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Management of dry root rot of mungbean caused by 
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Abstract 
Mungbean is one of the most important pulse crops cultivated in India. In India, it is the third most 

important legume crop after chickpea and pigeon pea. It is cultivated in summer and kharif season in 

North and South India. Mungbean is a major source of high protein. As a leguminous crop it can fix- 

atmospheric nitrogen through symbiotic nitrogen fixation. Mungbean is being affected by various fungal, 

bacterial, and viral diseases but, dry root rot caused by Macrophomina phaseolina (Tassi) Goid. is 

considered as the extremely destructive disease in all the mungbean cultivating regions of the country. 

Macrophomina phaseolina is a soil-borne pathogen causes serious disease in several crops in India, 

diminishing crop yields. The present study on various aspects of the disease dry root rot caused by 

Macrophomina phaseolina in Mungbean was carried out for developing an effective and economical 

management strategies for its control. The seven culture medium tested, Potato dextrose agar was found 

to be most excellent medium for the growth of Macrophomina phaseolina. Maximum mycelium growth 

of dry root rot fungus Macrophomina phaseolina was recorded at temperature 30 oC, and PH 6.5 

independently. Three fungal biocontrol agents studied under invitro, Trichoderma virens was observed 

highly effective in inhibiting the mycelial growth of Macrophomina phaseolina with minimum mycelial 

growth (36.8 mm) and maximum growth inhibition (53.96%) followed by Trichoderma harzianum. 

Three different fungicides were evaluated under invitro condition, Carbendazim 12% + Mancozeb 63% 

WP (SAAF) was observed highly effective in inhibiting the mycelial growth of Macrophomina 

phaseolina and showed complete (100%) mycelial growth inhibition at 250 and 500ppm concentrations, 

respectively. In field conditions, Treatment (T2) Trichoderma harzianum was found effective in 

managing the disease incidence followed by treatment (T4) Carbendazim 12% + Mancozeb 63% WP 

(SAAF) at 30 DAS, 45 DAS and 60 DAS, respectively. 

 

Keywords: Mungbean, dry root rot, macrophomina phaseolina, media, biocontrol agents, fungicides, 

trichoderma spp, management 

 

Introduction 

Mungbean [Vigna Radiata L.] also well-known as green gram belongs to family Leguminosae 

(P. Kumar & Gaur, 2020) [27]. Green gram cultivation in the country is largely focused in five 

states viz., Rajasthan, Maharashtra, Andhra Pradesh, Gujarat, and Bihar. Decandolle (1986) 

said that mungbean has been originated in India. According to Vavilov (1926), mungbean is a 

native of India and Central Asia (M. Kumar et al., 2020). It is cultivated in summer and kharif 

season in North and South India. In India, it is the third most important legume crop after 

chickpea and pigeon pea. Mungbean is a major source of high protein. It is obtained in diverse 

ways such as dal, halwa, snack and so many other preparations. As a leguminous crop it can 

fix-atmospheric nitrogen through symbiotic nitrogen fixation. It is also utilized as green 

manure crop. Ascorbic acid (Vitamin-C) is synthesized in sprouted seeds of mungbean. (R. 

Kumari & KS Shekhawat, 2012) [29]. 

Green gram is susceptible to several destructive diseases. Disease losses are responsible as the 

major biotic restriction to yield (Batzer et al., 2022) [2]. Green gram is being affected by 

various fungal, bacterial, and viral diseases but, dry root rot caused by Macrophomina 

phaseolina (Tassi) Goid. Is considered as the extremely destructive disease in all the 

mungbean cultivating regions of the country. The disease is very extensive distributed around 

the Rajasthan state due to favourable environment and affects significant yield losses (P. 

Kumar & Gaur, 2020) [27]. The most important biotic causes consist of diseases such as yellow 

mosaic, anthracnose, powdery mildew, Cercospora leaf spot (CLS), dry root rot, halo blight, 

and tan spot, and insect-pests particularly bruchids, whitefly, thrips, aphids, and pod borers.

www.thepharmajournal.com


 
 

~ 14 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Abiotic stresses regarding mungbean production include 

waterlogging, salinity, heat, and drought stress. Dry root rot 

[Macrophomina phaseolina (Tassi) Goid] is an evolving 

disease of mungbean. Dry root rot involved 10-44% yield 

losses in mungbean production in India and according to 

reports 33-44% yield losses due to Rhizoctonia root rot (Nair 

et al., 2019) [38]. The main characteristic symptom of root rot 

was yellowing of the leaves and within two to three days, 

these leaves drop off. The plants may be shriveled within a 

week. On the stem, dark lesions may well be found on the 

bark at the ground stage. If the plants are removed out from 

the soil and evaluated the basal stem and main roots, shows 

root rot symptoms. In advance stage, scattered sclerotial 

bodies could be found on the altered tissues (M. Kumar et al., 

2020) [26]. 

The management of dry root rot is extremely challenging as 

the pathogen is soil and seed-borne pathogen. The chemical 

fungicides currently suggested to control these diseases give 

protection for a limited period. The constant use of 

conventional fungicides may affect bioaccumulation of the 

toxic residues anyway giving rise to resistant strains. 

Increased public concern about pesticide application and the 

health hazards requires the exploitation of alternate 

techniques of disease management. Currently study on disease 

management across the world is about biological management 

or usage of combined treatment of bioagents, fungicide and 

biofertilizer. Trichoderma species are known antagonists, 

mostly in the soil and they are engaged in competition, 

antibiosis and hyperparasitic interactions, which creates them 

the most successful biocontrol agents even on foliar surfaces 

(M. Kumar et al., 2020) [26]. For the managing of dry root rot 

disease various approaches such as seed treatment with 

fungicides and bioagents, soil application of bioagent and 

fungicides were adopted Fungicides against Macrophomina 

phaseolina have produced satisfactory results, but more 

fungicide residue builds environmental and human health 

risks. The significance of biological management methods 

was reviewed to find a more environmentally safe method 

(Alyssa Swehla Sumner, 2017) [1]. Taking into consideration 

the significance of the disease, several management 

approaches were adopted viz., cultural, physical, biological, 

and chemical control techniques. When the disease appears in 

serious form, farmers usually use fungicides which do not 

prove highly effective. Apart from the excessive costs, 

chemical control may have deleterious effects on the 

environment and human. Hence, biological management 

recommends an economic and ecologically viable tactic 

towards disease management in the current agriculture as it is 

easier, safer to human beings, environment and nontarget 

organisms (S. S. and M. R. Khan, 2016) [23]. 

 

Materials and Methods 

The current research work entitled “Management of dry root 

rot of mungbean caused by Macrophomina phaseolina using 

bioagents and fungicides” was conducted at Department of 

Plant Pathology and Agricultural Research Farm, School of 

Agriculture, Lovely Professional University, Phagwara, 

Punjab, during 2020-2022. 

 

Pathogen culture 

To study Macrophomina phaseolina for research, the fungus 

was brought from ITCC (Indian Type Culture Collection, 

Division of Plant Pathology, ICAR- Indian Agricultural 

Research Institute, New Delhi-110 012). For the final 

confirmation, microscopy was done to identify fungus from 

the brought culture. After the identification of the culture, 

slants were kept under refrigerator at 4 °C for mass culturing 

and further studies. 

 

Physiological studies 

The culture and colony morphology of Macrophomina 

phaseolina on different culture media 

For cultural studies total 7 different culture media were used 

in the research. These 7 media was prepared and sterilised in 

an autoclave. Sterilized media was poured into 90 mm Petri 

plates. In each Petri plate 20ml media is poured and 3 

replications of each media were made. After solidification of 

media, Petri plates are aseptically inoculated with 

Macrophomina phaseolina discs of 5mm, 7days old culture of 

Macrophomina phaseolina were used. After that Petri plates 

are incubated in BOD at 25 °C. Observations were made after 

24 hours, 48 hours, and 72 hours. After 7 days. For cultural 

and morphological characterization colony diameter, colony 

growth, colony pattern, substrate colour, mycelium colour and 

structure and size of radial growth and sclerotia. Total 7 

treatments were carried out (Table 1) with 3 replications and 

experimental design is CRD. 

 
Table 1: List of different culture media used 

 

Treatment No. Treatments 

T1 Potato Dextrose Agar 

T2 Czapeks Dox Agar 

T3 Malt Extract Agar 

T4 Rose Bengal Agar 

T5 Richards Synthetic Agar 

T6 Oat Meal Agar 

T7 Corn Meal Agar 

 

Growth of Macrophomina phaseolina at different 

temperatures 

To define the temperature which prefers the maximum 

mycelial growth of the pathogen various levels of temperature 

such as 20 °C, 25 °C, 30 °C, 35 °C and 40 °C were 

maintained in BOD incubator. 

For each treatment of temperature three plates are inoculated 

as three replications. Plates were incubated at different 

temperatures after inoculation of 5mm inoculum disc of 

Macrophomina phaseolina. 

Observations on colony diameter in each plate was recorded 

after 7days of inoculation. The data were analyzed 

statistically in CRD. 

 

Growth of Macrophomina phaseolina at different PH 

levels 
The pH of PDA media was adjusted before autoclaving with 

the help of HCL and NaOH using the digital pH meter. 

After autoclaving the media was poured in the sterilized petri 

plates of three replications. The plates with pH 4.5, 5.5, 6.5, 

7.5, and 8.5 were inoculated with the pathogen 

Macrophomina phaseolina. 

Observations on colony diameter in each plate was recorded 

after 7days of inoculation. The data were analyzed 

statistically in CRD. 

 

In vitro studies 

The antagonist effect of Trichoderma spp. against 
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Macrophomina phaseolina causing dry root rot (In vitro) 

Three biocontrol agents i.e., Trichoderma spp were used in 

this research (Table 2). All 3 bio agents were tested against 

the Macrophomina phaseolina. For the evaluation of these 

biocontrol agents, Dual culture technique is used. 

PDA media was prepared. PDA media was poured into Petri 

plates and 5mm disc of biocontrol agent is placed on one side 

of the Petri plate and 5 mm disc of 7 days old culture of 

Macrophomina phaseolina was placed on the other side of the 

Petri plate. 3 replications of each biocontrol agent are made. 

These plates are kept in BOD at 25 °C. Observations of 

colony diameter is made after 48 hrs, respectively. 

Percent inhibition of Macrophomina phaseolina was 

calculated by the formula given by Vincent, 1947. 

 

Percent inhibition = C – T / C x 100 

 

Where 

C= Growth of test fungus in untreated control plates  

T= Growth of test fungus in treated plates 

 
Table 2: List of Biocontrol agents used 

 

Treatment Biocontrol agent 

T1 Trichoderma viride 

T2 Trichoderma harzianum 

T3 Trichoderma virens 

T4 Control 

 

The effect of fungicides against Macrophomina phaseolina 

causing dry root rot (In vitro) 
Efficacy of three fungicides were used in the research (Table 

3). These fungicides are used at concentration 100 ppm, 250 

ppm, 500 ppm. Each conc was carried out in 3 replications 

with CRD experimental design. For the evaluation of these 

fungicides, Poison food technique is used. 

Presterilized PDA media was kept in laminar air flow. 60ml 

PDA media was poured in 1st conical flask of 100 ppm 

chemical, 60 ml PDA media was poured in 2nd conical flask 

of 250 ppm chemical and in 3rd conical flask of 500 ppm 

chemical, 60 ml PDA media is added. Same is done for all the 

3 chemicals. There 3 conical flasks of 100 ppm, 250 ppm and 

500 ppm are further poured into Petri plates. Each of these is 

poured into 3 Petri plates and then 5 mm disc of 

Macrophomina phaseolina was placed in the centre of the 

Petri plate. Later these Petri plates are kept in BOD a 25 °C. 

Observations of colony diameter was recorded after 48 hours 

and respectively. 

Percent inhibition of Macrophomina phaseolina was 

calculated by the formula given by Vincent, 1947. Percent 

inhibition= C -T/ C x 100 

Where, C= Growth of test fungus in untreated control Petri 

plate T= Growth of test fungus in treated Petri plate. 

 
Table 3: List of fungicides used 

 

Treatment Fungicide Concentration 

T1 
Carbendazim 12% + 

Mancozeb 63% WP 
100 ppm, 250 ppm, 500 ppm 

T2 
Azoxystrobin 11.4% + 

Difeconazole 18.2% W/W 
100 ppm, 250 ppm, 500 ppm 

T3 Hexaconazole 5% SC 100 ppm, 250 ppm, 500 ppm 

T4 Control  

 

In vivo studies 

The efficacy of Trichoderma spp. and fungicides against 

Macrophomina phaseolina causing dry root rot under field 

conditions 

Seeds are treatment with 3 biocontrol agents and 3 fungicides 

(Table 5). The treatment was done as per the recommended 

dose (Table 4). Each treatment was carried out in replications 

and RBD experimental design is used. 

The treated seeds are sown in the plot of size 3mx6m with 

spacing 45 cm Row to Row and 15 cm Plant to Plant. The 

intercultural operations such as irrigation, weeding, fertilizer 

application was given as per the requirement. Disease 

observation such as disease incidence and Percent disease 

index (PDI) was recorded after 30 DAS, 45 DAS and 60 DAS 

and calculated by the given disease rating scale and formula 

are as follows: 

 
Disease rating scale 

 
Grade Disease Incidence Disease reactions 

1 0-10% No infection on roots 

3 10-25% Very few small lesions on roots 

5 25-50% 
Lesions on roots clear but small, new 

roots free from infection 

7 50-75% 
Lesions on roots many, new roots 

generally free from lesions 

9 >75% Roots infected and completely discolored 

(Nene et al, 1981), (Abawi Pastor-Corrales et al, 1987) [59] 

 
PDI= Sum of all ratings/No. of ratings x maximum grade x 100 

 
Table 4: Lists of treatments used in the field 

 

Treatment No. Treatments Dosage 

T1 Trichoderma viridae 2g/200 seeds 

T2 Trichoderma harzianum 2g/200 seeds 

T3 Trichoderma virens 2g/200 seeds 

T4 
Carbendazim 12% + Mancozeb 

63% WP 
0.2g/200g seeds 

T5 
Azoxystrobin 11.4% + 

Difeconazole 18.2% W/W 
0.2ml/200g seeds 

T6 Hexaconazole 5% SC 0.4ml/200g seeds 

T7 Control  

 

Results and Discussion 

The present study entitled “Management of dry root rot of 

mungbean caused by Macrophomina phaseolina using 

bioagents and fungicides” was conducted at Department of 

Plant Pathology and Agricultural Research Farm, School of 

Agriculture, Lovely Professional University, Phagwara, 

Punjab. The results recorded the present research on various 

aspects of dry root rot of mungbean are presented and 

discussed here under. 

 

Physiological Studies 

Effect of different culture media on mycelial growth of 

Macrophomina phaseolina 
Seven different media with three replications for each were 

tested to check the culture growth and colony morphology of 

Macrophomina phaseolina to identify the best suitable growth 

medium for sclerotial production. The data presented in Table 

No. 5. 

The results showed that among the seven culture medium 

tested Potato dextrose agar was found to be most excellent 

medium for the growth of Macrophomina phaseolina which 

was followed by Malt extract base. The next best suitable 
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growth medium is Rose Bengal agar base while remaining 

i.e., Oat meal agar, Czapeks dox agar, Richards synthetic agar 

and Corn meal agar indicated a significant difference in 

growth and sclerotial production. 

After 7 days of incubation the maximum mycelial growth was 

recorded on Potato dextrose agar (77.8 mm). This was 

followed by Malt extract base (75.5 mm) and Rose Bengal 

agar base (74 mm). The lowest mycelial growth was observed 

on Oat meal agar, Czapeks dox agar, Richards synthetic agar 

and Corn meal agar. 

The great sclerotial formation of Macrophomina phaseolina 

was found on Potato dextrose agar and Czapeks dox agar 

medium. Good sclerotial formation was observed on Richards 

synthetic agar, while moderate sclerotial formation was 

observed on Rose Bengal agar base. 

The colony characteristics of the Macrophomina phaseolina 

differs in all the growing medium i.e., colony growth, colony 

pattern, colony colour and colony margin. Most common in 

the colony characteristics i.e., cottony white fluffy growth is 

found on Potato dextrose agar. 

The present investigation correlates with (Sahi et.al 1992) [62] 

who observed that Potato dextrose agar (PDA) was the 

excellent medium for the growth of Macrophomina 

phaseolina and (Salunke et al., 2009) [46] also found that out 

of all growth medium Macrophomina phaseolina showed 

maximum growth on PDA. 

 

 
Here 
T1= Potato dextrose agar (At the centre)  

T2 = Czapeks dox agar (Bottom left)  

T3 = Malt extract base (Bottom middle)  

T4 = Rose Bengal agar base (Top left)  

T5 = Richards synthetic agar (Top middle)  

T6 = Oat meal agar (Top right)  

T7 = Corn meal agar (Bottom right) 
 

Fig 1: Growth of Macrophomina phaseolina on different media 

 
Table 5: Effect of different culture media on mycelial growth and cultural characteristics of Macrophomina phaseolina. 

 

T. No. Treatment Colony diameter Colony growth Colony pattern Colony color Colony margin 

T1 Potato dextrose agar 77.8 Fast Fluffy and abundant Dirty white Regular 

T2 Czapeks dox agar 68.3 Moderate Flat and aerial Light greenish Irregular 

T3 Malt extract base 75.5 Fast Flat and dense White Smooth 

T4 Rose Bengal agar base 74 Fast Flat and light fluffy Grayish Regular 

T5 Richards synthetic agar 66.3 Moderate Submerged and Cottony Light brown Irregular 

T6 Oat meal agar 68.5 Slow Fluffy and feathery Dirty white Rough 

T7 Corn meal agar 62.2 Very Slow Flat and wooly Light Black Irregular 

 C.D 3.176     

 SE (m) 1.037     

 SE (d) 1.467     

 C.V 2.552     

*= Mean of three replications 
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X axis = Different types of media  
Y axis = Colony diameter (mm)  
 
Where 
T1 = Potato dextrose agar  T2 = Czapeks dox agar  T3 = Malt extract base 
T4 = Rose Bengal agar base T5 = Richards synthetic agar T6 = Oat meal agar 
T7 = Corn meal agar 

 

Graph 1: Growth of Macrophomina phaseolina on different media 

 
 
Effect of different temperature on mycelial growth of 
Macrophomina phaseolina 
The various temperatures levels such as 20 °C, 25 °C, 30 °C, 
35 °C and 40 °C with a set of three petri plates have been 
adjusted in the BOD incubators to test out the best suitable 
temperature for the growth of Macrophomina phaseolina. The 
observations were recorded after 7 days of incubation. The 
data presented in Table No. 6. 
The results showed that the Macrophomina phaseolina grows 
at all the temperature levels ranged from 20 °C – 40 °C and 
the data revealed that the fungus grows very well at 30 °C 
temperature. 

Considerably the highest mycelial growth of the fungus 
Macrophomina phaseolina was observed at 30 °C 
temperature (87.5 mm) which was followed by 25 °C 
temperature (70.66 mm). The minimum mycelial growth was 
recorded at 20 °C (68.66 mm) which was followed by 35 °C 
(67.16) and 400 C (60.5) temperature levels. 
Similar results are in support with (Jha and Sharma, 2005) [63] 
who reported that optimum temperature required for 
Rhizoctonia bataticola was 30-35 °C for mycelial growth and 
(Sharma et.al 2004) [64] also found that high temperature 
ranges from 25-30 °C was favored the growth of 
Macrophomina phaseolina. 

 

 
Here, 20 °C (Left 1st) 25 °C (Left 2nd) 30 °C (Center) 35 °C (Right 2nd) 40 °C (Right 1st) 

 

Fig 2: Growth of Macrophomina phaseolina on different temperature 

 
Table 6: Effect of different temperature on mycelial growth of Macrophomina phaseolina 

 

Temperature (°C)  Mycelial growth (mm) 
 

R1 R2 R3 Mean 

20 °C 69 68 69 68.66 

25 °C 71.5 70 70.5 70.66 

30o °C 88.5 88 86 87.5 

35 °C 66.5 67 68 67.16 

40 °C 60 59 62.5 60.5 

C.D    2.101 

SE (m)    0.658 

SE (d)    0.931 

C.V    1.608 
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X axis: Different temperatures, Y axis: Mycelial growth (mm) 

 

Graph 2: Growth of Macrophomina phaseolina on different temperatures 

 

Effect of different pH levels on mycelial growth of 

Macrophomina phaseolina. 

To understand the impact of PH on the growth 

Macrophomina phaseolina, the different PH levels such as pH 

4.5, 5.5, 6.5, 7.5 and pH 8.5 with a set of three petri plates 

were adjusted with the help of PH meter. The observations 

were recorded after 7 days of incubation. The data presented 

in Table No. 7. 

The results showed that the fungus Macrophomina phaseolina 

grows at all the PH levels ranged from 4.5 – 8.5 pH and the 

data revealed that the fungus grows very well at 5.5 pH level. 

Significantly the maximum mycelial growth of the fungus 

Macrophomina phaseolina was observed at PH 5.5 (87 mm) 

which was followed by pH 6.5 (75.5 mm). The lowest 

mycelial growth was recorded at pH 4.5 (71.16 mm) which 

was followed by pH 7.5 (67.5) and pH (52.33 mm) pH levels. 

The present findings are in support of (Khan et.al, 2012) [65] 

reported that maximum growth of Macrophomina phaseolina 

was found at pH 5.5 and also found that pH 6.0 is also good 

pH. 

 

 
Here, pH 4.5 (left 1st) pH 5.5 (left 2nd) pH 6.5 (center) pH 7.5 (right 2nd) pH 8.5 (right 1st) 

 

Graph 2: Growth of Macrophomina phaseolina on different pH 

 

Table 7: Effect of different pH levels on mycelial growth of Macrophomina phaseolina. 
 

pH level Mycelial growth (mm) 

 R1 R2 R3 Mean 

4.5 72.5 71 70 71.16 

5.5 89.5 86 85.5 87 

6.5 75.5 76.5 74.5 75.5 

7.5 67.5 68 67 67.5 

8.5 52 53 52 52.33 

C.D    2.319 

SE (m)    0.726 

SE (d)    1.027 

C.V    1.78 

 

 

https://www.thepharmajournal.com/


 
 

~ 19 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

 
X axis: Different pH levels, Y axis: Mycelial growth (mm) 

 

Graph 3: Growth of Macrophomina phaseolina on different Ph 

 

Efficacy of Trichoderma spp. against Macrophomina 

phaseolina by Dual culture technique 

Effect of three fungal biocontrol agents viz, Trichoderma 

viride, Trichoderma harzianum and Trichoderma virens were 

studied under invitro conditions for their antagonism against 

Macrophomina phaseolina by dual culture technique. 

All the three antagonists significantly improved in inhibiting 

the mycelial growth of Macrophomina phaseolina over 

control. Trichoderma virens was observed highly effective 

in inhibiting the mycelial growth of Macrophomina 

phaseolina followed by Trichoderma harzianum. 

The results presented in table 4.4 indicated that minimum 

mycelial growth (36.8 mm) and maximum growth inhibition 

(53.96%) was observed in Trichoderma virens which was 

followed by Trichoderma harzianum with mycelial growth 

(46.16mm) and growth inhibition (42.3%) and Trichoderma 

viridae shown highest mycelial growth (56.16mm) and lowest 

growth inhibition (27.3%). 

Similar results are in support of (Lokesh & Benagi, 2007) [32] 

demonstrated the effectiveness of bioagents against 

Macrophomina phaseolina (Tassi) Goid. causing dry root rot 

of pigeon pea have been studied. In dual culture technique 

both Trichoderma virens and significantly reduced the 

mycelial growth of Macrophomina phaseolina by 78.22 

percent. 

 

Efficacy of Trichoderma spp. against Macrophomina 

phaseolina by Dual culture technique 
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Table 8: Effect of Trichoderma spp. against Macrophomina phaseolina by dual culture technique after 7 days of incubation at 30 + 1 °C 

 

Treatment Bio agent Mycelial growth (mm)* Percent Inhibition (%) 

T1 Trichoderma viride 58.16 27.3 

T2 Trichoderma harzianum 46.16 42.3 

T3 Trichoderma virens 36.83 53.96 

T4 Control 80 0 

 
C.D 1.265 

 

 
SE (m) 0.382 

 

 
SE (d) 0.540 

 

 
C.V 1.196 

 
*= Mean of three replications 

 

 
X axis: Trichoderma spp. Y axis: Percent Inhibition, Where, 

T1= Trichoderma viride 

T2= Trichoderma harzianum 

T3= Trichoderma virens 

T4= Control 
 

Graph 4: Efficacy of Trichoderma spp. against Macrophomina phaseolina by Dual culture technique 

 

4.2.5 Efficacy of fungicides against Macrophomina 

phaseolina by Poison food technique 

The efficacy of three different fungicides i.e., Carbendazim 

12% + Mancozeb 63% WP, Azoxystrobin 11.4% + 

Difeconazole 18.2% W/W and Hexaconazole 5% SC at three 

different concentrations i.e., 100 ppm, 250 ppm and 500 ppm 

were evaluated under invitro condition by poison food 

technique against Macrophomina phaseolina. 

All three fungicides found most effective in inhibiting the 

mycelial growth of Macrophomina phaseolina and showed 

significantly superior in growth inhibition over control. 

Among them Carbendazim 12% + Mancozeb 63% WP 

(SAAF) was observed highly effective in inhibiting the 

mycelial growth of Macrophomina phaseolina and showed 

complete (100%) mycelial growth inhibition at 250 and 500 

ppm concentrations, respectively. 

The results presented in Table No. 8 indicated that lowest 

mycelial growth and highest growth inhibition of 

Macrophomina phaseolina over control was observed with 

Hexaconazole 5% SC at 500 ppm (25.3 mm and 68.33%) and 

Carbendazim 12% + Mancozeb 63% WP at 100 ppm (26.5 

mm and 66.87%) which was followed by Azoxystrobin 11.4% 

+ Difeconazole 18.2% W/W at 500 ppm (27 mm and 

66.25%), Hexaconazole 5% SC at 250 ppm (31.5 mm and 

60.62%), Azoxystrobin 11.4% + Difeconazole 18.2% W/W at 

250 ppm (39.66 mm and 50.42%) respectively. Hexaconazole 

5% SC and Azoxystrobin 11.4% + Difeconazole 18.2% W/W 

at 100 ppm was found least effective with mycelial growth 

(52 mm and 56.33 mm) and growth inhibition (35% and 

29.58%) respectively. 

Similar findings are in support with (Maruti1, Savitha, A. S.1, 

2017) [36] informed that carbendazim 12% + mancozeb 63% 

WP showed cent percent (100%) inhibition and (HV Parmar, 

2017) reported that carbendazim observed greatest with 

95.23% mycelial growth inhibition. (Lokesh et al., 2020) [31] 

proved that between systemic fungicides, significantly 

maximum average mycelial growth inhibition was observed 

with carbendazim (85.88%), followed by hexaconazole 

(75.29%) Among combined fungicides, considerably 

maximum percent growth inhibition over control was noted 

(88.24%) in carbendazim 12% + mancozeb 63%. 

 

Efficacy of fungicides against Macrophomina phaseolina 
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Table 9: Effect of fungicides against Macrophomina phaseolina by poisoned food technique after 7 days of incubation at 30+ 1 °C 
 

T. No. Fungicides Mycelial growth (mm)* Percent Inhibition (%) 

  100 ppm 250 ppm 500 ppm Mean 100 ppm 250 ppm 500 ppm Mean 

T1 Carbendazim 12% + Mancozeb 63% WP 26.5 0 0 8.83 66.87 100 100 88.95 

T2 Azoxystrobin 11.4% + Difeconazole 18.2% W/W 56.33 39.66 27 40.99 29.58 50.42 66.25 48.75 

T3 Hexaconazole 5% SC 52 31.5 25.3 36.27 35 60.62 68.33 54.65 

T4 Control 80 80 80 80 0 0 0 0 

 C.D 1.872 1.679 1.932      

 SE(m) 0.565 0.507 0.583      

 SE(d) 0.799 0.717 0.825      

 C.V 1.823 2.323 3.054      

*= Mean of three replications 
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X axis: Fungicides (Different concentrations)  

Y axis: Percent Inhibition 

 

Where, 

T1= Carbendazim 12% + Mancozeb 63% WP 

T2= Azoxystrobin 11.4% + Difeconazole 18.2% W/W 

T3= Hexaconazole 5% SC 

T4= Control 
 

Graph 5: Efficacy of fungicides against Macrophomina phaseolina by Poison food technique 

 

In-vivo evaluation of Trichoderma spp. and fungicides 

against dry root rot caused by Macrophomina phaseolina 

by seed treatment and soil application 

Three fungal biocontrol agents viz, Trichoderma viride, 

Trichoderma harzianum and Trichoderma virens and three 

fungicides i.e., Carbendazim 12% + Mancozeb 63% WP, 

Azoxystrobin 11.4% + Difeconazole 18.2% W/W and 

Hexaconazole 5% SC were evaluated under field conditions 

against dry root rot caused by Macrophomina phaseolina by 

seed treatment, soil application and foliar spray. 

All the treatments done with bioagents (seed treatment and 

soil application) and fungicides (seed treatment and foliar 

spray) significantly controlled the dry root rot disease 

incidence of mungbean over control. Treatment (T2) 

Trichoderma harzianum was found effective in managing the 

disease incidence followed by treatment (T4) Carbendazim 

12% + Mancozeb 63% WP (SAAF) at 30 DAS. 

The results presented in Table No. 9 indicated that minimum 

disease incidence (15.55%, 22.95%, 33.32%) and maximum 

disease control (61.11%, 61.74%, 61.55%) was recorded at 

30, 45 and 60 DAS in treatment (T2)i.e., Trichoderma 

harzianum done with seed treatment and soil application 

which was followed by treatment (T4) i.e., Carbendazim 12% 

+ Mancozeb 63% WP (SAAF) done with seed treatment and 

foliar spray recorded (19.99%, 30.36%, 39.99) disease 

incidence and (50.01%, 49.39%, 53.85%) disease control at 

30, 45 and 60DAS, respectively. 

Other effective treatment in managing the dry root disease 

incidence were observed in treatment (T3) i.e., Trichoderma 

virens with 24.44% disease incidence and 38.88% disease 

control and treatment (T6) i.e., Hexaconazole 5% SC with 

28.88% disease incidence and 27.7% disease control at 30 

DAS which was followed by treatment (T1) i.e., Trichoderma 

viride with 33.32% disease incidence and 16.67% disease 

control and treatment (T5) with 37.03% disease incidence and 

7.40% disease control at 30 DAS, respectively. Control was 

recorded highest percent disease incidence (39.99%, 59.99%, 

86.66%) at 30, 45 and 60DAS over all the treatments. 

Similar results are in support of (Hyder et al., 2022) [11] 

reported that with all the tested fungal isolates, Trichoderma 

harzianum isolate showed improved effectiveness as 

biocontrol agent, (R. Lokesh, Y.B. Madagoudra, 2021) [40] 

showed that the seed treatment with Trichoderma harzianum 

@ 10g/kg seed reveals 100% disease reduction and 75 

(Deepa, Sunkad et al., 2018) [5] reported that the maximum 

decrease in dry root rot (77.60%) disease incidence was seen 

in the seed treatment with mancozeb 50% + carbendazim 25% 

WS @ 3.5 g/kg followed up by soil application (B. B. 

Thombre & Kohire, 2018) [57-58] demonstrated that the 

fungicide treatment of Carbendazim 12 WP + Mancozeb 63 

WP (@ 0.2) recorded minimum average disease incidence. 
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Treated Plot 

 

 
 

Control Plot 

Table 10: In-vivo evaluation of Trichoderma spp. and fungicides against dry root rot caused by Macrophomina phaseolina by seed treatment 

and soil application 
 

T. No. Treatment 
PDI (%) Percent Inhibition (%) 

30DAS* 45DAS* 60DAS* Mean 30DAS 45DAS 60DAS Mean 

T1 Trichoderma viride 33.32 46.66 73.32 51.10 16.67 22.22 15.39 18.09 

T2 Trichoderma harzianum 15.55 22.95 33.32 23.94 61.11 61.74 61.55 61.46 

T3 Trichoderma virens 24.44 37.77 48.14 36.78 38.88 37.03 44.44 40.11 

T4 Carbendazim 12% + Mancozeb 63% WP 19.99 30.36 39.99 30.11 50.01 49.39 53.85 51.08 

T5 Azoxystrobin 11.4% + Difeconazole 18.2% W/W 37.03 51.10 77.77 55.30 7.40 14.81 10.25 10.82 

T6 Hexaconazole 5% SC 28.88 42.96 68.88 46.90 27.7 28.38 20.51 25.53 

T7 Control 39.99 59.99 86.66 62.21 0 0 0 0 

 C.D 1.629 2.665       

 S.E(m) 0.523 0.885       

 S.E(d) 0.739 1.12       

 C.V 3.182 3.554       

*= Mean of three replications 

 

 
X axis: Different treatments Y axis: Percent Inhibition  

Where 

T1= Trichoderma viridae T2= Trichoderma harzianum T3= Trichoderma virens  

T4= Carbendazim 12% + Mancozeb 63% WP T5= Azoxystrobin 11.4% + Difeconazole 18.2% W/W,  

T6= Hexaconazole 5% SC, T7= Control 
 

Graph 6: Efficacy of Trichoderma spp. and fungicides 

Acknowledgement 

I am grateful to Lovely Professional University for providing 

me with an opportunity to undertake this project in the 

University and providing us with all the facilities to complete 

this research work and I give my deepest sense of gratitude to 

my research supervisor Dr. Poonam Pandurang Shete, for her 

constant help, untiring guidance, scholastic supervision, 

constructive criticism, and helpful comments during the entire 

period of research work. 

 

References 
1. Alyssa Swehla Sumner I. Effect of Trichoderma 

https://www.thepharmajournal.com/


 
 

~ 24 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
harzianum Isolates Against Dry Root Rot Pathogen of 

Mungbean; c2017. 

2. Batzer JC, Singh A, Rairdin A, Chiteri K, Mueller DS. 

VIVA. Journal of Integrated Pest Management. 

2022;13(1):1-21. https://doi.org/10.1093/jipm/pmab044 

3. Choudhary A, Ashraf S. Utilizing the combined 

antifungal potential of Trichoderma spp. and organic 

amendments against dry root rot of mungbean. Egyptian 

Journal of Biological Pest Control. 2019;29(83):2-8. 

https://doi.org/10.1186/s41938-019-0187-8 

4. Choudhary A, Ashraf S, Musheer N. The antagonistic 

effect of locally isolated Trichoderma spp. against dry 

root rot of mungbean. Archives of Phytopathology and 

Plant Protection. 2021 Oct 2;54(15-16):1204-1210. 

https://doi.org/10.1080/03235408.2021.1896872 

5. Deepa, Sunkad G, Sharma M, Mallesh SB, Mannur DM, 

Sreenivas AG. Integrated Management of Dry Root Rot 

Caused by Rhizoctonia bataticola in Chickpea. 

International Journal of Current Microbiology and 

Applied Sciences. 2018;7(04):201-209. 

https://doi.org/10.20546/ijcmas.2018.704.022 

6. Dhawan A, Kumar S, Sharma PK, Chugh RK. Effect of 

Different Fungicides, Organic Amendments and Bio-

Control Agents on Dry Root Rot of Cluster Bean 

[Cyamopsis Tetragonoloba (L.) Taub] Caused By 

Rhizoctonia Bataticola (Taub.) Butler. Forage Research. 

2019;44(4):276-281. 

7. Dolas RM, Gawade SB, Kasture MC. Efficacy of seed 

treatment of fungicides, bio agents and botanicals on seed 

mycoflora, seed germination and seedling vigour index of 

mung bean. Journal of Pharmacognosy and 

Phytochemistry. 2018;7(5):1074-1077. 

8. Dubey SC, Bhavani R, Singh B. Integration of soil 

application and seed treatment formulations of 

Trichoderma species for management of wet root rot of 

mungbean caused by Rhizoctonia soil. Pest 

Management Science. 2011;67(9):1163-1168. 

https://doi.org/10.1002/ps.2168 

9. Gupta P, Kumar V. A Review on New Prospects and 

Agitates for Passable Control of Macrophomina 

Phaseolina Disease on Mungbean (Vigna Radiata L. 

Wilzeck) (Issue July); c2019. 

10. HV Parmar, HK, CB. Efficacy of different fungicides 

Macrophomina phaseolina (Tassi) Goid causing castor 

root rot. International Journal of Chemical Studies. 

2017;5(5):1807-1809. 

https://doi.org/10.22271/chemi.2020.v8.i2ak.9119 

11. Hyder S, Gondal AS, Rizvi ZF, Iqbal R, Hannan A, Sahi 

ST. Antagonism of selected fungal species against 

Macrophomina phaseolina (Tassi) Goid, causing 

charcoal rot of mungbean. Pakistan Journal of Botany. 

2022;54(3):1129-1138. https://doi.org/10.30848/pjb2022-

3(8) 

12. Inayati A, Sulistyowati L, Aini LQ, Yusnawan E. 

Trichoderma virens-tv4 enhances growth promoter and 

plant defense-related enzymes of mungbean (Vigna 

Radiata) against soil-borne pathogen rhizoctonia solani. 

Biodiversitas. 2020;21(6):2410-2419. 

https://doi.org/10.13057/biodiv/d210611 

13. Iqbal U, Mukhtar T. Evaluation of Biocontrol Potential of 

Seven Indigenous Trichoderma Species against Charcoal 

Rot Causing Fungus, Macrophomina phaseolina. 

Gesunde Pflanzen. 2020;72(2):195-202. 

https://doi.org/10.1007/s10343-020-00501-x 

14. Jaiganesh V, Sajitha JP, Kannan C, Murugan S. Fungal 

antagonist against black gram root rot caused by 

Macrophomina phaseolina (Tassi) goid. Journal of 

Pharmacognosy and Phytochemistry. 2019;2:602-605. 

15. Jamwal S, Jamwal A, Reena AK, Isher A, Dutta U. 

Management of Root Rot of Urdbean (Phaseolus 

Phaseolus Mungo) With Trichoderma Spp in Rainfed 

Areas of Jammu and Kathua Districts. The Bioscan. 

2016;11(4):2947-2951. 

http://thebioscan.com/supplements/41_6415-SONIKA 

JAMWAL-pp.pdf 

16. Jejurkar GB, Barhate BG, Raghuvanshi KS, Sabale SB. 

Morphological and pathogenic variability of root rot of 

soybean in western Maharashtra caused by Rhizoctonia 

bataticola. The Pharma Innovation Journal. 

2022;11(4):761-765. 

17. Kadam AM, Chavhan SS, Dhutraj DN, Kadam VA. 

Evaluate in vitro different bio agents for growth of 

Rhizoctonia bataticola. Journal of Pharmacognosy and 

Phytochemistry. 2018;1(1):3009-3011. 

http://www.phytojournal.com/archives/2018/vol7issue1S/

PartAT/SP-7-1-833-261.pdf 

18. Karthikeyan V, Brindha S, Annadurai B, Gangwar SK. 

Biological control of Macrophomina phaseolina (Tassi) 

Goid root rot in Vigna mungo (Blackgram) with 

Trichoderma Spp. International Journal of Advanced 

Biological Research. 2015;5(2):2250-3579. 

19. Kaur S, Dhillon GS, Chauhan VB. Morphological and 

pathogenic variability in Macrophomina phaseolina 

isolates of pigeonpea (Cajanus cajan L.) and their 

relatedness using principle component analysis. Archives 

of Phytopathology and Plant Protection. 

2013;46(19):2281-2293. 

https://doi.org/10.1080/03235408.2013.792538 

20. Kaur, Surinder, Dhillon GS, Brar SK, Vallad GE, Chand 

R, et al. Emerging phyto pathogen Macrophomina 

phaseolina: biology, economic importance and current 

diagnostic trends. Critical Reviews in Microbiology. 

2012;38(2):136-151. 

https://doi.org/10.3109/1040841X.2011.640977 

21. Khan MR, Haque Z, Rasool F, Salati K, Khan U, 

Mohiddin FA, et al. Management of root-rot disease 

complex of mungbean caused by Macrophomina 

phaseolina and Rhizoctonia solani through soil 

application of Trichoderma spp. Crop Protection. 2019 

Jan;119:24-29. 

https://doi.org/10.1016/j.cropro.2019.01.014 

22. Khan SN. Macrophomina phaseolina as causal agent for 

charcoal rot of sunflower. Myco pathology. 

2007;5(2):111-118. 

23. Khan SS, MR. Biological Control of Root-rot on 

Mungbean Plants Incited By Macrophomina phaseolina 

Through Microbial Antagonists. Plant Pathology Journal. 

2016;15(2):27-39. https://doi.org/10.3923/ppj.2016.27.39 

24. Koche MD, Kothikar RB. Management of Root Rot 

Through Fungicides and Bioagents and its Effect on 

Grain Yield of Soybean Management of Root Rot 

Through Fungicides and Bioagents and its Effect on. 

2020;10(8):1566-1568. 

25. Kumar M, Kumhar DR, Garg S, Partap M. Evaluation for 

the Resistance of Green Gram (Vigna Radiata L.) 

Germplasm against Macrophomina phaseolina. Legume 

https://www.thepharmajournal.com/


 
 

~ 25 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Research-an International Journal, 2021, I(1). 

https://doi.org/10.18805/lr-4501 

26. Kumar M, Kumhar DR, Meena AK, Choudhary K. 

Management of dry root rot [Macrophomina phaseolina 

(Tassi.) Goid] of mungbean (Vigna Radiata L.) through 

bioagents and bio-fertilizer in vivo. Legume Research- 

An International Journal. 2020;44(7):849-853. 

https://doi.org/10.18805/LR-4154 

27. Kumar P, Gaur VK. Effect of Macrophomina phaseolina 

on rhizosperic soil factors of resistant and susceptible 

variety of Mungbean. Journal of Pharmacognosy and 

Phytochemistry. 2020;9(1):352-354. 

http://www.phytojournal.com 

28. Kumari P, Meena M, Gupta P, Dubey MK, Nath G, 

Upadhyay RS. Plant growth promoting rhizobacteria and 

their biopriming for growth promotion in mung bean 

(Vigna Radiata (L.) R. Wilczek). Biocatalysis and 

Agricultural Biotechnology. 2018 Oct 1;16:163-171. 

https://doi.org/10.1016/j.bcab.2018.07.030 

29. Kumari R, KS, Shekhawat RG, MK. Integrated 

Management against Rootrot of Mungbean [Vigna 

Radiata (L.) Wilczek] incited by Macrophomina 

phaseolina. Journal of Plant Pathology & Microbiology. 

2012;03(05):2-5. 

https://doi.org/10.4172/21577471.1000136 

30. Lakhran L, Ahir RR. In-vivo evaluation of different 

fungicides, plant extracts, biocontrol agents and organics 

amendments for management of dry root rot of chickpea 

caused by Macrophomina phaseolina. Legume Research: 

An International Journal. 2018;1(1):1-6. 

https://doi.org/10.18805/LR-3939 

31. Lokesh R, Rakholiya KB, Thesiya MR. Evaluation of 

Different Fungicides against Macrophomina phaseolina 

(Tassi) Goid. Causing Dry Root Rot of Chickpea (Cicer 

arietinum L.) in vitro. International Journal of Current 

Microbiology and Applied Sciences. 2020;9(7):901-911. 

https://doi.org/10.20546/ijcmas.2020.907.105 

32. Lokesha NM, Benagi VI. Biological Management of 

Pigeonpea Dry Root Rot Caused by Macrophomina 

phaseolina. Karnataka Journal of Agricultural Sciences. 

2007;20(1):54-56. 

33. Mallaiah B, VKR. Integrated Management of Dry root 

rot of Green gram [Vigna Radiata (L.) Wilczek] Incited 

by Macrophomina phaseolina (Tassi.) Goid. National 

Academy of Agricultural Science (NAAS). 

2018;34(3):607-614. 

34. Manjunatha H, Saifulla M. Management of dry root rot in 

chickpea (Cicer arietinum L.) caused by Macrophomina 

phaseolina by utilizing host plant resistance, fungicides 

and bioagents. Legume Research: An International 

Journal. 2021;44(1):115-119. 

https://doi.org/10.18805/LR-3820 

35. Manjunatha SV, Naik MK, Khan MFR, Goswami RS. 

Evaluation of biocontrol agents for management of dry 

root rot of chickpea caused by Macrophomina 

phaseolina. Crop Protection. 2013;45(1):147-150. 

https://doi.org/10.1016/j.cropro.2012.09.003 

36. Maruti1, Savitha AS, GS, AYS. In vitro Efficacy of 

Fungicides and Bioagents Against Dry Root Rot of 

Pigeonpea Caused by Rhizoctonia bataticola (Taub.) 

Butler. International Journal of Pure & Applied 

Bioscience. 2017;5(6):1341-1347. 

https://doi.org/10.18782/2320-7051.5811 

37. Mishra PK, Kumari M, Dantre RK. Morpho-cultural and 

pathogenic variability in Macrophomina phaseolina 

isolates from soybean. The Pharma Innovation Journal. 

2021;10(3):777-785. http://www.thepharmajournal.com 

38. Nair RM, Pandey AK, War AR, Hanumantharao B, Shwe 

T, Alam AKMM, et al. Biotic and Abiotic Constraints in 

Mungbean Production Progress in Genetic Improvement. 

Frontiers in Plant Science. 2019;10(1):1-24. 

https://doi.org/10.3389/fpls.2019.01340 

39. Pandey AK, Burlakoti RR, Kenyon L, Nair RM. 

Perspectives and challenges for sustainable management 

of fungal diseases of mungbean [Vigna Radiata (L.) R. 

Wilczek var. radiata]: A review. Frontiers in 

Environmental Science. 2018;6(1):1-15. 

https://doi.org/10.3389/fenvs.2018.00053 

40. Lokesh R, Madagoudra YB, CSSAPT. Evaluation of 

fungicides and bioagents in pot condition for 

management of dry root rot of Chickpea (Cicer arietinum 

L.) caused by Macrophomina phaseolina (Tassi) Goid. 

Journal of Mycopathology Research. 2021;59(3):295-

298. https://doi.org/10.18805/LR-3820 

41. Rahman MT, Rubayet MT, Bhuiyan MKA. Integrated 

management of rhizoctonia root rot disease of soybean 

caused by Rhizoctonia solani. Nippon Journal of 

Environmental Science. 2020;1(7):1-10. 

https://doi.org/10.46266/njes.1018 

42. Rai A, Irulappan V, Senthil-Kumar M. Dry Root Rot of 

Chickpea: A Disease Favored by Drought. Plant Disease. 

2022;106(2):346-356. https://doi.org/10.1094/PDIS-07-

21-1410-FE 

43. Ram RM, Singh HB. Rhizoctonia bataticola: A serious 

threat to chickpea production. International Journal of 

Chemical Studies. 2018;6(4):715-723. 

44. Saima S, Wu G. Effect of Macrophomina phaseolina on 

growth and expression of defense related genes in 

Arabidopsis thaliana. Journal of the National Science 

Foundation of Sri Lanka. 2019;47(1):113-120. 

https://doi.org/10.4038/jnsfsr.v47i1.8934 

45. Sajjan AS, Waddinakatti S, Jolli RB, Goudar GD. In vitro 

investigation of biopriming on seed quality parameters in 

Green Gram [Vigna Radiata (L.)]. Legume Research- An 

International Journal. 2021;44(1):98-100. 

https://doi.org/10.18805/LR-4071 

46. Salunkhe Vanita, Sarika Armarkar, Ingle RW. Effect of 

nutritional and physiological factors on growth and 

sclerotial formation of R. bataticola (Taub.) Butler 

isolates. J Pl. Dis. Sci. 2009;4(1):44-48. 

https://doi.org/10.20546/ijcmas.2020.901.074 

47. Sathyasivananthamoorthy M, Dr. Rajamohan K, DB 

survey on the dry root rot (Macrophomina phaseolina 

(Tassi) goid) of blackgram assessing the diseases 

incidence, cultural characters and pathogenicity in 

thiruvannamalai district of Tamil Nadu. International 

Journal of Current Research. 2018;10(03):67449-67453. 

48. Shahid S, Khan MR. Evaluation of biocontrol agents for 

the management of root rot of mung bean caused by 

Macrophomina phaseolina. Indian Phytopathology. 

2019;72(1):89-98. https://doi.org/10.1007/s42360-018-

0098-8 

49. Sharma O, Mohan G, Pruthi S, Kaur M, Kumari M. 

Effect of different soil amendments and bio agents on 

development of dry root rot (DRR) diseases of chickpea 

caused by Rhizoctonia bataticola (M.phaseolina). Journal 

https://www.thepharmajournal.com/


 
 

~ 26 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
of Entomology and Zoology Studies. 2020;8(5):637-639. 

https://doi.org/10.22271/j.ento.2020.v8.i5i.7571 

50. Singh M, Singh J, Maurya S, Kumar S, Meena AK, 

Sharma P, Lakhran L. VIVA. Legume Research - an 

International Journal. 2021;47(14):1-7. 

https://doi.org/10.18805/lr- 4714 

51. Sukanya R, Jayalaxmi SK, Girish G. Effect of 

temperature and pH levels on growth of Macrophomina 

phaseolina (Tassi) Goid. infecting sorghum. International 

Journal of Agriculture Sciences. 2016;8(1):1768-1770. 

52. Sunil Kulkarni, MS, R. Integrated management of dry 

root rot caused by Rhizoctonia bataticola. International 

Journal of Current Microbiology and Applied Sciences. 

2019;8(8):853-858. 

53. Swamy C, Naik MK, Amaresh YS, Jayalakshmi SK. 

Evaluation of Fungicides and Bio-Agents under in vitro 

Condition against Macrophomina phaseolina Causing 

Stem Canker of Pigeonpea. International Journal of 

Current Microbiology and Applied Sciences. 

2018;7(1):811-819. 

https://doi.org/10.20546/ijcmas.2018.701.099 

54. Swehla A, Pandey AK, Nair RM. Bioactivity of 

Trichoderma harzianum isolates against the fungal root 

rot pathogens with special reference to Macrophomina 

phaseolina causing dry root rot of mungbean. Indian 

Phytopathology. 2020;73(4):787-792. 

https://doi.org/10.1007/s42360-020-00288-x 

55. Tetali S, Karpagavalli S, Lalitha Pavani S. Management 

of dry root rot of blackgram caused by Macrophomina 

phaseolina (Tassi) Goid. Using bio agent. Plant Archives. 

2015;15(2):647-650. 

56. Thirunarayanan P, Sanjaygandhi S, Rajamohan K, 

Udhayakumar R, Vengadeshkumar L. Isolation, cultural 

characterization, and antagonistic activity of Trichoderma 

viride against Macrophomina phaseolina. Plant Archives. 

2020;20(1):2951-2955. 

57. Thombre BB, Kohire OD. Integrated management of 

Macrophomina blight of mungbean (Vigna Radiata L.) 

caused by Macrophomina phaseolina (Tassi) Goid. 

Indian Phytopathology. 2018;71(3):423-429. 

https://doi.org/10.1007/s42360-018-0055-6 

58. Thombre B, Kohire O. In vitro bio-efficacy of bioagents 

and botanicals against Macrophomina blight of 

mungbean caused by Macrophomina phaseolina (Tassi) 

Goid. International Journal of Chemical Studies. 

2018;6(2):3063-3066. 

http://www.chemijournal.com/archives/2018/vol6issue2/

PartAQ/6-2-288-326.pdf 

59. Van Schoonhoven A, Pastor-Corrales MA. Standard 

System for the Evaluation of Bean Germplasm. Cali 

Colombia. CIAT; c1987. 

https://doi.org/10.1016/j.cropro.2019.104962 

60. Vijay R, Mishra P, Kumar A, Mishra S. In vitro Efficacy 

of Bioagents and Fungicides on the Management of Dry 

Root Rot of Cluster Bean (Macrophomina phaseolina). 

International Journal of Current Microbiology and 

Applied Sciences. 2020;9(9):2319-7706. 

https://doi.org/10.20546/ijcmas.2020.909.252 

61. Viswanatha KP, Talekar SC, Lohithasawa HC. Screening 

chickpea genotypes for resistance to Rhizoctonia 

bataticola in controlled conditions. Legume Research. 

2021;44(1):101-108. https://doi.org/10.18805/LR-4061 

62. Sahi S. Explicit Hilbert spaces for certain unipotent 

representations. Inventions mathematical. 1992 

Dec;110(1):409-18. 

63. Jha NK, Reddy PS, Sharma DK, Rao VR. NBTI 

degradation and its impact for analogy circuit reliability. 

IEEE Transactions on Electron Devices. 2005 Dec 

5;52(12):2609-15. 

64. Park SW, Vepachedu R, Sharma N, Vivanco JM. 

Ribosome-inactivating proteins in plant biology Planta. 

2004 Oct;219(6):1093-6. 

65. Khan AS, Liu H. Strain rate and temperature dependent 

fracture criteria for isotropic and anisotropic metals. 

International Journal of Plasticity. 2012 Oct 1;37:1-5. 

https://www.thepharmajournal.com/

