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against Fusarium oxysporum causing wilt of mungbean 
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Abstract 
Of late, the incidence of wilt of mungbean caused by Fusarium oxysporum has increased substantially in 

the mungbean growing areas of Madhya Pradesh. In vitro studies were conducted to evaluate the efficacy 

of seven different fungicides viz., Azoxystrobin, Propineb, Thiophanate Methyl, Difenoconazole, 

Mancozeb, Mancozeb+Thiophanate methyl, Boscolid+Pyraclostrobin and locally available plants viz., 

Allium cepa, Allium sativum, Azadirachta indica, Parthenium hysterophorus, Polyalthia longifolia, 

Ricinus communis and Withania somnifera against Fusarium oxysporum. Mancozeb+Thiophanate methyl 

(0.15%), was the best fungicide which completely inhibited the growth and sporulation of the fungus, 

followed by Propineb, Mancozeb, Boscolid+Pyraclostrobin, Difenaconazole. Parthenium leaf extract was 

found best in inhibiting the growth and sporulation of F. oxysporum as it produced 78.3 percent growth 

inhibition of F. oxysporum at 15 percent concentration followed by castor leaf extract (69.4 percent 

growth inhibition). 

 

Keywords: Mungbean, wilt, Fusarium oxysporum, fungicides and plant extracts 

 

Introduction 

Mungbean (Vigna radiata (L.) R. Wilczek var. radiata) is one of the important pulse crops in 

South and Southeast Asia. India produces about 1.5–2.0 million tons of mungbean annually 

from about 3–4 million hectares with an average productivity of 0.5 t ha−1 (Jadhav et al., 2016) 
[7]. Mungbeanseeds is a good source of dietary protein for humans including marginal people, 

and people who live in areas with less access to meat or where people are mostly vegetarian. 

Mungbean sprouts and green pods contain high level of vitamins and minerals (Keatinge et al., 

2011[9]; Nair et al., 2015) [14]. 

Abiotic and biotic stresses caused significant decline in mungbean yield India. Among biotic 

stresses, fungal diseases are responsible for reducing yield up to 40–60% in mungbean (Kaur 

et al., 2011) [8]. Fungal pathogens can infect mung bean plants at different stages, such as 

during emergence, seedling, vegetative, reproductive stages and cause substantial damage 

leading to yield loss or complete failure of production.  

Fusarium wilt caused by Fusarium oxysporum has been a minor disease of mungbean in 

Madhya Pradesh. However, the incidence of the disease has increased substantially in recent 

years in the mungbean growing areas of Madhya Pradesh. Fusarium wilts first appear as slight 

vein clearing on the outer portion of the younger leaves, followed by epinasty (downward 

drooping) of the older leaves. At the seedling stage, plants infected by F. oxysporum may wilt 

and die soon after symptoms appear. In older plants, vein clearing and leaf epinasty are often 

followed by stunting, yellowing of the lower leaves, formation of adventitious roots, wilting of 

leaves and drying of young stems, defoliation, marginal necrosis of remaining leaves, and 

finally death of the entire plant (Agrios, 1988) [1]. Browning of the vascular tissue is strong 

evidence of Fusarium wilt. Further, on older plants, symptoms generally become more 

apparent during the period. 

Chemical fungicides are used to control Fusarium wilt in other crops. Root and stem rot can be 

managed by drenching soil or treating seeds with thiram or benomyl (Rose et al., (2003) [19]. 

Thiphanate –methyl have been consistently reported to be effective against F. oxysporum on 

different host-plants (Nel et al., 2007; Tarekegn et al., 2007) [15, 23]. Furthermore, the efficiency 

of fungicide application against Fusarium wilt of mungbean has not yet been commonly 

established in India. Use of natural products like botanical extracts for the management of 

fungal disease is considered as a substitute method to synthetic fungicides, due to their less 

negative impacts on the human and environment health hazard or implications. In the present 

work, antifungal properties of seven plant extracts and fungicides against Fusarium oxysporum.
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were evaluated to find out an effective approach for 

management of wilt of mungbean 

 

Material and methods  

Collection of disease sample 

Mungbean plants showing characteristic symptoms of 

Fusarium wilt were collected from the Experimental Farm of 

Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.). 

Infected plants showing wilt symptoms were uprooted and 

washed to remove the adhered soil particles. The stem and 

root portions were separated with sterile scalpels and kept in 

different envelopes. Each envelope was marked clearly 

mentioning location, variety, date of collection etc. and were 

brought to the laboratory. The samples were dried for 24 

hours in shade in order to remove excess surface moisture. 

After drying, the samples were kept in B.O.D. incubator in 

paper envelop and maintained for isolation and further 

studies. 

 

Isolation of pathogen 
The diseased parts of mungbean samples showing distinct 

characteristics of wilt symptom were selected for isolation of 

the pathogen. The selected roots, collar region and stem were 

washed with fresh sterilized water in order to remove the dust 

particles and surface contaminants. The diseased parts were 

then cut into small bits with the help of sterilized scalpel. The 

cut pieces were surface sterilized with 0.1 per cent mercuric 

chloride solution under aseptic condition inside a laminar 

flow and washed thoroughly 3 to 4 times with sterilized water 

to remove the trace of mercuric chloride. Excess moisture was 

removed by placing these in the fold of sterilized blotting 

papers. The pieces were then transferred in Petri plates with 

the help of sterilized needles. Petri plates used in the 

experiment were previously sterilized and poured with Potato 

dextrose agar medium. Three to four dissected pieces 

ofdiseasedparts of mungbean were placed in Petri plates of 

equal distances from each other. The Petri plates were kept at 

28±2ºC for 7 days in an incubator. As soon as the mycelial 

growth was visible, the hyphal tips from the advancing 

mycelium were cut and transferred into the culture slants 

containing Potato Dextrose Agar (PDA) medium for 

purification, identification and maintenance of pure culture by 

single spore isolation technique. 

 

Estimation of spore formation of Fusarium oxysporum  

For estimating the sporulation, at the end of the incubation 

period 5 mm disc was cut and suspended in 10 ml of distilled 

water and shaken well to harvest spores. Numbers of spores 

were counted with the help of Haemocytometer. The results 

have been expressed as excellent, good, fair, poor, and no 

sporulation on the basis of the following scale. 

 
Table 1: Details of expression of sporulation 

 

Sporulation Represented as No. of spores/ microscopic field 

Excellent ++++ 61 & above 

Good +++ 41 – 60 

Fair ++ 21 – 40 

Poor + Less than 20 

No – – 

 

Evaluation of fungicides  

The experiment was laid out in Completely Randomized 

Design (CRD) with eight treatments and three replications. 

Seven individual and combination fungicides like 

Azoxystrobin (0.1%), Propineb (0.2%), Thiophanate Methyl 

(0.1%), Difenoconazole (0.1%), Mancozeb (0.2%), Mancozeb 

+ Thiophanate methyl (0.15%), Boscolid+Pyraclostrobin 

(0.1%) along with the control were evaluated against 

Fusarium oxysporum under laboratory conditions to screen 

out the best fungicides upon their inhibitory effect on the 

growth. The efficacy of fungicides was tested against the 

pathogen by “Poisoned food Techniques” (Mortan and 

Straube, 1955) [12]. One set of control was also kept in which 

the medium was not mixed with fungicides. Seven days old 

culture of Fusarium oxysporum was cut with the help of 5/6 

mm cork borer was inoculated in each Petri dish at the center. 

These inoculated Petri-dishes were incubated at 28+10C. The 

fungal growth was recorded in each petriplate after 168 hours 

of the incubation. The recorded data on radial growth was 

converted into percent growth inhibition by using following 

formula given by Vincent, 1947 [24]. 

 

Evaluation of plant extracts 

Seven locally available plants viz., Allium cepa, Allium 

sativum, Azadirachta indica, Parthenium hysterophorus, 

Polyalthia longifolia, Ricinus communis and Withania 

somnifera were tested for their antifungal activity against 

Fusarium oxysporum. Extracts of plant parts such as leaf, 

bulb and clove etc. were prepared by the standard method 

used by Gerard et al. (1994) [4]. Fresh plant parts were washed 

with tap water followed by sterile distilled water, processed 

with sterile distilled water @1mlg-1 of plant tissue (1:1v/w) 

with pestle and mortar and filtered through a double layered 

cheese cloth. The filtrate so obtained formed the standard 

plant extract solution. The plant extract so prepared were 

screened in vitro against Fusarium oxysporum using poisoned 

food technique. Stock solution 5, 10 and 15 ml were mixed 

respectively with 95, 90 and 85 ml of sterilized molten Potato 

Dextrose Agar (PDA) media to obtain 5, 10 and 15 percent 

concentration of plant extract. The mixed medium was 

thoroughly shaken to ensure uniform mixing of extract. 20 ml 

of poisoned PDA was poured into sterile petriplates. Three 

replications were maintained for each concentration. After 

solidification of poisoned media, the plates were inoculated 

with mycelium disc (5 mm diameter) of vigorously growing 

pure culture colony of Fusarium oxysporum. The control 

petriplates in three replications were maintained using PDA 

without any plant extract with mycelium disc (5 mm) for 

comparison. Plates were incubated at 28 ± 1ºC and 

observation on radial growth after 120 and 196 hours and 

sporulation after 15 days of test fungus was recorded. 

Recorded data on radial growth and sporulation was 

converted into percent inhibition by using following formula 

given by Vincent, 1947 [24]. 

 

Percent growth inhibition (I) 
C - T 

X100 
C 

 

Where, 

C = Radial growth in check plate (mm)  

T = Radial growth in the treated plate (mm) 

 

Result and Discussions 

Evaluation of fungicides 

It is evident from the result of Table-2 that all the fungicide 

significantly inhibited the radial growth and sporulation of 

Fusarium oxysporum. 

However, combination of Mancozeb +Thiophanate methyl 
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(0.15%) were found best fungicide which completely 

inhibited the radial growth of Fusarium oxysporum after 168 

hrs of incubation. Propineb (0.2%), Mancozeb (0.2%), 

Boscolid+ Pyraclostrobin (0.1%), Difenaconazole (0.1%) 

were second next in order of toxicity percent inhibition of 

radial growth. Least inhibition was recorded in Azoxystrobin 

(55.8%). No sporulation was observed in Mancozeb + 

Thiophanate Methyl fungicide (Fig. 1 & 2). Poor sporulation 

was the observed in Propineb, Mancozeb, Boscolid + 

pyraclostrobin fungicides, while fair sporulation was recorded 

in Thiophante methyl, Difenaconazole and Azoxystrobin. 

Observed results are in accord with the findings reported by 

Rajput et al., (2006) [18], Mukhtar (2007) [13], Khan et al., 

(2012) [10], Sultana &Ghaffar (2010) [22] and Sangeetha and 

Jahagirdar (2013) [21] Maitlo et al. (2014) [11] and Poussio et al 

(2018) [17]. 

 

Evaluation of plant extracts 

 Data presented in Table-3 clearly reveals that none of the 

plant extracts could completely inhibited the growth of F. 

oxysporum even at 15 percent concentration. Parthenium leaf 

extract was found very promising in inhibiting the growth of 

F. oxysporum as it produced 78.3 percent growth inhibition of 

F. oxysporum at 15 percent concentration. Castor leaf extract 

was found effective to some extent as they produced 69.4 

percent growth inhibition at 15% concentration. Other plant 

extracts produced 54.5 to 66.2 percent growth inhibition at 15 

per cent concentration. At lower concentrations i.e.5 and 10 

per cent growth inhibition due to plant extracts were from 

29.8 to 65.8 percent (Fig. 3 & 4). Botanicals used in this 

experiment are extensively used due to their important usage 

in traditional medicine, and high content of polyphenols, 

flavonoids, phenolic acids, tannins, quinines, coumarins, 

terpenoids and alkaloids present in them (Hadiet al. (2013) [5]; 

Hatamleh et al. (2014) [6]; Awad (2016) [3]. The mechanism 

expected to be responsible for toxicity against pathogens may 

involves various targets viz., interference with the synthesis of 

cellular walls, alteration of cell permeability, interference 

with the transport of electron, the nutrient absorption, the 

adenosine triphosphatase and other metabolic processes of the 

cell, deactivation of various cellular enzymes and 

denaturation of cellular proteins (Al-Amiery (2012) [2]. Allium 

sativum contains flavonoids, phytic acid, tannins and phenols. 

Its aqueous extract promoted almost total inhibition of the 

mycelium. 

 
Table 2: Effect of fungicides on radial growth and sporulation of Fusarium oxysporum 

 

Treatment 

No. 
Fungicides 

Dosage 

(%) 

Radial growth (mm) 

after 168 hrs* 

Percent growth 

inhibition over check 
Sporulation 

T1 Azoxystrobin 0.1 25.3 55.8 +++ 

T2 Propineb 0.2 7.8 86.6 + 

T3 Thiophanate Methyl 0.1 15.5 73.5 ++ 

T4 Difenaconazole 0.1 11.8 79.7 + 

T5 Mancozeb 0.2 9.1 84.3 + 

T6 Mancozeb+Thiophanate methyl 1.5 0.0 100.0 - 

T7 Boscolid+Pyraclostrobin 0.1 10.6 81.7 + 

T8 Control - 58.5 -- ++++ 

SE(m)± 1.019   

CD (0.05) 3.081   

*Mean of three replications 

 

 
 

Fig 1: Effect of fungicides on radial growth and sporulation of Fusarium oxysporum 
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Fig 2: Inhibitory effect of different fungicides on growth and sporulation of Fusarium oxysporum 

 
Table 3: Effect of plant extracts on radial growth and sporulation of Fusarium oxysporum after seven days of incubation 

 

T. 

no. 
Name of plant extracts Local name 

Parts 

used 

Radial growth of target 

pathogen (mm) * 
Mean 

Percent growth 

inhibition 
Sporulation 

5% 10% 15%  5% 10% 15% 5% 10% 15% 

T1 Allium cepa Onion Bulb 49.6 41.6 26.3 49.3 33.51 43.1 64.4 ++++ ++++ ++ 

T2 Allium sativum Garlic Clove 32.3 37.3 27.3 32.3 56.7 49.0 63.0 ++++ +++ ++ 

T3 Azadirachta indica Neem Leaf 52.3 49.6 31.6 52.1 29.8 32.2 57.2 ++++ ++++ ++ 

T4 Parthenium hysterophorus Parthenium Leaf 39.8 25.0 16.0 37.3 46.6 65.8 78.3 ++++ ++++ + 

T5 Polyalthia longifolia Ashoka Leaf 49.0 37.6 25.0 33.7 34.3 48.5 66.2 ++++ ++++ ++++ 

T6 Ricinus communis Castor Leaf 46.0 25.3 22.6 31.3 38.3 64.0 69.4 ++++ +++ ++ 

T7 Withania somnifera Ashwagandha Leaf 40.0 38.3 33.6 24.2 46.3 47.6 54.5 ++++ ++++ ++++ 

T8 Control - - 74.6 73.0 74 43.4    ++++ ++++ ++++ 

 
 

SE(m)±  0.008 0.006 0.002        

 CD (0.05)  0.023 0.017 0.006        

*Mean of three replications 
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Fig 3: Effect of plant extracts on radial growth and sporulation of Fusarium oxysporum after seven days of incubation 

 

 
 

Fig 4: Inhibitory effect of plant extracts at 15% concentration on growth and sporulation of Fusarium oxysporum 

 

Conclusion 

It is concluded that the fungicides were found more effective 

as compared to plant extracts for management of Fusarium 

wilt disease of mungbean. The Mancozeb+Thiophanate 

methyl (0.15%) was found most effective fungicide and 

Parthenium hysterophorus plant leaf extract inhibited 78.3 

percent growth of F. oxysporum at their higher concentration 

(15%). 
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