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Abstract: The charcoal rot of cowpea (Vigna unguiculata (L.) Walp) is caused by Macrophominaphaseolina. It affects 

many crops worldwide causing devastatingly high yield losses. No single control measures are found to be much effective 

owing to its soil-borne nature. In order to manage the disease, a field experiment was conducted to determine the 

effectiveness of biocontrol agentsviz., Trichodermaharzianum and Pseudomonas fluorescens and fungicides viz., 

tebuconazole 2DS, tebuconazole 50% + trifloxystrobin 25% WG, carbendazim 12% + mancozeb 63% WP and captan 

70%WP were used alone as well as in combinations. When fungicides were applied as seed treatment and soil drench 

together, tebuconazole 50%+ trifloxystrobin 25% WG was proved to be most effective against charcoal rot by decreasing 

disease incidence and increasing grain yield followed by carbendazim 12% + mancozeb 63% WP.Seed treatment and foliar 

spray when applied alone, were found to be effective against M. phaseolina but the results revealed that they were less 

effective than combination treatment of fungicides. Bio-agents minimized the incidence of disease but to a lower extent than 

fungicides. A relatively more disease control was observed by T. harzianum followed by P. fluorescens. 
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INTRODUCTION 
 

owpea (Vigna unguiculata (L.) Walp) also 

known as ‘vegetable meat’due to its high 

nutritional value and early maturity is an important 

legume crop of kharif season grown extensively in 

arid, semi-arid, tropical and sub-tropical regions 

throughtout the world (PainoD’urzoet al., 1990). 

Cowpea is prone to several diseases, among them 

Macrophominaphaseolinainduced charcoal rot of 

cowpea is emerging as a severe problem leading to 

high yield losses (Mucheroet al., 2011; Kaur et al., 

2012; Boukaret al., 2019). M. phaseolinais an 

important soil-inhabiting fungus. Its prevalence 

could be enhanced by different ecological and 

physiological factors likehigh temperature, low 

moisture content and heat (Dhingra and Sinclair, 

1978).The disease is mostly prevalent during hot 

temperature range of 30 to 35°C and low soil 

moisture regimes (Pande and Sharma, 2010).  The 

characteristic symptom of charcoal rot was yellowing 

of leaves followed by dropping of leaves within two 

of three days. On the collar region, dark lesions were 

seen. When the plants were pulled out from the soil, 

the basal stem and main roots showed rotting 

symptoms.Soil-borne diseases can effectively be 

managed by resistant varieties to a great extent but 

due to their inability to maintain resistance for long 

duration owing to the constant variations in nature of 

pathogen and various other edaphic factors, they are 

preferred less for the management of soil-borne 

disease. As for chemical control, they are not fit to be 

used on long term basis but since they give 

immediate results, they are being exploited since 

now. Inhibition and control of plant pathogens by 

biological methods is more economical and 

advantageous over chemicals (Cothranet al., 2013) 

but they give slow results. So an integrated approach 

is the need of hour. 

 

MATERIALS AND METHODS 

 

A field trial was carried out for management of 

charcoal rot of cowpea (RC-19) using efficient 

bioagents and fungicides in kharif 2018. Talc based 

inoculations of one fungal & one bacterial bioagent 

viz., T. harzianum and P. fluorescens and 

fungicidesviz., tebuconazole  2DS, tebuconazole 50% 

+ trifloxystrobin 25% WG, carbendazim 12% + 

mancozeb 63% WP, captan 70%WP were used alone 

as well as in combinations. Seed treatment with 

fungicides tebuconazole 2DS @1.5gkg
-1 

seed, 

carbendazim 12% + mancozeb 63% WP as well as 

captan 70%WP@ 2gkg
-1

, foliar spray with 

tebuconazole 50% + trifloxystrobin 25% WG@ 

1.5gL
-1

, carbendazim 12% + mancozeb 63% WP as 

well as captan 70% WP @ 2gL
-1  

was followed. Seed 

treatment and soil drench of tebuconazole 50% + 

trifloxystrobin 25% WG@ 1.5gkg
-1 

and@ 1.5gL
-1 

waterrespectively, carbendazim 12% + mancozeb 

63% WP and captan 70% WP @ 2gkg
-1 

and soil 

drench@ 2gL
-1 

waterrespectivelywas followed. A 

combined application as seed treatment + soil 

application of two bioagents viz., T. harzianum and 

P. fluorescens was used against charcoal rot of 
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cowpea. 10 kg ha
-1

talc-based formulation of 

bioagents prepared in the laboratory was thoroughly 

mixed with FYM for soil application. 2gkg
-1

talc-

based formulation of bio-agents seed were used as 

seed treatment. 

 

Treatments 

Treatment Dose 

T1- tebuconazole  2DS ST @ 1.5 g/kg seed 

T2- carbendazim 12% + mancozeb 63% WP 
ST @ 2g /kg seed 

T3- captan70%WP ST @2g/kg seed 

T4- tebuconazole 50% + trifloxystrobin 25%  WG FS @ 1.5g/L water 

T5- carbendazim 12% + mancozeb 63% WP FS @ 2g/L water 

T6- captan 70WP FS @ 2g/L water 

T7- tebuconazole 50% + trifloxystrobin 25% WG ST @ 1.5g/kg seed +SD @ 1.5 g/L water 

T8- carbendazim 12% + mancozeb 63% WP ST @ 2g/kg seed +SD @ 2g/L water 

T9- captan 70%WP ST @ 2g/kg seed +SD @ 2g/L water 

T10-Trichoderma harzianum ST @ 10g/kg seed +SA @ 10 kg/ha 

T11- Pseudomonas fluorescens ST @ 10g/kg seed +SA @ 10 kg/ha 

T12- Control  

*FS=Foliar spray, *ST= Seed treatment, *SA= Soil application, SD=Soil drenching 

 

Total 12 treatments including control were tested 

following randomized block design having plot size 

of 3 x 3 m
2
. Each treatment was replicated thrice. 

The experiment was conducted under artificial soil 

infestation conditions. For this purpose, sand maize 

meal inoculum of M. phaseolina was applied at 50g 

per plot and mixed properly on top surface soil using 

a hand rack. Standard agronomic practices 

recommended for cultivation of cowpea crop was 

followed. In case of control, the untreated plots were 

sown with sterilisedseeds. Observations on charcoal 

rot incidence were recorded periodically as well as 

the grain yield was recorded after harvesting of the 

crop.  

Calculation and Statistical Analysis 

Per cent disease incidence (PDI) and per cent disease 

control were calculated as follows: 

Disease incidence (%)

=
No. of diseased plants

Total no. of plants germinated
x 100        

Disease control  % 

=

Disease incidence in control  % 

−Disease incidence in treatment(%)

Disease incidence in  control (%)
 X 100 

 The data of per cent disease incidence were 

transformed to their arc sine values (Fisher and 

Yates, 1963). The statistical analysis of field 

experiments was analyzed following randomized 

block design (Cochran and Cox, 1957). 

 

RESULTS AND DISCUSSION 

 

Effect of bio-agents and fungicides under field 

conditions 

The charcoal rot incidence in cowpea was 

significantly reduced in fungicidal treatments of 

tebuconazole 50% + trifloxystrobin 25% WG 

(11.36%) followed by carbendazim 12% + mancozeb 

63% WP (13.09%) when used as seed treatment in 

combination with soil drench (Table 1 and Fig 1). 

The disease control was also recorded highest in 

tebuconazole 50% + trifloxystrobin 25% WG 

(82.20%) followed by carbendazim 12% + mancozeb 

63% WP (79.49%). This is due to the fact that at an 

early stage when seed treatment is applied, 

fungicides inhibit M. phaseolina present in seed and 

later on soil drench effectively check the systemic 

infection by pathogen. Seed treatment with 

fungicides showed highest disease control in 

tebuconazole 2DS (70.44%) followed by 

carbendazim 12% + mancozeb 63% WP (67.05%). 

Foliar spray showed promising results but it was 

comparatively less effective than seed treatment and 

soil drench together. The maximum control through 

foliar spray was observed by tebuconazole 50% + 

trifloxystrobin 25% WG (60.09%) followed by 

carbendazim 12% + mancozeb 63% WP (59.77%). 

Bio-agents minimized the incidence of disease but to 

a lower extent than fungicides.Among the bioagents, 

T. harzianum showed significantly higher disease 

control of 56.66% followed by P. fluorescens, which 

controlled the disease up to 49.89%.Our findings 

corroborate with the findings reported by Lokesha 

and Benagi (2007), Kumari et al. (2012), Khalili et 

al. (2016) and Meena et al. (2018). 

Grainyield 

Highest grain yield of cowpea (14.90 qha
-1

) was 

obtained in tebuconazole 50% + trifloxystrobin 25% 

WG followed by carbendazim 12% + mancozeb 63% 

WP (13.45 qha
-1

) when applied as seed treatment in 

combination with soil drench (Table 1). Grain yield 

recorded from seed treatment with fungicides was 

12.40 qha
-1 

fromtebuconazole 2DS followed by 

11.52qha
-1 

fromcarbendazim 12% + mancozeb 63% 
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WP. As regards to foliar spray, it was found less 

effective than seed treatment and seed treatment + 

soil drench. Grain yield recorded from foliar spray 

with fungicides was 10.81 qha
-1 

fromtebuconazole 

50% + trifloxystrobin 25% WG followed by 10.02 

qha
-1 

from carbendazim 12% + mancozeb 63% WP. 

Seed treatment withT. harzianumand P. fluorescensin 

combination with their soil application resulted in 

9.22 and 9.01 qha
-1

 yield respectively. The reduction 

in soil borne plant diseases and subsequent 

enhancement in the yield of different crops after 

treatment with formulations of T. harzianum have 

been reported by several workers (Harman et al., 

2004and Jaimanet al., 2009). 

 

Table 1.Management of charcoal rot of cowpea through different bio-agents and fungicides under field 

conditions 

Treatment Dose 
Disease 

incidence (%) 

Disease 

Control (%) 

Yield 

(qha
-1

) 

T1- tebuconazole  2DS ST @ 1.5 gkg
-1

 seed 18.86 (25.73)* 70.44 12.40 

T2- carbendazim 12% + 

mancozeb 63% WP 
ST @ 2g kg

-1
 seed 21.02 (27.29) 67.05 11.52 

T3- captan 70% WP ST @2gkg
-1

 seed 24.68 (29.78) 61.33 10.19 

T4- tebuconazole 50% + 

trifloxystrobin 25% WG 
FS @ 1.5gL

-1
 water 25.46 (30.30) 60.09 10.81 

T5- carbendazim 12% + 

mancozeb 63% WP 
FS @ 2gL

-1
 water 25.67 (30.43) 59.77 10.02 

T6- captan 70% WP FS @ 2gL
-1

 water 27.31 (31.42) 57.23 9.31 

T7- tebuconazole 50% + 

trifloxystrobin 25% WG 

ST @ 1.5gkg
-1

 seed +SD 

@ 1.5 gL
-1

 water 
11.36 (19.69) 82.20 14.90 

T8- carbendazim 12% + 

mancozeb 63% WP 

ST @ 2gkg
-1

 seed +SD 

@ 2gL
-1

 water 
13.09 (21.21) 79.49 13.45 

T9- captan 70% WP 
ST @ 2gkg

-1
 seed +SD 

@ 2gL
-1

 water 
16.05 (23.61) 74.84 12.85 

T10- Trichoderma harzianum 
ST @ 10gkg

-1
 seed +SA 

@ 10 kgha
-1

 
27.67 (31.73) 56.66 9.22 

T11- Pseudomonas fluorescens 
ST @ 10kg

-1 
seed +SA 

@ 10 kgha
-1

 
32.25 (34.58) 49.89 9.01 

T12- Control  63.94 (53.20) 0.00 6.20 

S.Em± 

CD (P=0.05) 

CV (%) 

2.04 

5.98 

13.79 

 0.69 

2.03 

11.10 

*Figure in parenthesis are angular transformed values 

 

 
 

CONCLUSION 

 

In recent years cultivation of cowpea has decreased 

due to major constraint of charcoal rot disease. In 

ourstudy the charcoal rot incidence in cowpea was 

least in fungicidal treatments of tebuconazole 50% + 

trifloxystrobin 25% WG when used as seed treatment 

in combination with soil drench thus disease control 
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was recorded highest.Conclusively, application of the 

fungicides in combination with seed treatment and 

soil drench of tebuconazole 50% + trifloxystrobin 

25% WG enhanced the yield more effectively as 

compared to other fungicides and bioagent treatment. 

 

REFERENCES 

 

Boukar, O., Belko, N., Chamarthi, S., Togola, A., 

Batieno, J., Owusu, E. and Fatokun, C. (2019). 

Cowpea (Vigna unguiculata): Genetics, genomics 

and breeding. Plant Breeding, 138 (4): 415–424. 

Google Scholar 

Cochran, W.G. and Cox, G.M. (1957). 

Experimental Designs, Second Edition, New York. 

John Wiley & Sons, Inc. 

Google Scholar 

Cothran, R.D., Brown, J.M. and Relyea, R.A. 
(2013). Proximity to agriculture is correlated with 

pesticide tolerance: evidence for the evolution of 

amphibian resistance to modern pesticides. Evol. 

Appl., 6: 832-841. 

Google Scholar 

Dhingra, O. D. and Sinclair, J.B. (1978). Biology 

and pathology of Macrophominaphaseolina. Vicosa, 

M.G., Brazil:Universidade Federal de Vicosa Press, 

p. 125. 

Google Scholar 

Fisher, R.A. and Yates, F. (1963). Statistical tables 

for biological, agricultural and medical research. 

Oliver and Boyd, Edinburgh, London. pp 146. 

Google Scholar 

Harman, G.E., Obregon, M.A., Samuels, G.J. and 

Lorito, M. (2010). Changing models for 

commercialization and implementation of biocontrol 

in the developing and the developed world. Plant 

Dis., 94 (8): 928-939. 

Google Scholar 

Jaiman, R.K., Jain, S.C. and Sharma, P. (2009). 

Field evaluation of fungicides, bioagents and soil 

amendments against root rot caused by 

Macrophominaphaseolinain clusterbean. J. Mycol. 

Pl. Pathol., 39 (1): 74-76. 

Google Scholar 

Kaur, S., Dhillon, G. S., Brar, S. K., Vallad, G. E., 

Chand, R. and Chauhan, V. B. (2012). Emerging 

phytopathogen M. phaseolina: biology, economic 

importance and current diagnostic trends. Critical 

Reviews in Microbiology, 38(2): 136–151. 

Google Scholar 

Khalilia, E., Javeda, M. A., Huyop, F., 

Rayatpanah, S., Jamshidi, S. and Wahab, R. A. 
(2016). Evaluation of Trichoderma isolates as 

potential biological control agent against soybean 

charcoal rot disease caused by 

Macrophominaphaseolina, Biotechnology& 

Biotechnological Equipment, 30(3): 479-488. 

Google Scholar 

Kumari, R., Shekhawat, K.S., Gupta, R. and 

Khokhar, M.K. (2012). Integrated management 

against root-rot of mungbean [Vigna radiata (L.) 

Wilczek] incited by Macrophominaphaseolina. Plant 

Pathol. Microb., 3 (5): 136-140. 

Google Scholar 

Lokesha, N. M. and Benagi, V. I. (2007).Biological 

management of pigeonpea dry root rot caused by 

Macrophominaphaseolina, Karnataka J. Agric. 

Sci.,20(1): 54-56. 

Google Scholar 

Meena, R. L., Godara, S. L., Meena, A. K., and 

Meena P. N. (2018). Evaluation of efficacy of 

different bioagents and fungicides against 

Rhizoctonia solani(Kuhn).Int.J. Curr. Microbiol. 

App. Sci, 7(9): 3694-3703. 

Google Scholar 

Muchero, W., Ehlers, J. D., Close, T. J. and 

Roberts, P. A. (2011). Genic SNP markers and 

legume synteny reveal candidate genes underlying 

QTL for M. phaseolina resistance and maturity in 

cowpea [Vigna unguiculata (L) Walp.]. BMC 

genomics, 12: 8. 

Google Scholar 

PainoD’urzo, M., Pedalino, M., Grillo, S., Rao, R. 

and Tucci, M.(1990). Variability in major seed 

proteins in different Vigna species. In: Cowpea 

genetic resources,IITA, 90-100. 

Google Scholar 

Pande, S. and Sharma, M. (2010). Climate Change: 

Potential Impact on Chickpea and PigeonpeaDiseases 

in the Rainfed Semi-Arid Tropics.  In 5th 

International Food Legumes Research Conference 

(IFLRCV) & 7th European Conference on Grain 

Legumes (AEP VII) April 26-30, Antalya, Turkey. 

Google Scholar

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Boukar%2C+O.%2C+Belko%2C+N.%2C+Chamarthi%2C+S.%2C+Togola%2C+A.%2C+Batieno%2C+J.%2C+Owusu%2C+E.+and+Fatokun%2C+C.+%282019%29.+Cowpea+%28Vigna+unguiculata%29%3A+Genetics%2C+genomics+and+breeding.+Plant+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cochran%2C+W.G.+and+Cox%2C+G.M.+%281957%29.+Experimental+Designs%2C+Second+Edition%2C+New+York.+John+Wiley+%26+Sons%2C+Inc.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cothran%2C+R.D.%2C+Brown%2C+J.M.+and+Relyea%2C+R.A.+%282013%29.+Proximity+to+agriculture+is+correlated+with+pesticide+tolerance%3A+evidence+for+the+evolution+of+amphibian+resistance+to+modern+pesticid
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dhingra%2C+O.+D.+and+Sinclair%2C+J.B.+%281978%29.+Biology+and+pathology+of+Macrophomina+phaseolina.+Vicosa%2C+M.G.%2C+Brazil+%3A+Universidade+Federal+de+Vicosa+Press%2C+p.+125.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fisher%2C+R.A.+and+Yates%2C+F.+%281963%29.+Statistical+tables+for+biological%2C+agricultural+and+medical+research.+Oliver+and+Boyd%2C+Edinburgh%2C+London.+pp+146.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Harman%2C+G.E.%2C+Obregon%2C+M.A.%2C+Samuels%2C+G.J.+and+Lorito%2C+M.+%282010%29.+Changing+models+for+commercialization+and+implementation+of+biocontrol+in+the+developing+and+the+developed+world.+Plan
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jaiman%2C+R.K.%2C+Jain%2C+S.C.+and+Sharma%2C+P.+%282009%29.+Field+evaluation+of+fungicides%2C+bioagents+and+soil+amendments+against+root+rot+caused+by+Macrophomina+phaseolina+in+clusterbean.+J.+Mycol.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kaur%2C+S.%2C+Dhillon%2C+G.+S.%2C+Brar%2C+S.+K.%2C+Vallad%2C+G.+E.%2C+Chand%2C+R.+and+Chauhan%2C+V.+B.+%282012%29.+Emerging+phytopathogen+M.+phaseolina%3A+biology%2C+economic+importance+and+current+di
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khalilia%2C+E.%2C+Javeda%2C+M.+A.%2C+Huyop%2C+F.%2C+Rayatpanah%2C+S.%2C++Jamshidi%2C+S.+and+Wahab%2C+R.+A.+%282016%29.+Evaluation+of+Trichoderma+isolates+as+potential+biological+control+agent+against+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumari%2C+R.%2C+Shekhawat%2C+K.S.%2C+Gupta%2C+R.+and+Khokhar%2C+M.K.+%282012%29.+Integrated+management+against+root-rot+of+mungbean+%5BVigna+radiata+%28L.%29+Wilczek%5D+incited+by+Macrophomina+phaseol
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lokesha%2C+N.+M.+And+Benagi%2C+V.+I.+%282007%29.+Biological+management+of+pigeonpea+dry+root+rot+caused+by+Macrophomina+phaseolina%2C+Karnataka+J.+Agric.+Sci.%2C20%281%29%3A+54-56.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Meena%2C+R.+L.%2C+Godara%2C+S.+L.%2C+Meena%2C+A.+K.%2C+and+Meena+P.+N.+%282018%29.+Evaluation+of+efficacy+of+different+bioagents+and+fungicides+against+Rhizoctonia+solani+%28Kuhn%29.+Int+.J.+Curr.+Mic
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Muchero%2C+W.%2C+Ehlers%2C+J.+D.%2C+Close%2C+T.+J.+and+Roberts%2C+P.+A.+%282011%29.+Genic+SNP+markers+and+legume+synteny+reveal+candidate+genes+underlying+QTL+for+M.+phaseolina+resistance+and+maturity
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Paino+D%E2%80%99urzo+M%2C+Pedalino+M%2C+Grillo+S%2C+Rao+R%2C+Tucci+M.+Variability+in+major+seed+proteins+in+different+Vigna+species.+In%3A+Cowpea+genetic+resources%2CIITA%2C+1990%3B90-100.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pande%2C+S.%2C+Sharma%2C+M.+%282010%29.+Climate+Change%3A+Potential+Impact+on+Chickpea+and+Pigeonpea+Diseases++in+the+Rainfed++Semi-Arid+Tropics.++In++5th++International++Food++Legumes++Research+Confe

