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Abstract—Potato (Solanum tuberosum L., family Solanaceae) is an important cash crop throughout the world.
The crop is suffering from number of diseases among which late and early blight of potato appear frequently
in the field every year and cause maximum damage to the crop under West Bengal conditions. To minimize
the diseases, field experiments were conducted at Benuria (Birbhum) during 2016-2017 under Red and
Lateritic Agro-climatic Zone of West Bengal. The leaves of potato (cv. Kufri Jyoti) with typical late and early
blight lesions were identified and tagged accordingly in the field. The total leaf area and initial lesion size
of the selected leaves were measured using graph paper. The experiment was set up with RBD comprising
of nine treatments and four replications. Suspension of different fungicides, biological agent and bio-
botanicals were prepared and applied at its field dose on the leaves with a hand sprayer. Expanded size was
measured at every 4 days interval in both untreated and treated leaves. In late blight, the highest lesion
expansion was observed in untreated control (71.77%) followed by Nimastra (65.89%) and Agneaastra
(57.65%). It was significantly lower in Ethaboxam (3.41%) followed by FolioGold (9.69%) and Ishaan
(10.73%). There was little variation between Indofil M-45 (25.20%) and Trichosol (25.63%). In case of early
blight, increased size of the lesions measured after 4 days of spraying and it was highest in untreated control
(60.02%) followed by Agneaastra (32.50%). Lesion expansion was significantly lower in Folio Gold (1.52%)
followed by Ishaan (3.11%), Indofil M-45 (3.64%), Ethaboxam (6.20%) and Trichosol (6.82%).

INTRODUCTION

Potato (Solanum tuberosum L.), ‘The king of
vegetables’, under the family solanaceae has about
200 wild species. Potato is cultivated worldwide as
a staple food. It is the world’s fourth-largest food
crop, following maize, wheat and rice. Potato is
cultivated in almost all the states and union
territories in India as cash crop. It is most widely
grown vegetable crop in the country with a share of
21.9 per cent area. The area under cultivation of
potato is 2060 thousand ha with total production of
44893 thousand MT in India (21.8 MT/ha
productivity). Uttar Pradesh is the leading potato
growing state followed by West Bengal and Bihar
(Horticulture Statistics Division, 2015,
www.faostat.fao.org.). Some important potato

varieties under three maturity groups, i.e. early (70-
80 days), medium (90-100 days) and late (110-120
days) are commonly grown by the farmers in West
Bengal conditions are Kufri Jyoti, Kufri
Chandramukhi, Kufri Lauvkar, Kufri Surya, Kufri
Chipsona-1, Kufri Chipsona-2, Kufri Chipsona-3,
Kufri Chipsona-4, Kufri Himsona, Kufri Frysona etc.
Like other field crops potato is affected by a number
of fungal, bacterial, viral and phytoplasma diseases
(De, 2004; Mondal and Mondal, 2014). Among the
diseases, late blight and early blight caused
respectively by Phytophthora infestans (Mont.) de
Bary and Alternaria solani (E & M) Jones and Grout
are most serious diseases of potato (De, 2004;
Mondal et al, 2015). A huge amount of yield loss
occurs due to late and early blight depending on
degree of susceptibility of the cultivar, time of
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appearance of the disease, age of plant and different
epidemiological factors. At present no true resistant
source of the potato is available in the country, so
chemical management is an indispensable
component of Integrated Disease Management
(IDM) programme. Indiscriminate use of systemic
fungicides especially metalaxyl provides chance to
develop resistant strain of late blight fungus has
been reported from different parts of world (Sharma
et al., 2015). New fungicides and bio-molecules are
being introduced in the country every year against
the fungal disease whose efficacy needs to be
ascertained. Consequently, the experiment was
carried out for identifying suitable chemical/bio-
botanicals to manage the diseases in an integrated
manner.

METHODOLOGY

Experimental site

The experiments were conducted at Benuria,
Birbhum under Red and Lateritic Agro-climatic
Zone of West Bengal.  The experimental site is
situated at an average altitude of 58.9 meter above
msl and 23° 39’N latitude and 87°42’E longitude.
The soil of the experimental site was slightly acidic
(pH 5.5-6.0), sandy loam in texture having medium
fertility status with good drainage facility. The long
term average maximum temperature varied from
29.46 °C to 34.3 °C and long term average minimum
temperature varied from 17.39 °C to 25.96 °C in this
region. The summer temperature is too high (35-
42°C) whereas the winter is mild and the
temperature ranges from 12-26 °C. Sometimes, the

winter temperature goes below 5°C.

Sampling and procedure of the experiment

Popularly grown potato variety ‘Kufri Jyoti’ was
used as test plant for the study. The potato leaves
with typical late or early blight lesions were
identified and tagged accordingly in the field. The
experiment was set up with RBD comprising of nine
treatments and four replications (Table 1). Five
leaves were selected for each replication. The total
leaf area and lesion size of 180 leaves (9 treatments
x 4 replications x 5 leaves) were measured by using
tracing paper and graph paper (Plate 1E, 1F and 2C,
2D). Suspension of different fungicides, biological
agent and bio-botanicals were prepared and applied
on the leaves at its field dose with a hand sprayer.
Expanded size of the spot was measured at every 4
days interval. Suitable untreated control was
maintained for comparison. Individual size of the
leaf and lesion was measured and made average.
From the primary data per cent area infected before
spraying and per cent area infected after 4 days of
spraying were calculated.

Quick identification of the pathogens in aqueous
suspension

The infected leaves having white fungal growth at
advancing margin of the lesion (Plate 1A –1D and
2A-2B) were collected and cut into small pieces
containing both healthy and diseased tissue and
placed in sterile filtered tap water (AquaguardTM
Classic-a complete3-stage water   purification
system) in sterilized petriplate. The plates were
incubated at room temperature for 48h and then
observed under microscope (Compound light

Table 1. Treatments used for the study

Treatments Active ingredient and formulation Source

Indofil M-45 Mancozeb 75% WP Indofil Industries Ltd.
FolioGold Chlorothalonil 33% + Metalaxyl 3.3% SC Syngenta India Ltd.
Ethaboxam Ethaboxam 40% SC (Thiazole carboxamide Sumitomo Chemical India Limited

fungicide)
Ishaan Chlorothalonil 75% WP Rallis A Tata Enterprise
Trichosol Trichoderma viride (cfu 108) Nitrofix Laboratories, Kolkata
Brombhastra Raw cow dung, cow urine, neem, papaya or Laka Kalyan Parishad, Birbhum

pomegranate leaf extract and water
Agneaastra Cow urine, neem or bon kolmi leaf extract and Laka Kalyan Parishad, Birbhum

ginger paste
Sanjibak Raw cow dung, cow urine, jaggery and water Laka Kalyan Parishad, Birbhum
Nimastra Raw cow dung, cow urine, neem leaf extract and Laka Kalyan Parishad, Birbhum

water
Control Sterile filtered tap water AquaguardTM Classic water
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microscope, 10X objective lens) to record the fungal
structures like mycelial growth and sporangia/
conidia formation (Mondal et al., 2015).

RESULTS AND DISCUSSION

Identification of typical late blight symptoms

Symptoms of late blight of potato was recorded

from all the above ground parts of the infected plant
viz. leaf, petiole and stem. The symptoms primarily
observed at leaf tips and margins on lower leaves
nearer to soil surface as pale to dark green, irregular
spots that became enlarged into large, brown to
black, water soaked lesions (Plate 2A-2B). Disease
was also recorded to start from crown portion of the
plant. White cottony fungal growth (sporulation)

Plate 1. Symptoms of early blight of potato
A : Showing typical brown concentric rings
B & C : Development of the disease on foliage
D : Severely infested early blight field
E : Measurement of lesion using graph paper
F : Drawing of the size of lesion using tracing paper
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was recorded at lower surface of the lesion of
infected leaves under congenial conditions (Plate 2).
Stems were often found to be infected with the
disease through leaves. The disease spread to the
petiole from the leaves, progress further to infect the
stems that expand both length and breadth wise.
Direct infection of stems was also observed. Infected
stems were found to be macerated with high humid
conditions. Similar types of observations were also
recorded by Islam et al. (2018). Total damage of the
infected field was recorded after some abrupt rainy
days. Nearly all the leaflets were drop off leaving
only a few bare stems while most of the stems were
found macerated.

Identification of typical early blight symptoms

Initially the symptoms were observed on lower most
leaves i.e. older leaves, which consist of small, oval
to irregular, dark brown to black, single to
numerous necrotic spots. These spots become
enlarged to form concentric rings that appeared as
“target-board” shape. In most of the cases, a narrow,
yellow halo was recorded surrounding the enlarged
spot (Plate 1A-1D). Several spot coalesced and
spread all over the leaf. Ultimately the severely
infected leaves withered and died but were attached
to the plant, and the disease spread over the whole

foliage up to the main stem and petioles. Infected
stems showed sunken, elongated spots. The
symptoms were corroborated with earlier workers
(van der Waals, 2002; Schultz and French, 2009).
Rands (1917) and Pscheidt (1985) stated that
enlarged lesions that often delimited from healthy
tissue by a narrow chlorotic halo due to toxins
produced by the pathogen, which move in advance
into uninfected epidermal cells.

Identification of late and early blight symptoms
on the same foliage

On the same foliage both independent late and early
blight spots developed in the late season crop
causing much damage, and under sudden further
favourable conditions the late blight become
aggressive however the correlation of damage and
yield loss are yet to be assessed. These are some new
information that can be helpful for further study.

Identification of the pathogens for confirmation
of the disease

It was observed that both the pathogens were grown
beyond the area of the infected leaf tissue and
produced profuse characteristics mycelial growth in
water along with numerous sporangia or conidia.
The late blight pathogen, (Phytophthora infestans

Plate 2. Symptoms of late blight of potato
A & B : Leaves showing typical water soaked lesions
C : Measurement of lesion using graph paper
D : Drawing of the size of lesion using tracing paper
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Table 2. Effect of different treatments on lesion development of late blight in field condition

Treatment Original Original % area Expanded % area infected % area
avg. leaf avg. size infected before size of the after 4 days increased

size (mm2) of the spot spraying spot (mm2) of spraying after 4 days
(A)  (mm2) (B)    [C=(Bx100)/A]  after 4 days  [E=(Dx100)/A] of spraying

of spraying (E-C)
(D)

Ethoboxam (1 ml/l) 3560 213.5 6.00 335 9.41 3.41
Indofil M-45 (3g/l) 2638 155 5.88 820 31.08 25.20
Foliogold (2 ml/l) 2709 387.5 14.30 650 23.99 9.69
Ishaan (2g/l) 3365 354 10.52 715 21.25 10.73
Trichosol (6 g/l) 2575 390 15.15 1050 40.78 25.63
Brombhastra (5 ml/l) 2257 963 42.67 1950 86.40 43.73
Agneaastra (5 ml/l) 2015 568.5 28.21 1730 85.86 57.65
Sanjibak (5 ml/l) 2449 850 34.71 2110 86.16 51.45
Nimastra (5 ml/l) 4022 630 15.66 3280 81.55 65.89
Control 2960 770.5 26.03 2895 97.80 71.77
SEm (±) - - 0.79 - 1.31 1.30
CD (p=0.05) - - 2.41 - 3.92 3.81

(Mont.) de Bary) produced profuse branched
sporangiophores bearing lemon shaped papillate
sporangia (Plate 3B) (Rangaswami and Mahadevan,
2004) whereas the early blight pathogen (Alternaria
solani (Ellis and Mart) Jones and Grout.) produced
septate short, simple, erect, flexuous conidiophores
bearing muriform conidia having long beak (Plate
3C -3D)(Neergaard, 1945) by which the pathogens
were identified quickly.

Lesion development study against late blight

It was revealed from the experiment (Table 2) that all
the treatments were better than untreated control in

respect to inhibit of the disease progression. Highest
increment of infected area after 4 days of spraying
was recorded in the untreated control (71.77%)
followed by Nimastra (65.89%) and Agneaastra
(57.65%). It was significantly lower in Ethaboxam
(3.41%) followed by Folio Gold (9.69%) and Ishaan
(10.73%). There was little variation between Indofil
M-45 (25.20%) and Trichosol (25.63%). Ethaboxam
retarded lesion expansion significantly more than
did Folio Gold, Ishaan and Indofil M-45 or
Trichosol. However, the difference was statistically
insignificant (p = 0.05) between the treatments
FolioGold and Ishaan; and Indofil M-45 and

Table 3. Effect of different treatments on lesion development of early blight in field condition

Treatment and dose Original avg. Original % area infected Expanded %  area % area
leaf size avg. size of  before spraying size of the infected increased
(mm2) the spot [C=(Bx100)/A]  spot (mm2) after 4 days after 4 days

(A)  (mm2) (B) after 4 days of spraying of spraying
of spraying [E=(Dx100)/A] (E-C)

(D)

Indofil M-45 (3g/l) 3797 92 2.42 230 6.06 3.64
Ethoboxam (1ml/l) 2696 68 2.52 235 8.72 6.20
Foliogold ( 2ml/l) 5052 218 4.32 295 5.84 1.52
Ishaan (2g/l) 3665 171 4.67 285 7.78 3.11
Trichosol (6g/l) 4298 102 2.37 395 9.19 6.82
Brombhastra (5ml/l) 3666 402 10.97 1250 34.10 23.13
Agneaastra (5ml/l) 2883 213 7.39 1150 39.89 32.50
Sanjibak(5ml/l) 2580 348 13.49 890 34.50 21.01
Nimastra (5ml/l) 4098 73 1.78 990 24.16 22.38
Control 3396 462 13.60 2500 73.62 60.02
SEm (±) - - 0.87 - 1.56 1.02
CD (p=0.05) - - 2.45 - 4.10 2.85
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Trichosol. Ethaboxam recorded best followed by
FolioGold and Ishaan. Negligible effect of that was
recorded in case of botanical based treatments.
Indofil M-45 and Trichosol was also more or less
effective to retard late blight lesion. Bruck et al.
(1981) reported the efficacy of mancozeb and
chlorothalonil to retard lesion expansion of late
blight of potato. He recorded that chlorothalonil
reduced the rate of lesion expansion to about 64%
over control.

Lesion development study against early blight

It was evident from the experiment (Table 3) that
after 4 days of spraying highest increment of
infected area was recorded in untreated control
(60.02%) followed by Agneaastra (32.50%). Lesion
expansion was significantly lower in Folio Gold
(1.52%) followed by Ishaan (3.11%), Indofil M-45
(3.64%), Ethaboxam (6.20%) and Trichosol (6.82%).
There was no variation among FolioGold, Ishaan
and Indofil M-45 (Fig. 2). Ethaboxam and Trichosol
were significantly at par to retard lesion expansion.
Folio Gold recorded best followed by Ishaan and
Indofil M-45. Negligible effect of that was recorded
in case of botanical based treatments. Bruck et al.

(1981) reported the efficacy of mancozeb and
chlorothalonil to retard lesion expansion of late
blight of potato. Here the combination fungicide
FolioGold (metalaxyl + chlorothalonil) recorded best
followed by Ishaan (chlorothalonil) and mancozeb
(Indofil M-45) for retarding the lesion expansion of
early blight disease of potato. According to Rotem
and Feldman (1965), reduction in ratio of tuber yield
to foliage is associated with a reduction in lesion
size and early blight incidence.

CONCLUSION

There is no or negligible effect of botanical based
treatments on both late and early blight disease of
potato. The most effective fungicides to control late
blight are Ethaboxam, FolioGold and Ishaan, and
these fungicides can be recommended to the
farmers. On the other hand, FolioGold, Ishaan and
Indofil M-45 are effective very much to manage
early blight disease of potato. It is also clear from the
study that FolioGold and Ishaan are efficacious
against both early and late blight of potato. Potato
growers can use these two fungicides for controlling
both the diseases.

Plate 3. Rapid laboratory identification of the causal organism causing late and early blight of potato in aqueous medium
A Infected leaf bits in aqueous  suspension
B Showing profuse  lemon shaped papillate sporangia
C-D Showing muriform conidia having long beak



Effect of Fungicides and Bio-botanicals on Lesion Development of Late and Early Blight of Potato 83

ACKNOWLEDGEMENT

The authors are thankful to Sri Shyam Mete, one of
the progressive farmers at Benuria who was
consented us to carry out for the field study. The
study is a part of M. Sc. dissertation of the first
author, Sri Rahamatulla Middya under the guidance
of the third author, Dr. Bholanath Mondal. Saidul
Islam was assisted in different ways during the
study.

REFERENCES

Bruck, R. I., Fry, W. E., Apple, A. E. and Mundt, C. C. 1981.
Effect of protectant fungicides on the developmental
stages of Phytophthora infestans in potato foliage.
Phytopathology. 71 : 164-166.

De, B. K. 2004. Progress of potato disease management in
West Bengal. In: Plant Pathology: Problems &
Perspectives (Raj, S. K., Pan, S. K. and Chattopadhyay,
S. B. Eds.). Bidhan Chandra Krishi Viswavidyalaya,
pp. 93-99.

Horticulture Statistics Division 2015. Department of
Agriculture, Cooperation and Farmers Welfare
Ministry of Agriculture and Farmers Welfare
Government of India.

Islam, S., Middya, R., Mondal, B. and Khatua, D. 2018.
Effect of Fungicides on Lesion Expansion of Late
Blight of Potato. International Journal of Current
Microbiology and Applied Sciences. 7(1) : 20-25. https:/
/doi.org/10.20546/ijcmas.2018.701.003

Mondal, B. and Mondal, P. 2014. Management of late
blight, severe mosaic and PLRV of potato.
International Journal of Plant, Animal and Environmental
Sciences. 4(4): 144-149.

Mondal, B., Pauria, N. K. and Khatua, D. C. 2015. Rapid
laboratory evaluation of fungicides against
Phytophthora infestans causing late blight of potato.
Journal of Scientific Research & Reports. 4(2) : 168-173.
DOI: 10.9734/JSRR/2015/13107

Neergaard, P. 1945. Danish species of Alternaria and
Stemphylium. Taxonomy, parasitism, economic
significance. Oxford Univ. Press, London, 560 pp.

Pscheidt, J. W. 1985. Epidemiology and control of potato early
blight, caused by Alternaria solani. Ph.D. thesis,
University of Wisconsin-Madison.

Rands, R. D. 1917. Early blight of potato and related plants.
Wisconsin Agricultural Experimental Station Research
Bulletin. 42 : 1–48.

Rangaswmi, G. and Mahadevan, A. 2004. Diseases of crop
plants in India. 4th Edition, PHI Learning, India.

Rotem, J. and Feldman, S. 1965. The relation between the
ratio of yield to foliage and the incidence of early
blight in potato and tomato. Israel J. Agric. Res. 15:
115-122.

Schultz, D. and French, R. D. 2009. Early blight of potatoes
and tomatoes. Texas Agri Life Extension Service; the
Texas A & M System. PLPA-Pot009-01

Sharma, P., Saikia, M. K. and Nath, B. C. 2015. A Review
on Management of Late Blight of Potato Through
Host Resistance and Chemical Fungicides. The
Biosciences. 8 (17) : 4459-4466.

Van der Waals, J. E. 2002. A review of early blight on
potatoes. University of Pretoria.


