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ABSTRACT 

Fungicidal activity of 10 ethnobotanically known Kumaun Himalayan gymnospermous plants namely 

Araucaria cunninghamii, Biota orientalis, Cedrus deodara, Cephalotaxus griffithi, Cryptomeria japonica 

Cupressus torulosa, Ginkgo biloba, Juniperus communis, Picea smithiana and Pinus wallichiana were tested 

against six plant disease causing fungal pathogens by agar well-diffusion method. Forty extracts of these 

gymnospermic leaves in different organic solvents (methanol, ethanol, chloroform and hexane) were studied by 

performing the 160 sets of experiments. The MIC values of each extract (where % inhibition ≥ 40%) were also 

determined. All the plant extracts exhibited strong antifungal activity. Results indicated that all leaves extracts 

of C. griffithi and G. biloba were found most effective among the tested plants extracts. Hexane extract of C. 

griffithi was showed highest inhibitory activity against C. falcatum (72%; MIC, 7.81µg/ml) and T. indica 

(70%; MIC, 15.62µg/ml). On the other hand, ethanol extract of G. biloba also showed remarkable activity 

against P. oryzae (66% with MIC, 7.81g/ml). While P. wallichiana leave extracts were found less active 

among the studied plants against all the tested fungal strains. The chloroform extracts were found the most 

effective against all the tested fungi (10% to 60%), followed by ethanol extract (30-50%), methanol extract 

(20-40%), while in hexane extracts ranged 10-30% only. The extracts of C. griffithi exhibited superior Relative 

Antifungal Activity (RAA, 20%), followed by G. biloba and A. cunninghamii (RAA, 19 and 12%, 

respectively). All data were also analyzed for determination of total activity of plant for each studied species of 

gymnosperm. C. griffithi had maximum activity i.e. 71 % followed by G. biloba (54%) and A. cunninghamii 

(33%). C. torulosa showed the least total activity and RAA i.e. 8% and 3%, respectively. All the plant species 

assayed possess definite antifungal properties and suggested for phytochemical analysis to identify the active 

principles responsible for their antifungal activity. 

Keywords: Antifungal activity, Gymnosperms, Plant extracts, MIC, RAA. 

 
INTRODUCTION 

Plants extracts and their various other forms, are being used for centuries in different traditional systems 

of medicine for the treatment of human ailments [1]. Their use against plant pathogens, though a 

relatively recent practice has gained momentum due to the well-known problem associated with the use 

of synthetic pesticides. The use of synthetic chemicals as antimicrobial for the management of plant 

diseases has undoubtly increased crop protection but with considerable deterioration of environmental 

quality and human health [2]. A large number of plants have been reported to possess fungi toxic 

properties against plant pathogens which could be exploited commercially with practically no residual or 

toxic effect on ecosystem [3]. The effective plant constituents can combat human and plant pathogenic 

bacteria, fungi and viruses without toxic side effects and environmental hazards. This is the reason that’s 

why search for plant products having antimicrobial properties is being intensified in recent years. Plants 

have supplied over 25% of prescription drugs used in human medicine and such pharmacologically 

active plants have also provided leads to natural pesticides [4]. Today, several fungi that colonize crop 

plants may often severally affect human health by production of mycotoxins, e.g., the trichothecenes 

from Fusarium on wheat. Mycotoxins constitute an additional reason why fungal control on crop plants 

is mandatory [5]. 

Pathogenic fungi are the main infectious agents in plants, causing alterations during developmental 

stages including post-harvest. In fruit and vegetables, there is a wide variety of fungal genera causing 

quality problems related to aspect, nutritional value, organoleptic characteristics, and limited shelf life [6]. 

In addition, in some cases fungi are indirectly responsible for allergic or toxic disorders among 

consumers because of the production of mycotoxins or allergens. Generally, phytopathogenic fungi are 

controlled by synthetic fungicides; however, the use of these is increasingly restricted due to the harmful 



The Journal of Phytopharmacology 

 

 

231 

effects of pesticides on human health and the environment [7]. The 

increasing demand of production and regulations on the use of 

agrochemicals and the emergence of pathogens resistant to the 

products employed, justifies the search for novel active molecules and 

new control strategies. It is imperative to develop antifungal strategies 

based on new classes of molecules, which act through new sites 

and/or mechanisms [8-10]. The discovery of new antifungal agents 

remains an important challenge for the scientific community and 

traditional medicinal plants may furnish promising material for the 

development of antifungal drugs [11, 12].  

The utilization of plant extracts which are natural sources of 

antimicrobial substances, regarded as safe and degraded by natural 

soil microbes; they do not pose any health residual or environmental 

problems at any concentration which they are used [13, 14]. In 

agriculture, the crop loss due to plant pathogens has become major 

concern. Increased usage of different chemicals based products to 

control these pathogens has resulted in problems like residual effect of 

chemicals in agri-based products, increased resistance for chemicals 

in target pathogens and environmental pollution. India has about 

45,000 plant species and among them, several thousands have been 

claimed to possess medicinal properties against human diseases [15]. 

Crude extracts of some well-known medicinal plants are used to 

control some of the plants pathogens [16]. The activity of plant extracts 

on bacteria and fungi has been studied by a very large number of 

researchers in different parts of the world [17, 18] but antifungal therapy 

is playing a greater role in health care and the screening of traditional 

plants in search of novel antifungal is now more frequently performed 
[19]. Further work is required to isolate the bioactive constituents and 

test the antifungal properties of these compounds, this may help to 

find the compound(s) responsible for antifungal activity. 

In folk medicines some gymnospermic plants are being used as an 

antimalarial, antirheumatic, abortifacient and antibronchitis [20-22] as 

well as antiasthmatic [23]. Erdemoglu and Sener suggested that 

gymnosperms possess various biological activities such as 

antimicrobial, anti-inflammatory, anticancer and antioxidant [24]. 

Undoubtedly, gymnosperms are the reservoir of chemotherapeutants 

providing an unlimited source of new medicinal compounds [25, 26]. 

They are used traditionally throughout the world to treat many 

ailments [27, 28]. The recent finding reported that gymnospermous 

plants contain various secondary metabolites such as tannins, 

terpenoids, flavonoids, alkaloids, glycosides, ligans, phenol, steroid 

and sugar derivatives [28, 29]. These phytochemicals have antifungal 

properties and they serve as defence agent against plant pathogenic 

microorganisms [30, 31]. Himalaya’s extraordinarily rich flora and its 

information on medicinal plants are well documented. In the present 

study the potential of Himalayan medicinal plants as a resource for 

new biofungicides is being investigated. A detail comparative 

evaluation of 10 Kumaun Himalayan gymnosperms for their 

antifungal potential against six plant pathogenic fungi is made. 

MATERIALS AND METHODS  

Collection of Plant Materials 

The fresh and healthy leaves of selected plants were collected between 

March and June from various areas of Nainital district, Kumaun 

Himalaya, India. Plant parts were collected on the basis of their 

ethnobotanical survey. The plant specimens were identified in the 

Botany Department, D.S.B. Campus, Kumaun University, Nainital. 

Voucher specimens were deposited in the herbarium of the 

department, for further reference. Each specimen/plant material was 

labelled, numbered, a noted with the date of collection, locality, and 

their medicinal uses were recorded. 

Plant extraction 

Leaves of the identified plants were thoroughly washed with distilled 

water and dried at the room temperature (20±2°C). The dried material 

was powdered in an electric grinder. To prepare stock solution 50g of 

this powder was placed in a 500 ml conical flask mixed with 200ml of 

solvents (w/v, 50g/200ml). The mouth of flasks are tightly plugged 

with non-absorbent cotton and tightly wrapped with aluminium foil to 

prevent evaporation. Solvents used for extraction were methanol, 

ethanol, chloroform, hexane and distilled water. All mixtures were 

shaken on a rotary incubator shaker at 190-220 rpm for 48 h at 37° C. 

The mixtures were filtered through Whatman filter paper no.1 and the 

filtrate collected separately in a clean beaker. The extracts were 

evaporated, using steam bath to dryness at 40° C. The dry extracts 

were weighed and kept in sterile sample bottles and stored in the 

refrigerator at 4° C for further use. 

Microorganisms used  

Six fungal strains (Alternaria alternata, Colletotrichum falcatum, 

Fusarium oxysporum, Pyricularia oryzae, Sclerotinia rolfsii and 

Tillatia indica) were obtained from Plant Pathology Department, 

Pantnagar University, Pantnagar, which were previously isolated from 

diseased plant materials. The fungal cultures were prepared in potato 

dextrose agar (PDA) (Hi Media Laboratories Ltd., Bombay) plates 

and incubated at 25oC for 48-72 h. After incubation, the culture tubes 

were stored at 4oC for further experiment.  

Antifungal Screening  

The antifungal activity of different extracts was tested against seven 

fungal strains employing the ‘Agar well’ technique of Grover and 

Moore [32]. Potato Dextrose Agar (Hi Media, 39 gm of medium 

dissolved in 1000 ml of distilled water) was used. The medium was 

autoclaved at 120° C for 30 minutes. 20ml of PDA media was poured 

into the 90mm petri plates. After solidification of agar plates, the 

appropriate well was made on agar plate by using cork borer of size 

7.0mm and 200 μl of the extract was added into each well. Mycelial 

disks (7mm diam.) of actively growing colonies of tested fungal 

strains were cut from the periphery of the culture plates and 

aseptically placed 2.5 cm apart from the wells in the assay plates 

(90mm diam.). A standard antibiotic clotrimazole was used as positive 

control in the experiment. The tests were performed in triplicates and 

these plates were incubated at 25 ± 2°C for 4 to 5 days. 

Minimum Inhibitory Concentration (MIC) evaluation: 

The MIC was evaluated on plant extracts that showed 40% inhibition 

at 1,000 g/ml. This test was performed at seven concentration of 

extract (500, 250, 125, 62.5, 31.25, 15.62 and 7.81 g/ml) employing 

the same ‘agar well’ technique. 

Observation and Reading of Antifungal Activity:   

The antifungal activity of the plant extracts was analyzed by 

measuring the radial growth of the test fungi after 4-5 days of 

incubation in 2 directions: R1 (radius in opposite direction of well) 
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and R2 (radius in direction of the well filled with plant extract). 

Percent inhibition of radial growth was calculated as suggested by Sati 

and Joshi [33] and expressed as mean value with standard error of 

means (SEM). 

R1 - R2 

Percent Inhibition = --------------- ×100 

R1 

Statistical Analysis 

Each plant extract was tested in three replicates and all the data were 

recorded separately for each plant extract and microbes. Altogether 

240 sets of experiments were conducted for all plant extracts (10 

plants species extracts in 4 solvents tested against 6 fungi). These 

results were statistically analyzed for Standard Error of Mean (SEM) 

and determination of Total Activity of plant and Relative Antifungal 

Activity (RAA) by using following formula: 

Activity observed (AO) 

Total percent activity of plant = ---------------------------------- × 100 

Activity tested (AT) 

 

Total activity of plant 

Relative antifungal activity (RAA) =-------------------------------- × 100 

Total AFVI 

The experimental results pertaining to the antifungal activity were 

expressed as the mean ± standard error of the mean (SEM). On the 

basis of percent inhibition antifungal activity of selected plants 

extracts (methanol, ethanol, chloroform and hexane extract) against 

six tested fungi four Hierarchical Clusters are developed by using 

SPSS software (version 16 for window) to find out the closeness 

between plants extracts activity. 

RESULTS 

The results of present investigation revealed that the leaves extracts of 

all studied plant species possess antifungal activity against all tested 

plant pathogenic fungal strains (Table 1). The leaves extracts of C. 

griffithi were found most effective among the tested plants extracts. 

The highest relative antifungal activity was found for C. griffithi 

(RAA, 25%). Hexane extract of C. griffithi showed highest inhibitory 

activity against C. falcatum (72% with MIC, 7.81µg/ml) and T. indica 

(70% with MIC, 15.62) followed by chloroform extract against T. 

indica (67%), ethanol extract against C. falcatum (64%) and P. oryzae 

and T. indica 62% each. While methanol extract of C. griffithi showed 

its highest activity against S. rolfsii (66%), followed by C. falcatum 

(65%), for A. alternata and P. oryzae the extract showed percent 

inhibition 64% each. It is interesting to note that almost all the extract 

showed their higher activity against the fungal pathogens in 

comparison to the standard synthetic antifungal agent clotrimazole, 

used as positive control (Table 1). The second highest fungitoxic 

activity was found for G. biloba (RAA, 21%). Different extracts of G. 

biloba also showed remarkable antifungal activity against tested 

pathogenic fungi at 1000 µg/ml. As evident from table 1 that all the 

extracts of G. biloba leaves showed a very significant activity against 

the pathogen used except F. oxysporum (Fig 1). Methanol extract of 

G. biloba showed highest activity compare to other extracts of G. 

biloba. Table 1 indicates that, this extract showed highest activity 

against P. oryzae having percent inhibition, 67 % followed by A. 

alternata showing percent inhibition 63%, T. indica (57 %), C. 

falcatum (56 %). However a moderate activity was observed against 

S. rolfsii (49 %). Ethanol extract of G. biloba also showed significant 

fungitoxic activity. Its highest activity was found against P. oryzae 

(66 %) followed by C. falcatum (65 %), A. alternata (60 %) and T. 

indica (55 %). 

Relying upon table 1, S. rolfsii which was remained more resistant to 

methanol and ethanol extract of G. biloba but found very sensitive in 

chloroform and hexane extracts of G. biloba. Similarly, T. indica was 

found less sensitive in methanol, ethanol and chloroform extracts but 

it was the most sensitive for hexane extract of G. biloba. It is very 

outstanding observation that most of the leave extracts of G. biloba 

showed better inhibitory activity than Clotrimazol, a standard 

antifungal agent used as positive control in this investigation (Table 

1). 

All the extracts of P. wallichiana showed less antifungal activity as 

compared to other plant extracts. Out of six fungi tested, four strains 

were not inhibited by any of the fraction of P. wallichiana. Ethanol 

and methanol extract of P. wallichiana showed its highest activity 

against S. rolfsii (64 % and 58%, respectively). 

The lowest MIC value was observed in two cases first in hexane 

extract of C. griffithi against C. falcatum and secondly in ethanol 

extract of G. biloba against P. oryzae (7.81µg/ml in both cases). The 

second lowest MIC value (15.62µg/ml) was found in13 cases for all 

tested plant extracts. As shown in the table 2, C. griffithi and G. 

biloba leaves extracts performed remarkable antifungal activity 

against all pathogenic fungi except F. oxysporum. On the other hand 

all extracts of P. wallichiana and C. deodara leaves were found weak 

active against tested fungi (Table 2).  

The calculated value for total activity of plant and Relative antifungal 

activities of each plant is tabulated in table 3. The bioactivity of each 

used gymnosperms against test microbes with respect to the solvent 

applied is also summarized in table 3. 

As evident from table 3, that most of the extracts of these 10 tested 

plants showed a significant antifungal activity (percent inhibition 

≥50%). All the studied plants had varied activity with the maximum 

total activity, 71% observed for C. griffithi, as out of 24 tests (AT= 

24, 4 extracts against 6 fungi) at 17 places (AO=17) extracts of this 

plant was showed antifungal potential. Whereas, the total activity for 

G. biloba was also found very effective (54%) followed by A. 

cunninghamii (33%) and C. japonica (29%). On the other hand, B. 

orientalis and P. smithiana both Kumaun Himalayan Gymnosperms 

demonstrated the same total activity (21% for each plant). The lowest 

activity was observed for C. deodara (total activity, 8%). The highest 

relative activity value observed for C. griffithi is 26% followed by G. 

biloba (RAA, 19%) and A. cunninghamii (RAA, 12%) (Fig. 3). The 

activity order of the studied plants are as C. griffithi > G. biloba > A. 

cunninghamii > J. communis > C. japonica > C. torulosa > B. 

orientalis > P. smithiana > C. deodara > P. wallichiana (Fig. 2&3). 
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Table 1: Antifungal potential of different extracts of studied gymnosperms 

S. No.  Antifungal activity of gymnospermic plants (Percent Inhibition) 

Botanical name/family Extracts A. alternata C. falcatum F. oxysporum P. oryzae S. rolfsii T. indica 

1. A. cunninghamii 

(Araucariaceae) 

Methanol 42±0.6 40±1.5 30±8.0 41±1.0 38±3.0 43±0.6 

Ethanol 37±4.6 51±3.5 27±3.8 51±1.0 52±3.0 43±0.0 

Chloroform 39±3.2 47±4.5 na 42±1.0 51±0.8 32±0.0 

Hexane 57±3.3 47±7.0 na 52±2.8 53±0.8 51±0.8 

2. B. orientalis 

(Cuppreaceae) 

Methanol 42±2.0 27±2.3 39±3.4 45±1.3 57±0.8 na 

Ethanol 58±1.0 27±6.6 39±1.2 47±7.0 59±2.3 na 

Chloroform na na na Na 58±0.6 na 

Hexane 58±2.9 na na 31±1.3 47±4.5 na 

3. C. deodara (Pinaceae) Methanol 67±0.0 na 53±0.3 49±2.4 46±3.5 39±1.5 

Ethanol 48±1.2 na 45±3.3 49±1.0 na 45±2.0 

Chloroform na na na Na na na 

Hexane na na na Na na na 

4. C. griffithi (Cephalotaxaceae) Methanol 64±2.3 65±9.4 na 64±0.0 66±1 62±3.0 

Ethanol 59±2.3 64±0.3 na 62±2.0 46±5.6 62±3.0 

Chloroform 58±2.0 63±1.3 na 57±2.6 45±2.8 67±2.0 

Hexane 62±2.3 72±1.3 na 64±3.6 na 70±2.3 

5. C. japonica 

(Taxodiaceae) 

Methanol 42±1.0 26±1.2 27±0.3 39±0.6 45±1.6 na 

Ethanol 59±2.4 64±2.5 na 62±2.0 46±1.5 62±2.0 

Chloroform 46±1.2 na 54±2.0 Na 52±1.3 na 

Hexane 58±1.2 na na Na 31±1.0 na 

6. C. torulosa (Cupressaceae) Methanol 49±1.0 34±4.6 33±1.3 33±2.3 49±3.0 na 

Ethanol 46±1.8 40±2.0 na 27±6.6 51±1.0 na 

Chloroform 46±3.5 47±3.3 32±0.0 Na 63±2.0 na 

Hexane 39±3.6 51±0.6 na Na 42±1.0 na 

7. G. biloba (Ginkgoaceae) Methanol 63±2.0 56±5.3 na 67±2.3 49±2.0 57±2.6 

Ethanol 60±0.0 65±2.3 na 66±1.3 42±6.7 55±5.5 

Chloroform 49±1.3 58±4.2 na 54±4.3 62±7.6 46±3.5 

Hexane 47±3.3 na na Na 53±2.4 67±0.0 

8. J. communis (Cupressaceae) Methanol na 54±3.0 na Na 51±0.6 42±6.7 

Ethanol na 50±3.8 na 53±0.3 53±2.6 42±1.8 

Chloroform na 32±3.3 na 29±3.3 29±3.3 na 

Hexane na 43±1.3 na Na 29±4.3 na 

9. P. smithiana (Pinaceae) Methanol 47±3.5 na 52±6.4 Na 49±4.6 na 

Ethanol 50±0.6 na 43±0.0 Na 46±3.0 na 

Chloroform 46±4.3 na 54±1.7 Na 52±2.1 na 

Hexane 52±2.0 na 44±1.3 Na 47±2.6 na 

10. P. wallichiana (Pinaceae) Methanol na 25±3.0 na Na 58±3.9 na 

Ethanol na 27±5.3 na Na 64±3.7 na 

Chloroform na 32±3.7 na Na na na 

Hexane na 50±0.0 na Na na na 

Positive control (Clotrimazole) 40±1.3 40±3.0 45±1.0 48±4.5 45±1.5 48±1.0 

na: not active 
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Table 2: Minimal inhibitory concentration (MIC) of crude extracts from plant species against plant pathogens (based on Inhibition  40%) 

 

S. No. 

 

Plants 

 

Extracts 

Minimal inhibitory concentration (µg/ml)  

A. alternata C. falcatum F. oxysporum P. oryzae S. rolfsii T. indica 

1. A. cunninghamii Methanol 250 na na 125 nt 125 

Ethanol nt 125 nt 62.5 62.5 na 

Chloroform nt 125 nt 250 62.5 nt 

Hexane 125 62.5 nt 125 31.25 62.5 

2. B. orientalis 

 

Methanol 62.5 nt nt 125 62.5 nt 

Ethanol 31.25 nt nt 62.5 15.62 nt 

Chloroform nt nt nt Nt 15.62 nt 

Hexane 31.25 nt nt Na 125 nt 

3. C. deodara  Methanol 31.25 nt 125 125 250 nt 

Ethanol 500 nt 250 250 nt 250 

Chloroform nt nt nt Nt nt nt 

Hexane nt nt nt Nt nt nt 

4. C. griffithi  Methanol 31.25 31.25 nt 15.62 15.62 31.25 

Ethanol 62.5 15.62 nt 31.25 500 31.25 

Chloroform 62.5 31.25 nt 125 250 15.62 

Hexane 31.25 15.62 nt 31.25 nt 7.81 

5. C. japonica  Methanol na nt nt Nt 500 nt 

Ethanol 62.5 125 nt 125 250 62.5 

Chloroform 250 nt 125 Nt 125 nt 

Hexane 15.62 nt nt Nt nt nt 

6. C. torulosa  Methanol 125 nt nt Nt 500 nt 

Ethanol na 125 nt Nt 31.25 nt 

Chloroform 250 62.5 nt Nt 62.5 nt 

Hexane nt 125 nt Nt na nt 

7. G. biloba  Methanol 31.25 125 nt 15.62 na 31.25 

Ethanol 15.62 15.62 nt 7.81 250 31.25 

Chloroform 125 62.5 nt 125 62.5 125 

Hexane 125 nt nt Nt 125 15.62 

8. J. communis  Methanol nt 125 nt Nt 31.25 250 

Ethanol nt 62.5 nt 62.5 62.5 na 

Chloroform nt nt nt Nt nt nt 

Hexane nt nt nt Nt nt nt 

9 P. smithiana  Methanol 125 nt 250 Nt 250 nt 

Ethanol 62.5 nt 62.5 Nt na nt 

Chloroform 250 nt 125 Nt 62.5 nt 

Hexane 125 nt 250 Nt 125 nt 

10. P. wallichiana  Methanol nt nt nt Nt 31.25 nt 

Ethanol nt nt nt Nt 15.62 nt 

Chloroform nt nt nt Nt nt nt 

Hexane nt 125 nt Nt nt nt 

 Positive control (Clotrimazole) 7.81 7.81 3.9 1.95 1.95 1.95 

na: not active; nt: not tested 
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Table 3: Antifungal potential of different extracts of studied gymnosperms (based on Inhibition  50%) 

Plants A. alternata C. falcatum F. oxysporum P. oryzae S. rolfsii T. indica Activity observed (AO) Total activity of plant  

1. Araucaria cunninghamii H E - H, E H, C, E H 8 33 

2. Biota orientalis H, E - - - C, E, M - 5 21 

3. Cedrus deodara M - M - - - 2 8 

4. Cephalotaxus griffithi H, C, E, M H, C, E, M - H, C, E, M M H, C, E, M 17 71 

5. Cryptomeria japonica H, E E C E C E 7 29 

6. Cupressus torulosa - H - - C, E - 3 12 

7. Ginkgo biloba E, M C, E, M - C, E, M H, C H, E, M 13 54 

8. Juniperus communis - E, M - - E, M - 4 17 

9. Picea smithiana H, E  - C, M - C - 5 21 

10. Pinus wallichiana - H  - - E, M - 3 12 

 
Total activity of extracts (%) 

H=5 (50%) 
C=1 (10%) 

E=5(50%) 

M=3(30%) 

H=3(30%) 
C=2(20%) 

E=5(50%) 

M=3(30%) 

H=0(0%) 
C=2 (20%) 

E=0(0%) 

M=2(20%) 

H=2(20%) 
C=2(20%) 

E=4(40%) 

M=2(20%) 

H=1(10%) 
C=6(60%) 

E=5(50%) 

M=4(40%) 

H=3(30%) 
C=1(10%) 

E=3(30%) 

M=2(20%) 

  

H- hexane extract, C- chloroform extract, E-ethanol extract, M-methanol extract 

 

Figure 1: Antifungal potential of different extracts of gymnosperms against 

fungi 

 

Figure 2: Total activity of tested gymnosperms 

 

Figure 3: Relative antifungal activity of tested gymnosperms 

DISCUSSION 

The present study was carried out to exploration of gymnospermous 

medicinal plants from Nainital and its suburbs in Kumaun Himalaya 

(Uttarakhand), India based on the antimicrobial activity of selected 

plant extracts. The available literature shows that gymnospermic 

plants have not been adequately studied compared to angiosperms 

especially in Kumaun Himalayan region, Uttarakhand [34-37]. More 

over in regards to the bioactivity of Himalayan gymnosperms, a little 

information is available [38].  

In this study 10 gymnospermous plants were examined for their 

antifungal activity by using polar and nonpolar solvents (methanol, 

ethanol, chloroform and hexane) extracts of their leaves occurring at 

high altitudes in Kumaun Himalaya, India against a wide range of 

pathogenic fungal organisms.  

As evidence from the table 1 and 2, all the extracts of C. griffithi and 

G. biloba were performed a significant antifungal potentiality.  

Ginkgo biloba: Xie et al. [39] observed that the G. biloba leaf extract 

(GBE) was effective in inhibiting microbial growth whereas addition 

of sodium ethylenediaminetetraacetic acid (EDTA) enhances the 

antimicrobial activity of GBE against foodborne causing bacteria 

(Listeria monocytogenes). Haung et al. [40] isolated an antifungal 

protein termed as GAFP (ginkgo antifungal protein) from the leaves 

of G. biloba. This protein exhibited potent antifungal activity against 

Pellicularia sasakii, A. alternata, F. graminarium and F. moniliforme. 

But in this study F. oxysporum was resistant pathogen as no extract of 

G. biloba was able to inhibit this strain. In a study on antifungal 

activity of G. biloba, Baranowska and Wiwart [41] investigated 

antifungal activity of bioflavones isolated from leaves and found it is 

active against A. alternata at 200 μg/ml while Cladosporium 

oxysporum and F. culmorum at 100 μg/ml. But in our study, the range 

of MIC values of all tasted leaves extracts of G. biloba was observed 

15.62 to 125 μg/ml for A. alternata. 

Recently, Sati et al. [42] studied antifungal potential of leaf extracts 

of G. biloba through plate assays against four pathogenic fungi. They 

observed that methanolic extract was the best amongst the organic 

solvents used. Singh et al. [43] reported biologically active secondary 

metabolites groups, like terpenoids, polyphenols, organic acids, and 
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amino acids have been isolated from the G. biloba leaf extracts. 

Therefore, the synergistic effect of these compounds might be 

responsible for remarkable antifungal activity of G. biloba leaves 

extracts in our study. 

Cephalotaxus griffithi: It is clear from the table 1 and 2, that all the 

extracts of C. griffithi were showed highest fungitoxic activity. It has 

been reported that the flavonoids present in Cephalotaxus spp. were 

mainly responsible for such biological activities [44]. Kamil et al. [45] 

isolated and characterized six flavonoids. Recently, Moirangthem, et 

al. [46] studied antioxidant, antibacterial, cytotoxic, and apoptotic 

activity of stem bark extracts of C. griffithi. They found that the 

acetone and methanol extracts were most active but as evident from 

the table 2, hexane (non-polar) extract of C. griffithi performed lowest 

MIC value (7.81µg/ml) against T. indica. 

Araucaria cunninghamii: As evident from the available literature A. 

cunninghamii is well documented for its use for remedies of various 

ailments [33]. Relying upon the results obtained in the present 

investigation, it is clear that almost all extracts were active against the 

pathogenic fungi. Some phytochemicals and pharmacological studies 

for other species of this genus have been performed [47, 48, 49].  

In a related study Caspedes et al. [47] reported antimicrobial activities 

of “Ligans” isolated from heartwood of A. araucana against various 

pathogenic bacteria and fungi. They observed that the methanol 

extract had the highest activity against pathogenic fungi T. versicolor, 

Fusarium spp. and Trichophyton mentagrophytes, inhibiting 

completely the growth. In our study, F. oxysporum was found to be 

the most resistant pathogen to all the extracts of A. cunninghamii. This 

may be because this fungal strain contains some active enzymes, 

which helps in metabolizing the secondary metabolites.  

The results suggests that A. cunninghamii has broad spectrum 

antimicrobial activity, which may be due to the presence of various 

secondary metabolites like ligans, bioflavones, diterpenes, tannins, 

terpenoids, flavonoids, alkaloids, glycosides, phenols, steroids and 

sugar derivatives [38, 50].  

Biota orientalis: The results of the present study indicate that the 

plant B. orientalis assayed possess antifungal properties (Table 1). As 

evident from the literature B. orientalis is well documented for its use 

for remedies of various ailments [51, 52]. In folk medicine B. orientalis 

has been used to treat bronchial catarrh, cystitis, urine carcinomas, 

amenorrhea and rheumatism [53]. Essential oil of B. oriantalis has been 

widely used in steam bath. “THUJOIN” rich fraction separated from 

crude ethanolic extract of Biota had been reported to possess 

anticancer potential [54]. In the present investigation the ethanol and 

methanol extracts of B. orientalis showed a moderate antifungal 

activity against tested fungal strains (Table 1 and 2). However it is 

remarkable to note that ethanol and methanol extracts were found 

more potential than the standard antifungal agent “Clotrimazol” used 

in present study (Table 1). This might be due to the presence of α-

pinene, α-cedrol, caryophyllene, limonene, α- ter-pinolene and α- 

terpinyl acetate, active compound in leaf extract of this plant [55]. 

Antifungal potential of B. orientalis was also evaluated by Guleria 

and Kumar [56] and Guleria et al. [55] but using their essential oils. 

Recently Srivastva et al. [57], reviewed biological properties of B. 

orientalis and concluded that B. orientalis has the great potentiality 

against a number of health problem. 

Cedrus deodara: It is interesting to note that methanol extract of C. 

deodara was found most active against F. oxysporum, performed 53% 

inhibition with MIC, 125 µg/ml. This might be due to that substances 

which are responsible for antifungal activity are more soluble in 

methanol than other solvent. This study supported by earlier studies 

made by Saller et al. [58] and Reichling [59]. They have found a range 

of antimicrobial active compounds in C. deodara like α & β pinene, 

Himachalol, Camphene, α & β-Himaanchalene, Cadinene, α 

Terpinenol. 

Dikshit et al. [60] determined the fungicidal activity of C. deodara oil 

against 10 strains of fungi and found significant activity. Digrak et al. 
[61] also studied antifungal activity of leaves cones and bark of C. 

libahi, chloroform, actone and methanol extract against various 

pathogenic fungi. They found that methanol had the highest activity. It 

supports the present findings as methanol extract was found most 

effective fraction. The antifungal effects of essential oil of C. deodara 

as well as some of its active compounds against storage moulds have 

also been investigated by a few workers [62, 63].  

Cryptomeria japonica: Recently, SuYeon et al. [64] reported the 

antifungal activity of extracts of different parts of C. japonica against 

Trichophyton mentagrophytes, Trichophyton rubrum and 

Microsporum gypseum. They added that Black heartwood extract 

possesses the highest antifungal activity against dermatophytes. In the 

present investigation the four extracts of C. japonica leaves also tested 

against pathogenic fungal strains and found very significant findings 

in ethanol extract. In a study, Matsushita et al. [65] also determined 

antifungal activity of ethanol extract of sawdust of C. japonica 

heartwood and fractionated it with toluene and n-hexane. They found 

that the n-hexane-soluble fraction showed the most inhibition activity 

among the fractions against phytopathogenic microorganisms, 

namely Fusarium oxysporum, Phytophthora capsici, Pythium 

splendens, and Ralstonia solanacearum. Table 2 indicates that 

chloroform extract of C. japonica showed moderate inhibitory activity 

against F. oxysporum at 125µg/ml. 

The majority of earlier investigators worked on the antifungal activity 

of wood part of C. japonica. Therefore, it is the first report on the 

antifungal activity of C. japonica against A. alternata, C. falcatum, P. 

oryzae, S. rolfsii, and T. indica. 

Cupressus torulosa: As evident from the table 1 and 2, the antifungal 

potentiality of C. torulosa is very good against all the tested microbes. 

Out of 4 solvents used for extraction of C. torulosa leaves extracts 

ethanol and chloroform extracts were found the most effected against 

all the test microbes. In vitro antifungal studies on C. torulosa cone 

extracts were also carried out by Sellappan et al. [66] using, Candida 

albicans, Aspergillus flavus, Trichoderma lignorum and Cryptococcus 

neoformans and found a significant antifungal activity of cone extract 

against all the pathogen tested. These activities may be attributed to 

the presences of the mono-, sesqui- and di-terpenes compounds in C. 

torulosa extracts [66, 67]. These chemical components probably exert 

their toxic effects against microorganisms through the disruption of 

bacteria or fungal membrane integrity since they are known to 

increase membrane permeability as well as the precursors of the resins 

that have been claimed to also contain the antifungal properties [68-70].  

Juniperus communis: Clark et al. [71] assayed hexane and methanol 

extract of heartwood, bark/sapwood and leaves of 12 taxa of 
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Juniperus including J. communis from the US for their antifungal 

activity. They found that methanol extract from the leaves of J. 

osteosperma and J. califirnica had highest inhibitory activity against 

Trichophyton mentagrophytes and hexane extract showed highest 

activity against Cryptococcus neoformans. Recently, Carbal et al. [72] 

studied essential oil of J. communis needles for antifungal activity of 

dermatophytes, yeast and Aspergillus sp. and found dermatophytes are 

more sensitive than yeast and Aspergillus sp. The antifungal activity 

of essential oil of J. oxycedrus leaves was also investigated against 

dermatophytic fungus Candida and Aspergillus [73]. Therefore it is the 

first report on the antifungal activity of Kumaun Himalayan species J. 

communis leaves extract against many new pathogenic fungal strains. 

Nunez et al. [74] isolated three sesquiterpenes from the ethanolic 

extract of J. lucayna wood for their antifungal activity against Botrytis 

cineria. Wedge et al. [75] investigated chemical composition and 

antifungal activity of the essential oil of two Tibetan species of J. 

saltuaria and J. squamata. The essential oil of these species was 

found effective on the inactivation of Colletotrichum aculatum, C. 

fragariae and C. gloeosporioides. On the other hand, in present 

investigation ethanol and methanol extracts of J. communis leaves 

were performed a significant inhibitory activity against C. falcatum 

and S. rolfsii (Table1). Nunez et al. [74] suggested that presence of 

bioactive sesquiterpenes in Juniperus sp. are responsible for 

antifungal activity. 

Picea smithiana: Radulescu et al. [76] reported the positive antifungal 

activity of the volatile oil of Picea against Candida and Aspergillus 

sps. They suggested that Picea plant oil contains alpha-pinene, alpha-

phellandrene, dipentene, bornylacetate, cadinene, S-guaiazulene and a 

bicyclic sesquiterpen compounds might be responsible for its 

antimicrobial potential. 

The essential oils with high monoterpene hydrocarbon levels, such as 

pine oil, are found very active against fungi especially Fusarium 

culmorum [77]. Digrak et al. [61] investigated antifungal activity of 

chloroform, methanol and acetone extracts of leaves, resins, bark, 

cones and fruits of P. brutia and P. nigra. The methanol and acetone 

extract were found more effective against Candida tropicalis, C. 

albicans and Penicillium italicum.  

Pinus wallichiana: In the present study P. wallichiana was found less 

active compare to other gymnosperms tested. While an effective 

inhibition potential was observed in ethanol and methanol extract 

against S. rolfsii (MICs, 15.62 and 31.25µg/ml). Baranowska et al. [78] 

also investigated antifungal activity of the pine essential oil towards 

Fusarium culmorum, F. solani and F. poae. Recently, Lee et al. [79] 

investigated the antifungal activity of essential oil of Pinus densiflora 

against 8 pathogenic fungal strains and found its highest activity 

against Cryptococcus neoformans and Candida glabrata. 

In this study two pathogenic fungi, F. oxysporum and T. indica were 

found resistant towards the most of the plant extracts tested (Table 1). 

This might be due to the fact that the plant pathogens are continuously 

evolving themselves against photochemicals and during this process 

they might have modified their metabolism or developed some 

resistant in their genetic element. The variation on fungitoxicity of the 

concerned plant extracts against phytopathogenic fungi may be due to 

considerable variations in their constituents and variation in fungal 

species itself [80]. 

The leaf extracts of C. griffithi (hexane extract) and G. biloba (ethanol 

extract) showed effective MIC values as compare to chemical 

fungicide (MIC 7.81 μg/ml). It supports the traditional use of these 

plant extracts as antiseptics [81, 82]. Plants do not contain an immune 

system but mechanisms to defend themselves from infection by a 

variety of pathogens might be due to synthesis of bioactive organic 

compounds by them [83] and antifungal proteins [84] and peptides [85]. 

Crude plant extracts are generally a mixture of active and non-active 

compounds, and MICs of less than 100μg/ml suggest good 

antimicrobial activity [86]. In this study, at many cases MICs values 

were found lower than 100μg/ml, demonstrating strong antifungal 

activity of extracts. The present findings are in agreement with the 

report of Banso et al. [87] who also observed that higher concentrations 

of antimicrobial substances showed more growth inhibition. In 

addition, the antimicrobial activity of plant extracts might not be due 

to the action of a single active compound, but the synergistic effect of 

several compounds that are in minor proportion in a plant [88]. This 

may be due to numerous compounds within the crude extracts 

interfering with the actions of one another. Once the crude extract was 

diluted, the inhibiting effect of one extract on the other was 

significantly reduced. This emphasizes the need to know the 

compound/s responsible for the inhibitory activity through studies to 

purify, identify and characterize the biomolecules. 

Statistical analysis  

On the basis of fungitoxic potential of selected plants four 

Hierarchical Clusters are made (Fig.4). As shown in fig. 4, methanol 

extracts of A. cunninghamii, C. griffithi and G. biloba grouped in 

same cluster which indicates that they performed closer inhibitory 

activity. As evident from the table 1, no effect was observed for 

methanol extracts of C. griffithi and G. biloba against F. oxysporum. 

Similarly B. orientalis, C. japonica and C. torulosa also found in 

same cluster but far away from A. cunninghamii, C. griffithi and G. 

biloba because no inhibition was found in methanol extracts of B. 

orientalis, C. japonica and C. torulosa against T. indica. Whereas, 

ethanol extracts of C. griffithi, C. japonica and G. biloba performed in 

same cluster and table 1 indicates that F. oxysporum fully resistant to 

these selected plant extracts. As evident from the table 1, all the tested 

ethanol extracts of listed plants showed a definite activity against S. 

rolfsii except ethanol extract of C. deodara. It is interesting to note 

that ethanol extract of C. deodara observed in different cluster among 

the tested plants extract. 
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Figure 4: Hierarchical Clusters of four extracts of selected plants: 1- A. cunninghamii, 2-B. orientalis, 3-C. deodara, 4-C. griffithi, 5-C. japonica, 6- C. torulosa, 

7- G. biloba, 8- J. communis, 9- P. smithiana, 10- P. wallichiana 

 

The antifungal activity of chloroform extracts of C. japonica and P. 

smithiana comparatively same because chloroform extracts of both 

the plants have no effect against C. falcatum, P. oryzae and T. indica 

(Fig. 4). As well as chloroform extracts of A. cunninghamii and G. 

biloba also observed in same cluster due to their inactiveness against 

F. oxysporum. Moreover, chloroform extracts of both the plants (A. 

cunninghamii and G. biloba) showed their highest inhibitory effect 

against S. rolfsii (percent inhibition, 51 and 62, respectively). It is 

clear from the fig. 4, that chloroform extracts of P. wallichiana and C. 

deodara observed in separate cluster and table 1 also showed that 

chloroform extracts of P. wallichiana and C. deodara performed as a 

weak agent against all the tested pathogenic fungi.  

On the other hand hexane extracts of all the tested plants showed the 

maximum variation against studied fungal pathogens. The 

effectiveness of particular compound against microorganism is also 

dependent on the metabolism of the organism as there are reports 

especially for fungi that the secondary metabolites of plant origin are 

metabolized by fungal enzymes [89].  

The researcher attributed the inhibitory effect of these plant extracts to 

hydrophobicity characters of these plant extracts and their 

components. This enables them to partition in the lipids of the fungal 

cell wall membrane and mitochondria disturbing their structure and 

rendering them more permeable. Leaking of ions and other cell 

contents can then occurs causing cell death [90]. The present study 

indicates that application of plant extracts as biocontrol agents would 

be an effective measure in controlling plant diseases and 

gymnospermous plant extracts may be an attractive alternative for the 

use of natural product to control phytopathogenic fungi avoiding 

chemical fungicide. 

It is also noteworthy that in many instances the test plant extracts 

showed their better antifungal activity (more than 50% inhibition) 
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than the commercially used antifungal drug Clotrimazole (inhibition 

range, 35-48%). Thus these findings suggest that the plants extracts 

contain more effective chemical compounds than the commercially 

available antibiotics to control various plant and animal diseases.  

A perusal of available literature shows that the most of the earlier 

investigators worked on the antifungal activity against dermatophytes, 

yeast species. Therefore, this is the first report on antifungal activity 

of gymnosperms against A. alternata, C. falcatum, P. oryzae, S. rolfsii 

and T. indica. 

Sati et al. [51] suggested that in Kumaun Himalaya a few workers 

carried out the bioactivity of angiospermic plants but there is complete 

dearth of information regarding the antimicrobial activity of 

gymnosperm plants. Therefore, this study on antimicrobial activity of 

gymnosperms of Kumaun Himalaya is one step to bridge the gap in 

this direction. 

Based on statistical analysis although, it is difficult to correlate the 

antimicrobial activity to single compound or classes of compounds as 

it might be possible that the antifungal effect, the result of many 

compounds acting synergistically [91], but the present work would be 

extremely useful to determine the utility of gymnospermic plant/parts 

extracts in fungal disease management.  

CONCLUSSION 

The results obtained from this work showed that plant extracts of 

Kumaun Himalayan gymnospermous plants screened exhibit 

antifungal effects against six plant pathogenic fungi (A. alternata, C. 

falcatum, F. oxysporum, P. oryzae, S. rolfsii and T. indica). In 

particular, leaves extracts of Cephalotaxus griffithi, and Ginkgo biloba 

suggest effective bioactive compounds for growth inhibition of the 

fungi. Even at low concentrations, these species showed antifungal 

activity nearly equal to that of the commercial fungicide used as a 

positive control. Further studies are needed to determine the chemical 

identity of the bioactive compounds responsible for the observed 

antifungal activity. Natural plant-derived fungicides may be a source 

of new alternative active compounds, in particular with antifungal 

activity. The high proportion of active extracts in the assayed species, 

selected according to available ethnobotanical data, corroborates the 

validity of this approach for the selection of plant species in the search 

for a specific activity. Isolation and identification of active 

compounds in the plant extract that responsible for antifungal activity 

is needed, in order to assess the efficacy, mode of action and possible 

side effects of their use. In addition, formula development is important 

step to get economical and effective use of plant extract as fungal 

diseases control agent. Therefore the results of this study on the 

evaluation of antifungal potential of gymnosperms not only important 

to supports the traditional uses of these plants but also useful to 

generate additional data on crop protection potential of medicinal 

plants of Kumaun Himalaya needed for new fungicide discoveries. 
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