorei, An 

Endemic Italian species. Natural Product Research. 31(2):1-6. 
13. Toiu A, Vlase L, Arsene AL, Oniga I. 2016. LC/UV/MS profile of polyphenols, antioxidant and antimicrobial effects of Ajuga 

genevensis L. extracts. 64(1):5357.  
14. Guo P, Li Y, Xu J, Jin DQ, Gao J, Huo W, Zhang T. 2011. Neo-clerodane diterpenes from Ajuga ciliata Bunge and their 

neuroprotective activities. Fitoterapia. 82(7):1123-1127.  
15. Groover RK, Moore JD. 1962. Taxicometric studies of fungicides against brown rot organism rot organisms Sclerotinia fructicola 

and S. laxa, Phytopathology. 52:876-880. 
16. Feng W, Zheng X. 2007. Essential oil to control Alternaria alternata in-vivo and in-vitro, Food Control, 18:1126-1130. 
17. Srivastava S, Singh RP. 2001. Antifungal activity of essential oil of Murrayakoenigii (L) Spreng. Indian Perfumer. 45:49-51. 
18. Singh J, Tripathi NN. 1999. Inhibition of storage fungi of black gram (Vigna mungo L) by some essential oils. Flavour Frag 

Journal. 14:42-44. 
 
 



Filename: 22 
Directory: C:\Users\DELL\Documents 
Template: C:\Users\DELL\AppData\Roaming\Microsoft\Templates\Normal.dotm 
Title:  
Subject:  
Author: Windows User 
Keywords:  
Comments:  
Creation Date: 12/21/2020 11:11:00 AM 
Change Number: 18 
Last Saved On: 3/22/2021 1:13:00 PM 
Last Saved By: Murali Korada 
Total Editing Time: 88 Minutes 
Last Printed On: 4/8/2021 7:21:00 PM 
As of Last Complete Printing 
 Number of Pages: 6 
 Number of Words: 3,028 (approx.) 
 Number of Characters: 17,260 (approx.) 

 


