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ABSTRACT
Six fungicides and three bio-control agents were evaluated for their efficacy on Alternaria alternata, the

causal agent of cotton leaf spot in both in vitro and in vivo. Mancozeb 0.3%, hexaconazole 0.2% and propiconazole
0.1% recorded 100% inhibition in poisoned food technique and Trichoderma viride (TNAU isolate) caused 78.55%
inhibition of A. alternata in dual culture. Combined treatment of seed treatment with mancozeb 3 g/kg and foliar
spray of propiconazole 0.1% reduced per cent disease index to 21 that accounted for a disease control of 43% with
yield of 1831 kg ha-1, an increased yield of 61% and benefit cost ratio of 1.69.
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Cotton is one of the most important
commercial crops of the world providing livelihood
to about 60 Million people and is an important
agricultural commodity providing remunerative
income to millions of farmers both in developed
and developing countries. In India, in spite of severe
competition from synthetic fibres, it is occupying
the premier position with 70% share in the textile
industry. India is the largest cotton growing country
in the world with an area of  around 11.7 M ha
followed by China (5.3 M ha). Cotton production
of India is 25.5 M bales of 480 kg and productivity
is 475 kg ha-1. India’s share in global cotton exports
is around 22%.

In India, cotton is cultivated on a large scale
in Maharashtra,  Gujarat, Andhra Pradesh,
Karnataka, Madhya Pradesh, Punjab, Rajasthan,
Haryana, Tamil Nadu and Uttar Pradesh. Andhra
Pradesh stands third in area with 2.27 M ha and
production of 7.20 M bales but sixth in productivity
with 496.39 kg ha-1 during 2013-14 (AICCIP, 2013).

The major foliar diseases of cotton in India
are fungal leaf spots, bacterial blight and  cotton
leaf curl virus which were reported to cause yield
losses up to 20 to 30% (Mayee and Mukewar,
2007). Among fungal diseases, leaf spot/blight
caused by Alternaria macrospora Zimm. is the
most commonly occurring disease in Andhra
Pradesh. Under favourable conditions, losses to the
tune of 26.59 % (Monga et al., 2013) and 38.23%
(Bhattiprolu and Prasada Rao, 2009) were
recorded.

MATERIAL AND METHODS
Effect of fungicides on mycelial growth of
Alternaria alternata

Selected fungicides viz., mancozeb, captan,
hexaconazole, propiconazole, kresoxim methyl and
captan+hexaconazole were evaluated in vitro
against A. alternata by employing poisoned food
technique (Nene and Thapliyal, 1993). Each
treatment was replicated three times by adopting
Completely Randomized Design. Aseptically
inoculated both poisoned as well as non poisoned
food media in Petri plates with A. alternata and
incubated at 25±10C in a BOD incubator for twelve
days till the growth was full in the control plate.
Per cent inhibition of growth over control was
calculated using the formula given by Vincent
(1927).

Effect of bio-control agents on radial growth
of Alternaria alternata

Two isolates of Trichoderma viride, two
isolates of Pseudomonas fluorescens and one
isolate of Bacillus subtilis were evaluated for their
antagonistic effect on the growth of  A. alternata
by employing dual culture technique. Each
treatment was replicated four times by adopting
Completely Randomized Design. Aseptically
inoculated Petri plates were incubated at 25±10C
in a BOD incubator till the growth of the A.
alternata was full in the control plate. Inhibition of
growth was calculated after full growth in the
control plate.



Management of Alternaria leaf spot
Field experiment was conducted during

kharif 2012-13 at the Regional Agricultural
Research Station, Lam, Guntur, Andhra Pradesh.
The experiment was laid out in a Randomized Block
Design with ten treatments viz., seed treatment
(ST) with Pseudomonas fluorescens 10g/kg and
foliar spray (FS) of 0.4% Pf at 50, 70 and 90 days
after sowing (T

1
), ST with Trichoderma viride

(TNAU isolate)10 g/kg and FS of 0.4% Pf at 50,
70 and 90 DAS (T

2
), ST with Bacillus subtilis 10

g/kg and FS of 0.4% Pf at 50, 70 and 90 DAS (T
3
),

ST with mancozeb 3 g/kg and FS of 0.1% kresoxim
methyl at 50, 70 and 90 DAS (T

4
), ST with

mancozeb 3 g/kg and  FS of 0.1% captan +
hexaconazole at 50, 70 and 90 DAS (T

5
), ST with

mancozeb 3 g/kg and FS of 0.1% propiconazole at
50, 70 and 90 DAS (T

6
), ST with captan 3 g/kg and

FS of 0.1% kresoxim methyl at 50, 70 and 90 DAS
(T

7
), ST with captan 3 g/kg and FS of 0.1%

captan+hexaconazole at 50, 70 and 90 DAS (T
8
),

ST with captan 3 g/kg and FS of 0.1% propiconazole
at 50, 70 and 90 DAS (T

9
), untreated control (T

10
)

and three replications. Susceptible variety Narasimha
was sown at a spacing of 105 x 60 cm. Seed
treatment was imposed at the time of sowing. The
chemical treatments were applied as sprays to run
off at twenty days interval starting from 50 DAS
and subsequent sprays at 70 and 90 DAS. Seven
days after last spraying the disease severity in

different treatments was recorded using 0-4 scale
(Sheo Raj, 1988) and per cent disease index (PDI)
was calculated by using the formula given by
Wheeler (1969).

RESULTS AND DISCUSSION
Effect of fungicides

All the fungicide treatments significantly
reduced the mycelial growth of the A. alternata in
comparison with control. Mancozeb @ 0.3%,
hexaconazole @ 0.2% and propiconazole @ 0.1%
completely inhibited mycelial growth of A.
alternata (Table 1). Gholve et al. (2012) recorded
88.83% inhibition of A. macrospora isolated from
cotton with mancozeb at 1500 ppm and Vihol et al.
(2009) observed 100% inhibition of A. burnsii
causing cumin blight with mancozeb at 2500 ppm.

Effect of biocontrol agents
All the biocontrol agents significantly

reduced the growth of A. alternata compared to
control. TV (TNAU isolate) was found to be the
most effective in reducing the growth of A.
alternata to 19.3 mm dia and caused the highest
inhibition of 78.55% followed by TV (PDBC
isolate) with 29.5 mm dia and 67.22% inhibition
(Table 2). Gholve et al. (2012) recorded that
mycelial growth of 32.72 mm dia and inhibition of
63.64% of A. macrospora of cotton with T. viride.
Treatment with T. viride resulted in 65% inhibition

Table 1. In vitro efficacy of fungicides against A. alternata causing leaf spot of cotton.

S. No

1
2
3
4
5
6
 7

Treatment

Mancozeb 0.3%
Captan 0.3%
Hexaconazole 0.2%
Propiconazole 0.1%
Kresoxim methyl 0.1%
Captan+Hexaconazole 0.1%
Control
SEm ±
CD (P d” 0.05)
CV%

Radial
growth
(mm)*

0.0(0.7)a

42.7(6.6)c

0.0(0.7)a

0.0(0.7)a

54.3(7.4)d

11.3(3.4)b

90.0(9.5)e

0.03
0.10
1.48

Inhibition
(%)

100.0
52.6
100.0
100.0
39.6
87.4
—

          * Mean of three replications
           Figures in parentheses are square root transformed values
           Treatment means with same alphabet do not differ significantly

352                               Venkatesh et al., AAJ 62



Table 2. In vitro efficacy of biocontrol agents against A. alternata causing leaf spot of cotton.

S.NO Treatment Radial growth (mm)* Inhibition (%)

1 TV (TNAU) 19.3 (4.4)a 78.55
2 TV (PDBC) 29.5 (5.5)b 67.22
3 PF (Nagpur) 68.5 (8.3)d 23.89
4 PF (PDBC) 69.3 (8.4)e 23.00
5 BS (PDBC) 66.5 (8.2)c 26.11
6 Control 90.0 (9.5)f —

SEm ± 0.03
CD (P d” 0.05) 0.10
CV% 1.00

          * Mean of three replications
           Figures in parentheses are square root transformed values
           Treatment means with same alphabet do not differ significantly

Table 3. Effect of fungicides and biocontrol agents on Alternaria leaf spot disease and yield of cotton.

Treatment

ST with Pf 10 g/kg and FS with 0.4% Pf at 50,
70 and 90 DAS
ST with Tv 10 g/kg and FS with 0.4% Pf at 50,
70 and 90 DAS
ST with Bs 10g/kg and FS with 0.4% Pf at 50, 70
and 90 DAS
ST with mancozeb 3 g/kg and FS 0.1% kresoxim
methyl at 50, 70 and 90 DAS
ST with mancozeb 3 g/kg and FS 0.1% captan
+ hexaconazole at 50, 70 and 90 DAS
ST with mancozeb 3 g/kg and FS 0.1%
propiconazole at 50, 70 and 90 DAS
ST with captan 3 g/kg and FS 0.1%  at kresoxim
methyl 50, 70 and 90 DAS
ST with captan 3 g/kg and FS 0.1%
captan+hexaconazole at 50, 70 and 90 DAS
ST with captan 3 g/kg and FS 0.1%
propiconazole at 50, 70 and 90 DAS
Untreated control

                             SEm ±
                             CD (P d” 0.05)
                              CV%

PDI*

23.7
(29.1)b

24.0
(29.3)b

27.0
(31.3)c

23.0
(28.6)a

21.7
(27.7)a

21.0
(27.2)a

25.3
(30.2)b

28.7
(32.4)c

26.7
(31.1)c

37.0
(37.5)d

0.72
2.15
4.13

PDC

36.0

35.0

27.0

38.0

41.0

43.0

31.0

22.0

28.0

-

Yield*

(kg/ha)

1715.0b

1709.0b

1640.0b

1747.0a

1811.0a

1831.0a

1665.0b

1619.0b

1645.0b

1138.0c

34.25
101.78
7.70

Per cent
increase
in yield

51.0

50.0

44.0

54.0

59.0

61.0

46.0

42.0

45.0

-

BCR

1.61

1.60

1.54

1.41

1.65

1.69

1.35

1.48

1.52

1.07

                    Figures in parentheses are arc sine transformed values
                    Treatment means with same alphabet do not differ significantly
                     * Mean of three replications
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of A. alternata infecting tomato (Panchal and Patil,
2009) and 69.8 % inhibition of A. burnsii infecting
cumin (Vihol et al., 2009).

Management of Alternaria leaf spot
Combination treatments of seed treatment

with mancozeb 3 g/kg and foliar spray of 0.1%
propiconazole, ST with mancozeb 3 g/kg and FS of
0.1% captan+hexaconazole and ST with mancozeb
3 g/kg and FS of 0.1% kresoxim methyl treatments
were statistically on a par. Combined treatment of
seed treatment with mancozeb 3 g/kg and foliar
spray of propiconazole 0.1% reduced per cent
disease index to 21 that accounted for a disease
control of 43% with yield of 1831 kg ha-1, an
increased yield of 61% and benefit cost ratio of
1.69.  Bhaskaran and Shanmugam (1973) and
Desai (1979) found that mancozeb was effective
in reducing the infection of A. macrospora. The
lowest cotton Alternaria leaf spot disease was
observed with mancozeb, which gave maximum
kapas yield (Savanur, 1984). Propiconazole 0.1%
was found to lower Alternaria blight severity and
increase cotton yield (Chattannavar et al., 2010).
Based on the present results it is concluded that
seed treatment with mancozeb @ 3 g/kg seed and
three foliar sprays with 0.1% propiconazole at 20
days interval will protect the crop from this important
disease.
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