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Abstract: 

In the present study, the efficacy of four b io-agents, viz., Penicillium viridcatum, Trichoderma harzianum, T. viride and 

Myrothecium verrucaria were evaluated for the control of potato late blight. All the four biocontrol agents provided good control 

of late blight development both on detached leaves and whole plants of potato cultivar Kufri Chandramukhi. T. viride and P. 

viridicatum were found better than the others.  
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INTRODUCTION 

Potato late blight caused by Phytophthora infestans (Mont.) 

De Bary is one of the most destructive diseases of potato 

world  over including India.  Treatments of seeds (tubers) and 

foliar spray with of fungicides applied at regular intervals or 

scheduled according to late blight forecasting system are 

effective in reducing infection, but uses of chemicals are  

hazardous, harmful for beneficial micro-organisms (Jindal et 

al., 1988). Biological control of plant pathogens offers an 

excit ing opportunity to manage plant diseases.  To isolate 

and identify potential bio-agents from the host itself and use 

them for the management of P. infestans is a requirement on 

a priority basis . Some studies have been carried out in this 

direction (Falconi and Benalcazer, 1999; Garita et al., 1998;  

Gupta et al., 2004; Kuznetsova et al., 1995, 1996 and 

Webster, 1997), but more efforts are required to make use of 

the full potential of the biocontrol agents occurring in nature. 

 

MATERIALS AND METHODS  

In the present studies, four bioagents viz. Penicillium 

viridcatum, Trichoderma harzianum, T. viride and 

Myrothecium verrucaria were evaluated for their potential in 

controlling potato late blight using both detached leaf 

method and whole plant method. Culture of antagonistic 

fungi obtained from IARI, New Delh i. Potato leaves and/or 

tubers infected with late blight disease were collected from 

Agra region and P. infestans were isolated and maintained 

on Rye B agar media (Caten and Jinks, 1968). 

 

Mass production of antagonists 

All the four biocontrol agents were multip lied on Potato 

Dextrose Agar in 250 ml conical flasks. Inoculated flasks 

were incubated in a biological oxygen demand (BOD) 

incubator at 25+2
o
C for 15 days. The flasks were flooded 

with sterilized distilled water. The fungi were harvested by 

scraping the mycelial mat from the flask with the help of a 

sterilized spatula. The collected mats were weighed and 

blended in a known volume of distilled water in an electric 

blender and a homogenous suspension was prepared. The 

strength of the bio-agent spores in the filtrate was adjusted to 

a desired level of 20 x 10
6
 spores/ml using a 

haemocytometer. 

 

Testing of efficacy of bioagents using detached leaf 

method 

Leaves, 4
th

 from the top were p lucked from 40 days old 

plants of cv. Kufri Chandramukhi grown under glasshouse 

and placed (adaxial surface downward) on a blotting sheet.  

A total of three sets of 24 leaflets each were prepared 

separately.  Each set of leaflets was further div ided into eight 

subsets, each containing 4 leaflets.  Three subsets in each set 

were sprayed with antagonists (one antagonist/set) whereas 

the remain ing three subsets served as control (unsprayed).  

All the subsets were then inoculated with Phytophthora 

infestans zoospores by applying 100 l zoospores 

suspension on each leaflet using an automatic dispenser after 

24, 48 and 72 hrs of antagonist application. The inoculated 

leaflets were incubated in late blight inoculation trays at 18 ± 

1
0 

C and the lesion area was measured after 5 days of 

incubation. 

 

Testing of efficacy of bioagents using whole plant method 

Seventy two plants of cv Kufri Chandramukhi were raised in 

earthern pots under glasshouse.  Forty days after planting, 

the plants were divided into 3 sets, each containing 24 

plants.   Each set was further div ided into 8 subsets each of 

them containing 3 plants.  Four subsets in each set were 

sprayed with suspension of antagonists (1 antagonist/set) 

whereas the remain ing 4 subsets served as control 

(unsprayed). All the subsets were then inoculated with P. 

infestans zoospore suspension after 1, 4 and 7 days of 

antagonists application. 

 

RES ULTS AND DISCUSS ION 

Results on bio-efficacy of different bioagents, when 

evaluated through detached leaf method revealed that T. 

viride followed by P. viridicatum were most effective in 

controlling late blight (lesion area 3.48 and 3.66 cm
2
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respectively as against 9.96 cm
2
 in untreated control).  T. 

harzianum and M. verrucaria were at par with each other but 

showed significant reduction of the d isease over control 

(lesion area 5.93 and 5.06 cm
2 

respectively).  This trend was 

visible at 24, 48 and 72 hours after bioagent application 

(establishment time).  Bioagent T. viride and T. viridicatum 

showed highest inhibition of the disease all throughout 

(Table 1).  Data on the effect of period of establishment of 

the bioagents on leaf surface showed that efficacy of the 

bioagents increased gradually with increase in establishment 

period.  Least antagonistic effect was shown by T. 

harzianum as recorded at 24 hours after bioagent application 

(lesion area 6.10 cm
2
) and highest at 72 hours after bioagent 

application (lesion area 5.69 cm
2
, Table 1). 

 

Similar results were achieved when bioagents tested on 

whole plants, P. viridicatum and T. viride were most 

effective in controlling the disease (43.18 and 39.63 % DI 

respectively as against 90.10 % in untreated control; CD0.05 

= 1.45; Table 2).  M. verrucaria was next in order (56.46 % 

DI) followed by T. harzianum (59.05 % DI).  However, bio-

efficacy of different bioagents did not follow the same trend 

at all the periods of bioagent establishment.  For example, at 

one day and four day after bioagent application, P. 

viridicatum and T. viride were most effective but at par with 

each other (51.5 and 42.6 % DI each, respectively; CD0.05 = 

2.52).  However, at seven days, T. viride surpassed P. 

viridicatum in its antagonistic effect (24.8 and 35.37 % DI 

respectively; CD0.05 = 2.52). Period of establishment of the 

bioagents had a significant effect on their b io-efficacy of 

bioagents (Table 2).  Establishment period of four days 

provided highest disease control (57.38 % DI as against 

60.79 % DI at 1 day establishment period; CD0.05 = 1.13).  

Further increase in establishment period did not show any 

significant effect on their bio-efficacy (Table 2). 

 

 Initially, use of bioagents was exploited fo r the 

management of soil-borne plant pathogens (Jager and 

Velv is, 1983; Beagle and Papavizas, 1985; Gees and Coffey, 

1989; Smith et al., 1990; Mukhopadhyay et al., 1992).  

Later, several soil and tuber-borne diseases of potato have 

been effectively managed through the use of bioagents 

(Jager and Velv is, 1983; Beagle and Papavizas, 1985;  

Tschen, 1987; Wharton et al., 2012).  However, very little  

informat ion on the control of foliar d iseases through the use 

of bioagents is available.  There are few reports where 

bioagetns like Bacillus subtilis, Pythium ultimum, 

Trichoderma sp, Psedomonas sp, Penicillium sp have been 

evaluated and were found promising in controlling potato 

late blight (Hossain et al., 2014; Papavizas, 1985; Wharton 

et al., 2012;).  In the present studies, four known bioagents 

viz. Penicillium viridicatum, Trichoderma harzianum, T. 

viride and Myrothecium verrucaria were evaluated with a 

view to identify a suitable bioagent which could be explo ited 

later for controlling potato late blight.  Results revealed that 

highest reduction was recorded in Trichoderma viride and 

Penicillium viridicatum.  Almost similar results were 

obtained by and Jindal et al (1988) through the use of 

bioagent metabolites.  All the bioagents provided good 

control of late blight on detached leaves and whole plants.  

However, when used on whole potted plants, Penicillium 

viridicatum and Trichoderma viride provided highest disease 

control.  Trichoderma and Penicillium sp have also been 

evaluated by other workers and were found effective in  

controlling late b light on detached leaves/potted plants 

(Garita et al., 1998; Gupta et al., 2004; Jindal et al., 1988;  

Roy et al., 1991). 
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Table 1: Antagonistic effect of bioagents on Phytophthora infestans using detached leaf method 

Bioagents  Lesion area (cm
2
) hours after bioagents application Mean 

 

24 48 72 

 Control 10.21 10.37 9.30 9.96 

T. harzianum 
6.12 6.00 5.69 5.93 

T. viride 
4.18 3.26 3.00 3.48 

M. verrucaria 
5.46 4.93 4.80 5.06 

P. viridicatum  4.20 3.81 2.97 3.66 

Mean 6.03 5.67 5.15 

 CD (P  = 0.05) 

Treatment (A)  = 0.50 

Hours (B)  = 0.39 

Treatment X Hours (AB) = 0.87 

 

 

Table 2: Antagonistic effect of bioagents on Phytophthora infestans using whole plants 

Bioagents  Late Blight Infection (%  DI) Days After Bioagents Application  Mean 

 1 4 7  

Control 84.15 90.70 95.46 90.10 

P. viridicatum 51.53 42.62 35.37 43.18 

T. harzianum 63.56 57.78 55.82 59.05 

T. viride 51.50 42.60 24.80 39.63 

M. verrucaria 53.20 53.20 62.97 56.46 

Mean 60.79 57.38 54.88  

CD (P= 0.05)  

Treatment   = 1.45 

Days   = 1.12 

Treatment x Days  = 2.52 

     

     
 

 


