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Final Report 

1. Project Title: Application of Biocontrol Agent and Herbal Oils on Wheat Crop  

Against Fungal Disease (Fusarium) 

2. Project  Code: SHC 306 

3. Abstract:  

Medicinal plants produce high amount of active principles, which have 

been used in pharmaceutical industry for their antimicrobial property. These 

active principles are basically secondary metabolites which are the by-products of 

primary metabolic pathways. These are viewed as potential source of natural 

drugs, antibiotics, insecticides and herbicides. The medicinal property of most of 

the plants is associated with the production of essential oils. Essential oils and 

their extracts have the ability to control various microorganisms (bacteria, fungus, 

and virus) which cause infection to plants, humans and also spoil the food.  These 

are generally aromatic organic compounds and broadly include phenolics, 

terpenes, steroids and alkaloids. The active antimicrobial compounds of essential 

oils are generally terpenes, which are phenolic in nature. These phenolic 

compounds are responsible for the inhibition of various fungal pathogens. 

Fungus like Fusarium has been recognized to be the major plant pathogen 

all over the world. This fungal plant pathogen results into a great loss to our 

agriculture every year.  Essential oils and their extracts have less toxic side effects 

than chemical insecticides and pesticides. The pharmacological value of the 

essential oils is increasing day by day due to their potential role as biocontrol 

agents, non-phytotoxic compounds and potentially effective against several 

microorganisms. 

Present study was conducted to find the antifungal activity of herbal oils 

of Clove (Syzygium aromaticum), Neem (Azadirachta indica), and Peppermint 

against the fungal pathogen Fusarium graminearum which causes head blight 

disease on wheat. In addition to this different concentration of yeast 

(Saccharomyces cereviseae) (0.1%, 0.2%, 0.3%, 0.4% and 0.5%) were also 

applied as bio-control agent to control the fungus.Among the clove, neem and 

peppermint oil, clove oil is considered to be the best as it showed the highest 

antifungal activity at 1μLml-1; on this concentration clove essential oil caused 



complete growth inhibition of F. graminearum, whereas among the different 

concentration of yeast, 0.5% was considered to be the best as at this concentration 

no fungal growth was observed.  

4. Introduction: 
Fusarium head blight of wheat (FHB), also called head scab, is caused 

mainly by the fungus Fusarium graminearum (also known as Gibberella zeae). 

This disease periodically causes significant yield loss and reduced grain quality. 

F. graminearum also produces mycotoxins, deoxynivalenol (DON), also known 

as vomitoxin that are toxic to humans and livestock. Seeds infected with F. 

graminearum have poor germination, resulting in slow emergence, and can be 

affected by seedling blight disease. Infected seedlings appear reddish-brown to 

brown.  

Plant essential oils are potential source of antimicrobials of natural origin. 

Essential oils and extracts obtained from many plants have recently gained a great 

popularity and scientific interest. Consumer demand for natural preservatives has 

increased, whereas the safety aspect of chemical additives has been questioned. 

The plant oil has been reported to have antibacterial, antifungal, antiviral, 

antiparasitic and antidermatophytic properties. It is now considered as a valuable 

source of natural products for development of medicines against various diseases 

and also for the development of industrial products. 

5. Research problem/hypothesis/objectives 

India is an agricultural country. The Indian economy is basically 

dependent on agriculture. In spite of economic development and industrialization, 

agriculture is the backbone of the Indian economy. Nearly two-third of its 

population depends directly on agriculture for its livelihood. In spite of the fact 

that large areas in India, the productivity of agriculture is very low. Wheat is the 

most important food-grain of India and is the staple food of millions of Indians, 

particularly in the northern and north-western parts of the country. The time of 

sowing and harvesting differs in different regions due to different climatic 

variations.The temperature should be low at the time of sowing but as the 

harvesting time approaches higher temperatures are required for proper ripening 

of the crop. But sudden decrease in temperature at the time of maturity, frost at 

flowering time and hail storm at the time of ripening can cause heavy damage to 

the wheat crop.It is widely accepted that a number of diseases caused by fungi, 



bacteria and viruses results in higher yield losses. Loss of crop from fungal plant 

pathogen may result in hunger and starvation, especially in developing countries 

where access to disease-control methods is limited and annual losses of 30 to 50 

percent are common for major crops.  

Head blight is a one of the destructive diseases of wheat, which is caused 

by a fungus Fusarium graminearum. To prevent this devastation in wheat, 

growers often rely on chemical insecticides and pesticides. These chemicals, no 

doubt has helped in increasing yields per hectare as well as total production but it 

also resulted in environmental pollution, ill health to biotic community, and 

hazardous to the ecological systems. Therefore, the biological method of plant 

disease management seems to be a better alternative to these chemicals.  The 

application of biological controls using antagonistic microorganisms has proved 

to be successful for controlling various plant diseases. Biological control 

promises to be a useful alternative approach in the control of plant pathogens in 

the sustainable agriculture system. These biological pesticides have been proved 

to be a potential source of eco-friendly and safe antimicrobial agents useful in 

plant protection. Similarly, herbal oils (peppermint oil, tea extract, mint oil, 

eucalyptus oil, basil, chenopodium oil, clove oil, neem oil) are also environmental 

safe, so they are more easily acceptable and also less hazardous to plants and 

animals. Keeping this in mind, the present investigation aims to study the effect 

of fungi (yeast) and herbal oils (clove oil, neem oil, peppermint oil) against the 

head blight,a common disease is found in North Western Plain Zone.  

 

OBJECTIVES: 

1. To compare the per cent seed germination in control and Fusarium treated plants 

treatments. 

2. To examine the antifungal activity of clove oil, neem oil and peppermint oil 

against the fungal pathogen (Fusarium). 

3. To study the antagonistic ability (fungicidal) of Saccharomyces cerevisiae.  

4. To protect the wheat crop against Fusarium by using essential oils and yeast 

5. To compare the morphological and bio-chemical aspects of differently treated 

plants 

6. To statistically analyze data. 



6. Methodology Techniques/Sampling /Tools/Materials:  

6.1  Material:  

Seeds of wheat were procured from National Seed Centre, Indian 

Agriculture Research Institute, New Delhi.Culture (Fusarium graminearum)was 

obtained from Indian Type Culture Collection, Indian Agriculture Research 

Institute, New Delhi.This culture was maintained on Potato Dextrose Agar and 

stored as active culture at 4oC. It was sub-cultured after every 15 days to revive it 

for longer duration. 

6.2  Per cent Seed Germination in vitro 

Seed were soaked in the water (control) and Fusarium graminearum24 

hours before sowing in vitro. After 24 hours per cent seed germination was 

calculated by the formulae:  

Per cent germination (%) = Seed germinated /Total no. of seed x100 

6.3  Screening of antifungal activity 

Effect of the herbal oil was assessed by agar diffusion plate method. 

Different concentrations (0.1, 0.2, 0.5, 1, 2 and 5 μl/ml) of herbal oils were 

incorporated into PDA medium at the time of pouring in sterilized Petri dishes. 

Inoculum was taken from 7 days old culture and placed in the middle of a PDA 

plate. Petri plates were sealed with parafilm and incubated at 28±2°C for 7 

days.Three replicates of each treatment were kept in incubator. The radial growth 

of colonies was measured with the help of a scale. For yeast, commercially active 

dry yeast was used. It was soaked in the water for 20-25 minutes and then the 

different concentrations (0.1%, 0.2%, 0.3%, 0.4% and 0.5%) were used.  

Percentage of inhibition of colony growth was calculated by formula 

given by Djordjevic et al. (2013). 

 Per cent inhibition (I%)= gc-gt /gc x100 

Where gc is the growth of mycelium in control plates, gt is the growth of 

mycelium in treated plates. 

6.4  Estimation of chlorophyll (Hiscox and Israelstam, 1979) 

Fresh leaves of plants were cut into small pieces.Leaf tissue (0.1g) was 

taken in a test tube containing seven ml dimethyl sulphoxide (DMSO) and 

incubated at 650C for one hour. To this aliquot, three ml DMSO was added to 

make total volume to ten ml. Absorbance was taken at 480 nm.  



6.5  Estimation of protein (Bradford, 1976) 

Plant material (grain, 0.5g) was taken and homogenized in 1.5ml 

phosphate buffer (0.1M Phosphate buffer pH 7.2), homogenate was filtered. 10% 

Tri-chloroacetic acid (0.5ml), was added in 0.5ml supernatant, followed by 

centrifugation at 4oC; 3300 rpm for 10minutes. Pellet formed was washed with 

water 2-3 times and dissolved in 10ml 0.1N NaOH. Aliquot 0.1ml was taken and 

volume made to 1ml. Bradford reagent (5ml) was added and vortexed. The 

absorbance was observed at 595nm.  

6.6  Estimation of carbohydrates (Hedge and Hofreiter, 1962) 

Weigh 100mg of the sample. Hydrolyse it in boiling water bath for 3 

hours with 5 ml. of 2.5N HCl. Neutralise it with solid sodium carbonate until 

effervescence ceases. Make up it by 1000ml and centrifuge. Take the 1ml 

supernatant and add 4ml of anthranone reagent. Heat for 8 minutes in water bath. 

Cool rapidly and take the optical density at 630nm. 

 

7. Result (main text, tables with titles, graphs and figures with 

legends) In detail:  

7.1  Per cent Seed Germination in vitro(%) 

When the seeds were soaked in water (a) and treated with Fusarium (b) 24 

hours, before sown in soil, it was observed that wheat seeds treated with 

Fusarium were subjected to deterioration due to the formation of mycotoxins 

which caused the change in the quality of seeds and also reduced their 

germination ability.When the seeds were soaked in water, germination percentage 

was approx. 96.3%, whereas in Fusarium treated seed germination percentage 

was 82.9% (Fig. 1 A and B, Fig. 2). 

7.2 Root and shoot length in vitro 

In seedlings, soaked in water root length and shoot length was approx. 5.58 

cm and 3.01cm whereas in seedlings treated with Fusarium root length and shoot 

length was 3.77 cm and 1.38cm.(Fig. 3 A and B, Fig. 4). 

7.3 Screening of Antifungal Activity:  

It was observed that when Fusarium graminearum were treated with 0.1 µl/ml 

of clove, neem and peppermint oil, growth inhibition percentage was 24.5%, 



13.4% and 7.8% respectively. The growth of colony in clove, neem and 

peppermint was 6.8 cm, 7.8 cm and 8.3 cm respectively.  

When the Fusarium graminearum treated with 0.2µl/ml clove, neem and 

peppermint, growth inhibition was 47.8%, 32.3% and 3.4% respectively. The 

growth of colony was 4.7cm, 6.1 cm and 6.9 cm respectively (Fig. 5, 10, Table 1). 

At the concentration 0.5µl/ml, growth inhibition was 88.9%, 64.5% and 50% 

respectively. The growth of colony was 1cm, 3.2cm and 4.5cm respectively (Fig.  

6, 10,Table 1). At the concentration of 1µl/ml, no growth of Fusarium was 

observed in the petri plate treated with clove oil,whereas in other petri plates 

treated with neem and peppermint growth inhibition was 86.7 % and 56.7% 

respectively. The growth of colony was 1.2cm and 3.9cm respectively (Fig. 7, 10, 

Table 1). So we can conclude that 1µl/ml is minimum inhibitory 

concentration(plate with lowest concentration of oil, showing no visible growth 

was regarded as MIC) of the clove oil. Similarly 2µl/ml, is minimum inhibitory 

concentration of the neem oil as no growth of Fusarium was observed at this 

concentration (Fig.  8, 10, Table 1). In peppermint treated petri plate growth 

inhibition was 75.6% and diameter of colony was 2.2 cm (Fig. 9, 10, Table 1) 

Result indicated that different herbal oils have different efficacies. 

Different oilsposses various components which may be active against different 

fungal pathogens.Clove oil showed the minimum inhibitory concentration at 

1µl/ml, neem at 2µl/ml and peppermint at 5µl/ml. Among all herbal oils clove oil 

is one of the best oil which can be used as an alternative against the toxic 

chemicals to prevent the disease. So, clove oil can be used as a natural biocontrol.  

Principal component in clove oil is eugenol (80-95%), and therefore its 

strong antifungal activity may be attributed to eugenol. In neem the active 

constituent is, whereas in peppermint it is which is active against the funagla 

pathogen.   

Different concentrations of yeast were also applied to observe the growth 

of Fusarium. At 0.1% percent growth inhibition was 45.5% and diameter of 

colony was 3.9 cm, At 0.2% growth inhibition was 52.2% and diameter of colony 

was4.3 cm.At 0.3% growth inhibition was 72.2% and diameter of colony was 

2.5cm. At 0.4% growth inhibition was 86.6% and diameter of colony was 1.2cm. 

At 0.5% the complete inhibition was observed (Fig. 11, Table 2).  



7.3 Preparation of Field Beds 

Field beds were prepared in the back lawns of Shivaji College, Raja Garden. 

Six field beds were prepared for this experiment. I field bed was for control, II 

was treated with Fusarium, III was treated with Fusarium and clove,  IV was 

treated with Fusarium and neem, V was treated with Fusarium and peppermint 

and VI was treated with Fusarium and yeast treated. Seed were soaked in water 

24 hours before sowing in soil. After the emergence of seedlings, foliar spray of 

herbal oils and yeast were done. Earlier field beds were covered only by cloth net 

but as the crop were destroyed by monkeys and squirrels it were then completely 

protected by wired net (Fig. 12).  

7.4 Estimation of Chlorophyll   

Presence of chlorophyll is an indication of photosynthetic activity. More 

the chlorophyll more will be the photosynthetic activity. The chlorophyll content 

was higher in the control seeds (1.56 mg/g) and lowest in the seeds treated with 

Fusarium (1.22mg/g).Among the different treatments, highest chlorophyll content 

was observed in the yeast treated plants (1.53mg/g) whereas lowest concentration 

is found in peppermint treated (1.5mg/g). Among the different treatments no 

significant variation was observed (Figure 13). 

7.5 Estimation of Protein  

Protein content extracted from seeds was statistically analysed as it is the 

second most important constituent of wheat. The protein content was higher in the 

control seeds (14.97%) and lowest in the seeds treated with Fusarium 

(10.16%).Among the different treatments, highest protein content was observed in 

the yeast treated plants (14.87%) whereas lowest concentration is found in 

peppermint treated (13.23%). Among the different treatments no significant 

variation was observed except in peppermint treated (Figure 14). 

7.6 Estimation of Carbohydrate 

Carbohydrate is one of the major constituents of wheat. The carbohydrate 

content was higher in the control seeds (57.97%) and lowest in the seeds treated 

with Fusarium (51.19%). Among the different treatments, highest chlorophyll 

content was observed in the yeast treated plants (57.56%) whereas lowest 

concentration is found in peppermint treated (55.83%). Among the different 

treatments no significant variation was observed (Figure 15). 

 



 

7.7 Length of Kernel and No. of grains per kernel 

 It was observed in control, length of kernel was 12.11 cm and no. of 

grains per kernel was approx. 15.3.  In Fusarium treated plants, the length of 

kernel was 7.11cm and no. of grains per kernel were 9.7 (Fig. 16, 17 and 18) 

Discussion 

The control of fungal pathogens by chemical fungicides has been of 

significant help in increasing the crop yield. However, usage of these toxic 

chemical productsis being discouraged as it leaves toxic residues in soil, water 

and food. Some chemicals are also harmful to non-target organisms and it leads to 

ecological imbalance and development of fungicidal resistant strains. All these 

limitations require an alternative plant disease management strategy i.e. biological 

control (Armando et al., 2013). Biological control method is preferred because it 

is selective with no side effects, and is relatively cheap. Moreover, resistance to 

biological control is rare and biological control agents are self-propagating and 

self-perpetuating. 

Clove (Syzygium aromaticum L. Merrill and Perry) is one of the most 

valuable spices, which belongs to the family Myrtaceae. The dried flower buds 

have been used traditionally as food preservative and for many medicinal 

properties like antimicrobial, antifungal and general stimulating, carminative and 

anesthetic. Eugenol extracted from powdered cloves inhibited the growth of 

Aspergillus flavus, A. fumigates, A. acculeatus and A. versicolor (Hitokoto et al., 

1980). Clove oil rich in eugenol (approx. 90%) was also reported to inhibit the 

growth of Aspergillus niger (Chaiebet et al., 2007, Pawar and Thaker, 2006). 

Clove oil exhibits the complete inhibition of mycelial growth of Botrytis cinerea 

also, which cause a great loss to our wine industry (Sirirat et al., 2009; Sessou et 

al., 2012). It has also been observed that if clove oil and cinnamon oil are mixed 

in a proper ratio, grapes can be protected against the postharvest decaying fungi 

such as Aspergillus niger, Alternaria alternata, Colletotrichum gloeosporioides, 

Lasiodiplodia theobromae, Phomopsis viticola and Rhizopus stolonifer (Martini 

et al., 1996). Similarly, the combination of clove oil and cinnamon oils at 3.0% 

was capable of providing complete protection in rubber wood particle boards 

against growth of Aspergillus sp. and Trichothecium sp. for 9 weeks at 25 °C and 



100% RH (Yingprasert et al., 2015). In a recent study it was reported that 

anthracnose caused by Colletotrichum gloeosporioides could also be controlled 

by clove oil (Hong et al., 2015).  

Yeast is considered to be a useful biocontrol agent for various fungi like 

Aspergillus carbonarius and Fusarium graminearum (Armando et al., 2012) and 

Fusarium oxysporum (Shalaby et al., 2008). The results of our experimental 

studies depicted that 0.5% yeast had complete inhibition on Fusarium 

graminareum. Plant growth parameters like chlorophyll content, protein and 

carbohydrate % was found to be in increased quantity after being treated with 

yeast as compared to the infected plant. Similar results were obtained by Shalaby 

et al. in 2008 when they found that plant growth parameters increased by the 

application of Saccharomyces cerevisiae as a biocontrol agent of Fusarium 

oxysporum in sugar beet plants. 

8. Innovations shown by the project: 

The project has been successful in showing comparative results of effect 

of herbal oils and yeast on the growth of Fusarium graminearum. Herbal oils has 

been considered to be very effective on many fungal disease but no work has yet 

been done to see the results of effects of different concentrations of clove oil, 

neem oil, peppermint oil alongwith different concentrations of yeast. Comparative 

study is very important as there is a dire need of environmental friendly fungicide 

in not only in our country but worldwide. The results of our study could prove 

that clove oil is a better option than neem and peppermint. But to make the result 

more successful among poor farmers, a particular concentration of yeast shows 

similar effectiveness as any of these herbal oil for reduction of Fusarium 

graminearum.  

9. Conclusion and Future direction: 

The success of clove oil as fungicide is enormous as compared to any 

other herbal oil used in this research work. As there is a need for researchers to 

find cost effective fungicides that can be healthy to environment, this work has 

huge future benefits to farmers as well as environmentalists. Considering the fact 

that clove oil is very costly and probably not that cost effective for a poor farmer, 

it will become a hindrance for farmers. Hence, yeast, which has commendable 

antifungal activity, is cheap, readily available in market and easily applicable in 



fields, is a better alternative as a biocontrol agent. The result of our work is very 

important considering the health and environment both of which are getting 

spoiled due to the excessive usage of these toxic chemicals.  

In future, there can be direct use of diluted versions of yeast for spraying 

in large fields to control wheat head blight by Fusarium graminearum. If the 

farmers can afford they may also use herbal oils as biocontrol agents. This will 

not only save the human health but also will conserve the environment from 

chemicals. 
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Abstract 

India is an agricultural country and its economy is chiefly dependent on agriculture. In 

spite of economic development and industrialization, agriculture still forms the backbone 

of the Indian economy. Nearly two-third of India’s population is dependent directly on 

agriculture for its livelihood. Though over 50% of the area is under cultivation in India, 

the yield in agriculture is low. Wheat forms the staple food of millions of Indians, 

predominantly in the northern and north-western parts. A number of diseases caused by 

microbes (fungi, bacteria and viruses) results in large losses in wheat yield. This 

reduction in the yield from plant pathogens results in hunger and starvation. To avoid this 

destruction, growers often rely on chemical insecticides and pesticides. These chemicals, 

no doubt help in increasing production but their use also results in environmental 

pollution, various ill effects to biotic community, and many hazards to the ecological 

systems. Therefore, the biological method of plant disease management and control 

seems to be a better alternative to these toxic chemicals. Awareness of the harmful 

effects of these chemicals to human health and environment has led to application and 

use of natural plant extracts becoming increasingly important to control plant diseases. 

Essential oils and extracts obtained from many plants have recently gained great 

popularity and scientific interest. So plant essential oils form potential sources of 

antimicrobials of natural origin. The present study was conducted to find out the 

antifungal activity of essential oils of Clove, Neem and Peppermint against the fungi 

Fusarium graminearum which causes head blight disease of wheat. Among the clove, 

neem and peppermint oils, clove oil was found to be the best as it showed the highest 

antifungal activity at 1μLml-1. At this concentration clove essential oil caused complete 

inhibition of growth of F. graminearum. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

FIG. 1 A: Petri plate showing seed germination in control. 

Fig. 1 B:  Petri plate showing seed germination after treatment with Fusarium. Arrow 

indicating no seed germination, most of the seeds are shriveled and black in colour. 

 

 

Fig. 2: Graph showing the per cent seed germination in control and Fusarium treated 

seeds. 
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Fig. 3A: Picture depicting the length of root and shoot in vitro in Fusarium treated seed 

(Red arrow indicating the length of plumule, yellow indicating the length of radicle) 

Fig. 3B: Picture depicting the length of root and shoot in vitro in control seed (Red arrow 

indicating the length of plumule, yellow indicating the length of radicle) 
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Fig. 4: Graph showing length of root and shoot in vitro after 72 hours. 

 

 

 

 

 

Fig. 5: Petri plates showing the growth of Fusarium graminearum at the concentration of 

0.2 µl/ml of clove, neem and peppermint oil. 

 

 

 

 



 

 

 

Fig. 6: Petri plates showing the growth of Fusarium graminearum at the concentration of 

0.5 µl/ml of clove, neem and peppermint oil 

 

 

 

 

 

Fig. 7: Petri plates showing the growth of Fusarium graminearum at the concentration of 

1µl/ml of clove, neem and peppermint oil 

 

 

 



 

Fig. 8: Petri plates showing the growth of Fusarium graminearum at the concentration of 

2 µl/ml of  neem and peppermint oil. 

 

 

 

 

 

 
 

 

Fig. 9: Petri plates showing the complete inhibition of Fusarium graminearum at the 

concentration of 5 µl/ml of clove, neem and peppermint oil. 

 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

Fig. 10: Graph showing the antifungal activity of clove, neem and peppermint oil against 

Fusarium gramineaum 

 



Fig. 11: Petri plates showing the growth of Fusarium graminearum at different 

concentrations of yeast i.e. 0.1, 0.2, 0.3, 0.4 and 0.5%. 

 



 

Fig. 12: Photographs showing the field beds at back lawns of Shivaji College, University 

of Delhi (covered by net and wire). 

  



 

 

Fig. 13: Graph showing the estimation of chlorophyll. 

 

 

 

Fig. 14: Graph showing the estimation of protein. 



 

Fig. 15: Graph showing the estimation of carbohydrate. 

 

 

Fig. 16: Picture showing the difference in the length of kernel. 



 

Fig. 17: Graph showing the difference in the length of kernel. 

 

Fig. 18:  Graph showing the number of grains/ kernel. 

 



 

Photographs of students working in field and laboratory.  



 

Photographs of meeting with mentor of project. 

 

 

 

 

 

Wheat plant infected with Fusarium graminearum, arrow indicating the initiation of 

disease  
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